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Received 20 August 2007; accepted 4 October 2007

Available online 9 October 2007
Abstract—A series of novel 9-, 7- and 3-substituted 2- or 6-guanidinopurines as analogues of potent antiviral and immunobiologically
active compound enantiomers of PMPDAP was synthesized and evaluated for their biological activity. Compounds containing the
combination of guanidino and amino group at the purine moiety enhanced the interferon-c-triggered NO production in murine
macrophages and stimulated the secretion of cytokines and chemokines in both murine macrophages and human peripheral blood
mononuclear cells. The most active compounds are 27 and 54. None of the compounds tested exhibited any significant cytostatic
effect or antiviral effect.
� 2007 Elsevier Ltd. All rights reserved.
1. Introduction

Acyclic nucleotide analogues are an important class of
antivirals effective against replication of both DNA-
viruses and retroviruses.1 Therapeutically most
important compounds of this class are prodrugs of 9-
[2-(phosphonomethoxy)ethyl]adenine (PMEA; adefovir)
(1), approved by FDA for treatment of hepatitis B, and
9-(R)-[2-(phosphonomethoxy)propyl] adenine [(R)-
PMPA (2); tenofovir], one of the most frequently pre-
scribed anti-AIDS drugs. The antiviral activity of acyclic
nucleotide analogues is acquired after transformation by
intracellular kinases to the mono- and diphosphoryl
derivatives, and it is assumed to be mainly due to sup-
pression of viral DNA synthesis mediated by inhibition
of viral DNA-polymerases. Some of these compounds,
including tenofovir, possess also immunomodulatory
properties that are relevant to antiviral activity.2

The immunostimulatory effect of compounds in murine
macrophages has been found to be enhanced with cer-
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tain substitutions of (R)-PMPDAP (9-(R)-[2-(phospho-
nomethoxy)propyl]-2,6-diaminopurine) (3) at the N6-
position.2a

In guanidinopurines the amino group is replaced and
mimicked by the guanidino group. Interestingly, while
the antiviral activity of guanidinopurines against DNA
or RNA viruses, including 6- or 2-guanidino ana-
logues of PMEDAP (9-[2-(phosphonometh-
oxy)ethyl]-2,6-diaminopurine) and PMPDAP, is very
low,3 the immunostimulatory activity of 6-guanidino
analogues of PMEDAP is preserved.4 In an attempt
to elucidate the influence of the position of guanidino
group at the purine moiety on the intrinsic immuno-
stimulatory potential of acyclic nucleotide analogues,
we have prepared the series of 6- or 2-guanidinopurine
7- or 9-PMP analogues. We investigated also the influ-
ence of combination of additional amino group with
guanidino group at the purine moiety. It seems that
the presence of an amino group at the position 2 of
the purine moiety is necessary for biological properties
of guanidinopurines. This assumption is supported by
our recent study of 2-amino-6-guanidino derivatives
with the short aliphatic chain at the position 9 of the
purine moiety.5 While one of these compounds showed
the immunostimulatory effect, a number of others were
cytocidal.
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2. Synthesis

An experience from the synthesis of 6-guanidinopu-
rines with various substituents in position 9 at the
purine moiety was applied for the preparation of (R)
and (S) 9, 7 and 3-{2-[(diisopropylphosphoryl)meth-
oxy]propyl} derivatives. There are two possible ap-
proaches to the synthesis of guanidinopurines, the
first is the alkylation of an appropriate halopurine 4
or 5 with (R) or (S)-2-[(diisopropoxyphosphoryl)meth-
oxy]propyl 4-methylbenzenesulfonate (6) and (7) with
subsequent guanidinolysis, the other one consists in
an direct alkylation of guanidinopurine base.

The first approach was used for the synthesis of
2-amino-6-chloro-9-(R) and (S)-[2-(diisopropoxyphos-
phoryl)methoxy]propylpurines6 (13), (14) and 2-ami-
no-6-chloro-7-(R) or (S)-[2-(diisopropoxyphosphoryl)
methoxy]propylpurines (9) and (10) (Scheme 1). These
compounds were treated with guanidine at room tem-
perature as described in the literature.7

The desired 6-guanidinopurine 9-(R) and (S)-[2-(diiso-
propoxyphosphoryl)methoxy]propyl derivatives 20 and
21 were obtained in good yield. On the other hand,
2-amino-7 (R) and (S) [(diisopropoxyphosphoryl)meth-
oxy]propyl-6-guanidinopurines (16), (17) and com-
pound 15 were obtained in low yields. This was
probably caused by lower reactivity of the 6-chloro
at 7-regioisomer.

The same synthetic procedure was applied also for the
preparation of 6-chloro-7-(R)-[2-(diisopropoxyphospho-
ryl)methoxy]propylpurine (8) and 6-chloro-9-(R) and
(S)-[2-(diisopropoxyphosphoryl)methoxy]propylpurine8

(11) and (12).

The desired 6-guanidinopurine 9-(R) and (S)-[2-(diiso-
propoxyphosphoryl)methoxy]propyl derivatives 18 and
19 were obtained in good yield.

As it was difficult to isolate the intermediate compound
6-chloro-7-(S)-[2-(diisopropoxyphosphoryl)methoxy]
propylpurine, we have chosen a different approach—di-
rect alkylation of 6-guanidinopurine (29).3b Yield of this
reaction is low, but the ratio of 7-regioisomer to the 9-
regioisomer is better than the alkylation of 6-chloropu-
rine derivative. The alkylation of 6-guanidinopurine
gave the 9-regioisomer 31 which was identical with com-
pound 19 and the desired compound 30 in 2:1 ratio
(Scheme 2).

Synthesis of 2-guanidinopurine derivatives began from
2-chloropurine 33 which was transformed into the inter-
mediate R and S 2-chloroderivatives 35, 37 and 34, 36,
respectively. 2-Chloropurine9 33 was treated with (R
or S)-[2-(diisopropoxyphosphoryl)methoxy]propyl 4-
methylbenzenesulfonate (6) or (7) in the presence of
NaH (Scheme 3). 7-Regioisomers 34 and 35 were trans-
formed by guanidinolysis at elevated temperature into
the 2-guanidino derivatives 38 and 39, also 9-regioisom-
ers 40 and 41 were transformed from corresponding 6-
chloro derivatives 36 and 37 by the same procedure.
The guanidinolysis of 9-regioisomers and also 7 regioi-
somers affords satisfactory yield.

9-R and S-[2-(Diisopropoxyphosphoryl)methoxy]pro-
pyl regioisomers of 6-amino-2-guanidinopurine 47
and 48 were prepared by the alkylation of 6-amino-
2-guanidinopurine (46) by (R) or (S)-[2-(diisopropoxy-
phosphoryl)methoxy]propyl 4-methylbenzenesulfonate
(6) or (7) and Cs2CO3 (Scheme 4). These reactions
afforded also the second regioisomer: 3-regioisomers
49 and 50 were isolated instead of expected 7-
regioisomers.

The first approach is preferable for synthesis of the
9-regioisomer as a major product. If a 7-regioisomer is
preferable, the direct alkylation of guanidinopurine base
can be used. The ratio of the regioisomers is 1:1. Surpris-
ingly, the alkylation of 6-amino-2-guanidinopurine
affords 3-regioisomer instead of 7-regioisomer.

Free phosphonic acids 22–28, 32, 42–45 and 51–54 were
obtained from compounds 15–21, 30, 31, 38–41 and 47–
50 by the transesterification reaction of phosphono-
methoxypropyl esters with bromotrimethyl silane and
subsequent hydrolysis.
3. Materials and methods

3.1. Compounds

Stock solutions of acyclic guanidinopurines (5 mM)
were prepared in incomplete NaHCO3-containing, phe-
nol red-free RPMI-1640 medium (Sigma–Aldrich, Pra-
ha, Czech Republic). They were sterile filtered using
non-pyrogenic 0.22 lm filters (Costar, Cambridge,
MA), used fresh or kept no longer than four weeks at
�20 �C. Required working concentrations were pre-
pared by diluting the stock solution in complete
RPMI-1640 culture medium (described below).

The chromogenic Limulus Amoebocyte Lysate assay
(Kinetic-QCL; Cambrex Bio Science, Walkersville,
MD) was used to check for possible contamination with
lipopolysaccharide (LPS). The final 50-lM concentra-
tions of test acyclic nucleoside phosphonates contained
<10 pg/ml of LPS, an amount that is virtually ineffective
to activate secretion of cytokines.2a

3.2. Origin of cells and their culture

Female mice of the inbred strain C57BL/6, 8–10 weeks old,
were purchased from Charles River Deutschland (Sulzfeld,
Germany). They were kept in transparent plastic cages and
maintained in an Independent Environmental Air Flow
Animal Cabinet (ESI Flufrance, Wissous, France). Light-
ing was set on 06–18 h, temperature at 22 �C.

Animals, killed by cervical dislocation, were ip injected
with 8 ml of sterile saline. Pooled peritoneal cells col-
lected from 4 to 7 animals were washed, resuspended
in culture medium and seeded into 96-well round-bot-
tomed microplates (Costar) in 100-ll volumes,
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2 · 106 cells/ml. Adherent cells (macrophages) were iso-
lated by incubating the cells for 2 h at 37 �C, 5% CO2,
and then vigorously shaking the plate and washing the
wells three times to remove non-adherent cells. Cultures
were maintained at 37 �C, 5% CO2 in humidified Herae-
us incubator.

The sources of human peripheral blood mononuclear
cells (PBMC) were buffy coats acquired from healthy
donors (provided by the Institute of Hematology and
Blood Transfusion, Prague). PBMC were separated by
Ficoll-Paque gradient centrifugation (GE Health Care
Bio-Sciences AB, Uppsala, Sweden) according to the
manufacturer’ instructions.

The cells were seeded into 96-well round-bottomed
microplates (Costar) and maintained at 37 �C, 5% CO2

in humidified Heraeus incubator. The mouse macro-
phages were cultured at final density of 2.0 · 106/ml,
the human PBMC at density of 1.5 · 106/ml in complete
RPMI-1640 culture medium. It contained 10% heat-
inactivated foetal bovine serum, 2 mM LL-glutamine,
50 lg/ml gentamicin and 5 · 10�5 M 2-mercaptoethanol
(all from Sigma–Aldrich, Prague, CR).

All protocols were approved by the Institutional Ethics
Committee.

3.3. Nitric oxide assay

The mouse macrophages were cultured for 24 h in pres-
ence of test compounds, applied either alone or in the
presence of mouse recombinant interferon-c (IFN-c;
R&D Systems, Minneapolis, MN). The concentration
of nitrites in supernatants of cells was taken as a mea-
sure of NO production.10 It was detected in individual,
cell-free samples (50 ll) incubated for 5 min at ambient
temperature with an aliquot of a Griess reagent (1%
sulfanilamide/0.1% naphthylenediamine/2.5% H3PO4).
The absorbance at 540 nm was recorded using a micro-
plate spectrophotometer (Tecan, Austria). A nitrite
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calibration curve was used to convert absorbance to
lM nitrite.

3.4. Cytokine assays

Concentration of cytokines (pg/ml) in supernatants of
cells was determined by ELISA kits, following the man-
ufacturer’s instructions (R&D Systems).

