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The synthesis of a series of 9-(2-phosphonomethoxyalkyl) derivatives of 6-(aminomethyl)flyrir
2-amino-6-(aminomethyl)puring2 and purine-6-carboxamidink4 is reported. The 6-cyanopurings
and 2 were selectively alkylated with 2-[bis(isopropyloxy)phosphonylmethoxy]alkyl syntB@mi4 at
the 9-position. Catalytic hydrogenation of the obtained 9-{2-[bis(isopropyloxy)phosphonylmetht
alkyl}-6-cyanopurines9 and 10 followed by treatment with bromotrimethylsilane afforded the ti
compoundsl1 and12. Analogous acyclic nucleotides derived from purine-6-carboxamididesere
prepared from the cyanopurin®s and 10a by treatment with sodium methoxide and ammonit
chloride followed by deprotection. Compouridsand12 exhibited moderate activity (Mkg= 3-50ug/ml)
against herpes simplex virus type 1, varicella-zoster virus and Moloney murine sarcoma virus in
Key words: Acyclic nucleoside phosphonates; Phosphonomethoxyalkylpurine derivatives; 6-C
purines; 6-(Aminomethyl)purines; Purine-6-carboxamidines; Antivirals.

In the structure—activity relationship study of a series of antiviral phosphonomett
alkyl derivatives of pyrimidine and purine bases (for reviews se¥ iiefvas found that
the presence of an amino group at the heterocyclic moiety is necessary for the ai
activity. Recently, severall(6)-monosubstituted anN(6)-disubstituted derivatives o
adenine and 2,6-diaminopurine were also found to be &ctive

To study the role of the amino group at the purine base in the biological activ
these compounds a series of acyclic nucleotide analogues bearing the strongly
2-(aminomethyl) function on the purine ring was preparédl compounds of that
series were found to be inactive. As a continuation of this study we describe he
synthesis of 9-[2-(phosphonomethoxy)alkyl] derivatives of 6-(aminomethyl)pur
and purine-6-carboxamidines. The 6-(aminomethyl)purines are repturtee unstable.
They can be preparééby catalytic hydrogenation of 6-cyanopurines and were usu
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isolated as stableN-acyl derivatives. On the contrary, the afore-mentioned phosph
methoxyalkyl derivatives of 2-(aminomethyl)purines are stable, probably du
zwitterion formation.

A facile method of preparation of 6-cyanopuririesind2 was recently reportéd
Synthons3 and4 were used for the introduction of the phosphonomethoxyalkyl grc
While the 2-phosphonomethoxyethyl (PME) synthdwas already known the
racemic 3-hydroxy-2-phosphonomethoxypropyl (HPMP) syntheontaining a hydro-
genolytically cleavablé-benzyl protecting functidhwas prepared from tritylglycidd.
Sodium benzoxide was used for oxirane ring opening of the glybitlwht proceeded
regioselectively to afford ®-benzyl-10O-tritylglycerol 6. The 2-hydroxy group was
alkylated with diisopropyl tosyloxymethylphosphorfafeand the trityl function was
cleaved® using wet Dowex 50 (H in methanol to give the protected®phosphono-
methylglycerol8. The target HPMP-synthohwas prepared by tosylation of this inte
mediate with tosyl chloride in pyridine (Scheme 1).
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5 6 P(O)(OiPr), P(O)(OiPr),
8 4
a) 1. TSOCH2P(O)(QiPr)» (7), NaH, 2. Dowex 50 (H*); b) TsCl, Py

ScHEME 1

The alkylation of 6-cyanopurinesand2 with the synthon8 and4 under standard
conditions using sodium hydride in dimethylformamide at 100gave only traces of
the alkylated products. With cesium carbonate as a base the 9-substituted 6-
purine phosphonate® and 10 were obtained selectively with only trace impurities
other regioisomers. Preparative TLC chromatography afforded pure oily phosph®n
and10in the yields of 48—-60% that were used in further steps (Scheme 2).

The protected 6-cyanopurinés or 10 on treatment with bromotrimethylsilan
(TMSBr) gave a complicated pattern of reaction products. Therefore, the comSou
and 10 were first hydrogenated. After two days the TLC detection showed tha
cyano group was completely reduced. In the case d@d4benzyl protected compounéb
and10b, however, the removal of the benzyl group was not quantitative. The slu
reaction could be explained by a catalyst poisoning by the aminomethyl group; a
lar effect was recently describédor selective inhibition of hydrogenolytic cleavage
the O-benzyl function in the presence of ammonia.

Without isolation or characterization, the crude products were treated immed
with TMSBr to cleave the isopropyl ester groups. This reaction was not gquantit
either and, due to lower solubility of the intermediates in acetonitrile, in some
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dimethylformamide had to be used as a solvent. Standard purification by a combil
of cation and anion exchange chromatography did not afford pure products; in th
of compoundd 1b, 12aand12b preparative reversed phase HPLC was used to ren
the phosphonate monoester and @benzyl protected side-products. In one case,
pure O-benzyl byproducii2c was isolated and characterized (Scheme 2).

