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ANTIRETROVIRAL ENANTIOMERIC NUCLEOTIDE ANALOGS

Field of the Invention

This invention concerns acyclic nucleotide

analogs, their preparation and use.

In particular it

concerns separate enantiomers of 2-phosphonomethoxypropyl
derivatives of purine and pyrimidine bases.

wunmﬂm

There is an urgent need for development of
chemotherapeutic agents in the therapy of viral diseases.
In particular treatment of diseases caused by
retroviruses presents cne of the most difficult

challenges in human medicine.

While a number of

antiviral agents which are registered or are currently
under study can effectively cure disease, relieve

symptoms or substantially prolong the intervals among the
recurrences of certain chronic viral infections, such
_positive outcomes have not yet been achieved in many

.retroviral disease. -

=~instances, notahly that ot AIDs, as an’ example of
Selectivity of antiviral action,

which is an important requirement for novel antivxral

agents, has not been achieved.

Most of-the compounds which are clinically - AT

x&‘

useful for antiviral chemotherapy are nucleosides,

modified in eigher the purine or pyrimidine base and/or .

the cerhohydrate noiety. :»Such compounds mainly act in
processes related to: the synthesis ‘of viral nucleic
acids; their action depen@s on ability to undergo
phosphorylation and subsequent transformation to the
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triphosphates. One problem in administering modified
nucleosides is the absence of suitable phosphorylating
activity in the host cell and the existence of viral

strains lacking virus-specific phosphorylating activity. -
5 ° While enzymatically resistant nucleotide analogs might 3
appear to be particularly useful as potential antivirals, .

their polar character prevents effective entry of these
analogs into the cells, as does lack of appropriate
. nucleotide receptors at the cellular membrane.

10 " This difficulty appears to be overcome in the
series of acyclic nucleotide analogs which contain an
aliphatic chain, bearing hydroxyl groups, replacing the
sugar moiety. For example, the phosphates or phosphonic
acid derivatives derived from the antiviral nucleoside

15 analog ganciclovir (Cytovene) are reported to possess an
anti-herpes virus activity (Reist at al., in "Nucleotide
Analogs as Antiviral Agents®, ACS Symposium Series, No.
401, pp. 17=-34 (1989); Tolman, ibid, pp. 35-50; Prisbe et
al., J Med Chem (1986), 29:671). ’

20 : The following formulas describe several classes
of prior art compounds:
s-—cn,clx-oca,pm) (on), (1) R = CHOH
R ' (2) R=H

o Another group ot antiviral compounds where the
antiviral action is less strictly limited by the nature
of the heterocyclic base includes phosphonic acid analogs
in which a phosphonic acia moiety is linked to the

30 hydroxyl group of an aliphatic chain sugar substitute via
a methylene unit. Examples of such compounds are HPMP-
derivatives (1) which were disclosed by the UK Patent
Application No. 2 134 907 and PV-3017, now published on
30 December 1986 as EP 206,459 of Holy et al. Such

35 compounds act exclusively against DNA viruses as reported

Sheet Has Been Replaced

Ty |III



"

10

15

20

30

- 35

WO 94/03467 . ' PCT/US93/07360

=3=

by De Clercq et al. in Nature (1986) 323:464-467, and
reviewed by Holy et al. in Aptiviral Res (1990) 13:295.

' A similar type of antivirals is represented by
PME-derivatives (2) disclosed by European Patent
Application 0 206 459 by Holy et al. and described in
detail by De Clercq at al. in Antiviral Res (1987) 8:261,

and by Holy et al. in Collection Czech Chem Commun (1987)
52:2801; ibid. (1989), 54:2190). These compounds act

against both DNA viruses and retroviruses, including HIV-
1 and HIV=-2. The adenine derivative, PMEA, was
demonstrated to exhibit an outstanding activity against
Moloney sarcoma virus in mice, simian immunodeficiency
virus in Rhesus monkeys as well as feline
immunodeficiency virus in cats (Balzarini et al., AIDS
(1991) 5:21; Egberink et al., Proc Natl Acad Sci U.S.A,
(1990) 87:3087). '

The extensive structure-activity investigation
which concentrated on the modification of the side-chain
(described by Holy et al. in "Nucleotide Analogs as
Antiviral Agents®, ACS Symposium Series No.401 (1989),
pP. 51) did not reveal any additional substantially active
antivirals. Replacement of this hydroxyl by fluorine
atom resulted in the FPMP-compounds (3) which, in

#w}qigadditxon to_having some. anti-DNA-virus activity display a

substantial effect on both HIV-1, HIV-2 and murine
sarcoma virus’ (as taught by 8019 et al., Czechoslovak
Patent Application PV 2047-90 now published on 30 October
1991 as EP 454,127, and by Balzarini et al., Proc Natl
Acad sci U.S.A. (1991) 88:4961). |

The racemic mixtures of 9-(2-phosphono-
methoxypropyl)adenine and guanine (PMPA and PMPG) were
also described by Holy et al., European Patent Appl.
0206459 (PMPA) and Holy et al., Collection Czech Chem
Commun (1988) 53:2753 (PMPA), and by U.S. Patent

- Application 932,112 (PMPG). PMPA was devoid of any

e
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appreciable antiherpetic effect while any antiherpetic
activity of PMPG appeared due to its substantijal
cytotoxicity. The clinical forms of PMPG, and of the
related compound,
9= (3-hydroxy-2-(phosphonomethoxy)propyl) guanine (HPMPG)
are disclosed in EP application 452935. For these
guanine forms, the R-enantiomers consistently gave

‘'greater antiviral activity, especially in regard to the

retrovirus HIV. There was little difference between R&S
enantiomers in antiviral activity with regarding to some
DNA viruses. It cannot be predicted whether this pattern
of activity would extend to PMP cdmpounds of other than
guanine.

Nothing in the above-cited references or their
combination permits any prediction that the resolved
enantiomers of the present invention would exhibit

" antiretroviral activity, or what the enantiomers

preference would be.

Summary of the Invention

Resolved enantiomeric forms of N-(2-phosphono-~
methoxypropyl) derivatives of purine and pyrimidine bases
have been synthesized and found to possess useful and

.. unexpected antiviral activity which is directed
specifically against retroviruses. These compounds are

of the formulas IA and IB, wherein IA represents the R
enantiomer and IB represents the S enantiomer.
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CH,B
H-C~OCH,P (0) (OR), (IA)
CH,

CH,B
(OR),(0) p'ca,o-cTa (1IB)
CH,

In the formulas-IA and IB, B is a purine or pyrimidine
base or aza and/or deaza analog thereof except for
guanine and R is independently H, alkyl (1-6C), aryl or
aralkyl.

Thus, in one aspect, the invention is directed
to compositions comprising Formula IA unaccompanied by
any substantial amount of the corresponding compound of
Formula IB and to compositions comprising a'compound of
the Formula IB unaccompanied by any substantial amount of
the corresponding compound of the formula IA.

By “any substantial amount™ is meant less than
about 5 mole%, preferably less than about 2 mole%, more
preferably less than about 1 molet and most proterobly in
undetectable amounts. By 'corresponding compound® is

'meant the enantiomer of the compound shown.

other aspects of tho invention include the
preparation of these conpositions, their formulation into
antiviral pharmaceutical compositions and the use of '
these formulations to treat retroviral infections.

mwmmmmm*

The compounds of the invention are the resolved

"(R) and (S)- enantiomers of N=-(2-phosphonomethoxypropyl)

derivatives of purine and pyrimidine bases which have
structural formula I.
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*
B-CH,CH~CH,

OCH,P (0) (OH),
B is a purine or pyrimidine base or an aza
5 and/or deaza analog thereof other than guanine.
Renantiames are preferred. As used herein, "purine"
refers to substituted or unsubstituted moieties of the
formula(in the following, free valences and hydrogen are _
not shown):

(1)

10

15
and 5pyrimidines' to substituted or unsubstituted
moieties of the formula
20
4
3N/ '5
: e ﬁ__2L§§ ~ 6

In aza_analogd, at least one C shown in the
_ above formulas is replaéed by N; in deaza analogs, at
30 least one N is replaced by C. Combinations of such
replacements are also included within the scope of the
invention. '

35
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Thus, 1-deaza purine analogs are of the formula

A NN
| N\
, q | ~>

3-deaza purine analogues are of the formula

10
N>>
N
15 _ ;
8=-aza purine analogs are of the formula
N
. NZ \
20 : L\\ ‘ j}!
N N
A, | ; and
.. - 1-deaza-8-aza purine analogs are of the formula
= N
. Qﬁq
30 N N

- Preferred embodiments of B are those wherein B
;s a puring base selected from the group consisting of
35 _adenine, 2,6-diaminopurine, 2-aninopurine, hypoxanthine,
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xanthine; and their l-deaza, 3-deaza or 8-~aza analogs;
and - |
derivatives of purine or said analogs, which
derivatives are other than guanine, substituted at
5 position 2 and/or 6 and/or 8 by amino, halogen, hydroxy,
alkoxy, alkylamino, dialkylamino, aralkylamino,
heterocaralkylamino, hydroxyamino, alkoxyamino, hydrazino,
heterocyqlic amino, azido, mercapto or alkylthio.
For the purposes herein it is understood that
10 tautomeric forms are included in the recitation of a
given group, e.g., thio/mercapto or oxo/hydroxyl.
: Included in this invention are those
embodiments wherein B is a pyrimidine base selected from
the group consisting of cytosine, uracil, thymine, 5-
15 methylcytosine, and their 6-aza analogs; anad
derivatives of pyrimidine substituted at the
exocyclic amino group in position 4 by alkyl, aralkyl,
hydroxy or amino.
" As used herein, halogen refers to F, Cl, Br or
20 I; alkyl refers to a straight- or branched-chain
saturated hydrdcarbyl group containing 1-6C, such as
methyl, ethyl, 2-propyl, n-pentyl, neopentyl and the
like; alkoxy is a group of the formula -OR wherein R is
alkyl as above defined; alkylthio is a group of the -
25 formula -SR wherein R is alkyl as above defined; aralkyl
or heteroaralkyl is a group of the formula -R-Ar wherein
-R- is the alkylene counterpart of alkyl (~R) as above
defined, Ar is a substituted (with hydroxyl, hale, anmino,
sulfonyl, carbonyl or C1-C3 alkyl substituted with
30 hydroxyl, halo, amino, sulfonyl or carbonyl) or
unsubstituted aromatic group having 6-10C and optionally
‘a heteroatom selected from oxygen or nitrogen, e.g.,
phenyl, napthyl, quinolyl and benzyl; aralkyl amino or
heterocaralkyl amino means groups of the formula -N(Z),
35 wherein Z independently is H or -R-Ar (but at least 1 2
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is -R-Ar); heterocyclic amino is a saturated or
unsaturated heterocyclic ring containing at least 1 N
atom (ordinarily 1) and optionally in addition at least 1
other hetercatom (examples being pyrrolidine, ﬁorpholino,
piperidine and the like radicals). Typically, cyclic |
structures contain from 3 to 6 ring atoms and are
monocyclic. In some embodiments, the substituents of
purine 6-amirio groups are taken together with purine N,

- to form an N-heterocycle fused to the purinyl noiety, for

example as in N1, ‘Né-etheno-adenine. _

The compounds of the invention can be isolated
in the form of free acids, salts or, in the case of
compounds with heterocyclic bases bearing at least one
amino function, in the form of zwitterions. The acid or
zwitterionic forms can be obtained on purifidation of the
deionized crude material by anion exchange
chromatography, using volatile organic acids (acetic or
formic acid) as eluents. The free acid forms can be
easily transformed into physiologically acceptable salts
by methods known in the art. Such salts include those of
ammonium ion, Li*, Na‘t, x*, Mg** ana ca'*
pharmaceutically acceptahlq oréanic cations; the salts
may be monobasic or dibasic. Compounds with at least one

' amino function contained in B can also be prepared as the
'agid'adgitipn salts with inorganic or organic acids, such

as HBr, HCl, H,S0, or HOAc.

In certain cases, the acid or zwitterionic
forms of compounds of the Formula IA and IB are extremely
water-insoluble. Under Quch circumstances, purification
is performed on a medium basic anion exchanger (e.g.,
DEAE-cellulose, DEAE-Sephadex) in a weakly alkaline
volatile buffer, such as triethylammonium hydrogen
carbonate. The resulting water-soluble triethylammonium

' salts can be transformed to salts of other cations by,

" This Sheet Has Been Reﬂlaced
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e.g., cation exchange, using cation exchanger in the
corresponding form. | '
The free acids, zwitterions or salts of
compounds of Formula IA or IB are stablé in the solid
5 state or in sterile aqueous or aqueous-alcoholic -
solutions. '

The compounds of this invention can be prepared
10 from an easily prepared chiral intermediate X derived
from resolved lactic acid ester enantiomers using
- reaction scheme 1 or 2.

15
20
25

30
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Reaction scheme 1 is as followé:

SCHEME 1
. *
2 o
X
*
10 B-CH-CH3
|
QOro
II
15
*® *
B-CHACH-CHq  ~e<+=ccvcceccs- > B’ -CH,CH-CH
2 3 Step 4 2l 3
OH OH
IIX . v
20 . .
' | TsOCH, P (O) (OR) 2_\1_ ‘Step S
. : IV ¢
N . L ' *
PR P .:; '.'. :"',,B"'CH CH°CH - .,-'—.<-_-._-._._,._. ______ . B’-CH CH‘CH .
‘ocnzp(O) (OR)Z‘ ocnzp(c) (OR) 5
wII _ | | vI
Step 7
30 H
. *
B-CI-I2CK-CH3
_ OCH,P(0) (OH) ,
I
35
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wherein B is as defined above and B’ is its
suitably protected form; the * above the chiral center
indicates that the resolved enantiomer is used.
Protection of B comprises blocking of active hydrogen
atoms contained in B, such as any hydroxy, amino or
carbamido group. Protection can be achieved by
introduction of alkali-labile groups, such as acetyl,
benzoyl, pivaloyl or amidine, such as a
dimethylaminomethylene group, or, by acid-labile groups
such as trityl, substituted trityl, tetrahydropyranyl
groups and the like.

The desired enantiomer of 2-0-tetrahydro-
pyranylpropane-1,2-diol of the Formula X is transformed
to the corresponding 1-0-p~-toluenesulfonyl esters in
Step 1 under usual conditions, i.e. reaction with
p-toluenesulfonyl chloride in pyridine. The tosyl group
shown is preferred, however standard organic leaving
groups such as mesylate, triflate or halide can also be

- used.

The protected intermediate of the Formula XI,
isolated either by direct crystallization or by silica
gel chromatography, occurs as a mixture of diastereomers

which gives complex NMR spectra.

~_ The alkylation of a heterocyclic base with the;
-synthon of the Formula XI in Step 2 is mediated by the
formation of an anion which can be generated either by
pretreatment of the base with alkali hydride in an inert
solvent, such as dingthyltornahide, or, by the anion
formation generated jn situ by alkali carbonate. 1In the
latter case, an importance of cesium carbonate as a
catalyst must be recognized. This catalyst not only
substantially accelerates the alkylation of the base, it
also favorably influences the regiospecificity of
alkyiation by the synthon XI in purine ring systems,
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giving alkylation at the preferred N9 position of purines
or the corresponding position in the aza or deaza bases.
The tetrahydropyran-2-yl greup-is cleaved in
acidic media to afford the intermediate III in Step 3.
This cleavage can be achieved by the action of mineral
acid (e.g. sulfuric acid) anion exchange resins or
organic acids (e.g. acetic acid, formic acid) followed by

. deionization.

_ The N-(2-hydroxypropyl) derivatives of Formula
III are transformed in Step 4 to base-protected
derivatives of Formula V using any of a variety ot
methods generally available for the purpose, such as
selective N-acetylation, N-benzoylatien, reaction with
dimethyformamide dialkyl acetals, N-tritylation, reaction
with 3,4-dihydro-2H-pyrane and the like.

In Step 5 of Scheme 1 the protected
intermediate of Formula V is converted to the alkoxide
anion by treatment with a suitable base, such as alkali
metal hydride, in a non-reactive'selvent, such as
dimethylformamide, and the alkoxide is treated with
dialkfl p-toluenesulfonj1oxynethy1phosphonate'(Fornula
IV). Preferably the phosphonate esters are of 2-propyl
alcohol. The reaction is performed by stirring a mixture

. of ‘the Formula V. intermediate with the tosyl derivative
. of’ Formula IV in the presence ‘of three equivalents

(relative to intermediate V) of alkali hydride, e.q., NaH
or rn or other suitable reagents at temperatures ranging
from -10°C to 80°C, mostly from 0°C to 20°C. The

- reaction lasts from several hours up to several days,

depending on the nature and concentration of the reaction
components. Since gaseous hydrogen is evolved during the

ireaction, it is essential to work in an open systen with

suitable protection against moisture.
Protecting groups are then removed from B’ and
the phosphonate ester linkages are nydrolyzed. Removal
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of the protecting groups from B’ in Step 6 can be
achieved by generally acceptable methods such as
methanolysis, acid hydrolysis, etc. Alkali labile groups
can be removed simply by dilution of the mixture with
methanol. The resulting diester of Formula VII is
isolated by silica gel chromatography, or using other
suitable supports, or contaminating non-nucleotide
materials may be removed by deionization on catien
éxchangers, such as Dowex 50, or, by hydrophobic silica
chromatography. The purified intermediate of Formula VII

'is then hydrolyzed, in Step 7 for example, by treating

with a halotrialkylsilane, such as bromotrimethylsilane
or iodotrimethylsilane in a polar aprotic solvent such as
acetonitrile or DMF for 4-20 hours at room temperature.
Volatiles are then evaporated in vacuo and the final
product may then be obtained by further purification and
isolation techniques depending upon its character. Ion
exchange chromatography making use of the presence of
negatively charged phosphonate group is preferred.

Alternatively, compounds of Formula I can be
prepared by Reaction Scheme 2. |

30

35
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SCHEME 2
* ’ *
CH,-CH~CH,OH - >  CHy~CH-CH,0CH,C¢H,
I Step 1 | :
O, o~
X . : _ XIX
Step 2
0, | . !
CH,-CH-CH,0CH,CH; < CH,~CH~-CH,0CH,CH;
| Step 3 |
OCH,C1 OH
XIV _ XII1X
15 '
Step 4
1
* . * ‘
CH,~CH-CH,OCH,CH; > CH,~CH-CH,0H
20 | Step 5
OCH,P (O) (OR), | OCH,P (0) (OR),
. - 4 | | xVI
. Step 6
_ . _ .
B-CH,CH-CH, < CH,~CH~CH,OTs
- Step 7 |
OCH,P (O) (OR), , OCH,P (0) (OR),
0 vVII xvII
$
IA or IB
35
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In Scheme 2, the synthon of Formula XVII is
ultimately used to provide the chiral PMP precursor. It
bears a leeving tosyl group and can be used for
alkylation of the heterocyclic base or its protected
derivative to afford Formula VII, the protected diester .
form of the compounds of the invention. . .

In Reaction Scheme 2, as in Reaction Scheme 1,
a resolved form of 2-0-(tetrahydropyranyl)-propane-1,2-
diol of the Formula X provides the required resolved
enantiomer. The resolved compound of Formula X affords,
in Step 1, on benzylation under standard conditions, e.g.
with benzyl bromide in the presence of sodium hydride in
DMF, the benzyl ether XII which is then transformed by

~acid hydrolysis in Step 2 to the resolved enantiomeric 2-

O-benzylpropane-1,2-diocl of the Formula XIII. Either
enantiomer (a distillable oil) affords, in Step 3, on
chloromethylation with 1,3,5-trioxane or paraformaldehyde
in the presence of hydrogen chloride an intermediary
chloromethyl ether of the Formula XIV which is, without
purification, transformed in Step 4 into the phosphonate
diester XV by heating with tri(2-propyl)phosphite with
simultaneous removal of 2-propyl chloride. Though the
intermediate of the Formula XV is distillable in a high

vacuum, this procedure may result in racemization.
Partially purified products of this reaction are then

hydrogenolysed under standard conditions such as
hydrogenation in the presence of palladium-on-charcoal
catalyst in methanol and the intermediary diester of the
Formula XVI resulting from Step 5 is, without isolation,

transformed in Step 6 into the tosyl derivative XVII by

the action of tosyl chloride in pyridine.

