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Coupling of 9-[2-(diisopropyloxyphosphonylmethoxy)ethyl]-6-chloropurig8) (and R)-9-[2-(diiso-
propyloxyphosphonylmethoxy)propyl]-6-chloropurin24), respectively) with organocuprates derive
from Grignard reagents afforded after deprotectioseg-(or tert-alkyl) substituted phosphonat2$-36.
As a model a series of &€c or tert-alkyl)purines2-12 was also prepared.
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N-[(Phosphonomethoxy)alkyl] derivatives of purine bases are potent antiviTale

structure—activity relationship stutigf these compounds showed that the presenc
an amino group at the purine moiety is necessary for the antiviral activity. How
recently it was fountthat also 6-(alkylamino)- and 6-(dialkylamino)purine derivativ
exhibit a strong antiviral, antitumor and immunomodulatory activity. To study the
of the unsubstituted or substituted amino function in the biological activity of tl
compounds the analogues bearing strongly basic 6-aminorhatiayb-(1-aminoethy?)

functions or nitrogen-containing heterocyélesm the purine ring were recently pre
pared. Antiviral activity tests of these compounds showed that several 6-(al
methyl)purine derivatives still possess marginal activity against several strains of
viruses while the other compounds were inactive. As a continuation of those studi
report here on the synthesis of the acyclic nucleotide analogues derived from |
derivatives bearing secondary or tertiary alkyl group in the 6-position that coul
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considered as isosteric (but not isopolar) analogues of the strongly active 6-(di
amino)purine derivatives. The study could bring some more information about the
of the basicity and hydrogen-bond-acceptor ability of the substituted amino functi
the biological activity of this important class of compounds.

An attractive method for the introduction of the alkyl group into the 6 positiot
purine ring system is a transition metal (Pd, Ni) catalyzed cross-coupling of 6-
purines with main group organometallics derived frond, tirinc®"?"¢or aluminur.
Recently also reverse approach based on the reaction of purin-6-yl zinc halide
aryl halides has been reporte@hese methods however work best fof (spyl, vinyl)
organometallics, while cross couplings of ppimary organometallics are known, bt
they generally suffer from a low reaction rate of the transmetallatiof’sipne of
such reactions has been reported for secondary or tertiary organometallics.

In our preliminary repott we have already published a convenient route tee6-(
or tert-alkyl)purinesvia coupling of 6-chloropurines with organocuprates derived fr
Grignard reagents. Here we report the detailed extended form of that study as v
the application of the organocopper methodology for the preparation of 6-alkylp
acyclic nucleotide analogues.

The model 6-chloro-9-(tetrahydropyran-2-yl)puriri@ (eacts with excess (4 equive
lents) of Gillman organocuprates derived from Grignard reagents under the form
of 6-alkylpurines2-12 (Scheme 1) in low to modest yields (25-67%, Table 1). T
starting 6-chloro-9-(tetrahydropyran-2-yl)purin® (vas consumed quantitatively in a
cases affording single product together with inseparable mixture of polar produ
degradation. While in the case of secondary Grignard reagents the best result
achieved by using Cul, for the introduction of teet-alkyl groups the cyanocuprate
gave comparable results. The organocuprates containing primary alkyl and vinyl g
appeared to be unreactive under these conditions.

Allyl cuprate reacted differently from other cuprates. Its reaction Wwiphoceeded
rapidly even at —78C. However, 8-allyl-6-chloro-9-(tetrahydropyran-2-yl)purir22)(
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2, 13: R = 2-methylpropyl 8, 19: R = cyclopentyl

3, 14: R = 2,2-dimethylpropyl 9, 20: R = cyclohexyl
(i) 2 RMgX/Cul, THF 4, 15: R = isopropyl 10, 21: R = cyclopropyl
(i) 0.25 M H2S04 5, 16: R = tert-butyl 11: R = methyl

6, 17: R = 1,1-dimethylpropyl 12: R = phenyl

7, 18: R = 1,1-dimethyl-3-phenylpropyl
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was isolated as the only product (Scheme 2), probably as a result of an addition—o»
proces$?.

Cl Cl
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Ne, 2 O

(i) 2 CHy=CHCH,MgX/Cul, THF
ScHEME 2

The obtained 6-alkyl-9-(tetrahydropyran-2-yl)purines can be easily converted tc
bases by hydrolysis under acidic conditioh3-@1, Scheme 1) and can be further fun
tionalized. However, ail-alkylation of purine bases usually does not offer high yie
a formation of other regioisomers could be expected. Therefore, it is much
straightforward to use protected 6-chloropurine phosphor2adsef>) or 24 (refd)
for the preparation of 6-alkylpurine phosphonates. The phosphonates 9-[2-(diisop
oxyphosphonylmethoxy)ethyl]-6-chloropurin23j (and R)-9-[2-(diisopropyloxyphos-
phonylmethoxy)propyl]-6-chloropurine?2q), respectively) that already containe
protected phosphonate function at the N-9 position were chosen as key startin
terials for the coupling reaction (Scheme 3). The reaction proceeded under the op