The 9-substituted 6-cyanopurin@s and10awere converted to the 6-carboxamidir
derivatives14 with the use of the recently published metiddr the preparation of
hetarylcarboxamidines. On treatment with a catalytic amount of sodium methoxi
methanol the compoun®a and 10a formed imidate intermediates that were witho
isolation treated with ammonium chloride to afford the protected amidine derivhBve
While the reaction of compourfzh with methanol proceeded at room temperature,
reaction of the compountDa had to be performed at reflux temperature to reach c
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SCHEME 2
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plete conversion. The amidin&8 were without isolation deprotected using TMSBr
dimethylformamide to afford the desired 9-(2-phosphonomethoxyethyl) derivative
purine-6-carboxamidind4a and of 2-aminopurine-6-carboxamididdb in the yields
of 44% and 51%, respectively, that were easily isolated by ion exchange chro
graphy (Scheme 3).
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ScHEME 3

Although the method does not offer high yields and the purification of produc
quite complicated, the acyclic nucleotide analogues derived from 6-(an
methyl)purineslla 11b and12a 12b were prepared in amounts and purity sufficie
for the biological activity tests. The compounds were much less stable than the
gous phosphonate derivatives of 2-(aminomethyl)putinesl were characterized a
hygroscopic lyophilizates that quickly turned violet (compoutdls or green (com-
poundsl?2) on exposure to air. The amidine compoufidson the other hand, wert
stable.

Similarly to the 2-(aminomethyl)purine analogdjethe electrophoretical mobilitie:
of compoundsdll, 12 and 14 are substantially lower than those of adenine derivati\
UV spectra of the compoundsl exhibited maxima at 265 nm, while the fluoresce
compoundd 2 displayed maxima at 306 nm with significant bathochromic shift to 317
in an acidic medium. The UV spectrum of the compolidd exhibited a maximum at
296 nm with hypsochromic shift to 279 nm in an alkaline medium and compalnc
absorbed at 361 nm with hypsochromic shift to 334 nm in alkalies. The alkali-ind
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hypsochromic shifts of the amidine compounds indicate that the amidine functi
fully protonated even at pH 7.

Structure of the compounds was provedHyand*C NMR spectra. Chemical shift:
of the base carbon atoms (Table I) are in good accord with the reported valu
6-mono- and 2,6-disubstituted purifiésonsidering the shielding of the substituer
CN, CH,NH,, C(=NH)NH, and NH,. While the C-4 and C-5 signals of the free bake
and 2 are broad, the corresponding signals of the 9-substituted derivatidsare
sharp due to the excluded 7H-9H tautomerism.

The acyclic nucleotide analoguég, 12 and 14 were tested in vitro for cytostatic
activity (L-929, L-1210 and Hela cells) and for inhibitory effect on the DNA virus
herpes simplex virus type 1 (HSV-1), type 2 (HSV-2), cytomegalovirus (CMV), v
cella-zoster virus (VZV) and vaccinia virus, and retroviruses: Moloney murine sarc
virus (MSV) and human immunodeficiency virus type 1 (HIV-1/IlIb) and type 2 (H
2/ROD). Compoundlla exhibited a moderate inhibitory effect (MJ= 20 pg/ml)
against HSV-1 (F); compounddb and12awere active against both the TEnd TK
VZV strains at concentrations varying between 3 and@l and against MSV at 3(
and 18ug/ml, respectively. Also compourt?b showed a moderate antiviral activit
against VZV (MIG, = 30-48ug/ml). Other antiviral activity assays as well as cyt
static activity tests were negative. None of these compounds showed any consic
cell toxicity.

In conclusion, the replacement of the 6-amino or (di)alkylamino group of
strongly active purine nucleotide analogues by the aminomethyl function (derive
11 and12) caused substantial decrease of activity in most antiviral assays but still
activity against HSV-1, VZV and MSV was preserved. Replacement of the ar
group by the carboxamidine function (derivativie$ led to complete loss of antivira
activity.

EXPERIMENTAL

Unless otherwise stated, solvents were evaporated°@/2&Pa and compounds were dried at6® kPa

over BOs. Melting points were determined on a Kofler block and are uncorrected. TLC was
formed on Silufol U\ss, plates (Kavalier Votice, Czech Republic) (A) in CH&@WeOH (80 : 20)

mixture or (B) in ethyl acetate. Preparative TLC was carried out on ¥Dx 0.4 cm plates of silica
gel containing a UV indicator. Reversed phase preparative HPLC was carried out on a Separc
column (300x 16 mm) in water for 20 min, followed by a linear gradient of methanol (0-10% in 30 1
Paper electrophoresis was performed on a Whatman No. 3 MM paper at 40 V/cm for 1 hanti6-0=
ethylammonium hydrogen carbonate at pH 7.5 and the electrophoretical mobilities are referer
uridine 3-phosphate. NMR spectra were measured on a Varian Unity 500 spectrometer (500 M
1H and 125.7 MHz fot3C NMR) in hexadeuteriodimethyl sulfoxide referenced to the solvent sig
2.5 ppm for'H and 39.7 ppm fof3C NMR, or in deuterium oxide containing sodium deuteroxi
with sodium disilapentanesulfonate as internal standardHoand dioxane as external standard f
13C NMR (3(dioxane) = 66.86). Mass spectra were measured on a ZAB-EQ (VG Analytical) :
trometer using FAB technique (ionization by Xe, accelerating voltage 8 kV, glycerol matrix).
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absorption spectra\{,,, hm; €)) were measured on a Beckman DU-65 spectrometer in aqueous
utions.

