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[57] ABSTRACT

The invention relates to the new compound (2R)-2-[di(2-
propyl)phosphonylmethoxy]-3-p-toluenesulfonyloxy-1-
trimethylacetoxypropane and the method of producing it.
The compound may be used for producing (S)-N-(3-
hydroxy-2-phosphonylmethoxypropyl) derivatives of the
heterocyclic purine and pyrimidine bases of antiviral activ-

1ty.
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(2R)-2-[DI(2-PROPYL)
PHOSPHONYYLMETHOXY]-3-P-
TOLUENESULFONYLOXY-1-
TRIMETHYLACETOXYPROPANE, ITS
PREPARATION AND USE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

The invention relates to (2R)-2-[di(2-propyl)
phosphonylmetholy]-3-p-toluenesulfonyloxy-1-
trimethylacetoxypropane, its producing and use in manufac-
turing antivirally active (S)-N(-3-hydroxy-2-
phosphonylmethoxypropyl) derivatives of heterocyclic
purine and pyrimidine bases.

Among compounds that are active against viruses induc-
ing scrious illnesses in man and in animals, the group of
(S)-N-(3-hydroxy-2-phosphonylmethoxypropyl) derivatives
of heterocyclic purine and pyrimidine bases (HPMP-
derivatives) has an important position. So far, these com-
pounds were prepared from (S)-N-(2.3-dihydroxypropyl)
derivatives of purine and pyrimidine bases mainly by reac-
tion of their 3'-O-chloromethylphosphonyl esters with aque-
ous solutions of alkali metal hydroxides (Czechoslovak
Author’s Certificate 233665) or from N,O’-ditrityl deriva-
tives by reaction with dialkyl
p-toluenesulfonyloxymethanephosphonates or methane-
sulfonyloxymethanephosphonates (R. R. Webb, J. C. Mar-
tin: Tetrahedron Lett. 28, 4963 (1987)) in the presence of
sodium hydride, followed by subsequent removal of the
protecting groups by acidic or alkaline hydrolysis and finally
with bromotrimethylsilane (Holy A., Rosenberg 1., Dvor
akova H.: Collect.Czech.Chem.Commun. 54, 2470 (1989).

This procedure has a drawback in that it requires a prior
preparation of the optically active (8)-N-(2.,3-
dihydroxypropyl) derivative (A. Holy: Collect.Czech-
.Chem.Commun. 40, 187 (1975); Collect.Czech.Chem-
.Commun. 43, 3103 (1978)) and in some cases its multistep
protection (A. Holy, I. Rosenberg: Collect.Czech.step pro-

tection (A. Holy, I Rosenberg: Collect.Czech.H. Dvorakov

a: Collect. Czech.Chem.Commun. 54. 2470 (1989). Another
possible approach consists in condensation of the heterocy-
clic base (its silyl derivative or alkali metal salt) with a
suitable optically active organophosphorus synthon contain-
ing the preformed structure of the side-chain in the HPMP
derivative. Such approach makes use of such protecting
groups as e.g. benzyl which is stable during preparation of
the synthon as well as during the condensation; however,
this group requires a hydrogenolytical removal which in
some cases destroys the heterocyclic base, decreases the
yicld and complicates the isolation of pure product (J. J.
Bronson, I. Ghazzouli, M. J. M. Hitchcock, R. R. Webb, J.
C. Martin: J.Med.Chem. 32, 1457 (1989)).

The said drawback is removed by the present invention
related to (2R)-2-[di(2-propyl)phosphonylmethoxy]-3-p-
toluenesulfonyloxy-1-trimethylacetoxypropane of the for-
mula I

C}{gc.smsozncnz(':HCHzOCOC(CHa)a
OCH2P(O)(0iCsH7),

and the method of producing the same which consists in the
reaction of (2R)-3-O-p-toluenesulfonyloxy-1.2-propandiol
of the formula II
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CH3CsHyS OQOCHZ{I'JHCH;OH (1)

OH

with an equimolar amount of N-trimethylacetylimidazole in
an inert organic aprotic solvent, preferably dichloromethane,
in the presence of a tertiary amine, preferably triethylamine,
whereupon the obtained (2R)-3-p-toluenesulfonyloxy-1-
trimethylacetoxy-2-propanol of the formula III

CHJCdﬁSUzOCHszCHzOCDC(C}h)a (L)

OH

is reacted with dimethoxymethane and phosphorus pentox-
ide in an inert organic solvent., preferably dichloromethane

and the (2R)-2-methoxymethoxy-3-p-toluenesulfonyloxy-1-
trimethylacetoxypropane of the formula IV

CH;CﬁmSOZOCHz(l:HCHZOCOC(CHS)B (Iv)

OCH>OCH;

is treated with acetic anhydride in the presence of a Lewis
acid, preferably boron triflucride-diethylether complex at
temperatures —5° C. to 5° C. and the obtained (2R)-2-
acetoxymethoxy-3-p-toluenesulfonyloxy-1-
trimethylacetoxypropane of the formula V

CH3CsH SO, OCHCHCHz OCOC(CHa)z (V)

OCHOCOCH3

is heated with bromotrimethylsilane, preferably 1n toluene,
at temperatures 100° C. to 120° C., the volatile components
are evaporated in vacuo, the residue is heated with tri-(2-
propyl) phosphite to 100°-200° C. and the product of the
formula I is obtained by chromatography or molecular
distillation.