The sequence X-->XVII involves six steps, but
does not require purification of the intermediates. All
reactions proceed with high conversion so that the over-
all yield of the sequence exceeds 40%. 2-propyl esters

This Shcet Has Been Replace
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of the phosphonate are preferred, but other phosphonate
protecting ester groups such as methyl, ethyl, benzyl and
cyclic diesters can be used to the same effect. Also the
tosyl group in the synthon of the Formula XVII could be
replaced by other leaving groups, as for example mesyl,
triflyl, p-nitrophenylsulfonyl, etc. '

Step 7 of this synthetic sequence consists in
the alkylation of the heterocyclic base by the synthon of
the Formula XVII. It requires an equimolar amount of the
base relative to the heterocycle. The alkylation is best
performed in DMF at increased temperature with either a
sodium salt generated from the heterocyclic base by
sodium hydride reaction or, alternatively, with a mixture
of the heterocyclic base and a slight excess of potassium
carbonate or, to an advantage, cesium carbonate. The
reaction can be made either with unprotected or protected
(e.g. N-benzoylated) bases or their precursors as |
mentioned in the description of the reaction according to
the Scheme 1. '

The protected intermediates of the Formula VI
can be applied to advantage for transformations at the
heterocyclic base to afford a wide variety of additional
compounds of the Formula I. The reactivity of the halogen

' (e.g. chlorine) atom at position 6 of the 2-amino-6-
. chloropurine derivative of the Formula VII is applicable

for the preparation of a wide variety of 6-substituted 2-
aminopurine compounds; thus, by heating with sodium or

- 1ithium azide it is possible to prepare the 2-amino-6-

azidopurine derivative which can be further reduced to
the 2,6~-diaminopurine compound. Alternatively, treatment
of the chloro derivative with thiourea affords the 6-
thioguanine compound, whereas its reaction with primary
or secondary amines provides Né-substituted or
disubstituted 2,6-diaminopurine derivatives.

This Sheet Has Been' RTlaced
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An analogous transformation is applicable also
to the diesﬁé; of the Formula VI derived from 6-
chloropurine where it leads ultimately to the compounds
of the Formula I containing é6-mercaptopurine or N6-mono-
or disubstituted adenine. | -

The alkylation proceeds rapidly and the
required intermediate of the Formula VII can be easily
isolated from the reaction mixture and purified by
chromatography. Further processing of these
intermediates leading to the compounds of the Formula IA
and IB is identical with the procedure described in the
Schenme 1. _

An advantage of this method of preparation of
the Formula I compounds over the method described by the

‘Scheme 1 consists, in addition to the possible avoidance

of base protection, in the elimination of acidic
conditions which are essential for the preparation of the
intermediary N-(2-hydroxypropyl) derivatives of the
Formula II, as well as of any other deprotection except
for ultimate halotrimethylsilane treatment. The

_alternative procedure can thus be applied for the

syntheses of compounds of the Formula I bearing sensitive
heterocyclic bases.

. In respect to both reaction 8chenes 1 and 2,
the compounds of the . invention may be prepared by
alkylation of the desired heterocyclic base B as shown,
or, in certain cases, by alkylation of a precursor of B.
Thus, guanine derivatives can be best synthesized via
alkylation of 2-amino-6-chloropurine followed by acid
hydrolysis. of the C-Cl linkage. Cytosine derivatives can
be synthesized by direct alkylation of cytosine in the
presence of cesium carbonate in a modest yield; better
yields are obtained by the ammonclysis of an intermediate
formed by alkylation of 4-methoxy-2-pyrimidone with .
synthon XI.
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similar subsequent changes at the heterocyclic
base can be performed with the final products of the
Scheme, i.e. the compounds of Formula I which are the
subjects of the invention: adenine, 2,6-diaminopurine or
guanine derivatives can be transformed by deamination
with nitrous acid or its esters to the corresponding
hypoxanthine, 2-hydroxyadenine or xanthine derivatives;
similarly, .uracil derivatives can similarly be converted
to cytosine derivatives. Further transformations of the
compounds of the Formula I can be realized with routine

_methods of nucleic acid chemistry: e.g., reaction of the

adenine moiety with chloroacetaldehyde will afford the
N1,6-etheno derivatives; bromination of purine base to
obtain the 8-bromo derivatives; N-alkylation of the NH-
functions in both the purine and pyrimidine compounds,
etc. None of these subsequent transformations concerns
any changes at the side chain or the phosphonate group of
the compounds of Formula I.

It will be recognized that the internediate
compounds that are parts of the pathways of Schemes 1 and
2 are themselves novel compounds and therefore are part
of the invention.

An advantage of using the processes of Schemes

.1 and 2 _.consists in the utilization of starting materials
of the Fornula X, which are easily available in optically .

pure forms. The reaction sequence to prepare the chiral
synthon X used both in Scheme 1 and Scheme 2 is described
in Scheme 3. '
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CH,~CH-COOR >  CH,-CH-COOR

VIII IXx

The crucial step of every asymmetric synthesis
depends on the availability of optically pure chiral
starting materials. The method used in the present
invention makes use of commercially available (Merck)
enantiomers of lactic acid ilkyl esters of Formula VIII.
These esters are first protected at the hydroxyl function
by tetrahydropyranyl group; this reaction is performed
without solvent by direct addition in the presence of an
acid catalyst. The esters of the Formula IX are obtained
by fractionation in vacuo. These intermediates are
reduced by lithium aluminum hydride in ether or by bis(2-
methquethoxy)aluninun hydride in ether or other inert
solvents to the compounds of Formula X.

Bioloaical Activity and Uses

The enantiomerically resolved compounds of the
invention display significant antiretroviral activity
both in vitro and in vive. Their in vitro efficacy was
demonstrated on human immunodeficiency virus type 1 (HIV-
1) and type 2 (HIV-2) in MT4 and CEM cells, as well as on
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Moloney murine sarcoma virus (MSV) in C3H/3T3 cells.
Their jn vivo efficacy was proven in MSV infected NMRI
mice, where the compounds markedly postponed the mean day
of tumor initiation and substantially prolonged the mean
survival day, both upon parenteral and oral
administration. '

. The compounds of the invention have several
advantages over the prototype compounds (PMEA, PMEADAP,
PMEG) and/or FPMP derivatives, e.g., FPMPA, FPMP-DAP),
and most relevant, unresolved PMPG + PMPA: (a) their
antiretroviral activity is clearly separated from other
antiviral activities (e.g. against herpes viruses); (b)
their antiretroviral activity is not due to cellular
toxicity. Consequently, the in vitro therapeutic. index
of these compounds is much higher than those of the
prototype compous:ds and reaches a value of >2000 in some
of the cases. Such compounds can be ideally suited to a
long-term treatment of chronic diseases, e. g. AIDS.

The struc:ures of the test compounds presenting
the subject of this invention are completely unrelated to
any of the compounds currently used in clinical trials of

AIDS patients. This will avoid cross-resistance of these

compounds against those virus strains that became

Jresistant to such treatnent, e.g., AzT, pbI, DDC, TIBO,
.fnevirapine, "pyridinone,. etc.

‘The bioclogical activity of these compounds is
highly enantiospecific. Generally, the (R)?enantiomers
are. responsible for the antiretroviral activity. The
activity of (S)-enantiomers in the guanine series is
accompanied by a substantially increased toxicity.

The compounds of the invention can be applied
for the treatment of diseases caused by retroviruses,
e.g. hh#an immunodeficiency viruses (AIDS), human T-cell
leukemia virus (hairy cell leukemia, acute T-cell
leukemia (HTL)). Since the molecular target of antiviral
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action of these compounds is the virus-encoded reverse
transcriptase, they should also have anti-hepadna virus
activity (e.g. hepatitis B virus).

The compounds of this invention also are useful

- 5 as intermediates in the preparation of other compounds
useful in in vitro methods. For example, the compounds
containing bases capable of Watson-Crick base pairing are
diphosphorylated by known methods and employed as

) analogues to dideoxy NTP’s heretofore conventionally used

10 in hucleic acid sequencing. The compounds of this
invention function as nucleic acid chain terminators, as
do dideoxy NTPs. Other uses based on this property will
be apparent to the ordinary artisan.

The compounds of this invention also are useful
i5 in preparative or diagnostic methods based on
oligonucleotide or nucleic acid hybridization. For
example, the compounds are converted to monomers suitable
for incorporation into oligonucleotides using non-
enzymatic synthetic methods, e.g. H-phosphonate or

20 phosphoramidite chemistries. The monomers then are used
as the 3’ terminal base in oligonucleotide synthesis
using such methods. The PMP portion of the monomer, any
modified base present in the nonomér.-or both are readily

_ available for recoqnition and bind;ng by an antibody.

25 ° The antihody “in turn is labelled (for detecting
hybridization of_mononer-lahcllod probe to a target
analyte sequence or the antibody is immobilized (for
preparative separation of probe-bound nucleic acid).
Exemplary methods of this sort are further described in

30 EP 144,913,; EP 146,039; WO 85/02415,; UK 2,125,964A;
they do not require that the monomers of this invention
'be capable of Watson-Crick base—pairinq or that they be
recognized by any polymerase.

The compounds may be administered topically or

35 systemically i.e. orally, rectally, intravaginally and
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parenterally (by intermuscular, intr;venous, subcutaneocus
and nasal routes). Generally, the oral application will
require a larger quantity of the active ingredient to
produce a therapeutic effect comparable with quantity
given parenterally. _

. Pharmaceutical compositions for the treatment
of human retroviral diseases will conprisé at least one
compound of the Formula IA or IB or a pharmaceutically
acceptable salt thereof, generally comprising 95 to 0.5%
wt/wt of the composition in combination with a
pharmaceutiéally acceptable carrier and non-toxic inert
adjuvant. Other therapeutic agents can also be present.
Additionally, mixtures of compounds of formulas IA and/or
1B can be employed, provided that each member of such

. mixture is substantially free of its enantiomer.

Pharmaceutical compositions containing
compounds of the Formula I are conventionally prepared as
tablets, lozenges, capsules, powders, agueous or oil
suspensions, syrups and aqueous solutions. The compounds
can be formulated for a variety of modes of
administration including systematic, topical or localized
administration. Techniques and formulations generaily |
may be found in Remington’s Pharmaceutical Sciences, Mack
Publishing CO,,lgaston, PA, latest edition. The active

diluent or excipient which may include fillers,
extenders, binders, wetting agents, disintegrants,
surface-active agents, or lubricants, depending on the

. nature of the mode of administration and dosage forms.

Typical dosage forms include'tablets, powders, liguid
preparations including suspensions, emulsions and

-solutions, granules, capsules and suppositories, as well

as liquid preparations for injections, including liposome
preparations.

This Sheet Has Been RTlaced

(OO




WO 94/ 034§7 . _ PCT/US93/07360

10

15

20

' '.25'.""'

30

35

=24

For systemic administration, injection is
preferred, including transmuscular, intravenous,
intraperitoneal, and subcutaneous. For injection, the
compounds of the invention are formulated in liquid
solutions, preferably in physiologically compatible
buffers such as Hank‘’s solution or Ringer’s solution. 1In
addition, the compounds may be formulated in solid form
and redissolved or suspended immediately prior to use.

‘Lyophilized forms are also included. Systematic

administration also can be by transmucosal or transdermal
means, or the compounds can be administered orally. For
transmucosal or transdermal administration, penetrants
appropriate to the barrier to be permeated are used in
the formulation. Such penetrants are generally known in
the art, and include, for example, bile salts and fusidic
acid derivatives for transmucosal administration. 1In
addition, detergents may be used to facilitate
permeation. Transmucosal administration may be through
use of nasal sprays, for axample, or suppositories. For
oral administration, the compounds are formulated into
conventional oral administration forms such as capsules,

“tablets, and tonics.

For topical administration, the compounds of
the invention are formulated into ointments, salves,
gels, or creans, as is qenerally known in the art. The
compounds may also be administered for ophthalmic or
ocular indications when appropriately formulated.

The effective dose of active compound of the
present ‘invention is expected to be about 0.01-50 mg/kg
body weight with preferred range of 1 to 20 mg/kg. The
dosage in clinical applications must be professionally
adjusted considering age, weight and condition of the
patient, the route of administration, the nature and
gravity of the illness. Generally, the preparations are
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expected to be administered by oral route from about 100
mg. to about 1000 mg per day, one to three times a day.
The compounds of the invention, their methods
of preparation and their biological activity will appear
more clearly from the examination of the following
examples which are presented as an illustration only and
are not to be considered as limiting the invention in its
scope. All melting points have been estimated with the
use of Kofler’s block and are uncorrected. Solutions
were evaporated at 40°C/2kPa when not specified. Thin-
layer chromatography was made with the use of silica
plates containing fluorescent indicator; detection by UV-
light. The nuclear magnetic resonance (NMR) spectral
characteristics refer to chemical shifts (§) expressed in
parts per million (ppm) vs. tetramethylsilane (TMS) as
reference compound. The multiplicity of signals is
reported as singlet (s), doublet (d), doublet of -oublets
(dd), multiplet (m), triplet (t) or quartet (q); other
abbreviations include broad (br) signal, aromatic protons
(arom.), d,~DMSO for hexadeuteriodimethylsulfoxide, D,0
for deuterium oxide, NaOD for sodiun deuteride and CDc1
for deuteriochloroform. Other abbreviations are
conventional.
| The following examples are intended to

jillustriée but not to limit the invention.

I. SYNTHESIS OF INTERMEDIATES OF FORMULA II
A. Resolved Formula XI precursors

Example 1

i.2-diol. :
A mixture of isobutyl (R)-lactate (73 g, 0,5
mol, Merck) and 3,4-dihydro-2H-pyran (70 g, 0,83 mol,
Merck) was treated with 5M hydrogen chloride in
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dimethylformamide (4 ml) and set aside at ambient
temperature overnight in calcium chloride protected 250
ml round-bottom flask. Silver oxide (15 g) was added,
the mixture stirred magnetically for 2 hours and then
S filtered. The product was isolated by distillation (13
Pa, b.p. 94-96°C) to provide isobutyl 2-0-
tetrahydropyranyl-(R)~-lactate (102.5 g, 89 %) as a
colorless oil.
A 1 1 3-necked round-bottomed flask w;s oven
10 dried and equipped with reflux condenser with calcium
chloride protection tube, 250 ml dropping funnel and
magnetic stirring rod. It was then charged with a
suspension of lithium aluminum hydride (15.8 g, 0.415
mol) and ether (500 ml, distilled from phosphorus
15 pentoxide) and placed in ice~water bath. '
A solution of isobutyl 2-0-tetrahydropyranyl-
(R)-lactate was added dropwise under stirring at such a
speed that the mixture was continuously in mild reflux
(approx.30 min.). The cooling bath was removed and the
20 mixture stirred in reflux for additional 3 hours by
applying an external heating. It was then cooled again-
by ice-water bath and ethyl acetate (75 ml) was added
during 20 minutes followed by water (15 ml) and 4M NaCH
(15 ml). The resulting mixture was then filtered by
25 suction over a layer of Celite 521 (Janssen) and washed
with chloroform (500 ml). The combined filtrate was
taken down in vacuo, the residue redissolved in ether
(300 nl) and anhydrous magnesium sulfate (50 g) added.
After standing overnight at ambient temperature, the
30 mixture was filtered by suction, washed with ether (200
ml) and the filtrate stripped of the solvent in vacuo.
The remaining oil afforded by distillation (13 Pa, 75~
76°C) 2~-0-tetrahydropyranyl=-(R)-propane-l,2-diol (67.5 g,
0.422 mol, 95%) as a colorless oil.
a5

This Sheet Has Been Reﬂ

HIIIIH U]




WO 94/03467 _ PCT/US93/07360

10

15

20

25
' ° calculated: €,57.30; H,7.05; §,10.20. Found: C,57.15;

30

35

A solution of 2-0-tetrahydropyranyl-(R)-
propane-1.2-§1o1(67.2 g, 0.42 mol) in pyridine (600 ml)
was placed in a 2 1 round-bottom flask with magnetic
stirring rod and 500 ml dropping funnel with a side-
tubing, protected by calcium chloride tube.
4-Dimethylaminopyridine (2 g) was added, the flask was
placed in an ice~water cooling bath and a solution of
p-toluenesulfonyl chloride (91 g, 0.477 mol) in pyridine
(300 ml) was added over 1 hour under stirring. The
nixture was stirred under ice-cooling for additional 3
hours and left to stand overnight in a refrigerator at
4°C. Water (20 ml) was then added to the mixture and,
after standing for 1 hour, pyridine (approx. 300 ml) was

distilled off in vacuo. The residue was diluted by ethyl

acetate (2.5 1) and shaken with water (300 ml). After
separation of the lower agueous layer, the organic phase
was washed with water (two 300 ml portions), evaporated
in vacuo and the residue co-evaporated with toluene (four
250-ml-portions) in vacuo. The remaining amber oil was
purified by chromatography over silica gel (eluting with
chloroform) to afford 122 g (0.39 mol, 93%) of (R)-2-0-
tetrahydropyranyl-1-0-p-toluenesulfonylpropane-1,2 diol
as a thick colorless oil, Ry 0.60 (TLC, chlorofornm).
This product was stored at +4°C for several months
without obvious decomposition. For C,5H,,08 (MW 314,4)

H,7.22; §,10.52.

Example 2
l.2=djol. |
A mixture of ethyl L-(~)lactate (59 g, 0.5 mol,
Merck) and 3,4-dihydro-2H-pyran (70g, .0.83 mol) was
treated and worked up exactly as described in Example 1
to afford, after distillation (2 kPa, 102-104°C) ethyl
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z—o-tetrahydropyranyl-(S)—lactate (98 g, 0.485 mol, 97%)
as a colorless oil.

This material (91 g, 0.45 mol) was treated with
lithium aluminum hydride as described in Example 2 to

afford after distillation (13 Pa, 72-75°C) 2-0~-

tetrahydropyranyl-(S)-propane-1,2-diol (67,79, 0.423 mol,
94%) as a colorless oil.

