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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 outeomes have not yet been achieved in many

.retroviral disease. -

agents, has not been achieved.

Most of the compounds which are clinically |
useful for antiviral chemotherapy are nucleosides, SRELEE

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

Selectivity of antiviral action,
which is an important requirement for novel antivxral RN

x&‘

modified in either the purine or pyrimidine base and/or .
the carhohydrate 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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Thi s’ i nmy,'g/gg",@;oncer ns acyclic nucl eotide anal ogs, the| r pp@wsmymmnd
use. In particular it concerns separate enantiomers of

2- phosphononet hoxypropyl derivatives of purine and pyrindine bases.

Background of the Invention There is an urgent need for '
devel opment of chenot herapeutic agents-2n the therapy of viral diseases. In
particul ar treatnent of di seases caused by retroviruses resents one of the

most difficult Ehkphesphates. hPRM Freblemin pdnins medifiedi r al

agents whi ch anfudRBSideEH 9 e ABEREE (o smﬂesbpéwomﬁfie@m ely

cure disease, religve synptons or subsianti pr o on t he ntervals anong
the recurrence®h i‘(:’e‘?faﬂg the, hpst coih an fg{? ?)#)

?\?“D gomes have f‘@&ra/ﬁisf bmikt Ifmsh-tdpmu rﬁﬂimyliﬁﬂ@{a’ctmitpf -

as an ex (0] retr 1T Seas Se 1V 1 VI
action, whith |'5PQP ﬁ‘/ %ﬁ‘r@?ﬁ ant,n %?tﬁ‘ﬁ/l%?g? ‘{aht ;
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

: 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
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agenbs ﬁ@ﬁmggpmbeen achi eved, Most of the conpounggr ygs gﬁg
fred In

clinically useful for antiviral chenptherapy are nucl eosi des,

either the purine or pyrimidine base and/or the carbohydrate noiety. Such
conpounds mainly act in processes related to the synthesis of-viral nucleic
acids; their action depends on ability tagandergo phosphoryl ati on and
subsequent transformation to the - - 2-

by De Clercq et al. in Nature (1986) 323:464-467, and

reviewed by Hol{y et al. in Antiviral Res (1990) 13:295.
' A similar type of antivirals is represented by

. PME-derivatives (2) disclosed by European Patent
5 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~-
10 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
15  (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
20 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
Ww}ﬁigadditxon to_having some. anti-DNA-virus activity display a
'25ff 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). |

. 30 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 Chen
commun (1988) 53:2753 (PMPA), and by U.S. Patent
35 Application 932,112 (PMPG). PMPA was devoid of any

——
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tri phosplgmgsmm};e problemin adm ni stering nodified nucl eosr ?%Sﬁlﬁmo
absence of suitable phosphorylatlng activity in the host cel the

exi stence of viral strains |acking virus-specific phosphorylating activity.
Wi | € enzymatical ly resistant nucl eoti de anal ogs m ght appear ‘to be .
particularly useful as potentlal antivird#=s, their polar character prevents

effective entry of these anal ogs into the ceIIs as does | ack of
appropri ate nucl BPPree ﬁ&%&hﬁ?ﬂﬂ%§QNﬁ fifact whike any antiherpetimi s

di f}‘lcul &% aﬁpeaa&ttmilt Qﬁwema etali@dsauee'&d)fiwdwdusta!maiot'de
Fepl acing the suBHEORGRACEtYRor e, FiaLaale Hswak, B EUEG, Hadk Hokhe aci d
derivatives deri yglaktedmcomportid,vi ral nucl eosi de anal og ganciclovir
ngfoyﬁnekug%goigggakﬁapgggg Ses an ant| Eﬁrge V|ru activi.t gRelst)ag
401, pp. 17-34 (agd9iistilosed, ﬂﬂMBP qmplIEiﬁiﬁnl@szsbs.etrat théseled Chem
(1986), 29:671) guanine formLhe&%l P%Q%Ji%%f%a%ﬁ%&'&%l@e\é%%l classes
‘'greater antiviral activity, especially in regard to the
retrovirus HIV. There was little difference between R&S
10 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
15 combination permits any prediction that the resolved
enantiomers of the present invention would exhibit
" antiretroviral activity, or what the enantiomers
preference would be.

20 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

25 'specifically against retroviruses. These compounds are
of the formulas IA and IB, vwherein IA represents the R
enantiomer and IB represents the S enantiomer.

30

35
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of Pri or way hepaggrOUNds: . B-[err]-OCH err]P (O (Ohickausdasorsso
(1) = R =CHerr]COH (2) R=H (gyg.Ft
CH err]F Anot her group of antiviral conpounds where the antiviral
action is less strictly l'imted by the nature of the heterocyclic base
I ncl udes phosphoni c acid anal ogs i n whi ¢l§«a phosphonic acid noiety is
| i nked to the hydroxyl group of an aliphatic chain sugar substitute via a
met hyl ene unit. Exanples of such conpounds alC¥,BIPMP- derivatives (1) which
were disclosed by the UK Patent Application No. 2 134 907 and PV-3017, now
publ i shed on 30 Decenber 1986 as EP 206, 45%H=C~-0QHP (&) (fIR),Such conpb\lhds
act exclusively against DNA viruses as repor%;?

3

CH,B
(OR),(0) p'ca,o-c%a (IB)
CH,

10 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.

15
20
25

Detailed Description of the Invention.
- ’ The compounds of the invention are the resolved
"(R) and (S)- enantiomers of N=-(2-phosphonomethoxypropyl)
derivatives of purine and pyrimidine bases which have

‘-35 structural formula I.
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-3- - w(by.gm ercq et al. in Nature (1986) = 323: 464-467p
reviewed by Holy et al. in Antiviral Res (1990) 13:295. C‘WGS93/073£0 :

simlar type of antivirals is represented by PME- deri vatives (2)

di scT osed by European Patent 5 Application 0 206 459 by Holy et al..and -
described in detail by De Clercq at =#= in Antiviral Res (1987) 8:261,

and by Holy et al. in Collection Czech Chem Conmun (1987) 52:2801;

i bid. (1989), 54:2190). These conpounds &ct agai nst both DNA viruses

and retroviruses, including H V- 10 Br t#Hs 2.  The adenine derivative,
PVEA, was dermonstrated to exhibit an qutstanding activity agai nst)

Mol oney sarcomm virus in mice, sinian i mOGHR(OL{C@R):y virus in Rhesus

nmonkeys as well as feline g jg 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): .
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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_|rrrruno%| ngg@y virus in cats (Balzarini et al., AIDS 15 m;%ggjmﬁl

Egberink et al., Proc Natl Acad Sci U.S. A (1990) 87:

The extensive structure-activity investigation whi ch concentrated on
the frodi fication of the side-chain (described by Holy et al. in . -
"Nucl eoti de Anal ogs as 20 Antiviral Agents", ACS Synposium Series No. 401
(1989), p 51) did not reveal any additional substantially active
antivirals. Replacenent afhig) a-tww urihe lafdlicys are VONEHESLOEFMELA N
t he FPMP-conmpounds (3) whi ch, addition to having some anti-DNA-virus
activity display a 25 substantlal effect on both HV-1, H V-2 and nurine
sarcoma virus (as taught by Holy ~Nal . echosl ovak Pat ent
Application PV 2047-90 now pub Cct ober . 1991 as EP 454, 427,
and by Bal zarini et al., Proc ci U S A (1991) 88:4961). 30

The racem & mi xtures of 9-(2-p
quani ne (PMPA and PMPG) were
Pat ent Appl . 0206459 (PMPA) an

t hoxypr opyl ) adeni ne and
| bed by Holy et al., European
Holy et al., Colleqtion Czech Chem

’

3-deaza purine analogues are of the formula

N Z | N\>
\ N
15 ' H
8=-aza purine analogs are of the formula

10

7 N

20 | - l\ ‘ \>N
: \N N

A, ; and
.. .;1-dq;zgf§7§z;“pp:ineﬂan;;bgshg;q_ot the formula

N

Z N \\N

. 30 \N- N/

_ Preferred embodiments of B are those wherein B
is a purine base selected from the group ‘consisting of
35 adenine, 2, G-diaminopurine, z-aminopurine, hypoxanthine,
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Conmim (1 3. 2753 (PMPA), and by European Patent 35 EP 26
PMPA was ﬁg@%y@igﬁ any ‘ appreci abl e antiherpet?g%éw#%%$¥am

whi | e any anti herpetic activity of PMPG appeared due to its :
substanti al cytotoxicity. The clinical forms of PMPG and-of the .,

rel ated conpound, 5 9- (3- hydr oxy- 2- ( phegphononet hoxy) propyl ) guani ne

( HPMPG) are disclosed in EP application 452935. For these guani ne
forns, the R enamntamtieinegosndstheiryledeaza, 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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greatwom jral activity, especially in regard to the pcr/u$937er36bus
H V. There mas little difference between R&S 10 enantioners in antiviral

activity with regarding to sone DNA viruses. It cannot be predicted -
whet her this pattern of acti-vity would extend to PMP coihpounds -of

ot her than guani ne. -9« Not hing in the above-cited
references or their 15 conbi nation permts any prediction that the

retsol vted lena-tmf-l ] r&;ﬁemﬁdwyt ctwéemixtwvmtamm&&fwblt db
antiretroviral activi a e. enanti oners eference u e.
20  Summary 9P ‘rﬁ/"& rocyclic ring contajining %r&?%r}\éwforms of

N- ( 2- phosphonatom (ommm apyléndie:pmna/b.‘sy dn mdditiamdatpyleastli ne

Bﬁgggect ed an%i\lﬁie?‘ %ﬁ%ﬁd{\iﬁ% S di recﬁw&?ﬁl ca':ﬁ%n a]gja"%t

retrovir uSes. pApesidiine and H@Q izadicaisle. | TyRisally, 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
10 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

15 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

20 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
25 -'agid'additioh 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

- 30 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,
35 '
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Zgrrpou%gj,ogm fornul a: . PCT/US9BAIT860

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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"wherein 8 esents B, where B represents a substituted or ' d
Wo'sahjs? ! : PEEARSSITE

puri ne m di ne noi ety or an aza and or deaza anal og thereoft,
wherein B is other than guanine; and Y represents a group .

[err} wherein R represents i ndependently al kyl (1-6C), aryl "or aralkyl,
or a hydrogen atom the conpound bei ng _igbt he formof an (R) or (S

enantioner substantially free fromits o yosi t e enantioner; or Y represents
a group of the formula

. o : . [err]
t he conpound being in the ?%??r\tjd naﬂc{:%neog. e‘g) agngﬁgllg‘r{gr' substantial ly
free fromits S '

SCHEME 1

* ' - *

5 TsO-CH-CHj. HOCH,CH-CH,

10
15 * *
B-CH,CH-CHy ==<c=c===cercec-- > B’ -C32CH-CH3
2 3 Step 4 |
OH OH
III . v
20 . ‘ .
' TsOCH, P (O) (OR) 2_\1_ ‘Step S
. : v ¢
B . L ' .
PR '.'. - .B.-.cxzcg-cxa -..'....__..,-'—.<-_-._ .. ... " . B' 'CI{ZCH‘CHB .
25 L - . e e -. ...: .'. ..: d . .'. .. - . . step 6 )
| OCH, P (0) (OR) 5 OCH,P (0) (OR) ,
vIT _ - | vI
Step 7
¢ 30 H
. ' *
. , B-CH,CH-CH,
' _ OCH,P(0) (OH) ,
I
35
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opposite
t hese coﬁgg

r or in the formof a racemate. I n one ep@pAISHBRAIT: 0
e of the fornulas | A and I B, wherein | A represents t

enant'i onmer and IB represents the S enanti oner.

[err}

10

15

20

. 285

30

35

-12=-

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'ot 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,

This Sheet Has Been. Re|placcd
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In the &gégg}% Aand IB, Bis a puh ne or pyrinidine base pefi,fgo3078600"

deaza a eof except for guanine and R is independently H, al kyl
(I-66), aryl or aralkyl. Thus, in one aspect, the invention is
direeted to conpositions conprising Formula I A unacconpani ed by any .
substantial amount of the correspondi ng,conpound of Formula IB and to
conposi tions conprising a conpound of - tﬁé “Forrul a | B unacconpani ed by any

substantial am)ur}vﬁ];g t&&ff{{f&?%'% Wéwe&fué hSok PEIBh2otpurines
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.
5 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
10 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
15 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

20 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
25 of’ Formula IV in the presence ‘of three equivalents
(relative to intermediate V) of alkali hydride, e.q., NaH
or KH or other suitable reagents at temperatures ranging
tren -10°C to 80°C, mostly from 0°C to 20°C. The
- reaction lasts from several hours up to several days,
¢ 30 depending on the nature and concentration of the reaction
i 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
35 the phosphonate ester linkages are nydrolyzed. Removal

This Sheet Has Been Reﬂlaced




By -"any ﬁ;&ﬁ%{a@ﬁ amount” i s meant |ess than about 5 ol eYpCP/ 937 eT3bY
an apou

l ess th nol e% nore preferably | ess than about 1 nol e% and nost
preferably in undetectabl e amounts. By "correspondi ng conpound” is neant

t he enanti omer of the conpound shown. O her aspects ‘of the -

i nvention include the preparation of the®&-conpositions, their fornulation
into antiviral pharmaceutical conpositions and_the use of these

formul ati ons to of cther proteckting groupsy f¥om Blf)eg'&i PEEPDE G8MHE®N of the

| nvent i on. hievéa sgrraeh\aésnfy ta'&epumhl ﬁatnbast Macheae ved (R

and (9S)- enantloners 0 honhgme pro rivat,i urine
and pyr|n1d|ne baethanalys ﬂavéc Péwsﬁ Aﬂiali &Sgii oups

can be removed simply by dilution ot the mixture with

5 methanol. The resulting diester of Formula VII is
isolated by silica gel chromatography, or using other
suitable supports, or éontaninating non-nucleotide
materials may be removed by deionization on catien

. exchangers, such as Dowex 50, or, by hydrophobic silica

10 chromatography. The purified intermediate of Formula VII
is then'hyérolyzed, 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.

15 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.

20 Alternatively, compounds ot_rornula I can be

| prepared by Reaction Scheme 2.

30

35
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[err}]  WO94/03467 B is a puripe or pyrinidine base or an azaP&H4V893/0E369,
anal og thereof other than guani ne.: Renantianes are preferred. As used
herei'n, "purine" refers to substituted or unsubstituted noieties of the
formala(in the follow ng, free val ences %Eg_hydrogen are not shown):

SCHEME 2

* ' *
_ CH,~-CH~CH,0H . > CH,~CH~-CH,0CH,C}H,
. | | Step 1 -

- el O L

Step 2
10 . | .
CH,-CH-CH,0CH,CH; < CH,~CH~CH,0CH,CcH,
| Step 3 |
OCH,C1 OH
XIV _ XII1X
15 '
Step 4
i
* . * ’
CH,~CH-CH,0CH,CH; > CH,~CH-CH,;OH
20 | Step 5
OCH,P (0) (OR), | OCH,P (0) (OR),
. - 4 | | xVI
Step 6
_ . _ .
B-CH,CH~CH, < CH,~CH-CH,0Ts
. Step 7
OCH,P (0) (OR), , OCH,P (0) (OR),
. 30 . viI 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
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replacenents are also included within the scope of the |nvent|on

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.
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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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Pref er r SNOSM@BM6MENt s of B are those wherein B is a purine HFUSEROTIE
fromthe group consisting of adenine, 2,6-diam nopurine, 2-am nopurine,

hypoxant hi ne, xant hine; and their 1-deaza, 3-deaza or 8-aza
anal egs; and - derivatives of p%%ruacn sai d anal ogs, "whi ch
SCHEME 3
* ’ *
CH,~CH-COOR >  CH,~CH-COOR

5 OH : O/O
VIII Ix

10 ' & :
CH,-(:lH-CH,OH
S o
X
15

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.

20

25

3°mugis_u_am_usx_m_nm

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-

35 1) and type 2 (HIV-2) in MT4 and CEM cells, as well as on
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deri vat wyp94M@38670t her than guani ne, substituted at positi onPCTAUSHIN7360
and/ or 8 by -ami no, hal ogen, hydroxy, al koxy, "al kyl am no, di al kyl am no,

ar al kyl am no, heteroaral kyl am no,. hydroxyam no, alkoxyam no, hydrazino, .
het erocycl i ¢ am no, azido, nercapto or al kylthio. For the
purposes herein it is understood that taatoneric forns are included in the
recitation of a given group, e.g., thio/nercapto or oxo/hydroxyl.

| ncl uded in thi daleney murine saxcons HXNSeNSVINER CIHATI aeddsini di ne

mot byl oyt osi ne, T PR WTIcey Gl f6vEh"En HET Lacertdd RIS
pyrim di ne subsmice.cwhare rhe qRERaUNds, Rarkedly Pestpened the meanaday|
a al kyl, hydr oxpreuif8r'dnitiation an® mmﬁmg fﬁi@ﬂ@ﬂg_éefené heah.
1, Br or |;_ alkyl refers to strai ght - or brancfe - chai n, sat ur at ed
hydr ocar byl sgrOLﬁ\;“E’érH‘; @3y Pd RAreRLexAl %’P‘ﬁy‘?’;"]z-propyl, .
n-pentyl, neoperiduirdmtradtddrike; al koxy is a group of the formula -OR
vherein R is . The compounds of the invention have several
advantages over the prototype compounds (PMEA, PMEADAP,
~ PMEG) and/or FPMP derivatives, e.g., FPMPA, FPMP-DAP),
10 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
15 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
20 the subject of this invention are completely unrelated to
any of the compounds currently used in clinical trials of
AIDS patients. This will avoid crqss-resistance of these
compounds against those virus strains that became
~_resistant to such treatment, e.g., AZT, DDI, DDC, TIBO,
25" . nevirapine, pyridinone,.etc. S :
 ‘The biological 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
30 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
35 leukemia (HTL)). Since the molecular target of antiviral
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aIkyI awelsaye34erf i ned; alkylthio is a group-of the fornul a PCIRUSHINZI60 R
is al kyl as above defined; aralkyl or heteroaralkyl is a group of the
formiula -R-Ar wherein -R is the al kyl ene counterpart of -alkyl (-R) as
above defined, Ar is a substituted (w th hydroxyl, halo, am no, sulfenyl,
carbonyl or Cl1-C3 al kyl substituted mﬁrﬁ2hydroxyl hal o, amino, sulfonyl or

carbonyl) or unsubstituted aromatic haV|n 6 10C andoﬁg |onaII a
het er oat om sel e@cian A SHLEN gqm g virussenc étﬁﬂ’er

qui nol yl and be%&ns@fﬁ% tase mm%n&wl&roualwemwmmgrwmsof
the formula - N(Z)[err

1 7 activ ty fg%ép hep£%T¥f i Yad g Hor -RA (but at |east

The compounds of this invention also are useful

- 5 as intetmediétes 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 sibaration 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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-9- s -Wbmyomterocycl ic anino is a saturated or unsat ur FEUS93/07360
heterocyclic ring containing at least 1 N atom (ordinarily 1) and

optionally in addition at |east 1 other heteroatom (exanpl es being
pyrrolidine, norpholino, piperidine and the |ike radicals) Typically,
cyclic structures contain from3 to 6 re@ge=atons and are nonocyclic. In
sone enbodi nents, the substituents of purine 6-am no groups are taken

toget her with puparentfexralliy oHyrinteriaseamc intrivencus o slibcytaheyts

g?l-tethg’ i L\?;nte?(ggmé‘?n eéalris?i]ué‘}% )le'tnht e %gafir% dfe'tfhr‘ee°raac]|' c?fpggﬁ??gfgg?‘y?ﬂf

the case of conpaeqwing th langswuantityat thedokive ingrediert abono

fynction, in t.h_efﬁméﬁ & WHedripditic et Ciipaiblle Wi¥H qifiEBegan be
obtai ned on purification of the,.