The invention is further related to the method of utiliza-
tion of the compound of the formula I for the production of
(S)-N-(3-hydroxy-2-phosphonylmethoxypropyl) derivatives
of the heterocyclic purine and pyrimidine bases of the
general formula IV

B -CH;;(IDH—- OCH;P(O)OH),
CH;OH

(VI)

where B is purin-9-yl, purin-7-yl, pyrimidin-1-yl, pyrimidin-
3-yl residue and their aza and deaza analogues consisting in
the reaction of the compound of the formula I with sodium
salt of the heterocyclic purine and pyrimidine base or its aza
or deaza analogue, or with a mixture of such base and alkali
carbonate, preferably sodium, potassium or cesium
carbonate. in dimethylformamide at temperatures 60° C. to
120° C.. whereupon the solvent is evaporated in vacuo and
the mixture treated with sodium methoxide in methanol and
subsequently with bromotrimethylsilane in an inert organic
solvent, preferably in acetonitrile, and the product of the
general formula VI is isolated by chromatography, prefer-
ably by ion-exchange chromatography.

The problem to be solved in designing an organophos-
phorus synthon suitable for the preparation of HPMP deriva-
tives of the general formula VI consists in (a) the choice of
a suitable reactive group capable of substituting the acti-
vated form of the heterocyclic base, (b) the choice of a
suitable protecting group on the primary hydroxyl function-
ality that could be regiospecifically introduced, and after the
reaction removed, without destroying the product of the
formula IV, (¢) the choice of suitable ester protecting groups
on the phosphonic acid residue, (d) performing the whole
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synthetic sequence leading to the chiral synthon from an
easily accessible chiral compound with retention of the
optical purity of the synthon as well as the final product
((2S)-configuration), and (e) ability to perform the conden-
sation of the synthon with the base and the whole subsequent
work-up procedure both on a large scale and on a microscale
under conditions suitable for preparation of radionuclide-
labeled compounds.

As follows from the previous results, for the required
N-substitution of heterocyclic bases it is advantageous to use
chloro-, p-toluenesulfonyloxy or methanesulfonyloxy
groups as reactive groups in the synthon I. The
p-toluenesulfonyloxy derivatives are readily accessible from
the alcohols and their purification is easy. Therefore, syn-
thon I can be preferably prepared from the chiral (R)-3-p-
toluenesulfonyloxy-1.2-propanediol of the formula II which
is readily accessible from (R)-4-hydroxymethyl-2,2-
dimethyl-1.3-dioxolane (2.3-O-isopropylidene-D-glycerol)
by tosylation (A. Holy: Collect.Czech.Chem.Commun. 40.
187 (1975)) and subsequent acid hydrolysis.

This reaction may be performed using preferably an acid
cation exchanger (e.g. Dowex 50 X 8) in the acid form
which simplifies substantially the work-up procedure. Thus,
e.g. a mixture of (R)-3-p-toluenesulfonyloxymethyl-2,2-
dimethyl-1.3-dioxolane(50 g), Dowex 50 X 8 (H -form, 10
¢) and methanol (200 ml) is stirred at 60° C. for 7 h. the
mixture is filtered. the solvent evaporated in vacuo, the
residue is dissolved in chloroform., filtered through a column
(100 ml) of silica gel. the filtrate 1s dried over magnesium
sulfate, filtered and the solvent is evaporated at 40° C./2 kPa.
The obtained sirupy (R)-3-p-toluenesulfonyloxy-1.2-
propanediol(Il) (41.4 g, 96%) is completely pure according
to the thin-layer chromatography on silica gel in chloroform-
methanol (19:1); [ot] ,—10° (¢=5.0. methanol).

The protecting group on the primary hydroxyl in the
synthon must be stable under the conditions of the subse-
quent reaction sequence. These requirements are met by the
trimethylacetyl group which can be removed only by metha-
nolysis. The selective trimethylacetylation of compound II
on the primary hydroxyl may be performed preferably with
N-trimethylacetylimidazole, obtained by reaction of trim-
ethylacetyl chloride with two equivalents of imidazole in
chloroform. This product is stable enough to allow the
removal of imidazole hydrochloride from chloroform solu-
tion by extraction with water. Thus, e.g., imidazole (13.6 g)
is added to trimethylacetyl chloride (12.1 g) in chloroform
(200 ml), the mixture is stirred at room temperature for 2 h,
extracted with ice-cold water (3x50 ml), dried over magne-
sium sulfate and the chloroform is evaporated in vacuo.
yielding N-trimethylacetylimidazole (14.1 g, 93%).

Compound II reacts with this imidazolide at room tem-
perature in methylene chloride in the presence of tricthy-
lamine relatively slowly, but the reaction takes place selec-
tively on the primary hydroxyl under formation of product
IT. Small amounts (<3%) of a side product (1.2-
disubstituted derivative) can be easily removed by evapo-
ration of the reaction mixture and chromatography of the
residue on silica gel in chloroform. The reaction of com-
pound II with trimethylacetyl chloride in the presence of
tricthylamine is much faster; however. even at (° C. 6% of
the 1.2-disubstituted compound and 2% of the undesired
isomeric 2-O-trimethylacetyl derivative are formed.