Cl
kt> - kt> - kt>
O

_P(O)(OiP); S/ _P(O)(OiPT); S/ _P(O)(OH);
H X
25-30 31-36
23: X=H
24: X = CH3 25, 31: X = H, R = 2,2-dimethylpropyl
26, 32: X = H, R = isopropyl
27, 33: X = H, R = tert-butyl
(i) 2 RMgX/Cul, THF 28, 34: X = H, R = 1,1-dimethylpropyl
(i) TMSBr, CH3CN 29, 35: X = H, R = cyclopentyl
30, 36: X = CH3, R = cyclohexyl

ScHEME 3

conditions described above (protected phosphadziawe 24 with excess (4 equivalents
of organocuprate derived from Cul and Grignard reagent in a 1 : 2 molar ratio)
though the starting compounds reacted quantitatively, the yields of the crude pre
25-30 were rather low (20—-25%, Table I). Without further isolation, the crude prod
25-30 were treated with bromotrimethylsilane to cleave the isopropyl ester grc
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Standard purification by a combination of cation- and anion-exchange chromatog
afforded pure product31-36. In spite of the lack of the amino function at the protec
base®-12 or at the protected phosphona2&s30 it was possible to use Dowex 50 X 8 f
the isolation of free basd$8-21 or phosphonate31-36. This surprising behaviour may
be explained by the hydrophobic aromatic interactions of the alkylated purine d¢
tives with Dowex 50 X 8.

Although the described method does not afford high yields and the purification ¢
products is quite difficult, the acyclic nucleotide analogdes36 as well as the depro:
tected purine basek3-21 were prepared in amounts and purity sufficient for the k
logical activity tests.

Structure of all prepared compounds was provedtbpNMR spectra. They follow
the same pattern as those of the 6-chloro-9-(tetrahydropyran-2-yl)payiref¥%) and
the phosphonate23 (ref®) and24 (refd). In the'H NMR spectrum of the free bagd,
all the signals (except for the methyl) are doubled due to the 7H-9H tautomerism
phenomenon has been already obséfved

Compoundsl3-21 and 31-36 were tested on their antiviral actiiffDNA viruses:
HSV-1, HSV-2, CMV, VZV and vaccinia virus, and retroviruses: HIV-1, HIV-2 and MS
None of the tested compounds exhibited any considerable activity in any of these ass:

EXPERIMENTAL

Methods Unless otherwise stated, solvents were evaporated &€/20kPa and compounds wer
dried at 2 kPa over,Bs. Melting points were determined on a Kofler block and are uncorrec
TLC was performed on Silufol W, plates (Kavalier Votice, Czech Republic). Preparative TLC w

TasLE |
Yields of the cross-coupling reactions of organocuprates with 6-chloro-9-(tetrahydropyran-2-yljpu
and protected 6-chloropurine phosphon&@&asnd 24, respectively

R Yields of 2-12 (%) Yields of25-30 (%)
2-Methylpropyl 2 (25)
2,2-Dimethylpropyl 3(33) 25 (25)
Isopropyl 4 (67) 26 (23)
tert-Butyl 5 (40) 27 (25)
1,1-Dimethylpropyl 6 (40) 28 (25)
1,1-Dimethyl-3-phenylpropyl 7 (37)
Cyclopentyl 8 (51) 29 (21)
Cyclohexyl 9 (67) 30 (21)
Cyclopropyl 10 (24)
Methyl 11(19)
Phenyl 12 (10)
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carried out on 4% 17 x 0.4 cm loose layer plates of silica gel containing UV indicator. Paper €
trophoresis was performed on a Whatman No. 3 MM paper at 40 V/icm for 1 h imQrgghyl-
ammonium hydrogen carbonate (TEAB) at pH 7.5; the electrophoretical mobilities are referen
uridine 3-phosphate. NMR spectra were measured on a Varian Unity 500 spectrometer (500 RHyz
in hexadeuteriodimethyl sulfoxide referenced to the solvent signals (2.5 ppid)fasr in deuterium
oxide containing sodium deuteroxide with sodium 3-(trimethylsilyl)propane sulfonate (DSS) as
nal standard fotH). Mass spectra were measured on a ZAB-EQ (VG Analytical) spectrometer
FAB (ionization by Xe, accelerating voltage 8 kV, glycerol matrix).

Materials 6-Chloropurine was purchased from Fluka (Switzerland), bromotrimethylsilane and
were obtained from Aldrich (Germany). DMF was distilled fropOfand stored over moleculal
sieves. Acetonitrile was refluxed with Cakind distilled. THF was refluxed with Na and benzoph
none under Ar atmosphere and freshly distilpgtbr to use.

General Method for Preparation of Compougd$2 and25-30

A mixture of Cul (0.76 g, 4 mmol), anhydrous THF (20 ml) and ethereal alkylmagnesium halide (8 1
was stirred under argon at —78 for 30 min. 6-Chloropurind, 23 or 24 (1 mmol) in THF (4 ml)
was added dropwise and the reaction mixture was stirred under argon for 2 h ‘& anfl then
overnight at room temperature. Then the reaction mixture was quenched by a dropwise additi
mixture of saturated solution of NBI and concentrated ammonia (4 : 1, 20 ml), diluted with wa
extracted with ether and dried with MgsOThe solvent was evaporated to give a crude prodi
which was purified by preparative TLC on silica (chloroform—methanol 95 : 5 and 90 : 10, re
tively) affording colorless oil.