Dimethylformamide was distilled from,B5; and stored over molecular sieves. Acetonitrile w
refluxed with calcium hydride and distilled. The 6-cyanopufiieand2 as well as the phosphonat
synthori 3 were prepared according to the previously published methods.

1-Benzyloxy-3-(triphenylmethoxy)-2-propand) (

To a stirred solution of NaH (60% dispersion in mineral oil; 10.8 g, 289 mmol) in DMF (100 n
solution of benzyl alcohol (33.4 ml, 323 mmol) in DMF (50 ml) was added and the stirring at

temperature was continued for 15 min. Then a solution of trityloxymethyloXfr§Be 17 g, 54

mmol) in DMF (50 ml) was added dropwise and the mixture was stirred at@@6r 2.5 h. After

cooling, the mixture was diluted with water (150 ml) and extracted with ethera30 ml). The

combined organic layers were dried with MgSd evaporated. Excess of benzyl alcohol was ¢
tilled off (bath temperature 100C, 130 Pa) and the residue was purified by column chromatogre
on silica gel (200 g, ethyl acetate-light petroleum 1 : 2) to afford comp6uasl an amorphous
solid, m.p. 71-73C. Yield 19 g (83.3%). For £H,g0; (424.5) calculated : 82.05% C, 6.65% F
found: 81.57% C, 6.61% H. Mass spectrum (FAR)z (rel.%): 243 (100) [Tr], 165 (22) [M — Tr],
91 (38).'H NMR spectrum (CDG): 3.20 dd, 1 HJ(1b,2) = 5.5J(gem) = 9.5 (Hb-1); 3.26 dd, 1 H
J(1a,2) = 5.5J(gem) = 9.5 (Ha-1); 3.56 dd, 1 H(3b,2) = 6.1,J(gem) = 9.5 (Hb-3); 3.62 dd, 1 H,
J(3a,2) = 4.6,J(gem) = 9.5 (Ha-3); 4.00 m, 1 H (H-2); 4.54 s, 2 H (€H); 7.20-7.35 m, 14 H
(H-arom); 7.40-7.50 m, 6 H (H-arom).

Diisopropyl {1-[(Benzyloxy)methyl]-2-hydroxyethoxy}methylphosphona® (

To a stirred suspension of NaH (60% dispersion; 2.0 g, 50 mmol) in dry THF (50 ml) a solu@or
(19 g, 44.8 mmol) in THF (50 ml) was slowly added and the suspension was stirred at roon
perature for 1 h. Then a solution of diisopropyl tosyloxymethylphosphb(até8.2 g, 52 mmol) in
THF (20 ml) was added dropwise and the stirring at room temperature was continued for 36 h.
anol (50 ml) followed by ethyl acetate (250 ml) was added and the solution was washed with
(3 x 100 ml). The combined organic phases were dried over MgB®evaporated. The residue we
refluxed with Dowex 50 (M) (40 ml) in methanol (240 ml) and water (60 ml) for 3 h, filtered, t
Dowex was washed with methanol (100 ml), and the combined filtrates were evaporated. The |
was dissolved in ethyl acetate (350 ml) and washed with water2(® ml). The organic layer was
dried over MgSQ@and evaporated. Column chromatography of the residue (150 g silica gehetel
ethyl acetate gradient 0-100%) afforded compo8rak a yellowish oilR: (B) 0.17. Yield 7.68 g
(48%). Mass spectrum (FAB/z (rel.%): 361 (55) [M + H], 91 (100)!H NMR spectrum

((CDg),S0): 1.21-1.24 m, 12 H (G 3.46-3.63 m, 5 H (H-1, H-2, H-3); 3.86 dd, 1 }P,CHb)

= 8.8,J(gem) = 13.9 (PC-Hb); 3.90 dd, 1 B(P,CHa) = 8.8,J(gem) = 13.9 (PC-Ha); 4.48 and 4.5
2xd, 2x 1 H,Jgem) = 12.2 (CkPh); 4.59 m, 2 H (POCH); 4.69 t, 1 B(OH,CH,) = 5.4 (OH);

7.30-7.40 m, 5 H (H-arom).