3.5. Statistical analysis

Analysis of variance (ANOVA) with subsequent Bonfer-
roni multiple comparison test and graphical presenta-
tion of data were done using the Prism program
(GraphPad Software, San Diego, CA).
4. Results and discussion

In the present study, selected guanidinopurines (listed in
Table 1), that is, 2- or 6-guanidino-9-, 7- and 3-(R) or
(S)-PMP purine derivatives, were tested for immuno-
stimulatory activity, with the emphasis on structure–
activity relationship. To this point, the combination of
guanidino and amino group at the purine moiety was
followed. Possible immunomodulatory effects were



Table 1. List of compounds subjected to immunobiological screening

N

N N

N

R1

R2 7-PMP

9-PMP

3-PMP

Compound Substituents Isomer

R1 R2

25 H Guanidino 9R

27 NH2 Guanidino 9R

44 Guanidine H 9R

51 Guanidine NH2 9R

26 H Guanidino 9S

28 NH2 Guanidino 9S

45 Guanidine H 9S

52 Guanidine NH2 9S

22 H Guanidino 7R

23 NH2 Guanidino 7R

42 Guanidine H 7R

32 H Guanidino 7S

24 NH2 Guanidino 7S

43 Guanidine H 7S

53 Guanidine NH2 3R

54 Guanidine NH2 3S
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detected following our recently described screening
platform.11

Mouse macrophages produced no NO spontaneously,
and it remained unchanged when they were cultured in
the presence of the compounds alone (data not shown).

However, all guanidine analogues of the PMPDAP—
compounds with guanidino group in the position 6
and amino group in the position 2 (R1 = NH2; R2 = gua-
nidine), that is, 27, 28, and also both 7-regioisomers 23
and 24 and double regioisomeric 3-PMP derivatives 53
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Figure 1. Production of NO by mouse peritoneal macrophages (2 · 106/ml)

together with mouse interferon-c (IFN-c; 1000 pg/ml). (a) The IFN-c-prime

dependent manner. (b) Nitrite levels were determined spectrophotometrically

three identical experiments. For identification of compounds see Table 1. St
and 54 significantly enhanced production of NO which
was primarily activated with IFN-c (Fig. 1a). The high-
est NO-up-regulatory potential was bound to the com-
pounds 27 and 54. Their effects became apparent with
doses of 10–25 lM (Fig. 1b). Other acyclic nucleotides
did not enhance the IFN-c-triggered NO biosynthesis.

4.1. Cytokine secretion

Chemokines and cytokines were determined in super-
natants of macrophages cultured for 5 h in the pres-
ence of acyclic nucleoside phosphonates alone,
applied at concentration of 100 lM. The compounds
that were found to increase production of NO also
activated macrophages for secretion of TNF-a, MIP-
1a and RANTES (Fig. 2a, b, c, respectively). The
data are very similar to the NO results shown in Fig-
ure 1. Compounds, which were ineffective to stimulate
the IFN-c-induced production of NO, did not influ-
ence cytokine secretion. Similar to NO, the highest
cytokine-stimulatory potential was possessed by com-
pounds 27 and 54.

Augmentation of IFN-c-triggered NO biosynthesis by
guanidinopurines can be explained by their ability to
stimulate secretion of TNF-a in mouse macrophages
(Fig. 2a). Similar to the NO production, the com-
pounds 27 and 54 proved to be prominent stimulators
of TNF-a, being able to enhance its levels in concen-
tration of 10–25 lM (Fig. 2d). Although IFN-c is
known to have a direct moderate stimulatory effect
on NO production in many cell types,12 its effects
can be synergistically enhanced by a number of cyto-
kines13 including TNF-a.14 Among a plethora of their
biological activities, NO and TNF-a also play signifi-
cant roles in the host defence against various infec-
tions. NO inhibits replication of many viruses,15, for
example, cytomegalovirus,16 Epstein-Barr virus,17 her-
pes simplex virus,18 polio virus type 1,19 vaccinia
viruses,20 hepatitis B virus21 and hepatitis C virus.22

TNF-a, usually in combination with IFN-c and
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presumably via NO-related mechanisms, has been re-
ported to suppress replication of herpes simplex
virus,23 cytomegalovirus,24 leukaemia virus C,25 varic-
ela-zoster virus26 and adenovirus.27
Except for NO and TNF-a we also investigated the ef-
fects of guanidinopurines on secretion of chemokines
macrophage inflammatory protein-1a (MIP-1a/CCL3)
and ‘regulated on activation of normal T-cell expressed
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and secreted’ (RANTES/CCL5). It has been found that
both MIP-1a (Fig. 2b) and RANTES (Fig. 2c), the con-
stitutive levels thereof being negligible in control mouse
macrophages, are stimulated by the same compounds
that are effective to activate secretion of TNF-a
(Fig. 2a) and up-regulate production of NO (Fig. 1a).
The doses required for stimulation of chemokines were
as low as <10 lM (Fig. 2e and f for MIP-1a and RAN-
TES, respectively).

Importantly, the present findings show that the
compounds also exhibit strong immunostimulatory
properties in human PBMC. Secretion of both MIP-1a
(Fig. 3a) and RANTES (Fig. 3b) is significantly
enhanced by those compounds that have been found
to possess immunobiological activity in the mouse
screening design. The lack or lower effectiveness of
guanidinopurines to induce RANTES in human PBMC
may be due to the fact that the constitutive production
of this chemokine in human cells is very high as com-
pared to mouse macrophages. The effects of compounds
are strictly dose-dependent; as low concentrations as
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Figure 3. In vitro stimulation of chemokine secretion in human peripheral

assayed by ELISA after 16-h culture of PBMC (1.5 · 106/ml) in the presence

them are potent stimulators of MIP-1a (a) and RANTES (b). The magnit

RANTES, respectively). The bars and points are means ± SEM obtained of tw

1. Statistical significance: ***P < 0.001, **P < 0.01, *P < 0.05.
approximately 5-lM are sufficient to activate secretion
of the chemokines in human PBMC (Fig. 3c and d for
MIP-1a and RANTES, respectively). MIP-1a and
RANTES are ligands for the chemokine receptor
CCR5 which is used as a co-receptor by macrophage-
tropic HIV-1 strains to infect the cells.28 Blocking the
appropriate b-chemokine receptors on both macro-
phages and lymphocytes is thus presently considered
to be a promising therapeutic approach against
HIV.28c,29 RANTES and MIP-1a have been shown to
inhibit HIV infection.30 Mechanisms of the inhibition
include internalization of CCR531 and blockage of the
cell–cell membrane fusion.32
5. Antiviral and cytostatic activity

None of these tested guanidinopurines exhibit any cyto-
toxicity in vitro in the L929, L1210, and HeLaS3 cell
lines under standard conditions.33 Compounds were
also tested for their antiviral activity against selected
DNA viruses, RNA viruses, and retroviruses: (MSV,
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HIV-1, and HIV-2). None of the compounds showed
any significant activity in these assays.34
6. Conclusion

The assumption that the amino-guanidinopurines pos-
sess immunobiological properties was confirmed. This
effect is based also on the position and structure of side
chain at the purine ring. The present study showed that
the most effective is side chain at the position 9—com-
pound 27 but the aliphatic phosphonate chain located
at the position 3, compound 54 possess also a good
immunological activity. In the contrary, the compounds
bearing the chain at the position 7 did not show a signif-
icant immunobiological activity.
7. Experimental

7.1. General procedure

Unless otherwise stated, solvents were evaporated at
40 �C/2 kPa, and compounds were dried over P2O5 at
2 kPa. Chromatography systems S1: CHCl3/MeOH
(97:3); S2: EtOAc/EtOH/acetone/H2O/NH3 (4:1:1:1)
containing 1% NH3; EtOAc/EtOH/acetone/H2O
(6:1:1:0.5) containing 1% NH3. Preparative TLC was
carried out on 40 · 17 · 0.4 cm loose layers of silica
gel containing a UV indicator. Paper electrophoresis
was performed on Whatman paper No. 3 MM at
40 V/cm for 1 h in 0.05 M triethylammonium hydrogen-
carbonate (TEAB) at pH 7.5 and the electrophoretic
mobilities (Eup) are referenced to uridine 3 0-phosphate.
Mass spectra were measured on a ZAB-EQ (VG Analyt-
ical) spectrometer using FAB ionization by Xe (acceler-
ating voltage 8 kV, glycerol matrix). Optical rotation
was measured on Autopol IV (Rudolph Research Ana-
lytical). NMR spectra (J, Hz; d, ppm) were measured on
a Bruker DRX 500 (500 MHz for 1H, 125.7 MHz for
13C NMR spectra) in dimethyl sulfoxide-d6. Dimethyl-
formamide and acetonitrile were distilled from P2O5

and stored over molecular sieves (4 Å). Preparative
HPLC purifications were performed on columns packed
with 7 lm C18 reversed phase (Waters Delta 600
chromatograph column), 17 · 250 mm; in ca. 200 mg
batches of mixtures using a linear gradient of 0.1 M
tetraethylammonium hydrogencarbonate buffer in
H2O/CH3OH (0–100% CH3OH) or linear gradient
MeOH/H2O (1:4 to 9:1) as eluent.

Deionisation was performed on Dowex 50 · 8
(H+-form) columns by the following procedure: after
application of crude product the column was washed
with water until the UV absorption dropped. Thereaf-
ter, the column was eluted with 2.5% aqueous NH3 or
with a MeOH/Et3N/H2O (1:1:3) mixture. Chromatog-
raphy on Dowex 1 · 2 (acetate form) was made as fol-
lows: after application of the aqueous solution of the
crude product onto the column, it was washed with
water until the UV absorption dropped. The column
was then eluted with a gradient of dilute acetic acid
(0–1 M).
7.1.1. 6-Chloro-7-(R)-{2-[(diisopropylphosphoryl)meth-
oxy]propyl}-7H-purine (8), 6-chloro-9-(R)-{2-[(diisopro-
pylphosphoryl)methoxy]propyl}-9H-purine (11). NaH
(60%) dispersion in paraffin oil, (0.47 g, 11.8 mmol)
was added to a solution of 6-chloropurine (4) (1.5 g,
9.7 mmol) in DMF (45 ml) and the resulting mixture
was stirred at room temperature for 2 h. Compound
66 (4.75 g, 11.6 mmol) was added and the reaction mix-
ture was stirred for 23 h at 80 �C. The solvent was re-
moved, the residue was codistilled with toluene (3·
30 ml), extracted by boiling chloroform (150 ml) and
purified on a silica gel column [90 g, S1] to give two
compounds:

Compound 8 (0.22 g, 6%). Yellowish oil, FAB-MS: 391
[MH+] (100). FAB-HRMS calcd for C15H25N4ClO4P
(MH+) 391.1302, found 391.1293. 1H NMR (DMSO-
d6): 1.02, 1.06, 1.12, 1.15 and 1.19 (d, 15H, J(CH3,
CH) = 6.1, CH3); 3.58 (dd, 1H, J(P, CH) = 9.0,
Jgem = 14.0, P–CH2); 3.77 (dd, 1H, J(P, CH) = 8.8,
Jgem = 14.0, P–CH2); 3.98 (m, 1H, H-2 0); 4.35 (dsept,
1H, J(CH, CH3) = 6.1, J(P–CH) = 7.7, P–OCH); 4.44
(dsept, 1H, J(CH, CH3) = 6.1, J(P–CH) = 7.7, P–
OCH); 4.46 (dd, 1H, J(1 0b, 2 0) = 8.5, Jgem = 14.8, H-
1 0b); 4.60 (dd, 1H, J(1 0a, 2 0) = 3.2, Jgem = 14.8, H-1 0a);
8.68 and 8.80 2· (s, 1H), (H-2 and H-8). 13C NMR
(DMSO-d6): 16.23 (3 0-CH3); 23.62 (d, J(P, C) = 4.4,
CH3); 23.75 (d, J(P, C) = 4.4, CH3); 23.78 (d, J(P,
C) = 3.9, CH3); 23.86 (d, J(P, C) = 3.9, CH3); 50.94
(C-1 0); 62.45 (d, J(P, C) = 165.0, P–C); 70.07, 70.16 (d,
J(P, C) = 6.3, P–OCH); 76.10 (d, J(P, C) = 11.2, C-2 0);
122.44 (C-5); 142.32 (C-6); 151.58 and 151.72 (C-2 and
C-8); 161.67 (C-4).

