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Sodium salt of l’-dcoxy-Nb-dimclhylaminomcthylcnc-S'-()-(lclrahydro-ZlI-pyran-'l-yl)adcnosinc (vir)
reacted with dibenzyl p-toluenesulfonyloxymethanephosphonate (/a) to give dibenzyl ester of 2’-dcoxy-N6-
dimethylaminomethylene-5'-O-phosphonomethyl-3'-O-(tetrahydro-2/{-pyran-2-yl)adenosine (XI) which
after deprotection afforded the final 2’-deoxy-5'-O-phosphonomethyladenosine (XII). 2'-Deoxy-5'-O-hydro-
xymethanephosphonyladenosine (X/V) and 5'-O-benzyloxymethanephosphonyl-2'-deoxyadenosine (X/IT)
were isolated as side products. The preparation of 2'-deoxy-5'-O-phosphonomethylguanosine (XVI) and
protection of the starting nucleoside were analogous to those for compound XI/. In the 2'-deoxy-3'-O-
phosphonomethylnucleosides series, 2'-deoxy-3'-O-phosphonomethyleytidine (XXI) and 2’-deoxy-3'-O-
phosphonomethyladenosine (XXVII) were prepared, using N"-bcnzoyl-5'—O-lcn-buIyldiphcnylsilyl-Z'-
deoxycytidine (XVIII) and 5'-O-lcn-hulyldiphenylsilyl-'l’-dcoxy—N6-dimclhylaminomclhylcncadcnosinc (XX1V),
respectively, as starting compounds.

This communication represents a continuation of our previous studies devoted to
syntheses and biochemical investigation of phosphonomethyl derivatives of nucleosides
and their analogs (refs' = % and citations therein). The interesting propertics of ribo-
nucleoside phosphonates, particularly their resistance to phosphomonocster hydro-
lases"® and ability to incorporate into oligonucleotide chains? under the catalysis of
RNA polymecrascs, led us to the idea to prepare also phosphonomethyl derivatives of
2’-dcoxyribonuclcosides and subject them, as well as their triphosphate analogs, to an
analogous biochemical scrutiny.

We have hitherto described the synthesis of 2’-decoxy-5'-O-phosphonomethyl deri-
vatives only for the pyrimidine scrics. In contrast to the procedures developed for the
synthesis of analogous derivatives of the ribo-serics, it appcared that both the sugar and
heterocyclic components in 2’-dcoxyribonucleoside scrics require very specific
protection. The rcaction conditions for the introduction of the phosphonomethyl residue
have to be considerably modificd because of an increased lability of the nucleoside
bond’. Therefore, in our previous paper on the synthesis of 5'-O-phosphonates of pyri-
midine 2'-dcoxynuclecosides, for the rcaction of sodium alkoxide of the protected
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nuclcoside we had to usc dibenzyl p-toluencsulfonyloxymethancphosphonate (/a)
instcad of the routinely used dicthyl or di(2-propyl) esters. The phosphonates, prepared
as their dibenzyl csters, were deblocked and converted into the free acids by catalytic
hydrogenation.

TsOCH,P(O)OR), Ia, R = Bn
Ib, R = Et

The key problem in the synthesis of purine 2'-deoxynucleoside 5’-O-phospho-
nomcthyl derivatives was again the choice of protecting groups. Originally, for the
synthesis of the 2’-decoxyadenosine 5’-phosphonate XII we chose N,3'-O-dibenzoyl-2'-
dcoxyadenosine (/1) as the starting compound. However, reaction of its sodium salt
with dibenzyl p-tolucnesulfonyloxymcthancphosphonate in dimethylformamide
afforded a complex mixture of products from which on reaction with sodium mctho-
xide, scparation from inorganic salts and catalytic hydrogenation the desired 2'-dcoxy-
5'-O-phosphonomcthyladenosine (XII) was obtained only in a very low yicld, together
with considerable amounts of 2’-dcoxyadenosine, adenine, sugar derivatives and other
unidentified UV-absorbing products. Similar attempts to prepare 2’-deoxy-5'-O-
phosphonomethylguanosine (XVI) have also shown that protection with benzoyl groups
(particularly in the sugar part) is not suitable for such purposc.
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More appropriate for the protection of 2'-dcoxyadenosine and 2'-dcoxyguanosine
appearcd to be the tetrahydropyranyl group for blocking the 3’-hydroxyl and the
dimethylaminomethylene group for protection of the amino group of the base.

In both cascs the starting 2'-dcoxynuclcosides were first silylated in position 5" with
tert-butylchlorodiphenylsilane using the standard procedure® in dimethylformamide
with imidazolc as the base. Tetrahydropyranylation of the 3'-hydroxyl was carried out
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in acetonitrile with excess 3,4-dihydro-2H-pyran and was catalyzed with trifluoroacetic
acid. Under these conditions, the 2'-dcoxyadenosine derivative I/ to a limited extent
underwent reaction at the base. Thus, beside the desired 3'-O-tetrahydropyranyl deri-
vative IV, we also obtaincd about 20% of N©,3'-O-bis(tetrahydropyranyl) derivative V.
After removal of the tert-butyldiphenylsilyl group in position 5" we obtained 2'-dcoxy-
3'-O-(tctrahydro-2H-pyran-2-yl)adenosine (V) and 2'-deoxy-N$,3'-O-bis(tctrahydro-
2H-pyran-2-yladenosine (VII). Reaction of compound VI with dimethylformamide
dimethyl acctal afforded 2'-deoxy-N6-dimethylaminomethylene-3'-O-(tetrahydro-2H-
pyran-2-yl)adenosine (VIII) as the starting compound for the preparation of phospho-
nomethyl derivative of 2’-dcoxyadcnosine X71. 2'-Deoxy-N2-dimethylaminomethylenc-
3'-O-(tetrahydro-2H-pyran-2-yl)guanosine (X) was obtained in an analogous manncr. In
this casc no tetrahydropyranylation of the base was observed.
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Reaction of sodium salt of 2’-dc0xy—N6-dimcthylaminomclhy]cnc-3’-0-(tctrahydro-
2H-pyran-2-yl)adenosine (VIII) with dibenzyl cster fa gave dibenzyl-2'-deoxy-N°©-
dimethylaminomethylene-5'-O-phosphonomethyl-3'-O-(tetrahydro-2H-pyran-2-yl)adenosine
(XT). Aftcr removal of the dimethylaminomethylene group from the base by treatment with
ammonia, the tetrahydropyranyl group could be removed with acetic acid under appropriate
rcaction conditions and with only a minimum cleavage of the nucleoside bond. The
dibenzyl ester was subscquently converted into free phosphonate XU/ by catalytic hydro-
genation on palladium on charcoal.