Diisopropyl {1-[(Benzyloxy)methyl]-2-6-toluenesulfonyloxy)ethoxy}methylphosphonaty (

To a stirred solution 08 (7.52 g, 20.9 mmol) and N(N-dimethylamino)pyridine (200 mg) in py-
ridine (70 ml) TsCl (4.58 g, 24 mmol) was added portionswise a2 he stirring was continued
for 30 min at —20°C and for 16 h at room temperature. Water (25 ml) was added and the mi
was concentrated in vacuo to about 50 ml and codistilled with water (20 ml). Ethyl acetate (2°
was added and the solution was washed successively with BQl (2 x 200 ml), 10% NaHC@
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(2 x 200 ml) and water (& 200 ml). The organic layer was dried with Mggsénd eva-
porated to give compound as yellowish oil,R- (B) 0.49. Yield 8.6 g (80%). For £H3:05PS
(514.6) calculated: 56.02% C, 6.86% H, 6.02% P, 6.23% S; found: 55.57% C, 6.98% H, 6.2
6.58% S. Mass spectrum (FAB)/z (rel.%): 515 (55) [M + H], 431 (100)*H NMR spectrum
((CD3),S0O): 1.19-1.22 4 d, 4% 3 H,J(CH;,CH) = 6.1 (CH); 2.40 s, 3 H (CHTs); 3.46 dd, 1 H,
J(1b,2) = 5.1,J(gem) = 10.5 (Hb-1); 3.50 dd, 1 H(1a,2) = 5.1J(gem) = 10.5 (Ha-1); 3.77 dd, 1 H
J(P,CHb) = 8.8,)(gem) = 13.7 (PC-Hb); 3.83 dd, 1 B(P,CHa) = 9.0,)(gem) = 13.7 (PC-Ha); 3.84 m
1 H (H-2); 4.03 dd, 1 H)(3b,2) = 5.4,)(gem) = 10.5 (Hb-3); 4.17 dd, 1 B3a,2) = 3.4,)(gem) = 10.5
(Ha-3); 4.42 s, 2 H (CHPh); 4.56 dsept, 2 H(CH,CH;) = 6.1,J(P,OCH) = 7.8 (POCH); 7.22—7.35 m
5 H (H-Ph); 7.79 d, 2 H and 7.46 d, 2 H= 8.3 (CH-Ts).