Compound 11 (1.35 g, 36%) the data are consistent with
lit.6

7.1.2. 7-(R)-{2-[(Diisopropylphosphoryl)methoxy]propyl}-
6-guanidino-7H-purine (15). A guanidine solution
(7.5 ml, 2.5 mmol) prepared as mentioned in lit.3b was
added to a flask containing compound 8 (0.19 g,
0.5 mmol) and DABCO (0.06 g, 0.5 mmol). The mixture
was stirred at room temperature for 6 h. The solvent
was removed in vacuo, the residue was codistilled with
toluene (3· 5 ml) and purified on a loose layer silicagel
plate [S3] to give a compound 15: (0.1 g, 49%). Yellow-
ish foam, [a]D �56.5� (c 0.36, methanol); FAB-HRMS
calcd for C16H29N7O4P (MH+) 414.2019, found
414.2039. FAB-MS: 414 [MH+] (100). 1H NMR
(DMSO-d6): 1.10, 1.12, 1.16, 1.17 and 1.20 (d, 15H,
J(CH3, CH) = 6.2, CH3); 3.62 (dd, 1H, J(P,
CH) = 9.3, Jgem = 13.9, P–CH2); 3.73 (dd, 1H, J(P,
CH) = 8.7, Jgem = 13.9, P–CH2); 3.91 (m, 1H, H-2 0);
4.49 (m, 2H, P–OCH); 4.60 (dd, 1H, J(1 0b, 2 0) = 6.8,
Jgem = 13.9, H-1 0b); 4.71 (dd, 1H, J(1 0a, 2 0) = 3.7,
Jgem = 13.9, H-1 0a); 7.30 (br, 4H, NH); 8.06 and 8.27
2· (s, 1H) (H-2 and H-8). 13C NMR (DMSO-d6):
16.42 (3 0-CH3); 23.74 (d, J(P, C) = 4.4, CH3); 23.83 (d,
J(P, C) = 4.9, CH3); 23.90 and 23.95 (d, J(P, C) = 3.4,
CH3); 50.36 (C-1 0); 62.62 (d, J(P, C) = 165.0, P–C);
70.27 (d, 2C, J(P, C) = 6.3, P–OCH); 76.82 (d, J(P,
C) = 11.7, C-2 0); 116.38 (C-5); 145.70 (C-8); 150.85
(C-2); 156.64 (C-6); 158.95 (C-4); 159.62 (N–C).
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7.1.3. 2-Amino-7-(R)-{2-[(diisopropylphosphoryl)meth-
oxy]propyl}-6-guanidino-7H-purine (16). A guanidine
solution (9.9 ml, 3.5 mmol) prepared as mentioned in
lit.3b was added to a flask containing compound 96

(0.27 g, 0.7 mmol) and DABCO (0.078 g, 0.7 mmol).
The mixture was stirred at room temperature for 6 h;
The solvent was removed in vacuo, the residue was
codistilled with toluene (3· 10 ml) and purified on a sil-
ica gel column [30 g, grad 5–15% EtOH vs EtOAc and
S2] to give a compound 16 (0.080 g, 25%). Yellowish
foam, FAB-HRMS calcd for C16H30N8O4P (MH+)
429.2128, found 429.2118. FAB-MS: 429 [MH+] (100).
[a]D �37.9� (c 0.30, methanol); 1H NMR (DMSO-d6):
1.08, 1.16, 1.18, 1.19 and 1.21 (d, 15H, J(CH3,
CH) = 6.1, CH3); 3.60 (dd, 1H, J(P, CH) = 9.0,
Jgem = 13.8, P–CH2); 3.70 (dd, 1H, J(P, CH) = 8.7,
Jgem = 13.8, P–CH2); 3.89 (m, 1H, H-2 0); 4.43 (dd, 1H,
J(1 0b, 2 0) = 6.6, Jgem = 13.8, H-1 0b); 4.50 (dd, 1H,
J(1 0a, 2 0) = 3.2, Jgem = 13.8, H-1 0a); 4.51 (m, 2H, P–
OCH); 5.63 (br s, 2H, NH); 7.10 90(br, 4H, NH); 7.73
(s, 1H, H-8). 13C NMR (DMSO-d6): 16.57 (3 0-CH3);
23.81, 23.87 (d, J(P, C) = 4.4, CH3) and 23.96, 23.99
(d, J(P, C) = 3.9, CH3); 50.27 (C-1 0); 62.82 (d, J(P,
C) = 165.5, P–C); 70.31 (d, J(P, C) = 6.3, P–OCH);
70.33 (d, J(P, C) = 6.3, P–OCH); 76.91 (d, J(P,
C) = 11.7, C-2 0); 110.70 (C-5); 144.16 (C-8); 156.86 (C-
6); 159.11 (C-2); 159.52 (N–C); 161.29 (C-4).

7.1.4. 2-Amino-7-(S)-{2-[(diisopropylphosphoryl)meth-
oxy]propyl}-6-guanidino-7H-purine (17). A guanidine
solution (12.5 ml, 4.12 mmol) prepared as mentioned
in lit.3b was added to a flask containing compound 106

(0.35 g, 0.82 mmol) and DABCO (0.09 g, 0.82 mmol).
The mixture was stirred at room temperature for 4 h;
The solvent was removed in vacuo, the residue was
codistilled with toluene (3· 10 ml) and purified on a sil-
ica gel column [30 g, grad 5–15% EtOH vs EtOAc and
S3] to give a compound 17 (0.092 g, 25%). Yellowish
oil, FAB-HRMS calcd for C16H30N8O4P (MH+)
429.2128, found 429.2117. FAB-MS: 429 [MH+] (100).
[a]D +94.0� (c 0.19, methanol); 1H NMR (DMSO-d6):
1.08, 1.16, 1.18, 1.19 and 1.21 (d, 15H, J(CH3,
CH) = 6.1, CH3); 3.60 (dd, 1H, J(P, CH) = 9.0,
Jgem = 13.8, P–CH2); 3.70 (dd, 1H, J(P, CH) = 8.7,
Jgem = 13.8, P–CH2); 3.89 (m, 1H, H-2 0); 4.43 (dd, 1H,
J(1 0b, 2 0) = 6.6, Jgem = 13.8, H-1 0b); 4.50 (dd, 1H,
J(1 0a, 2 0) = 3.2, Jgem = 13.8, H-1 0a); 4.51 (m, 2H, P–
OCH); 5.63 (br s, 2H, NH); 7.10 90 (br, 4H, NH);
7.73 (s, 1H, H-8). 13C NMR (DMSO-d6): 16.57 (3 0-
CH3); 23.81, 23.87 (d, J(P, C) = 4.4, CH3) and 23.96,
23.99 (d, J(P, C) = 3.9, CH3); 50.27 (C-1 0); 62.82 (d,
J(P, C) = 165.5, P–C); 70.31 (d, J(P, C) = 6.3, P–
OCH); 70.33 (d, J(P, C) = 6.3, P–OCH); 76.91 (d, J(P,
C) = 11.7, C-2 0); 110.70 (C-5); 144.16 (C-8); 156.86 (C-
6); 159.11 (C-2); 159.52 (N–C); 161.29 (C-4).

7.1.5. 9-(R)-{2-[(Diisopropylphosphoryl)methoxy]propyl}-
6-guanidino-9H-purine (18). A guanidine solution (56 ml,
18.5 mmol) prepared as mentioned in lit.3b was added to
a flask containing compound 118 (1.45 g, 3.7 mmol) and
DABCO (0.41 g, 3.7 mmol). The mixture was stirred at
room temperature for 6 h; The solvent was removed in
vacuo, the residue was codistilled with toluene (3·
30 ml) and purified on a silica gel column [grad 5–15%
EtOH vs EtOAc and S2] to give a compound 18
(1.12 g, 73%). Yellowish oil, FAB-HRMS calcd for
C16H29N7O4P (MH+) 414.2019, found 414.2010. FAB-
MS: 414 [MH+] (100). [a]D �20.4� (c 0.27, methanol);
1H NMR (DMSO-d6): 1.07, 1.13, 1.16, 1.17 and 1.20
(d, 15H, J(CH3, CH) = 6.2, CH3); 3.72 (dd, 1H, J(P,
CH) = 9.6, Jgem = 13.8, P–CH2); 3.79 (dd, 1H, J(P,
CH) = 9.3, Jgem = 13.8, P–CH2); 3.96 (m, 1H, H-2 0);
4.17 (dd, 1H, J(1 0b, 2 0) = 6.5, Jgem = 14.4, H-1 0b); 4.26
(dd, 1H, J(1 0a, 2 0) = 3.8, Jgem = 14.4, H-1 0a); 4.50 (m,
2H, P–OCH); 7.30 (br, 4H, NH); 8.01 and 8.26 (s,
1H), (H-2 and H-8). 13C NMR (DMSO-d6): 16.94 (3 0-
CH3); 23.79, 23.83 (d, J(P, C) = 4.9, CH3) and 23.93,
23.97 (d, J(P, C) = 3.9, CH3); 46.68 (C-1 0); 62.61 (d,
J(P, C) = 166.0, P–C); 70.33 (d, J(P, C) = 6.3, P–
OCH); 70.36 (d, J(P, C) = 6.3, P–OCH); 75.58 (d, J(P,
C) = 12.7, C-2 0); 125.03 (C-5); 141.52 (C-8); 150.45
(C-4); 150.72 (C-2); 160.14 and 160.19 (N–C and C-6).

7.1.6. 9-(S)-{2-[(Diisopropylphosphoryl)methoxy]propyl}-
6-guanidino-9H-purine (19). The data are identical with
compound 31 starting compound 126 yield (0.54 g,
49%). For C16H28N7O4P (413.41) calcd: C, 46.49; H,
6.83; N, 23.72; P, 7.49. Found: C, 46.45; H, 6.81; N,
23.88; P, 7.23. [a]D +22.4� (c 0.32, MeOH).

7.1.7. 2-Amino-9-(R)-{2-[(diisopropylphosphoryl)meth-
oxy]propyl}-6-guanidino-9H-purine (20). A guanidine
solution (37.5 ml, 12.5 mmol) prepared as mentioned
in lit.3b was added to a flask containing compound 136

(1.0 g, 2.5 mmol) and DABCO (0.28 g, 2.5 mmol). The
mixture was stirred at room temperature for 6 h. The
solvent was removed in vacuo, the residue was codis-
tilled with toluene (3· 20 ml) and purified on a silica
gel column [40 g, grad 5–15% EtOH vs EtOAc, S3 and
S2] to give a compound 20.