Following the conditions described in Exanple
1, 2-0-tetrahydropyranyl-(S)-propane-1,2-diol (67.2 g,
0.42 mol) was transformed in (S)-2-o-tettahydropyrsnyl-l-
0-p-toluenesulfonylpropane-~l,2-diocl. The purificaéion by
chromatography on silica gel (elution by chloroform) gave
the product (121 g, 0.386 mol, 92%) as a thick colorless
oil, chromatographically (TLC, RF 0.60 in chloroform)
homogeneous. For °15“zz°ss (MW 314,4) calculated: -
c,57.30; H,7.05; S,10.20. Found: C,57.50: H,7.33;
S$,9.95. '

B. Formula II compounds

Example 3

A suspension of finely ground adenine (13.6 g;

'0.1mol) and cesium carbonate (16.4 g; 0.05 mol) in
: dinathyltornanide (400 nl, distilled from phosphorus

pentoxide) was placed.in 11 round-bottom flask equipped
with 250 ml dropping funnel and calcium chloride
protecting tube. The mixture was preheated at 100°C and
a solution of (S)-(2-0-tetrahydropyranyl-1~0-p-
toluenesulfonyl)propane~-1,2-diol (31.4 g, 0.1 mol) in
dimethylformamide (200 ml) was added dropwise under
magnetic stirring over 30 minute period. The resulting
clear solution was heated at 100°C for additional 6
hours, cooled down and the solvent distilled off at
50°C/13 Pa. The residue was extracted with boiling-
chloroform (three 300-ml-portions), filtered and the
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filtrate taken down in vacuo. The residue afforded by
crystallization fxom boiling ethanol 9-(S)-(2-0-
tetrahydropyrany1oxypropy1)adenine (13.2 g,-0.048 mol,
48%) m.p. 172°C. Ry 0.40 (TLC, chloroform-methanol, 4:1).
For 0138198502 (277.3) calc. C 56.30, H 6.91, N 25.26;
found C 56.46, H 6.82, N 25.57. lH-NMR (200 MHz, d6-
DMSO): H2,H8 : 2 x 8, 8.14 and 8.04; NH2: br 8, 7.20; 1/~
CHZ: dd, 1H, 4.23 (J1,2 = 3.2, Jgem = 13.7) and 44, 1H,
4,11 (J1,2 = 7.1): 2’-CH: m, 1H, 4.06; 3'-cn3: d, 3H,
1.12 (33,2 =6.1); tetrahydropyranyl 1"-CH: dd, 1H, 4.28
(IJ=2.9, 4.4); 5-C32= ddd, 1H, 3.72 (J=3.9, 7.8, 11.5) and
ddd, 1H, 3.34 (J=4.9, 5.1, 11.2); additional CH2: m, 6H,
1.20-1.65. '

A solution of 9~(S)-(2-0- .
tetrahydropyranyloxypropyl)adenine (13 g, 0.047 mol) in
0.25M sulfuric acid (300 ml) was left to stand overnight
at ambient temperature and neutralized with saturated
aqueous barium hydroxide solution to pH 7.0-7.1 (with the
use of pH-meter). The resulting suspension was brought
to 80°C and after standing for 30 minutes filtered
through a layer of Celite 521 (Janssen) and the f
precipitate washed with boiling water (500 ml). The
combined filtrate and washings were evaporated to dryness

;1_in vacuo,. the residue coavaporated with ethanol (two 200
‘ml- portions and crystallized from boiling ethanol (ether
‘added to turbidity). ‘The product was collected by

giltration to give 9-(S)=-(2-hydroxypropyl)adenine (7.7 g,
0.04 mol, 85%), m.p.202°C. For C H11 5o (MW 193,2)
calc.: C 49.73, H 5.74, N 36.25; found C 49.59, H 5.54, N
36.29. [(a)y=-41,0° (c=0.5, 0.1M HCl). JH-NMR (200 MHz,
ds-DMSO)a H2,H8:2xs8, 2H, 8.14 and 8. 05; NHZ: br s, 2H,

3.97-4.13; Cl{s:' 4, 3H, 1.06 ‘JCI'I3 CH =5.6).
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Example 4

The condensation of adenine (13.6 g, 0.1 mol)
and (R)~-(2=-0-tetrahydropyranyl-i-0-p-
toluenesulfonylpropane-1,2-diol (31.4 g, 0.1 mol) was
performed in the presehce of cesium carbonate (16.4 g,
0.05 mol) as described in Example 3. After extraction by
boiling chloroform, the crystallization of the residue
from ethanol (ether added to turbidity) afforded 9-(R)-
(2-0-tetrahydropyranyloxypropyl)adenine (14.6 g, 0.053

' 13819M50, (277.3) cale. ¢
§6 .30, H 6.91, N 25.26; found C 56.57, H 6.71, N 25.41.
H~NMR spectrum (200 MHZ, ds-DHSO) closely resembles to
that of 9~-(S)~- (2-tetrahydropyranyloxypropy1)adenine
(Example 3).

A solution of 9-(R)~-(2-
tetrahydropyranyloxypropyl)adenine (14.0 g, 0.05 mol) in
0.25 M sulfuric acid was left to stand overnight at
ambient temperature and worked-up as described in Example
3. The product was isolated to give 9-(R)-(2~
hydroxypropyl)adenine (8.1g, 0.042 mol, 84%), m.p. 202°C.

For Cal-lll 50 (MW 193,2) calc. € 49.73, H 5.74, N 36. 25,

found C 49.80, H 5.64, N 36.44.

H-NHR spectrun (200 MHz, ds-DHSO) is identical with that

fiof the (S)-cnantioner (Exaﬁplc 9). [al=+40, 8° (c=0.5,

0.1M HCl).

Example S5

A suspension od 2,6-diaminopurine (1S g, 0.1
mol) and cesium carbonate (16.4g, 0.05 mol) in
dimethylformamide (250 ml) was placed in 500 ml round-
bottom flask with magnetic stirring rod and calcium
chloride protecting tube and preheated to 100°C. (R)-(2-
O--tetrahydropyranyl-i-0-p-toluenesulfonylpropane-l1,2-
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diol (32,8 g, 0.104 mol) was added in one portion and the
mixture stirred at 100 °C for 20 hours. The solvent was
evaporated at 50°C/13 Pa and the residue extracted with
boiling chloroform (three 300-ml-portions). The filtrate
was separated on silica gel column (500ml), the product
eluted by chloroform-methanol mixture (95:5), affording,
after crystallization tfon ethyl acetate (ether added to

turbidity), 9-(R)-(2-tetrahydropyranyloxypropyl)-2,6-

diaminopurine (14.2 g, 0.0485 mol, 48.5%), m.p.150-152°C.
For 0133203602 (292;3) calc. C 53.41, H 6.90, N 28.76;
found C 53.27, H 7.02, N 28.77.

A solution of 9-(R)~(2~
tetrahydropyranyloxypropyl) -2, 6-diaminopurine (11.7 g,
0.04 mol) in 0.25M sulfuric acid (400 ml) was left to
stand overnight at ambient temperature, neutralized with
aqueous ammonia and concentrated in vacuo. The solution
was applied onto a column of Dowex 50X8 (250 ml, 100-200

mesh, acid form) and the column washed with water until

~ the Uv-absorption and conductivity of the eluate dropped

to the originai values. The product was eluted by
diluted (1:10) agqueous ammonia, the UV-absorbing eluate
was collected and taken down in vacuo. The residue gave
on crystallization from ethanol 9-(R)-(2-hydroxypropyl)-

.hz,s-diaminopurin. (6 5 g,_o 031 mol, 77. 5%), m.p. 192°C.
*?Por C.H

o (208 2) calc. -C 46. 15, H 5. 81, N 40.37;

gl o6

“founa ¢ 45.97, H 5.72, N 40.56. 1H-NHR-spectrum (200

MHZ, ds-UHSO) -8, 1H, 7.62; Nﬁz: 2xbr s, 2x2H, 6.65 and
$.77; OH: br, iH, 5.05; 1'—Cﬂz' ad, 1H, 3.90 (31 2-3.9,
’
gem 13.7) and 3.80, dd 1H (Jl 2 =7.6, Jgem=13.7); 2/=CH:
m, 1H, 3.95; 3'-C83. 4a, 3H, 1. 04 (33 2‘6,19). [u]DS-
’ .

40,7° (c=0.5, 0.1M HCl).
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The synthesis was performed in analogy to
Example S, with (S)-2-0-tetrahydropyranyl-1i-O0-p-
toluenesulfonylpropane-1,2-diol (34,5 g, 0.11 mol). The
crude reaction product was dissolved in 0.25 M sulfuric
acid (300 ml) and left to stand overnight at ambient
temperature. The mixture was alkalized by ammonia and -

- evaporated in vacuo to a volume of approx. 150 ml which
- was then applied onto a column (300 ml, 100-200 mesh) of

Dowex 50X8 (acid form). The column was washed thoroughly
with water till the disappearance of UV-absorption of the
eluate. Subsequent elution with dilute (1:10) ammonia
afforded UV-absorbing fraction which was taken down in
vacuo and crystallized fror methanol to give crude 9-(S)~
(2-hydroxypropyl)-2,6-diaminopurine (content, > 95%; 9.2 .
g, 0.044 mol, 44%) which was used in the subsequent
synthetic step. [a@),=+41,2° (c=0.5, 0.1M HCl) .

Example 7

A suspension of 2-amino-6-chloropurine (18.6 g,
0.11 mol, Mack) and cesium carbonate (17.99, 0.055 mol)

--Qin dinethyltornamide (350 ml) was stirred at 100°C under
'calcium chlorida protaction tube and a solution of (R)-

(2-o-tetrahydropyranyl—1-o-p—toluenesultonylpropane—1 2-
diol (42 g, 0.134 mol) in dimethylformamide (100 ml) was
added dropwise over 30 min. interval. The mixture was

stirred at 100°C for additional 6 hours, cooled and

evaporated at 50°C/13 Pa. The residue was extracted with
boiling chloroform (three 300-ml-portions) and the
extract concentrated in vacuo. This material was applied
onto a column of silica gel (500 ml) in chloroform and

‘eluted by the same solvent. The relevant UV-absorbing .
fractions were pooled, evaporated and dried in vacuo. 9-
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(R) - (2-tetrahydropyranyloxypropyl) -2-amino-6-chloropurine
was obtained as yellow amorphous foam, Rr 0.64 (TLC in
chloroform-methanol, 95:5) (10.7 g, 0.034 mol, 31%). For
Cy4H, gClNg0, (311.8) calc.: C 50.08, H 5. 82, €1 11.37, N
22.47; found C 49.92, B 6.08, Cl 11.44, N 22.54. IH-NMR
spectrum (200 MHz, 46-DMSO): H-8: S, 1H, 8.06; 1/-CH2:
ad, 1H, 4.01 (J;, 3,73, Jgqu=14. .2) and d4d, 1H, 3.94
(Tyw, g0 =54y Jggn=14-2); 27-CH : m, 1H, 3.42; 3/-CH3 :4,
3H, 1 06 (33, Y =5,.4); tetrahydropyranyl: 1’’-CH: dd,
1H, S.07 (J=2.9, 8.3); 5%-CH2: m, 4.02 and dt, 1H, 3.80
(J=2.0, 2.0, 11.7); other CH2 : m, 1.30-1.90.

A solution of 9=-(R)~(2~
tegrahydropyrany1oxypropyl)-z-anino-s-chloropurine (10 g,
0.032 mol) in 1M hydrochloric acid (200 ml) was refluxed
under stirring for 1 hour, cooled, alkalized with ammonia
and evaporated in vacuo. The residue was crystallized
from boiling water (decolorized with active charcoal) to
afford 9-(3)-(2-hydroxypropy1)guanine (6.0 g, 0.029 mol,
91%), m.p.255°C. ror~csnllusoz (209.2) calc. C 45.92, H
5.30, N 33.48; found C 46.02, H S. 25, N 33.41. 1H—HNR
spectrun (zoo MHz, ds-DHSO)' NH: br, iH, 10.80; H-8: s,
1H, 7.61; anz br s, 2H, 6.74; OH: br, 1H, 5.05; 1'-CH2
dd, 1H, 3.89 (Tyr,20™3:7¢ Tgqu=13- 4) and d4d, 1H, 3.78
-7 8; Jg -13 4), 3'-C33. d, 3H, 1.03-

-6 1) [a] -35 7¢* (c=0.5, 0. 1H HCl).

1" 27
30

Example 8
To a slurry of 4 g (0.1 mol) of 60% NaH
dispersion in mineral oil(Janssen) in distilled
dimethylformamide (300 ml) in a 1l-round -bottom flask

‘equipped with calcium chloride protecting tube was added

in one portion 2-amino-6-chloropurine (17.5 g, 0.1
mol,Mack) and the mixture was magnetically stirred for 1
hour at ambient temperature. (S)-(2-0-Tetrahydropyranyl-

Sheet Has. Been RTlaced

“THm I




WO 94/03467 ) | - ' PCT/US93/07360

10

15

20

25

30

35

-34-

1-0-p-toluenesulfonylpropane-1,2-diol (34.5 g, 0.11 mol)
was then added in one portion and the mixture stirred at
60°C for 3 hours and at 80°C for 8 hours. The solvent

' was then removed at 50°C/13Pa and the residue triturated

with boiling chloroform (two 300 ml portions) and
filtered. The filtrate was chromatographed on a silica
gel column (300 ml) to give 9~(S)~(2~-0-
tetrahydropyranyloxypropyl)-2-amino-6-chloropurine (10.9
g, 0.035 mol, 35%) as an amorphous foam. This material
was refluxed in a mixture of 2M hydrochloric acid (100
ml) and dioxane (100 ml) for 1 hour, cooled, neutralized
with agqueous ammonia and evaporated in vacuo. The
residue afforded by crystallization from water
(decolorized with active charcoal) 9-(S)~(2-
hydroxypropyl)guanine (5.7 g, 0.027 mol, 77%), m.p.256°C.
For Csﬁll. Nsoz (209.2) calc. C 45.92, H 5.30, N 33.48;
found C 45.88, H 5.25 N 33.41. LH-NMR.spectrum (200 MHz,
d -DMSO) was identical with that of the (R)-isomer.
(a]y=+36,2° (c=0.5, 0.1M HCl).

Example 9

A mixture of cytosine (8.5 g, 76 mmol, Fluka),
cesium carbonate (13 g, 40 mmol) and (R)=-2-0-
tetrahydropyranyl—l-o-tholuenesulfonylpropane-l,2-diol
(24 9,76 mmol) in distilled dimethylformamide (300 ml)
was stirred at 100°C for 12 hours and filtered while hot. -
The filtrate was stripped off the solvent in high vacuum
and the residue triturated with boiling chloroform (three
200-ml-portions) and filtered. The filtrate afforded by
chromatography on a silica gel column to give 1-(R)-(2-

'tetrahydropyranyloxypropy1)cytosine (4.6 g, 18 mmol,
| 23.5%), m.p.259-260°C (crystallized from ethyl acetate-

petroleum ether mixture). For cunlsnso3 (MW 253,3)

calculated: C,56.89; H, 7.57; N, 16.59; found: C, 55.80;
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H, 7.72; N, 16.85. 'H-NMR (200 MHZz, ds-DHSO) (mixture of
diastereomers, 3:1), major isomer: H-5: 4, 1H, 5.73

(J5 &=7-3), H-6: 4, 1H, 7.52 (J5 ¢~7-3); 4, 3H, 1.13
(J-S 1), NH2: br s, 2H, 6.98; tetrahydropyranyl C-1" : br
t, 1H, 4.36 (J=3.2); other an groups : m, total 10H,
1.20-1.70, 3.26-3.54, 3.72-4-01.

A solution of 1-(R)-(2-
tet:ahydropyranyloxypropy1)cytosinc (4.0 g, 16 mmol) in
0.25 M sulfuric acid (50 ml) was left to stand it ambient
temperature overnight and neutralized with saturated
aqueous barium hydroxide solution to pH 7.0-7.1. The
suspension was warmed to 80°C, filtered through a layer
of Celite 521 (Janssen) and the filter washed with
boiling water (500 ml). The filtrate was taken down to
dryness in vacuo and the residue codistilled with éthanol
(200 ml). The residue was crystallized from ethanol
(ether added to turbidity) to give 1-(R)~-(2-
hydroxypropyl)cytosine (2.5 g, 15 mmol, 94%), n.p.246'c.
For C7311 3 2 (169,2) calculated: C, 49.69; H, 6.55; N,
24.84; found: C, 49.48; H, 6.70; N, 24.70. ‘H-NHR-
Spectrum (500 MHz, 46-DMSO): H~S5: 4, 1H, 5.61 (35'5-7.3);
H-6: 4, 1H, 7,45 (35'6-7.3); NH2: 2x br s, 2x1H, 7.04 and
6.98; OH: br, 1H, 4.88; 1/~CH,: dd, 1K, 3.73 (J,, ,,=3.9,

gen =13.2) and dd, 1H, 3.31 (Jyu 5,78.05, Jgoy =13.2); 2/~
CB s m, 1H, 3. 82 (3-31 0), 3'-CH ¢t d, 3K, 1.08

(33,'2,86 «38) . [c] ==-107,0¢ (cso 5, 0.1M HCl).

Example 10
To a slurry of sodium hydride (4 g, 0.1 mol,

60% suspension) in distilled dimethylformamide (300 =ml)
was added under stirring 4-methoxy-2-pyrimidone (12:.6 g,
6.1 mol) and the mixture. stirred for 1 hour under
exclusion of moisture (calcium chloride protection tube).
The resulting clear solution was treated with (R) =2~0=-
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tetrahydropyranyl-1-0-p-toluenesultonylpropane-1,z-diol
(31.4 g, 0.1 nol) and the reaction mixture heated at 80°C
for 8 hours under stirring.' The solvent was then removed
in vacuo and the residue triturated with boiling
chloroform (three 200-ml-portions) and filtered. The
filtrate was purified by silica chromatography to afford
1=-(R) - (2-0~-tetrahydropyranyloxypropyl) -4-methoxy-2-
pyrimidone (16.9 g, 63 mmol, 63%) as an amorphous foam.
This product was heated with methanoli&é ammonia
(500 ml, saturated at 0°C) in a steel autoclave at 110°C
for 8 hours, cooled -and the suspension evaporated in
vacuo. The residue was dissolved in 0.25 M sulfuric (300
ml) acid and the solution warmed at 70°C for 5 hours.
The mixture was neutralized with agueous ammonia,
filtered through a layer of Celite 521 (Janssen) and the
filtrate concentrated in vacuo. The resulting solution
was applied onto a column of Dowex 50X8 (250 ml, 100-200
mesh) in acid form and the column was eluted with water
to the loss of UV-absorption of the eluate. The
subsequent elution with diluted (1:10) aqueous ammonia
afforded UV-absorbing fraction which was pooled and
evaporated in vaquo.Crystallization from ethancl gave 1-
(R) -(2-hydroxypropyl) cytosine (7.8 g, 46 mmol, 73%),

'.identical with the product prepared according to Example
9. . . L Th I Inero e

Example 11 '
9=(R) - (2-Hvdroxvpropyl) =NS-benzovladenine
A suspension of 9-(R)-(2-hydroxypropyl)adenine
(5.8 g, 30 mmol) in pyridine (160 ml) was treated with

- chlorotrimethylsilane (26 ml) and the mixture was stirred

for one hour. Benzoyl chloride (20 ml) was then added

_ and the mixture stirred for additional 2 hocurs. The

reaction mixture was placed in ice-water bath and ice-
cold water (30 ml) and concentrated agqueous ammonia (70
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ml ) were subsequently added dropwise under stirring over
15 min. The mixture was evaporated in vacuo. The
residue was codistilled with ethanol (three 150-ml~-
portions) and crystallized from boiling water. The
crystalline product was collected and recrystallized from
ethanol (ether added to turbidity) to afford 9-(R)-(2-
hydroxypropyl)-N‘—benzbyladenine (7.8 g, 26 mmol, 87%),
B.p.227°C. . Ry 0.40 (TLC, chloroform-methanol, 4:1). For
C15815N502 (297.3) calec.:C :0.59, H 5.09, N 23.56; found
C 60.73, H 5.28, N 23.47. H-NMR-Spectrum (200 MHZ, ds-
DMSO) : H2,H8: 2x 8, 2x1H, 8.73 and 8.42, N-cnz + 0-CH: n,
3H, 4.05-4.30; 3-c33: d, 3H, 1.11 (J=5.6); arom. protons
+ NH: m, 6H, 7.30~8.10. [a)gy=+21,7° (c=0.5, DMF).

Example 12
To a stirred suspension of 9-(S)-(2-
hydroxypropyl)adenine (6.8 g, 35 mmol) in pyridine (160
ml) was added chlorotrimethylsilane (26 ml) and the

mixture was stirred for 1 hour. Benzoyl chloride (20 ml)

was added in one portion, the mixture was stirred for
additional 2 hours and cooled in ice-water bath. Ice-

'_cold water (30 ml) and conc. agueous ammonia (70 ml) were
-added over 15 minute interval and the mixture stirred for

additional 30 minutes at 0°C. The solvents were

: evaporated'in'vacub and the residue codistilled with

water. After crystallization from water the product was
collected and recrystallized from ethanol to afford 9-

' (S)-(2-hydroxypropy1)-Ns-benzoyladenine (4.4 g, 15 mmol,

43%), m.p.230°C. The combined mother liquors were
evaporated in vacuo and the residue stirred with ethanol
(150 ml) for 30 minutes. The suspension was filtered and
the precipitate of inorganic salts washed with ethanol
(50 ml) and discarded. The filtrate was taken down to
dryness in vacuo and the residue triturated with
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chloroform (two 150-ml-portions) and filtered. The
filtrate was chromatographed on a silica gel column (200
ml) to afford, after crystallization from ethyl acetate
(petroleum ether added to turbidity) additional crop of
the product. Total yield, 7.4 g (25 mmol, 71.5%). For
°15“1s 502 (297.3) calec.:C 20 59, H 5.09, N 23.56; found
C 60.63, H 5.16, N 23.30. H-NMR spectrum was identical
with that of the (R)-isomer in Example 11. [a]n--zs,z-
(c=0.5, 0.1M HCl).