6-(2-Methylpropyl)-9-(tetrahydropyran-2-yl)purin@): Yield: 0.07 g (25%)Rg 0.42 (chloroform-—
methanol 95 : 5). Mass spectrum (FAR){z 261.1 [M + HJ. *H NMR spectrum ((CE),SO): 8.83
and 8.72 2 s, 2x 1 H (H-2 and H-8); 5.75 dd} = 2.2 and 11.0 (H‘}; 4.00 m, 1 H (H-5; 3.70 m,
1 H (H-8); 295 d, 2 H,J1",2") = 7.1 (H-1); 2.28-2.38 m, 2 H (THP and HR 1.98 m, 2 H
(THP); 1.74 m, 1 H (THP); 1.60 m, 2 H (THP); 0.89 d, 6JtGH5,CH) = 6.6 (CH).

6-(2,2-Dimethylpropyl)-9-(tetrahydropyran-2-yl)purir(8): Yield: 0.09 g (33%),R- 0.30 (chloro-
form—methanol 95 : 5). Mass spectrum (FABYz 275.4 [M + H}. *H NMR spectrum ((CB),SO):
8.84 and 8.71 X s, 2x 1 H (H-2 and H-8); 5.76 dd] = 2.0 and 11.0 (H-); 4.01 m, 1 H (H-5;
371 m, 1 H (H-5;2.99 s, 2 H (H-1); 2.35 m, 1 H (THP); 2.00 m, 2 H (THP); 1.76 m, 1 H (THF
1.59 m, 2 H (THP); 0.97 s, 9 H (GH

6-Isopropyl-9-(tetrahydropyran-2-yl)purind): Yield: 0.16 g (67%)R- 0.54 (chloroform—methanol 95 : 5)
Mass spectrum (FAB)/z 247.3 [M + HI. *H NMR spectrum (CDG): 8.90 and 822 & s, 2x 1 H (H-2
and H-8); 5.78 dd, 1 Hl= 3.1 and 9.5 (H‘)}; 4.15m, 1 H (H-9; 3.79 m, 2 H (H-5and CH); 209 m, 1 H
(THP); 1.72 m, 2 H (THP); 1.74 m, 1 H (THP); 1.58 m, 2 H (THP); 1.43 d, §\te,CH) = 6.9 (Me).

6-tert-Butyl-9-(tetrahydropyran-2-yl)puring): Yield: 0.10 g (40%)R- 0.51 (chloroform—methanol
95 : 5). Mass spectrum (FABp/z 261.0 [M + HF. 'H NMR spectrum ((CB),SO): 8.84 and 8.72 2 s,
2x1H (H-2 and H-8); 5.77 dd, 1 = 2.0 and 11.0 (H*t 4.01 m, 1 H (H-9; 3.7 m, 1 H (H-5; 2.33 m,
1 H (THP); 1.99 m, 2 H (THP); .75 m, 1 H (THP); 1.58 m, 2 H (THP); 1.53 s, 9 H)(CH

6-(1,1-Dimethylpropyl)-9-(tetrahydropyran-2-yl)purir(6): Yield: 0.11 g (40%),R- 0.48 (chloro-
form—methanol 95 : 5). Mass spectrum (FABYz 275.0 [M + HJ. *H NMR spectrum ((CB),SO):
8.84 and 8.71 X s, 2x 1 H (H-2 and H-8); 5.77 dd] = 2.2 and 11.0 (H-); 4.05 m, 1 H (H-5;
3.71m, 1 H (H-9; 2.33 m, 1 H (THP); 2.05 g, 2 H(CH,,CHs) = 7.3 (CH); 1.95 m, 2 H (THP);
1.76 m, 1 H (THP); 1.58 m, 2 H (THP); 1.48 s, 6 H (H0.61 t, 3 H,J(CH,,CH,) = 7.3 (CH).

6-(1,1-Dimethyl-3-phenylpropyl)-9- (tetrahydropyran-2-yl)puri(®: Yield: 0.13 g (37%)R- 0.55
(chloroform—methanol 95 : 5). Mass spectrum (FAB)z 351.4 [M + HJ. 'H NMR spectrum
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((CD3),S0O): 8.87 and 8.74 2 s, 2x 1 H (H-2 and H-8); 7.30-7.00 m, 5 H (arom.); 5.78 did, 2.2
and 11.0 (H-); 402 m, 1 H (H-9; 3.71 m, 1 H (H-5; 2.32 m, 5 H (THP and H*2and H-3);
2.00 m, 2 H (THP); 1.76 m, 1 H (THP); 1.59 m, 2 H (THP); 1.56 s, 6 H(CH

6-Cyclopentyl-9-(tetrahydropyran-2-yl)purins): Yield: 0.14 g (51%),R- 0.50 (chloroform—
methanol 95 : 5). Mass spectrum (FAR){z 273.0 [M + HI. *H NMR spectrum ((CE),SO): 8.71
and 8.23 2x s, 2x 1 H (H-2 and H-8); 5.75 dd, 1 H,= 2.0 and 11.0 (H‘);, 4.01 m, 1 H (H-5;
3.70 m, 1 H (H-9; 3.77 pent, 1 H (H-); 2.35 m, 1 H (THP); 2.04 m, 2 H (THP); 1.97 m, 4 H a
1.83 m, 2 H (cyclopentyl); 1.70 m, 3 H (THP and cyclopentyl); 1.58 m, 2 H (THP).