(0.73 g, 69%). Yellowish foam, [a]D �31.4� (c 0.25,
methanol); for C16H29N8O4P (428.43) calcd: C, 44.86;
H, 6.82; N, 26.15; P, 7.23. Found: C, 45.07; H, 6.94;
N, 25.85; P, 6.99. FAB-MS: 429 [MH+] (100). 1H
NMR (DMSO-d6): 1.06, 1.16, 1.18, 1.19 and 1.22 (d,
15H, J(CH3, CH) = 6.1, CH3); 3.68 (dd, 1H, J(P,
CH) = 9.5, Jgem = 13.7, P–CH2); 3.76 (dd, 1H, J(P,
CH) = 9.3, Jgem = 13.7, P–CH2); 3.90 (m, 1H, H-2 0);
3.97 (dd, 1H, J(1 0b, 2 0) = 6.6, Jgem = 14.3, H-1 0b); 4.04
(dd, 1H, J(1 0a, 2 0) = 3.9, Jgem = 14.3, H-1 0a); 4.52 (m,
2H, P–OCH); 5.94 (br s, 2H, NH) and 7.45 (br, 4H,
NH); 7.62 (s, 1H, H-8). 13C NMR (DMSO-d6): 16.94
(3 0-CH3); 23.83 (d, J(P, C) = 3.9, CH3); 23.86 (d, J(P,
C) = 3.9, CH3); 23.97 and 24.00 (d, J(P, C) = 3.9,
CH3); 46.41 (C-1 0); 62.73 (d, J(P, C) = 165.5, P–C);
70.38, 70.37 (d, J(P, C) = 6.3, P–OCH); 75.67 (d, J(P,
C) = 12.7, C-2 0); 118.84 (C-5); 138.31 (C-8); 152.59 (C-
4); 159.06 (C-6); 159.87 (C-2); 159.95 (N–C).

7.1.8. 2-Amino-9-(S)-{2-[(diisopropylphosphoryl)meth-
oxy]propyl}-6-guanidino-9H-purine (21). A guanidine
solution (23.5 ml, 23.5 mmol) prepared as mentioned
in lit.3a was added to a flask containing compound 146

(1.9 g, 4.7 mmol) and DABCO (0.53 g, 4.7 mmol). The
mixture was stirred at room temperature for 3 h. The
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solvent was removed in vacuo, the residue was codis-
tilled with toluene (3· 20 ml) and purified on a silica
gel column [90 g, grad 5–15% EtOH vs EtOAc and S3]
to give a compound 21 (1.72 g, 86%). Yellowish foam,
FAB-MS: 429 [MH+] (100). [a]D +38.9� (c 0.01, metha-
nol); FAB-HRMS calcd for C16H30N8O4P (MH+)
429.2128, found 429.2135. 1H NMR (DMSO-d6): 1.06,
1.16, 1.18, 1.19 and 1.22 (d, 15H, J(CH3, CH) = 6.1,
CH3); 3.68 (dd, 1H, J(P, CH) = 9.4, Jgem = 13.6, P–
CH2); 3.76 (dd, 1H, J(P, CH) = 9.4, Jgem = 13.6, P–
CH2); 3.90 (m, 1H, H-2 0); 3.97 (dd, 1H, J(1 0b,
2 0) = 6.5, Jgem = 14.2, H-1 0b); 4.04 (dd, 1H, J(1 0a,
2 0) = 3.9, Jgem = 14.2, H-1 0a); 4.52 (m, 2H, P–OCH);
5.92 (br s, 2H, NH) and 7.30 (br, 4H, NH); 7.61 (s,
1H, H-8). 13C NMR (DMSO-d6): 16.94 (3 0-CH3);
23.82 (d, J(P, C) = 4.9, CH3); 23.85 (d, J(P, C) = 4.9,
CH3); 23.96 and 23.99 (d, 2C, J(P, C) = 3.9, CH3);
46.38 (C-1 0); 62.73 (d, J(P, C) = 165.5, P–C); 70.34,
70.36 (d, J(P, C) = 6.3, P–OCH); 75.67 (d, J(P,
C) = 12.7, C-2 0); 118.96 (C-5); 138.20 (C-8); 152.54 (C-
4); 159.06 (C-6); 159.95 and 160.16 (C-2) and (N–C).

7.1.9. 7-(S)-{2-[(Diisopropylphosphoryl)methoxy]propyl}-
6-guanidino-7H-purine (30), 9-(S)-{2-[(diisopropylphos-
phoryl)methoxy]propyl}-6-guanidino-9H-purine (31).
(S)-2-((Diisopropoxyphosphoryl)methoxy)propyl 4-
methylbenzenesulfonate6 (7) (1.96 g, 4.8 mmol) was
added to 6-guanidinopurine3b (29) (0.71 g, 4 mmol) in
DMF (26 ml) the mixture was warmed to 110 �C and
Cs2CO3 (0.65 g, 2 mmol) was added. The resulting mix-
ture was stirred at 110 �C for 26 h. The solvent was re-
moved in vacuo, the residue was codistilled with
toluene (3· 20 ml) and purified on a silica gel column
[grad 5–15% EtOH vs EtOAc then: S3] to give two
compounds:

Compound 30 (0.63 g, 38%). Yellowish oil, FAB-MS: 414
[MH+] (100). [a]D +67.3� (c 0.25, methanol); FAB-HRMS
calcd for C16H29N7O4P (MH+) 414.2019, found
414.2009. 1H NMR (DMSO-d6): 1.10, 1.12, 1.16, 1.17
and 1.20 (d, 15H, J(CH3, CH) = 6.2, CH3); 3.62 (dd,
1H, J(P, CH) = 9.3, Jgem = 13.9, P–CH2); 3.73 (dd, 1H,
J(P, CH) = 8.7, Jgem = 13.9, P–CH2); 3.91 (m, 1H, H-
2 0); 4.49 (m, 2H, P–OCH); 4.60 (dd, 1H, J(1 0b, 2 0) = 6.8,
Jgem = 13.9, H-1 0b); 4.71 (dd, 1H, J(1 0a, 2 0) = 3.7,
Jgem = 13.9, H-1 0a); 7.30 (br, 4H, NH); 8.06 and 8.27 2·
(s, 1H), (H-2 and H-8). 13C NMR (DMSO-d6): 16.42
(3 0-CH3); 23.74 (d, J(P, C) = 4.4, CH3); 23.83 (d, J(P,
C) = 4.9, CH3); 23.90 and 23.95 (d, J(P, C) = 3.4, CH3);
50.36 (C-1 0); 62.62 (d, J(P, C) = 165.0, P–C); 70.27 (d,
2C, J(P, C) = 6.3, P–OCH); 76.82 (d, J(P, C) = 11.7, C-
2 0); 116.38 (C-5); 145.70 (C-8); 150.85 (C-2); 156.64 (C-
6); 158.95 (C-4); 159.62 (N–C).

Compound 31 (0.31 g, 19%). Yellowish oil, FAB-MS:
414 [MH+] (100). FAB-HRMS calcd for C16H29N7O4P
(MH+) 414.2019, found 414.2028. 1H NMR (DMSO-
d6): 1.07, 1.13, 1.16, 1.17 and 1.20 (d, 15 H, J(CH3,
CH) = 6.2, CH3); 3.72 (dd, 1H, J(P, CH) = 9.5,
Jgem = 13.7, P–CH2); 3.79 (dd, 1H, J(P, CH) = 9.3,
Jgem = 13.7, P–CH2); 3.96 (m, 1H, H-2 0); 4.17 (dd, 1H,
J(1 0b, 2 0) = 6.5, Jgem = 14.4, H-1 0b); 4.26 (dd, 1H,
J(1 0a, 2 0) = 3.8, Jgem = 14.4, H-1 0a); 4.50 (m, 2H, P–
OCH); 7.30 (br, 4H, NH); 8.01 and 8.27 2· (s, 1H),
(H-2 and H-8). 13C NMR (DMSO-d6): 16.93 (3 0-CH3);
23.77, 23.81 (d, J(P, C) = 4.9, CH3) and 23.95, 23.91
(d, J(P, C) = 4.4, CH3); 46.67 (C-1 0); 62.61 (d, J(P,
C) = 165.5, P–C); 70.30 and 70.33 (d, J(P, C) = 6.3, P–
OCH); 75.56 (d, J(P, C) = 12.7, C-2 0); 125.01 (C-5);
141.50 (C-8); 150.44 (C-4); 150.70 (C-2); 160.09, 160.17
(C-6, N–C).

7.1.10. 2-Chloro-7-(R)-{2-[(diisopropylphosphoryl)meth-
oxy]propyl}-7H-purine (34), 2-Chloro-9-(R)-{2-[(diisopro-
pylphosphoryl)methoxy]propyl}-9H-purine (36). The
synthetic procedure same as compounds 35 and 37.

Compound 34 (0.74, 29%). The spectral data are consis-
tent with compound 35 yellowish foam, [a]D �18.5�
(c 0.67, methanol); FAB-HRMS calcd for C15H25N4O4PCl
(MH+) 391.1302, found 391.1291.

Compound 36 yield (0.71 g, 28%). The spectral data are
consistent with compound 37 yellowish foam, FAB-
HRMS calcd for C15H25N4O4PCl (MH+) 391.1302,
found 391.1315. [a]D �39.9� (c 0.51, methanol).

7.1.11. 2-Chloro-7-(S)-{2-[(diisopropylphosphoryl)meth-
oxy]propyl}-7H-purine (35) and 2-chloro-9-(S)-{2-[(diiso-
propylphosphoryl)methoxy]propyl}-9H-purine (37). NaH
(60%) dispersion in paraffin oil, (0.31 g, 7.8 mmol) was
added to a solution of 2-chloropurine9 (33) (1 g,
6.5 mmol) in DMF (33 ml) and the resulting mixture
was stirred at room temperature for 1 h. Then com-
pound 7 (3.17 g, 7.7 mmol) was added and reaction mix-
ture was stirred for 23 h at 110 �C. The solvent was
removed, the residue was codistilled with toluene (3·
20 ml) and purified on a silica gel column [60 g, S1] to
give two compounds:

Compound 35, (0.84 g, 33%); white solid, FAB-MS: 391
[MH+] (100). FAB-HRMS calcd for C15H25N4ClO4P
(MH+) 391.1302, found 391.1308. 1H NMR (DMSO-
d6): 1.03, 1.11, 1.13, 1.17 (d, 15H, J(CH3, CH) = 6.8,
CH3); 3.63 (dd, 1H, J(P, CH) = 9.6, Jgem = 13.8, P–
CH2); 3.80 (dd, 1H, J(P, CH) = 9.0, Jgem = 13.8, P–
CH2); 3.95 (m, 1H, H-2 0); 4.36 (dd, 1H, J(1 0b,
2 0) = 7.3, Jgem = 14.6, H-1 0b); 4.46 (m, 2H, P–OCH);
4.54 (dd, 1H, J(1 0a, 2 0) = 3.0, Jgem = 14.6, H-1 0a); 8.70
(s, 1H, H-8); 9.14 (s, 1H, H-6). 13C NMR (DMSO-d6):
16.17 (3 0-CH3); 23.60 (d, J(P, C) = 4.9, CH3); 23.73 (d,
J(P, C) = 4.4, CH3); 23.76 (d, J(P, C) = 3.4, CH3) and
23.83 (d, J(P, C) = 3.9, CH3); 50.22 (C-1 0); 62.49 (d,
J(P, C) = 165.5, P–C); 70.09 and 70.15 (d, J(P,
C) = 6.4, P–OCH); 75.93 (d, J(P, C) = 12.7, C-2 0);
125.60 (C-5); 144.32 (C-6); 151.69 (C-8); 152.82 (C-2);
162.05 (C-4).