Alkylation of 6-Cyanopurined and2. General Procedure

Cesium carbonate (490 mg, 1.5 mmol) was added to a solution of the 6-cyandpori2€3 mmol)
in DMF (30 ml) and the mixture was stirred at 1@ for 1 h, then cooled to 50C and a solution
of the synthorB or 4 (3.2 mmol) in DMF (5 ml) was added dropwise. The mixture was then sti
at 120°C for 16 h (TLC detection showed that most of the starting material had disappeared
solvent was evaporated, water (30 ml) was added and the mixture was extracted with ethyl
(3 x 50 ml). The combined organic layers were dried over Mg8fd evaporated. The residue we
chromatographed on a preparative layer of silica gel. The obtained chromatographically homog
(TLC) oily compounds9 and 10 were used in further steps.
9-{2-[Bis(isopropyloxy)phosphonylmethoxy]ethyl}-6-cyanopurifg®), yield 48%,R- (A) 0.50.
For CisH, NsO,P . 1/2 HO (376.4) calculated: 47.86% C, 6.16% H, 18.61% N, 8.23% P; fol
47.98% C, 6.15% H, 18.55% N, 8.15% P. Mass spectrum (FAR)rel.%): 368 (55) [M + H]*H NMR
spectrum ((CB),S0O): 1.08 d, 6 H and 1.14 d, 6 CH,;,CH) = 6.1 (4x CHy); 3.78 d, 2 HJ(P,CH,) = 8.1
(PCH); 3.96 t, 2 HJ(2,1') = 5.1 (H-2); 4.44 dsept, 2 H)(CH,CHy) = 6.1,J(P,OCH) = 7.8 (% POCH);
454t 2 HJY,2) =51 (H-1); 889 s, 1 H (H-8); 9.14 s, 1 H (H-2).
9-{3-Benzyloxy-2-[bis(isopropyloxy)phosphonylmethoxy]propyl}-6-cyanopu@bg yield 53%, R:
(A) 0.73. Exact mass (EI HRMS) for,gH;0NsOsP calculated: 487.1985; found: 487.1918. Ma
spectrum (FAB)m/z (rel.%): 488 (10) [M + H], 91 (100):H NMR spectrum ((CE),SO): 1.06 d,
3 H,1.115d, 3 H, 1.12 d, 3 H and 1.16 d, 3J(§H,,CH) = 6.1 (4x CHy); 3.58 dd, 1 H,J(3b,2) =
4.6, J(gem) = 10.7 (Hb-3; 3.62 dd, 1 H,)(3a,2) = 4.6,J(gem) = 10.7 (Ha‘} 3.78 dd, 1 H,J(P,CHb) =
9.3, J(gem) = 13.9 (PC-Hb); 3.89 dd, 1 H(P,CHa) = 8.8,J(gem) = 13.9 (PC-Ha); 4.11 m, 1}
(H-2'); 4.42 dsept, 1 H and 4.47 dsept, 1JHH,CH;) = 6.1,J(P,OCH) = 7.6 (2x POCH); 4.47 d,
1 H and 4.49 d, 1 H)(gem) = 12.0 (CkPh); 4.51 dd, 1 H)(1'b,2) = 7.3,J(gem) = 14.6 (Hb-}; 4.57 dd,
1 H,J1a,2) = 3.9,J(gem) = 14.6 (Ha‘); 7.30-7.40 m, 5 HH-arom.); 8.83 s, 1 H (H-8); 9.12 s, 1 |
(H-2).
2-Amino-9-{2-[bis(isopropyloxy)phosphonylmethoxy]ethyl}-6-cyanopur{ti®a), yield 60%, R:
(A) 0.35. Exact mass (El HRMS) for£,3;NsO,P calculated: 382.1518; found: 382.1528. Ma
spectrum (FAB)m/z (rel.%): 383 (40) [M + H], 299 (100}:H NMR spectrum ((CB),SO): 1.11 d,
6 H and 1.16 d, 6 HJ(CH;,CH) = 6.1 (4x CHg); 3.77 d, 2 HJ(P,CH,) = 8.3 (PCH); 3.88 t, 2 H,
J(2,1) = 5.1 (H-2); 426 t, 2 HJ(1',2) = 5.1 (H-1); 4.47 dsept, 2 H)(CH,CH,) = 6.1,J(P,OCH) = 7.6
(2 x POCH); 7.08 bs, 2 H (Nt 8.29 s, 1 H (H-8).
2-Amino-9-{3-benzyloxy-2-[bis(isopropyloxy)phosphonylmethoxy]propyl}-6-cyanopurigib),
yield 54%, R- (A) 0.65. Exact mass (El HRMS) for,gH3;NgOsP calculated: 502.2094; found
502.2048. Mass spectrum (FAB)z (rel.%): 503 (10) [M + H], 91 (100fH NMR spectrum ((CE),SO):
1.08 d, 3 H; 1.13 d, 6 H; 1.17 d, 3 B(CH;,CH) = 6.1 (4x CHg); 3.54 dd, 1 HJ(3'b,2) = 4.6,
J(gem) = 10.5 (Hb-3; 3.60 dd, 1 HJ)(3a,2) = 4.6,J(gem) = 10.5 (Ha*'}, 3.74 dd, 1 H,J(P,CHb) = 9.3,
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J(gem) = 13.9 (PC-Hb); 3.87 dd, 1 B(P,CHa) = 8.8J(gem) = 13.9 (PC-Ha); 4.04 m, 1 H (My2
4.23 dd, 1 HJ('b,2) = 7.3,J(gem) = 14.4 (Hb-); 4.27 dd, 1 H)(I'a,2) = 4.4, (gem) = 14.4 (Ha-Y;
4.44 dsept, 1 H and 4.47 dsept, 1XCH,CH;) = 6.1,J(P,OCH) = 7.6 (2x POCH); 4.50 d, 1 H and
4.52 d, 1 HJ(gem) = 12.0 (CKPh); 7.08 bs, 2 H (N}); 7.27-7.37 m, 5 H (H-arom.); 8.26 s, 1 |
(H-8).

6-(Aminomethyl)-9-(2-phosphonomethoxyethyl)puriid

A solution of compound®a (380 mg, 1.04 mmol) in absolute ethanol (50 ml) was hydrogenate
25°C/101 kPa in the presence of 5% Pd-C (500 mg) for 48 h. The mixture was then filtered tf
a Celite pad and the solvent was evaporated. The amorphous residue was dried, dissolved i
nitrile (30 ml) and, while stirring under argon atmosphere, TMSBr (1 ml, 7.6 mmol) was adde
the resulting solution was allowed to stand overnight at@5The mixture was taken down in vacu
and codistilled with toluene (2 50 ml). The residue was dissolved in water (30 ml), aqueous

monia (35%; 1 ml) was added, the solution was washed with ether3® ml) and applied onto a
column of Dowex 1X2 (acetate form, 50 ml). The column was washed with water and elutec
0.01m aqueous acetic acid. Evaporation of the appropriate fractions afforded the coffm(i3D mg, 44%)

as amorphous glass that crystallized from aqueous ethanol on addition of ether. M.p. 1%1-.
(dec.),Eyp 0.67. For GH1,NsO,P . HO (305.2) calculated: 35.41% C, 5.28% H, 22.94% N, 10.14%
found: 35.28% C, 5.28% H, 23.06% N, 9.95% P. Mass spectrum (F&Bfrel.%): 288 (100) [M + H],

272 (21) [M + H — NH]. *H NMR spectrum (BO): 3.64 d, 2 HJ(P,CH) = 8.55 (PCl); 4.04 t, 2 H,