6-Cyclohexyl-9-(tetrahydropyran-2-yl)puri@): Yield: 0.19 g (67%)Rg 0.60 (chloroform—methanol
95 : 5). Mass spectrum (FAB/z 287.3 [M + HT. *H NMR spectrum ((CE),SO): 8.83 and 8.71
2xs,2x1H(H-2 and H-8); 5.75 dd, 1 H,= 2.2 and 11.0 (H“}; 4.01 m, 1 H (H-95; 3.70 m,
1 H (H-5); 3.32m, 1 H (H-1); 235 m, 1 H (THP); 1.98 m, 2 H (THP); 1.90-1.70 m, 8 H (Tt
and cyclohexyl); 1.58 m, 2 H (THP); 1.43 m, 2 H and 1.30 m, 1 H (cyclohexyl).

6-Cyclopropyl-9-(tetrahydropyran-2-yl)purinél0): Yield: 0.06 g (24%),R- 0.39 (chloroform-—
methanol 95 : 5). Mass spectrum (FAR){z 245.3 [M + HJ. *H NMR spectrum ((CE),SO): 8.69
and 8.67 2x s, 2x 1 H (H-2 and H-8); 5.74 dd, 1 H,= 2.0 and 11.0 (H‘); 4.02 m, 1 H (H-5;
371 m, 1 H (H-5; 268 m, 1 H (H-1); 233 m, 1 H (THP); 1.98 m, 2 H (THP); 1.76 m, 1
(THP); 1.60 m, 2 H (THP); 1.27 m, 2 H and 1.19 m, 2 H (cyclopropyl).

6-Methyl-9-(tetrahydropyran-2-yl)purin€ll): Yield: 0.04 g (19%)Rr 0.44 (chloroform—methanol
95 : 5). Mass spectrum (FAB/z 219.3 [M + HT. *H NMR spectrum ((CE),SO): 8.78 and 8.73
2xs,2x1H (H-2 and H-8); 5.75 brdd, 1 H,= 1.0 and 10.3 (H-); 4.01 m, 1 H (H-5; 3.70 m,
1H (H-5); 2.72s, 1 H (Me); 2.35 m, 1 H (THP); 1.97 m, 2 H (THP); 1.74 m, 1 H (THP); 1.5¢
2 H (THP).

6-Phenyl-9-(tetrahydropyran-2-yl)purin@d 2): Yield: 0.03 g (10%)Rr 0.60 (chloroform—methanol
95 : 5). Mass spectrum (FAB/z 281.3 [M + HT. *H NMR spectrum ((CE),SO): 9.01 and 8.89
2xs,2x1H(H-2and H-8); 883 m, 2 Hand 830 m, 1 Hand 7.60 m, 2 H (phenyl); 5.83 dd, 4 |
2.0 and 11.0 (H“); 4.04 m, 1 H (H-9; 3.74 m, 1 H (H-9; 2.38 m, 1 H (THP); 2.02 m, 2 H (THP)
1.78 m, 1 H (THP); 1.60 m, 2 H (THP).

8-Allyl-6-chloro-9-(tetrahydropyran-2-yl)puring22): Yield: 0.08 g (30%)R: 0.65 (chloroform—
methanol 95 : 5). Mass spectrum (FAB)z 279.2 [M + HJ. 'H NMR spectrum ((CB,SO): 8.72 s,
1 H (H-2); 6.10 ddt, 1 H)(2",1") = 6.3,J(2",3"cis) = 10.5,J(2", 3'trans) = 17.3 (H-2); 5.72 dd,
1H,J=22and 11.2 (HY}; 5.25 dqg, 1 HJ(3'trans1"’) = J(gem) = 1.5,)(3"trans2") = 17.3 (H-3trans);
5.22 dqg, 1 HJ(3"cis,I'") = J(gem) = 1.5,J(3"cis,2") = 10.5 (H-3cis); 4.03 m, 1 Hand 3.71 m, 1 F
(H-5'); 3.91 brd, 2 HJ(1",2") = 6.3 (H-1'); 275 m, 1 Hand 1.97 m, 1 H and 1.88 m, 1 H a
1.76-1.54 m, 3 H (THP).

6-(2,2-Dimethylpropyl)-9-[2-(diisopropyloxyphosphonylmethoxy)ethyl]pur{@g): Yield: 0.10 g
(25%), R 0.42 (chloroform—methanol 9 : 1). Mass spectrum (FAB) 413.0 [M + HTI. 'H NMR
spectrum ((CDH),S0O): 8.81 s, 1 H (H-2); 8.45 s, 1 H (H-8); 4.46 t, 2J/,2') = 5.1 (H-1); 4.43 m,
2 H (P-OCH); 3.95t, 2 H)(2',1') = 5.1 (H-2); 3.78 d, 2 HJ(P,CH) = 8.3 (P-CH); 2.98 s, 2 H
(H-1"); 1.12 d, 6 H and 1.06 d, 6 H(CH,;,CH) = 6.1 (CH); 0.98 s, 9 H (CH).