5 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%
10 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
15 . 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
20 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
25 . ingredient is generaily ombined with a carrier such as a
" 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.
. 30 Typical dosage forms include tablets, powders, liqui
' preparations including suspensions, emulsions and
. -solutions, granules, capsules and suppositories, as well
'~ as liquid preparations for injections, including liposome
preparations.
35
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dei oni zedwgyeyl@a4ent eri al by ani on exchange chromat ography, uspef/ysysai?sk6
organic acids (acetic or form’c acid) as eluents. The free acid forns can
be eaSily transforned into physiologically acceptable salts by nethods
known in the art. Such salts include those of ammniumion, Liferr],
Na[err],Klerr], My[err] and Ca[err] or24har naceutically acceptabl e
organi-c cations; the salts may be nonobasic or, dibasic. Conpounds w th at

| east one amino function cofexi A¥Stemis administratian dndeatiomdacid

addition salts wi Egﬁrae&aam &n&'luaﬁﬁ%“ it afsnisculat!) dntidverdus,
Herr]SJerr] or In certain cases, the aci,d or Zwi tterionic

forns of conpoundénGFaPEEiFGPREﬂa ARd, 4 t&ﬂ@qgﬁweﬁﬁFyiﬂiﬁﬁ'iQEmﬂﬂhﬁ
Under such ci rcurr&bi\ oQndsPuti thedinventiopcare Wla&d@(ﬂwm /@ anion

Vol atile burid SRARCIonsy; BERFEZARIN A RUNAIGLTULGAII: a'pkr?fébﬁesumng
wat er - sol ubl e tr|buﬂghzsnsnchnnsanhnktsnshdnmﬁnmsbmrmﬂdght'smaniuﬁianJuyIn
cations by, addition, the compounds may be formulated in solid form
and redissolved or suspended immediately prior to use.
_ “Lyophilized forms are also included. Systematic
10 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
15 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
20 oral administration, the compounds are formulated into
conventional oral administration forms such as capsules,
“tablets, and tonics. :
For topical administration, the compounds of
o the invention are formulated into ointments, salves,
" .25 gels, or creans, as is generally known in the art. The
S 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
30 Dbody 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
35
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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 tollowing examples are intended to

jillustrate 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
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
dried and egquipped 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
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
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 m1). The resulting mixture was then filtered by

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
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.
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protected form the * above the chiral center indicates that the resol ved
enantii omer is used. Protection of B conprises blocking of active hydrogen
atons contained in B, such as any hydroxg, am no or carbam do-group. .
Protection can be achi eved by introducttéh=of al kali-labile groups, such as
acetyl, benzoyl, pivaloyl or anldlne such. as a di net hyl am nonet hyl ene

group, or, by acid-labile & 803¥tiem ofs 270-tgtrahydnonymanyl-(R)y+
tetrahydrOpyrany repauaszaaddaba 67ke g, 0.42 moIFhQnﬂ%@t@aiﬁa“¥Eddﬂﬁi

ASTHEEN e paeihe iy s A
conditions, i.e. stéeeingnrodt and- Soi0uarledricppiyg Cunmeldwith pyrsidere. The
Loh! 2" oup, B Rubipk SpEeE Ayl I SN0 Y bR el 19 0701
i - 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
10 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
15 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
20 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.sovoral months
zoff without obvious decomposition. For C,5H,,08 (MW 314,4)
' i_calculated. c,57.30; H,7.05; §,10.20. Found: C,57.15;
H,7.22; §,10.52.

Example 2
30 =2=0= =1=0-p= -
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
35 to afford, after distillation (2 kPa, 102-104°C) ethyl
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used.- WO 94/0346ne protected intermediate of the Fornmula X PCTT0593/20%360
either by direct crystallizati'on or by silica gel chromatography, occurs as
a mxture of diastereonmers which gives conpl ex NVR spectra. The
al kylation of a heterocyclic base with the synthon of the Forrula Xl in
Step 2 is nediated by the formati on of apgani on which can be generated
either by pretreatnent of the base with alkali hydride in an inert solvent,

such as di net hyl fmﬁﬁ&t&hﬂro@rti&lﬁmmictm | (98 GENO MNES molsi 9B PY
al kal i carbonate. se, an inportance of cesium carbonate as
Sefe s of

a catal yst nust tﬂ? catalyst not only substantially
accel erates the al kyl at i on THis matersial i (9kig0 F.A5Hmxid)y was |teeated twith

regi ospeci i city Ofeydd oy S bRl hitr fad 40 Belcr ibdl' i Eatdrtsr & V7 L €5
5 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,

10 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)

15 homogeneous. For c15“zz°55 (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
20 ' , Example 3
A suspension of finely ground adenine (13.6 g;
'0.1mol) and cesium carbonate (16.4 g; 0.05 mol) in
L dinethyltornanide (400 nl, distilled from phosphorus
25 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
30 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-
35 chloroform (three 300-ml-portions), filtered and the
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-13-=:gi ] lation at the preferred N9 position of puri
corres po‘&girbgé ) : P %‘Z’lg”%)ﬁm

sition in thetaza or deaza bases.
tetrahydropyran-2-yl group is cleaved in acidic nedia to afford the

internediate |11 in Step 3. This cleavage can be achieved by the action of
mneral acid (e.g. sulfuric acid) aniomn hange resins or organic acids
(e.g. acetic acid, formc acid) followe y dei oni zati on. The

et ool SRtV LR ol gh VB, | e sedishir Erbesnal

general |y avai | agF¥statligatigpfzem QﬂéﬁiQQQ‘%g%n°1-%'(yy:ifLél e nems
tetrahydropyrany1oxypropy1)adenine (13.2 g,-0.048 mol,

, 48%) m.p. 172°C. Ry 0.40 (TLC, chloroform-methanol, 4:1).

S For clsalgnsoz (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/~
Cﬂzz 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'-C83: d, 3H,

10 1.12 (J3,2 =6.1); tetrahydropyranyl 1"-CH: dd, 1H, 4.28
(IJ=2.9, 4.4); 5-0323 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- .

15 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

20 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

. .- in vacuo, the residue coevaporated with ethanol (two 200
~ 2§?rZﬁi?yéiﬁioﬁévihd;;;&ifiiiiiad“frén:hbiling ethanol (ether
' 7 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 °s“11“s° (MW 193,2)
calc.: C 49.73, H 5.74, N 36.25; found C 49.59, H 5.54, N
. 30 36.29. (a)y=-41,0° (c=0.5, 0.1M HCl). JH-NMR (200 MHz,
' ds-DMSO): H2,H8:2%s, 2H, 8.14 and 8.05; NHZ: br s, 2H,
- "7.23; OH: br,1H, 5.05 (JOH, =4.2); N—CB2+0-CH: p, 3H,
3.97-4.13; c33: 4, 3H, 1.06 (Jcaz'cu=5.6).

35
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selec{iv ation, N-benzoylation, reaction w th dinet r '

di al kyl @ﬁ%yb h+tr|tylation, reaction mﬁth'3,4-dihydro-ZFB%tﬁgggﬁbﬁgothe
like." In Step 5 of Schene 1 the protected internediate of Fornula
V is tonverted to the al koxide anion by treatment with a suitable base,
such as alkali netal hydride, in a non-Lgactive solvent, such as

di ret hyl formam de, and the al koxide is treated with dial kyl

p-t ol uenesul f onyl oxynet hyl phosphonat e (Fogyampld\d . Preferably the

phosphonat e esters are of 2-prgpﬁ1 at g_ﬁan. The reaﬁtlﬁn i| s performed by
stirring a mxture of the For syl derivative
of Formula IV in the premecmdemmmmwamme( r@3até \g, toa1 mol)

i nternmedi ate V) |, ygr Qr_other suitable
reagents at terrp%’“fu@ %nd;l%& &ﬂgnﬁ#ehrh' %[err] C, nostly from

O[lerr]Cto 2@ er rqnuemsumvmqmg-hm e(r3eﬂ han 9 l}plmi)sm al

days, depending W Uee ! prséitd df Tegiun *aﬁzwﬁtwru@rm lents.
Si nce gaseous hydrogen 1 s evol ved qHNng t he re%ftlon s essential to
work in an open @r&%M}) a8 descr in Example 3. Atter extraction by

boiling chloroform, the crystallization of the residue
) from ethanol (ether added to turbidity) afforded 9-(R)-
10 (2-0-tetrahydropyranyloxypropyl)adenine (14.6 g, 0.053
mol, 53%), m.p.171-172°C. For ¢, ,8,oNg0, (277.3) calc. C
§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
15 (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
20 3. The product was isolated to give 9-(R)-(2~
hydroxypropyl)adenine (8.1g, 0.042 mol, 84%), m.p. 202°C.
For 08811 50 (MW 193,2) calc. C 49.73, H 5.74, N 36. 25,
found C 49.80, H 5.64, N 36.44.
L n-m ~spectrum (200 MHz, d,-DMSO) is identical vith that
25 -_of the (S)-cnantioner (Exanplc 9). [al=+40, 8° (c=0.5,
. 0.1M HCl).

Example S5

30 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-

35 O--tetrahydropyranyl-i-0-p-toluenesulfonylpropane-l1,2-
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sui t abl I on agai nst noi sture. PrdtectingpQﬁg hen
rennvedﬁpg%akﬁg$and t he phosphonate ester Ilnkages are hydro yﬂgﬁ %ennva
SCHEME 2 [err] . X

-31-

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
5 was separated on silica gel column (500ml), the product
- ' eluted by chloroform-methanol mixture (95:5), affording,
| after crystallization from 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.
10 ‘For °13“zo“s°z (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
15 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
20 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, 0.031 mol, 77 5%), m.p. 192°C.
25 . “For: CgHy N0 (zoa z) calc. -C 46.15, H 5.81, N 40.37;
“founa ¢ 45.97, H 5.72, N 40.56. ‘H-NHR-spectrum (200
MHz, d,-DMSO): H-8, 1H, 7.62; NH,: 2xbr s, 2x2H, 6.65 and
$.77; OH: br, iH, 5.05; 1'—C32:_dd, iH, 3.90 (31'2-3.9,
Jgem-13.7) and 3.80, dd 1H (31'2-7.6, Jgem=13.7); 2'-CH:
. 30 m, 1H, 3.95; 3'-CH,: d, 3H, 1.04 (J, ,=6,19). [a]y=-
40,7° (c=0.5, 0.1M HCl).

35
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Example 6

- -2 -2 G

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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In Schene he_synt hon of Fornula XVI | s ultimately used . ' he
chiral *V 7sor. It bears a | eaving tosyl group and Cag&%g?ﬁ%éﬁﬁ?ﬂi

al-kyl-ati on of the heterocyclic base or its protected derivative to afford
Formula VI1, the protected diester formof the conmpounds of the invention. .
In Reaction Schene 2, as in Reaction Schgye 1, a resol ved form of

2- C)(tetrahydropyranyl) pr opane-1, 2- di of 3 of the Formul a X provides the

gt en 1 on bedByABraCr ARy RRop ARy § SHSRR SRS 2 e Rl et gl ine
%?Lﬂhdfsl tnhg Eet fgﬁsfagtaﬂh@wwigw lduon:phBuE fldw.bagzyl. 64t HALCXin
anantiomeric 2. Shy@ 5?9 Shedilafo] (6843 Tael 72650 0% gog Wi, 33%) e For
emanti onmer (a d|e&buagumugmi)(mmnhaodgalpn'sgé§03080nn 5.82, c1 11 37 N
5§ 22.47; found C 49.92, K 6.08, Cl 11.44, N 22.54. lp-nuR
- spectrum (200 MHz, d6-DMSO): H-8: S, 1H, 8.06; 1/=-CH2:
ad, 1H, 4.01 (J;, 3,73, Jgqu=14. 2) and dd, 1H, 3.94
(Tyw, g0 =5.4, Tgop=14.2); 2/-CH : m, 1H, 3.42; 3/-CH3 :4,
3H, 1 06 (33, Y =5,.4); tetrahydropyranyl: 1’’-CH: dd,
-10 i1H, $.07 (JI=2.9, 8.3); S"-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
15 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 :5 .92, H
20 5.30, N 33.48; found C 46.02, H S. 25, N 33.41. H=MNR
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 (Tys, 20370 Tgqg=13. 4) and d4d, 1H, 3.78
.3 7 8, Jg =13. 4), 3'-CH3. d, 38, 1.03-

R 1» zl
- 25 ._(J -6 1) [a] '35 7¢* (c=0.5, 0. lll HCl).

3'

Example 8
To a slurry of 4 g (0.1 mol) of 60% NaH
- 30 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
35 hour at ambient temperature. (S)-(2-0-Tetrahydropyranyl-
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chlorone I mﬁth 1, 3,5-tri oxane or pafafornaldehyde in the e
of hydrotg;g% cm oride an interrredi ary chl oronet hyl ether of tﬁﬁb’%@@% \%
which'is, without purification, transformed in Step 4 into the phosphonate

di ester XV by heating with tri(2-propyl)phosphite with sinmultaneous renoval

of 2-propyl chloride. Though the internegdiate of the Formula XV is:
distillable in a high vacuum this proce $re may result in racem zation.

Partially purifi qd.op.?&é{lﬁ%ﬁq%fs 1@&%%;?{%t & Jd¥dh ol ?%‘Pld.sffl HOL5T

standard conditions roge l“£resence

pal | adi um.on- chamégarthea audmd iim enen pesrtion and the @inture stimcedrabf
the Formula XVI repw oA | on din
Step 6 into the tos;ulﬁl |vat Ive %Idﬁ tsq[d:ed%gn%&dosy?ﬁi%??ﬁéeﬁ?n
pyri di ne. was the %WQ@ Rt ﬁmﬂ/mm|% the, residue Lriturated

require purify Cayieh Poilling mummesmu 300ea)! ipBi nagee&hdw th high
o o o0 L H1Hared ™ mid e e e apheR O W 11100
2-propyl esters
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
10 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-
15 hydroxypropyl)guanine (5.7 g, 0.027 mol, 77%), m.p.256°C.
For c8H11° 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).
20

Example 9

A mixture of cytosine (8.5 g, 76 mmol, Fluka),
. cesium carbonate (13 g, 40 mmol) and (R)=-2-0-

25 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

30 200-ml-portions) and filtered. The filtrate afforded by
chromatography on a silica gel column to give 1-(R)-(2-
‘tetrahydropyranyloxypropyl)cytosine (4.6 g, 18 mmol,
| 23.5%), m.p.259-260°C (crystallized from ethyl acetate-
petroleum ether mixture). For C,..H._.N 03 (MW 253,3)

) 1271973
3s calculated: C,56.89; H, 7.57; N, 16.59; found: C, 55.80;

This Sheet Has Been Reﬁ
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=17+ . §4,b§yg7phosphonate are preferred, but other phosphpopigs93/07360
protectlng ester groups such as nethyl, ethyl, benzyl and cyclic

di estiers can be used to the sane effect. Al so the tosyl group in the
synthon of the Formula XVI1 could be repl aced by ot her | eaving groups,
as for exanple nesyl, triflyl, p-nitggphenyl sul fonyl, etc.

Step 7 of this synthetic sequence consists in the al kyl ati on of - the
heterocyclic basqi,byr .t'ma; WNtreve®i 'H-NMRe (200nMHZ , X -DMSO)r dqitagrea ot

e nol i
qui ol ar annuntéiastereomers. 3:1), major isomer: H-5: 4, 1H, 5.73

10

15

20

25

- 35

(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, 1H, 3.73 (J,, ,,=3.9,

Jgen=13: .2) and dd, 1H, 3.31 (3. 2,-8 05, Toen =13.2); 2/~
CB s m, 1H, 3. 82 (3-31 0), 3'-CH ¢ d, 3H, 1.08
(33;'2,86.35). [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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\\||\|l\ UL



bas-e--re!%iga%gg-,t he heterocycl e. The al kylation is best POIZUS93/07360 N
DMF at increased tenperature Wth either a sodium salt ‘generated from

t he heterocyclic base by sodi um hydride reaction or, alternatively,
with-a mxture of the heterocyclic base and a sllght excess of

pot assi um carbonate or, to an advamB&ge, cesium carbonate. The
reacti on can be made elther with unprotected or protected

N- benzoyl at ed) tngnxahrdr¢pyra¢ykxin@mﬂs#Q&MeneSvk#ﬁn!}RRPﬂﬁﬁ?ﬁéo9'4101

description of thg r ti (0702 ) reac¢torrGiibréure heate °
The protected in Pca#ato;rshg#&%e Forﬁrrxlj,eae\/al nscan begqpell eddt%t 8o0°c

advant age for trﬁﬂi&fﬂ)rmra)rm%rtﬂ'eirr nget FhR GO NCNS then Femaved 4o
vari ety of addiLigNilouo afd PY"AesMud Ner FelFatal i DEERDAG Vi Ly Of the
_ orine

atom at posjition of the 2-

hal ogen
chl or opur i neé der%k&#‘?/%"@ (thres ’a“]rﬁ?"?g% iang °r*€‘r The
preparation of %m@ﬁwérwﬂypﬁiﬁiwtwmmm Jchromatography ite afford

Co brepare (he Aaifislirtfestithiditbit Shvioner gl 15 A éths tf?ﬁ‘r’fﬁ'ei"e
reduced to pyrimidone (16.9 g, 63 mmol, 63%) as an anorphous foam.
' _ This product was heated with methanoli&é ammonia
10 (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,
15 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 '
20 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%),
__' jidentical with the product prepared according to Example
25 9.... - SO

Example 11
9=(R) = (2-Hydroxvpropyl) -N€-benzovladenine
A suspension of 9-(R)-(2-hydroxypropyl)adenine
30 (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 hours. The
reaction mixture was placed in ice-water bath and ice-
35 cold water (30 ml) and concentrated agqueous ammonia (70

is Sheet Has Been Reﬂlaced

||I||I|| AN




t he 2 6- ri ne conpound. AIternativeI&, t reat ment ro
deri vat ﬁ%%"?ﬁ&lm ourea affords the 6- /ésbg"ﬁg&“)

( . t hi oguani ne conpou wher eas
its reaction with primary or secondary am nes provides N6-substituted
or - disubstituted 2, 6-diam nopurine derivatives. An

anal ogous transfornatlon I's applicable-ay0o to the diester of the Fornul a
VI derived from6- chloropurine where it leads ultimately to the conpounds

of the Fornmula InLoptiere gubséfiéntippadded drop@isenander 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
5 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
_ c15315n502 (297.3) calec.:C :0.59, H 5.09, N 23.56; found
. 10 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] =421,7°* (c=0.5, DMF).