J(2,1') = 4.9 (H-2); 4.61t, 2 HJ(1',2) = 4.9 (H-1); 481 s, 2 H (NCH); 8.65s, 1 Hand 8.98 s
1 H (H-2 and H-8). UV spectrum (water): pH 7, 265 (6 700); pH 12, 264 (6 700); pH 2, 264 (5

6-(Aminomethyl)-9-(3-hydroxy-2-phosphonomethoxypropyl) purit&h)

A solution of compoun®b (800 mg, 1.64 mmol) in ethanol (150 ml) was hydrogenated in the s
manner as described for the compo®adand the reaction with TMSBr (2 ml, 15.2 mmol) was pe
formed in acetonitrile (70 ml). Anion exchange chromatography followed by preparative HPLC
freeze-drying afforded pure compoufidb as an extremely hygroscopic violet lyophilizate (60 m
12%). Eyp, 0.80. For GgH;gNsOsP .x H,O N/P found: 5.15; calculated: 5.00. Mass spectrum (FA
m/z (rel.%): 318 (31) [M + H]*H NMR spectrum (BO): 3.52 dd, 1 HJ(P,CHb) = 9.5)(gem) = 12.9

(PC-Hb); 3.62 dd, 1 H)(3b,2) = 4.6,J(gem) = 12.5 (Hb-3; 3.70 dd, 1 H,J(P,CHa) = 9.3)(gem) = 12.9

(PC-Ha); 3.84 dd, 1 H)(3a,2) = 3.9,J(gem) = 12.5 (Ha"3;, 3.95 m, 1 H (H-2; 4.54 dd, 1 H,

J('b,2) = 7.3,)(gem) = 14.9 (Hb-); 4.64 dd, 1 HJ)(1'a,2) = 3.9,J(gem) = 14.9 (Ha'); 4.82s, 2 H

(NCH,); 8.65s,1 H and 8.98 s, 1 H (H-2 and H-8). UV spectrum (water): 2657,pH 12, 264; pH 2,
263 nm.

2-Amino-6-(aminomethyl)-9-(2-phosphonomethoxyethyl)purib2a

A solution of compound0Oa (350 mg, 0.92 mmol) in absolute ethanol (100 ml) was hydrogenate
the presence of 5% Pd-C (200 mg) at°28101 kPa for 48 h. The mixture was then filtered throu
a Celite pad and the solvent was evaporated. The residue was dissolved in water (50 ml) and
again. The filtrate was evaporated and dried. The residue was then dissolved in a mixture o
(20 ml) and acetonitrile (30 ml) and TMSBr (3 ml, 22.8 mmol) was added under stirring in an
atmosphere. The stirring was continued for 2 h and the solution was allowed to stand overnigtt ai
The mixture was taken down in vacuo and codistilled with tolueng £ ml). The residue was
dissolved in water (30 ml), agueous ammonia (35%; 1 ml) was added, the solution was wash
ether (2x 50 ml) and applied onto a column of Dowex 50X8 {étm, 50 ml), washed with water anc
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eluted with 5% aqueous ammonia. After evaporation of the appropriate UV absorbing fractic
residue was applied to a column of Dowex 1X2 (acetate form, 50 ml), the column was washe
water and the compound was eluted with OM0BAqueous acetic acid. Preparative HPLC of t
residue (110 mg) after evaporation of the appropriate fractions followed by freeze-drying afford
compoundl2aas a greenish hygroscopic lyophilizate (80 mg, 3().0.66. For GH1sNgO4P . H,O
(320.3) calculated: 33.75% C, 5.35% H, 26.24% N, 9.67% P; found: 34.12% C, 5.41% H, 26.0
9.35% P. Mass spectrum (FAB)/z (rel.%): 303 (32) [M + H], 185 (100)*H NMR spectrum
(D,0): 3.62 d, 2 HJ(P,CH) = 8.6 (PCH); 3.96 t, 2 HJ(2',1') = 4.9 (H-2); 4.37 t, 2 HJ(1',2) = 4.9
(H-1); 456 s, 2 H (NCk); 8.21 s, 1 H (H-8). UV spectrum (water): pH 7, 306 (6 000), 24B(3; 2H 12,
304 (6 200), 244 (3 400); pH 2, 317 (5 000), 237 sh (3 900).