6-lsopropyl-9-[2-(diisopropyloxyphosphonylmethoxy)ethyl]pu(g®: Yield: 0.09 g (23%)R- 0.40
(chloroform—methanol 9 : 1). Mass spectrum (FABYz 385.1 [M + HJ. *H NMR spectrum
((CD3),S0): 8.82's, 1 H (H-2); 8.46 s, 1 H (H-8); 4.45 t, 2J,2) = 5.0 (H-1); 443 m, 2 H
(P-OCH); 3.94 t, 2 HJ(2,1) = 5.0 (H-2); 3.78 d, 2 H,J(P,CH) = 8.3 (P-Ch); 3.64 sept, 1 H,
J(CH,CH;) = 6.8 (H-1'); 1.36 d, 6 H,J(CH;,CH) = 6.8 (CH); 1.12 d, 6 H and 1.05 d, 6 H
J(CH3,CH) = 6.1 (CH).

6-tert-Butyl-9-[2-(diisopropyloxyphosphonylmethoxy)ethyl]purif®): Yield: 0.10 g (25%),R- 0.61
(chloroform—methanol 9:1). Mass spectrum (FAR)z 399.3 [M + HI. *H NMR spectrum
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((CD3),S0O): 8.81s, 1 H (H-2); 8.46 s, 1 H (H-8); 4.45 t, 2J)1',2') = 5.0 (H-1); 4.43 dsept, 2 H,
J(CH,CH;) = 6.1,J(P,CH) = 7.6 (P-OCH); 3.94 t, 2 B(2',1') = 5.0 (H-2); 3.78 d, 2 HJ(P,CH) = 8.3
(P-CH,); 1.53 s, 9 H (CH); 1.12 d, 6 H and 1.05 d, 6 H(CH;,CH) = 6.1 (CH).

6-(1,1-Dimethylpropyl)-9-[2-(diisopropyloxyphosphonylmethoxy)ethyl]pur{28): Yield: 0.10 g
(25%), R 0.47 (chloroform—methanol 9 : 1). Mass spectrum (FAB) 413.5 [M + HI. 'H NMR
spectrum ((CBH),S0O): 8.81's, 1 H (H-2); 8.44 s, 1 H (H-8); 4.46 t, 2J,,2) = 5.0 (H-1); 4.44 dsept,
2 H, J(CH,CHy) = 6.1,J(P,OCH) = 7.6 (P-OCH); 3.96 t, 2 H(2',1') = 5.0 (H-2); 3.79 d, 2 H,
J(P,CH) = 8.3 (P-CH); 2.05 g, 2 H,J(CH,,CH;) = 7.1 (CH); 1.48 s, 6 H (CH); 1.12 d, 6 H and
1.05 d, 6 H,J(CH;,CH) = 6.1 (CH); 0.62 t, 3 H,J(CH;,CH,) = 7.3 (CH).

6-Cyclopentyl-9-[2-(diisopropyloxyphosphonylmethoxy)ethyllpuf2®: Yield: 0.09 g (21%)R- 0.50
(chloroform—methanol 9 : 1). Mass spectrum (FABYz 411.0 [M + HJ. *H NMR spectrum
((CD3),S0O): 8.80s, 1 H (H-2); 8.44 s, 1 H (H-8); 4.44 t, 2J)1',2') = 5.1 (H-1); 4.42 dsept, 2 H,
J(CH,CHy) = 6.1,J(P,OCH) = 7.6 (P-OCH); 3.93 t, 2 B(2,1') = 5.1 (H-2); 3.77 d, 2 HJ(P,CH) = 8.6
(P-CH,); 3.76 pent, 1 HJ = 8.3 (H-1"); 205 m, 2 H and 1.98 m, 2 H and 1.85 m, 2 H and 1.70
2 H (cyclopentyl); 1.12 d, 6 H and 1.05 d, 6 XiCH;,CH) = 6.1 (CH).

(R)-6-Cyclohexyl-9-[2-(diisopropyloxyphosphonylmethoxy)propyl]pur@@: Yield: 0.90 g (21%),
Rr 0.40 (chloroform—methanol 9 : 1). Mass spectrum (FARY 439.1 [M + HT. *H NMR spectrum
((CD3),S0): 8.80 s, 1 H (H-2); 8.41 s, 1 H (H-8); 4.45 m, 2 H (P-OCH); 4.37 dd, X14,2) =
3.4,J(gem) = 14.7 (H-B); 4.26 dd, 1 HJ(1'b,2) = 7.1,J(gem) = 14.7 (H-b); 4.02 m, 1 H (H-2;
3.81 dd, 1 HJ(P,CHa) = 9.5)(gem) = 13.9 (P-CHa); 3.70 dd, 1 B{(P,CHb) = 9.5J(gem) = 13.2
(P-CHb); 3.37 m, 1 H (H*D; 1.90-1.60 m, 5 H and 1.50-1.20 m, 3 H and 1.15 m, 2 H (cyclohe>
1.16 d, 3 H and 1.13 d, 3 H and 1.10 d, 6 H and 1.04 d, XCH;,CH) = 6.1 (CH).