2
2=($)-(2-Hydroxvpropyl) -N“~benzovlguanine.

Chlorotrimethylsilane (20 ml) was added in one
portion to a sgirred suspension of 9-(R)~-(2-
hydroxypropyl)guanine (5.0 g, 24 mmol) in pyridine (130
ml) and, after 1 hour stirring, benzoyl chloride (16 ml)
was added in one portion. The nmixture was stirred for
additional 2 hours, cooled by ice-water bath and ice-
water (24 ml) followed by conc. agueous ammonia (56 nl)
were added dropwise over 10 minute interval. The

reaction mixture was stirred for additional 30 minutes

and evaporated in vacuo.The residue was triturated with

mixture of water (200 ml) and ethyl acetate (200 ml),
- filtered, washed with water, ether and dried in vacuo.
- 9=(8)~ (2-Hydroxypropy1)-Nz-benzoylguanine (3,4 g, 11

mmol, 45%) obtained was chromatographically pure: Rp 0.33
(TLC, chloroform-methanol, 4:1). nm.p.278°C. For
6153158503.2820 (349.4) calc.:C 51.56, H 5.49, N 20.05;
found C 51.48, H 5.41, N 20.0S. H=-NMR Spectrum (500
MHz, d,-DMSO): NH : 2xbr, 2x 1H, 12.30 and 11.90; H8: s,
1H, 7.95; OH : 4, 1H, 5.05 (J , OH =4,.9) 7 1’-032 dd, 1H,
4.05 (31, 20 =3.4, T = 12, 5) and a4, 1H, 3.96
(T3, 2072, Tn=12- ), 2!~CH: br m, 1H, 4.01; 3'-CH,:
dd, 38, 1.09 (.13,'2,-6 .1); arom. protons. m, 2H, 8.05 and

m, 3!'!, 7.50=7.70. [c]b-+28'1. (030.5, Dﬂ?).
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Example 14
The reaction mixture composed of 9-(R)-(2-
hydroxypropyl)guanine (2.5 g, 12 mmol), pyridine (65 ml)
and chlorotrimethylsilane (10 ml) was stirred in a
stoppered flask for 1 hour at ambient temperature and
benzoyl chloride (8 ml) was added in one portion. After

. additional 2 hours stirring the mixture was cooled by ice

and ice-water (12 ml) followad by conc. agqueous ammonia
(28 ml) were added over 5 minute period. After 30
minutes at 0°C, the solvents were evaﬁorated in vacuo and
the residue codistilled with ethanol. Crystallization
from 80% agqueous ethanol afforded 9-(R)-(2-
hydroxypropyl) -N2-benzoylguanine (2.4 g, 7.6 mmol,
63.5%), m.p. 276°C. For C,.H, N 0,.2H,0 (349.4) calc.:C
51.56, H 5. 49, N 20.05; found C 51.28, H 5.62, N 20,.24.
1p-mMR spectrum was identical with that of the (S)-isomer
(Example 13). R? 0.33 (TLC, chloroform-methanol, 4:1).

(a)p=-28,4° (c=0.5, DMF).

Il. SYNTHESIS OF INTERMEDIATES OF THE FORMULA XVII

To a.suspension of sodium hydride'(17.z g, 60%

placed in a 1 1 round-bottom flask with dropping funnel
and calcium chloride protecting tube was under stirring
and cooling with ice added dtopwise over 30 minutes (S)-
2=-0~-tetrahydropyranyl-1, 2~-propanediol (69.2 g, 0.43 mol).
The suspension was stirred for additional 1 hour at o0°¢cC
and benzyl bromide (51 ml, 0.43 mol) was added dropwise
at 0°C. The mixture was stirred for 4 hours at 0°C and
left to stand for 48 hours at ambient temperature.

'Methanolic ammonia (30% solution, 20 ml) was added and,

) ___/
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after standing for 2 hours, the sblvcnt was taken down in
vacuo. Ethyl acetate (500 ml) was added and the mixture
washed with water (four 100-ml-portions). The organic
phase was evaporated and the resulting oil in 70% aqueous
methanol (400 ml) was stirred under reflex with 50 ml
Dowex 5bxs (acid form) for 4 hours. The warm mixture was
filtered, washed with methanol and the filtrate
aevaporated in vacuo. The residual oil was taken in ether
(200 ml), washed with water (50 ml), dried and distilled
in vacuo. Yield, 60.8 g (85%, b.p. 100-105°C/20 Pa) (S)-~
1-0-benzyl-1,2-propanediol, [a]D--ls,S' (c=0.5, CHC13).
This material (0.37 mol) in 1,2-dichlorethane
(200 ml) was stirred with paraformaldehyde (20 g) and
calcium chloride (10 g) under simultaneous introduction
of dry hydrogen chloride for 2 hours at 0°C. The mixture
was taken down in vacuo, the residue codistilled with
toluene (three SO0-ml-portions) and tri(2-propyl)
phosphite (50 g) was added. The mixture was heated under
stirring to 110°C and the evolved volatile material
distilled off. After the exothermic reaction has
subsided, the mixture was heated up to 150°C and finally
the volatiles distilled off at 140°C/1kPa. The resulting
material was filtered through a column (200 ml) of
alumina, elution with benzene (0.5 1). The eluate was

 evaporated and the residue distilled in vacuo to yield

(S) -1-benzyloxy-2-{di (2-propyl)phosphonylmethoxy)propane
(44 g, 35%, b.p. 125-130°C/13Pa. For Cl17H2905P (344.4)
calc.: C59,28, H8,49,P9,01; found C 59.44, H 8.28, P
9.30. Mass-spectrum: Mol.peak 34S.1 (M+l).

This product (44 g, 0.128 mol) in methanol (400
ml) was hydrogenated overnight with 10% palladium-on-
charcoal (1.5 g, Merck) and conc. hydrochloric acid (0.7
mol) at atmospheric pressure. The mixture was filtered,

‘the filtrate alkalized by the addition of triethylamine

and evaporated in vacuo. The residue in ether (200 ml)
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was washed with water (two 20-ml-portions), dried over
nignesiun sulfate and evaporated in vacuo to afford (S)-
2-(di (2-propyl)phosphonylmethyl)propane-1,2-diol (24.4 g,
75%) as colorless oil. _

This residue (24.4 g, 96 mmol) and 4-
dimethylaminopyridine (1 g) in pyridine (200 ml) were
treated dropwise at 0°C under stirring with a solution of
tosyl chloride (22 g, 0.115 mol) in pyridine (100 ml) and
the mixture left to stand at 0°C overnight. Water (10 -
ml) was added an the solvent evaporated in vacuo to about
half of the original volume. Ethyl acetate (300 ml) was
added, the mixture washed successively (100 ml portions)
with water, 1M Hecl (to acidic reaction), water, saturated
sodium hydrogen carbonate and water. The solution was
finally dried with magnesium sulfate and evaporated in
vacuo to afford crude product which was purified by
chromatography on a column of silica gel (elution by
chloroform). (S)-2-{Di(2-propyl)phosphonylmethoxy]-1-p-
toluenesulfonyloxypropane vas obtained as a thick
yellowish oil which was used for further preparations (28
g, 69 mmol). :

~ The synthesis was performed essentially as
described in Example 15 starting with (R)-2-0-
tetrahydropyranyl-i,2-propanediol (42 g, 0.262 mol). 1-

. O~-Benzyl-(R)-propane-1,2~diol was ocbtained by
~distillation in vacuo (33 g, 76%, b.p. 98-102°C/Pa) .

[a]D-112,2° (c-o.s,-cacla).rno chloromethylation and
reaction with tri (2-propyl) phosphite gave crude
phosphoric acid diester (32 g) which was hydrogenated in
methanol (300 ml) with 10% palladium-on-charcoal catalyst
(1g) and hydrochloric acid (0.5 ml) overnight. After
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work-up according to Example 15 the intermediate afforded
(R) -2-[4di (2-propyl) phosphonylmethoxy)-1-p-
toluenesulfonyloxypropane (24 g, 59 mmol).

I1I. SYNTHESIS OF PRODUCTS OF THE FORMULA I
Example 17

A mixture of 9-(R)-(2-hydroxypropy1)-Ns-
benzoyladenine (3 g, 10 mmol) and di(2-propyl) p-
toluenesulfonyloxymethylphosphonate (4.2 g, 12 mmol) was
codistilled with dimethylformamide (two 25-ml portions)
at 40‘C/13Pa. The residue was redissolved in
dimethylformamide (50 ml), cooled by ice and sodium
hydride (1,2 g, -30 mmol, 60% dispersion in oil) was added
in one portion. The resulting mixture was stirred under
calcium chloride protecting tube at ambient temperature
for 48 hours. 0.1 M sodium methoxide solution in

| methanol (150 ml) was added and the mixture set aside

overnight under exclusion of moisture. Dowex 50X8 (acia
form) was then added to acid reaction of the mixture
followed by triethylamine to alkaline reaction of the
suspension. After filtration and washing the resin with
methanol (200 ml) the filtrate was evaporated to dryness

_(tinally at 40’C/13Pa). The residue in water (200 nl)
“'was extracted with ether (two 100 ml portions) and the
' " agqueous phase concentrated in vacuo (to approx. 100 ml)

This solution was applied onto a Dowex 50X8 column (250
ml) and washed with 20% aqueous methanol until the UV-

absorption of the eluate dropped te:xthe original level.
The product was then eluted with diluted (1:10) ammonia,

pertinent UV-absorbing fractions were pooled and
evaporated in vacuo. The residue was codistilled with
ethanol (two 50 ml portions) and dried at 13 Pa over
phosphorus pentoxide overnight to afford crude di(2-
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propyl) ester (3 g), RF = 0,55 (TLC chloroform-methanol,
4:1). _ _
Acetonitrile (50 ml) and bromotrimethylsilane
(5 ml) were added to this residue and the suspension
dissolved by stirring. After standing overnight at
ambient temperature in a stoppered flask, the mixture was
evaporated in vacuo and water (100 ml) was added to the
residue. The mixture was alkified by aqueous ammonia and
evaporated in vacuo. The residue dissolved in water was
applied on-a column of Dowex S0X8 (250 ml, acid form)
which was washed with water to the drop of UV-absorption
of the eluate followed by elution with aqueous ammonia
(1:10) solution. The product containing fraction was
evaporated to dryness in vacuo and the residue
redissolved in water (50 ml) by alkalization with conec.
ammonia to pH 9-9.5. This solution was applied on a
column of Dowex 1X2 (250 ml, acetate form) which was then
washed with 0.02 M acetic acid to the drop of the UV~
absorption of the eluate. The elution was then continued
by linear increase of acetic acid concentration (0.02M-1M

‘over 2 liters); the product eluted at 1 M acetic acid.

The relevant fractions were pooled, evaporated in vacuo
and the residue codistilled with water (three 50-ml-

.. portions). Crystallization from boiling water (three
25
" {R)=~ (2-phosphononethcxypropyl)adcnine (1,35 g, 4.7 mmol,

volumes of ethanol 'added after dissolution) afforded 9-

47%), m.p. 279°*. For CgH, ,N.0,P.H,0 (305.3) calc.:C
35.40, H 5.29, N 22.94, p 10.17; found C 35.28, H 5.37, N
23.03, P 10.17. Electrophoretic mobility (referred to
uridine 3’/-phosphate): zup-o.ao (in 0.05 M
triethylammonium hydrogen carbonate, pH 7.5; 20V/cm).
'H-NMR spectrum (200 Mhz, D,0 + NaoD): H2: s, 1H, 8.25;
H8: 8, 1H, 8.09; 1'-61{2: daé, 1H, 4.35 (31,'2,-4.4; qun -
14.4) and d4, 1H, 4.22 (J;, 5,= 5.1, Jg.=14.4); 2/~CH:

m, 1H, 3.97 (J = 28.4); 3'-C33: 4,3H, 1.11 (3’3, 2,-6.3):
. ’
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P~CH,: dd, 1H, 3.57 (Jp .;=9.5, Jq =12.4) and dd, 1H,
3.46 (Tp oy=9.3,Tggy™12.4). [a)=+21,2° (c=0.5, 0.1M
HCl).

Example 18

A solution of 9-(8)-(z-hydroxypropyl)-ns-
benzoyladenine (3.57 g, 12 mmol) and di(2-propyl) p-
toluenesulfonyloxymethylphosphonate (5.25 g, 15 mmol) in
dimethylformamide (50 ml) was cooled to - 20°C and sodium
hydride (1.44 g, 36 mmol) as 60% dispersion on oil was
added in one portion. The mixture was stirred at o0°C for
3 hours and 48 hours at room temperature under protection
against moisture. Further work-up of the reaction
mixture was performed as described in Example 17. After
purification by chromatography on the column of Dowex 1X2
the product was crystallized from water-ethanol to give
9-(S)~(2~-phosphonomethoxypropyl)adenine (1.9 g, 6.7 mmol,
56%). M.p. 276-278°*C. For C,H.,N_.O,P. H 0 (305.3)

97147574
calc.:C 35.40, H 5.29, N 22.94, p 10.17; tound C 35. 33, H

5.56, N 23.14, P 10.00. Electrophoretic mobility and ln-

NMR spectrum are identical with those of the (R)-isomer
(Example 17). (e)y=-21,2° (c=0.5, 0.1M HCl). '

- Example 19

9-(R) -(2-Hydroxypropyl) -2, 6~diaminopurine (2,1
g,10 mmol) was dissolved by warming in a mixture of
dimethylformamide (40 ml) and dimethylformamide
dimethylacetal (25 ml) and the solution was left to stand
aside in a stoppered flask overnight. The mixture was
evaporated at 40°C/13 Pa and éodistilled with
dimethylformamide (two 20-ml-portions). 50% aqueous
pyridine (50 ml) was added to the residue followed up by
dry ice, the mixture was evaporated at 40°C/13 Pa,
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codistilled with pyridine (four 25-ml-portions) and 4ai(2-
propyl) p-toluenesulfonyloxymethylphosphonate (4.2 g, 12
muol) was added to the residue. The mixture was then

| codistilled with dimethylformamide (two'25-ml-portions),

redissolved in the same solvent (40 ml) and cooled down
to ~-10°C. Sodium hydride (1,2 g, 30 mmol) as 60%
suspension in oil was added in one portion and the
mixture stirred at 0°C for 3 hours and 48 hours at room
temperature under protection against moisture. Acetic
acid (1.8 ml, 30 mmol) was added, the mixture was
evaporated at 40°C/13 Pa to dryness. The residue was
dissolved in diluted (1:1) aguecus ammonia, (100 ml),
left to stand overnight and evaporated to dryness in _
vacuo. The residue was deionized on the column of Dowex
50X8 (200 ml) as described in Example 15 and the ammonia
eluate dried at 13 Pa over phosphorus pentoxide
overnight.

Acetonitrile (30 ml) and bremctrinethylsilane
(3 ml) were added and the mixture honogenized by gentle
shaking in a stoppered flask. The solution was left to
stand overnight and evaporated in vacuo. The residue was
dissolved in water (100 ml) and, after 30 minutes
standing the solution was alkalified by ammonia and
evaporated.. This residue vas deionized on a Dowex 50X8

‘column.’ (2oo ‘nl,. acid ‘fornm) as ‘described in Example 17.

The residue of ammonium salt was dissolved in water (50
ml) by addition of ammonia to pH 9-9.5 and this solution
was applied on a column (200 ml) of Sephadex A-25 in
hydrogen carbonate form, equilibrated by 0.02 M
triethylammonium hydrogen carbonate. The column was
first eluted by the equilibration buffer o0 the drop of
UVbabsorption and then: by linear gradient of
triethylammonium hydroqen carbonate (pH 7.5) (tcrnnd from
0.02 M and 0.3 M buffer, 11 each). The product eluted at
0.10-0.15 M concentration, the relevant fractions were
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pooled, evaporated in vacuo and the residue coevaporated
with methanol (three S0-ml-portions). The residue
dissolved in water (25 ml) was applied on a column (50
ml) of Dowex 1X2 (acetate) vhich was first washed with
water to the diéappearancc of UV-absorption. The resin
was transferred to a 300 ml beakér and stirred with 1M
acetic acid (200 ml). The suspension was filtered and
the resin washed with boiling water (1 liter). The
combined filtrate was evaporated in vacuo and the residue
codistilled with water (three so-ni-portions). The
residue was dissolved in boiling water (100 ml), filtered
while hot and ethanol (150 ml) added to the filtrate.

The product which crystallized on ice-cooling was
collected by filtration, washed with ethanol, ether and
dried in vacuo. 9-(R)-(2-Phosphonomethoxypropyl)=-2,6-
diaminopurine (1,4 g, 4.7 mmol, 47%) was obtained as a
free acid, m.p. 287°C. For C.H 5N6°4P'nzo (302.3)

91
calc.:C 35.75, H 5.00, N 27.80, P 10.27; found C 35.93, H

5.02, N 27.59, P 10.28. ‘H-NMR-Spectrum (500 MHz, D,0 +
NaoD) : H8 : s, 1H, 7.94: 1'-cn2= dd, 1H, 4.7 (31',2"4‘4)

and dd, 1H, 4.09 (Jyu ,,= =5.4, T, =14.65); 2/~CH: m,
1H, 3.93 (J=28.8); 3/=CH; : 4, 3H, 1.12 (Topy y=6+3); P
CHy: a4, 1H, 3.54 (Jp y=9.3, T q,=12.2) and ad, 1H, 3.45

_( cg™9-3, Jg =12. 2). Electrophor. nobility Eup-o «70.
_[c] -zs 1 (c-o s, 0.1M HCl).

Example 20
This compound was prepared from 9-(S)-(2-
hydroxypropyl) -2, 6-diaminopurine (2,1 g, 10 mmol)
essentially as described in Example 19 for its (R)~-
enantiomer. The yield of 9-(S)-(2-
phosphononethoxypropyl)-2,6-digqinopu;inc crystallized as
free acid from water-ethanol amounted to 33% (1,0 g,. 3.3

mgl). M.p. 275-278°C. For cgnls.nsog.nzo. (302.3)
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calc.:C 35.75, H 5.00, N 27.80, P 10.27; found C 35.56, H
5.08, N 27.99, P 10.18. Electrophoretic mobility: EUp’
0.70; la-nr spectrum is identical with that of its (R)-
enantiomer (Example 19). (a]o-+28,5° {(c=0.5, 0.1M HCl).