15 | 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
20 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
25 additional 30 minutes at 0°C. The solvents were
K 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,
30 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
35 dryness in vacuo and the residue triturated with
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or disubst] deni ne. The aIkyIétion pr oceeds ' t he
requi redwqu}l‘ﬁgﬁfate of the Fornmula VIl can be easily isol a{’@‘?%ﬁ'&%@
reaction m xture and purified by chromat ography. Further processing of
these intermedi ates | eading to the compounds of the Formula IA and IB is

i dentical wth the procedure descri bed |§ t he Schene 1. An

advant age of this nethod of preparatlon $=the Formula I conpounds over the
met hod descri bed w% di Q. Po

avoi dance of basé%tr Igjtaect ron, 1 nlt i-m né'tra'ﬁﬁ a?ido'h ?cegcgondl ta‘lﬂoegs whi ch

are essenti al forfi{lft&q&ﬁemsatqmmmnhﬂde%@ sl Rﬂ(ﬂﬁﬂy@@m 200
derivatives of t e Pt
Hﬁplnethfﬁglldne treatr¥§%‘tﬁ Q@&t&bﬂ??z@ﬁpbih &ﬁ

for ultimte hal o e alternative ure can

thus be applied f(Petuedenmethar; agded, m@iéfitmieaﬂeimpaall sEop Of
sensi tive helser oghe prddAS. Total yiel'cﬂ PRAPYC (250 mReh) MaIBR)QN FeRenes

1 and 2, CISH].S 502 (297.3) calc.:C 60.59, H 5.09, N 23.56; found
C 60.63, H 5.16, N 23.30. 1H-NHR spectrum was identical
with that of the (R)-isomer in Example 11. [a]n--zs,z-

) (c=0.5, 0.1M HCl).
10 .

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

Chlorotrimethylsilane (20 ml) was added in one
portion to a sgirred suspension of 9-(R)~-(2-

15 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 ml) -

20 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.

25 9-(S)~- (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
6155158503.2820 (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

30 MHz, d,-DMSO): NH : 2xbr, 2x 1H, 12.30 and 11.90; HS8: s,
1H, 7.95; OH : 4, 1H, 5.05 (J , OH =4,.9) 7 1’-c32. dd, 1H,

4.05 (.11, 20 =34, JTgop = 12, 5) and dd, 1H, 3.96
(3y4,3,=7+1,3gq=12.5), 2/~CH: br m, 1H, 4.01; 3'=CH,:
dd, 38, 1.09 ('13',2' =6.1); arom. protons. m, 2H, 8.05 and

35 n, 3H, 7.50-7.70. [c]b-+28,1' (c=0.5, DMF).

is Sheet Has Been Re aced

llIIlIIl MBAE




t he corrpw@a,‘gf“-; he invention may be prepared by al kylation #?fwb%@ ﬁﬁ%ﬂ’ ed
het erocycl 1 c -base B as shown, *or, in certain cases, by al kylation o? a

precursor of B. Thus, guanine derivatives can be best synthesized via

al kylation of 2-am no-6-chloropurine followed by acid hydrolysis of the
C-d linkage. Cytosine derivatives canjﬁ?ﬁynthesized by direct al kylation
of cytosine in the presence of cesium.carbonate in a nodest yield; better

yi el ds are obtained by the anmonol ysis ohn@@“#ﬁgﬁggediate formed by
aagylatipn of 4-ng£hoxX52;pyrinidone_mﬁt_ Y l.
The reaction mixture composed of 9-(R)-(2-
‘ hydroxypropyl)guanine (2.5 g, 12 mmol), pyridine (65 ml)
' 5 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) followed by conc. aqueous ammonia
10 (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,
15 63.5%), m.p. 276°C. For C,sH15N504-2H,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).
(@) =-28,4° (c=0.5, DMF).
20
II. SYNTHESIS OF INTERMEDIATES OF TEE romm.n IVIXI

Example 15
. .- .. Xoluenesulfonvloxvipropane . _
287 .. S .  Td'h-suspension'bt.sodiun hydride'(17.2 g, 60%
' ‘dispersion in 6il1,0.43 mol) in dimethylformamide (400 ml)
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)-
. 30 2=-0~tetrahydropyranyl-l,2-propanediol (69.2 g, 0.43 mol).
The suspension was stirred for additional 1 hour at 0°C
’ 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.
35 _Hethanolic amnonia (30% solution, 20 ml) was added and,

) ___/
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Simlar S$6e8 changes at the heterocyclic base can be p Pgﬁﬂ
the final products of the Schene, i.e. the conpounds of Formula I C are
t he subjects of the invention: adenine, 2,6-diamn nopurine or guanine
derivatives can be transfornmed by deaninatlon With nitrous acid or its
esters to the correspondi ng hypoxanthi ne402 hydr oxyadeni ne or xant hi ne

derivatives; simlarly, .uracil derivatives can simlarly be converted to
cyt osi ne deri vat iafder mbanding rfom i rhoursnsthe solventwas deaken t down in

e o reacton of " Sﬁ?n. L AR, {?@ﬁ‘?%r 8‘2%*2%“‘?“?%‘9“‘ o ptide

the N1, 6- et heno mh&ﬂl YAGRT néﬁ‘? tiensk o ommq»rqmic
8-bronp deri Vat'éfb% J\'ydwéﬁwrhﬂdtm N'EhefieEﬁl IdLDOIY 70% diddss
and pyrimdine c ounds, etc.” None of these u trans or mat 1 ONs
concerns any &hampth Q i) ‘E’F&édmégh 20 Bk

conpounds  of Form&&i 5oxs (acid tdrﬁ\) Itof)et oW zerhd iwdrﬁm:ixture was
i nternedi ate 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

10 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

15 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

20 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

25 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).

30 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

35 and evaporated in vacuo. The residue in ether (200 ml)
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corrpoundwobbm:,me parts of the pathways of Schenes 1 and stmﬁoves
novel conpounds and therefore®are part of the invention.

advant age of using the processes of Schenmes ‘1.and 2 consists in the
utilization of starting materials of the Fornula X, which are-easily.
available in optically pure forms . Thegpeacti on sequence to prepare the
chiral synthon X used both in Schene and Schene 2 is described in Schene

3.

10

15

20

35

was washed with watel¥)-(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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T




SCHEME 3wo 94703467 ' '] . PCT/US93/07360

10

1S

20

25 w

30

35

g2~

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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The c-rwﬂmﬂs'qp of every asymmetric synthesis depends on l;gﬁlaﬁb?#g@gbl ity

of optically pure chiral starting nmaterials. The nethod used i pr esent
i nvention makes use of commercially available (Merck) enantioners of lactic
acid-al kyl esters of Formula VIIII. These esters are first protected at the
hydr oxyl function by tetrahydropyranyl,,qroup; this reaction is perforned

wi t hout solvent by direct addition in ?ge presence of an acid catalyst. The

thout sol v addi t o sence of a
i or medi at oo BrOPYA, SRSAE (VSR RE B &5 (HET M SO MRS, 0.

nethoxyethoxy)&Féhknun1hydride in ether or other inert solvents to the
conpounds of Formula X acQtemitrddle A0 W1)Y adddl peedidtrimethylsi¥ane

Gt retroviral (hoRiy; MpEe,aAded o thisdasidie, andrher Buphenslons | cacy
was S 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
10 applied on-a column of Dowex S50X8 (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
15 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
20 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 volumes of ethanol added after dissolution) afforded 9-
" (R)=(2~-phosphonomethoxypropyl)adenine (1,35 g, 4.7 mmol,
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
. 30 wuridine 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'-632: daé, 1H, 4.35'(31,'2,-4.4; Jéen
14.4) and dd, 1H, 4.22 (J = 5.1, =14.4); 2/=CH:

1%, 27’ Jgem
=6.3);

35 m, lH, 3.97 (J = 28.4); 3'-C33: 4,3H, 1.11 (33, 27
A ’
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denmonst rpbYds

¢Repunan i mmunodeficiency virus type 1 (H V- lpcgigsd3/e936d

(HV-2) in M4 and CEMcel l's, as well as on

-21- " Mol oney murine sarconma virus (MsV) in C3H 3T3 cells. Their in vivo
efficacy was proven in M5V infected NVRI mce, where the conpounds narkedly .
post poned the nean day of tunor initiatdgge=and substantially prol onged the

mean surviva

10

- 18

20

30

35

day, both upon parenteral and oral adm nistration.

P~CH,: dd, 1H, 3.57 (J
3.46 (J
HC1).

P,CH'9 .5, Jq =12.4) and 44, 1H,

p,cu™9+31Tgep™12-4) . [l =+21,2° (c=0.5, 0.1M

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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The- coﬂﬂbﬁﬂﬁﬂ“&ﬁ the invention have several advantages ovePQIAUSP3/07360y pe
conpounds (PMEA, PMEADAP, PMEG) and/or FPMP derivatives, e.g., FPMPA

FPVP- DAP), and nost rel evant, unresolved PWPG + PMPA: (a) their
antiretroviral activity is clearly separated from other antiviral .
activities (e.g. against herpes virusedp= (b) their antiretroviral activity
Is not due to cellular tOXICIty Consequently, the in vitro therapeutic

i ndex of these costigiiled with FPY#%ﬂ&nethﬁﬂu¥h3§enb?99h§19ﬂ5)oB?ﬁedi(z'
conpounds and yg@ﬂt@ ) Lifeés PRy | SxpieEnpiphbepRansee PUCh gompeunds
U

aps oY qéeé‘%#er sl tho%n‘:“r%iﬁ%{?ﬁé‘%ﬁsnsub, ect

of this inventuaaigtilxuﬁnwitﬁ)ﬂiﬂ&tﬁg&fﬂkﬂiﬂﬁﬂﬁ ¢twohzS5emdeportiions),

Crose resi & andsuisddhi@ 45 Sif llng ARLPEN OTAS 2] And! ConTiE, oV e

resistant to steh «4302Qner8edinmg hydwide D(1,2 DPC, 30 Bl hcasr6P3ne,
pyridinone, et gugpension in'Gil Wi Added 38h dhéYpottioRSandCER@UNS iS

mixture stirred at 0°C for 3 hours and 48 hours at room
~ temperature under protection against moisture. Acatic
10 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
15 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
20 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
-25:f:colunn (200 ‘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
30 triethylammonium hydrogen carbonate. The column was
first eluted by the equilibration buffer o0 the drop of
. UVbabsorption and then: by linear gradient of
triethylammoniun hydrogen carbonate (pH 7.5) (tcrnnd fron
0.02 M and 0.3 M buffer, 11 each). The product eluted at
35 0.10-0.15 M concentration, the relevant fractions were
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hi ghl yweyedrazqgypeci fic. GEneraIIy, the (R)-enantioners arqqﬂgggggqgggp for
the antiretroviral activity. *The activity of (S)-enantioners in the guanine

series is acconpanied by a substantially increased toxicity. The
conmpounds of -the invention can be applied for the treatnent of diseases
caused by retroviruses, e.g. human i rggwdeficiency viruses (A DS), human

T-cell leukema virus (hairy cell leukema, acute T-cell |eukema (HTL)).
Si nce t he nol epabled} aeyaporatadt ini vacuo and the residue coevaporated
- 22 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
5 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 '
10 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
15 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 cbxlsNGO‘P.Hzo (302.3)
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 +
20 NaoD) : H8 : s, 1H, 7.94: 1'—C82= dd, 1H, 4.7 (31,'2,-4.4)
and dd, 1H, 4.09 (Jju 5,= =54, I, =14.65); 2/=CH: m,
1H, 3.93 (J=28.8); 3'-CH3 : 4, 3B, 1.12 (Jcn: cH" 6+3); P=-
2. ‘dad, 1H, 3.54 (J p,cH =9.3, Jg =12.2) and dd, 1H, 3.45
L ,( cg™9-3, Jg =12. 2). Electrophor. nobility Eup-o «70.
25 .[c] -26 1 (c-o s, 0.1M HCl).

Example 20
This compound was prepared from 9-(S)-(2-

30  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

35 mmol). M.p. 275-278°C. For cgnls.nso4p.nzo.(3oz.3)

- This Sheet-Has Been R
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acti onygfo4pd3age conpounds is the virus-encoded reverse trmgggmgﬁothey
'shoul d al so have anti-hepadna virus activity (e.g. hepatitis B virus).

The”conpounds of this invention also are useful as internmediates in the .
preparation of other conpounds useful in in vitro nmethods. Fer exanple, the
conpounds cont ai ni ng bases capabl e oR4Wat son-Crick base pairing are

di phosphoryl at ed by known net hods and enpl oyed as anal ogues to di deoxy

NTP' s her et of MGQWGEJWIH 35.an,d NR7u80 LR 10|27 scfoendi 09351’58,

o i deoxy NrBe 0% R trell ghal, B TrSGhed it be Bl hEER CRES D
ordinary arti Qaﬂo, H-NMR spectmumdsididentical vitkthat zfsntar ¢Rysef ul
aci 0 hybr | di 3 SPARSHCHRC YmianPld ) 200G 8 SOTEIE B B B S S

suitabl e Bor .incorporation into ollgonucleotldes usi ng non- enzynatic
synthetic nethods, e.g.” Hphosphonat eggample 21

A mixture of 9-(8)-(2-hydroxypropyl)-Nz-
_ benzoylguanine (2.5 g, 7 mmol) and 4i(2-propyl) p-

10 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

15 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

20 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

.25 ‘with diluted (1:10) ammonia. 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

30 (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

35 alkalized with ammonia and evaporated. The deionization

H
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phosphowgyodfosgsrchem stries. The nononers then ‘are used as pdyeyUsosresgs nal
base in oligonucl eotide syntHesis using such nethods. The PMP portion of

t he 'nononer, any nodified base present in the nmononer, or both are readily .
avai'l abl e for recognition and binding by an antibody. The antibody in turn
Is labelled (for detecting hybridizatie8ef nononer-|abelled probe to a
target anal yte sequence or the antibody is inmobilized (for preparative
separ ati on of pandepurifdcatibs onaDowex ZXnplexe, perfornedoessentiadlly are

further describgg aasﬁ?iiéﬁ 353n0n551g4?7039Tﬁ@D,&§@Q2§agifiuﬁ %F;gﬁfggiﬁ

they do not require tha this inventio capa

Wat son- Ori ck baferpapti Ag (B) ~{Raphesphonenethoxypropyily guani EOl VS ase.

The conpounds nsfeéspaQ&aaST:%ﬁd mwal hiltl ethekrctoCalive 0.90 g gl Y.

rectally, - |ntrava%|naII¥ g

' 5 43%) the material with m.p. 286°C. For
°9“14"5°5P (303.3) calc.:C 35.64, H 4.65, N 23.10, P
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). IlH-NMR-Spectrum (500 MHz, D,0,
~ NaOD): H-8: s, 1H, 7.90; 1'-Cﬂz. dd, 1H, 4.21
10 (Jl',z’-‘." JQCI-]".S) and dd' m' 4.15% (Jln,z'-S-s,

Jgem=14.5); 2’-CH: m, 1H, 3.99 (ZJ=28.7); 3’-C33: d, 3H,
1.14 (Js"z’-G-Z); P-CH2= dd' m'. 3.56 (Jp'cx-gos'

Jgen=12.4) and dd, 1H, 3.48 (JP,CH- 9.2, 'Jgen-12.4).

15 o 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
20 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
- 25 temperature 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
30 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
35 as described in Example 17. 9-(3)-(2-
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-23= woB#jo3sgrr al |y (by inter muscul ar, intravenous, SUmeﬁﬁgﬂﬁmsﬁo and

nasal routes). Generally, the oral application wll require a | arger
quantity of the active ingredient to produce a therapeutic effect
conparable with quantity gi ven parenterally. : . .

Phar maceuti cal conpositions for the treggaent of human retroviral

di seases will conprise at |east one conpound of the Formula I A or IB or

a pparnaceut|cawuosphonunﬁﬁﬁdﬁﬁprdpil)Qﬂ!ﬁfni,WQEN&EdﬂiﬁEdKlﬁﬂaSfﬁﬂe95 to
|1(ghgr/ornatceu\tmlt {:\glt I Of‘ﬁ@ﬁfﬁ%ﬁ%ﬁ)ﬁn 441%‘%'3{%6#%5?%% th-enan%:h?%m O her
t her apeuti ¢ ager(Exampilenl2k) hin thes iy yield (0.65 g, 2.15 mmol). m.p.
’ 287°C. TFor c9H14“5°5P (303.3) calc.:C 35.64, H 4.65, N
. 5 23.10, P 10.23; found C 35.72, H 4.54, N 23.06, P 10.29.
i lh-NMR-Spectrum is identical with that of the (R)- .
senantionmer. [a]y=+26,3° (c=0.5, 0.1 HCl).
) . Example 23
10 - =-(2=
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
15 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
20 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
'*iéﬁf:nnthoxide i{n methanol . 100 nl) was added and, after
' standinq ovtrnight, the nixturc was neutralized with
Dowex soxs.(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
30 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
35  evaporated in vacuo. The residue was deionized on a
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AddlthMDylomutures of conpounds of formulas I A and/or pcryBsé997
enpl oyed, provided that each nmenber of such - nmixture is substantiall
free_of its enantioner. . Pharnmaceuti cal conpositions

cont ai ni ng

conmpounds of the Formula | are conventionally prepared as

tabl ets, |ozenges, capsul es, powders, eS@eous or oil ~suspensi ons,
syrups and aqueous sol utions. The conpounds can be fornulated for a variety

of nodes of
adm ni strati on.