Compound 37, (1.43 g, 56%); white solid, FAB-MS: 391
[MH+] (100). FAB-HRMS calcd for C15H25N4ClO4P
(MH+) 391.1302, found 414.1292. 1H NMR (DMSO-
d6): 1.06, 1.15, 1.17, 1.20 and 1.21 (d, 15H, J(CH3,
CH) = 6.8, CH3); 3.69 (dd, 1H, J(P, CH) = 9.6,
Jgem = 13.8, P–CH2); 3.81 (dd, 1H, J(P, CH) = 9.0,
Jgem = 13.8, P–CH2); 4.00 (m, 1H, H-2 0); 4.24 (dd, 1H,
J(1 0b, 2 0) = 7.7, Jgem = 14.4, H-1 0b); 4.39 (dd, 1H,
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J(1 0a, 2 0) = 3.2, Jgem = 14.4, H-1 0a); 4.44 (m, 2H, P–
OCH); 8.57 (s, 1H, H-8); 9.10 (s, 1H, H-6). 13C NMR
(DMSO-d6): 16.68 (3 0-CH3); 23.66, 23.75 (d, J(P,
C) = 4.4, CH3) and 23.82, 23.87 (d, J(P, C) = 3.9,
CH3); 47.33 (C-1 0); 62.38 (d, J(P, C) = 165.5, P–C);
70.21 and 70.14 (d, J(P, C) = 6.3, P–OCH); 75.14 (d,
J(P, C) = 12.2, C-2 0); 132.99 (C-5); 148.79 (C-8);
149.93 (C-6); 152.91 (C-2); 153.62 (C-4).

7.1.12. 7-(R)-{2-[(Diisopropylphosphoryl)methoxy]propyl}-
2-guanidino-7H-purine (38). A guanidine solution (10 ml,
10 mmol) prepared as mentioned in lit.3a was added to a
flask containing compound 34 (0.7 g, 1.8 mmol) and
DABCO (0.20 g, 1.8 mmol). The mixture was stirred at
120 �C for 24 h; after that the reaction mixture was cooled
to room temperature and poured into diethylether. The
solvent was decanted and the residue was adsorbed on
the silica-gel and applied onto the column of silica-gel
(30 g, S3 and S2) to give a compound 38 (0.46 g, 62%).
White powder, FAB-HRMS calcd for C16H29N7O4P
(MH+) 414.2019, found 414.2029. FAB-MS: 414 [MH+]
(100). [a]D �12.0� (c 0.16, methanol); 1H NMR
(DMSO-d6): 1.09, 1.10, 1.15 and 1.19 (d, 15H, J(CH3,
CH) = 6.1, CH3); 3.68 (dd, 1H, J(P, CH) = 9.5,
Jgem = 13.8, P–CH2); 3.80 (dd, 1H, J(P, CH) = 9.2,
Jgem = 13.8, P–CH2); 3.94 (m, 1H, H-20); 4.24 (dd, 1H,
J(10b, 20) = 6.5, Jgem = 14.6, H-10b); 4.39 (dd, 1H, J(10a,
20) = 3.3, Jgem = 14.6, H-10a); 4.48 (m, 2H, P–OCH);
7.10 (br s, 4H, NH); 8.29 (s, 1H, H-8); 8.87 (s, 1H, H-
6). 13C NMR (DMSO-d6): 16.45 (30-CH3); 23.74, 23.83
(d, J(P, C) = 4.4, CH3) and 23.90, 23.94 (d, J(P,
C) = 4.4, CH3); 49.56 (C-10); 62.70 (d, J(P, C) = 165.0,
P–C); 70.26 and 70.28 (d, J(P, C) = 6.3, P–OCH); 75.93
(d, J(P, C) = 12.7, C-20); 120.13 (C-5); 142.26 (C-6);
148.57 (C-8); 160.86, 2C, (C-2, N–C); 162.50 (C-4).

7.1.13. 7-(S)-{2-[(Diisopropylphosphoryl)methoxy]propyl}-
2-guanidino-7H-purine (39). A guanidine solution
(10.2 ml, 10.2 mmol) prepared as mentioned in lit.3a

was added to a flask containing compound 35 (0.8 g,
2.04 mmol) and DABCO (0.25 g, 2.04 mmol). The mix-
ture was stirred at 110 �C for 16 h; after that the reaction
mixture was cooled to room temperature and poured
into diethylether. The solvent was decanted and the res-
idue was adsorbed on the silica-gel and applied onto the
column of silica-gel (30 g, S2) to give a compound 39
(0.4 g, 47%). Yellowish oil, for C16H28N7O4PÆ1/3CO3

(413.41) calcd: C, 45.26; H, 6.51; N, 22.62; P, 7.15.
Found: C, 45.35; H, 6.88; N, 22.66; P, 6.96; FAB-MS:
414 [MH+] (100). [a]D +46.5� (c 0.28, methanol); 1H
NMR (DMSO-d6): 1.09, 1.10, 1.15 and 1.19 (d, 15H,
J(CH3, CH) = 6.2, CH3); 3.67 (dd, 1H, J(P, CH) = 9.5,
Jgem = 13.8, P–CH2); 3.80 (dd, 1H, J(P, CH) = 9.2,
Jgem = 13.8, P–CH2); 3.95 (m, 1H, H-20); 4.26 (dd, 1H,
J(10b, 20) = 6.8, Jgem = 14.6, H-10b); 4.41 (dd, 1H, J(10a,
20) = 3.2, Jgem = 14.6, H-10a); 4.48 (m, 2H, P–OCH);
7.60 (br, 4H, NH); 8.34 (s, 1H, H-8); 8.92 (s, 1H, H-
6). 13C NMR (DMSO-d6): 16.39 (30-CH3); 23.70, 23.78
(d, J(P, C) = 4.4, CH3) and 23.85, 23.89 (d, J(P,
C) = 4.9, CH3); 49.65 (C-10); 62.69 (d, J(P, C) = 165.5,
P–C); 70.22 and 70.24 (d, J(P, C) = 6.3, P–OCH); 75.87
(d, J(P, C) = 12.7, C-20); 120.61 (C-5); 142.36 (C-6);
148.98 (C-8); 157.94 (N–C); 160.75 (C-4); 160.93 (C-2).
7.1.14. 9-(R)-{2-[(Diisopropylphosphoryl)methoxy]pro-
pyl}-2-guanidino-9H-purine (40). A guanidine solution
(9 ml, 9 mmol) prepared as above3a was added to a flask
containing compound 36 (0.7 g, 1.8 mmol) and DABCO
(0.20 g, 1.8 mmol). The mixture was stirred at 120 �C for
24 h; after that the reaction mixture was cooled to room
temperature and poured into diethylether. The solvent
was decanted and the residue was adsorbed on the sil-
ica-gel and applied onto the column of silica-gel (30 g,
S3 and S2) to give a compound 40 (0.39 g, 53%). Yellow-
ish oil, FAB-HRMS calcd for C16H29N7O4P (MH+)
414.2019, found 414.2028. FAB-MS: 414 [MH+] (100).
[a]D �25.0� (c 0.44, methanol); 1H NMR (DMSO-d6):
1.08, 1.12, 1.13 and 1.17 (d, 15H, J(CH3, CH) = 6.1,
CH3); 3.70 (dd, 1H, J(P, CH) = 9.4, Jgem = 13.9, P–
CH2); 3.81 (dd, 1H, J(P, CH) = 8.9, Jgem = 13.9, P–
CH2); 3.98 (m, 1H, H-2 0); 4.30 (dd, 1H, J(1 0b,
2 0) = 7.0, Jgem = 14.6, H-1 0b); 4.43 (dd, 1H, J(1 0a,
2 0) = 3.4, Jgem = 14.6, H-1 0a); 4.44 (m, 1H, P–OCH);
4.48 (m, 1H, P–OCH); 8.49 (br s, 4H, NH); 8.45 (s,
1H, H-8); 9.03 (s, 1H, H-6). 13C NMR (DMSO-d6):
16.77 (3 0-CH3); 23.71, 23.78 (d, J(P, C) = 4.4, CH3)
and 23.85, 23.90 (d, J(P, C) = 3.9, CH3); 47.03 (C-1 0);
62.50 (d, J(P, C) = 166.0, P–C); 70.21 and 70.26 (d,
J(P, C) = 6.3, P–OCH); 75.37 (d, J(P, C) = 12.6, C-2 0);
130.55 (C-5); 147.70 (C-8); 148.66 (C-6); 152.24 (C-4);
152.27 (C-2); 155.38 (N–C).

7.1.15. 9-(S)-{2-[(Diisopropylphosphoryl)methoxy]propyl}-
2-guanidino-9H-purine (41). A guanidine solution
(16.6 ml, 16.6 mmol) prepared as mentioned in lit.3a

was added to a flask containing compound 37 (1.3 g,
3.3 mmol) and DABCO (0.40 g, 3.3 mmol). The mixture
was stirred at 110 �C for 16 h; after that the reaction mix-
ture was cooled to room temperature and poured into
diethylether. The solvent was decanted and the residue
was adsorbed on the silica-gel and applied onto the col-
umn of silica-gel (30 g, S3) to give a compound 41,
(0.7 g, 51%). Yellowish oil, for C16H28N7O4PÆ0.5H2O
(413.41) calcd: C, 45.49; H, 6.92; N, 23.21; P, 7.33.
Found: C, 45.52; H, 6.79; N, 23.18; P, 6.90; FAB-MS:
414 [MH+] (100). [a]D +79.2� (c 0.28, methanol); 1H
NMR (DMSO-d6): 1.09, 1.11, 1.16 and 1.20 (d, 15H,
J(CH3, CH) = 6.8, CH3); 3.72 (dd, 1H, J(P, CH) = 9.4,
Jgem = 13.7, P–CH2); 3.80 (dd, 1H, J(P, CH) = 9.2,
Jgem = 13.7, P–CH2); 3.95 (m, 1H, H-20); 4.15 (dd, 1H,
J(10b, 20) = 6.6, Jgem = 14.4, H-1 0b); 4.24 (dd, 1H, J(10a,
20) = 3.8, Jgem = 14.4, H-10a); 4.50 (m, 2H, P–OCH);
7.00 (br, 4H, NH); 8.10 (s, 1H, H-8); 8.74 (s, 1H, H-6).
13C NMR (DMSO-d6): 16.94 (30-CH3); 23.73, 23.80 (d,
J(P, C) = 4.4, CH3) and 23.89, 23.92 (d, J(P, C) = 4.4,
CH3); 46.31 (C-10); 62.57 (d, J(P, C) = 165.5, P–C);
70.28 and 70.32 (d, J(P, C) = 6.3, P–OCH); 75.44 (d,
J(P, C) = 12.7, C-20); 127.28 (C-5); 144.71 (C-8); 147.60
(C-6); 152.86 (C-4); 158.50 (N–C); 162.31 (C-2).