Example 21

A mixture of 9-(8)-(2-hydroxypropyl)-Nz-
benzoylguanine (2.5 g, 7 mmol) and di(2-propyl) p~
toluenesulfonyloxymethylphosphonate (2.9 g, 8.4 mmol) was
codistilled with dimethylformamide (two 25-ml-portions)
at 40°C/13 Pa and the residue redissolved in
dimethylformamide (30 ml). Sodium hydride (0.84 g, 21
mmol) in 60% dispersion in oil was added at one portion
and the mixture stirred for 24 hours at room temperature
under the exclusion of moisture. Methanol (100 ml) was
added to the mixture which was then left to stand
overnight, neutralized with Dowex 50X8 (acid form) and
filtered. The filtrate was evaporated to dryness in high
vacuum and the residue in water (150 ml) extracted with
ether (two SO-ml-portions). The agqueous soclution was
concentrated in vacuo to approx. S50 ml and applied on a
column of Dowex 50X8 (150 ml) (acid form) which was first
washed with water to the drop of UV-absorption and then

'with diluted (1 10) ainonia. The ammonia fraction was
‘evaporated, the residue codistilled with ethanol (two 50-

ml-portions) and finally dried overnight at 13 Pa over
phosphorus pentoxide. :

Acetonitrile (40 ml) and bromotrimethylsilane
(4 ml) were added to the residue and the mixture
dissolved by stirring in a stoppered flask. After
standing overnight at ambient temperature, the mixture
was evaporated in vacuo and the residue dissolved in
water (100 ml). After 30 minutes, the solution was
alkalized with ammonia and evaporated. The deionization

H
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and purification on Dowex 1X2 were performed essentially
as described in Example 17. The final purified free acid
form of 9-(R)-{2-phosphonomethoxypropyl)guanine was
precipitated from ethanol with ether to give 0.90 g (3
mmol, 43%) of the material with m.p. 286°C. For

C,H NSOSP (303.3) calc.:C 35.64, H 4.65, N 23.10, P

9714
10.23; found C 35.35, H 4.58, N 23.24, P 10.40. [Q]D--

'26,1° (c=0.5, 0.1M HCl). lH-NMR-Spectrum (500 MHz, D.O,

. 2
NaoD): H-8: s, 1H, 7.90; 1'-CH2. a4,  1H, 4.21

(Jl',z’-‘." JQCI-I‘.S) and dd' m' 4.15% (31"'2'-5.‘5,
I en=14:5)7 2/=CH: m, 1H, 3.99 (ZJ=28.7); 3/-CHy: d, 3H,

[4
Jgen’12.4) and dd, 1H, 3.48 (JP cH™ 9.2, Jgem-1204).
Example 22

A mixture of 9-(S)~-(2-hydroxypropyl)guanine
(1.57 g, 5 mmol) and di(2-propyl) pé
to1uenesu1tonyloxymethjlphosphonate (2.1 g, 6 mmol) was
codistilled with dimethylformamide (two 20-ml-portions)
at 40°C/13Pa and the residue redissolved in
dimethylformamide (20 ml). Sodium hydride (0.6g, 15

‘mmol)) as 60% dispersion in oil was added in one portion
~and the mixture stirred for three days at room

temperaturc under- exclusion of moisture. Methanol (30
ml) was added and the solution left to stand overnight.
After neutralization with Dowex 50X8 (acid form) and
filtration, the filtrate was evaporated to dryness in
vacuo and the residue deionized as described in Example
17. The ammonia eluate of the crude diester was dried at
13 Pa over phosphorus pentoxide. Acetonitrile (30 ml)
and bromotrimethylsilane (3 ml) were added and the
mixture dissolved by stirring. After standing overnight
at room temperature, the reaction mixture was worked up
as described in Example 17. 9-(3)-(2-
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Phosphonomethoxypropyl)guanine was isolated as a free
acid similarly as described for its (R)-enantiomer
(Example 21) in the 43% yield (0.65 g, 2.15 mmol). mn.p.
287°C. TFor cgnunsosP (303.3) calc.:C 35.64, H 4.65, N
23.10, P 10.23; found C 35.72, H 4.54, N 23.06, P 10.29.
1g-NMR-Spectrum is identical with that of the (R)- .
senantionmer. [a]y=+26,3° (c=0.5, 0.1 HCl).
Example 23

The mixture of 1-(R)-(2-hydroxypropyl)cytosine
(1.7 g, 10 mmol), dimethylformamide (40 ml) and
dimethylformamide dimethylacetal (15 ml) was stirred
overnight and evaporated at 40°C/13 Pa. 50% agueous
pyridine (20 ml) and enough dry ice was added to keép its
excess for 15 minutes. The mixture was again cvapotated
and codistilled with pyridine (three 25-ml-portions) at
40°/13 Pa. Di-(2-propyl) p-toluenesulfonyloxyphosphonate
(4.2 g, 12 mmol) Qas added and the mixture codistilled
with dimethylformamide (two 25-ml-portions) under the
same conditions. The residue in dimethylformamide (40
ml) was treated at -10°C with sodium hydride (720 mg, 30
mmol) and the mixture stirred at ambient temperature for

.48 hours under exclusion of noisture. 0.1 M Sodium
;'nnthoxide '{n methanol . (100 nl) was added and, after

standinq ovtrnight, the nixturc was neutralized with
Dowex 50X8 (acid form). The suspension was filtered,
evaporated to dryness in vacuo and the residue deionized’
on a column of Dowex 50X8 (acid form, 150 ml). The
ammonia eluate was evaporated, dried in vacuo over
phosphorué pentoxide and the residue treated with

bromotrimethylsilane (3ml) and acetonitrile (30 ml)

overnight. After evaporation in vacuo, the residue was
treated with water (50 ml), alkalized with ammonia and

- @vaporated in vacuo. The residue was deionized on a
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column of Dowex 50X8 (see above) and the crude material
purified by anion exchange chromatography on Dowex 1X2
(acetate) column (100 ml) with a linear gradient of
acetic acid (composed of 1 1 water and 1 1 0.3 M acetic
acid). The product fraction was evaporated, codistilled
with water (three 30-ml-portions) and 1-(R)-(2-
phosphonomethoxypropyl)cytosine (0.90 g, 19%) obtained by

. crystallization from water-ethanol. M.p. 261°C. Ey =

0.70. For CBHJAN OSP (263.3) calc.: C 36.50, H 5.36, N
15.97, P 11.79; found C 36.43, H 5.39, N 16.05, P 11 82.

[¢]D--108 «1° (c=0. 5, 0.1M HCl).

Example 24

A mixture of adenine (1.62 g, 12 mmol) and
cesium carbonate (2.1 g, 6.5 mmol) in dimethylforminide_
was stirred at 100°C and a solution of (s)-z-((di(z-
propyl)phosphonylmethoxy]-1-toluenesulfonyloxypropane _
(4.1 g, 10 mmol) in dimethylformamide (10 ml) was added
in one portion. The mixture was heated at 110°C under
stirring with exclusion of moisture for 8 hours and

~ evaporated in vacuo. The residue was triturated with

boiling chloroform (three 50-n1-portions), filtered and

... evaporated in vacuo. The crude material afforded on _
1-puritication hy silica gel chromatography (150 nml) di-(z-
propyl) (S)-9-(z-phosphononethoxypropyl)adenine which

crystallized from ether (1.7 g, 46%), m.p. 97-98°C. For
15“26850 P (371.5) calec.: C 48.50, H 7.06, N 18. 86, P )
8.36; found C 48. 27, H 7.15, N 18 85, P 8.44. [a]D
+2,8°* (c=0 5, DMF) . '
. This product (1.4 g, 3.9 mmol) in acetonitrile
(25 ml) was treated with bromotrimethylsilane (2.5 ml)

- overnight at room temperature. ' The mixture was taken

down in vacuo and the product desalted and purified by

[

B
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chronatography on Dowex 1X2 column (100 ml) as descrihed
in Example 17. Yield, 76%, m.p. 277-278°C. [a] =+21.7.
]

Example 25

The reaction was perforned'with 12 mmol idenine
and 10 mmol (R) =2-{ (di (2-propyl) phosphonylmethoxy]~1-

- toluenesulfonyloxypropane according to Example 22. Di(2-

bropyl) (R)-9-(z-phosphononethoxyp:opyl)adenine m.p. 97°Cc
was obtained by chromatography on silica gel and
crystallized from ether (2.8 g, 75. 5%). For °15326“5°4P
(371.5) calc.: C 48.50, H 7.06, N 18.86, P 8. 36; found C
48.78, H 7.22, N 18.77, P 8.23. [c] =-2,9° (c=0.5, DMF).
The reaction of this product (1.8 g, 4 9 mmol) with
bromotrimethylsilane (3 ml) and acetonitrile (30 nl) was

performed as described in Example 22. Yield, 80% of 9~

'(R)-(2-phosphonomethoxypropyl)adenine. [010-21.5°, n.p.

279°C.

Example 26

Sodium hydride (1.4 g, 60% dispersion, 35 mmol)

. was added to a stirred solution of z-amino-s-chloropurine

(5.94 g, 35 nmol) in dinethyltornanide (60 ml) and after _
1. hour'stirring at ambient tenperature (R)=-2-[di(2~

(12.2 g, 30 mmol) in dimethylformamide (20 1) was added
in one portion. The mixture was stirred at 80°C for 10

. hours and dvapor;ted in vacuo. The residue was extracted

with boiling chloroform (300 ml), filtered and the _
filtrate was evaporated in vacuo. The residue afforded
by silica gel column chromatography (elution with
chloroform-methanol mixture, 95:5) di(z-propyl) 94(3)-(2-
phosphonomethpxypropyl)-z-aninoés-chloropurinq (7.5 g,
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53%) as a thick 0il, R, 0.55 (TLC on silica gel in
chloroform-methanol, 9:1).

A solution of this diester (2.5 g, 6.2 mmol) in
200 ml methanol and 0.5 ml conc. hydrochloric acid was
hydrogenated over 10% Pd/C catalyst (1 g) at room _
temperature cvernight, the mixture was filtered, filtrate
alkalized with triethylamine and evaporated in vacuo.
The residue was deionized on Dowex 50 x 8 (acid form)

(100 ml) as described in Example 24 and the ammonia

eluate evaporated and dried in vacuo over phosphorus
pentoxide. Acetonitrile (25 ml) and bromotrimethylsilane
(2.5 ml) was added and the solution left to stand
overnight at room temperature. The mixture was
evaporated to dryness and-the residue taken up in water _
(25 ml). After 30 min the solution was alkalized with
ammonia and evaporated. The residue afforded on
deionization on Dowex 1 x 2 (acetate) (150 ml) with
linear gradient of acetic acid (0.75 1 water, 0.75 1
0.5 M acetic acid) product which was isolated from the
pooled fractions by crystallization from water-ethanol
(1:1). Yield, 0.62 g (35.5%) of 9-(R)-(2-
phosphonomethoxypropyl) -2-aminopurine, m.p. 156°C. For
CHNOP (287.3) calc.: C 37.62, H 4.91, N 24.38, P

.10.80; tound:_ C 37.42, H 5.05, N 24.65, P 11.06.

. :

A solution of di(2-propyl)- 9-(R)=-(2-

phosphonomethoxypropyl) -2-amino-6-chloropurine (2.5 g,

6.2 mmol) (prepared according to Example 26), thiourea
(2.0 g) and absolute ethanol (100 ml) was stirred in
reflux for one hour, alkalized with triethylamine and
evaporated. = The residue was extracted with chloroform {2

X 100 ml), filtered and the filtrate taken down to

dryness and evaporatéd in vacuo. The residue (R, 0.40,
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TLC on silica gel, chloroform-methanol, 4:1) was dried
over phosphorus pentoxide overnight and treated with
acetonitrile (30 ml) and bromotrimethylsilane (3 ml).
After standing overnight at room temperature, the mixture
was evaporated to dryness and taken down in water (50
ﬁl). After 30 min it was alkalized with ammonia,
evaporated in vacuo and the residue deionized on Dowex 50
(cf. Example 25). The ammonia eluate was taken down in
vacuo and applied on a column of Dowex 1 X 2 (acdtate)
(150 ml) which was washed first with water and with 1 X
acetic acid (500 ml each). These eluates were discarded,
the resin was stirred with 2 M formic acid (500 =ml),
filtered and washed with boiling water (total, 1 1). The
filtrate was evaporated to dryness, the residue
codistilled with water (3 x 50 ml) and crystallized from
water (equal volume of ethanol added after dissolution).
Yield, 1.0 g (50%) 9=(R) - (2-phosphonomethoxypropyl) =2~
amino-6-thiopurine, m.p. 188°C (dec.). For CH,NOP
(319.3) calc.: C 33.85, H 4.42, N 21.94, P 9.72, S
10.04; fom_ld: C 33.83, H 4.69, N 22.15, P 9.99, § 10.30.

EXBIDI&.ZE _

A solution of di(:)-propyl) 9-(R)~(2~-

_ phosphonomethoxypropyl)-z-anino-s-chloropurine (2.5 g, .

6.2 mmol) (prepared according to Example 26) and lithium
azide (1.0 g) in dimethylformamide (40 ml) was stirred 4
hours at 100°C under exclusion of moisture, filtered over
Celite, washed with dimethylformamide (20 ml) and the
filtrate evaporated in vacuo. The residue (Rp 0.30, TIC
on silica gel, chloroform-methanol, 9:1) was dried over
phosphorus pentoxide overnight and treated with
acetonitrile {20 ml) and bromotrimethylsilane (2 ml).
After standiﬁq overnight at room temperature, the mixture
was evaporated to dryness and taken down in wvater
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(S0 ml). Aafter 30 min it was alkalized with ammonia,
evaporated in vacuo and the residue applied on Dowex 50
(acid form) column (100 ml). Washing with water eluted
with retention the UV-absorbing peak of the product which
was evaporated in vacuo and the residue crystallized from
water (equal volume of ethanol added after dissolution.
Yield, 0.95 g (47%) 9-(R)~(2-phosphonomethoxypropyl)-2-
amino~6-azidopurine, not melting to 300°C. For CH,N,0P
(328.3) calc.: C 32.92, H 3.99, N 34.14, P 9.438; found:
C 233.03, H 4.29, N 33.75, P 9.59. '

Example 29

9=(R) - (2-phosphonomnethoxypropyl)-2-amino-6-
azidopurine (0.30 g, prepared according to Example 27) in

. 50% aqueous methanol (200 ml) containing hydrochloric

acid (0.5 ml) was hydrogenated over 10% Pd/C (0.5 g)
ovérnight at roon'teuperature. The mixture was filtered,
washed with water, filtrate alkalized with ammonia and
evaporated in vacuo. The residue was deionized on a

‘column of Dowex 50 X 8 (S50 ml) (cf. Example 25) and the

ammonia eluate evaporated to dryness. The residue in

 water (pH adjusted to 9) was applied on a column of Dowex

1 X 2 (acetate) which was first washed with water to
remove salts and the broddc; was then eluted with 1 M
acetic acid. The fractions containing product were
pooled, evaporated to dryness and codistilled with water
(3 x 20 ml). The residue was crystallized from water
(ethanol added to turbidity) to afford 9-(R)-(2-
phosphonomethoxypropyl) -2, 6-diaminopurine (120 mg)

identical with the preparation according to Example 19;
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A mixture of 3-deazaadenine (1.45 g, 10.8
mmol), cesium carbonate (1.75 g, S.4 mmol) and
dimethylformamide (25 ml) was stirred at 100°C for 1 h
and a solution of (R)~-2-[di(2~-propyl)phosphonylmethoxy]-
1-p-toluenesulfonyloxypropane (3.67 g, 9 mmol) in
dimethylformamide (10 ml) was added in one portion. The
mixture was then heated for 24 hours at 110°C under
exclusion of moisture and taken down to dryness. The
residue was extracted with boiling chloroform (tétal 300
ml), filtered and the filtrate evaporated. The residue
was chromatographed on a column of silica gel (300 ml) in.
chloroform affording, after crystallization of the’
relevant fractions from ethyl acetate-petroleum ether,
di(2-propyl) 9-(R)~-(2-phosphonomethoxypropyl)-3-
deazaadenine in the yield of 1.07 g (32.2%), m.p. 122°C.
For CH,NOP (370.5) calc.: C 51.87, H 7.35, N 15.13, P
8.38; found: C 52.03, H 7.69, N 15.15, P 8.59. UV~

Spectrum (pH2): 1., 262 (€16500).

This diester (1.0 g, 2.7 mmol) was treated with
acetonitrile (25 ml) and bromotrimethylsilane (2.5 ml)
ove:night,uvtheﬂn;xtu:c was then worked up as described

- in-Example 27 to afford, after deionization and
chromatography on Dowex 1 X 2 9~-(R)=-(2-phosphonomethoxy

propyl)~3~deazaadenine in 78% yield, not melting to
300°C. For CHNOP (286.3) calc.: C 41.95, H 5.28, N
19.57, P 10.84; found: C 42.03, H 5.63, N 19.75, N 19.75,
P 11.09. UV-Spectrum (pH2): 1., 262 (€16500). Ey =
0.68 (pH 7.5). '
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A mixture of 8-azaadenine (1.45 g, 10.8 mmol),
cesium carbonate (1.75 g, 5.4 mmol) and dimethylformamide
(25 ml) was preheated to 100°C and a solution of (R)-2-
(di(2-propyl)phosphonylmethoxy]~1-p-toluenesulfonyloxy
propane (3.67 g, 9 mmol) in dimethylformamide (10 ml) was
added in one portion. The mixture was then heated for 6
hours at 110°C under exclusion of moisture and taken down
to dryness. The residue was extracted with boiling
chloroform (total 300'm1),'£11tered and the filtrate
evaporated. The residue was chromatographed on a column
of silica gel (300 ml). Elution with chloroform
containing 5% methanol afforded di(2-propyl) 9-(R)-(2-
phosphonomethoxypropyl) -8~azaadenine as a thick oil in
yield of 0.90 g (37%). UV-Spectrum (pH2): 1., 265.5
(€14000). Rp 0.50 (TLC on silica gel in chloroform-
nethénol,'szl). ‘Further elution with the same solvent
afforded di(2-propyl) 8-(R)-2-phosphonomethoxypropyl)-8-
azaadenine as semisolid material in the yield of 0.75 g

(22%) . © UV-Spectrum (pH2): 1., 284 nm. R, 0.40 (TLC on
"silica gel in chloroform-methanol, 9:1).

Each fraction was separately treated with
acetonitrile (25 ml) and bromotrimethylsilane (2.5 ml)
overnight and the mixtures worked up as described in
Example 27. Chromatography on Dowex 1 X 2 column (50 ml)
afforded 9-(R)-(2-phosphonomethoxypropyl)-8-azaadenine on
elution with 2 M acetic acid. Yield (after
crystallization from water-ethanol, 79%. UV-Spectrun
(pH2): 1, 265 nm (€14000). For CH NOP (289.3) calc.:
C 33.21, H 4.83, N 29.06, P 10.73; found C 32.97, H 4.63,
N 29.00, P 11.10. ' -
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8~ (R) - (2-phosphonomethoxypropyl) -8-azaadenine
was obtained similarly by elution with 1 M acetic acid.
Yield, 72%. UV-Spectrum (pH2): 1, 284 nm. For
CH,NOP (289.3) calc.: C€.33.21, H 4.88, N 29.06,
P 10.73; found: C 33.45, H 5.06, N 29.23, P 10.66.

Example 32

A solution of 9-(R)~-(2-phosphonomethoxypropyl)
adenine (400 mg, 1.4 mmol) and sodium nitrite (1.4 g, 20
mmol) in water (40 ml) was cooled in an ice bath and
conc. hydrochloric acid (2 ml) was added. The mixture
was stirred in an argon atmosphere at 0°C for 3 h and
then overnight at an ambient temperature. The nixture
was applied onto a column (100 ml) Dowex 50 X 8 (acid
form) and the column eluted with water. The product was
eluted with retention; the pertinent fraction was
evaporated in vgcuo, the residue codistilled with ethanol
(2 x 50 ml) and the crystalline residue filtered with
ether. Yield, 250 mg (62%) 9-(R)~-(2-phosphonomethoxy-

 propyl)hypoxanthine, UV-Spectrum (pH2): 1, 251 nm. For

CoH;3N,OP (288.3) calc.: € 37.50, N 4.54, N 19.44, '
P 10 77, found' C 37.35, H 4.55, N 19.22, P 10.86.

e o amen o '.',. St e, T T

A solution of 9-(S)-phosphonomethoxypropyl)
adenine (400 mg, 1.4 mmol) and sodium nitrite (1.4 g,
20 mmol) in water (40 ml) was cooled in an ice bath and
conc. hydrochloric acid (2 ml) was added. Further work-

- up of the reaction was performed as described in Example

31. Yield, 66% 9-(S)-(2-phosphonomethoxypropyl)hypoxan-
thine. UV-Spectrum (pH2): 1, 251 nm. For CyH,N,OP
(288.3) calec.: C 37.50, H 4.54, N 19.44, P 10.77; found:
C 37.80, H 4.65, N 19.56, P 10.S55.
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A solution of di(2-propyl) 9~(R)-(2-
phosphonomethoxypropyl) -2-amino-é~-chloropurine (0.50 g,
prepared according to Example 26) in 20% dimethylamine in
methanol is heated to 110°C for 20 h in a pressure vessel
and the solution evaporated in vacuyo. The residue in 50%
équeous methanol (20 ml) is applied onto a column (50 ml)
of Dowex 50 x 8 (H*-form) in 20% aqueous methanol and the
colunn washed with the same eluent until the UV-
absorption dropped to the original value. The column is
then washed with 2.5% ammonia solution in 20% aqueous
methanol and the UV-absorbing eluate taken to dryness,
codistilled twice with ethanol (25 ml each) and dried
over phosphcrus pentoxide at 13 Pa. The resulting

~ product is treated with acetonitrile (30 ml) and

bromotrimethylsilane (3 ml) overnight at room temperature
and the solution evaporated in vacuo. Water (50 ml) is

added, the mixture alkalized by addition of conc. agueous
ammonia and the solution evaporated. Further work-up and

‘purification is performed essentially as described in

. .. Example 17. .Yield; 0.40 g (95%) 9-(R)-(2- .