2-Amino-6-(aminomethyl)-9-(3-hydroxy-2-phosphonomethoxypropyl) purirgb)
and 2-Amino-6-(aminomethyl)-9-(3-benzyloxy-2-phosphonomethoxypropyl)puti2 (

Compoundl10b (850 mg, 1.7 mmol) was hydrogenated in ethanol (150 ml) over 5% Pd-C (500
as described for compourida and the intermediate was treated with TMSBr (5 ml, 38 mmol)
acetonitrile (50 ml). The ion exchange chromatography followed by preparative HPLC and |
drying afforded compound?2b as a greenish hygroscopic lyophilizate (120 mg, 2186).0.67. For
C,gH17NgOsP . 2 HO (368.3) calculated: 32.61% C, 5.75% H, 22.82% N, 8.41% P; found: 32.
C, 5.09% H, 22.54% N, 8.27% P. Mass spectrum (FABY,(rel.%): 333 (18) [M + H], 243 (100).
1H NMR spectrum (BO): 3.38 dd, 1 HJ(P,CHb) = 9.5,J(gem) = 12.9 (PC-Hb); 3.44 dd, 1 H
J(3b,2) = 4.9,)(gem) = 12.5 (Hb-3; 3.53 dd, 1 HJ(P,CHa) = 9.3J)(gem) = 12.9 (PC-Ha); 3.64 dd
1H,J3a2) = 3.9,(gem) = 12.5 (Ha*} 3.74 m, 1 H (H-2; 4.15 dd, 1 HJ)(I'b,2) = 7.1,J(gem) = 14.9
(Hb-1); 4.25 dd, 1 HJ(1'a,2) = 3.9,J(gem) = 14.9 (Ha-); 4.42 s, 2 H (NCH); 8.04 s, 1 H (H-8). UV
spectrum (water): pH 7, 307 (4 800), 243 (1 800); pH 12, 303 (5 100), 243 (2 300); pH 2, 317 (<
236 sh (2 200). Further elution of the HPLC column afforded tBeb8nzyl derivativel2c (50 mg, 7%)
as amorphous solidzy, 0.61. Exact mass (FAB HRMS) for,;@#,,NsOsP [M + H] calculated:
423.1546, found: 423.1541H NMR spectrum (BO): 3.43 dd, 1 HJ(3Db,2) = 4.2,)(gem) = 11.0
(Hb-3); 3.48 dd, 1 HJ(P,CHb) = 10.0J(gem) = 12.9 (PC-Hb); 3.54 dd, 1 8{3a,2) = 4.6,J(gem) = 11.0
(Ha-3); 3.61 dd, 1 HJ(P,CHa) = 9.0,J(gem) = 12.9 (PC-Ha); 3.84 m, 1 H (M:24.18 dd, 1 H,
J('b,2) = 5.9,J(gem) = 14.9 (Hb-); 4.22 dd, 1 H,)(1'a,2) = 4.6,J(gem) = 14.9 (Ha"); 4.30d, 1 H
and 4.34 d, 1 HJ)(gem) = 12.0 (CKPh); 4.31 d, 1 H and 4.37 d, 1 H(gem) = 16.4 (NCH);
7.11-7.21 m, 5 H (H-arom); 7.95 s, 1 H (H-8).

6-Carboxamidinio-9-(2-hydrogenphosphonatomethoxyethyl)pudide) (

To a stirred solution of compoursth (250 mg, 0.68 mmol) in absolute methanol (80 mi) dodium
methoxide solution (681, 0.068 mmol) was added and the solution was allowed to stand for 2
at 20°C (TLC showed almost quantitative conversion). Ammonium chloride (100 mg, 1.8 m
was added and the solution was refluxed for 2 h. Evaporation of the solvent gave the crude
nium chloride13a as yellow hygroscopic powder (containing some,8Hand NaCl). Exact mass
(FAB HRMS) found: 385.1780 (100); for;@,eNsO,P [M — CI] calculated: 385.1753H NMR
spectrum ((CR)SO): 1.09 d, 6 H, and 1.15 d, 6 B(CH,;,CH) = 6.1 (4x CHy); 3.81 d, 2 H,
J(P,CH,) = 8.3 (PCH); 4.01 t, 2 H,J(2,1') = 5.0 (H-2); 4.46 dsept, 2 HJ(CH,CH;) = 6.1,
J(P,OCH) = 7.8 (2x POCH); 4.62 t, 2 H)(1',2) = 5.0 (H-1); 7.90 bs, 15 H (NH + NCI); 9.08 s, 1 H
and 9.14 s, 1 H (H-2 and H-8). This compound was without purification dissolved in a mixtu
acetonitrile (80 ml) and DMF (5 ml), filtered and the filtrate was treated with TMSBr (4 ml, 30 m
under stirring. The solution was set aside for 2 days &2@he solvents were evaporated and t
residue dissolved in water (20 ml). Aqueous ammonia (35%; 1 ml) was added, the solutio
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washed with ether (2 50 ml) and evaporated. The residue was dissolved in water (5 ml) and
addition of 35% HCI (0.2 ml) applied onto a column of Dowex 50X8 fgim, 50 ml) which was
washed with water to drop of UV absorption and then with 1% ammonia. The UV-absorbing fre
of the ammonia eluate was evaporated, the residue dissolved in water (5 ml) and after add
35% ammonia (1 ml) applied onto a column of Dowex 1X2 (acetate form, 50 ml). The columr
washed with water and the product eluted with GuOdcetic acid. Evaporation of the UV-absorbin
fraction afforded the amiding4a as a brownish hygroscopic powder (90 mg, 44%), m.p. 2392Q4.
(dec.), Ey, 0.62. For GHi3NgO,P . 1.75 HO (331.7) calculated: 32.58%C, 5.01% H, 25.33%
found: 32.51% C, 4.40% H, 25.59% N. Mass spectrum (FA®R},(rel.%): 301 (28) [M + H], 57 100).
1H NMR spectrum (BO): 3.69 d, 2 HJ(P,CH) = 8.8 (PCH); 4.07 t, 2 HJ(2,1') = 5.2 (H-2); 4.66 t,
2 H,J)1,2)=5.2(H-1); 884 s,1Hand9.10s, 1 H (H-2 and H-8). UV spectrum (water): pH 7,
(8 100), 249 sh (3 600); pH 12, 279 (9 700); pH 2, 294 (7 700), 250 sh (3 900).