7.1.16. 6-Amino-9-(R)-{2-[(diisopropylphosphoryl)meth-
oxy]propyl}-6-guanidino-9H-purine (47), 6-amino-3R-{2-
[(diisopropylphosphoryl)methoxy]propyl}-6-guanidino-3H-
purine (49). Compound 66 (2.94 g, 7.2 mmol) was added
to the mixture of 6-amino-2-guanidinopurine3a (46)
(1.15 g, 6 mmol) in DMF (39 ml) and Cs2CO3 (0.98 g,
3 mmol) at 90 �C. The resulting mixture was stirred at



976 M. Česnek et al. / Bioorg. Med. Chem. 16 (2008) 965–980
90 �C for 21 h. The solvent was removed in vacuo, the
residue was codistilled with toluene (3· 30 ml) and puri-
fied on a silica gel column [grad 5–15% EtOH vs EtOAc,
S3 and S2] to give two compounds:

Compound 49 (0.28 g, 11%). Yellowish oil, FAB-
HRMS calcd for C16H30N8O4P (MH+) 429.2128, found
429.2135. FAB-MS: 429 [MH+] (100). [a]D �25.8� (c
0.65, methanol); 1H NMR (DMSO-d6): 1.07, 1.15,
1.16, 1.17 and 1.20 (d, 15H, J(CH3, CH) = 6.1, CH3);
3.74 (dd, 1H, J(P, CH) = 9.1, Jgem = 13.8, P–CH2);
3.84 (dd, 1H, J(P, CH) = 8.9, Jgem = 13.8, P–CH2);
4.22 and 4.44 2· (m, 1H), (H-1 0and H-2 0); 4.50 (m,
2H, P–OCH); 6.69 (br s, 2H, NH); 7.40 (br, 4H, NH);
7.58 (s, 1H, H-8). 13C NMR (DMSO-d6): 17.46 (3 0-
CH3); 23.78 (d, J(P, C) = 4.4, CH3); 23.81 (d, J(P,
C) = 4.4, CH3); 23.94 and 23.98 (d, J(P, C) = 3.9,
CH3); 48.57 (C-1 0); 62.66 (d, J(P, C) = 164.6, P–C);
70.28 (d, J(P, C) = 6.3, P–OCH); 70.33 (d, J(P,
C) = 6.3, P–OCH); 74.87 (d, J(P, C) = 12.2, C-2 0);
113.11 (C-5); 148.56 (C-8); 151.96 (C-4); 153.04 (C-2);
153.51 (C-6); 159.60 (N–C).

Compound 47 (0.88 g, 34%). Yellowish oil, FAB-
HRMS calcd for C16H30N8O4P (MH+) 429.2128, found
414.2119. FAB-MS: 429 [MH+] (100). [a]D �14.6� (c
0.46, methanol); 1H NMR (DMSO-d6): 1.08, 1.12,
1.16, 1.17 and 1.95 (d, 15H, J(CH3, CH) = 6.1, CH3);
3.70 (dd, 1H, J(P, CH) = 9.4, Jgem = 13.8, P–CH2);
3.79 (dd, 1H, J(P, CH) = 9.2, Jgem = 13.8, P–CH2);
3.93 (m, 1H, H-2 0); 4.10 (dd, 1H, J(1 0b, 2 0) = 6.8,
Jgem = 14.3, H-1 0b); 4.20 (dd, 1H, J(1 0a, 2 0) = 3.5,
Jgem = 14.3, H-1 0a); 4.49 (m, 2H, P–OCH); 7.96 (s, 1H,
H-8); 6.70 (br s, 1H, NH); 7.30 (br s, 1H, NH); 7.60
(br s, 3H, NH); 8.80 (br, 1H, NH). 13C NMR
(DMSO-d6): 16.88 (3 0-CH3); 23.75, 23.82 (d, J(P,
C) = 4.4, CH3) and 23.93, 23.96 (d, J(P, C) = 3.9,
CH3); 46.97 (C-1 0); 62.63 (d, J(P, C) = 165.0, P–C);
70.28 and 70.33 (d, J(P, C) = 6.3, P–OCH); 75.49 (d,
J(P, C) = 12.7, C-2 0); 115.27 (C-5); 141.17 (C-8);
150.38 (C-4); 153.06 (C-6); 155.71 (C-2); 156.28 (N–C).

7.1.17. 6-Amino-9-(S)-{2-[(diisopropylphosphoryl)meth-
oxy]propyl}-2-guanidino-9H-purine (48), 6-amino-3S-
{2-[(diisopropylphosphoryl)methoxy]propyl}-2-guanidino-
3H-purine (50). Compound 76 (1.96 g, 4.8 mmol) was
added to 6-amino-2-guanidinopurine3a (46) (0.77 g,
4 mmol) in DMF (26 ml) the mixture was warmed to
110 �C and Cs2CO3 (0.65 g, 2 mmol) was added. The
resulting mixture was stirred at 110 �C for 24 h. The sol-
vent was removed in vacuo, the residue was codistilled
with toluene (3· 20 ml) and purified on a silica gel col-
umn [30 g, grad 5–15% EtOH vs EtOAc then: S3 and
S2] to give two compounds:

Compound 50 (0.11 g, 7%). Yellowish oil, FAB-MS: 429
[MH+] (100). [a]D +50.0� (c 0.05, methanol); FAB-
HRMS calcd for C16H30N8O4P (MH+) 429.2128, found
429.2112. 1H NMR (DMSO-d6): 1.06, 1.16, 1.17, 1.18
and 1.21 (d, 15H, J(CH3, CH) = 6.1, CH3); 3.76 (dd,
1H, J(P, CH) = 8.9, Jgem = 13.8, P–CH2); 3.85 (dd, 1H,
J(P, CH) = 8.9, Jgem = 13.8, P–CH2); 4.23 (m, 2H, H-
1 0); 4.44 (m, 1H, H-2 0); 4.51 (m, 2H, P–OCH); 7.30
(br, 4H, NH); 7.43 (s, 1H, H-8). 13C NMR (DMSO-
d6): 17.59 (3 0-CH3); 23.80 and 23.81 (d, J(P, C) = 4.4,
CH3); 23.95 (d, J(P, C) = 3.4, CH3); 24.00 (d, J(P,
C) = 3.9, CH3); 48.51 (C-1 0); 62.66 (d, J(P, C) = 164.6,
P–CH2); 70.28, 70.32 (d, J(P, C) = 6.3, P–OCH); 74.95
(d, J(P, C) = 12.2, C-2 0); 115.18 (C-5); 150.19 (C-8);
152.46 (C-4); 152.70 (C-2); 153.80 (C-6); 159.44 (N–C).

Compound 48 (0.38 g, 22%). Yellowish oil, FAB-MS:
429 [MH+] (100). [a]D +35.7� (c 0.27, methanol); FAB-
HRMS calcd for C16H30N8O4P (MH+) 429.2128, found
429.2135. 1H NMR (DMSO-d6): 1.08, 1.14, 1.15, 1.16
and 1.19 (d, 15H, J(CH3, CH) = 6.2, CH3); 3.69 (dd,
1H, J(P, CH) = 9.4, Jgem = 13.8, P–CH2); 3.79 (dd, 1H,
J(P, CH) = 9.2, Jgem = 13.8, P–CH2); 3.93 (m, 1H, H-
2 0); 4.11 (dd, 1H, J(1 0b, 2 0) = 6.8, Jgem = 14.4, H-1 0b);
4.22 (dd, 1H, J(1 0a, 2 0) = 3.3, Jgem = 14.4, H-1 0a); 4.48
(m, 2H, P–OCH); 6.69 (br s, 2H, NH); 7.30 (br s, 2H,
NH); 7.70 (br, 2H, NH); 8.00 (s, 1H, H-8). 13C NMR
(DMSO-d6): 17.87 (3 0-CH3); 23.73 (d, J(P, C) = 4.9,
CH3); 23.80 (d, J(P, C) = 4.4, CH3); 23.89 (d, 2C, J(P,
C) = 3.9, CH3); 47.05 (C-1 0); 62.60 (d, J(P, C) = 165.5,
P–C); 70.25, 70.29 (d, J(P, C) = 6.3, P–OCH); 75.46
(d, J(P, C) = 12.7, C-2 0); 115.48 (C-5); 141.42 (C-8);
150.28 (C-4); 152.32 (C-6); 155.38 and 155.70 (C-6)
and (N–C).

7.2. Cleavage of the phosphonate esters: General
procedure

The ester (1 mmol) was suspended in acetonitrile (30 ml)
and TMSBr (3 ml) was added. The reaction mixture was
stirred at room temperature overnight. After evapora-
tion of the volatiles and co-distillation with acetonitrile
(20 ml), the residue was treated with water (20 ml) and
35% aqueous NH3 (3 ml) for 5 min and evaporated.
The residue was dissolved in water and applied onto a
column of Dowex 50X8 (H+ form). The column was
washed with water and eluted with 2.5% aqueous
NH3. The product-containing UV-absorbing fractions
were evaporated, the residue was dissolved in 35% aque-
ous NH3 and applied onto a column of Dowex 1X2
(acetate form), washed with water and eluted with a lin-
ear gradient of aqueous acetic acid (0–1 mol/l). The
product-containing fractions were evaporated, codis-
tilled with water (5· 30 ml) and the residue was crystal-
lized to give a pure free phosphonate. This procedure
affords compounds 22–28, 32, 42–45, 51–54.

7.2.1. 6-Guanidino-7-(R)-[2-(phosphonomethoxy)propyl]-
7H-purine (22). Workup viz. cleavage of the phospho-
nate esters—general procedure; starting compound 15
(0.075 g, 0.18 mmol); Dowex 50X8, HPLC TEAB iso-
cratic; yield (0.020 g, 33%); white powder, Eup = 0.68;
FAB-MS: 330 [MH+] (40). 1H NMR (D2O+NaOD):
1.11 (d, 3H, J(3 0, 2 0) = 6.3, CH3); 3.41 (dd, 1H, J(P,
CH) = 9.3, Jgem = 12.3, P–CH2); 3.52 (dd, 1H, J(P,
CH) = 9.4, Jgem = 12.3, P–CH2); 3.91 (m, 1H, H-2 0);
4.59 (dd, 1H, J(1 0b, 2 0) = 4.3, Jgem = 14.2, H-1 0b); 4.66
(dd, 1H, J(1 0a, 2 0) = 5.9, Jgem = 14.2, H-1 0a); 8.32 and
8.35 2· (s, 2H), (H-8 and H-2). 13C NMR
(D2O+NaOD): 14.36 (3 0-CH3); 53.00 (C-1 0); 69.57 (d,
J(P, C) = 150.5, P–C); 78.70 (d, J(P, C) = 10.2, C-2 0);
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119.27 (C-5); 144.86 (C-8); 154.29 (C-2); 156.52 (C-6);
159.03 (C-4); 160.28 (N–C).

7.2.2. 2-Amino-6-guanidino-7-(R)-[2-(phosphonomethoxy)
propyl]-7H-purine (23). Workup viz. cleavage of the
phosphonate esters–general procedure; starting com-
pound 16 (0.059 g, 0.13 mmol); Dowex 1X2 eluted with
0.1 M AcOH; HPLC yield (0.040 g, 84%); white powder,
Eup = 0.60; FAB-MS: 345 [MH+] (55). 1H NMR
(D2O+NaOD): 1.09 (d, 3H, J(30, 2 0) = 6.4, CH3); 3.39
(dd, 1H, J(P, CH) = 9.3, Jgem = 12.4, P–CH2); 3.49 (dd,
1H, J(P, CH) = 9.3, Jgem = 12.4, P–CH2); 3.93 (m, 1H,
H-20); 4.51 (dd, 1H, J(1 0b, 20) = 4.6, Jgem = 13.9, H-
1 0b); 4.60 (dd, 1H, J(10a, 2 0) = 5.6, Jgem = 13.9, H-10a);
8.11 (s, 1H, H-8). 13C NMR (D2O+NaOD): 16.14 (30-
CH3); 50.50 (C-10); 67.06 (d, J(P, C) = 151.4, P–C);
76.37 (d, J(P, C) = 11.2, C-20); 111.65 (C-5); 146.00
(C-8); 157.43 (C-6); 156.20 and 159.46 (C-2, C-4);
159.91 (N–C).