25

30 .

38

' phosphéhoneihgg&ﬁropyl)72-anind-6-¢1nethy1aninopurine,

nopo 15‘-156.c' [C]n'-10,5° (c‘o.s' 0.1M HC].)- ‘H"m
spectrum (D,0 + NaOD): 1.165 d(3H), Jy,= 6.3 CH;; 3.27 s

 (6H) N-CHy; 3.47 dA(1H), Jp™9.5, J,=12.9 and 3.65 dd(1H)

Jpcu™9.3, I =12.9, P~CH,; 3.91 m, LJ = 29.0 2/-CH; 4.06
dd(1H), J;,=6.4, J,=14.6 and 4.16 dd(1E), J;,=3.7,
J~14.6 1’=CH,; 7.79 s(1H), H-8. For C,H,N.OP (330.3)
calc. C 40.00, H 5.80, N 25.44, P 9.38; found C 39.54, K

5.75, N 24.78, P 8.92.
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A mixture of di(2-propyl) 9-(R)-(2-
phosphonomethoxypropyl)-2-amino~6~chloropurine (0.50 g,
prepared according to Example 26) and diethylamine (2 ml)
in methanol (20 ml) is heated to 110°C for 20 h in a
pressure vessel and the solution evaporated in vacuo. The
residue in S0% agqueous methanol (20 ml) is applied onto a
column (50 ml) of Dowex 50 X 8 (H+-£orn) in 20% aqueous
methanol and the column is washed with the same eluent
until the UV-absorption dropped to the original value.The
column is then washed with 2.5% ammonia solution in 20%
aquecus methanol and the UV-absorbing eluate taken to
dryness, codistilled twice with ethanol (25 ml each) and
dried over phosphorus pentoxide at 13 Pa. The resulting
product is treated with acetonitrile (30 ml) and
bromotrimethylsilane (3 ml) overnight at room temperature
and the solution evzporated in vacuo. Water'(so ml) is
added, the mixture alkalized by addition of conc. agqueous
ammonia and the solution evaporated. Further work-up and
purification is performed essentially as described in

:Example ‘17, -Yield, 0.40 ¢ (95%) 9=(R)~- (2~
_phosphononethoxypropyl)-e-anino-s-dinethylaninopurine,

n.p.162-164°c, (a] ==9 8'(c-0 5, 0.1M HCl). For
H _NOP (358. 4) calc. € 43.56, H 6.47, N 23,45, P

13 23 6 4
8.66; toundc 43.80, H 6.73, N 23.78, P 8.90.

A nmixture of di{2-propyl) 9-(R)=(2~
phosphonomethoxypropyl) -2-amino-6-chloropurine (0.50 g,
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prepared according to Example 26), butylamine (2.0 ml)
and ethanol (20 =ml) is refluxed under exclusion of
moisture for 6 h and evaporated in vacuo. The work-up of
the reaction mixture, following reaction with
bromotrimethylsilane and isolation of the product is
performed essentially as described in Example 34. Yield,
0.40 g (87 %) of 9-(R)-(2-phosphonomethoxypropyl)=2-
amino-é-butylaminopurine, m.p.140-142°C, [a]n--11,9°
(c=0.5, 0.1M HC1).'H-NMR spectrum (DO + NaoD):1.18
a(3H), J 3, 2' 5.9 Cﬂa, 3.52 dd(lH), P,CH =9.8, Jé 12.5
and 3.67 dd(lH) JP CH =9,.,5, J =12,.5, P~ Cﬂz, 3.93 m, 2’=CH;
4.05 daa(iw), J,,,,= 6.1, Jg-14.6 and 4.16 dd(:m),l
Jl,z,sa.s, J = 14.6 1'~c32; 7.83 s8(1H), H-8; butyl: 0.92
t(3H), J=7.3°CH,; 1.38 br sext(2H), IJ= 36.6 3-CH,; 1.59
br pent(2H), ZJ=28.3 2—Cﬁ2; 3.43 br m(2H) I-CH . For

13 2‘ so P (359.4) calc. C 43.44, H 6,73, N 23 3%, P
8. 64, found C 43.31, H 6. 20, N 23. 57, P 8.90.

A mixture of di(2-propyl) 9-(R)-(2-
phosphonomethoxypropyl)-2éanino-6-chloropurine (0.50 g,

_prepared according to Bxanple 26), 2-butylamine (2.0 ml)
'and ethanol (20 ml) is refluxed under exclusion of

moisture for 8 h and evaporated in vacuo. The work-up of
the reaction mixture, following reaction with
bromotrimethylsilane and isolation of the product is
performed essentially as described in Exanple 34. Yielad,
0.35 g (75 %) of 9-(R)=-(2-phosphonomethoxypropyl)=2~
amino-6-(2-butyl)aminopurine, m.p.148-149°C, [a]D--
14,5°(c=0.5, 0.1M HCl). 1H-NHR spectrum (D20+Naon): 1.17

-d(3H), J 2 = 6.3, c33; 3.51 dd(1H), 'JP cn”‘s' 39-12.5

[
and 3.63 dd (1H) JP CH89.3,_Jg-12.5, P-Cﬂz; 3.94 n, 2/~

CH; 4.08 d4(1H), J,,,,= 6.1, J =146 and ¢.19 dd(1H),
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J1090™3:5, 39- 14.6 1/~CH,; 7.88 s(1H), H-8; 2-butyl:
0.94 t(3H), J=7.3 + 1.25 d(3H), J=6.6 CH,; 1.61 br

pent(2H), £J=28.1 CH,; 4.15 br m(1H) CH. For c13324u o,P
(359.4) calc. C 43.44, H 6.73, N 23,39, P 8.64; found ¢

43.35, H 6.59, N 23.67, P 8.68.

A mixture of di(2-propyl) 9-(R)-(2-
phosphonomeihoxypropyl)-2-anino-6-chloropurin¢ (0.50 g,
prepared according to Example 26), cyclopropylamine (2.0
ml) and ethanol (20 ml) is refluxed under exclusion of
moisture for 12 h and evaporated in vacuo. The work-up of
the reaction mixture, following reaction with bromo-
trimethylsilane and isolation of the product is performed
essentially as described in Example 34. Yield, 0.35 g (sd
%) of 9=(R)-(2-phosphonomethoxypropyl)-2-anino-€-
cyclopropylaminopurine, m.p.178-179°C, [a]n--zs,s-
(c=0.5, 0.1M HC1). H-MMR spectrum (D,0 + NaoD):1.21
d(3H), J ,2° GICH, 3.56 dd(].!!), PCHgs' J =12.9
and 3.73 dd (1) I, " =9,.8, J =12.9, P- cuz, 3.96 m, 2'-
CH; 4.06 4d(1H), J,,,,= 6.6, J _=14.4 and 4.18 dd(1H),

31,2, 3. 2,_J = 14.4 1'-CH ; 7.87 s(1H), H-8; cyclopropyl:

.2.84 n(lﬂ) CH; 0.70 n(2ﬂ) + 0.94 m(2H) CH.,. C__H__N O P

2 12 20 6 4
(343.4).cale. C 41.97, H 5.87, N 24,48, P 9.04; found C

41.76, H 6.05, N 24.77, P 9.21.

A mixture of di(2-propyl) 9-(R)~-(2~-
phosphonomethoxypropyl)-z-anino-sfchloropurine (0.50 g,

_ prepared according to Example 26), cyclopentylamine (2.0

ml) and ethanol (20 ml) is refluxed under exclusion of
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moisture for 12 h and evaporated in vacuo. The work-up of

‘the reaction mixture, following reaction with bromo-

trimethylsilane and isolation of the product is performed
essentially as described in Example 34. Yield, 0.36 g (76
%) of 9-(R)~-(2-phosphonomethoxypropyl)=-2-amino-6-
cyclopentylaminopurine, m.p. 167-170°C, [a] =-17,1°
(c=0.5, 0.1M HCl). H-NMR spectrum (D,0 + NaoD): 1.17
d(3H), Jg, ,,= 6.3, CHy; 3.67 dd(lH), p,ca”7 8 I= 122
and 3.56 dd (1H) J P, CH =9.3, J =12.2, P- cxz; 3.97 br sext
{(1H), 2/=CH, TJ=29. 1, 4.18 d(ZH), 1,2,35.1, 1’-an; 7.92
s(1H), H-8; cyclopentyl: 4.33 m(1H) CH; 2.00 m (2H) +
1.70 m(2H) CHZ + 1.60m (2H) + 1.54m (2H). Cl4ﬂé‘Nso‘P
(371.4) calec. C 45.27, H 6.51, N 22,63, P 8.36; found C
44.89, H 6.45, N 22.77, P 8.23.

mixture of di(2-propyl) 9-(R)~-(2-
phosphononethéxypropyl)-z-anino-s-chlorqpurino_(o.so g,
prepared according to Example 26), cyclohexylamine (2.0
ml) and ethanol (20 ml) is refluxed under exclusion of
moisture for 10 h and evaporated in vacuo. The work-up of
the reaction mixture, following reaction with bromo- |
trimethylsilane and isolation of the product is performed
essentially as described in Example 34. Yield, 0.32 g (65
%) of 9-(R)~(2-phosphonomethoxypropyl)-2-amino-6-
cyclohexylaminopurine, m.p. 164-165°C, [a] ==15,9°
(c=0.5, 0.1M HCI).IH-NHR spactrun (D 0o + NaOD) 1.12
d(3H), J 3,'2, 6.3; 3.43 dd(1H), J p,cH =9,3, J =12.4 and
3.52 dd (1H) Jr,ca""' J =12.4, p-ca:; 3.93 m, 2/-CH;
4.10 da(1H), J,,,,= 5.6, J_=14.6 and 4.18 dd(1H),
T 0gs™t-4, Jg- 14.6.1/-CH,; 7.92 s(1H), H-8; cyclohexyl:
3.90 m(1H) CH; 1.15-1.42 m(5H) + 1.62 m(1H) + 1.75 m(2H)

+ 1.95 m(2H) CHz. c15 25“ o.P (384. 4) calc. C 46.86, H
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6.56, N 21,87, P 8.07; found C 46.44, H 6.85, N 22.07,
P 8.21. '

A mixture of di(2-propyl) 9-(R)=(2-
bhosphohonsthoxypropyl)-2-anino-6-chloropurine (0.50 g,
prepared according to Example 26), pyrrolidine (5 0 ml)
and ethanol (20 ml) is refluxed under exclusion of
moisture for 6 h and evaporated in vacuo. The work-up of
the reaction mixture, following reaction with bromo-
trimethylsilane and isolation of the product is performed
essentially as described in Example 34. Yield, 0.35 g (78
%) of 9-(R)~(2-phosphonomethoxypropyl)~-2-amino-6-
pyrrolidinopurine, m.p.181-182°C, [a) -—17,4' (c=0.5,
0.1M HCl). 1H-NHR spectrum (D o+ NaOD) 1.21 d(3H),

Ty 0™ -1, CH,; 3.57 dd(ln), Ip,ca™9-5r T m12.2 and
3.65 da (1H) JP,CH.Q'S' Jg-xz.z, P-Cﬂz; 3.98 br sext(1H)
2’=-CH; 4.18 4(2H), 31,2,-4.9, 1'-CH2,' 7.85 s8(1H), H-8;
pyrrolidin-1-yl: 3.41 br(2H) and 3.75 br(2H) u-caz
1.93br(2H) + 2 00 hr(ZH) C-CK . c13321N6°4P (356.4) calc.
C 43.81, H 5. 94, N 23 58, P 8 71; found C 43.45, H 6.17,

N 23.87, P 8,82.

Example 42

=piperidinopurine

A mixture of di(2-propyl) 9-(R)=-(2-
phosphonomethoxypropyl) -2-amino-6-chloropurine (0.50Q g,
prepared according to Example 26), piperidine (2.0 ml)
and ethanol (20 ml) is refluxed under exclusion of
‘moisture for 3 h and evaporated in vacuo. The wbrk-up of
the reaction mixture, following reaction with bromo-
trimethylsilane and isolation of the product is performed

. This Sheet Has Been Reﬂlace

A




WO 94/03467 . _ ) . PCT/US93/07360

10

15

20

08 .

30

35

wfd-

essentially as described in Example 34. Yield, 0.40 g (84
$) of 9-(R)~-(2-phosphonomethoxypropyl)-2-amino-6- ,

piperidinopurine, m.p.154-156°C, (@) =-0.8° (c=0.5, o. 14

HC1) . 'H-MMR spectrum (D,0 + NaoD):1. 2 d(3H), 3

6.1, CH3, 3.44 dd(1H), P,Cﬂ-g 0, J =12.4 and 3. 55 dd
(1H) Ip, ca'9‘3' J =12.4, P=CH,; 3.93 m(1H) 2/-CH; 4.09
d(28) J. 6.1, J_=14.4 and 4.17 dd(1H), J ,,,=4.1,

37,2’

w2

T =m14.4 1/-cH,; 7.88 s(1H), H-8; piperidin-1-yl: 3.95 br

t(48), J=5.4 N-CH ; 1.60 m (4H)+1.69 m(2H) C*CH A
c, ,H._N O P (370. 4) calc. C 45.40, H 6.26, N 22 69, P

1423 6 4
8.36; found C 45.68, H 5.94, N 22.46, P 8.41.

Example 43

$-morpholinopurine :
A mixture of di(2-propyl) 9-(R)-(2~-

'~ phosphonomethoxypropyl)-2-amino-6~-chloropurine (0.50 g,

prepared according to Example 26), morpholine (2.0 ml)
and ethanol (20 ml) is refluxed under exclusion of
moisture for 2 h and evaporated in vacuo. The workJup of

the reaction mixture, following reaction with bromo-

trimethylsilane and isolation of the product is pertorned
esgsentially as described in Example 34. Yield, 0.45 g
(94.5%) of 9-(R) (2-phosphononethoxypropyl)-z-anino-s-

. norpholinopurine. n.p. 160-162°c, [a] =47,1°(c=0.5, 0.1M
" HEl) . YH-NMR spectrum (D,0 + NaoOD):1. s acm, I
6.1; 3.50 Ad(1H), J

37,20
P, cH 2e. 8, J =12.9 and 3.68 dd (1H)
Tp, cx™e3r T m12.9, P- CH,; 3.90 m(1H) 2/~CH; 4.05 d(2H)

Jinz, 6.6, J_=14.4 and 4.18 ad(1H), J.,,,=3.2, J_=14.4

1'-cuz-'7 .81 8(1H), H-8; morpholin-1-yl: 4.03 br t(4H),

J=4.5 N-Cﬂz, 3.80 br t(4H) c-cnz 133218 O_P (372.3)

‘calc. C 41.94, H 5.69,N 22,57, P 8.32; found C 42.03, H

5.66, N 22.16, P 8.62.

e
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A mixture of di(:-prop?l) 9=(R)~(2~-
phosphonomethoxypropyl) -2-amino-6-chloropurine (0.50 g,
prepared according to Example 26), benzylamine (2.0 ml)
and ethanol {20 ml) is regluxed under exclusion of

. moisture for 6 h and evaporated in vacuo. The work-up of

the reaction mixture, followihg reaction with bromo-
trimethylsilane and isolation of the product is performed
essentially as described in Example 34. Yield, 0.45 g
(90%) of 9-(R)f(2-phqsphongmethoxypropyl)-2-anino-6-
benzylaminopurine, m.p.158-160°C, (a),=-4,9° (c=0.5, 0.1M
HC1) . 'H-NMR spectrum (D,0 + NaOD):1. 13 am), T 3e, 20"

5.9; 3. 52 dd(1H), J P, cH 10 3, J =12.0 and 3.68 dd (1H)

JP CH=10.0, J =12.0, P-Cliz; 3.86 m(1H) 2’-CH; 3.99 d(2H)

Jl“z'- 5.6' J -1‘.‘ and ‘009 dd(w" 31'2'-3.5' J -14.‘ _

1'-CH2; 7.77 8(1H), H-8; arom.protons: 7.22 m(5H); 4.58
br s(2H) benzyl-CH . clsuZINso‘P (392.3) calc. C 48.98, H
5.39, N 21,42, P 7.89; found C 49.16, H 5.37, N 21.23, P

7.86.

9= (s)_f.z_zng. mmmwmw

{2=Phosphone:. ' “\QXypropvl)-8-azaguanine

A n. .ure of 8-azaguanine (3.5 g),
dimethylformamide (35 ml) and dimethylformamide
dineopentyl acetal (15 ml) is heated at 80°C 16 h under
exclusion of moisture. After cboling at room tenpérature,
the precipitated product is filtered by suction, washed
with ethanol and ether and dried in vacuo. Yield, 3. 1 g
(65%) Nz-dimethylaminomethylene-s-azaguanine,_HPLC pure.
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The mixture of this compound (2.1 g, 10 mmol), cesium
carbonate (1.75 g, 5.4 mmol) and (S)=2-[ (di (2~

‘propyl)phosphonylmethoxy]-1-toluenesulfonyloxypropane in

dimethyltorhanide'(4o ml) is stirred for 4 h at 100°C

-under exclusion of moisture. The mixture is filtered

while hot, evaporated at 40°C/13 Pa and the residue

treated with a mixture of methancl and conc.aqueous

ammonia (1:1, 200 ml) overnight at ambient temperature.

The solvents are evaporated in vacuo and the residue

chromatographed on a column of silica gel (200 ml) in
methanol-chlorofornm nixture.(S:SS). The fluorescent
product (Rf=0.42, TLC in methanol-chloroform, 1:9, silica
gel plate), amorphous foam, yield 0.9 g (23%) is dried in
vacuo and treated with acetonitrile (25 ml) and
bromotrimethylsilane (2.5 ml) overnight at room
temperiture; The work-up of the mixture is performed as
described in Exanble 34. The product is isolated by ion
exchange chromatography on Dowex 50 X 8 (H+-forn) and
crystallized from water. Yield, 0.45 g.

Further elution of the silica gel column
affords the 9-isomer (Rf=0.36, TLC in methanol-
chloroform, 1:9, silica gel plate) in the yield of.0.9 g
(23%); Conversion by bromotrimethylsilane in acetonitrile
(Example 34) gives atter deionization and crystallization
from water 9-(8) (2-phosphononethoxypropyl)-a-azaguanine

' (0.50 g, HPLC pure).

d.