The introduction of the phosphonylmethyl ether function-
ality on the 2-hydroxyl group in compound Il was realized
in an indirect way, starting from the key intermediate,
2-methoxymethyl ether of the formula IV. This is easily
obtained from compound II by acid-catalyzed reacetaliza-
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tion with dimethoxymethane in the presence of phosphorus
pentoxide. Although the reaction is heterogeneous, the prod-
uct IV is obtained in high yield by chromatography of the
organic (methylene chloride) phase.

The methoxymethyl group in compound IV reacts with
acetic anhydride in the presence of a Lewis acid (e.g. boron
trifluoride etherate) and the obtained acetoxymethyl deriva-
tive V is immediately converted into the reactive
2-bromomethyl ether by treatment with bromotrimethylsi-
lane. This reaction proceeds slowly even at relatively high
temperatures and its course should be monitored by thin-
layer chromatography. The solvent and acetoxytrimethylsi-
lane are evaporated in vacuo and the crude product is
directly reacted with trialkyl phosphite. preferably with
tri(2-propyl) phosphite. This phosphite is sufficiently
reactive, 2-bromopropane formed in the reaction is volatile
enough to be removed from the obtained product. The
di(2-propyl) phosphonate group in the synthon of the for-
mula I is not capable of alkylation of heterocyclic bases (as
experienced with ethyl or particularly methyl esters).
However. synthons analogous to that of the formula I with
other ester functionalities, e.g. dimethyl, diethyl, di(2.2-
dimethylpropyl), and other esters, can be prepared by analo-
gous reaction with the corresponding trialkyl phosphite. The
reaction is facile and, after its completion and evaporation of
the volatile components, the final product (synthon I) is
obtained by chromatography on silica gel.

All the steps of the reaction sequence leading to com-
pound I proceed with high yields so that the total yield.
related to the starting compound II. exceeds 40%. The
reaction steps require no special reagents or equipment and
the optical purity of the final product I is determined by the
optical purity of compound II.

This is confirmed by the optical purity of known com-
pounds of the formula VI which are prepared from the
synthon I by condensation with sodium salt of the hetero-
cyclic base. The reaction is carried out in dimethylforma-
mide with suspension of the salt prepared in situ from the
base and an equimolar amount of sodium hydride. The salt
is then treated with an equimolar amount of compound I at
80°-100° C. under exclusion of moisture. In the case of
pyrimidine derivatives, the most important thing is to ensure
that the reaction takes place on N1; this is best achieved
using 4-alkoxy-2-pyrimidinones. The formed
N1-substituted derivatives may then be used 1n two ways:
acid hydrolysis with aqueous mineral acid (or e.g. dilute
acetic acid) affords derivatives of uracil or thymine, whereas
ammonolysis, e.g. with alcoholic ammonia (or primary or
secondary amines) at elevated temperatures in a pressure
vessel smoothly affords derivatives of cytosine,
5-methylcytosine or their substituted analogs. In the purine
series, the alkylation with compound of the formula I
proceeds with some bases (e.g. adenine, 2,6-diaminopurine,
6-methylthiopurine, 3-deazaadenine) exclusively in the
position N9, with other ones (hypoxanthine) in position N7,
and still in other cases (e.g. guanine, 2-aminopurine,
1-deazaadenine) a mixture of N9 and N7-isomers is formed.
In such cases it is necessary to use indirect methods based
on an additional conversion of the heterocyclic base in
compounds of the general formula VI or their precursors
with modified bases, as in the preparation of the hypoxan-
thine or xanthine derivative by deamination of an adenine or
guanine compound with nitrous acid or its esters, or in the
synthesis of a 2-hydroxyadenine derivative by specific
deamination of compound VI derived from 2.6-
diaminopurine. The guanin-9-yl derivative and its
N7-isomer are easily obtained by hydrolysis of compound
prepared from 2-amino-6-chloropurine. The same interme-
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diate may serve for the preparation of 2-amino-6-substituted
derivatives; e.g. the derivative of 2,6-diaminopurine is
obtained via the 2-amino-6-azidopurine derivative by hydro-
genation.

The intermediate obtained by condensation of compound
I with the base. 1s either isolated by chromatography and
processed as described below, or the reaction mixture is
directly methanolysed (with removal of trimethylacetyl
group). This mixture is deionized on a column of a cation
exchanger (e.g. Dowex 50) in a H'-form. and the di(2-
propyl) ester of compound V1 is isolated; it is stable enough
to withstand without decomposition washing out with dilute
(1:10) aqueous ammonia from the ion exchanger.

After drying, the ester groups are removed by reaction
with bromotrimethylsilane ¢.g. in acetontrile, and after
evaporation, hydrolysis of the residue and desalting, the pure
product of the formula VI is isolated by preparative chro-
matography on a hydrophobized silica gel.