7.2.3. 2-Amino-6-guanidino-7-(S)-[2-(phosphonomethoxy)
propyl]-7H-purine (24). Workup viz. cleavage of the
phosphonate esters—general procedure. Starting com-
pound 17 (0.065 g, 0.15 mmol); Dowex 1X2 eluted with
0.05 M AcOH; yield (0.035 g, 67%); white crystals
(aqueous EtOH); Eup = 0.62; FAB-MS: 345 [MH+]
(65). [a]D +6.5� (c 0.1, H2O+TEAB); 1H NMR
(D2O+NaOD): 0.83 (d, 3H, J(3 0, 2 0) = 6.3, CH3); 3.12
(dd, 1H, J(P, CH) = 9.4, Jgem = 12.2, P–CH2); 3.22
(dd, 1H, J(P, CH) = 9.4, Jgem = 12.2, P–CH2); 3.63 (m,
1H, H-2 0); 4.20 (dd, 1H, J(1 0b, 2 0) = 4.5, Jgem = 14.3,
H-1 0b); 4.27 (dd, 1H, J(1 0a, 2 0) = 6.3, Jgem = 14.3, H-
1 0a); 7.81 (s, 1H, H-8). 13C NMR (D2O+ NaOD):
16.14 (3 0-CH3); 50.32 (C-1 0); 66.95 (d, J(P, C) = 150.4,
P–C); 76.34 (d, J(P, C) = 11.2, C-2 0); 111.33 (C-5);
145.70 (C-8); 157.24 (C-6); 159.19, 159.26 and 159.61
(C-6, C-2 and N–C).

7.2.4. 6-Guanidino-9-(R)-[2-(phosphonomethoxy)propyl]-
9H-purine (25). Workup viz. cleavage of the phospho-
nate esters—general procedure. Starting compound 18
(0.94 g, 2.3 mmol); Dowex 1X2 eluted with 0.05 M
AcOH; yield (0.5 g, 67%); white crystals (aqueous
EtOH); Eup = 0.63; for C10H16N7O4PÆ2/3H2O (329.25)
calcd: C, 35.20; H, 5.12; N, 28.73; P, 9.08. Found: C,
35.18; H, 4.92; N, 28.42; P, 9.11. [a]D +2.9� (c 0.59,
H2O+TEAB); FAB-MS: 330 [MH+] (100). 1H NMR
(D2O+NaOD): 1.12 (d, 3H, J(3 0, 2 0) = 6.3, CH3); 3.47
(dd, 1H, J(P, CH) = 9.4, Jgem = 12.3, P–CH2); 3.57
(dd, 1H, J(P, CH) = 9.4, Jgem = 12.3, P–CH2); 3.99 (m,
1H, H-2 0); 4.25 (dd, 1H, J(1 0b, 2 0) = 5.5, Jgem = 14.6,
H-1 0b); 4.35 (dd, 1H, J(1 0a, 2 0) = 4.0, Jgem = 14.6, H-
1 0a); 8.25 (s, 1H) and 8.26 (s, 1H), (H-2 and H-8). 13C
NMR (D2O+NaOD): 16.30 (3 0-CH3); 47.17 (C-1 0);
66.76 (d, J(P, C) = 151.4, P–C); 75.39 (d, J(P,
C) = 10.7, C-2 0); 123.91 (C-5); 143.51 (C-8); 149.66 (C-
4); 151.12 (C-2); 159.05 and 160.04 (C-6 and N–C).

7.2.5. 6-Guanidino-9-(S)-[2-(phosphonomethoxy)propyl]-
9H-purine (26). Workup viz. cleavage of the phospho-
nate esters—general procedure; starting compound 19
(0.31 g, 0.75 mmol); Dowex 1X2 eluted with 0.1 M
AcOH; yield (0.4 g, 93%); white crystals, (H2O);
Eup = 0.64; for C10H16N7O4PÆH2O (329.25) calcd: C,
34.59; H, 5.22; N, 28.23; P, 8.92. Found: C, 34.59; H,
5.13; N, 27.90; P, 9.25. FAB-MS: 330 [MH+] (50).
[a]D +16.8� (c 0.16, H2O); 1H NMR (D2O+NaOD):
1.12 (d, 3H, J(3 0, 2 0) = 6.1, CH3); 3.46 (dd, 1H, J(P,
CH) = 9.4, Jgem = 12.2, P–CH2); 3.56 (dd, 1H, J(P,
CH) = 9.4, Jgem = 12.2, P–CH2); 3.98 (m, 1H, H-2 0);
4.25 (dd, 1H, J(1 0b, 2 0) = 5.6, Jgem = 14.7, H-1 0b); 4.35
(dd, 1H, J(1 0a, 2 0) = 4.2, Jgem = 14.7, H-1 0a); 8.25 and
8.27 2· (s, 2H), (H-8 and H-2). 13C NMR
(D2O+NaOD): 16.34 (3 0-CH3); 47.18 (C-1 0); 66.81 (d,
J(P, C) = 150.4, P–C); 75.42 (d, J(P, C) = 11.2, C-2 0);
123.97 (C-5); 143.57 (C-8); 149.74 (C-4); 151.24 (C-2);
159.12 (C-6); 160.11 (N–C).

7.2.6. 2-Amino-6-guanidino-9-(R)-[2-(phosphonomethoxy)
propyl]-9H-purine (27). Workup viz. cleavage of the phos-
phonate esters—general procedure—without workup on
D1 column; starting compound 20 (0.64 g, 2.5 mmol);
Deionized on Dowex 50 and applied on HPLC in
0.1 M TEAB; yield (0.39 g, 76%); white powder;
Eup = 0.57; for C10H17N8O4PÆ0.5 H2O (344.27) calcd: C,
34.00; H, 5.14; N, 31.72; P, 8.77. Found: C, 34.00; H,
4.80; N, 31.46; P, 9.19. [a]D �3.2� (c 0.19, H2O+TEAB);
FAB-MS: 345 [MH+] (60). 1H NMR (D2O+NaOD): 3.46
(dd, 1H, J(P, CH) = 9.3, Jgem = 12.4, P–CH2); 3.55 (dd,
1H, J(P, CH) = 9.5, Jgem = 12.5, P–CH2); 3.93 (m, 1H,
H-20); 4.08 (dd, 1H, J(10b, 20) = 7.9, Jgem = 14.6, H-10b);
4.16 (dd, 1H, J(10a, 20) = 4.2, Jgem = 14.6, H-10a); 7.92
(s, 1H, H-8). 13C NMR (D2O+NaOD): 16.33 (30-CH3);
46.76 (C-10); 66.73 (d, J(P, C) = 151.4, P–C); 75.45 (d,
J(P, C) = 10.7, C-20); 118.40 (C-5); 140.95 (C-8); 151.50
(C-4); 158.98, 159.63 and 160.13 (C-6, C-2 and N–C).

7.2.7. 2-Amino-6-guanidino-9-(S)-[2-(phosphonomethoxy)
propyl]-9H-purine (28). Workup viz. cleavage of the
phosphonate esters—general procedure; starting com-
pound 21 (1.7 g, 4 mmol); Dowex 1X2 eluted with
0.1 M AcOH; (Dowex 1 extracted by hot water—low
solubility of compound 28 in 0.1 M AcOH);
yield (1.01 g, 74%); white powder; Eup = 0.58; for
C10H17N8O4PÆ2/3H2O (344.27) calcd: C, 33.71; H,
5.19; N, 31.45; P, 8.69. Found: C, 33.65; H, 5.03; N,
31.02; P, 8.60. [a]D +25.5� (c 0.23, H2O+TEAB); FAB-
MS: 345 [MH+] (10). 1H NMR (D2O+ NaOD): 1.13
(d, 3H, J(3 0, 2 0) = 6.2, CH3); 3.46 (dd, 1H, J(P,
CH) = 9.4, Jgem = 12.4, P–CH2); 3.55 (dd, 1H, J(P,
CH) = 9.4, Jgem = 12.4, P–CH2); 3.95 (m, 1H, H-2 0);
4.11 (dd, 1H, J(1 0b, 2 0) = 5.9, Jgem = 14.4, H-1 0b); 4.19
(dd, 1H, J(1 0a, 2 0) = 4.3, Jgem = 14.4, H-1 0a); 7.94 (s,
1H, H-8). 13C NMR (D2O+NaOD): 16.34 (3 0-CH3);
46.91 (C-1 0); 66.82 (d, J(P, C) = 151.4, P–C); 75.48 (d,
J(P, C) = 11.2, C-2 0); 118.52 (C-5); 141.13 (C-8);
151.71 (C-4); 159.14 (C-6); 159.78 (C-2); 160.14 (N–C).

7.2.8. 6-Guanidino-7-(S)-[2-(phosphonomethoxy)propyl]-
7H-purine (32). Workup viz. cleavage of the phospho-
nate esters—general procedure; starting compound 30
(0.60 g, 1.5 mmol); Dowex 1X2 eluted with 0.1 M
AcOH; yield (0.23 g, 48%); white crystals, (H2O);
Eup = 0.72; for C10H16N7O4PÆH2O (329.25) calcd: C,
34.59; H, 5.22; N, 28.23; P, 8.92. Found: C, 34.77; H,
5.39; N, 28.01; P, 8.82. FAB-MS: 330 [MH+] (15).
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[a]D +14.3� (c 0.23, H2O+NaOH); 1H NMR
(D2O+NaOD): 1.10 (d, 3H, J(3 0, 2 0) = 6.3, CH3); 3.41
(dd, 1H, J(P, CH) = 9.4, Jgem = 12.3, P–CH2); 3.53
(dd, 1H, J(P, CH) = 9.4, Jgem = 12.3, P–CH2); 3.92 (m,
1H, H-2 0); 4.59 (dd, 1H, J(1 0b, 2 0) = 4.4, Jgem = 14.2,
H-1 0b); 4.66 (dd, 1H, J(1 0a, 2 0) = 5.9, Jgem = 14.2, H-
1 0a); 8.32 and 8.33 2· (s, 2H), (H-8 and H-2). 13C
NMR (D2O+NaOD): 14.35 (3 0-CH3); 52.99 (C-1 0);
69.57 (d, J(P, C) = 150.4, P–C); 78.70 (d, J(P,
C) = 10.2, C-2 0); 119.27 (C-5); 144.86 (C-8); 154.29 (C-
2); 156.50 (C-6); 159.03 (C-4); 160.28 (N–C).

7.2.9. 2-Guanidino-7-(R)-[2-(phosphonomethoxy)propyl]-
7H-purine (42). Workup viz. cleavage of the phospho-
nate esters—general procedure; starting compound 38
(0.25 g, 0.6 mmol); Dowex 1X2 eluted with 0.1 M
AcOH; yield (0.1 g, 50%); white powder; Eup = 0.40;
FAB-MS: 330 [MH+] (60). [a]D �5.3� (c 0.3,
H2O+TEAB); 1H NMR (D2O+NaOD): 1.09 (d, 3H,
J(3 0, 2 0) = 6.3, CH3); 3.50 (d, 2H, J(P, CH) = 8.9, P–
CH2); 4.07 (m, 1H, H-2 0); 4.17 (dd, 1H, J(1 0b,
2 0) = 7.2, Jgem = 13.1, H-1 0b); 4.47 (dd, 1H, J(1 0a,
2 0) = 5.9, Jgem = 13.1, H-1 0a); 7.70 (s, 1H, H-8). 13C
NMR (D2O+NaOD): 17.01 (3 0-CH3); 49.57 (C-1 0);
67.33 (d, J(P, C) = 151.4, P–C); 75.14 (d, J(P,
C) = 10.8, C-2 0); 114.60 (C-5); 150.78 (C-8); 151.91 (C-
4); 153.62 (C-2); 154.06 (C-6); 159.49 (N–C).