In addition to thc phosphonomethyl derivative XII we also isolated 2'-deoxy-5'-O-
hydroxymecthancphosphonyladenosine (X7V) and its benzyl derivative X711, The structu-
rc of both sidc-products has been confirmed by spectral methods and also by their
clectrophoretic mobility which corresponds to the presence of only one negative charge
in the molecule. It thus appears that the reaction of nucleoside anion with dibenzyl
p-toluencsulfonyloxymethancphosphonate may also take place at the phosphorus atom,
giving risc to compounds of the type X/II and X1V, i.c. hydroxymethancphosphonates,
in addition to O-phosphonomethyl derivatives.

5'-O-Phosphonomethyl derivative of 2'-deoxyguanosine XVI was prepared by an
analogous procedure from compound X. In contrast to the corresponding 2'-dcoxy-
adcnosinc dcerivative, the reaction with dibenzyl p-toluenesulfonyloxymethane-
phosphonatc resulted in formation of the monobenzyl ester XV, i.e. benzyl
2’-dcoxy-Nz-dimclhylaminomclhylcnc-S’~O-ph()sph(mnn1clhyl-3’—0—(lclrahydm-ZH-pymn-
2-yl)guanosinc, instcad of the expected dibenzyl ester. The compound XV, which formed
after processing the reaction mixture, was successively treated with methanolic ammonia
(removal of the dimcthylaminomethylene group), acetic acid (removal of the tetra-
hydropyranyl group) and catalytic hydrogenation to afford the desired 2'-deoxy-5'-O-
phosphonomethylguanosine (XV1).

In the scrics of 3'-O-phosphonomethyl derivatives we focused our attention on
compounds derived from 2'-dcoxycytidine and 2'-dcoxyadenosine which deserve
further biological investigation. N*-Benzoyl-5'-O-tert-butyldiphenylsilyl-2'-deoxy-
cytidine (XVIIT) was uscd for the condensation with csters of p-toluencsulfonyl-
oxymcthancphosphonic acid. The protection of the base in 2'-deoxycytidine with
benzoyl group is suitable because in the strongly basic medium used in condensation
with p-toluencsulfonyloxymethancsulfonic acid esters the N-benzoyl group is stable; it
ncither migrates nor is removed. On the contrary, the dimethylaminomethylene group,
which for the same purpose served well with 2'-deoxyadenosine derivatives, is more
labile in 2’-dcoxycytidine: in our attempted preparation of 2'-deoxy-3'-O-phosphono-
methyleytidine from dimethylaminomethylene derivative XVII it was split off and 2'-
dcoxy-N*3"-O-bis(dicthylphosphonomethyl)cytidine (XXIT) was obtained as the main
product in contrast to phosphonates of purine 2'-deoxyribonucleosides.
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2'-Dcoxy-3'-O-phosphonomethylcytidine (XX7) was prepared by reaction of sodium
salt of the starting nuclecoside XVIII with dicthyl p-toluenesulfonyloxymethane-
phosphonate (Ib, ref.') which afforded the dicthyl ester XIX. After removal of the
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nucleoside protecting groups, the cthyl ester groups were removed by reaction with
bromotrimethylsilane followed by hydrolysis. The preparation of phosphonates with the
usc of diethyl p-toluenesulfonyloxymethancphosphonate usually affords higher yields
and less side-products than the dibenzyl ester method”. Although the removal of cthyl
ester groups with bromotrimethylsilane in 2'-dcoxynucleoside derivatives often effects
cither splitting of the nucleoside bond or its anomerization, such side-reactions do not
occur in the case of 2'-dcoxycytidine whose nucleoside bond is quite resistant to acid-
catalyzed cleavage™. (Analogous results have been described recently for the prepa-
ration of 2',3’'-didcoxynuclcoside phosphonates where the ester cleavage was performed
with iodotrimethylsilanc?.)

Using our previous experience with various protecting groups in the phosphonate
synthesis, we chose 5’-O-tert-butyldiphenylsilyl-2-deoxy-NS-dimethylaminomethyle-
ncadenosine (XXIV) for the preparation of 2'-deoxy-3'-O-phosphonomethyladenosine
(XXVID); in this case, the synthesis of 5'-phosphonate was performed via the dibenzyl
ester XXV. After removal of the dimethylaminomethylene group by action of metha-
nolic ammonia and splitting ofl the tert-butyldiphenylsilyl group with tetra-
butylammonium fluoride, the free 2'-deoxy-3'-O-phosphonomethyladenosine (XXVIT)
was obtained by catalytic hydrogenation.