The optical purity of thus-prepared compounds of the
formula V1 is determined e.g. by HPLC in 4 mM CuSO, and
4 mM L-phenylalanine at pH 3.1. The above described
procedure affords compounds VI of optical purity higher
than 95%.

The invention is illustrated by examples of execution
which by no means limnit its scope.

EXAMPLE 1

Triethylamine (20 ml) is added to a solution of (2R)-3-
O-p-toluenesulfonyloxy-1,2-propanediol (41.4 g, 168
mmol) and N-trimethylacetylimidazole (25.6 g) in dry
dichloromethane (250 ml) and the mixture is allowed to
stand for 7 days at room temperature until the starting
compound disappears; the reaction is monitored by thin-
layer chromatography on silica gel plates (TLC) in the
system S1 (chloroform-methanol 95:5); R =0.45. Methanol
(10 ml) is added, the solvent is evaporated in vacuo and the
residue is dissolved in chloroform (50 ml) and filtered
through a column of silica gel (400 ml) which is then washed
with chloroform. Evaporation of the solvent and drying in
vacuo afforded 48.3 g (146 mmol, 88%) of (2R)-3-O-p-
toluenesulfonyloxy-1-trimethylacetoxy-2-propanol. (0] ,=—
2.0° (c=0.5, chloroform). This product is dissolved in
dichloromethane (300 ml). mixed with dimethoxymethane
(25 ml) and phosphorus pentoxide (13 g, 90 mmol) is added
under stirring and the stirring is continued for 30 minutes.
The mixture is filtered through a layer of celite which is then
washed with chloroform (200 ml), the fiitrate is evaporated
in vacuo, the residue is dissolved in chloroform (50 ml). the
solution is filtered through a column of silica gel (200 ml)
and eluted with chloroform. Yield 48.1 g (128.5 mmol, 88%)
of (2R)-2methoxymethoxy-3-0O-p-toluenesulfonyloxy-1-
trimethylacetoxy-2-propane, [0t],=2.0° (c=0.58,
chloroform), TLC in S1, Rg=0.70. This product is mixed
with acetic anhydride (17 ml), the mixture is cooled to 0° C.
and boron trifluoride etherate (4.4 ml) is added. The mixture
is stirred at 0° C. for 2 h, poured into a suspension of sodium
hydrogen carbonate (20 g) in ice-cold water (100 ml).
extracted with ether (3>x30 ml), the combined extracts are
washed successively with saturated solution of sodium
hydrogen carbonate (20 ml) and water (20 ml) and dried
over magnesium sulfate. The mixture is filtered, washed
with ether (50 ml) and the filtrate is evaporated in vacuo,
affording 49.7 g (123.5 mmol, 96%) (2R)-2-
acetoxymethoxy-3-0O-p-toluenesulfonyloxy-1-
trimethylacetoxy-2-propane. [a],=—-3.0° (c=0.47,
chloroform). This product is mixed with toluene (100 ml)
and bromotrimethylsilane (28.4 ml) and refluxed under
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argon (calcium chloride protecting tube) for 48 h (until the
starting compound disappears; monitoring by TLC in the
system S1). Then. the temperature is lowered to 40° C., the
solvent is evaporated in vacuo and the residue is codistilied
with toluene (50 ml) under argon. Tri(2-propyl) phosphite
(30.8 ml) is added and the mixture is heated to 100° C. for
2 h with stirring. The reaction course is followed by TLC in
chloroform (system S2). The mixture is evaporated in vacuo.
the residue is codistilled with toluene (50 ml), dissolved in
chloroform (50 ml), filtered through a column of silica gel
(200 ml) and washed out with a gradient of ethyl acetate (up
to 20%) in chloroform. Evaporation in vacuo and drying
afforded 52 g (102 mmol, 83%) of (2R)-2-[{di(2-propyl)
phosphonylmethoxy]-3-O-p-toluenesulfonyloxy-1-
trimethylacetoxypropane, [0} ,=—0.5° (c=0.40. chloroform).