2-Amino-6-carboxamidinio-9-(2-hydrogenphosphonatomethoxyethyl)putifie) (

To a solution of compoundOa in absolute methanol (120 ml) was addee kodium methoxide
solution (150pl, 0.15 mmol) and the solution was stirred for 2 days at®{TLC — almost quanti-
tative conversion). Ammonium chloride (250 mg, 4.5 mmol) was added and the stirrin§Givéts

continued for 5 h. The solvent was evaporated to give the crude amidinium cii8bids a yellow
hygroscopic powder (contaminated with MH and NaCl). Exact mass (FAB HRMS) founc
400.1885 (100); for GH,;N;O,P [M — CIJ" calculated: 400.1862H NMR spectrum ((CE)SO):

1.10d, 6 H and 1.15 d, 6 KCH3,CH) = 6.1 (4x CHy); 3.78 d, 2 HJ(P,CH) = 8.3 (PCh); 3.90 t, 2 H,

J(2,1)= 5.0 (H-2); 4.32 t, 2 HJ(1',2) = 5.0 (H-1); 4.47 dsept, 2 H)(CH,CH;) = 6.1,J(P, OCH) = 7.6
(POCH); 6.95 bs, 2 H (Np); 8.00 bs, 10 H (NH + NiCI); 8.44 s, 1 H (H-8). This material was dis
solved without purification in a mixture of DMF (100 ml) and acetonitrile (50 ml), filtered and
filtrate was treated with TMSBr (10 ml, 76 mmol) as described for comp&8adAnalogous isola-
tion by ion exchange chromatography afforded the amititieas a yellow powder, m.p. 298-300

(dec.), yield 240 mg (51%)E, 0.54. For GH,,N,O,P (315.2) calculated: 34.29% C, 4.48%
31.10% N, 9.83% P; found: 34.07% C, 4.41% H, 30.86% N, 9.49% P. Mass spectrum (AB
(rel.%): 316 (100) [M + H]*H NMR spectrum (BO): 3.64 d, 2 HJ(P,CH) = 8.5 (PCK); 4.04 t, 2 H,

J(2,1) = 4.9 (H-2); 4.37 t, 2 HJ(1',2) = 4.9 (H-1); 8.39 s, 1 H (H-8). UV spectrum (water): pH 7
361 (6 200), 277 (1 000); pH 12, 334 (6 900), 266 (3 600); pH 2, 360 (6 300), 275 sh (1 100

Antiviral Activity Assays

The antiviral activity assays other than for HIV-1 were based on inhibition of virus-induced cy
thicity in either ESM or HEL cell cultures, following the previously established procedtutés
Briefly, confluent cell cultures in microtiter trays were inoculated with 100 Ggtb the virus

(1 CCIDyy being the virus dose required to infect 50% of the cell cultures). After a 1 h virus ad
tion period, the residual virus was removed and the cell cultures were incubated in the prese
varying concentrations (400, 200, 100, pg/ml) of the test compounds. Viral cytopathicity was r
corded as soon as it reached completion in the control virus-infected cell cultures.

Inhibition of HIV-1-Induced Cytopathicity in MT-4 Cells

The methodology of the anti-HIV activity assays has been described previowitiefly, human
MT-4 cells (5 . 18cell/ml) were infected with 100 CCUgHIV-1 (strain HTLV-Illg)/ml and seeded
in 200 pl-wells of a microtiter plate, containing the test compounds in appropriate dilutions.
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5 days of incubation at 37C, the number of viable cells was determined in a blood cell coun
chamber by trypan blue dye exclusion.

Inhibition of MSV-Induced Transformation of Murine C3H/3T3 Embryo Fibroblasts

The anti-MSV activity assay was performed as described previushyrine C3H/3T3 embryo fi-
broblast cells were seeded at 5 5 @éll/ml into 1 cnfwells of a 48-well microplate. After 24 h, the
cell cultures were infected with 80 focus-forming units of MSV (prepared from tumours inducec
lowing intramuscular inoculation of 3 days old NMRI mice with MSV, as described previutly
60-90 min at 37C. The medium was then replaced by 1 ml of fresh medium containing val
concentrations of the test compounds. After 6 days, the transformation of the cell culture was
ned microscopically.
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