The new compounds were characterized by 'H NMR, IR and mass spectra and
clemental analyses. For free 5'- and 3'-O-phosphonomethyl derivatives we also measu-
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red the UV spectra and determined the extinction cocfficient at the absorption maxima
(Mpax)- The purity of the compounds was checked by TLC and HPLC profiles; free
phosphonomethyl derivatives were also subjected to paper clectrophoresis to prove the
number of negative charges in the molecule.
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In those cases where the structure was not uncquivocally proved by the 'H NMR
spectra, we measured the *C NMR spectra by the APT technique (attached proton
test)!? and the *'P NMR spectra. This concerns particularly compounds XII — XIV (sce
Tables T and 11). 2'-Deoxy-5'-O-phosphonomethyladenosine (XI7) is characterized by
chemical shifts and coupling constants which agree with the values given already
carlicr for compounds of this type”!'!. On the other hand, in the spectra of compounds
XIII and X1V, found as side products, we found non-zero coupling constants of protons
H-4', H-5" and phosphorus atom which indicate that the phosphonate group is bound to
the sugar residue by the P-O-C bond, similarly as in 2'-dcoxyadenosine S’-phospha-
te!'>!, Corresponding changes were also found in the *C NMR spectrum where there
is a marked upficld shift of the C-5" and P-CH,, a lower value of the coupling constant
of C-5" with phosphorus (3J(P,C-5') = 5.5) and a non-zero coupling constant of C-4’
with phosphorus (*J(P,C-4") = 7.3). The *'P NMR spectrum of compound X/ is charac-
terized by a signal at & 14.54; in the spectra of compounds X711 and X1V the phosphorus
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signal is shifted downficld (8 18.09 and 20.26) duc to the different type of the bond.
The found values correspond to those given in the literature!®!5,

EXPERIMENTAL

Unless stated otherwise, solvents were evaporated at 40 °C/2 kPa and the products were dried over
phosphorus pentoxide at 13 Pa. Melting points were determined on a Kofler block and are uncorrected.
Thin-layer chromatography was performed on Silufol UV 254 foils (Kavalier, Czech Republic). Spots
of compounds were detected by UV light at 254 nm and by spraying with 0.5% solution of 4-(4-nitro-
benzyl)pyridine followed by heating and exposure to ammonia vapours""”. P
graphy was carried out on silica gel (30 — 60 um) prepared in the Service Laboratories of the Institute.

reparative column chromato-

Reversed-phase chromatography was performed on octadecyl silica gel (20 um, Laboratorni pfistroje, Praha)
in water, detection at 254 nm on a Uvicord 4701 A instrument (LLKI3, Sweden). Preparative HPLC was carried
out on an Alltech 300 x 51 mm column packed with Separon SGX-RPS 10 pum; the same type of reversed
phasc was used for analytical chromatography. The eluent systems used are given in the text.

Elcctrophoreses were done on a Whatman paper No. 3 MM in 0.1 M triethylammonium hydrogen carbo-
nate for 1 h at 20 V/em. The electrophoretic mobilities are referenced to uridine 5'-phosphate.

UV absorption spectra were measured on a Pye Unicam 8800 instrument, mass spectra on a ZAB-EQ
(VG Analytical) spectrometer using the FAB (ionization with Xe, 8 kV) and SIMS (ionization with Cs*,
35 kV) techniques. As matrices we used glycerol (G), thioglycerol (TG) or mixtures of glycerol, 5%
heptafluorobutyric acid and trifluoroacetic acid (GFM).

"I NMR spectra were measured on a Varian UNITY 200 (200.01 Mlz for 'H) and Varian UNITY 500
(499.8 M1z for ') instruments in hexadeuteriodimethyl sulfoxide with tetramethylsilane as internal stand-
ard. Free phosphonates were measured in D,0 with sodium disilapentasulfonate (DSS) as internal standard.
13 and *'P NMR spectra were taken on a Varian UNITY 200 instrument (50.3 Mlz for 13C and 80.98
MMz for 3]l’) in D,0. The spectra were referenced to dioxane as external standard, 6(]3(')(dioxane) =
66.86, and phosphoric acid, 8'PY11,P0,) = 0. The values of 8 are given in ppm. those of J in Hz. Infra-
red spectra were recorded on an IR Fourier transform spectrometer Bruker IFS-88, wavenumbers of the
bands are given in cm L.

Dimethylformamide was distilled in vacuo from phosphorus pentoxide and then from calcium hydride.
Acctonitrile was distilled from calcium hydride immediately before use. Dibenzyl p-toluenesulfonyloxy-
methanephosphonate was prepared according to ref.”.

Attempted Preparation of 2'-Deoxy-5'-O-phosphonomethyladenosine (X17) from N°,3"-0-Dibenzoyl-
2'-deoxyadenosine (/1)

Dibensyl ester la (6.25 g, 14 mmol) was added 1o a solution of N®3'-O-dibenzoyl-2'-deoxyadenosine!® (11,
5.00 g, 10.9 mmol) in dimethylformamide (60 ml). After cooling to =20 °C, a 60% suspension of Nall in
mineral oil (1.30 g, 32.5 mmol) was added, the mixture was stirred at this temperature for 30 min and then
S h at room temperature. The mixture was neutralized with acetic acid (1.30 g, 21.6 mmol), coevaporated
with xylenc (2 x 100 ml) and the residue was partitioned between water (300 ml) and chloroform (500 ml).
Both the aqueous and organic phases (the latter after drying over magnesium sulfate) were evaporated. The
residues contained complex mixture of products, most of the UV-absorbing compounds being present in
the aqueous phase. Both the residues were debenzoylated by treatment with 0.2 M methanolic sodium
mcthoxide (250 ml) for 48 h. After neutralization with solid carbon dioxide, the reaction mixtures were
combined, concentrated to S ml and desalted on Dowex S0 (pyridinium form, 150 ml). The mixture of
products that had been washed out with water was concentrated, the residue was dissolved in methanol
(300 ml) and hydrogenated over 10% palladium on charcoal (0.5 g) for S days. The catalyst was filtered
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off, the filtrate taken down and the residue separated by HPLC on a reversed phase in water. After clution
of 2'-deoxy-5'-O-phosphonomethyladenosine (XII) the column was cluted with a gradient of methanol
(0.25% methanol per min to 20% methanol, then 1.5% methanol per min to 80% methanol); yield 200 mg
(5%) of 2'-deoxy-5'-O-phosphonomethyladenosine (£, 0.79) as a white amorphous residue. The other
fractions containcd predominantly adenine, several unidentified UV-absorbing minor products and
compounds of sugar character.