Rem ngton's Pharnaceutlc Sci enc

| atest edition.

coARmAi of Dowex 50X8udses apovejnmnd thwicmide mdteriared
PERLEYABY Ao eRehined"ndBatRdnkony JI DA S L1

PA,

#ﬁeta&ﬁ)vsolm {3083md )t withgandinear a:radimnj: \nﬁ h a

carrier such asagetic dicidecoRposed Brcht 1\Ratkr"and &0'1%9 3 i

ext enders, Blnder

ubrFEiﬁ?s t&bﬂgﬁﬂgﬁﬁ %anHEt lon”was eyaporated, rodistilled

agents, or
adm ni stration

di si nt egrants, . surface-ac |ve

umﬁhdvaage f(three 30-mIyportions)agadf a~TR)-(@-ude tablets,

powders, quUIdﬁPo pﬂBﬂQﬁﬁ%ﬁbﬁSﬁab@%iEggggsiﬁép?BSégns, i@&fﬂéglain‘% by

sol utions, gran

10

15

20

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

0.70. For CgH, [N,O.P (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.
[a)y=-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

-2 g—. .

30

1-puritication hy silica gel chromatography (150 nml) di-(z- '
propyl) (S)-9-(z-phogphononethoxypropyl)adenine which

crystallized from ether (1.7 g, 46%), m.p. 97-98°C. For
15n26850 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

35

down in vacuo and the product desalted and purified by

N

B
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as IlquNm%ﬂQQQﬁﬁilons for injections, including |iposoma PCP/GSIEI360NS
- 24- For system c admi nistration, injection is preferred,

i ncl udi ng transnuscul ar, intravenous, |ntraperitoneal and subcut aneous.
For injection, the conpounds of the invention are fornulated in Iqu|d

=51~ |
chronatography on Dowex 1X2 column (100 nl) as described
in Example 17. Yield, 76%, m.p. 277-278°C. [a] =+21.7.
D

‘ - | - Example 25
| 5 . 9=(R)=(2~ _ |
. ' - The reaction was performed with 12 mmol idenine
' and 10 mmol (R)=-2-{(di(2-propyl)phosphonylmethoxy]~1-
- toluenesulfonyloxypropane according to Example 22. Di(2-
o bropyl) (R)-9-(z-phosphononethoxyp:opyl)adenine n.p. 97°Cc
10 was obtained by chromatography on silica gel and
' crystallized from -ether (2.8 g, 75.5%). For CysHy NGO, P
(371.5) calec.: 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
15 bromotrimethylsilane (3 ml) and acetonitrile (30 ml) was
performed as described in Example 22. Yield, 80% of 9~
'(R)-(2-phosphonomethoxypropyl)adenine. [010-21.5°, n.p.
279°C. :

20 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
25 "1 hour stirring at ambient temperature (R)-2-[di(2- o
' "propyl)phosphonylmethoxy]-1-p-toluenesu1gpnyloxypropane
(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
. 30 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,
35 :
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sol uti dMGMm:bBErabl y in physi ol ogi cal |y conpatible bufferpcgip8ofo7idnK' s
solution or Ringer's solution. In addition, the conpounds nmay be fornul ated
in solid form and redi ssol ved or suspended i nmedi ately prior to use. _
Lyophi | i zed forms are al so incl uded. stemati c adm nistration also can be.
by transnucosal or transdernmal means, =88~the conpounds can be adni ni stered

appropriate to Nd BB A SRAGK F e Rredr 38 kFLE QReEhieReand: 4Bl ati on.
Such penetrant s:mm-ddahdm/yn ge)t,he art, and incl udgrn Llogtregfllrrglne -
DLl e, Sal s and Tustdre oql Sl S Ral AARRages 2 R Sl O
admi ni stration zmﬁendﬂnngﬁ and @, Snadalconer. ah&drbghlgfdﬁ)?rir.udlogtaesd o
convent | ongr - opyEteqindeett Bl 1od p¥)c Ldead9RRONT 50" aE SRAR *5ng
t oni cs. temperatuze overnighti,sthe: ndxturhewasnﬁdllndradf, fidtrate
invention are adkalidedd witho t2'idthylahind2ah@S evaporated in vacuo.
The residue was deionized on Dowex 50 x 8 (acid form)
_ (100 ml) as described in Example 24 and the ammonia
10 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 _
15 (25 ml). After 30 min the solution was alkalized with
o 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
20 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; found: 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,
30 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 triethy],aniné and
evaporated. = The residue was extracted with chloroform {2
X 100 ml), filtered and the filtrate taken down to
35 dryness and evaporatéd in vacuo. The residue (R, 0.40,
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gels , as is generally known in the art. The co al so
be ad#?nls ered for ophthalnic or ocul ar indications when gggﬁ%%?(ate y

f or mul at ed. . - The effective dose of active conpound of the present
i nvention is expected to be about 0.01-50 ng/ kg body weight with preferred
range of 1 to 20 ng/kg. The dosage i#§3&inical applications nust be

prof essional ly adjusted considering age, weight and condition of the

pati ent, the rynCeconfsidica gelst ichlordformemethancl grésl) wad dihbed

'11ness. Generglby. phBSpRoUE" 3ehtdkide® overnight and treated with
acetonitrile (30 ml) and bromotrimethylsilane (3 ml).
' After standing overnight at room temperature, the mixture

‘5 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)

10 (150 ml) which was washed first with water and with 1 M
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

15 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

20 10.04; toux_\d: C 33.83, H 4.69, N 22.15, P 9.99, § 10.30.

Example 28
_ A solution of di(:)-propyl) 9-(R)~(2~-
25'_ 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
. 30 filtrate evaporated in vacuo. The residue (R, 0.30, TLC
' 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
35 was evaporated to dryness and taken down in water
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-24-" vw:gmmaun For systemic admnistration, injection '%KHV 98/098é2d.
i ncl udi ng transnuscul ar, i Nt ravenous, |ntraper|toneal and subcut aneous.

For injection, the conpounds of the invention are formulated in l'iquid
solutions, preferably in physiologically conpatible buf fers such as
Hank's solution or Ringer's solution. I~%4= addition, the conmpounds nay be
formulated in solid form and redi ssol ved or suspended | mredi ately prior
to use. - Lyoph(SQ k) { oratter c30|mini tt|vaeplligbizeditwith ammonia,

compounds can %‘S%m ni st er% \H&F?”i'ﬁgsﬁlxe ¥edldie Ugled off BOF er ma][ e

conpounds can be transnucosal or trans

adnmini stration, (A& rkorm) colwmRopiPRiBl) o tWAShing jwith atepceluted

are used in e et i G- eI CVPEBESE RS ﬁt&%‘%ﬁé'#rm@ wHich
the art, and include, for exgg#ﬁ bile salt and f

derivatives ¥ or &% RVARRKake nY2¢HQ: 3 g residue °r73t£ﬂ'f|“d from

wvater (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. 45 found:
10 C 233.03, H 4.29, N 33.75, P 9.59.

Example 29

9=(R) - (2-phosphonomnethoxypropyl)-2-amino-6-
15 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
20 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
.. 1X 2 (acetate) which was tirst washed with water to
. 28 remove salts and the product wvas 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-
30 phosphonomethoxypropyl)-2,6-diaminopurine (120 mg)
identical with the preparation according to Example 19.

35
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add{tl ggqgﬁﬁgents may be used to facilitate perneatlpagy $ngﬂugosa

adn1n|strat|on may be through use of nasal sprays, for exanple
suppositories. For . oral admnistration, the conpounds are fornul ated
into conventional oral adm nistration forms such as capsules,

tablets, and tonics. For topical adm pggtration, the conpounds of t he

I nvention are fornmulated into ointnents, salves, gels, or creans, as is
generally known in the art. The conpounds may al so be admi nistered for

ophthal m c or ocul ar indications when aﬁgrogriately f or mul at ed.
The effective dose of active conpound present |nvent|on IS
expected to be aboul-QRI:(2 : 3

LG isteq. consi der i ngdﬁéiﬁeﬁxﬂi e?aa?&%#%ﬁ“&%m”??t4%e P effhi“?'ottye
of admi ni s®r at mel)t,hcasinm canbonatey Az gf SJde mahemd General ly, the
preparations aigipethylformanide (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
10 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.
15 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
20 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 bronotrinethylsilane (2.5 ml)
, overnight.“ The nixturc was then worked up as described
'25. - in-Example 27 to aftord, after deionization and
.7chromatography on Dowex 1 X 2 9—(R) (z-phosphononethoxy
propyl)~3~deazaadenine in 78% yield, not melting to
300°C. For CuH,NOP (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,
v 30 P 11.09. UV-Spectrum (pH2): 1,, 262 (€16500). E; =
0.68 (pH 7.5). '

35
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- 25- be adm ni stered by oral route from about out
1000 ng)wgqﬁgﬁwone to three tines a day. The coﬁmsg&ﬁe

i nvention, their nmethaods of preparation and their biological activity wll
appear nore clearly fromthe exam nation of the follow ng examples whjch
are presented as an illustration only and are not to be considered as
linmiting the invention in its scope. ArP6felting points have been estimted
with the use of Kofler's block and are uncorrected. Sol utions were
evaporated at 40[err] C/ 2kPa when not specified. Thin- |ayer chronatography
was made Wi th the use of silica Example 31

5 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

10 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

15 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-

20 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).

25 " 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

30 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.
35
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plates g fluorescent indicator; detection by UV- |]

nucl ear ﬁ{y‘%e#k resonance (NVR) spectral characteristics féﬂgps?%(@%‘é’m cal
shifts ([err]) expressed in parts per mllion (ppn) vs. tetramethylsil ane
(TM5) as reference conpound. The multiplicity of signals is reported as .
singlet (s), doublet (d), doublet of gggblets (dd), multiplet (m, triplet
(t) or quartet (q); other abbreviation5"include broad (br) signal, aromatic

protons (arom), d[err]- o) Ol 0 for
deut eri um oxi de, . NaGD fo% {n WJ&J éﬁ{%@ﬁ é(; QE“‘PLEH'L
deut eri ochl or ofwasnohkiained imilaniy by ash:tinwmtmnhm acetic acidghe
fol l ow ng exa r Im he
Jjnvention. W@féq,q’ e’é\xﬁ %@%ﬂlﬁ\% 9Iﬁg(?]?%dA !tortA Resol ved
For mul a Xl pre(ﬁ;agU‘%P (289.3) calc.: C .33. 21, .88, N 29.06,

L] 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)
10 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
15 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
20 ether. Yield, 250 mg (62%) 9-(R)~-(2-phosphonomethoxy-
 propyl)hypoxanthine, UV-Spectrum (pH2): 1., 251 nm. For
CH;3NOP (288.3) calc.: c_37.so, 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 '.',. T T A

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
v 30 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:
35 C 37.80, H 4.65, N 19.56, P 10.SS.
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Exanple 1 (R)-2-0-Tetrahydropyranyl - 1-0-p-tol uenesul f onyl propane-
A m xt Y@I#0386€bhut yl (R)-lactate (73 g, 0,5.nmol, Merck) aﬁ’gﬁuswovsso

3, 4-di hydro-2Hpyran (70 g, 0,83 mol, Merck) was treated wi th 5M hydrogen
chloride in - -26- dinethyl formam de (4 nl).
and set aside at anbient -s8

5 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%

10 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

15 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

20 and the solution evaporated 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; 0.40 g (95%) 9-(R)=-(2- '

25 - phosphéhoneihox&ﬁropyl)72-anind-6-¢1nethy1aninopurine,
m.p. 154~156°C, [a]}p=-10,6°(c=0.5, 0.1M HCl). 'H-NMR
spectrum (D,0 + NaOD): 1.165 d(3H), Jy,= 6.3 CH;; 3.27 s

~ (6H) N=CH,; 3.47 Ad(1H), Jpcy=9.5, J,=12.9 and 3.65 dd(1H)
Jrcw™9.3, J=12.9, P-CH,; 3.91 m, LJ = 29.0 2’=CH; 4.06

30 - gd(iH), Jy3,=6.4, J,=14.6 and 4.16 AA(1H), J,;,=3.7,

' J=14.6 1/-CH,; 7.79 s(1H), H-8. For C,H,NOP (330.3)
cale. c'4o.oo, 8.5.80, N 25.44, P 9.38; found C 39.54, H
5.75, N 24.78, P 8.92. - :

38
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tenperat ght in calciumchloride protected 250 m

fl ask. “ksggkﬁﬂgée (15 g) wad added, the mixture stirred naSﬁé?P@§$

2 hours and then filtered. The product was isolated by distillation (13 Pa
b.p. 94-96[err]C) to provide isobutyl 2-0- tetrahydropyranyl-(R)-lactate
(102.5 g, 89 %9 as a colorless oil A 1°1 3-necked round- bot t omed
fl ask was oven dried and equi pped Mﬁthl%ﬁ ux condenser with cal cium

chl oride protection tube, 250 m dropping funnel and magnetic stirring rod.
't was then charged with a suspension of lithium al um num hydride (15.8 g,
0.415 nol) and ether (500 m, dIStI||ed ﬂﬁﬁﬁﬂﬁhﬁéﬂborus pent oxi de) and
pllaced in ice-water bathg.(g : tRBxPbrbs ¥ Laxy :
2-0-tetrahydropyranyl - (R dr Opwl se under stirring at
such a speed that the mxture was codine +agd=r ef | ux (approx. 30
mn.). The copling bath wasargiReete ot aheznpxbpym)sb+(xpd(zn reflux for

agd Lional 3 hourg, Ly i8R o BpEibfi 22~ REPho E-chiot8Put IR0 182567,
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
10 residue in 50% 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%
15 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
20 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
I :Example ‘17, -Yield, 0.40 ¢ (95%) 9=(R)~-(2~
25 _phosphononethoxypropyl)-e-anino-s-dinethylaninopurine,
: n.p.162-164°c, (a] ot 8'(c-0 5, 0.1 HCl). For
H__N O P (358. 4) calc. C 43. 56, H 6.47, N 23,45, P

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

_ A nmixture of di{2-propyl) 9-(R)=(2~
35 phosphonomethoxypropyl)-2-amino-6é-chloropurine (0.50 g,
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by ice and ethyl acetate (75 m) was added durin )

foll om%ﬂ@%? (15 M) and*"4M NaCH (15 m). The resulti %ﬁ@&@%s
then filtered by suction over a |ayer of Celite 521 (Janssen) and washed
with chloroform (500 m). The conbined filtrate was taken down in-vacuo,
t he residue redissolved in ether (300 mdgg-and anhydrous magnesi um sul fate
(50 g) added. After standing overnight at anbient tenperature, the m xture

was filtered by prepared awesbrdingttocEkampl@O26)|)batylaninéi (2ot ml)
Stripped of the 3ghVEShahfyV5H p " fs’ SURLEKEA Shhe’ LREISH1BY of

distillation (13
2-0- tetrahydropynah;tutﬁ)fprogaheand2eﬁapbr§86d51q vacua? The, wotkirupsof

colorless oil.  tpg reaction mixture, following reaction with
S 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-butylamincpurine, m.p.140-142°C, (a] --11 ge
. (c=0.5, 0.1M HC1).'H-MMR spectrum (D,0 + NaoD) :1.18
10 a(3H), J 30,27 ‘= 5,9 Clla,' 3.52 4d(1H), JP'CK-Q.B, J f12.5
and 3.67 dd(ln) JP cn;s.s, 39-12.5, P-Cﬂz; 3.93 m, 2’-CH;
4.05 ad(1H), J,,,,= 6.1, J =14.6 and 4.16 dd(ln),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
15 br pent(2H), ZJ=28.3 2—CHZ; 3.43 br m(2H) I-CH «.For
13 24 60 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.

20 - wmf Jen - e - 5« -

A mixture of di(2-propyl) 9-(R)-(2-
phosphonomethoxypropyl)-2éanino-6-chloropurine (0.50 g,
e _prepared according to Bxanple 26), 2-butylamine (2.0 nl)
25 '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,
30 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 (D O+NaOD): 1.17
-d{3H), J 2,= 6.3, CHs° 3.51 da(1H), J p,cH =9,5, Jq- 12.5
and 3.63 dd (1H) JP cass.s, J =12.5, P—cuz, 3.94 n, 2/~

'35 CH;j 4.08 dd(1H), J,,,= 6.1, I =14.6 and 4.19 dd(1H),
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A sol ution of 2-0- tetrahydropyranyl (R -
propang fI%I ol (67.2 g, 0.42 nol) in pyridine (600 m) vvlz;g" %%39{ 73763 az2l

rourid-bottom fl ask with magnetic stirring rod and 500 m dropplng f unnel

with a side- tubing, protected by calciumchloride tube. .

4- Di met hyl ami nopyridine (2 g) was addéd= the flask was placed in an

| ce-wat er cooling bath and a solution of p-toluenesul fonyl chloride (91 g,

0. 477 nol) |nJ y u&ﬂné.( 4. Grale’ <QHioH nh SllﬁMi Em8ipr2sbutyleg. The

m xt ur e - was s er |4 f di b a left to
54°¢ (]S -G;escqo1%[ep¢r %@ ﬁyélﬂﬁ

st and overnlg ri at or at t hen added

to the m xturpeaﬁi»dzﬂdfot(§-T|t7r idiGRy ¥ - 15 thmrﬂ(%)rl eFQQpﬁ 9&24890431)
was distilledakh.is) caaed ¢ WK 4EsiHluE, 295 ¥idafsgl, by @lew fothate (2.5

1) and shaken‘\:/’\n gg w%ter 5(93 (g, ’g:) f‘f s 8.68.

10 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

15 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-€-
cyclopropylaninopurine, n.p.178-179°C, [c] =23 ,5¢

20 (c=0.5, 0.1M HCl). H-NHR spectrum (D o+ NaOD) 1.21
d(3H), J ,2° = 6,1 CH 3.56 dd(ln), P, CH'9 -8, J§-12 9
and 3.73 dd (1) I, cn" .8, J =12.9, P=- cuz, 3.96 m, 2'-
CH; 4.06 4d(1H), J,,,,= 6.6, Jq-u .4 and 4.18 4dd(1H),

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

25 .2.84 n(lﬂ) CH, '0.70 n(2ﬂ) + 0.94 m(2H) CHz. clzazoxso‘r
(343.4).calc. 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.