7.2.10. 2-Guanidino-7-(S)-[2-(phosphonomethoxy)pro-
pyl]-7H-purine (43). Workup viz. cleavage of the phos-
phonate esters—general procedure; starting compound
39 (0.31 g, 0.75 mmol); Dowex 1X2 eluted with 0.25 M
AcOH; yield (0.16 g, 64%); white crystals, (H2O)
Eup = 0.43; for C10H16N7O4PÆ2/3H2O (329.25) calcd:
C, 35.20; H, 5.12; N, 28.73; P, 9.08. Found: C, 35.38;
H, 5.26; N, 28.40; P, 8.81. FAB-MS: 330 [MH+]
(100). [a]D +9.8� (c 0.43, H2O+NaOH); 1H NMR
(D2O+NaOD): 1.18 (d, 3H, J(3 0, 2 0) = 6.3, CH3); 3.51
(dd, 1H, J(P, CH) = 9.1, Jgem = 12.4, P–CH2); 3.61
(dd, 1H, J(P, CH) = 9.1, Jgem = 12.4, P–CH2); 4.09 (m,
1H, H-2 0); 4.36 (dd, 1H, J(1 0b, 2 0) = 5.4, Jgem = 14.9,
H-1 0b); 4.50 (dd, 1H, J(1 0a, 2 0) = 4.1, Jgem = 14.9, H-
1 0a); 8.48 (s, 1H, H-8); 8.87 (s, 1H, H-6). 13C NMR
(D2O+NaOD): 16.40 (3 0-CH3); 49.82 (C-1 0); 66.93 (d,
J(P, C) = 150.8, P–C); 75.49 (d, J(P, C) = 10.7, C-2 0);
120.78 (C-5); 142.71 (C-6); 149.82 (C-8); 159.03 (N–C);
160.28 (C-4); 161.58 (C-2).

7.2.11. 2-Guanidino-9-(R)-[2-(phosphonomethoxy)pro-
pyl]-9H-purine (44). Workup viz. cleavage of the phos-
phonate esters—general procedure; starting compound
40 (0.35 g, 0.8 mmol); Dowex 1X2 eluted with 0.1 M
AcOH; HPLC yield (0.15 g, 54%); white powder,
Eup = 0.46; for C10H16N7O4PÆ0.5 H2O (329.25) calcd:
C, 35.51; H, 5.07; N, 28.99; P, 9.16. Found: C, 35.68;
H, 5.05; N, 28.42; P, 8.90. FAB-MS: 330 [MH+] (40).
[a]D� 2.2� (c 0.46, H2O+TEAB); 1H NMR (D2O+NaOD):
1.11 (d, 3H, J(3 0, 2 0) = 6.4, CH3); 3.50 (dd, 1H, J(P,
CH) = 9.3, Jgem = 12.4, P–CH2); 3.57 (dd, 1H, J(P,
CH) = 9.5, Jgem = 12.4, P–CH2); 4.00 (m, 1H, H-2 0);
4.27 (dd, 1H, J(1 0b, 2 0) = 5.1, Jgem = 14.6, H-1 0b); 4.35
(dd, 1H, J(1 0a, 2 0) = 4.1, Jgem = 14.6, H-1 0a); 8.35 (s,
1H, H-8); 8.72 (s, 1H, H-6). 13C NMR (D2O+NaOD):
16.45 (3 0-CH3); 46.52 (C-1 0); 66.77 (d, J(P, C) = 150.9,
P–C); 75.28 (d, J(P, C) = 10.3, C-2 0); 127.03 (C-5);
146.46 (C-8); 148.33 (C-6); 152.26 (C-4); 159.16 (N–C);
161.43 (C-2).

7.2.12. 2-Guanidino-9-(S)-[2-(phosphonomethoxy)propyl]-
9H-purine (45). Workup viz. cleavage of the phosphonate
esters—general procedure; starting compound 41 (0.61 g,
1.5 mmol); Dowex 1X2 eluted with 0.25 M AcOH; yield
(0.36 g, 74%); white crystals, (H2O) Eup = 0.47; for
C10H16N7O4PÆ2/3H2O (329.25) calcd: C, 35.20; H, 5.12;
N, 28.73; P, 9.08. Found: C, 35.29; H, 5.26; N, 28.69;
P, 8.89. FAB-MS: 330 [MH+] (100). [a]D +18.9� (c 0.46,
H2O+NaOH); 1H NMR (D2O+NaOD): 1.11 (d, 3H,
J(30, 20) = 6.3, CH3); 3.51 (dd, 1H, J(P, CH) = 9.4,
Jgem = 12.4, P–CH2); 3.58 (dd, 1H, J(P, CH) = 9.4,
Jgem = 12.4, P–CH2); 3.99 (m, 1H, H-20); 4.24 (dd, 1H,
J(10b, 20) = 5.1, Jgem = 14.6, H-10b); 4.31 (dd, 1H,
J(10a, 2 0) = 4.1, Jgem = 14.6, H-10a); 8.33 (s, 1H, H-8);
8.67 (s, 1H, H-6). 13C NMR (D2O+NaOD): 16.54 (30-
CH3); 46.55 (C-10); 66.84 (d, J(P, C) = 150.4, P–C);
75.33 (d, J(P, C) = 10.7, C-20); 126.97 (C-5); 146.38
(C-8); 148.35 (C-6); 152.17 (C-4); 159.19 (N–C); 161.45 (C-6).

7.2.13. 6-Amino-2-guanidino-9-(R)-[2-(phosphonometh-
oxy)propyl]-9H-purine (51). Workup viz. cleavage of
the phosphonate esters—general procedure; starting
compound 47 (0.87 g, 2.0 mmol); Dowex 1X2 eluted
with 0.1 M AcOH; yield (0.36 g, 51%); white crystals
(H2O); Eup = 0.43; for C10H17N8O4PÆ1/3CO3 (344.27)
calcd: C, 34.07; H, 4.70; N, 30.76; P, 8.50. Found: C,
34.07; H, 5.05; N, 30.80; P, 8.27. FAB-MS: 345 [MH+]
(51). [a]D �14.8� (c 0.30, H2O+TEAB); 1H NMR
(D2O+NaOD): 1.05 (d, 3H, J(3 0, 2 0) = 6.4, CH3); 3.44
(dd, 1H, J(P, CH) = 9.3, Jgem = 12.4, P–CH2); 3.50
(dd, 1H, J(P, CH) = 9.3, Jgem = 12.4, P–CH2); 3.89 (m,
1H, H-2 0); 4.08 (dd, 1H, J(1 0b, 2 0) = 5.5, Jgem = 14.6,
H-1 0b); 4.14 (dd, 1H, J(1 0a, 2 0) = 4.4, Jgem = 14.6, H-
1 0a); 7.96 (s, 1H, H-8). 13C NMR (D2O+NaOD):
16.49 (3 0-CH3); 46.67 (C-1 0); 66.81 (d, J(P, C) = 150.9,
P–C); 75.47 (d, J(P, C) = 10.8, C-2 0); 113.28 (C-5);
141.77 (C-8); 150.79 (C-4); 155.41 (C-6); 158.96 (C-2);
161.61 (N–C).

7.2.14. 6-Amino-2-guanidino-9-(S)-[2-(phosphonomethoxy)
propyl]-9H-purine (52). Workup viz. cleavage of the
phosphonate esters—general procedure +0.8 ml DMF
in reaction mixture; starting compound 48 (0.38 g,
0.8 mmol); Dowex 1X2 eluted with 0.1 M AcOH; yield
(0.15 g, 50%); white powder; Eup = 0.4; for C10H17N8O4PÆ
2H2O (344.27) calcd: C, 31.58; H, 5.57; N, 29.46; P,
8.14. Found: C, 31.65; H, 5.68; N, 29.56; P, 8.11. [a]D
+21.6� (c 0.11, H2O+NaOH); FAB-MS: 345 [MH+]
(15). 1H NMR (D2O+NaOD): 1.10 (d, 3H, J(30,
2 0) = 6.3, CH3); 3.48 (dd, 1H, J(P, CH) = 9.1,
Jgem = 12.4, P–CH2); 3.55 (dd, 1H, J(P, CH) = 9.3,
Jgem = 12.4, P–CH2); 3.96 (m, 1H, H-20); 4.17 (dd, 1H,
J(10b, 20) = 5.4, Jgem = 14.2, H-10b); 4.23 (dd, 1H,
J(10a, 2 0) = 4.3, Jgem = 14.6, H-10a); 8.05 (s, 1H, H-8).
13C NMR (D2O+NaOD): 16.46 (30-CH3); 46.76 (C-10);
66.83 (d, J(P, C) = 150.4, P–C); 75.47 (d, J(P,
C) = 10.7, C-20); 113.41 (C-5); 141.97 (C-8); 150.98 (C-
4); 155.57 (C-6); 158.94 (C-2); 161.70 (N–C).
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7.2.15. 6-Amino-2-guanidino-3R-[2-(phosphonomethoxy)
propyl]-3H-purine (53). Workup viz. cleavage of the phos-
phonate esters—general procedure; starting compound
49, (0.26 g, 0.6 mmol); Dowex 1X2 eluted with 0.1 M
AcOH; yield (0.1 g, 48%); white crystals (H2O);
Eup = 0.5; for C10H17N8O4P (344.27) calcd: C, 34.89; H,
4.98; N, 32.55; P, 9.00. Found: C, 34.73; H, 5.08; N,
32.32; P, 8.81. FAB-MS: 345 [MH+] (30). [a]D �15.4�
(c 0.23, H2O+NH3); 1H NMR (D2O+NaOD): 1.09 (d,
3H, J(30, 20) = 6.3, CH3); 3.50 (d, 2H, J(P, CH) = 8.9,
P–CH2); 4.07 (m, 1H, H-20); 4.17 (dd, 1H, J(10b,
20) = 7.2, Jgem = 13.1, H-10b); 4.47 (dd, 1H, J(10a,
20) = 5.9, Jgem = 13.1, H-10a); 7.70 (s, 1H, H-8). 13C
NMR (D2O+NaOD): 17.01 (30-CH3); 49.57 (C-10);
67.33 (d, J(P, C) = 151.4, P–C); 75.14 (d, J(P,
C) = 10.8, C-20); 114.60 (C-5); 150.78 (C-8); 151.91 (C-
4); 153.62 (C-2); 154.06 (C-6); 159.49 (N–C).

7.2.16. 6-Amino-2-guanidino-3S-[2-(phosphonomethoxy)
propyl]-3H-purine (54). Workup viz. cleavage of the phos-
phonate esters—general procedure +0.2 ml DMF in reac-
tion mixture; starting compound 50 (0.11 g, 0.25 mmol);
Dowex 1X2 eluted with 0.1 M AcOH; yield (0.052 g,
59%); white powder; Eup = 0.52; FAB-MS: 345 [MH+]
(10). FAB-HRMS calcd for C10H18N8O4P (MH+)
345.1189, found 345.1185. 1H NMR (D2O+NaOD):
1.09 (d, 3H, J(30, 20) = 6.3, CH3); 3.50 (d, 2H, J(P,
CH) = 8.9, P–CH2); 4.07 (m, 1H, H-20); 4.17 (dd, 1H,
J(10b, 20) = 7.2, Jgem = 13.1, H-10b); 4.47 (dd, 1H, J(10a,
20) = 5.9, Jgem = 13.1, H-10a); 7.70 (s, 1H, H-8). 13C
NMR (D2O+NaOD): 17.01 (30-CH3); 49.57 (C-10);
67.33 (d, J(P, C) = 151.4, P–C); 75.14 (d, J(P,
C) = 10.8, C-20); 114.60 (C-5); 150.78 (C-8); 151.91 (C-
4); 153.62 (C-2); 154.06 (C-6); 159.49 (N–C).
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