2'-Deoxy-3'-O-(tetrahydro-2H -pyran-2-yl)adenosine (V1)

3.4-Dihydro-2H-pyran (50 ml), followed by trifluoroacctic acid (1.6 ml), was added to a stirred suspension
of §'-O-tert-butyldiphenylsilyl-2’-deoxyadenosine (10.1 g, 20.6 mmol) in acctonitrile (300 ml). After
stirring at room temperature for 4 h, the mixture was neutralized by stirring with sodium hydrogen carbon-
ate (1 g) and evaporated. The residue was partitioned between water (500 ml) and chloroform (500 ml), the
chloroform layer was dried over magnesium sulfate and the solvent was evaporated. The obtained crude
product IV was chromatographed in two portions on silica gel (1 500 ml) in toluenc-acetone 2 : 1. After
scparation of disubstituted derivative V (2.71 g, 20%; Ry 0.47), the pure product IV (7.68 g, 13.38 mmol)
was dissolved in tetrahydrofuran (100 ml). the solution was mixed with 1 M solution of tetra-
butylammonium fluoride in tetrahydrofuran (14 ml) and the mixture was set aside for 1 h. After evapor-
ation. the residue was dissolved in chloroform (200 ml), the chloroform solution was washed with water
(2 x 100 ml), dricd over magnesium sulfate and the solvent was cvaporated. The residue was chro-
matographed on silica gel (800 ml) in cthyl acetate—acetonc—cthanol-water 18 : 3 : 2 : 2. The product VI
was isolated as a white foam (4.0 g, 58%). Ry 0.42. For Cy5l15;NsO 4 (335.4) calculated: 53.72% C, 6.31%
H. 20.88% N; found: 52.26% C, 6.07% H, 19.51% N. Mass spectrum (SIMS): 336 (M + H). IR spectrum
(CHCly. dilute solution): 3 527, 3 414 (NH, free), 3 238 (OII bonded), (CHCly, 3%): 3 528, 3 413 (NI,
free), 3 481, 3 309 (NI, bonded), 3 180 (OIl bonded), 1 633, 1 593 (ring). ' NMR spectrum
corresponding to a 1 : 1 mixture of diastercoisomers (hexadeuteriodimethyl sulfoxide): 1.48 m, 4 H (2 x CHy);
1.75 m, 2 1 (ClH,): 2.74 and 2.85 2 x dq. 2 I (H-2', J(2'.1") = 8.2; J(2',3") = 5.80: J(2'.2"") = 13.67 and
J(2'.1) = 8.43; J(2'.3') = 6.11); 3.49 m, 1 H and 3.77 m, 1 11 (OCH,); 3.60 m, 2 H (2 x H-5"); 4.03 and
4.08 2 x td, 1 11 (1-4', J(4.3') = 2.08; J(4'.5') = J(4'.5") = 4.52 and J(4'3") = 2.20; J(4'.5") = J(4'5") =
4.15); 4.51 2 x dt, 1 H (11-3'); 4.75 m, 1 H (OCHO): 5.35 and 5.36 2 x t, 1 HH (OH,J = 43 and J = 5.7);
6.30 and 6.33 2 x dd. 1 H (H-1', J(1',2") = 8.42; J(1',2") = 6.22 and J(1',2') = 8.18; J(1'.2") = 6.10);
7.34 bs, 2 H (NIL,): 8.14 s, 1 H and 8.34, 8.35 2 x s, 1 Il (1-2, 11-8); exchange with CD;COOD: 3.52,
3.54, 3.63 and 3.66 4 x dd, 2 H (2 x H-5').

2'-Deoxy-N°,3'-O-bis(tetrahydro-2H-pyran-2-yl)adenosine (VIF)

A 1 M solution of tetrabutylammonium fluoride in tetrahydrofuran (5 ml) was added to a solution of
compound V (2.71 g, 4.12 mmol; obtained as side-product in the preparation of VI) in tetrahydrofuran (100
ml). After 1 h the solvent was evaporated, the residue dissolved in chloroform (150 ml), the chloroform
solution washed with water (2 x 100 ml), dried over magnesium sulfate and the solvent evaporated. The
residue was chromatographed on silica gel (200 ml) in toluene—acctone 1 : 1 to give 1.23 g (71%) of ViI
as a white foam, Rp 0.34. For Cyll,oNsO5 (419.5) calculated: 57.26% C, 6.97% H, 16.69% N; found:
58.80% C, 6.97% H, 16.29% N. Mass spectrum (SIMS): 420 (M + H). IR spectrum (CHCl5, dilute): 3 419
(NH free), 3 238 (OH bonded); (CHCl3, 3%): 3 418 (NIH), 3 223 (OH bonded), 1 618, 1 588 (ring).
'H NMR spectrum of 1 : 1 mixture of diastercoisomers (hcexadeuteriodimethyl sulfoxide): 1.30 - 1.90 m,
12 1 (6 x CH, pyranyl); 2.50 overlapped by DMSO (H-2", J(2".1") = 6.10; J(2",3") = 2.32); 2.75 and 2.85
2 x dq, 1 H (H-2, J(2',1") = 8.17; J(2',3") = 5.74; J(2',2") = 13.67 and J(2',1') = 8.0; J(2',3") = 6.10;
J(2,2") = 13.67); 3.50 m, 2 H (OCH,); 3.60 m, 2 H (2 x H-5); 3.80 m, 2 H (OCl,); 4.03 and 4.08 2 x td, 1 H
(H-4', J(4,3") = 2.3; J(4',5') =J(4',5") = 4.5 and J(4'3") = 2.19; J(4,5") = J(4,5") = 4.15); 451 2 x dt, 1 H

Collect. Czech. Chem. Commun. (Vol. 58) (1993)



430 Kre¢merové, Hiebabecky. Masojidkova, Holy:

(H-3"); 4.75 m, 1 H (OCHO); 5.26 and 5.27 2 x t, 1 H{ (OH, J = 5.74 and J = 5.68); 5.50 br, 1 H (OCHO);
6.33 and 6.36 2 x dd, 1 H (H-1', J(1'.2") = 8.18; J(1'.2") = 6.10 and J(1',2") = 8.06; J(1'.2") = 6.23); 8.23 bs,
1 H (NH); 8.27 s, 1 H and 8.43, 8.426 2 x s, 1 H (H-2, H-8); exchange with CD;COOD: 3.58 4 x dd, 2 H
(2 x H-5").