. 30 - -wf Jam - -y e

. A mixture of di(2-propyl) 9-(R)~-(2~-
phosphonomethoxypropyl) -2-amino-6~chloropurine (0.50 g,
_ prepared according to Example 26)} cyclopentylamine (2.0
35 ml) and ethanol (20 ml) is refluxed under exclusion of
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separatl e | owner aqueous Iayer t he organi c phase h
wat er W&)"% portions), “evaporated in vacuo and the mgg%%
co- evaporat ed with toluene (four 250-m -portions) in vacuo. The renaining
anbér oil was purified by chromatography over silica gel (eluting w.th
chlorofornm) to afford 122 g (0.39 nol, -83% . of (R)-2-0-

t et rahydr opyr anyl - 1- 0- p-t ol uenesul f onyl propane-1, 2 diol as a thick
colorless oil, Hodstlur@® mu( T2Ch dﬂd)raﬁapaz)atid"nim prazekoct Thas wirk-arp df

+4[err] C for se ]g_tﬁ, &rg} 0
Cerr]Herr]0s mkﬁ cal cra{a] q@ ggﬁc %8:?0[" Q’f‘(}hgggn’qpound
C,57.15, H, 7.22trimekhylsilane and isolation of the product is performed
(S)-2-0-Tetrahy d HUP (g%\ém;go - digpl
A m xture of et% r%ﬁT‘Icht at?(éSHQﬂ q‘j I&e Q% Y%EI&' .36 g (76
3, 4- di hydr 052H- Mr&f R) - (2-mhosphonemethaxyprepyld ~Rcard@ons—cxact | y as -
described in EX%&@r%phntylaninopurine, m.p. 157-17o'c, (@) ==17,1°
(c=0.5, 0.1M HCl). H-NMR spectrum (D,0 + NaoD): 1.17
d(3H), J 6.3, CHS' 3.67 dd(lH), P,cH =7,8, J = 12, 2
. and 3.56 dd (1H) Jf CH-9'3' J§=12 2, P-cxz, 3.97 br sext
10 (1H), 2’=CH, 23h29.1: 4.18 d(ZK), 1,2,35.1, 1’ -Cﬂz, 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) cale. 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.

3, 2"

15

: A mixture of di(2-propyl) 9-(R)~-(2-
20 phosphononethéxypropyl) -2-anino-é-chloropurine (0.50 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- |
25  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 0+ NaOD) 1.12
30 d(3H), J 3r, 20" 6.3; 3.43 da(1H), J P, cnf’ .3, Jé-lz .4 and
3.52 dd (1H) JP o937 39-12.4, P- caz, 3.93 m, 2/-CH;
4.10 da(1H), J,,,,= 5.6, J_=14.6 and 4.18 dd(1H),
Ti0gs™4-4, T = 14.6.17=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)

?5 .+ 1.95 m(2H) CHz. c15 25“ o.P (384. 4) calc. C 46.86, H
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to'affo distillation (2'kPa,'102-104[err]C3 et hyl '
-28- 2- %g?ipg%dropyranyl -(S)-lactate (98 g, 0.485 nol, 979FTAYS3/07360

col orl ess oil.

This material (91 g, 0.45 nol) was treated with

l'i thi um al um num hydride as described in Exanple 2 to afford .after
distillation (13 Pa, 72-75[err]C) 2-0-
t at rahydr opyranyl - (s) - pr opane-1, 2-di ol ?%W’?g 0.423 nol, 949% as a

colorless oil.

10

15

20

25

35

6.56, N 21F9+'°¥”9905bet8889'5'22 41558 s .gg,iﬂ 2P e

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),

T30 g0= 61, CH,; 3.57 dd(ln), Ip,cu™9-5r Tgm12.2 and

3. 65 dd (1H) J’ CH.Q 5, Jg-xz.z, P-Cﬂz; 3.98 br sext(1H)
2°-CH; 4.18 d(zn), 1,2,-4.9, 1'-CHZ; 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 . 613H21N604P (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
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1, 2- 0 tetrah ropyranyl (S)-propane-1, 2-diol (67.2 g, 0.42 nol) was
transfoWrQeﬁ‘p S) 2-0-tetrahydropyranyl -1 - . : PCT/US93/07360
0- p-tol uenesul f onyl propane-1,.2-diol. The purification by chronatography on

silica gel (elution by chloroforn) gave the product (121 g, 0.386 nol, 92% .
as a thick colorless oil, chromatographiggal |y (TLC, RF 0.60 in chl oroforn)
honogeneous. For Cerr] H[err] Jerr]S (MNV314,4) calculated: C 57.30;

H 7.05; S, 10. 20 essantially asBestritéd in ERimple B34 Foyrielad, | 0. wn@opads

Exanpl e 3 A  oe
suspensi on of fI*I*ePf &r o&?&%éﬁ?iyﬂ%ﬁéﬂw%%ﬁa%ﬂ%%? u?n car bonat e
(16.4 g; 0.05 mipemdmmmepmmw-(mm [d +08Y (Celn HhoBptdr us
pent oxi de) was ed t fl 50 ni_ -
dr oppi ng funnel Ecﬁ'g § cl um OF | f‘gaot ec iu epddf#mnﬁ XTa 22 4has
preheated a 106{-rr [QB gncB - 44 dd(lﬂ):_ -9- -12 4 and 3.55 dd
(1H) J p,cH =9,.3, Jg-lz -4, P-Cﬁz, 3 93 m(lH) 2’-CH; 4.09
- d(2m) 31,,2, 6.1, J =14.4 and 4.17 dd(1H), J,,,,=4.1,
Jg-14 4 ;'-cnz; 7.88 s(1H), H-8; piperidin-i-yl: 3.95 br
, t(4H), J=5.4 N-CH 7 1.60 m (4H)+1.69 m(2H) C-CH .
10 c_ ., H NOP(3704) 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
15 é-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

20 moisture for 2 h and evaporated in vacuo. The work-up 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-

25 . norpholinopurine. n.p. 160-162°c, [a] =47,1°(c=0.5, 0.1M

" HCl).'H-NMR spectrum (D,0 + NaoD):1. 15 d(3m), 3 I
6+1; 3.50 dd(1R), J P CHB .8, J =12,.9 and 3.68 dd (1!!)
J =9.3, J =12.9, P- cnz 3.90 m(1H) 2/~CH; 4.05 d(2H)

P,CH

Jl,,z, 6.6, J_=14.4 and 4.18 dd(1H), J,,,,=3.2, J =14.4
30 1'-cnz; 7.81 8(1H), H-8; morpholin-l-yl: 4.03 br t(4H),

J=4.5 N- CHz 3.80 br t(4H) C- Cllz 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.
35
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a solutlon (2-0-tetrahydropyranyl -1 - O.p
t ol uene¥% M}propane 1,2-dlol (31.4 g, 0.1 nol) in di mgtquﬁg‘?/%?ﬁode

(200° M) was added dropw se under nmagnetic stirring over 30 m nute period.
The tesulting clear solution was heated at 100[err]C for addttional .6
hours, cool ed down and the sol vent dls%élled off at 50[err]C/ 13 Pa. The

reS|due was extracted with b0|I|ng roform (three 300-nl -portions),
filtered and the

S : 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
10 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, 0.1XM
15 HCl).'H-NMR spectrum (DO + NaoD):1. 13 a(am), Tie 3o
5.9; 3. 52 dd(1H), J P, cH 10 3, J =12.0 and 3. 68.dd (1H)
J -10.0, J.g-n.o. P-Ctlz; 3.86 m(1K) 2/-CH; 3.99 d(2H)

P,CH

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

1'-CH2; 7.77 8(1H), H-8; arom.protons: 7.22 m(5H); 4.58
20 br s(2H) benzyl-CH . C, H._NOP (392.3) calc. C 48.98, H

16 216 4
5.39, N 21,42, P 7.39; found C 49.16, H 5.37, N 21.23, P
70'860

25 '~ © Example 45
9= (sa_ia_zhg. u9n9ns:h9xxn:9nz11_a_azagnanine_and_a_isl_
{2-Phosphong: .- \QXypropvl)-8-azaguanine

A n. .ure of 8-azaguanine (3.5 g),

dimethylformamide (35 ml) and dimethylformamide

, 30 dineopentyl acetal (15 ml) is heated at 80°C 16 h under

' exclusion of moisture. After cboling at room tenpérature,

N ' 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.

35 ‘
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-29-- filtrate taken down in vacuo. The re5|due af f orded by
cryst al | MRAPMIAET om boi | i ng et hanol 9-(S)-(2-0- PCT/US93/07360

t et r ahydr opyr anyl oxypropyl ) adenine (13.2 g, 0.048 nol, 48% mp. 172[err]C
Rlerr] 0.40 (TLC, chloroformnethanol, 4:1). For (Jerr]Herr]Nerr]err]
(277.3) calc. C56.30, H6.91, N 25.26; -ggund C 56.46, H 6.82, N 25.57.
[err]H-NWVR (200 MHz, . d6- DVMSO : H2,H8 : 2°x s, 8.14 and 8.04; NH2: br s,
7.20; 1'- C"'[e”}‘rhdjdliﬁﬂrﬂ@&tﬁ Zonpbuhd JgEN 3,1l A0 )mmoll) ddcediim4. 11

Ji1,2 = 7.1 2' 1H,,.4.Q06; 3'; : 3 ' 2 =6.1);
get rahydropilranyl car °5§tedcfl'7%, 9. ﬁ?q(_{\[@&hb aﬂ‘.%)&’s’-ﬁ@#f?-ddd, 1?—|,
EHZZ gﬁ gH ,1728prhbya»phutphﬁhylﬂttnﬁxyq1IhhhIneﬁbﬂulﬂdnquxyptbpanqain
t et rahydropyranyI‘%Qggz;hgp}ﬁ")rzg'(?gI Nt neﬁ(@ ‘H) %?}:ﬂ'ﬁ(’% é&f) ‘25’M ?J?TCC aci d
(300 nl) was 8 ef nnders exelusiomiofhmak Sﬂm-emhﬂ mmries aﬂbﬂ-tmdal i zed
with saturated agu3qEs A, WWapetabddat Yok (Fa MRd thid dedibd the

treated with a mixture of methancl and conc.aqueous
ammonia (1:1, 200 ml) overnight at ambient temperature.
. The solvonés are evaporated in vacuo and the residue

10 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

15 Dbromotrimethylsilane (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.

20 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

.25 from water 9-(8) (2-phosphononethoxypropyl)-a-azaguanine

"~ (0.50 g, HPLC pure).

d.

30 -8= -{R)=(2~ -
.-..-a
The reaction is performed essentially as
described for the (S)-enantiomers in Example 44. After
the work-up of the condensation mixture with aqueocus
35 - methanolic ammonia the crude mixture of bis(2-propyl-
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use of neter The resulting suspensi on was broughf ‘to I

after for 30 mnutes filtered through a | ayer of égkﬁ#ébgygae
(Janssen) and the precipitate washed with boiling water (500 m). The
conbtned filtrate and washi ngs were evaporated to dryness in vacuo, the

resi due coevaporated with ethanol (twg£00 m portions and crystallized
fromboiling ethanol (ether added to turbidity). The product was

col l ected by f Ng O 1 , 0.04
ol 859, m T RoaBp el R B oS 2, St

?2 535 H05lﬁfquyﬁﬁ(ferr?gyndn@ theSBoltimh etutbd3@izth 20kcagu eous4%nﬂierr]_

and 8.05; NH2:hapol. Tbe7W3abe§!=bgpM&“§kgen( S-DNEP‘}““H%"!)“ 14 vacdo
N—CH[err]+0 C}hnGTdﬁtbd3aQ?oﬁdiﬁg GHbeBFhsdneiHaslaQGahbkghbhs=ﬂaﬂw
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
15 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. IB%P, found
32,10%C, 4.35% H, 27.44% N, 10.30% P.

10

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 50 X 8 (H =-form) ..
The ammonia’ eluate 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,

20

25'j'

35
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-30- - 9- (R) - ( 2- Hydr oxypr oyl ) adeni ne. ’ The
condens&fQWowZadenl ne (13.6 g, 0.1 nol) and ' PCT/US93/07360
(R -(2-0- tetrahydropyranyl 1- 0- p- tol uenesul fonyl propane-1, 2-diol (31.4 g,
0.1 mol) was performed in the presence of cesium carbonate (16.4 g, 0,05
nol ) as described in Exanple 3. After_gglraction by boiling chl orof orm
the crystallization of the residue fron1ethano| (ether added to turbidity)

afforded 9-(R)- dogigtiat tr 5&@ nmol ,

53%, mp.171-172[err For err]H[err rr rr 277 3) calc.

56.30, H 6.91, fthespred -&idkered, Jﬁ? N&@i han°1 Jnd ether:
and dried to afford 0.50 g of the ?%xture of 7-isomer

- and 8-isomer in the ratio 1:4'(by "~ C=NMR). The 7- and 8-
5 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  10.30% P. lH-NMR (D,0 + 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, Jg = 12.2) +
3.47 44, 1H (JPCH-Q .0, 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,

15 _Jg- 14.0) 1'-Cl~lz; 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 X 8 (R ~form) until dissolution, the
25 suspension vas poured onto a column of the same cation
~ exchanger (100 ml) and the column is washed with water
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
30 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.
35
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H NVR smmmﬁzoo MHz, d[err]-DVSO) closely resenbles to t[i’@tmygymm
9-(9S)-(2- tetrahydropyranyloxypropyl)adenlne (Exanpl e 3). A
solution of 9-(R)-(2- tetrahydropyranyl oxypropyl)adenine (14.0 g, 0.05 nol)
in 0.25 Msulfuric acid was left to stand overnight at anbient- tenperature .
and wor ked-up as described in Exanpl e 389The productomas |solgggd to %IVE
G ert] HerrIN or 110 (MW 196 eMsRansiot: é’@"ééf‘ﬁéméﬁm 657029} oafcmaol)
49. 80, H 5. 64, NnQG&éiuhe@a]ﬁﬁdm§ Qmﬂ&n fherr] DI\/SO) S
Igfg“f al( Cvmotg ﬁgmétf?:e (an?ideena&d nrf)r ié '%(ear@af ag E&%&S{:ng 1 h and
9;(R)-(2-hydrox;psoﬂyt)oﬁ.Gﬁmcnhqﬂxnkdiwa-propyl)phdhphunu&neﬁhozﬁ]-l-
6- di am noguri gg1hiReSulBohyIWyptthdite ' )€Y PSP Wmd 1P iy qf-05 Mol) in
. 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
10 (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,
15 TLC on silica gel, chloroform- methanol, 4:1) which after
evaporation of the relevant fractions and crystallization
from ethyl acetate - petroleum 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
20 43,40, H 6.76, N 25,31, P 8.01; tound_ 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 cach), J= 6.1), CKS; 4._11 pent d (2.7-29.5) 2/~
CH; 4.28 2xdd, 1H (31.2, 4.90, J_ = 14.4) 1'-CH 4.34
) “.dd (18 (31,2, =7.1, J =14.4) 2’-CH; 3.65 dd, 1H (JPCH
25 . 9. o, ¥ --12 7)+3 74 1d, 1H (Jpcnas .5, Jéa 12.7) P-CH2 .
4.43 dq (1H) (J=6.1) + 4.47 (J=6.3, Joco-cy™7-8) P-OCH;
7.35 + 7.70, 2xbr (2x1H) ang 6.37 brs (2H) NKZ‘
_ " This product is treated with acetonitrile (25
ml) and bromotrimethylsilane (2.5 ml) overnight at room
. 30 temperature ahd the solution evaporated in vacuo. Water
(So ml) is added, the mixture alkalized by addition of
N ~conc. agqueous 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)-

35 (2-phosphonomethoxypropyl) -2, 6-dianino-8-azaadenine, m.p.
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di rret_h;w}@am-ﬂe (250 M) was placed in 500 m round- bot petyiitesze73épt h
magnetic stirring rod and caIC|un1chIor|de protectlng tube and preheated to

100[err]C. (R -(2- 0O--tetrahydropyranyl -1-0-p-tol uenesul fonyl propane-1, 2-
-31- " diol (32,8 g, 0.104 nol) was added in one portion and the m xture
stirred at 100 [err]C for 20 hours. Thg§gsol vent was evaporated at :
50[err] ¢/ 13 Pa and the residue extracted with boiling chloroform (three
300-nm - portlonsg Theflltrate 1

8=-242°C, [a]D-+5 16°(c=0.5, 0.1M HCl). "H-NMR spectrum
(D O + NaoOD): 1.17 4(3H), (J 20" 6 3) CH_; 3.50 4d(1H),
JP cy™9-1r T =12.2 and 3.59 dd(lH) Ip ,cH =9.3, J =12.2, P-
cnz, 4.08 m, =J = 30.0 2'-CH, 4.45 dd(la), 1“2,-5.4,
CH 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.

Eyp (PH7.5)=0..85.

3

10 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, R
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 (ZJ=31.0) 2/-CH; 4.50 ad,
20 1H (31,2,-6.60, J_ = 13.9)+ ‘
4.53 44, 1H (31'2'-5"' 39-13.9) 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°°'_J =12.7) + 3.75 d@,-lﬂ (JPCH-S.S, 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"2‘°'°'-[“]D"23'5' (c=0.5, 0.1M HCl). 1K-NHR spectrun
(D O+NaOD)= 1.21 4d(3H), (J 2,-6 «3) CH ;: 3.50 ad(1H),
10 JP cH =9.2, Jé 12.2 and 3. 58 dd(lH)( P,CH =9.4, Jé 12.2) P~
CHZ' 4.17.m, EJ = 29.3 2’=-CH; 4.70 d(ZH), 1727 =5,2) 1/~
CH_.. For C_H_,N._O,P (305.3) calec. C 31.47, H 4.62, N

e 814 7 4
32,12, P 10.17; found C 30.74, H 4.55, N 29.90, P 10.16.

Eup(pH7.5)-0.85.

15

25 .