General Method for Preparation of Compouti@s21

The hydrolysis 02-10 (1 mmol) was carried out in 0.25 H,SO, (10 ml) at room temperature fol
24 h. The reaction mixture was then deionized on a column of Dowex 50 X-®ifH, 20 ml) and
the column was washed with water until the UV absorption of the eluate dropped to the ol
value. The column was then washed with 2.5% aqueous ammonia and the UV-absorbing elu:
collected and evaporatéd vacuo The crude product was purified by preparative thin layer chrot
tography on silica (CHGFMeOH 8 : 2).

6-(2-Methylpropyl)puring(13): Yield: 0.13 g (76%)R- 0.43 (chloroform—methanol 9 : 1). Mas
spectrum (FAB)m/z 177.4 [M + H]. For GH,N, (176.18) calculated: 61.35% C, 6.87% F
31.78% N; found: 60.94% C, 6.71% H, 31.16% N. NMR spectrum ((CE),SO): 13.40 br, 1 H
(NH); 8.78 s, 1 H (H-2); 8.52 s, 1 H (H-8); 2.93 d, 2X11',2') = 7.3 (H-1); 2.29 sept, 1 H (H-%
0.90 d, 6 H,J(CH;,CH) = 6.6 (CH).

6-(2,2-Dimethylpropyl)puring14): Yield: 0.13 g (70%),R: 0.76 (chloroform—methanol 8 : 2)
Mass spectrum (FAB)n/z 191.1 [M + HJ. For GgH.,N,@/2 H,0 (199.2) calculated: 60.29% C
7.08% H, 28.11% N; found: 60.20% C, 7.34% H, 27.63%¢HNNMR spectrum ((CE),SO): 13.36
and 13.31 2 brs, 2x 1 H (NH); 8.77 and 8.84 2 s, 2x 1 H (H-2); 8.44 and 8.652 s, 2x 1 H
(H-8); 2.98 and 2.92 & s, 2x 2 H (CH,); 0.97 s, 9 H%{Bu).

6-Isopropylpurine(15): Yield: 0.12 g (75%)Re 0.76 (chloroform—methanol 8 : 2). Mass spectru
(FAB), m/z 163.0 [M + HJ. For GH;gN, (162.16) calculated: 59.25% C, 6.22% H, 34.53%
found: 58.89% C, 6.06% H, 34.33% AH NMR spectrum ((CE),SO): 13.40 br, 1 H (NH); 8.79 s,
1 H (H-2); 8.47 brs, 1 H (H-8); 3.63 m, 1 H (CH); 1.34 d, 6JKGH5,CH) = 7.0 (CH).

6-tert-Butylpurine(16): Yield: 0.14 g (79%)Re 0.76 (chloroform—methanol 8 : 2). Mass spectru
(FAB), m/z 177.1 [M + H}. For GH,,N,1/2 H,0 (185.2) calculated: 58.36% C, 7.07% H, 30.23%
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found: 58.58% C, 6.82% H, 30.69% AH NMR spectrum ((CE),SO): 13.40 br, 1 H (NH); 8.78 s,
1 H (H-2); 8.46 brs, 1 H (H-8); 1.52 s, 9 HRu).

6-(1,1-Dimethylpropyl)puring17): Yield: 0.13 g (71%)Re 0.73 (chloroform—methanol 85 : 15)
Mass spectrum (FAB)n/z 191.2 [M + HJ. For GgH1,N,@/2 H,0 (199.2) calculated: 60.28% C
7.08% H, 28.11% N; found: 60.23% C, 7.37% H, 27.88%HNNMR spectrum ((CB),SO): 13.40 br,
1 H (NH); 8.78 s, 1 H (H-2); 8.47 s, 1 H (H-8); 2.02 q, 2JKGH,,CHy) = 7.3 (2-CH,); 1.47 s, 6 H
(Me); 0.60 t, 3 H,J(CH5,CH,) = 7.3 (3-CHj).

6-(1,1-Dimethyl-3-phenylpropyl)purin€l8): Yield: 0.22 g (82%)R: 0.66 (chloroform—methanol
85 : 15). Mass spectrum (FAB/z 267.2 [M + HJ'. For GgHgN,A/2 H,O (275.4) calculated:
69.79% C, 6.96% H, 20.34% N; found: 69.50% C, 6.68% H, 19.97%HNNMR spectrum
((CD3),S0O): 13.45 br, 1 H (NH); 8.82 s, 1 H (H-2); 850 s, 1 H (H-8); 7.19t, 2 H and 7.10 t,
and 7.03 d, 2 H (arom.); 2.30 m, 4 H'{€H, and 3'-CH,); 1.56 s, 6 H (CH).

6-Cyclopentylpuring19): Yield: 0.14 g (72%)R: 0.69 (chloroform—methanol 8 : 2). Mass spe
trum (FAB), m/z 189.2 [M + HJ. For GgH;,N,1/2 H,0 (197.2) calculated: 60.90% C, 6.64%
28.40% N; found: 60.99% C, 6.29% H, 28.62% N. NMR spectrum ((CE),SO): 13.39 br, 1 H
(NH); 8.78 s, 1 H (H-2); 8.48 brs, 1 H (H-8); 3.55 m, 1 H (§-2.10-1.60 m, 8 H (cyclopentyl).