2'»Dcoxy—N(’—dimclhylaminon\clhylcnc~3'-()»(tclrahydro—le»pyran~2-yl)adcnosinc un)

Dimethylformamide dimethylacetal (20 ml) was added to a solution of compound VI (3.9 g, 11.6 mmol) in
dimethylformamide (40 ml). After standing for 20 h at ambient temperature, the reaction mixture was
concentrated, the residuec was mixed with ground dry ice and then with 50% aqueous pyridine (50 ml).
After stirring for 1 h the solution was evaporated and the residue codistilled with pyridine (40 ml) and
xylene (2 x 40 ml) to give 4.7 g (100%) of chromatographically pure amorphous compound VIII (Rg 0.36
in cthyl acctate—acctone—cthanol-water 18 : 3 : 2 : 2). Mass spectrum (SIMS, G): 391 (M + H).

2'-Deoxy-N>-dimethylaminomethylene-3'-O-(tetrahydro-2/1-pyran-2-yl)guanosine (X)

‘The title compound was prepared from 5'-O-tert-butyldiphenylsilyl-2-deoxyguanosine (IX; 0.46 g, 0.91 mmol)
in the same manner as the above-mentioned 2'-deoxyadenosine derivative VIII. The product was isolated as
a white foam (130 mg, 35%). Ry 0.30 (ethyl acetate—acetone—cthanol-water 18 : 3 : 2 : 2). Mass spectrum
(SIMS, GFM): 407 (M + H).

Dibenzyl 2'-Deoxy-Né-dimethylaminomethylene-5'-O-phosphonomethyl-3'-O-(tetrahydro-2/-pyran-
2-yl)adenosinc (XT)

To a solution of compound VIII (4.5 g, 11.5 mmol) in dimethylformamide (100 ml) was added 60% Nall
suspension in oil (1.43 g, 35.8 mmol). After stirring for 30 min, dibenzyl ester Ja (7.95 g, 17.8 mmol) in
dimethylformamide (25 ml) was added and the mixture was stirred at ambient temperature for 3 h. The
mixture was neutralized with solid carbon dioxide with addition of two drops of water and the solvent was
cvaporated. The residue was coevaporated with xylene (2 x 50 ml) and then dissolved in chloroform
(500 ml). The chloroform solution was washed with water (2 x 250 ml), dried over magnesium sulfate and
taken down. Chromatography of the residue on silica gel (700 ml) in ethyl acctate-acctone—ethanol-water
18 :3:2: 2 afforded 3.43 g (44.5 %) of purc amorphous product X1, Ry 0.36. For C33H 4 NoPO; (664.7)
calculated: 4.66% P; found: 4.81% P. Mass spectrum (FAB, TG + G): 666 (M + ).

2'-Deoxy-5"-O-phosphonomethyladenosine (X11)

Pure phosphonomethyl derivative X7 (3.2 g. 4.8 mmol) from the preceding operation was stirred with 10%
methanolic ammonia (100 ml) for 24 h at room temperature. The solution was taken down and the residue
heated at 50 °C with 70% acctic acid (150 ml). After 1 h the reaction mixture was evaporated, the residue
codistilled with water (3 x 100 ml), dissolved in mcthanol (100 ml) and hydrogenated over 10% palladium
on charcoal (1.2 g) at atmospheric pressure and ambient temperature for 48 h and then at SO °C for 2 h.
The catalyst was removed by filtration through Celite, the filtrate was concentrated and the residue (1.2 g)
was purified in two portions on a column of DEALE-Sephadex A25 (400 ml). Elution with a gradient 0 - 0.4
M tricthylammonium hydrogen carbonate (4 1) gave successively adenine (150 mg: 23%), compounds X111
(200 mg: 10%) and XIV (150 mg: 9%) and finally the desired product XII. Fractions containing XII were
combined and the residue after evaporation was several times coevaporated with water to decompose all
tricthylammonium hydrogen carbonate. The product was purified by reversed-phase chromatography with
water as cluent. The UV-absorbing cluate was concentrated to 4 ml and poured through a column of
Dowex 50 x 8 (Li* form. 200 ml). LEvaporation afforded 400 mg (24%) of 2'-dcoxy-5'-O-phospho-
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nomethyladenosine (XII) as its lithium salt, a solid not melting up to 260 °C. Ey, 0.79, R 0.1 (ethyl aceta-
te-acetone—ethanol-water 13 : 3 : 4 : 5). For Cj;H 4NsPOgLi; (357.1) calculated: 37.00% C, 3.95% H,
19.61% N, 8.67% P; found: 36.81% C. 4.12% H, 19.53% N, 8.58% P. UV spectrum (pH 7): A, 259 nm,
Emax 14 900. Mass spectrum (FAB, G): 346 (M + H), 358 (M + H of the dilithium salt). 'H NMR spectrum
(D50): 2.60 ddd, 1 1 (H-2", J(2",3") = 3.9; J(2",2') = 13.7), 2.81 p, 1 H (H-2", J(2'3') = 6.3); 3.40t, 1 H
(H-1',J(1'2") = 6.8; J(1'.2"") = 5.9); 3.70 d, 2 H (PCH,, J(P,CH) = 8.3); 3.83 m, 2 H (2 x H-5', J(5',4") = 4.5);
427 m, 1 H (H-4', J(4,3") = 3.0); 470 m, 1 H (11-3"): 8.10 and 8.39 2 x s, 2 H (H-2, H-8).