35
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was sepaigpdisde? silica gel colum (500mM ), the product el uUPEE/U$93/07360
chl or of orm net hanol mi xture (95:5), affording, after crystallization from
et hyl acetate (ether added to turbidity),
9- (R - (2-tetrahydropyranyl oxypropyl)-2,6- diam nopurine (14.2Z g, 0.0485
nmol, 48.5%, mp.150-152[err]C. For C*¥4 Herr]Nerr]Jerr] (292.3) calc.
C 53.41, H6.90, N 28.76; found C 53.27, H 7.02, N 28.77. A
sol ution of 9-(R)-(2- tetrahydropyranyl oxypropyl)-2, 6-diam nopurine (11. 7
g, 0.04 nol) in 0.25M sul furic acid (4 left to stand overnight at
anbi ent tenperature, neutrallzed mnth a annDnla and concentrated in
vacuo. The sol 12z0R) nbe=PRoSPRONOR BXYE yréopescaptopurine i
100- 200 mesh, acid form nhhen &i-ﬂaa sbod Bbtwaie evalion tiie
UV-absorptlon and c ﬁﬂ&CtIVIQ%OOf % ‘g § ggh go ?h rigina
val ues. Thed pr PREREHER, 19 BBOL), ?Iﬂ 018 §SH§ B2 2mdnia, the
V- absorb:rgeﬂcmuarapurtntler:sa gnleahnolNoﬂn dimetbydfoEmanists (25 gave
on crystallizatj ( y XY PHOR¥! hi I am nopuri ne
(55 9. 0.031 .4 %‘95 . ﬁ%“gﬁzfé Ea £6£”APhORY! hnbiefir! g
temperaturn. A solut on of (R)~-2-[(di(2-propyl)phospho-
' ~ nylmethoxy)-l1-toluenesulfonyloxypropane (6.5 g, 15.9
10 mmol) in dimethylformamide (50 ml) is added and the
mixture stirred at 60°C for 8 h. The mixture is then
stripped 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
15 chromatographed on a column (250 ml) of silica gel in
‘chloroform. The product is eluted with chlorofom-methanol
(95:5) and the relevant fractions containing product were
evaporated to dryness. Yield, 2.35 g (60%) of the oily
. di(2-propyl) 8-(R)=-(2-phosphonomethoxypropyl)-6-
20 chloropurine (Rro.70; TLC on silica gel, chloroform-
methanol, 4:1), m.p.148-150°C (ethyl acetate-petroleunm
ether), (a) =-43 »7%(c=0,5, 0.1M HCl). For C, H  CIN O P
(390.9): uass spectrum:391(M ), 348 (M-iPr), 306 (M-
o 221?:), NHRrSpectrun 1.05 d (38), J= 6. 1) cua, 4.02 pent
25 d (TJ=28.9) 2/~CH; 4. 30 dd, 18 (J,,,,=7:00, Jg -
’ 14.3)+4.45 44, 1H (31,2, =3, 6, J =14.3) 1'-632; 4.49 m, 2H
(Jp-ocn'7 «6) PhOCH; 3.68 dd4, 1H (JPCH-Q.S, Jg-13.7) +
(3xd, 4x38), J=§.1, 3-6.3) CH (2-propyl); 8.61+8.77,
. 30 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
35 evaporated in vacuo and the residue (nro.ss, TLC on

P
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For C er iydlogfgzgg €rr] O (208.2) calc. C 46.15, H 5.81, N 40. ﬁ.’l‘l y:quh
45. 97, ng 72, N 40. 56. [err] H NHR- spectrum (200 WHz, d[err]- %f%

1H, 7.62; NH[err]: 2xbr s, 2x2H, 6.65 and 5.77; OH br, 1H, 5.05;
1'-CHerr]: dd, 1H 3.90 (J[err] =3.9, J[err] = 13.7) and 3.80, dd 1H,

(J[err] = 7.6, J[err] = 13.7); 2'-CH m=7T@+ 3.95; 3 -CHerr]: d, 3H 1.04
(J[err] =6,19). [err] = - 40,7[err] - ( ¢c=0.5, 0.1M HO)
-32- gsilica gel, chinpefprmgmethanol, 491Q5grigg ipdvagyeropyl )

-2, 6-diam nopuriftetonitrile (40 ml) and bromotrimethylsilane (4 ml) is
added and the mixture stirred till dissolution. The
mixture is left to stand overnight at room temperature,

5 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

10 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

15 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

20 wmin. 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%), n.p.156-158'c, (] --1 7* (c=0.5, 0.1HCl).
25 lg-NMR-Spectrun (D,0+Na0D) : 1.25 a(m), (T3, 50=5:4) ca;

3.57 ad(1H), J P,cCH 9_5, Jg 12.2 and 3.79-dd(18)

(J =9.5, J =12,2) P-CH_; 4.02 m 2’-CH; 4.31

P,CH g 2
d(ZH)(Jlnz,- 6.8) + 4.52 4, 2H (Jl,z,<2 <0, Jg-14 «4) 1~

CHZ, 8.35 +8.72, 2xs (2H) H-2+H-8. For C931384O‘P8
30 (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.

35
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The synt erfbrned I n analogy to Exanpl e 5, vmtr1p /
(S)-2-0-tet raﬁﬂgropyranyl -1-0°p- t ol uenesul f onyl propane- 1, Cl‘dIUﬁ% %Z‘q:?

0.11 nol). The crude reaction product was dissolved in 0.25 M sulfurlc
acid (300 mM) and left to stand overni ght at anbient tenperature. The

m xture was al kalized by amonia and <mporated in vacuo to a vol ume of
approx. 150 m which was then applied onto a colum (300 nm, 100-200
mesh) of Dowex 50X8 (acid form). The colum was washed thoroughly W th

water till the di sappearance of UV-absopghggguﬁéu%he el uate. Subsequent
elution with dilute (1 10) annDnla af bsorblno fractlon whi ch
was taken down i2=(R RQE REROXYPLOPYEY) rriNi poethenoadenineic

9. (S) - (2- hydroxypropyl) 2 NngpueL. L gtent, > 9596 9 2 g,
0’ 044 ol , 44% whi ch_ was ﬁsgglﬁﬁigheagug Qﬁ gg synth tic_step. [err]=
+41, 2[err] (%=0. Bh°§P§ﬂFPE!Fh°*YPr°PY1)‘d‘“ ne (0.40°g) inAMnp|e 7

94 (R) - (2- Hydr ox¥n16facdtaldéRyde 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 (20-30u) and washed with water

10 (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

15 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 50
Evaluation against human immunodeficiency virus (HIV) and
20 Molonev 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
_ _.intected with 100 ccxnso (1 ccmso is a virus quantity
25 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
, 30 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.
35 '
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A suspengicPey -am no- 6-chl oropurine (18.6 g, 0. 11 nol,
ceS|un1carbOA§%gg(l7 9g, 0.055 nol) in dinethylformmde (3 0|#§S¢HWHKO
stirred at 100[err] C under calciumchloride protection tube and a

sol ution of (R)- (2-0-tetrahydropyranyl - 1-0-p-tol uenesul f onyt propane-1, 2- .
diol (42 g, 0.134 nol) in dinmethylfornerd4e (100 m) was added dr opw se
over 30 min. interval. The m xture wa stirred at 100[err]C for

addi ti onal 6 hours, cool edAh&@ ShBVEng‘aFéH]-&t 158rer rpenitspet testing due

was, extract ed wi¢ie abeivieg ehlenaf ebﬂpbhhﬁseaaﬂQnEt nsvt-lmmﬂcewd the

extract .concentrated in vacrgp I ter| o onto a col umm of
0

silica gel (500 ¥F3nsformat nee EH°b Bbi§ﬁ§ H/SF3, celds.
rel evant UV- absombénaeuéreei-aoeaeuaaeiaoml-asﬂs-weuaoazt ad4greedni ed in

vacuo. 9 5 microtiter plate and exposed to 80 PFU (plagque 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
10 culture was examined microscopically. The results are
summarized in Table 1 in comparison with the data on the
prototype compounds.

15
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-33- (WO 94708467 ahydr opyr anyl oxypr opyl ) - 2- anmi no- 6- chl or opuPCTRISSB707360

obt ai ned as ‘yel | ow anor phous foam R[err] 0.64 (TLC in

chl or of or m met hanol, 95:5) (10.7 g, O. 034 mol, 31% . For
C[err]H[err]ClN[err]Qerr] (311.8) calc.: C 50 08, H5.82, d- 11. 37 :
22. 47, found C 49.92, H 6.08, Cl 11. 44‘7§l‘22 54. [err]H -NWR spectrum (200
VHz, d6- DVMSO): H8: S 1H, 8.06; 1'-CH2: dd, 1H, 4.01 (J[err] = 7.3, J[err]
=14.2) and dd, 1H, 3.94 (J[err]=5.4 J[err] =14.2); 2'-CH: m 1H 3.42;
3'-CH3 :d, 3H, 1.06 (J[err] = 5.4); tetrahydropyranyl: 1'' -CH dd, 1H,
5.07 (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 sol ution of 9-(R)-(2-
t et rahydr opyranylf®xypropyl ) - 2- am no- 6- chl oropurine (10 -g,
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in onewotgammz am no- 6- chI oropur| ne (17.5 g, 0.1 nol, MaopQTAS93107860
m xture was magnetically stirred for 1 hour at anbient tenperature.

(S) -(2-0-Tetrahydropyranyl - - 34-

1- 0- p-t ol uenesul f onyl propane-1, 2-diol (34.5 g, 0.11 nol) was-then added in
one portion and the mxture stirred at7?0[err]C for 3 hours and.at 80[err]C.
for 8 hours. The solvent was_then rennved at 50[err] C/ 13Pa and t he residue
triturated :

(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

5 sensitivity to the test compounds.

. (2) (R)-PMPA 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

10 . 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-

15 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.

20 N Example 51
Ireatment of Moloney murine sarcoma virus (MSV) infection
in mice bv intraperitoneal administration
. Two gram newborn NMRI mice were injected
_ _intramuscularly in the left hind leg with 50 ul of 250~
_ QS’Titold 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 S0, 20 or 10
‘mg/kg of the resolved compounds of the Formula I or
30 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
35 RPMI-1640 medium. The mice were observed daily for 20
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W|th bo ? 7oroform(two 300 m portions) and filtered.p d“;’r e
was chroma ographed on a silrca gel colum (300 m) to gi ve -0-

t et rahydr opyranyl oxypropyl ) - 2-am no- 6-chl oropurine (10. 9 g, 0 035 nol .
35% as an anor phous foam This material was refluxed in a mxture of 2M .
hydrochloric acid (100 m) and di oxane-7800 m ) for 1 hour, cooled,
neutralized with -aqueous ammoni a and evaporated i n vacuo. The resi due

af forded by crydays| and: the faynefatumorddndtiation andhthet day ¢tfar coal )

"9-(S 2- hyd 0 7 ; F
d ((arz] I(-l[ er r{ rN?é%‘r )élri}?%?zggﬁ Qéc%rﬁedcfg% sfEh, aﬂi&l.m gSt%}gIsgl%gid Cor

45.88, H 5.25 \apslyses were| mﬁnmﬁéchﬁ#ésgéaM9 &Per stapdead was

identical wth aaeiaeioh (rﬁb susERr zbar &Lsu1t§6aihe§hbwhc it the %We
HE1) . -(R) - (2-Hydroxypropryl)cytosi ne.
m xture of 8yt 03|°ne (8 5 g, 76 rrrml Fi uka)
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i ast MOLTSTS. 1)

maj or
1H, 7.52 (J[err]=7.3);

t et rrahydr opyr anyl

c 1"

[err] HNVR (200 MHz, d[err]- DVBQretisysve360f

i SONer :

H5 d, 1H 5.73 (J[err]=7.3), H6: d,

d, 3H 1.13 (J=6.1), NH2: br s, 2H, 6.98;

br t,

1H, 4.36 (J=3.2);
total 10H, 1.20-1.70, 3.26-3.54, 3.72-80.
1- (R -(2- tetrahydropyranyl oxypropyl)cytosine (4.0 g,

other CHerr} groups : m -

A sol ution of

16 nmol)

in 0.25 M

sul furic acid (50 mM) was left to stand at anbient tenperature overnight
and neutralized with saturated aqueous baripm RQydroxi de solution to pH
7.0-7.1. The suspension was warnmed to 80[ejr] ¢ ,filtered through a |ayer

of Celite 521 (Janssen) and theswti bk eroe
The filtrate was taken down to @ryfes

with ethanol (200 m). Theyresidue~has=etrystal i
added to t®bidity) to gi va .-(g)t'gQQ-
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washed wish boiling water (500 nl).

vhcué qnd the residue codistilled
ged from ethanol (ether
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hydrbxypwgp ng@om ne (2.5 g, 15 rrrml 94%, mp.246[err]C PEWUS93/07360
C[err]H[err? Nerr]dJer] (169, 2) calculated C, 49.69; H 6.55; N, 24.84,

found: C, 49.48; H, 6.70; N, 24.70. [err]H NHR- Spectrum (500 Mz,
d6-DVMSO): H-5: d, 1H, 5.61 (J[err]=7.3); H6: d, 1H 7,45 (Jterr] =7.3);
NH2: 2x br s, 2x1H, 7.04 and 6.98; OH -¢1+ 1H 4.88; 1'-CHerr]: dd, '1H,
3.73 (J[err] = 3.9, J[err] =13.2) and dd, 1H, 3.31 (J[err]=8.05, J[err] =
13.2); 2'- CH: m 1H 3. 8RnhiQé (8)-enantiofiercof] PMPA Jldndl . FFMPA) has no

B o i BpEkeh ahdrReRoiirat® abelvilly' Yo Wb ar the dome of o
(4 g, 0.1 nDI,IGEQVKQSdeQPPKPN. n (&) st PMPOAPd proviesd highdy &f feddtive )imas
-added under St'r Ipdr iR Itgh 0% m&%@%& {.ﬁ& rsloﬁ 't)zé‘ q}ﬁJ]fap

i i f or | JE

I’letUI’E Stll’l’Ed er exclusion o sture l ciumc

protection -t 8be) °fTH§Vr'é-§§PF| aice: A singhendR)r @%Q Pf 32 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

10 (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.

15 conclusion: ' -

(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.

20 : (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.

25 7 77 "7(3) The in vivo activity of the compounds of
the Formula I are in agreement with their antiviral
activities against HIV and MSV jin vitro.

30

; _ Three-week-old NMRI mice (about 10 grams body
' weight) were injacted intramuscularly ‘in the left hind
leg with S0 ul of 20-fold diluted stock preparation of

35 Moloney murine sarcoma virus. Starting 2-4 hours before
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-36-vrtetﬁﬁpyg@ggwranyl 1- 0- p- t ol uenesul f onyl pr opane- 1, 2- di ol pc3iudomorsol
nol ) and the reaction mxture heated at 80[err]C for 8 hours under

stirring. The 'solvent was then renoved in vacuo and the residue triturated
wi th boiling chloroform (three 200-m -portions) and filtered. The filtrate.
was purified by silica chromatography to=-ag#ord

1- (R) - (2-0-tetrahydropyranyl oxypropyl) - 4- nmet hoxy- 2-

10

15

20

.25

30

35

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

. was evaluated as described in Example 35. The summarized

results are given in Table 3.

Table 3
Number 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

*) p< 0.005 (two-sided Student’s t-test).

| At the dose of 100 mg/kg/day, (R)-PMPDAP
increased the mean day of tumor initiation by 50%; only
67% of the mice developed a tumor.
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pyrim g, 63 mmol, 63% as an anorphous foam - Thi s
producﬁg@?s’s'#%ﬁed wi th nethanolic ammonia (500 m, sat ur atP(eF/A593/03360 C)

in a steel autoclave at 110[err]C for 8 hours, cooled and the suspension
evaporated in vacuo. ‘The residue was dissolved in 0.25 M suHtur+e—(360nt)y——

acid and the solution warmed at 70[errjgG for 5 hours. The mxture, s' Reblaced
neutralized with aqueous ammoni a, filtered through a | ayer o
(Janssen) and the filtrate concentrated 'F;gmuo. The resul ti i H) mll IJ

was applied onto a colum of Dowex 50X8 , 100-200 mesh
and the colum was eluted wth water to the | oss of UV-absorption of the

el uate. The subsequent ely}i @ séhpouid LWL kR Sépmerweous amoni a af f or ded
UV- absorbing fraction which was pool ed and evaporated in

vacuo. Crystal lization fromethanol gave 1- (R)-(2-hydroxypropyl) cytosine
(7.8 g, 465mol, 73%, identical wth thecyBoduct prepared according to

annple 9.
_ H'C'!'OCHzP(O) (OR), (Ia)
CH,

10 . ‘I:’*’B
(OR),(0) PCH,0-C-H (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 (1-6C),
aryl or aralkyl. : .

15

20

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

- of adeg;ne,jz}quianinopurine, 2=-aminopurine,

. hypoxanthine;;ahd xanthihe, and their 1-deaza, 3-deaza
and 8-aza analogs, 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,

30 dialkylamino, aralkylamino, hetercaralkylamino,

v 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-methylcytosine and their

25

35
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Exaﬁple 11 Thi-Shds) His Be placedpropyl ) -N err] -benzoyl adeni ne o
Emropyl)adenine (5.8 g, 30 PQI/USOB/07360 di ne

A suspeWoEi 94/0367 9- ( ;
(160 M) was treate rimethylsilane (26 m) and the m xture was

stirred for one hou enzoyl chloride (20 m) was then added and the _
m xture stirred for additional 2 hours,8 The reaction m xturé was placed i-n
I ce-water bath and ice- cold water (30 nl) and concentrated aqueous anmoni a

(70 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.

10
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,
15 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.

20 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
2,6-diaminopurine.
25 - . - e - ) |
9. A compound of claim 7 wherein B is
8-azaguanine.

10. A compound of claim 3 of Formula IA
30 wherein B is cytosine, thymine, uracil, S-methylcytosine,
G-azaqracil or 6-azacytosine. '

11. A compound of claim 3 of Formula IB
wherein B is cytosine, thymine, uracil, S-methylcytosine,
35 6~-azauracil or 6-azacytosine. :

A



m ) were subsequently added dropwi se under stirring over 15 mn. The

m xt ur WO/ 0346 p oTHas Shebt Has BearcReplacelhe r esi due was codi sti | | BET/WS93/¢1360n 0l
(three 150-m - - por tallized fromboiling water. The
crystalline produc I and recrystallized from et hanol {(ether
added to turbidity) to affor (R - (2ss_ . '
hydr oxypropyl )-N err] -benzoyl adenine (7.8 g, 26 nmol, 87%, mp.227[err] C

Rlerr] 0.40 (TLC, chl orqfor I ; I r rlderr]
(297 3) calc.:C 60.50, HB200™ BES .%%6;‘:"?5’&)#3‘ < %‘H‘?{‘ga&] N

[ err] H NVR- Spe€OFBMAR200 MHz, d[err]- DVBO): H2, H8: 2x s, 2x1H, 8.73 and
8.42, N-CHerr] + O-CH m 3H, 4.05-4.30; 3-CHerr]: d, 3H 1.11 (J=5.6);
arom protons + NH m 6H, 7.30-8.10._[err] =+21,7[err] (c=0.5, DWF). '

. Exampl e 12 9- (S - (2-FNdF@H§propyl)-N6-ben20yladenine.