EXAMPLE 2

A mixture of adenine (0.27 g, 2 mmol), sodium hydride
(0.048 g) and dimethylformamide (5 ml) is heated to 80° C,
for 1 h. A solution of (2R)-2-[di(2-propyl)
phosphonylmethoxy]-3-O-p-toluenesulfonyloxy-1-
trimethylacetoxypropane (1.16 g. 2 mmol) in dimethylfor-
mamide (5 ml) is added and the mixture is heated to 100° C.
for 50 h. After evaporation in vacuo. the residue is purified
by chromatography on silica gel in chloroform, containing
an increasing concentration of methanol (the final concen-
tration being 3% v/v). After evaporation of the solvent, the
obtained product (TLC in S3. chloroform-methanol 4:1.
R ,=0.80) is dissolved in methanol (5 ml) and stirred with (.1
M methanolic sodium methoxide (2 ml) for 5 h. The mixture
is neutralized by addition of a cation-exchanger (e.g. Dowex
50) in H"-form, the suspension is applied onto the same
ion-exchanger (20 ml), washed with water to drop of
UV-absorption of the eluate (at 254 nm) to the original value
and then the column is eluted with dilute (1:10. v/v) aqueous
ammonia. The collected UV-absorbing eluate 1is
concentrated, dried in vacuo and mixed with acetonitrile (8
ml) and bromotrimethylsilane (0.7 ml). After standing for 24
h at room temperature, the mixture is again evaporated and
the residue is codistilled with acetonitrile (5 ml). The residue
is allowed to stand with water (20 ml) and triecthylamine (2
ml) for 30 minutes. After evaporation in vacuo, the residue
is dissolved in water (10 ml) and applied onto a column of
Dowex 50 in H*-form (20 ml). The product is deionized as
described above and the obtained crude residue (compound
VI) is dissolved in water (10 ml), made alkaline with
ammonia to pH 9-10 and applied onto a column (20 ml)of
Dowex 1x2 in the acetate form. The column is washed with
water to drop of UV absorption of the eluate (at 254 nm) to
the original value and then the product is eluted with a linear
gradient of acetic acid (to 0.5M., total volume 500 ml). The
main UV-absorbing fraction is collected, the solvent is
evaporated, the residue is codistilled with water and crys-
tallized from water with addition of ethanol (5 vol. parts).
The product is collected. washed with ethanol and ether and
dried in vacuo; yield 0.55 g (64%) of 9-(5)-(2-
phosphonylmethoxy-3-hydroxypropyDadenine (free acid)
which, according to HPL.C analysis (vide supra) contains
<4.5% of the (R)-enantiomer. [0],=—23.5° (c=5.1. 0.1IM
H(CI). For C,H, ,N.O.PH,O (321.2) calculated: 33.65% C.
5.02% H. 21.79% N, 9.65% P; found: 33.65% C. 4.96% H.
21.84% N, 9.79% P.

EXAMPLE 3

A mixture of 4-methoxy-2-pyrimidone (0.24 g). sodium
hydride (48 mg) and dimethylformamide (5 ml) is heated to
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80° C. for 1 h. A solution of (2ZR)-2-[di(2-propyl)
phosphonylmethoxy]-3-O-p-toluenesulfonyloxy-1-
trimethylacetoxypropane (1.16 g, 2 mmol) in dimethylfor-
mamide (5 ml) is added and the mixture is heated to 100° C.
for 50 h. After evaporation in vacuo, the residue is purified
by chromatography on silica gel in chloroform. containing
an increasing concentration of methanol (the final concen-
tration being 5% v/v). After evaporation, the product is
dissolved in 30% methanolic ammonia (5 ml) and heated to
100° C. for 12 hours in a sealed ampoule. After evaporation
in vacuo. the mixture is dried in vacuo, the residue is mixed
with acetronitrile (8 ml) and bromotrimethylsilane (0.7 ml),
allowed to stand at room temperature for 24 h and again
evaporated. The residue is codistilled with acetonitrile (3
ml). mixed with water (20 ml) and triethylamine (2 ml) and
set aside for 30 minutes. Further work-up is the same as
described in Example 2. Yield, 0.22 g (37%) of 1-(S)-(2-
phosphonyimethoxy-3-hydroxypropyljcytosine (free acid);
according to HPLC analysis (vide supra) the product con-
tains less than 3% of the (R)-enantiomer. For
C.H, N,OLPH,0 (297.3) calculated: 32.32% C. 5.43% H.
14.14% N. 10.44% P, found: 32.56% C. 4.96% H. 13.84%
N. 10.37% P.

EXAMPLE 4

A mixture of cytosine (237.3 mg. 2.1 mmol), cesium
carbonate (340 mg. 2.1 mmol) and dimethylformamide (6
ml) is stirred at 110° C. for 2 hours. A solution of (ZR)-2-
|di(2-propyl)phosphonylmethoxy]-3-0-p-
toluenesulfonyloxy-1-trimethylacetoxypropane (1.16 g. 2
mmol) in dimethylformamide (5 ml) is added and the
mixture is heated to 100° C. for 72 h. After evaporation in
vacuo. the residue is purified by chromatography on silica
gel in chloroform. containing increasing concentration of
methanol (the final concentration being 5% v/v). After
evaporation, the residue is purified by chromatography on
silica gel in chloroform with a gradient of methanol. The
further work-up procedure (reaction with
bromotrimethylsilane, deionization and purification on
anion exchanger) is the same as described in Example 2.
Yield 0.33 g (52%) of 1-(S)-(2-phosphonylmethoxy-3-
hydroxypropyl)cytosine (free acid. containing (HPLC
analysis; vide supra)<1% of the (R)-enantiomer.