Characterization of both side-products, 2’-deoxy-5'-O-hydroxymethanephosphonyladenosine (X7V) and
5'-0-benzyloxymethanephosphonyladenosine (XI11), by NMR spectra is given in Tables I and II. The
clectrophoretic mobility of both compounds is Ey, 0.47. TLC in ethyl acetate-acetone—cthanol-water
(13 :3 : 4 :5): Rp 0.42 and 0.18 for compounds X/II and XIV, respectively.

2'-Deoxy-5"-O-phosphonomethylguanosine (XVI)

A suspension of sodium hydride (60%) in oil (30 mg: 0.75 mmol) was added to a solution of derivative X
(100 mg, 0.25 mmol) in dimcthylformamide (4 ml). After stirring for 30 min, dibenzyl ester Ja (170 mg,
().38 mmol) was added and the mixture was stirred for 4 h at room temperature. Further work-up was the
same as described for compound X1, except that the desired phosphonate, as the monobenzyl ester XV, was
contained only in the aqueous phase (£, 0.30). The residue after evaporation of the aqucous phasc was
treated with methanolic ammonia, acetic acid and hydrogenated as described for the derivative XI. The
crude product, containing also some inorganic salts, was chromatographed on a DEAE-Sephadex A25
column (HCO3 form. 50 ml). The column was washed first with water (200 ml) and then with a gradient
() = 0.4 M tricthylammonium hydrogen carbonate (400 ml). The UV-absorbing eluate was evaporated, the
residue codistilled with water (4 x 15 ml) and the product was converted into the lithium salt by passing
through a column of Dowex 50 (Li* form, 20 ml). The overall yield was 18 mg (20%, calculated for the
starting compound X). The product was obtained as a white solid, Ey, 0.78, Ry 0.10 (in ethyl acetate—
acctone—cthanol-water 13 : 3 : 4 : 5). Mass spectrum (SIMS, GFM): 368 (M + H of the lithium salt, 362
(M + I of free phosphonate).

2'-Deoxy-N*3"-0-bis(dicthylphosphonomethyl)eytidine (XXIT)

A suspension of sodium hydride in mineral oil (60%. 115 mg, 2.9 mmol) was added to a solution of
compound XVII (0.5 g, 0.96 mmol) in dimethylformamide (20 ml). After 30 min, compound /b (464 mg,
1.4 mmol) was added. After 6 h, the reaction mixture was worked up similarly as described for compound
XI. The obtained crude product, 2'-deoxy-N*,3-O-bis(dicthylphosphonomethyl)-5'-O-tert-butyldiphenyl-
silyleytidine (1.2 g). was dissolved in tetrahydrofuran (10 ml) and stirred with 1 M tetrabutylammonium
fluoride in tetrahydrofuran (1 ml) for 12 h. ‘The solvent was e¢vaporated and the residue dissolved in chlo-
roform (100 ml). The solution was washed with water (50 ml) and dried over magnesium sulfate. After
cvaporation, the residue was chromatographed on silica gel (30 ml) in cthyl acctate-acctone—cthanol-water
(15 : 3 : 4 : 3): yicld 150 mg (30%) of compound XXII. Ry 0.30. The product was characterized as the
acetate XXIII.

5'-0-Acetyl-2"-dcoxy-N",3"-0-bis(dicthylphosphonomethyl)cytidine (XXII1)

Dimethylaminopyridine (5 mg) and acetyl chloride (0.02 ml) were added to a solution of compound XX1/
(50 mg, 0.09 mmol) in acctonitrile (2 ml). After 2 h, the solvent was evaporated and the residue partitioned
between chloroform (S ml) and water (5 ml). The chloroform solution was dried, the solvent evaporated
and the residue chromatographed on silica gel (20 ml) in ethyl acctate-acetone—cthanol-water (18:3:2:2);
Ry of the product XXTII was (1.33. Yield 45 mg (88%) of amorphous residuc of XX7II. '"H NMR spectrum
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(hexadeuteriodimethyl sulfoxide): 1.22 1, 6 H (2 x CH;); 1.24 t, 6 H (2 x CHs); 2.09 s, 3 H (acetyl);
220 m, 2 H (2 x H-2'); 3.69 dd, 1 H (H-5", J(5".4") = 3.5; J(5",5") = 10.6); 3.79 dd, 1 H (H-5', J(5',4") =
3.05); 3.89 d, 2 Il (PCH,, J(P,CH) = 9.2); 3.90 d, 2 H (PCH,, J(P,CH) = 8.5); 4.06 dq. 8 H (4 x CIl,,
J(CH,.CH3) = 7.1; J(P.OCH) = 8.4); 4.20 m, 2 H (H-3', H-4); 6.12 dd, 1 H (H-1", J(1',2") = 5.74; J(1',2") =
7.7); 7.26 d, 1 H (11-5, J(5,6) = 7.4); 7.50 bs, 1 H (NH); 8.22 d, 1 H (11-6).