The reaction is performed essentially as
described for the (S)-enantiomers in Example 44. After
the work-up of the condensation mixture with aqueocus

- methanolic ammonia the crude mixture of bis(2-propyl-
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l)esters is applied onto a column of Dowex 50 X 8 (H+_

form) (150 ml) and the column eluted with 20% aqueocus met-
hanol. The UV-absorbing fraction is taken down in vacuo
and dried a:to:ding the 9~isomer as an amorphous foam.
The residue is treated with acetonitrile (30 ml) and
bromotrimethylsilane (3 ml) overnight, evaporated in
vacuo, the residue dissolved in 2.5% ammonia and reeva-
porated in vacuo. This residue is applied onto a column
(100 ml) Dowex 1 X 2 (acetate form) and washed with water
(1 1) and with 1 M acetic acid (500 ml). The eluates are

discarded and the resin extracted on filter with boiling

water (500 ml). This eluate is evaporated in vacuo and
the residue crystallized from water (poorly soluble) to

afford the 9-(R)-isomer (0.50 g{. For c8813N O_P (304,2)

" calculated: 31,59% C, 4.31% H, 27.62%N, 10. 18%P, found

32,10%C, 4.35% H, 27.44% N, 10.30% P.

Further elution of Dowex 50 column with 2,5%
aqueous ammonia gives an UV-absorbing fraction which is
evaporated in vacuo, dried and treated with acetonitrile
(20 ml) and bromotrimethylsilane (2 ml). The reaction
mixture is evaporated and the residue dissolved by the
addition of 5% aqueous ammonia (100 ml), and the nixture '
is deionized on a column (100 ml) Dowex S0 X 8 (H -form) .
The_amnonia.eluatc affords gel forming mixture which is
dissolved in water by addition of ammonia and applied
onto a column of Sephadex A-25 (150 ml) in 0.02 M
triethylammonium hydrogen carbonate. The column is eluted
with a linear gradient of the same buffer (0.02-0.20 M, 1
1 each) to give the main fraction consisting of the
mixture of the 7- and 8-isomer (EU 0.92, fluorescent
spot). The residue after codistillation with methanc: is
applied onto a column (20 ml) Dowex 1X2 (acetate), the
column washed with water (100 ml) and the product eluted
with 1 M acetic acid. After evaporation in vacuo,
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codistillation with water and trituration with ethanol
the product is. filtered, washed with ethanol and ether,
and dried to afford 0.50 g of the mixture of 7-isomer

~ and 8-isomer in the ratio 1:4'(by lac-NMR). The 7- and 8-

regioisomers were separated by chromatography on DEAE
Sephadex A25, using elution by a 0.02 to 0.2 molar
gradient of agueous triethylammonium hydrocarbonate at pH
7.5. For csnlznso P (304,2) calculated: 31,59% C, 4. 31%
H, 27. 62%!!, 10.18%P; found 32,10%C, 4.35% H, 27.44% N,
10.30% P. }H-NHR (Dzo + NaOD): 8-Isomer: 4.65 2xdd, 2H
(3,r9,™ 5:4/7,,,,%5:1,T_ = 14.0) 1/-CH,; 4.17 br sext, 1H
(J=29.5) 2/=-CH; 3.52 4d, 1H (JPCH =9,7, J = 12.2) +
3.47 44, 1H (JPCH-Q.O, J = 12.2) P-CHZ; i1.18 4, 3H
(33,2,-6.3); 7-Isomer 4.76 2xdd, 2H (Jl,z,- JI“Z,-s.z,
Jg- 14.0) 1'-cnz; 4.13 br sext, 1H (J=29.5) 2/-CH; 3.50

o, P-Cﬁz; 1.16 d' 3H (33'2'-603)0

A suspension of B-aza-z,s-dianinopuriﬁe-
hemisulfate (25 mmol) in water (100 ml) is stirred under

_addition of ‘Dowex 50 X8 (R ~form) until dissolution, the

suspension vas poured onto a column of the same cation
exchanger (100 m1) and the column is washed with wvater
until neutral. The resin is then suspended in water (200
ml) and treated with aqueous ammonia until alkaline,
filtered and washed with boiling water (total, 1 1). The
filtrate and washings are taken to dryness in vacuo, the

residue codistilled with ethanol (2x50 ml) and the

obtained free 8-aza-2,6~diaminopurine filtered from
ether, washed with the same solvent and dried over
phosphorus pentoxide in vacuo.
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A suspension of this conpound (3.02 g, 20 mmol)

,and cesium carbonate (3.3 g, 10 mmol) in

dimethylfornamide (60 ml) is heated at 100°C for 1 h and

a solution of (R)-2-[(di(2-propyl)phosphonylmethoxy)-1-~

toluenesulfonyloxypropane (8.6 g, 21 mmol) in di-
methylformamide (30 ml) is added over 15 min under
stirring. The heating and stirring is then continued for
additional 16 h, the mixture stripped of the solvent in

'vacuo and the residue extracted with boiling chloroform

(total, 300 ml). The extract is chromatographed on a
column (250 ml) silica gel in chloroform and the column
eluted with chloroform-methanol mixture (95:5). Th
elution affords di(2-propyl) 9~(R)~(2-
phosphonomethoxypropyl)~-8-aza-2,6-diaminopurine (R 0.70,
TLC on silica gel, chloroform- methanol, 4:1) which after
evaporation of the relevant fractions and crystallization
from ethyl acetate - petroleun ether gives 1.75 g (22.5%)
of a crystalline material, m.p.120-122°C, {¢1D= -4.7°
(c=0,5, 0.1M HCl). For c14uzsu7o P (387.5) calculated: C
43,40, H 6.76, N 25,31, P 8.01; found C 43.07, H 6.80, N
25,21 and 8.02% P. NMR-Spectrum:1.10+1.12+1.14+1.15+1.17,
5 xd (3H .ach), J= 6.1), CHS; 4._11 pent d (23’-29.5) 2/~
CH; 4.28 2xdd, 1H (31.2,- 4.90, J_ = 14.4) 1'-CH 4.34
ad,18 (I, s =7.1, J_=14.4) 2/-CH; 3.65 dd, 1H ‘Jpcu =
9. 0, J --12 7)+3 7# 1d, gl § (JPCB.Q 5, Jé 12.7) P-CH:‘ .
4.43 4q (11!) (J=6.1) + 4. 47 {JIJ=6.3, JP-O -CH =7.8) P-OCH;
7.35 + 7.70, 2xbr (2x1H) Nﬁzg 6.37 brs (2RH) NKz.

" This product is treated with acetonitrile (25

-_nl) and bronotrinnthylsilane (2.5 nl) overnight at room

temperature and the solution evsporated in vacuo. Water
(50 ml) is added, the mixture alkalized by addition of

~conc. aqueous ammonia and the solution evaporated.

Further work-up and purification is performed essentially
as described in Example 17. Yield, 0.90 g (65.5%) 9-(R)-
(2-phosphonomethoxypropyl) -2, 6-dianino-8-azaadenine, m.p.
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238-242°C, (@) =+5,6°(c=0.5, 0.1M HC1). l3-mm spectrunm
(D,0 + NaoD): 1.17 d(3H), (3, ,, =6.3) CH_; 3.50 dd(1H),
JP CH =9.1, J =12.2 and 3.59 dd(lﬂ) J , CH 9 3, Jé 12.2, P-
Cﬂzl 4.08 m, £J = 30.0 2/~CH; 4.45 dd(lﬂ), 1“2,’5.§,
506' Jg 14.9 1"“21 For

Jg:l‘ .9 and 4.49 ad(1H), J 172

C,H__N O P (305.3) calc. C 31.47, H 4.62, N 32,12, P

8 14
10.17; tound € 31.71, H 5.02, N 31.88, P 9.96.

Eub(pﬂ7.5)-0.85.

Further elution of the silica gel column gives
1.40 g (18%) of di(2-propyl) 8-(R)=-(2- |
phosphonomethoxypropyl) -8-aza-2, 6~diaminopurine (nPo.so,'
TLC on silica gel, chloroform-methanol, 4:1), m.p.148-
150°C (ethyl acetate-petroleuﬁ ether), (a] =-43,7¢(c=0,5,
0.1M HCl). For Cl4 26N.,O‘P (387.5) calculated' C 43,40, H
6.76, N 25,31, P 8.01; found C 43.15, H 6.75, N 25,16 and
7.96% P. NMR-Spectrum:1.10+1.11+1.14+1.16+1.18, 5 x 4 (3R
each), J= 6.1) CH,; 4.17 pent 4 (TJ=31.0) 2/~CH; 4.50 aq,
1H (31,2,-6.60, Jé = 13.9)+ ‘
4.53 44, 1H (31'2'-5"' J _=13.9) 1'-CKZ; 4.47+4+4.43 2xdq,
2B (I,_ooy™7-S+ JCH,CH,=6.1) P-OCH; 3.63 dd, 1H

(JPCH 9.0, Jé-lz «7) + 3.75 dd, iR (J PCH =9,5, J =12.7) P~

. caz, 7.50 + 6.08, 2xbr (2x2H) an. The reaction with
. bromotrinethylsilane is performed essentially as

described for the 9-1sou¢r, yield, 0.80 g (72.5%) 8=(R)-
(2-phosphonomethoxypropyl) -8-aza~2, 6-diaminopurine, M.Pe
23;-240'C,_[G]D=-23,5' (c=0.5, 0.1M HCl). IH-NHR spectrun
(D o-maOD): 1.21 d(3H), (.J' 2,-6 «3) CH3° 3.50 dd(1H),

P CcH =9,2, .J‘g 12.2 and 3. 58 dd(lH)( p,cH =9.4, Jg-:.z.z) P~
CHZ' 4.17.m, EJ = 29.3 2’=-CH; 4.70 d(ZH), 1,2,=5 2) 1=

Cﬂz. For CBH14N7O4P (305.3) calc. C 31.47, H 4.62, N

32,12, P 10.17; found C 30.74, H 4.55, N 29.90, P 10.16.
Eup(pH7.5)-0.85.
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Example 48

SOdiﬁm hydride (0.40 g, 60% dispersion in
paraffin, 10 mmol) is added to a solution of 6-
chloropurine (1.55 g, 10 mmol) in dimethylformamide (25
ml) and the mixture stirred for 1 h at ambient
temperature. A solution of (R)-2-((di(2-propyl)phospho-
nylmethoxy)-1-toluenesulfonyloxypropane (6.5 g, 15.9
mmol) in dimethylformamide (50 ml) is added and the
mixture stirred at 60°C for 8 h. The mixture is then
stripéed off the solvent in vacuo and the residue

'extracted with hot chloroform (total, 250 ml). The

extract is then evaporated in vacuo and the residue
chromatographed on a column (250 ml) of silica gel in

‘chloroform. The product is eluted with chlorofom-methanol

(95:5) and the relevant fractionb-containing product were
evaporated to dryness. Yield, 2.35 g (60%) of the oily
di(2~-propyl) 8-(R)=-(2-phosphonomethoxypropyl)-6-
chloropurine (nro.7o; TLC on silica gel, chloroform-
methanol, 4:1), m.p.148-150°C (ethyl acetate-petroleunm
ether), [a] m==43,7*(c=0,5, O. %ﬂ HCl). Por Clsﬂz‘CIK o.P
(390.9): uass spectrum: 391(3 . 348 (M-iPr), 306 (M-
221?:), NHRrSpectrun 1.05 d (38), J= 6. 1) cga 4.02 pent
d (23-28 9) 2'-03, 4. 30 dd, 1H (J 1m2¢ =7.,00, J_ =
14.3)+4.45 4d, 1H (J 1727 =3, 6, J =14.3) 1 -Cﬁzs 4.49 mn, 2H
(JP-OCH =7.6) P-OCH; 3.68 dd, 1H (J CH-Q.S, Jg=13.7) +
3.82 44, 1H(J PCB =9.2, J =13.7) P—Cﬂz, 1.1241.13+1.33

(3xd, 4x3H), J=6.1, J=6.3) CH (2-propyl); 8.61+8.77,

- 2xs, 2H, H-2 + H-8.

This product is treated with thiourea (2 g) in
ethanol at reflux for 1 h, the solution is alkalized with
triethylamine, taken down to dryness and the residue
extracted with chloroform (200 ml). The extract is
evaporated in vacuo and the residue (nro.ss, TLC on

P
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silica gel, chloroférm—methanol, 4:1) dried in vacuo.
Acetonitrile (40 ml) and bromotrimethylsilane (4 ml) is
added and the mixture stirred till dissolution. The
mixture is left to stand overnight at room temperature,
taken down to dryness in vacuo and dissolved in water
(100ml) by alkalization with conc.aqueous ammonia. The
alkaline solution is then evaporated in vacuo and the

residue in water (20 ml) (alkalized by ammonia) is applied

onto a column (150 ml) Sephadex A-25 equilibrated with
0.05 M triethylammonium hydrogen carbonate (pH 7.5). The
column is eluted with the same buffer until the
absorption of the eluate drops to the original value and
then with linear gradient (0.02M-0.2M triethylammonium
hydrogen carbonate (pH 7.5) (11 each). The main UV
absorbing fraction is taken down to dryness and codis-
tilled with methanol (5x50 ml) in vacuo. The residue is

applied in 10 ml water on a column (50 ml) Dowex 1 X 2

(acetate form), the column washed with water and the
ionex stirred in 10% aqueous formic acid (200 ml) for 15
min. The suspension is filtered and the resin washed
repeatedly with boiling water (total, 1 l1). The filtrates
gaffords on concentration in vacuo and recrystallization
from water 9-(R)-(2-phosphonomethoxypropyl)-6-thiopurine

(0,90 g, 49%), m.p.156-158°C, (a] =-1 7* (c=0.5, 0.1HCl).

IH-NHR-Spectrum (D O+NaoD): 1.25 d(3n) (J Y =5.4) Cﬂa;
3.57 dd(1H), J P.CH 9_5, J =12.2 and 3.79 dd(ln)
[ 4

(J -9n5' J ’12.2) P=CH H 4.02 m 2'-CH, 4.31

P,CH g 2
a(28) (3,,,,= 6.8) + 4.52 4, 28 (3 ,,,<2.0, T =14.4) 1'-
Cﬂz, 8.35 +8.72, 2x8 (2H) H-2+H-8. For 09313N40‘PS
(304.0) calc. C 35.52, H 4.31, N 18,42, P 10.19, S 10.50;

found C 35.34, H 4.70, N 18.26, P 10.76.
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A solution of 9-(R)=~(2~-
phosphonomethoxypropyl)adenine (0.40 g) in 1M
chloroacetaldehyde solution in water (20 ml) is incubated
at 37°C for 48 h and evaporated in vacuo. The residue in
water (10 ml) is applied on a column (250 ml)
octadecylsilica gel (20-304) and washed with water
(3ml/min) .. The fractions (20 ml) are analyzed by HPLC in
0.05 M triethylammonium hydrogen carbonate pH 7.5 and the
appfopriate fractions pooled and taken down in vacuo. The
product is triturated with ethanol and filtered. Yield,
0.35 g (80%), m.p.180-182°C, [a] =~25,6°(c=0.5, 0.1M
HCl). For C__H. . N O P (311.3) calc. C 42.44, H 4.53, N

117145 4
22,50, P 9.97; faund C 42.30, H 4.75, N 22.24, P 10.25.

Example S0
Evaluation against human immunodeficiency virus (HIV) and
Moloney murine sarcoma virus (MSV) in vitro
~ The activity of the compounds against HIV-1 and
HIV-2 induced cytopathicity was examined in human -
lymphocyte MT-4 cells. The cells (250 000 cells/ml) were

.intectad with 100 CCID, (1 CCIDso is a virus quantity

which causes cytopathicity effect in S0% of the cells
under ‘the experimental conditions) of HIV-1 or HIV-2 and
added to 200 pl-wells of a microtiter plate containing
different dilutions of the test compounds. The infected
cell cultures were then incubated at 37°C for 5 days in a
humidified CO,-controlled incubator. Then, the
cytopathicity of the virus was examined by determination

of MT-4 cell viability by trypan blue dye staining.

‘The results are summarized in Table 1 -in comparison with
‘the data on the prototype compounds.
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Also shown in Table 1 are results of testing
the activity of the compounds against MSV-induced
transformation in murine embryo fibroblast C3H/3T3 cells.
The cells were seeded in 1-ml-wells of a 48-well
microtiter plate and exposed to 80 PFU (plague forming
units) for 60 - 90 minutes. Then, the virus was removed
and culture medium containing appropriate concentrations
of the test compounds were added (1 ml per well). At day
6 post infection, MSV-induced transformation of the cell
culture was examined microscopically. The results are
summarized in Table 1 in comparison with the data on the
prototype compounds.
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Antifretrévirus activity 9£4£he (5)- and (R) ~enantiomers of the compounds of Formula
I in comparison with othqr-ag&clic nucleoside phosphonates.

w
o

N
R

N
o

Table 1

(¥
(4]

(o
o .

n

‘Compound

-G l=-

LOVE0/v6 OM

. MT-4 C3H/3T3
_EC50°(ug/ml)  cC50%(ug/ml) EC50°(ug/ml) MIC*(ug/ml)
HIV-1 HIV-2 MSV

(S) -PMPA 78 63 >100 120 >100

(R) ~PMPA 1.7 1.4 >100 0.99 >100

(S) -PMPDAP 2.0 4.0 >100 2.9 >100

(R) ~PMPDAP 0.05 0.06 >100 0.14 >100

(8) -PMPG 1.2 1.3 45 0.95 8

(R) ~PMPG 1.8 1.7 >100 0.15 40

(R) -9~PMP-8-azalA 2.4240.91 1.75+0.2 0.4310.24

(R) ~9-PMP-6~-thioPu >100 >100 18+10

(R) ~7/8PMP-8-azaG* >0.16 >0.16 1.140.6

(R) ~-9~-PMP-6~-piperidino~DAP >100 >100 12.6410

(R) -9~-PMP-~6-morpholino-DAP >100- >100 6.1+2.3

(R) -9-PMP-6-cyclohexyl-DAP 8.0+2 74+2.6 1.411.2
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Table 1 (cont’d)

(R) -9-PMP-6-benzyl-DAP . . 10.3+1.4 8+2.9 0.340.11

(R) -9-PMP-6-dimethyl-DAP =~ 2.310.2 4.2+2.8 3.2541.44

(R) ~9-PMP-6-butyl-DAP S 13.144.3 9.8+4.9 3.2741.3

(R) =9-PMP-6- (2-butyl) -DAP © 3019 25415 3.540.3

(R) -9~-PMP-6-thioG ' >100 >100 3.9442.13

PMEA 2 2 67 2 >100

(S) -FPMPA 2.7 2.6 >100 1.5 >100

(R) -FPMPA 83 54 >100 >100 >100

(8) ~FPMPDAP 4.8 3.3 >100 1.7 >100

(R) ~FPMPDAP 1.4 >100 1.7

culture morphology.

*Regioisomeric mixture

1.5

>100

- a) Compound concentration required to inhibit HIV-induced cytopathicity in MT-4 cells
by 50%; b) Compound concentration required to reduce MT-4 cell viability by 50%; c)
Compound concentration required to inhibit MSV-induced C3H/3T3 cell transformation by
50%; d) Compound concentration that results in a microscopic alteration of the cell

Abbreviations '

FPMP - N-(3-fluoro-2-phosphonomethoxypropyl)derivative of the Formula 4; PME N-(2-
phosphonomethoxyethyl) derivative of the Formula 3}; PMP N-(2-phosphonomethoxypropyl)
derivative of the Formula I; A adenine, DAP 2,6-diaminopurine, G guanine.

-Qlf-
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conclusions:

(1) Most of the resolved compounds of the
Formula I examined showed marked anti-HIV activity in
vitro. HIV-1 and HIV-2 did not differ in their
sensitivity to the test compounds.

(2) (R)-FMPA was markedly inhibitory to
retrovirus replication at 1 - 2 ug/ml and non-toxic to
the cells at 100 mg/ml. Its selectivity index (ratio
cytotoxic dose/antivirally active dose) proved superiof
over that of the prototype compound PMEA. The (S)-
enantiomer of PMEA was devoid of marked antiretroviral
activity. ' '

(3) (R)-PMPDAP was exquisitely inhibitory to
retrovirus replication (Ec50 0.01-0.1 ug/ml) and non-
toxic to the cells at 100 ug/ml. It proved superior over
PMEA and other prototype compounds in terms of both
antiviral activity and lack of toxicity. Its selectivity
index was > 2 000 for HIV-1 and HIV-2.