EXAMPLE §

A mixture of 3-deazaadenine (1.3 g. 10 mmol), 60%
dispersion of sodium hydride in paraffin (400 mg. 10 mmol)
and dimethylformamide (35 ml) is stirred at 80° C. for 1
hour. After addition of (2R)-2-|di(2-propyl)
phosphonylmethoxy]-3-O-p-toluenesulfonyloxy-1-
trimethylacetoxypropane (5.6 g. 11 mmol) is added and the
mixture is heated to 100° C. for 32 h. After evaporation in
vacuo, the residue is codistilled with toluene (3x50 ml) in
vacuo, the residue is adsorbed on silica gel (25 ml) and
purified by chromatography on a column (100 ml) of silica
gel in chloroform with a gradient of ethanol; the product is
eluted with chloroform-ethanol 48:2. Yield 2.2 g (47%) of
oily di(2-propyl) ester of 9-(S)-(2-phosphonylmethoxy-3-
trimethylacetoxypropyl)-3-deazaadenine. This product is
allowed to stand with 0.1M methanolic sodium methoxide
(20 ml) at 20° C. for 20 h, the mixture is neutralized by
addition of Dowex 50 X 8 (H"-form), the suspension is made
alkaline with triethylamine. filtered, washed with methanol
(200 ml) and the filtrate is evaporated in vacuo. Yield 1.78
g (4.6 mmol) of di(2-propyl) ester of 9-(S5)-(2-
phosphonylmethoxy-3-hydroxypropyl)-3-deazaadenine.
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This is mixed with acetonitrile (50 ml) and bromotrimeth-
ylsilane (5 ml) and set aside for 20 hours at 20° C. The
mixture is again evaporated, the residue is codistilled with
acetonitrile (3x25 ml), mixed with water (5 O ml), triethy-
lamine is added to pH 8 and the mixture is allowed to stand
for 1 hour. After evaporation in vacuo, the residue is
dissolved in water (20 ml) and applied onto a column of
Dowex 50 X 8 in the H'-form (100 ml). The product is
deionized as described in Example 2 and the obtained crude
residue is dissolved in water, made alkaline to pH 9-10 with
ammonia and this solution is applied onto a column (100 mi)
of Dowex 1 X 2 in acetate form. The column is washed with
water to drop of the UV absorption of the eluate (at 254 nm)
to the original value and then the product is eluted with 0.5M
acetic acid. The main UV-absorbing fraction is collected, the
solvent is evaporated, the residue is codistilied with water
and crystallized from water with addition of ethanol (5 vol.
parts). The product is filtered, washed with ethanol and ether
and dried in vacuo. Yield 0.56 g (41%) of 9-(S)-(2-
phosphonylmethoxy-3-hydroxypropyl)-3-deazaadenine
(free acid) containing (HPLC analysis)<4.5% of the (R)-
enantiomer. [0],=—16.8° (¢=0.5. 0.1M HC(I). For
C,oH,,N,O.P3H,0O (354.3) calculated: 15.80% N. 8.75%
P: found: 14.71% N. 8.75% P. UV spectrum (pH 2): A,,,,
262 nm (€, 11600).

EXAMPLE 6

A mixture of 2-amino-6-chloropurine (1.0 g, 6 mmol).
60% dispersion of sodium hydride in paraffin (180 mg, 7.5
mmol) and dimethylformamide (35 ml) is stirred at 80° C.
for 1 hour. After addition of (2R)-2-[di(2-propyl)
phosphonylmethoxy]-3-O-p-toluenesulfonyloxy-1-
trimethylacetoxypropane (2.5 g, 5 mmol) the mixture is
heated to 80° C. for 20 h. After evaporation in vacuo, the
residue is codistilled with toluene (3x50 ml) in vacuo, the
residue is purified by chromatography on a column {100 ml)
of silica gel in chloroform with a gradient of ethanol; the
product is eluted with chloroformethanol 48:2. Yield 1.2 g of
oily di(2-propyl) ester of 9-(S)-(2-phosphonylmethoxy-3-
trimethylacetoxypropyl)-2-amino-6-chloropurine. This
product is hydrogenated in 150 ml methanol and 0.5 ml
concentrated hydrochloric acid over 10% palladium/
charcoal catalyst (0.6 g) overnight. The suspension is
filtered, alkalized by triethylamine and taken down to dry-
ness. The residue is allowed to stand with 0.1M methanolic
sodium methoxide (20 ml) at 20° C. for 20 h, the mixture is
neutralized by addition of Dowex 50 X 8 (H+-form), the
suspension is made alkaline with trithylamine, filtered.
washed with methanol (200 ml) and the filtrate is evaporated
in vacuo. The residue is deionized on a column (100 ml) of
Dowex 50 X 8 (acid form) and further processed as
described in Example 2. Ion-¢xchange chromatography and
crystallization from water-ethanol afforded 9-(5)-(2-
phosphonylmethoxy-3-hydroxypropyl)-2-aminopurine.
Yield, 0.85 g (50%). For C,H, ,N;O,P (287.2) calculated:
37.63% C.4.91% H. 24.39% N, 10.80% P; found: 37.33%
C. 5.07% H, 24.09% N. 10.70% P.

EXAMPLE 7

A mixture of 2-chloroadenine (10 mmol), cesium carbon-
ate (2.3 g, 7.2 mmol) and (2R)-2-[di(2-propyl)
phosphonylmethoxy}-3-O-p-toluenesulfonyloxy-1-
trimethylacetoxypropane (6.3 g. 12.4 mmol) in

dimethylformamide (50 ml) is stirred under calcium chioride
protecting tube for 4 h at 100° C. and further processed as
described in Example 2. The ion-exchange chromatography
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and crystallization from water afforded 9-(5)-(2-
phosphonylmethoxy-3-hydroxypropyl)-2-chloroadenine.
Yield, 0.85 g (50%). For C;H,;CIN,O,P (321.7) calculated:
33.60% C.4.07% H, 11.02% C1. 21.77% N, 9.65% P; found:
33.41% C, 4.05% H. 10,78% (1. 21.74% N. 10.03% P.