Diethyl N*-Benzoyl-5'-O-tert-butyldiphenylsilyl-2'-dcoxy-3’-O-phosphonomethylcytidine (XIX)

The title compound was prepared from derivative XVIII (4.5 g, 7.9 mmol; ref.”), 60% sodium hydride
suspension (954 mg, 23.8 mmol) and dicthyl p-tolucnesulfonyloxymethanephosphonate (Ib; 3.83 g, 11.9 mmol)
analogously as described for compound X/, the reaction time being 2 h. The crude product was purified by
chromatography on silica gel (600 ml) in cthyl acetate (R 0.48). The product was obtained as a solid
residue (2.8 g, 49%). For Cy7H4gN3POGS (719.8) calculated: 61.74% C, 6.44% H, 5.84% N, 4.30% P;
found: 61.53% C. 6.48% 11, 5.96% N. 4.47% P. Mass spectrum (SIMS, G and mecthanol): 720 (M + ).
"1 NMR spectrum (hexadeuteriodimethyl sulfoxide): 1.03 s, 9 I (tert-butyl); 1.233 and 1.238 2 x t, 6 11
(2 x CH3, J = 7.3); 2.20 p. 1 H (H-2", J(2",1") = 6.9; J(2",3") = 6.3; J(2",2') = 14.2); 2.59 ddd, 1 H (H-2',
J2'1") = 6.3; J(2',3") = 2.9): 3.86 2 x dd, 2 H (2 x -5, J(5'.4") = 4.5; J(5',5") = 12.0); 3.89 d, 2 H
(PCH,, J(P,CH) = 9.5); 4.05 2 x dq, 4 H (2 x POCH,, J(CH,,CH3) = 7.3; J(P,OCH) = 8.3); 4.18 m, 1 H
(H-4"): 429 m, | H (11-3", J(3',4") = 2.5); 6.13 t, 1 H (H-1', 3/ = 13.2); 7.20 — 8.20 m, 15 H (H-arom.);
7.23 d, 1 H (H-5, J(5,6) = 7.8); 8.19 d, 1 H (11-6); 11.30 bs, 1 Il (NI).

Dicthyl 2'-Deoxy-3'-O-phosphonomethylcytidine (XX)

A solution of compound XIX (2.8 g, 3.89 mmol) in an NI,Oll-water—cthanol (1 : 1 : 2, 180 ml) mixture
was allowed to stand at ambicnt temperature for 20 h. After evaporation, the residue was dissolved in
tetrahydrofuran (100 ml) and the solution was stirred with 1 M tetrabutylammonium fluoride in tetra-
hydrofuran (4 ml) at room temperature for 2 h. The solvent was evaporated and the residue chro-
matographed on silica gel (600 ml) in ethyl acetate—acctone—cthanol-water (15 : 3 : 4 : 3), giving 1.40 g
(95%) of amorphous pure product XX, Ry 0.31. For Cy,11,,N3P0, (377.3) calculated: 8.21% P; found
8.07% P. Mass spectrum (SIMS, TG + G): 378 (M + ). "1 NMR spectrum (hexadeuteriodimethyl sulfo-
xide): 1.24 1, 6 11 (2 x Cl5, J = 7.1): 1.98 ddd, 1 H (-2, J(2".3") = 5.9: J(2",2") = 14.4); 2.30 ddd, 1 I
(H-2", J(2'.3") = 2.0): 3.56 d. 2 H (2 x H-5'", J(5'4") = 3.9): 385 d, 2 H (PClI,, J(P,CH) = 9.3); 3.96 td,
I H (H-4', J(4',3") = 2.0); 4.05 dq. 4 H (2 x POCIH,, J(CH,CH3) = 7.1; J(P,OCH) = 8.1); 417 m, 1 H
(H-3"): 5.10 b, 1 H (OH); 5.74 d. 1 H (H-5, J(5,6) = 7.3). 6.12 dd. 1 H (H-1",J(1'2") = 5.9; J(1',2") = 8.8);
7.20 bs, 2 H (NH5): 7.78 d. 1 H (11-6).

2'-Deoxy-3"-O-phosphonomethyleytidine (XXT)

Bromotrimethylsilane (2.1 ml, 16 mmol) was added to a suspension of compound XX (1.20 g, 3.18 mmol)
in acctonitrile (80 ml). The suspension turned immediately into a solution which was then set aside in the
dark at ambicent temperature for 20 h. The reaction course was monitored by paper electrophoresis and
reversed-phase THPLC in water. Toluene (50 ml) was added. the mixture concentrated at 30 °C and the
residue was codistilled with another portion of toluene (50 ml) and two drops of tricthylamine. The residue
was dissolved in water (5 ml), the solution made alkaline with 3 drops of tricthylamine and applied onto a
column of Dowex 1 x 8 (acetate form, S00 ml). ‘The ion exchanger was washed with water (1 500 ml) and
then with 0.5 M acetic acid until all UV-absorbing material was cluted. ‘The product-containing fractions
were evaporated and the residue was several times codistilled with water to complete removal of acetic
acid. The crude product was purified by HPLC on a reversed phase with water as eluent to give 870 mg
(85%) of pure product XXI, m.p. 155 — 156 °C (water); Ey, 0.85. For CpollioN3PO5 (321.2) caleulated:
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13.08% N, 9.64% P; found: 12.74% N, 9.50% P. UV spectrum (pH 7): Ay, 270 nm, €, 7 800. Mass
spectrum (FAB, G): 332 (M + H). IR spectrum (KBr): 3 448, 3 345 (NH,); 2 939 (CH,); 2 769 (POH),
2 451, 2 415 (O1); 1 718 (C=0); 1 683 (NH,); 1 644 (C=C); 1 539 (C=N); 1 141 (P=0); 1 099, 1 068
(CO); 930 (POH). 'H NMR spectrum (D,0): 2.29 p, t H (H-2", J(2",1) = 7.0: J(2",3") = 5.9: J(2".2) =
13.7); 2.62 ddd, 1 11 (11-2', J(2',1") = 6.3; J(2',3") = 2.9); 3.55 and 3.57 2 x d, 2 H (PCH,, J(P,CH) = 9.3);
3.86 m, 2 H (2 x 11-5'); 4.28 m, 2 H (H-3', H-4); 6.10 d, 1 H (1-5); 6.31 ¢, 1 H (11", 3/ = 13.2); 7.89 d,
1 H (H-6).