_ _ Example 51
Treatment of Moloney murine sarcoma virus (MSV) infection

Ak _

Two .gram newborn NMRI mice were injected

_intramuscularly in the left hind leg with 50 ul of 250~
'“told diluted ‘stock preparation of Moloney murine sarcoma
virus. Starting 2-4 hours bafore virus infection, each

animal was injected intraperitoneally in groups of 10
with a single dose of test compound with 50, 20 or 10

‘mg/kg of the resolved compounds of the Formula I or

prototype compounds (for abbreviations, see Footnote to
Table 1); compounds (R)-PMPA and (R)-PMPDAP were
administered also at the dose of 5 and 2 ng/kg. Another
group of mice (20 animals) was administered RPMI-1640
medium as placebo. All compounds were solubilized in
RPMI-1640 medium. The mice were observed daily for 20
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days and the day of tumor initiation and the day of

animal death was recorded for each animal. Statistical

analyses were performed by calculating the standard

deviation. The summarized results are shown in the Table
5 2.
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| Table 2
'Inhibitory effect of (s)?find (R) -enantiomers of the dompounds of the Formula I and

ot

prototype acyclic nucleoside phosphonates administered by intraperitoneal route on
MSV-induced tumor formation ‘and associated death in NMRI mice.

. 'Number

Compound Dose Mean day of thor Mean day'ot Byinal
: (mg/kg) .- ,of mice initiation _ death
(S) -PMPA 50 120 5.8 + 0.63 12.4 t 0.84
20 © 20 4.5 £ 0.71 10.9 &+ 0.88
10 st 20 4.7 + 0.95 10.9 & 0.88
(R) =PMPA 50 10 >20 (100%) ->20 (100%)
20 10 13.5 £ 3.5 (80%) >20 (100%)
10 20 12.9 £ 2.2 (75%) 18.3 + 1.10 (85%)
5 10 7.11 ¢+ 1.5 (10%) 14.4 £ 0.47 (20%)
2 10 5.3 £ 1.1 12.6 t 1.26
(R) -PMPDAP 20 19 11 (95) 18 (95)
. 10 20 11.5 (90) 18.5 (90)
5 20 12.8 (70) 16.5 (90)
2 20 11 (36) 15 (70)
PMEA 50 10 9.0 (90%) 16.0 (90%)
20 30 10.6 £ 2.0 (44%) 14.7 £ 1.8 (66%)
' 10 20 9.8 + 1.9 (24%) 14.2 + 2.5 (43%)
(8) -FPMPA 50 10 >20 (100 %) >20 (100 %)
: - 20 20 11 £ 2.7 (31%) 17.2 £ 2.2 (55 %)
10 20 7.7 £ 2.4 13. 6 £ 2.8 (40%)

-6lL=

LOPED/P6 OM

09€L0/€6SN/1Dd



s,

l}

L

3 -g' 3 g ; .6' n
Table 2 (cont’d)
(R) ~FPMPA 50 10 11.2 % 0.92
20 10 10.4 + 0.52
~ (S) ~FPMPDAP 50 10 16.5¢ 0.71 (67%)
- 25 10 14.6 £ 2.2
10 6 16.7 £ 3.2 (33%)
- (R) ~FPMPDAP 50 20 13.9 £ 1.4 (10%)
25 20 14.1 £ 1.5 (15%)
10 20 12.0 £ 1.0
Control 0 ' 40 65 % 0.81 10.7 + 1.2

a)Valueslin parentheses represent percentages of MSV-infected mice without tumor at

b)day 20 post infection.

Values in parentheses represent percentages of MsV-infected mice
that were still alive at day 20 post infection.
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While (S)-enantiomer of PMPA (and FPMPA) has no
marked antiretroviral activity in vivo at the dose of 50
mg/kg, (R)-PMPA, (R)=- PMPDAP proved highly effective in
inhibiting tumor initiation and prolonging the life~span
of MSV-infected mice. A single (R)~PMPA dose of 50 mg/kg
afforded full protection against MSV-induced tumor
developnent. At lower doses, this compound proved
superior over (S)=FPMPA in postponing the day of tumor

- initiation and the mean day of animal death. A 'single

(R) -PMPDAP dose of 10-20 mg/kg gave virtually full
protection of the animals (90-95%) against MSV-induced
tumor development; at a dose of 2 mg/kyg, signiticant
prevention of tumor formation (in 36% of the animals) and
70% long time survivors were observed.

(1) (R)~-PMPA proved markedly effective in
increasing the mean day of tumor initiation and animal '
death at the single ¢osd of 10-50 mg/kg. It is superior

-in these assays over the prototype compound PMEA.

(2) (R)-PMPDAP was one of the most active anti-
MSV compound of the series examined in vivo. It proved
five-fold superior over (R) -PMPA. It contrasts to the
FPMP-series where the adenine derivative is more activa

in the assays than the dianinopurine counterpart.

(3) The 1n_xigg activity of the compounds of
the Formula I are in agreement with their antiviral
activities against HIV and MSV jin vitro.

Three-waeek-old NMRI mice (about 10 grams body
weight) were injected intramuscularly -in the left hind
leg with 50 ul of 20-fold diluted stock preparation of
Moloney murine sarcoma virus. Starting 2-4 hours before

his Sheet Has Been Re laced '
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virus infection,six animals received an orally
administered test compound twice a day at 100 mg/kg(total
dose) daily for five subsequent days. The control
(placebo) group consisted of 14 animals. The experiment
S was evaluated as described in Example 35. The summarized
" results are given in Table 3. '

Table 3
id | Nunber of
Mean day of mice
Number of tumor developing
Compound —nmice _  jinitiation  tumoxr (%)
(R) -PMPDAP 6 7.5 ¢ 1.0" 67
Placebo (control) 14 5.0 £ 0.0 100
15 -
*) p< 0.005 (two-sided Student’s t-test).
At the dose of 100 mg/kg/day, (R)-PMPDAP
20 increased the mean day of tumor initiation by 50%; only
67% of the mice developed a tumor.
28
30
T T
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. 'A compound of the formula:

| cI:x,a |
_ H'T'OCHzP (0) (OR), (Ia)
CH,

clza,a
(OR),(0) PCHzO'Cl"ﬂ ' (IB)
CH,

including salts of said compounds, wherein said compound
of Formula IA or IB is substantially free of its
enantiomer and wherein B is a substituted or
unsubstituted purine or pyrimidine moiety or an aza
and/or deaza analog thereof, and wherein B is other than
guanine and wherein R is independently H, alkyl (1-GC),
aryl or aralkyl. :

2. The compound of claim 1 wherein R is H and
B is a purine moiety selected from the group consisting

- of adenine,: G-dianinopurine, 2=-aminopurine,
. hypexanthine, ‘and xanthine, and their 1-deaza, 3-deaza

and 8-aza analoqs, either unsubstituted or derivatives of
purine or said analogs substituted at position 2 and/or 6
and/or 8 by amino, halogen, hydroxy, alkoxy, alkylamino,
dialkylamino, aralkylamino, hetercaralkylamino, |
heterocyclic amino, hydroxyamino, alkoxyamino, hydrazino,
azido,; mercapto or alkylthio, wherein said derivative is
other than guanine.

3. The compound of claim 1 wherein R is H and

'B is a pyrimidine selected from the group consisting of

cytosine, uracil, thymine and 5-net§y1cytos;ne and their

L
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6-aza analogs, either unsubstituted or substituted at any
exocyclic amino group in position 4 by alkyl, aralkyl,
hydroxy or amino.

4. The compound of claim 2 of formula IA
vherein B is adenine, 2,6-diaminopurine, 2-aminopurine,
8-bromoadenine, 6-mercaptopurine, 6-thioguanine, 2~
methylthioadenine, 3-deazaadenine, 8-azaadenine,
8-azaguanine, l-deazaadenine or 8-aza-2,6-diaminopurine.

5. The compound of claim 2 of Formula IB
wherein B is adenine, 2,6-diaminopurine, 2-aminopurine,
8-bromoadenine, 6-mercaptopurine, 6-thioguanine, 2-
methylthiocadenine, 3-deazaadenine, 8-azaadenine,
8-azaguanine, 1l-deazaadenine or B-aza-z,s-diaminoﬁurine.

6. The compound of claim 4 vwherein B is
adenine, 8-azaguanine or 2,6-diaminopurine.

7. A compound of claim 5 wherein B is adenine,
8~-azaguanine or 2,6~diaminopurine.

8. A coﬁpound of claim 6 wherein B is
z,s-diaminopu;ine.

9. A cdmpouhd of clain"7 wherein B is
8-azaguanine.

10. A compound of claim 3 of Formula IA
wherein B is cytosine, thymine, uracil, s-methylcytosine,
G-azauracil or 6-azacytosine.

11. A compound of claim 3 of Formula IB
wherein B is cytosine, thymine, uracil, S-methylcytosine,
6~-azauracil or 6-azacytosine.

A
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12. A method to prepare a compound of the

formula:

CH,B
- H-C-OCH,P(0) (OH); (IA)
&,
or
cnp
(OH),(0) pcr_t,d-f-rx (IB)

CH,

wherein B is as defined in claim 1, which method
comprises hydrolyzing a compound of the formula

CH,B
H-C-OCH,P (0) (OR), (VIIA)
&,
or
CH,B
(on),(owcn,o-é-n (VIIB)

.. 25 . S TR mmsen. s Bey r Toatelo e e e
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wheréih'R'13”ihdépendéntly“alkyl(i-GC), aryl or aralkyl
by treating with a halotrialkylsilane in a polar aprotic
solvent medium.

13. The method of claim 12 wherein both R are
2-propyl. :

14. The method of claim 12 wherein the
compound of Formula VIIA or VIIB is prepared by a process
which comprises deprotecting a compound of the formula:

* ¢ L M s x



10

15

20

- . _2-5 '.._.. L R

" wherein B/ 'is a protected form of B as herein defined
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CH,B’
u-cI:-ocH,p(O) (OR), (VIA)

PCT/US93/07360

CH,
or
CH,B’
(OR);(0) PCH,0-C-H (VIB)
b,

- wherein B’ is a protected form of B as defined herein

by treating said compounds of formula VIA or VIB with at
least one deprotecting reagent.

15. The method of Claim 14 wherein said
compound of formula VIA or VIB is prepared by a process
which comprises reacting a compound of the formula:

CH,B’
H-C-OH (VA)

or

. HO=C-H (VB)

with a compound of the formula
. LVOCH,P(0) (OR), vy
wherein LvO is a leaving group, and each R independently
is alkyl (1-6C),
under conditions wherein said compounds of
formulas V and IV react to form said compounds of fornnla
VIA or VIB. '

* [4 L M H] *
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16.  The method of claim 15 wherein LvO is a
p-toluenesulfpnyloxy (TsO) group.

PCT/US93/07360

17. The method of claim 12 wherein the
compound of Formula VIIA or VIIB is prepared by
alkylating purine or pyrimidine moiety B as defined in
claim 1 in the presence of alkali metal hydride or
carbonate with an (R)- or (S)-2~-0-dialkylphosphonyl-
methyl compound of the formula:

]
Lvocgzclza-ca3 |
OCH,P(0) (OR) , (XVII)

wherein LvO is a leaving group and R is independently
alkyl(1-6C), aryl or aralkyl.

18. The method of claim 17 where said alkali
carbonate is cesium carbonate.

19. The method of claim 17 wherein LvO is a
p-toluenesulfonyloxy (TsO) group.

20. A method to synthesize the compounds of

: _;;clain 1 which comprises protecting (R)= or (S)- N-(2-
jé§*f5hydroxypropy1) derivatives of purine or pyrimidine bases

" of the fornule II

s-ca,clx-ca,
| OH e 23
wherein B is as defined in claim 1 to obtain the base-

protected derivative of the formula III

B'-Cﬂﬁ?ﬁ4ﬂ%
oH , (III)
in which the residue B’ stands for the residue of a base

- B substituted with at least one N-acetyl, N-benzoyl, N-

* [ L M 5 *
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pivaloyl, N-dimethylaminomethylene, N-trityl or N-
tetrahydropyranyl group;

followed by treating sazd compound of formula
IIT with dialkyl p-toluenesulfonyloxymethylphosphonate
and sodium hydride in an inert aprotic solvent at a
temperature of from -20°C to 100°C to obtain an
intermediate of the formula IV

B -CH,CH-CH, _

OCH,P (O) (OR), (IV)
wherein each R independently is alkyl (1-6C), aryl or
aralkyl followed by reacting said intermediate of formula
IV with a halotrimethylsilane in an inert aprotic
solvent.

21. The method of claim 20 wherein said
halotrimethylsilane is bromotrimethylsilane.

22. The method of claim 21 wherein said inert
aprotic solvent is acetonitrile, dimethylformamide, or a

chlorinated hydrocarbon.

23. A method to prepare a compound of claim 1
which comprises treating a heterocyclic purine or

-:or alkali carhonate in" a ‘inert organic solvent with (R)~-

or (S)—2-o-dialkylphosphony1nethy1-1-o-p-to1uenesu1£ony1-
1,2-propanediol of the formula XVI
CH,CH,S0,0CH,CH-CH,

OCH,P (0) (OR), (XVI)
wherein each R independently is alkyl (1-6C), aryl or
aralkyl to obtain the (R)=- or
(S) -N-(2-dialkylphosphonylmethoxypropyl) derivative of
the formula VI

* [ L ] H *
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B-Ca,Chi-ct,

OCH,P (0) (OR), (VI)
tollowed by treating said derivative of formula VI with a
halotrimethylsilane in an inert aprotic solvent.

.24. The method of ~laim 23 wherein the alkali
carbonate is ces:um carbonate.

25. The method of claim 23 wherein the inert
aprotic solvent is acetonitrile, dimethylformamide or a
halogenated hydrocarbon.

26. The method of claim 23 wherein the

halotrimethylsilane is bromotrimethylsilane.

27. A compound of the formula:

* :
B - ,cln-ca,

X

as a racemate or as the er- :ched or resolved enant;omers.

28. A compound of the formula:
m'?f.
Lvo-'clza-ca,
o
XX
wherein LvO is a leaving group,

as a racemate or as the enriched or resolQed
enantiomers.

O R
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Z9. A compound of the formula:

. This Sheet Has Been Replaced
: T
B-TH-CH’ |
. 0 ’ »
5 - |
II !
vherein B is as defined in claim 1 or is a protected form
thereot,
. as a racemate or as the enriched or resolved
10 enantiomers.
30. A compound of the formula:
*
B~-CH,CH~CH,
15 |
OH
_ I
vherein B is as defined in claim 1 or is a protected form
thereof,
20 as a racemate or as the enriched or resolved
enantiomers.
31. A compound of the formula:
’ P ... * . . .
28 cﬂ,'-cla-ca,ocnzqn,'
2 o
XII - : .
as a racemate or as the enriched or resolved enantiocmers.
30
' I
*.
35
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2. & compoms ot e cormtns | [[[ NI
]
CH,~CH=CH,0CH,CH;
ba
XIXIX

as a racenate or as the enriched or resolved enantionmers.

33. A_coipound of the formula: '

*
cu,-cr-mc.ns
OCH,C1

IV
as a racemate or as the enriched or resolved enantiomers.

34. A compound .of the formula:

* .
CH,~CH~CH,0CH,C/H;
OCH,P (0) (OR),
i 3 4
wherein R is independently alkyl(1-6C), aryl or aralkyl
as a racemate or as the enriched or resolved

.enantiomers.. = -

35. A .compound of the formula:

&
cn,-cln-ca,oa
~ OCH;P(0) (OR),
' v
wherein R is alkyl(1-6C), aryl or aralkyl

as a racemate or as the enriched or resolved
enantiomers.

) Illj\ L
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36. A compound of the formula: “II'I" |III|| |l |I f“
: *
CH,~CH-CH,OLV
5 OCH,P(0O) (OR),
IVIX

wherein LvO is a leaving group and R is independently
alkyl(1i-6C), aryl or aralkyl
as a racemate or as the enriched or resolved
10 enantiomers. |

37. A pharmaceutical composition for
antiretroviral use comprising'an effective antiviral
amount of a compound of claims 2 or 3 in admixture with a

.5 pharmaceutically acceptable carrier. '

38. The pharmaceutical composition of claim 37
wherein the antiviral compound is 9-(R)~-(2- ‘
phosphonomethoxypropyl) adenine.

20 .

39. A pharmaceutical composition of claim 37
wherein the antiviral compound is 9-(R)-(2~
phosphonomethoxypropyl) -2, 6-diaminopurine.

25 S - 40. A method of achicving an antiviral eftect
in a mammal in need of such treatment which comprises
administering to said mammal an antivirally effective
amount of a compound of claims 2 or 3.

10 41. The method of claim 40 wherein the

antivirgl compound is 9-(R)-(2-phosphonomethoxypropyl)
adenine.

35

[
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42. The method of claim 40 wherein the
antiviral compound is 9-(R)-(2-phosphonomethoxypropyl)-
2,6-diaminopurine. '

43. The compound of claim 2 wherein the
heterocyclic amino group comprises an oxygen hetercatom.

44. The .compound of claim 2 wherein the
heterocyclic amino group is saturated.

45. 9-(R)~(2-Phosphonomethoxypropyl)-2-amino-
6-dimethylaminopurine.

46. 9~(R)-(2~-Phosphonomethoxypropyl)-2-amino-
6-diethylaminopurine.

47. 9-(R)-(2~Phosphonomethoxypropyl)-2-amino-
6-butylaminopurine.

48. 9-(R)-(2-Phosphonomethoxypropyl)-2-amino-
6-(2-butyl)aminopurine.

) 49, 9-(R)-(2-Phosphononethoxypropy1)-2-aniho-
s-gyclopropglgminopuripc.

50. .9-(R)-(z-Phosphononethoxypropyl)—2-amino-
é6-cyclopentylaninopurine.

51. 9=(R)=-(2-Phosphonomethoxypropyl)-2-amino-
6~-cyclohexylaminopurine.

52. 9=(R)~- (z-Phosphonomethoxypropyl)-z-amino-
6-pyrrolidinopurine. '

| RN O R
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53. 9-(R)-(2-Phosphonomethoxypropyl)-2-amino-

6-piperidinopurine.

54. 9-(R)-(2-Phoéphonomethoxypropy1)-z-amino-

é-morpholinopurine.

55. 9=(R)-(2-Phosphonomethoxypropyl)-2-amino-

é-benzylaminopurine.

azaguanine.

56. 9-(3)-(2ePhosphononéthoxypropyl)-8-

57. 8~(S)-(2-Phosphonomethoxypropyl)-8-

azaguanine.

58. 9-(R)=-(2-Phosphonomethoxypropyl)-8-

azaguanine.

$59. 8«(R)=-(2-Phosphonomethoxypropyl)-8-

azaguanine._

60. 7-(R)-(2-Phosphonomethoxypropyl)-8- -

_azaguanine.

si..'§-kR)-(2—?hosphonbmethokypropyl)-s—aza-

2,6-diaminopurine.

62. 8-(R)-(2?Phosphononethoxypropy1)-B-aza-

2,6-diamiqopurine.

63. 9-(R)-(2-Phosphonomethoxypropyl)-6-

mercaptopurine.

64. 9-(R)=-(2-Phosphonomethoxypropyl)-N1,N6~

ethenoadenine.

* c L M S *
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65. A compound selected from the group
consisting of 9-(R) - (2~Phosphononethoxypropyl) -2, 6-
diaminopurine and the 1,3-dideaza, 1-deaza, 3-deaza or 8-

aza analogs thereof.

66. A method to synthesize the compounds of
clain 1 vherein B is 2~-amino purine substituted at the 6
position with alkylamino, dialkylamino, aralkylamino,

_ heterocalkylamino or heterocyclic amino, cpnprisinq

reacting the corresponding amine or heterocyclic amine
with an alkyl (1-6C), aryl or aralkyl diester of 9-(R)-
(2-phosphonomethoxypropyl) -2-amino-6-chloropurine.
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