6-Cyclohexylpuring20): Yield: 0.16 g (80%)R- 0.76 (chloroform—methanol 8 : 2). Mass spe
trum (FAB), m/z 203.1 [M + HI. For G4H4N, (202.2) calculated: 65.34% C, 6.98% H, 27.70%
found: 64.95% C, 6.98% H, 27.23% AH NMR spectrum ((CE),SO): 15.00 br, 1 H (NH); 8.78 s,
1H(H-2);850s,1H(H-8); 3.28 m, 1 H (M;11.90-1.68 m, 7 Hand 1.41 m, 2 Hand 1.28 m, 1
(cyclohexyl).

6-Cyclopropylpuring(21): Yield: 0.12 g (75%)Re 0.34 (chloroform—methanol 9 : 1). Mass spe
trum (FAB), m/z 161.2 [M + HJ. For GHgN,1/2 H,0O (169.15) calculated: 56.80% C, 5.36%
33.10% N; found: 58.50% C, 4.90% H, 32.97% 'N. NMR spectrum ((CE),SO): 13.40 br, 1 H
(NH); 8.66 s, 1 H (H-2); 8.49 brs, 1 H (H-8); 2.65 m, 1 H (CH); 1.24 m, 2 H and 1.175 m,
(CHy).

General Method for Cleavage of the Phosphonate E31e86

The protected phosphonats-80(1 mmol) was dissolved in acetonitrile (10 ml), bromotrimethylsila
(2 ml) was added and the mixture was set aside in a stoppered flasR@tf@024 h. After evapo-
ration, the residue was codistilled with acetonitrilex(20 ml), mixed with water (20 ml) and ad
justed to pH 8 with triethylamine. The mixture was allowed to stand for 1 h, then evapirat
vacuoand the residue was deionized on Dowex 50 X &f(iim, 40 ml) as described above. Th
crude product was purified by chromatography on a column of Dowex 1 X 2 (acetate form, 4
The product was stirred batchwise with hot acetic acid (2 MpR50 ml), the residue was filterec
off, the filtrate evaporated, codistilled with water X320 ml) and ethanol (¥ 20 ml) to afford
yellowish foam.

6-(2,2-Dimethylpropyl)-9-(2-phosphonomethoxyethyl)pui@8: Yield: 0.12 g (39%)E, = 0.69.
Exact mass (FAB HRMS) calculated foy48,,N,O,P: 329.1379; found: 329.14134 NMR spec-
trum (D,O): 9.12 s, 1 H (H-2); 890 s, 1 H (H-8); 4.67 t, 2}1',2) = 5.0 (H-1); 4.04 t, 2 H,
J(2',1') = 5.1 (H-2); 3.66 d, 2 HJ(P,CH) = 8.8 (P-CH); 3.26 s, 2 H (H-1); 1.05 s, 9 H (CH).

6-sopropyl-9-(2-phosphonomethoxyethyl)pur{8&): Yield: 0.17 g (56%)E, = 0.80. Exact mass
(FAB HRMS) calculated for GH;gN,O,P: 301.1066; found: 301.11474 NMR spectrum (BO):
9.06 s, 1 H (H-2); 8.56 s, 1 H (H-8); 4.66 t, 2 {1',2) = 4.8 (H-1); 4.03 t, 2 H,J(2,1') = 4.8
(H-2'); 3.86 sept, 1 HJ(CH,CHy) = 7.1 (H-1'); 3.65 d, 2 H,J(P,CH) = 8.8 (P-Ck); 1.52 d, 6 H,
J(CHs,CH) = 7.1 (CH).
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6-tert-Butyl-9-(2-phosphonomethoxyethyl)puriidg): Yield: 0.11 g (35%)FE,, = 0.71. Exact mass
(FAB HRMS) calculated for GH,oN,O,P: 315.1222; found: 315.1193 NMR spectrum (BO):
9.09 s, 1 H (H-2); 8.92 s, 1 H (H-8); 4.69t, 2 i1',2) = 5.0 (H-1); 4.03 t, 2 H,J(2,1') = 5.0
(H-2); 3.67 d, 2 HJ(P,CH) = 9.0 (P-CH); 1.70 s, 9 H (CH).

6-(1,1-Dimethylpropyl)-9-(2-phosphonomethoxyethyl)pui@4: Yield: 0.12 g (38%)Ey, = 0.75.
For C3H,N,O,PR2 H,O (364.3) calculated: 42.85% C, 6.91% H, 15.37% N, 8.50% P; foL
43.01% C, 6.67% H, 15.67% N, 8.13% P. Mass spectrum (F&R®),329.1 [M + HT. *H NMR
spectrum ((CD),SO): 8.82's, 1 H (H-2); 850 s, 1 H (H-8); 4.43 t, 2X1',2") = 5.1 (H-1); 3.92 t,
2 H,J2,1)=5.1(H-2); 3.62 d, 2 HJ(P,CH) = 8.8 (P-CK); 2.05 g, 2 HJ(CH,,CH;) = 7.3 (CH);
148 s, 6 H (CH); 0.62 t, 3 H,J(CH;,CH,) = 7.3 (CH).