5'-0-tert-Butyldiphenylsilyl-2’-deoxy-N®-dimethylaminomethylencadenosine (XX7V)

Dimethylformamide dimethyl acetal (12 ml) was added to a solution of 2’-deoxy-5'-O-tert-butyldiphe-
nylsilyladenosine (4.0 g, 8.2 mmol) in dimethylformamide (20 ml) and the mixture was stirred at ambient
temperature for 18 h. After evaporation, ground dry ice was added to the residue, followed by 50%
aqueous pyridine (40 ml). After 1 h, the solution was concentrated and the residuc codistilled with toluene
(3 x 50 ml), yielding 4.5 g of chromatographically pure product XXIV; Ry 0.35 (ethyl acetate-acetone—

purification.

Dibenzyl 5'-O-tert-Butyldiphenylsilyl-2'-dcoxy-3'-O-phosphonomethyladenosine (XX'V)

A suspension of sodium hydride in mineral oil (60%, 0.96 g, 24 mmol) was addcd to a solution of
compound XXIV (4.2 g, 7.7 mmol) in dimethylformamide (60 ml). After 30 min, compound Ja (5.26 g,
11.5 mmol) was added, the mixture was stirred at room temperature for 5 h, neutralized with dry ice, and
the solvent was cvaporated. The residue was codistilled with xylenc (2 x 80 ml), partitioned between chlo-
roform (600 ml) and water (300 ml), the organic phase was washed with water (300 ml), dried over
magnesium sulfate and the solvent was evaporated. The residue was stirred with 18% methanolic ammonia
(200 ml) for 24 h. After evaporation, the remaining crude product was chromatographed on silica gel
(750 ml), first in ethyl acetate (800 ml) and then in ethyl acetate—acetone—cthanol-water (36 : 6 : 1 : 1)
R} of product XXV was 0.43. The compound was obtained as an amorphous residue; yield 1.03 g (18%).
For CyHyoNsPOSi (763.9) calculated: 64.47% C. 6.07% 11, 9.17% N, 4.05% P; found: 64.24% C,
6.04% H. 9.30% N, 4.03% P. Mass spectrum (FAB, TG + DMSO 3 : 1): 764 (M + ), 136 (BH). 'H NMR
spectrum (hexadeuteriodimethyl sulfoxide): 0.96 s, 9 I1 (tert-butyl); 2.50 ddd, 1 I (H-2", J(2",3") = L.9;
ST = 22.0); 2.92 ddd. 1 H (H-2', J(2'.3") = 5.9; J(2'.1') = 8.0; J(2'.2") = 13.9): 3.70 dd, 1 H (H-5",
J(5"4') = 5.4; J(5".5") = 11.0); 3.86 dd, 1 Il (1-5'. J(5'4") = 5.4); 4.02 d, 2 1 (PCH,, J(P,CH) = 9.0);
A1 d L H (-4, J4.3) = LT 3 = 12.45) 441 m, 1 H (H-3', 3/ = 9.5): 5.08 and 5.12 2 x s, 4 H
(2 x POCI,); 6.28 dd. 1 H (I1-1", J(1',2") = 8.05; J(1'.2") = 6.1); 7.20 — 7.65 m, 22 H (NH, + H-arom.);
8.06 s, 1 Hand 8.23 s, 1 I (11-2, H-8).

After washing out the product XXV, the elution was performed with pure methanol, affording 2.2 g
(42%) of 5'-O-tert-butyldiphenylsilyl-2’-deoxy-3’-O-phosphonomethyladenosine monobenzyl ester (XXVI),
Eyy, 0.45.

2'-Deoxy-3'-O-phosphonomethyladenosine (XXVII)

To a solution of compound XXV (1.0 g. 1.3 mmol) in tetrahydrofuran (100 ml) was added 1 M solution of
tetrabutylammonium fluoride in tetrahydrofuran (1.5 ml). After 2 h, the solvent was evaporated, the residue
dissolved in methanol (150 ml) and the solution hydrogenated over 10% palladium on charcoal (0.6 g) at
ambient temperature and pressure for 72 h. The catalyst was removed by filtration through Celite, the
filtrate was evaporated and the residue dissolved in water (5 ml). The solution was made alkaline with
tricthylamine and applied onto a column of DEAE-Scphadex A25 (HCO3 form, 400 ml). The clution was
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carricd out with a gradient of tricthylammonium hydrogen carbonate (0 = 0.4 mol 17!, 2 000 ml) and then
with 0.4 M tricthylammonium hydrogen carbonate (500 ml). The UV-absorbing cluate, which contained the
product XXVII, was cvaporated and the residue was coevaporated with water until all the triethyl-
ammonium hydrogen carbonate was decomposed. The product was converted to the lithium salt by passing
its aqucous solution (5 ml) through a column of Dowex 50 x 8 (Li* form, 200 ml). Yield 265 mg (59%)
of lithium salt of XXVII. Rg 0.10 (cthyl acetate—acetone—cthanol-water 13 : 3 : 4 : 5). Fyy, 0.85. UV
spectrum (pH 7): A 259 nm, €,,, 14 900. Mass spectrum (FAB, T + G + methanol): 346 (M + H).
"H NMR spectrum (1D,0): 2.76 m, 2 H (2 x 11-2, 3./ = 10.0); 3.62 d, 2 H (PCH,. J(P,CH) = 8.8); 3.86 bs,
211 (2 x 11-5"): 4.39 bs, L 11 (H-4"); 4.45 bs, 1 H (H-3'); 6.43 bt, 1 H (H-1', 37 = 13.67); 8.14 s, 1 H and
8.28 s, 1 H (1-2, H-8).

The authors are indebted to the staff of the Analytical Laboratory (Dr Pechanec, Head) of this Institute for
clemental analyses, the staff of the Central Laboratory of Mass Spectrometry (Dr Ubik, Head) for the mass
spectral measurements, and Dr P. Fiedler for taking the IR spectra.
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