EXAMPLE 3

A mixture of 6-azacytosine (10 mmol), cesium carbonate
(2.3 g, 7.2 mmol) and (2R)-2-[di(2-propyl)
phosphonylmethoxy]-3-0O-p-toluenesulfonyloxy-1-
trimethylacetoxypropane (6.3 g, 12.4 mmol) in dimethylfor-
mamide (50 ml) is stirred under calcium chloride protecting
tube for 12 h at 120° C. and further processed as described
in Example 2. The ion-exchange chromatography and crys-
tallization from water afforded 9-(S)-(2-
phosphonylmethoxy-3-hydroxypropyl)-6-azacytosine.
Yield, 1.7 g (60%). For (280.2) calculated: 30.00% C. 4.67%
H. 20.00% N, 11.08% P; found: 29.85% C. 4.85% H.,
20.29% N. 10.77% P.

EXAMPLE 9

A mixture of 1-deazaadenine (1.0 g, 7.5 mmol). 60%
dispersion of sodium hydride in paraffin (300 mg, 7.5 mmol)
and dimethylformamide (20 ml) is stirred at 80° C. for 1
hour. After addition of (2R)-2-{di(2-propyl)
phosphonylmethoxy]-3-0O-p-toluenesulfonyloxy-1-
trimethylacetoxypropane (4.2 g. 8.25 mmol) the mixture is
heated to 100° C. for 8 h. After evaporation in vacuo, the
residue is codistilled with toluene (3x50 ml) in vacuo, the
residue is extracted by chloroform and purified by chroma-
tography on a column (100 ml) of silica gel in chloroform
with a gradient of ethanol; the product is eluted with
chloroform-ethanol 46:4. Yield 1.5 g (42%) of oily di(2-
propyl) ester of 9-(S)-(2-phosphonylmethoxy-3-
trimethylacetoxypropyl)-1-deazaadenine. This product is
allowed to stand with (.1IM methanolic sodium methoxide
(20 ml) at 20° C. for 20 h, the mixture is neutralized by
addition of Dowex 50 X 8 (H"-form), the suspension is made
alkaline with tricthylamine, filtered, washed with methanol
(200 ml) and the filtrate is evaporated in vacuo. Yield 1.1 g
(93 mmol) of di(2-propyl) ester of 9-(§5)-(2-
phosphonylmethoxy-3-hydroxypropyl)-1-deazaadenine.
This is mixed with acetonitrile (40 ml) and bromotrimeth-
ylsilane (4 ml) and set aside for 20 hours at 20° C. The
mixture is again evaporated, the residue is codistilled with
acetonifrile (3x25 ml), mixed with water (50 ml), triethy-
lamine is added to pH 8 and. the mixture is allowed to stand
for 1 hour. After evaporation in vacuo, the residue is
dissolved in water (20 ml) and applied onto a column of
Dowex 50 X 8 in the H'-form (100 ml). The product is
deionized as described in Example 2 and the obtained crude
residue is dissolved in water, made alkaline to pH 9-10 with
ammonia and this solution is applied onto a column (100 ml)
of Dowex 1 X 2 in acetate form. The column is washed with
water to drop of the UV absorption of the eluate (at 254 nm)
to the original value and then the product is eluted with 0.5M
acetic acid. The main UV-absorbing fraction 1s collected, the
solvent is evaporated. the residue is codistilled with water
add crystalized from water with addition of ethanol (5 vol.
parts). The product is filtered, washed with ethanol and ether
and dried in vacuo. Yield 0.6 g (62%) of 9-(5)-(2-
phosphonylmethoxy-3-hydroxypropyl)-1-deazaadenine
(free acid). For C, ,H, N ,OP (302.2) calculated: 18.53% N,
10 28% P; found: 18.71% N, 10.04% P. UV spectrum (pH
2): Ao 281 nm; 260 nm (€, 17500; 3800).

EXAMPLE 10

A mixture of 8-azaadenine (0.95 g. 7 mmol), cesium
carbonate 1.1 g, 3.5 mmol) and (2R)-2[di(2-propyl)
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phosphonylmethoxy]-3-O-p-toluenesulfonyloxy-1-
trimethylacetoxypropane (4.1 g, 8 mmol) in dimethylforma-
mide (45 ml) is stitred under calcium chloride protecting
tube for 16 h at 120° C. and further processed as described
in Example 2. After sodium methoxide treatment, the resi-
due was chromatographed on silica gel (100 g) column to