T tirrsd i f 9-(S)-(23- | deni 6.8 5 |
T B il ved Jagreneton of S )u(-'-o%dif’éyv?&?ﬁy Jadenine (6.8 g, 35 mol)
CH,

or

. . CH,B

10 o

(OH),(0) pcr_t,o-f-rx (IB)
CH,

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

CH,B
H-C-OCH,P (0) (OR), (VIIA)
b,
20 or
CH,B
(OR),(0) PCH,O-L-H (VIIB)
.wﬁéf;ihznEis”igdésendéﬁtlf“alkyl(i-GC), argl or aralkyl
by treating with a halotrialkylsilane in a polar aprotic
solvent mediun._

' 30 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
35 which comprises deprotecting a compound of the formula:

* ¢ L M s x



n1):mas added chlorotriné?ﬁ&lsiraﬁgw(26 m) and the mixture was stirred for
1 hour WO 03467 ch hept H mieplaveds added i n one porti orPCTMUS9I3707360 € Was
stirred for addition ﬂngooled in ice-water bath. Ice- cold

or

water (30 m) and co nia (70 mM) were added over 15 minute
interval and the m xture stirred additional 30 mnutes at O[err{C.  The
sol vents were evaporated in vacuo and~Bf& residue codistilled with water.
After crystallization from water thqag pduct was col | ected and
recrystallized fromethanol to affor - (S)-(2-hydroxypropyl)-Nerr]

- benzoyl adenine (4.4 g, 15 mol, 439 r] C. The conbi ned_not her
| i qguors were evaporated in vacuo ﬁ ﬁ@’?&éfgﬁ{%tl rred with et Hahd) (150

m) for 30 m nutes. The suspension filtered and the precipitate of
inorganic salts washed with ethanol 0 mM) and discarded. The filtrate was,
taken downgt o ¢pyness in vacuo and the residue triturated with
CH,B’ 4
(on),(owcn,o-cia (VIB)
CH,

10  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
15  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)

20 CH,

or

CH,B'
| _ Ho-c-H (vB)
wherein B’ is a protected form of B as herein defined
with a compound of the formula

. LVOCH,P(0) (OR), vy
+ wherein LvO is a leaving group, and each R independently _
30 ig alkyl (1-6C), L)
under conditions wherein said compounds of '
formulas V and IV react to form said compounds of formula *

VIA or VIB. ' :

35
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-38: chloroforn1&£ 150 i - rtlohs) and filtered. The filtrate was
chr oma"¥l ' °° lasel urm (200 ml) to afford, PLT/E893/07360
crystalllzatlonfr m e (petrol eum ether added to turbidity)
additional crop of otal yield 7.4 g (25 nmol, 71.5% . For

Cerr]J]Herr]Nerr]Jerr] (297. 3) calc_gL 60.59, H 5.09, N 23 56; found C -
60.63, H 5.16, N 23.30. [err]H NWR spe% rumwas identical with that of the

(R)-isoner in Exanple 1146 [ephle method F lcldiid 13 wheddiltvo is a

p-toluenesulfenyloxy (TsO) group.

17. The method of claim 12 wherein the
5 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:
10 *
r.vocu_zclzxm-ca3
OCHzP(O)(OR)2 (XVII)

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

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

20 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-
ié§*f5hydroxypropy1) derivatives of purine or pyrimidine bases
- " of the fornule I

s-ca,clx-ca,
- OH (I
wherein B is as defined in claim 1 to obtain the base-
L _ ?9 protected derivative of the formula III
' B"Cﬂﬁ?b4ﬂ%
OH | (1III)

. in which the residue B’ stands for the residue of a base
35 B substituged with at least one N-acetyl, N-benzoyl, N-

* [ L M 5 *



Exanpl e 13- roxypropyl) N err] -benzoyl guani ne.
Chl or w0 947634671 SI S%hée ‘?dadded in one portion td’&'!&sﬁ?ﬂﬂé‘“
suspensi on of 9- ( ropyl)guanlne (5.0 g, 24 mmol) in pyridine

(130 m) and, afte ing, benzoyl chloride (16 m) was added in
one portion. The n1xture mas stlrrenggu addi tional 2 hours, cool ed by
i ce-water bath and ice- water (24 m) followed by conc. aqueous anmonia (56

m) were addeﬂid&ﬂawseuﬂu%ei-ﬁymuhem&hgum Wheriegdt benNwi xt ure was
~.stirred for addition 30 n1nites and evaporated I n vacuo. The resi due was

triturated wi ERACEARYErOPYFaRNteB*PHBé ni) and ethyl acetate (200 m),
filtered, washed with WEbﬂnowﬁﬂhby t&datﬁngdsuﬂdveonpound of formula

9-(S)-(2-Hyd - 3.4
obga?néd ;Zsr£i¥pﬂggég %@é} %ﬁg %ﬂﬁ Inel&xggegkgiphcsphbna€4>
Ch'OFOfOFBWnE&hdandiﬁmlhydrﬂneZI&[anrﬁﬁsrﬁoapﬁp@dc]Hpéwehﬂ[atr}C{err]
2H err] O (349,_4 -30% Q 51,,48, 5.41, N
ZOFSET] [grr]thﬁégggéctr%* ?QEB 50 & td 1d0de to*dBtain®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.

10

15 21. The method of claim 20 wherein said .

halotrimethylsilane is bromotrimethylsilane.

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

20 chlorinated hydrocarbon. '

23. A method to prepare a compound of claim 1
which comprises treating a heterocyclic purine or
2s'i'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,

30 ' OCH,P (0) (OR), (XVI)
wherein each R independently is alkyl (1-6C), aryl or
aralkyl to obtain the (R)~- or
(sj-N-(2-dialkylphosphonylngthoxypropy1)_derivative of
the formula VI

35
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J[err]

12.5) and
1H, ~4.01; 3'- CH[erM

Jlerr] =7.1, J[err] =12.5) 2'-CH br m
(J[err] =6.1); aromprotons: m 2H, 8.05
DVF) .

2xbr 2x 1H ©12.30 and 11.90; H8: s -~ OH
d H @’C{,%‘%e”] Wm astBe lacdd - CH err]: dd, 1H 4. 05 (#%{3’&;3903.4

and m 3H, 7. 50 7.70. [err]—+28 1l err¢g9€c=0. 5,

- 30-

10

15

20

25

30

35

Exanpl e 14
a-cug?b«na
: 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:

» .
: ,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
b o 4
wherein LvO is a leaving group, .
as a racemate or as the enriched or resolved

enantiomers.

O R



9-(@)-( $4¢1Pr opl ) - N2- benzoyl guani ne. The re | Fxdr e
conposed of 9-(R)-(2- hydroxypropyl)guanine (2.5 g, 12 nnnl?g&ggﬁngﬁgﬁ(GS
m ) .and chlorotrinmethylsilane (10 m ) was stirred in a stoppered flask for

1 hour at anbient tenperature and benzoyl chloride (8 nl) was.added in one,
portion. After additional 2 hours stirr9®g the m xture was cool ed by ice

and ice-water (12 m) followed_by conc. aquequs amonia (28 mM ) were added

over 5 mnute period. Afté®P-30 %(ﬁ EOMMELAD| v et SsHAR i Been Replaced

evaporated in vacuo and the residue gpdistilled wi th et hanol .

Crystal lization from 80% aqueous eth: _Icaf;lfforded 9-(R) - (2- Jl"llullwuuu! II
3.6 mol, 63.5%, mp. .

hydr oxypr opyl ) - N2- benzoyl guani ne (2.
(349.4) calc.:C 51.56, H5.49, N

For Clerr]Herr]Nerr]Jerr].2Herr]
20. 05; found C 51.28, H 5.62, —24. [err] H-NVR spectrum was identica
with that of the (S)-isoner ( le 13). R err] 0.33 (TLC,

chl orof orm net hanol, 4:1). [err] :-%§,4[err] (c=0.5, DWF). ;
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
_ IIX
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 ... * . . .
LA cﬂ,'-cla-ca,ocnzqn,'
2 o
XII - : .
30 as a racemate or as the enriched or resolved enantiomers.
35
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T . &
“SYNTHE OF | NTERMVEDI ATE OF THE FORMULA XVI | ' ) !
Exarrp ?!/%Piﬁ 2-(Di (2-propyt) phosphonyl net hoxy) - 1- (p- tSHl'éH§§%MM| oxy)
pr opane To a suspension of sodium hydride (17.2 g,. 60% di spersi on
inoil,0.43 mol) in dinethylformam de (400 m) placed in a 1.1 round-bottom

flask with dropping funnel and cal ci ghloride protecting tube was under
stirring and cooling vmth |ce added dropw se over 30 m nut es EiheetHaSBeenR laced

2-0-tetrahydropyranyl - &g%? The HH mm‘ |H
was stirred for addltlona 1 our err]Cand nzyf bromd

0.43 nol) was added dropw se at 0[err]C The m xture was stirred for 4
hours at O[err]C and left to f.@% s at anbi ent tenperature.
p ) was a

Met hanol i ¢ ammoni a (30@6solut|on dded and;
. .
XIIX
as a racemate or as the enriched or resolved enantiomers.
33. A_coipound of the formula: '
10 *
CH,~CH~CH,0CH,C¢H,
OCH,C1
IV _
as a racemate or as the enriched or resolved enantiomers.
15 . .
34. A compound .of the formula:
* .
CH,~CH~CH,0CH,CH;
20 ' OCH,P (0) (OR),
XV
wherein R is independently alkyl(1-6C), aryl or aralkyl
as a racemate or as the enriched or resolved
. _-enantiomers. .. - .
25 S S :
- 35. A compound of the formula:
. &
CH,~CH~-CH,0H
 OCH,P(0) (OR
10 CH,P (0) (OR),
xvi
wherein R is alkyl(1-6C), aryl or aralkyl
as a racemate or as the enriched or resolved
enantiomers.
as

) Illj\ L



-40-. after standing for 2 hours, the solvent was taken down in vacuo.
Et hyl awe94/8346300 nml ) was added and the mi xture washed w tPCIWAISIS/Q7360r

100-m -portions). The organi c phase was evaporated and the resulting oil in
70% aqueous net hanol (400 m) was stirred under

50X8 (acid form) for 4 hours. The marnhg1xture was filtered, - Replaced
nmet hanol- and the filtrate evaporated 1 n®vacua. The residual EFH

in ether (200 m), mashe t dlstll

Yield, 60.8 g (85% d’ﬁgfo %?Aﬁﬁ@o‘% ﬁhfjs#gp“&fg

1-0-benzy|-1,2-propaned|ol [err] = 13,6[err] (c=0 .5, CHCI[err])

This material (0.37 mi) in Lefl ne (200 m) was stirred with
par af or mal dehyde (20 g) and %nﬂ et EﬁQhR?

OCH,P (0) (OR), ’
XVII |
wvherein 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. |

5

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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cal’ci um chl ori de under si mul t aneous i'ntroduction of dry

Hydrogen

chl or|W9%034§7hJ cedhe mi xture was taken dovifCT/US9IMNT360 t he
resi due codlstllle (three 50-m -portions) and tri(2-propyl)

phosphite (50 g)
110[err] C and the evolved volatile matgrial distilled off,.

m xture was heated under stirring to

After the

exot herm c reaction has subS|ded the m xture was heated up to 150[err]C
and finally the volatil eg,di r The resul ti
material was filtered tht® Ugﬁ& ggtﬁéa(ggoéng n ?bcpﬁggﬁén gﬁﬁ tion w
benzene (O. 5:BntﬁvﬁriiLsmnponndeiapﬁr&BEU(& esphenonetbonypropydd =i n .
vacuo to yiel %ﬁ$§ﬁ§%#€g% 2-[di(2- propyl)phosphonylnethoxy]propane (44
g, 35% b.p. 1 f% err a. For C1l7H2905P (344.4) calc.: (Ch9, 28,

ng
th

tH8, 49, P9, 01; found C 59.44, H 8.28, P 9.30. Mass-spectrum DI . peak 345.1
(M) 5 Thi s prwuctmﬂcempsuﬁa&avéhm mﬁaﬁain(éﬁa m) was
hydr ogenat ed vern| ﬁ%ﬁpalladlun}on char coal #g g % and
‘conc. hydrochl ?#4 ?)9E ?u31ﬁ8§8ﬁ£??5 PP XY E“ E‘ﬁ?ﬁ ffe was
filtered,
' 44. The .compound of claim 2 wherein the
_ heterocyclic amino group is saturated.
10 . . _ :
45. 9-(R)~(2-Phosphonomethoxypropyl)-2-amino-
6-dimethylaminopurine.
46. 9~(R)-(2~-Phosphonomethoxypropyl)-2-amino-
15 6-diethylaminopurine.
47. 9-(R)-(2~Phosphonomethoxypropyl)-2-amino-
6-butylaminopurine.
20 48. 9-(R)-(2-Phosphonomethoxypropyl)-2-amino-
6-(2-butyl)aminopurine.
) 49, 9-(R)-(2-Phosphononethoxypropy1)-2-aniho-
s-gyclopropglgminopuripc.
' $0. . 9-(R)~(2-Phosphonomethoxypropyl) ~2~amino-
é6-cyclopentylaninopurine.
51. 9=(R)=-(2-Phosphonomethoxypropyl)-2-amino-
¢ 30 6~-cyclohexylaminopurine.
) 52. 9=(R)~- (z-Phosphonomethoxypropyl)-z-amino-
' 6-pyrrolidinopurine. ' .
as

| RN O R



-41-

oil.

was washed w
sulfate and evapor

2-(di(2- propyl)phosphonylnethyl)propane 1

10

15

20

- 25

30

35

20 m - portions),
o afford (S)

2-di ol

PCT/US93/07360
dried over magnesi um

the filtrate alkallz he a ghtlon of ttiethylam ne and evaporated I n
vacuo. Woe4/esarud i

(24.4 g, 75% as col orless

53. 9-(R)-(2-Phosphonomethoxypropyl)-2-amino-

é-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—?ﬁosphonemethokypropyl)-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 *



This 24.4 g, 96 mmol) and 4- dinmethyl am nopy’ri di |

pyri di neb?)?gf)‘nt) were treated dropwi se at O[err]C under ?ﬁ'&ﬁ?%ﬁmh a
solution of tosyl chloride (22 g, 0.115 nol) in pyridine (100 mM) and the
m xture left to stand at O[err]C overni ght. Water (10 M) was added an the
sol vent evaporated in vacuo to about=-@8kf of the original volume. Ethyl
acetate (300 m) was added, the m xture washed successively (100 m

portions). with water, §5.HCA conpaiind selacted fromative , geeapr at ed sodi um

hydr ogen carb -fRie h nagnesi um
sﬁl fatge and eeaﬁgsgtegg \llvﬁtt\e/gcéomto aféfﬁor%}‘ cru e%ﬁ%fg mﬁs pugl fied
by chronat ogr & gh? ipepurdse and,the Ilo@&"%}dﬁ(&ﬂutiﬁﬂemcmﬁum nor 8-

(S)-2-1D (2- pagayh),allgggplggw hoxy] -1-p- tol uenesul fonyl oxypropane was
bbt ai ned gs a thick yel'low sh oil which was used for further preparations

(28 g, 69¥mmol).
) 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, comprising
10 reacting the corresponding amine or heterbcyclic anine
with an alkyl (1-6C), aryl or aralkyl diester of 9-(R)-
(2-phosphonomethoxypropyl) -2-amino-6-chloropurine.

. “ﬁﬁ’iiﬂ‘fiiilﬁiﬂ"mun
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el

J(R) -2- [di(2-propyl) phosphonyl nmet hoxy] - 1- p- toIuenesulfonyloxypropané
The synthesis was perfornmed essentially as descrlbed I n Exanple 15 startlng

mnth

(R) -2-0-_tetrahydropyranyl-1.2-propanediol (42 g, 0.262 nol)._

chl

phosjphoric acid diester (32 g) which was hydrogenated i n nethanol (300 ml)

W th
over

’ [ BV~ e .

jr(b e AN DREPROVIRAL ZNANTIOMERICNUCLECTIDBANALOGS | | ati on in vacuo (33 g,
76% p.

98-102[err]C/ Pa). [err]=-12,2[err] (c=0.5, CHO[err]).The
romet hyl ati on and reaction with tri- (2-propyl) phosphite gave crude

10% pal | adi um on-charcoal catalyst (1g) and hydrochloric acid (0.5 m)
ni ght. After - .

- "-'n-‘ffacu',é(o) (0H);” . (IA)
CH,
A
(on),(owca,o-tlz-n . : (IB)
.m |

(57) Abstract

Resoived enantiomers of formulae (IA) and (IB) wherein B is a purine or pyrimidine base or aza and/or deaza analogs
thereof are useful in antiviral pharmaceuneal compositions to treat retroviral infections.

—_—
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- U o “i Lo U . _-_.. Rl Y e
-43- pr oW §4/03465 (3.9), RR=.0 (55«(T crhl or of or m net hanol PC#/U$93/07360
Acetonitrile (50 m) - and bronDtrlnEthyIS|Iane (5 mM) were added to this
resi due_and the suspension dissolved by stirring. After standing overni ght

at anmbient tenperature in a stoppered flask, the mxture was - evaporated
I n vacudh@Shee ﬁmﬁaiﬁo ) was added t©83Me resi dueNEWIGBAIMXt Ur e was
n

alkified nia and evaporated ip vacuo. The residue dissol ved
i n water a colum of Dowe (250 m, acid form which
was washe mnth water to the drop of UV-absorptlon of the eluate foll owed

by elution with aqueous amoni 1:10 _The product cont ai ni ng
fraction was evaporated tée drgngég |H%9a ikﬂﬁ Uladi due redi ssol ved

in water (50 m) by alkalization with conc. amoni a’ to pH 9-9.5. This
sol ution was applied on a colum of Dome§n$§2 (250 n1= acetate form
whi ch was t hen ' . .