6-Cyclopentyl-9-(2-phosphonomethoxyethyl)purif@®): Yield: 0.13 g (40%),Ey, = 0.78. For
Cy3H1gN,O4PH 0O (344.3) calculated: 45.34% C, 6.14% H, 16.26% N, 9.00% P; found: 45.45¢
5.71% H, 15.90% N, 9.33% P. Mass spectrum (FAB)z 327.3 [M + HI. H NMR spectrum
(D,0): 9.00 s, 1 H (H-2); 8.80 s, 1 H (H-8); 4.64 t, 2J,2) = 5.4 (H-1); 4.02 t, 2 HJ(2,1) = 5.4
(H-2); 3.87 pent, 1 H) = 8.5 (H-1'); 3.65 d, 2 HJ(P,CH) = 8.8 (P-CH; 2.29 m, 2 H and 2.06-1.92 m
4 H and 1.84 m, 2 H (cyclopentyl).

(R)-6-Cyclohexyl-9-(2-phosphonomethoxypropyl)pur{3€): Yield: 0.14 g (40%),Ey, = 0.75.
Exact mass (FAB HRMS) calculated foyd8,,N,0,P: 355.1535; found: 355.15544 NMR spec-
trum (D,O): 9.06 s, 1 H (H-2); 8.87 s, 1 H (H-8); 4.64 dd, 1Jt4/a,2) = 2.9,J(gem) = 14.7 (H-B);
4.64 dd, 1 H)(I'b,2) = 7.1,)(gem) = 14.7 (H-b); 4.05 m, 1 H (H-2; 3.72 dd, 1 H,J(P,CHa) = 9.3,
J(gem) = 13.2 (P-CHa); 3.55 m, 1 H (M31 3.50 dd, 1 HJ(P,CHb) = 9.5,J(gem) = 13.2 (P-CHb);
208 m,2Hand 1.96 m, 2Hand 1.83 m, 3 Hand 1.52 m, 2 H and 1.39 m, 1 H (cyclohexyl); !
3 H, J(CH5;,CH) = 6.1 (CH).
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No. 203/96/K001) and by Gilead Sciences (Foster City, CA, U.S.A.).

REFERENCES

1. Reviews: a) Holy A. inAdvances in Drug Desig(E. De Clercq, Ed.), Vol. 1, p. 179. JAI Pres
Inc., Greenwich (U.S.A.)/London 1993; b) Holy A., Dvorakova H., Jindrich JAmtibiotics and
Antiviral Compounds(K. Krohn, H. A. Kirst and H. Maag, Eds), p. 455. Verlag Chem
Berlin/Heidelberg 1993.

2. Holy A., Votruba I., Merta A., Cerny J., Vesely J., Sediva K., Rosenberg |., Otmar
Hrebabecky H., Travnicek M., Vonka V., Snoeck R., De ClercARtiviral Res 199Q 13, 295.

3. a) Meerbach A., Neyts J., Holy A., Wutzler P., De ClercgMBtivir. Chem. Chemothed 998
9, 275; b) Holy A., Zidek Z., Votruba I.Collect. Czech. Chem. Commutf96 61 (Special
Issue), S182.

4. a) Hocek M., Masojidkova M., Holy A., Andrei G., Snoeck R., Balzarini J., De Clercq
Collect. Czech. Chem. Commui®96 61, 1525; b) Hocek M., Holy A.Collect. Czech. Chem.
Commun 1996 61 (Special Issue), S55.

5. Hocek M., Masojidkova M., Holy A.Tetrahedron1997 53, 2291.

6. Hocek M., Masojidkova M., Holy A.Collect. Czech. Chem. Commu997, 62, 136.

7. a) Gundersen L.-L.Tetrahedron Lett1994 35, 3155; b) Gundersen L.-L., Bakkestuen A. K
Aasen A. J., Overas H., Rise Hetrahedron1994 50, 9743; c¢) Gundersen L.-L., Langli G.
Rise F.:Tetrahedron Lett1995 36, 1945.

8. Hirota K., Kitade Y., Kanbe Y., Maki Y.J. Org. Chem1992 57, 5268.

Collect. Czech. Chem. Commun. (Vol. 63) (1998)



2074 Dvorakova, Dvorak, Holy:

9.

10.

11.
12.

13.
14.

15.

16.

Prasad A. S. B., Stevenson T. M., Citineni J. R., Nyzam V., Knochd@leRahedron1997, 53,
7237.

Hegedus L. S.Transition Metals in the Synthesis of Complex Organic Molecybes95.
University Science Books, Mill Valley (CA) 1994.

Dvorakova H., Dvorak D., Holy ATetrahedron Lett1996 37, 1285.

a) McKenzie T. C., Glass D. J.:Heterocycl. Chen1987 24, 1551; b) Andresen G., Gundersen L.-L
Lundmark M., Rise F., Sundell STetrahedron1995 51, 3655.

Holy A., Dvorakova H., Masojidkova MCollect. Czech. Chem. Commur995 60, 1390.
Robins R. K., Godefroi E. F., Taylor E. C., Lewis L. R., JacksonJAAm. Chem. Sod961,
83, 2574.

Spassova M., Dvorakova H., Holy A., Budesinsky M., Masojidkova@dllect. Czech. Chem.
Commun 1994 59, 1153.

Andrei G., Snoeck R., Balzarini J., De Clercq E.: Unpublished results.

Collect. Czech. Chem. Commun. (Vol. 63) (1998)