afford the 7- and 9-isomers of di(2-propyl) ester of 9-(S)-
(2-phosphonylmethoxy-3-hydroxypropyl)-8-azaadenine.
The residues are mixed with acetonitrile (25 ml) and bro-
motrimethylsilane (2.5 ml) and set aside for 20 hours at 20°
C. The further work-up was performed as described in
Example 2. Jon exchange chromatography and crystalliza-
tion from water-ethanol-cther mixture afforded 9-(S)-(2-
phosphonylmethoxy-3-hydroxypropyl)-8-azaadenine.
Yield. 0.21 g (10%). For CgH,;N,OsP (304.2) calculated:
31.59% C. 431% H. 27.61% N, 10.19% P; found: 31.41%
C., 4.05% H. 27.74% N, 10.03% P. UV spectrum (pH 2):
Ao 264 nm (€, 8700). Similar work-up gave 7-(S)-(2-
phosphonylmethoxy-3-hydroxypropyl)-8-azaadenine.
Yield, 0.16 g (7.5%). For CgH|;N,OcP (304.2) calculated:
31.59% C. 4.31% H. 27.61% N. 10 19% P; found: 31.70%
C.4.08% H.28.04% N, 10.33% P. UV specttum (pH 2): €,
288 nm (¢,,,, 10500).

What we claim 1is:

1. (2R)-2-{Di(2-propyl)phosphonylmethoxy]-3-p-
toluenesulfonyloxy-1-trimethylacetoxypropane of the for-
mula I

cn;cﬁ}[.soz(x:}{zclincnzacm(cm)g
OCH,P{OY0iC3H7),

@

2. The method of producing the compound of the formula
I in claim 1 consisting in the reaction of (2ZR)-3-O-p-
toluenesulfonyloxy-1.2-propandiol of the formula II

CHngﬁSOzOCHQ(I:HCHZOH
OH

with an equimolar amount of N-trimethylacetylimidazole in
the inert organic aprotic solvent in the presence of a tertiary
amine, whereupon the obtained (2ZR)-3-p-
toluenesulfonyloxy-1-trimethylacetoxy-2-propanol of the
formula III

()

C}I3C6H43020CH2f|3HCH20C0C(CH3)3 (1)

OH

is reacted with dimethoxymethane and phosphorus pentox-
ide in an inert organic solvent and the (2R)-2-
methoxymethoxy-3-p-toluenesulfonyloxy-1-
trimethylacetoxypropane of the formula IV

CH3C6H48020CH3(|3HCH10C0C(CH3}3 (IV)

OCH,OCH;

is treated with acetic anhydride in the presence of a Lewis
acid, at temperatures —5° C. to 5° C. and the obtained
(2R)-2-acetoxymethoxy-3-p-toluenesulfonyloxy-1-
trimethylacetoxypropane of the formula V

CH3C.5H4$O:DCH2(|3HCHEOCGC(CH3)3 (V)

OCH;OCOCH;3

is heated with bromotrimethylsilane at temperatures 100° C.
to 120° C., the volatile components are evaporated in vacuo,
the residue is heated with tri(2-propyl)phosphite to
100°~120° C. and the product of the formula I is obtained by
chromatography or distillation.
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3. The method of utilization of the compound of the
formula I according to claim 1 for the production of (§)-N-
(3-hydroxy-2-phosphonylmethoxypropyl) derivatives of the
heterocyclic purine and pyrimudine bases of the general
formula VI

B —CHz(IZH— OCH,P(O)(OH),
CH,OH
where B is a substituted purin-9-yl, purin-7-yl, or pyrimidin-

(VI)

12

solvent comprising acetonitrile, the chromatography being
ion-exchange chromatography.

6. A compound of the general formula VI
B— CH:-(FH— OCH.P(ONOH ;1
CH2OH

wherein B is purin-9-yl, purin-7-yl, pyrimidin-1-yl selected
from the group consisting of 6-methylthiopurine, 2-amino-

1-yl. or pyrimidin-3-yl residue and their aza and deaza 10 O-chloropurine, 2-amino-6-chloropurine, 2-amino-6-

analogues consisting in the reaction of the compound of the
formula I with a sodinm salt of the heterocyclic purine or

pyrimidine base or its aza or deaza analogue. or with a
mixture of such base and alkali carbonate in dimethylfor-

mamide at temperatures 60° C. to 120° C., whereupon the
solvent is evaporated in vacuo and the mixture treated with
sodium methoxide in methanol and subsequently with bro-
motrimethylsilane in an inert organic solvent and the prod-
uct of the general formula V1 is isolated by chromatography.

4. A method according to claim 2. wherein the solvent is
dichloro methane. the tertiary amine comprising
triethylamine, the Lewis acid comprising boron trifluorid-
ediethylether complex. the compound of formula V being
heated in toluene.

§. A method according to claim 3, wherein the alkali
carbonate comprises cesium carbonate. the inert inorganic

15

20

azidopurine, 4-alkoxy-2-pyrimidinone, and

2-chloroadenine.

7. A compound of claim 6 which is the (S) enantiomer at
an optical purity higher than 95%.

8. The compound of claim 7 wherein B is 2-amino-6-
chloropurine.

9. The compound of claim 7 wherein B is 2-amino-6-
azidopurine.

{0. The compound of claim 7 wherein B is
6-methylthiopurine.

{11. The compound 9-(S)-(2-phosphonylmethoxy-3-
hydroxypropyl)-2-chloroadenine diisopropyl ester

X * kx ¥ %
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