. : . - g-T-OCH,P(O) (OR), (IA) or
' CH,

f"‘z‘ .
<oa),<owrc&o-fen | (18)
CH,

~including salts of said compounds, wperein 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 thercot, and vherein B is other than
guanine and wherein R is independently H, alkyl (1-6¢),

- aryl or aralkyl.

2. The compound of claim 1 wherein R is H and
B is a purinc moiety selected from the group consisting
of adenine,. ‘2, s-dianinopurinc, 2-aminopurine,
"hypoxanthine, and xanthinc, and their i-deaza, J-deaza
and 8~-aza analogs, 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, heterocaralkylamino, | .
heterocyclic amino, hydroxyamino, alkoxyamino, hydrazino,
azido, mercapto or alkylthio, wherein said derivative is
other than guanino.
: 3. The compound of claim 1 wherein R is H and -
B is a pyrimidine selected from the group consisting of
cytoéine, uracil, thymine and s-mctpylcytosinc and their

J A £ o
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0 jilﬁﬁie drop of the UV- absor;?tqrc{}ljsg?mt’%%o
t
|

washed W\tvr?%"gg‘sﬁ/l Abigdhe
eluate. The elution lﬂ. % ued by linear increase of acetic acid
concentration (0.02M ers); the product eluted at-1 M acetic
acid. The relevant fractions were pool &@4=evaporated in vacuo and the
residue codistilled with V\?ter (three 50-m - gortiﬁgns%. Cr¥sial | ization
from boi |l ing wat €¥=8%% 20819g8 (RLERET RNSRBFEIEUERD PF BubStitutedoaF any
G195, mp. 270 er el Eor ol et L eT I N ere oL er ] P Hare O (308 3 Eafe. s c
, mp. ersr r err err err err]P.H err : calc.:
Hbtropy o5 (At A0 '

35.40. H 5.29, N2207 found C 35.28, H5.37, N 23.03, P 10.17.
El ectrophoretic nobility (referred to wuridine 3'-phosphate): E[err] =0.80

in 0.05 M triethyl [ h b 7, 5. WY/
Elepr] H- NVR sprelcte'r u¥n ?gggnwg] %??f%’ﬁ%% e?—?[gﬂ?]z. %t Z%’ﬁlgj'QSIA ?B:ms,
1H, 8.09; 1'-CH eshdrein Blis adévine) & §-dianinopyriné, -2-amingpuminel,
1 422 Olert] & prdhoal@iide” dpebcaptopdiinl, Yhert e /29

3'-CHerr]: d,3H 1. ;
: methylthiocadenine, l~deazaadenine, 8-azaadenine,

8-azaguanine, l-deazaadenine or 8-aza-2,6-diaminopurine.

5. A compound of claim 3 of Formula IA or IB
wherein B is cytosine, thymine, uracil, S5-methylcytosine,
6-azauracil or 6-azacytosine. '

6. A method to prepare a compound of the
formula:

‘ CH,B
| | H~-C~OCH;P (0) (OH), (a)
&,
or
CH,B
(OH),(0) pcn,o-é-a | - (IB)
- éﬂ : N

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

TH'B
H-<|=-ocnsr(o) (OR), (VIIA)
CH,

or

—_—

A
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-44- P:CHerr]: dd, 1H, 3.57 (J[err] = 9.5,J[err] =12. 4)M
(J[err]=9.3. J[err] =12.4), [err] = +21,2[err] (c=0.5, ﬂlsgwﬁs%m&place

Exanpl e 18 9- (§) - (2- Phosphononet hoxypr opyl ) adeni ne.
sol ution of 9-(S)-(2-hydroxypropyl)-N err]—8enzoyl adeni ne (ﬂmﬂm ” Ju,
T
(OR),(O)PCﬂ,O-?-H : (VIIB)

mol ) and di (2-propyl) p- toluenesul f onyl oxynet hyl phosphonat
cH,

nmmol ) in

wherein R .is' independently alkyl(1-6C), aryl or aralkyl
by treating with a halotrialkylsilane in a polar aprotic
solvent mediun.

. 7. The method of claim 6 wherain both R are
2-propyl. -

8. The method of claim 6 wherein the _
compound of Formula VIIA or VIIB is prepared by a process
which comprises deprotecting a compound of the formula:

CH,B’
H-iI:-OCH,P(O) (OR), | N (VIA)

b, |

or

- cmp
(gh),(o)rm,o-c-!-u im)

o L .

vherein 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.

9.. The method of Claim 8 wherein said
compound of formula VIA or VIB is prepared by a process
which comprises reacting a compound of the formula:

i
H-C-OH (VA)

|
CH,

or

This is the replacement sheet
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di met hyl formam de (50 m) was cooled to - 20[err]C aﬁd—SUdTUm—hydf-i—de—(—l 44
g, 36 mmpl) as 60% di spersion on oil was adggd in one e m ture
was stirred at O[err]C for 3 hours and 48 ﬂgurs at rgﬁ?ﬁﬁekﬁﬂss der

protection agai nst noisture. Further work-up of the re

performed as described in Exanple 17. After purificat| raphy

on the colum of Dowex 1X2 the prod was crystallized from vvater et hanol

to give 9-(S)-(2-phosphononet hoxypro P)adenl ne (1.9 g, 6.7 nmmol, 56%.

M p. 276-278[err]C. For C[err]H[e#é cFrr]Qerr]P. H[err]O(305.3)F$<v§c.:C
35.40, H5.29, N 22.94, p 10.17; tou C 35.33, H5.56, N 23. 14, 18 00
El ect rophoretic nobility and [err] HegdVR spectrum are identical wth those

gf(}?;] e(é%héi%ﬁ&b‘&ﬁ&%% gy&)mmyteﬁ_ e er{é gc %erun 14\4&»1)6
9- (R) - (2- Hydr oxypienYa) composhd o othe | fermdlal g, 10 mol) was di ssol ved by
warmng in a mxture of LVOCH,P(0) (OR): (V)
whcrai.n LvO is a leaving group, and each R indcpendently
is alkyl (1~-6C),
under conditions wherein said compoundl of
formulas V and IV react to form said compounds of formula
- VIA or VIB. ' '

10. The method of claim 9 wherein LvO is a
p-t_oluenesulfonyloxy (TsO) group.

- The method of claim 6 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:
*®

LvocH, c':x-cn3

ocnz1'=(0) (OR) , - (XVII)

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

12. 'rhe method of claim 11 where said alkali
carbonate is cesium carbonate.

13. The method of claim 11" wherein LvO is a
p~toluenesulfonyloxy (TsO) group.

Mgy e e
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di met hyl*f ormam-de (40 m) and di met hyl f or mam de di met hyl acetal (25 m) and
the solution was left to stand aside in a stoppered fl ashis@hes Has enRe,i‘l

m xture was evaporated at 40[err]C/ 13 Pa angl, codistilled

di met hyl f ormanmi de (two 20-ni-portions). 50% aqueous pyri

added to the residue followed up by dry ice, the m xture was evapora t
40[err] C/ 13 Pa, -45- codistilled with

pyridine (four 25-ni-portioti) aAnsethed- tpr synthesize the compounds of
p- to'“e”esu'fO”YEQKXE?&hMEREB?EBBB%&E¢G4p%oQ-c%an (R)= or (S)- N=(2-
_ hyd.texypropyl) derivatives of purine or pyrimidine bases
of the formula IX

&4ﬂgﬁn-ca,
OH (II)
wherein B is as defined in claiam 1 to obtain the basa-
protected derivative of the formula IIIX

B’ ~CH,CH-CH,

N OR : (III)

in which the residue B’ stands for the residue of a base
B substituted with at least one N~acetyl, N-benzoyl, K-
pivaloyl, N-dimsthylaminomethylene, N-trityl or N-
tetrahydropyranyl group; |

followed by treating said compound of formula
III with dialkyl p-toluenesulfonyloxymethylphosphonate
and sodium hydride in an inert aprotic solvent at a .
temparature of from -20°C to 100°C to obtain an
- intcmdiatc of the formula IV

3"%‘?‘%

: OCH,P (0) (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 aprotiec
solvent. '

15. The method of claim 14 wherein said
halotrimethylsilane is bromotrimethylsilane.

16. The method of claimi15 wherein said inert
aprotic solvent is acetonitrile, dimethylformamide, or a
chlorinated hydrocarbon.

This is the replacement sheet
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mol ) was added to the residue. The m xture was then codi,sti\llednﬁ_th\
di met hyl formam de (two 25-nm -portions), redissolved in "Ehﬂ h ﬁﬁ%@lhﬂﬂedmo

m ) and cooled down to -10[err]C. Sodium hyggide (1,2 g, um”lEMHO%

suspension in oil was added in one portion and the m xtu
O[err]C for 3 hours and 48 hours at room tenperature under protection

agai nst noisture. Acetic acid (1.8 mi, 30 mmpbl) was added,, t g xture was
evaporated at 40[err] C/ 13VPa A RefROR S0 RFAPIER ;3 ReRpAuNd s{%ﬁr;‘@d“f +

di | ut ed (é: 1) W%ﬁgﬁﬂﬁ&&tﬁ%ﬂﬁ); hetérdeycl o punineiaht - and f
evaporated to drype in vacu res [ o]
Dovex 50%B ( 20BTPARLALNG RS B A7 E8 e el o' PRLL abbdl BT, O
at 13 Pa over ghogllkaliscsrbonatecinarinett organic solvent arith (R) - 30
m ) and bronotr] Skl ﬁlmﬁwe;&rf:@.d 'lfgéﬂ A zed
by gentle shak‘l”ﬁg&ﬂxg'?f‘g g@ﬂ%ﬁ% e SO utlonJ;};\;\./a“:sB ef t‘ito st and
over ni ght and kydppropanediol of theeormaldy XVhas dissolved in water (100
m) and, after 30 m nutes CH,C(H,SO,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

B-CH2ICH-CH3

OCH,P(0) (OR), (VD

followed by treéting said derivative of formula VI with a
halotrimethylsilane in an inert aprotic solvent.

18. The method of daim'.ﬂ wherein the alkali carbonate is
cesium carbonate.

: 19. The method of claim 17 wherein the inert aprotic
solvent is acetonitrile, dimethylformamide or a halogenated hydrocarbon.

20. The method of claim 17 wherein the
halotrimethylsilane is bromotrimethylsilane.

21. A compound of the formula:

*
LvO— CHz -CH- CH3

J

XI

wherein LvO is a leaving group, |
as a racemate or as the enriched or resolved enantipmers.
-— ,

IR
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standi rig 't he sol ution was al kalified by ammoni a and evaporated:~ = Thr s———_
resi due was deionized on a Dowex 50X8 colum. (200 m, acid. fm,ggﬁeeﬁ_?w
described in Exanple 17. The residue of ammoni um salt was d| n Replaced
water (50 m) by addition of ammonia to pH 9-9.5 and this sol "& ,“"’
applied on a colum (200 nl) of Sephadex A-~@f in hydrogen car

equilibrated by 0.02 Mtriethylamoni um hydrogen carbonate. The col um was
first eluted by the e U|I|brat|on byffer to the drop of UV-absorption and
then by |inear gradie 'ofAt?‘?‘BPHW‘g ufro?l' RWogen carbonate (pH 7.5)

(formed from0.02 Mand 0.3 Mbuffer, 11 each). The product eluted at
0. 10-0. 15 M concentration, the reﬂ-ev,n@-t*cﬁ&atgtions wer e

(OJ/O

II

wherein B is as defined in claim 1 or is a protected form thereof,
as a racemate or as the enriched or resolved enantiomers.

23. An enriched or resolved enantiomer of a compound of the
formula

*
B- CH,CH- CH,
OH

1 O

wherein B is a substituted or unsubstituted purine or pyrimidine moiety, an aza
and/or deaza analogue thereof other than guanine, or a protected form thereof as
defined herein.

24. A compound of the formula:

CH;— CH— CH,0CH.C¢Hs

@/ O
X1
as the enriched or resolved R enantiomer.

e
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-46- pool €d, evaporated in vacuo and the resi due coevaporated with

nmet hanol (three 50-m -portions). The residue dissolved in water (25 m) was
applied on a colum (50 m) of Dowex 1X2 (acetate) which vvag‘hisSheetHaA/asdnaTlaced

with water to the di sappearance of UV-absorption. The resin
to a 300 mM beaker and stirred with 1M acetiggacid (200 nl).
was filtered and the resin washed with boiling water (1 lit

conbined filtrate was evaporated in vacuo and the residue codisti IIed W th

water (three 50-m -portionsys, Thecdxﬁgbdﬂa deehedforafiyed in boiling water
(100 n), filtered while hot and ethanol (150 ni) added to the filtrate.

The product which crystallized on ice-cooli ng was collected by filtration,
hed th eth |, eth d
washed wi et hano et her an CH —CH—CHZO_CHZCGHS

OCH,CI
XIV

as the enriched or resolved R enantiomer.
26. A compound of the formula:
* : ,
CHy~— (I:H— CH,0CH,C¢Hjs

OCH,P(0) (OR),
v

wherein R is independently alkyl (1-6C), aryl or aralkyl
as a racemate or as the enriched or resolved enantiomers.

27. A compound of the formula:
»
CH3_CIH- Cf‘leH

OCH,P(0) (OR),
XVI

wherein R is alkyl (1-6C), éryl or aralkyl
as a racemate or as the enriched or resolved enantiomers.

. This is th
”!IIIIJ "|IIL| I“Jl "ILI " |!I| This is the replacement ea.h'ee.t
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dried - in vacuo. 9-(R)-(2-Phosphononet hoxypropyl)-2,6- diamn I , 4
g, 4.7 W@P4/0346% was obtai ned as a free acid, mp. 287[erﬁ@%|3%%3&1
Cerr]Herr]Nerr]dJerr]P.Herr]0 (302.3) calc.:C 35.75, H5.00, N 27.80, P
10.27; found C 35.93, H5.02, N 27.59, P 10.28. [err]H NVR-Spectrunr(560—
Mz, Derr]O+ NaOD): H8 : s, 1H, 7.94: g}_-CHerr]: dd, 1H, 4T dndd:Bkd: ‘Replaced
=4.4) and dd, 1H 4.09 (J[err] = =5.4, J[err] = 14.65); 2'-CH J ace
(3=28.8); 3'-CHerr] : d, 38, i dempdhRarbe She-Forauld: m[ermlmyl ﬂ, m
3.54 (J[err] = 9.3, Jlerr] =12.2) and dd, 1H, 3.45 (J[err]=9.8

=12.2). Electrophor.nobility: Eerg] =0.70. [err] = -26,1[err] (c=0.5,
0. 1M HC1) . : CH.~CH-CRs610P! € 20 '
9- (S) - (2- Phosphononet hoxypr opyl )-12. -di dm nopuri ne. Thi s conpound

was prepared from9-(S)-(2- hydroxy, (id)—(%;g-’di am nopurine (2,1 g, 10
mol ) essentially as described in Exanple 19 for its (R)- enantiomer. The
yield of 9-(S)-(2- phosphononet hoxygeppy! ) -2, 6-di am nopurine crystallized

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

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

30. The pharmaceutical composition of claim 29
wherein the antiviral compound is 9-(R)=(2-
phosphonomethoxypropyl) adenine. or 9-(R)-(2-phosphonomethoxy-
propyl)-2,6-diaminopurine.

31. The compound of claim 2 wherein the -
heterocyclic amino group comprises an oxygen heterocatom.

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

This i3 the replacement sheet -
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free acid from water-ethanol amunted to 33% (1,0 g, 3.3 motr)y—Mp—o
275-278[err]C. For (err]Herr].Nerr]Qerr]P.Herr]O (3@gs§%t

-47- calc.:C 35.75, H5.00, N 27.80, P 10.27; found C 35. T Re ced
27.99, P 10.18. Electrophoretic nobility: E[err] = 0.70; ”
spectrumis identical with that of its (Pya-enantloner ( rw

= +28,5[err] (c=0.5, 0.1M HCL).

33. A compound selected from:

9=( li) - (Z-Phodphononethoxypropyl) -ZQuino-
6é-dimethylaminopurine;

9-(R) = (2~-Phosphonomethoxypropyl) -2-amino-
6-diethylaminopurine;

9=(R) - (2-Phosphonomethoxypropyl) -2-amino-
6=-butylaminopurine;

9=(R) - (2-Phosphonomethoxypropyl) -2-amino-
6=(2-butyl)aninopurine;

. 9= (R) (2-Phosphononethoxypropyl) -2-anino-
sfgyclopropylapinopux'_ino,

9=(R) = (2=-Phosphonoamethoxypropyl) -2-amino-
6=cyclopentylaninopurine;

9=(R) - (z-Phosphononethaxypropyl) -2 -mi.no-
6-cyclohexylaninopurinr

9=(R) - (2-Phosphononethoxypropyl) -2-amino-
6-pyrrolidinopurine; _

" “This is the replacement sheet
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9- (R) - (WOMML3EDNOMet hoxypr opyl ) guani ne. A m xt uPE€T4US93/07360
9-TRy-(Z-hydr oxypropyl)-N err]- benzoyl guanine (2.5 g, 7 mol) and
di ( PriPEré Wag Bden Répieadenesul f onyl oxymet hyl phosphonate (2.9 g, 8.4 mmol) was-

codi : met hyl formam de (two 25-m -portions) at 40[err]C/ 13 Pa
and 3 | i ssol ved in dimethyl fgPAami de (30 nl). Sodi um hydride
(0. 847G, I'n 60% di spergi an i p, Ol Lio d the
m xture stirred for 24 hours at;r@g}m kﬁ%@?%‘?%ﬁgggﬁﬁ ugi gﬂilg?

moi sture. Met hargipiple¥fidinopwsingided to the m xture 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 m) extracted with ether (2n(RBO(2+PhesphonenethuxypreRYll-2vaninom
was concentrated. i X. 50 m and applied on a colum of

Dowex 50X8 (150|ﬂ%§égyi#;éﬁk§¥%§#%h was first washed with water to the
. drop of UV-absorption and then with diluted (1:10) anmonia. The anmoni a
fraction was 9=(R) = (2-Phosphonomethoxypropyl) -2-amino-

é-benzylaminopurine;

' 9-(3)-(2-Phosphononéthoxypropyl)-a-

azaguanine;
_ 8-(5)-(2-Phosphonomethoxypropyl)-8-
azaguanine;
9-(R) - (2-Phosphonomethoxypropyl) -8~
azaguanine;
8-(R) - (2-Phosphonomethoxypropyl) -8-
azaguanine;
. 7=(R) = (2=-Phosphonomethoxypropyl) -8- -
_azaguanine;
. 5-(8)-(Z-Phosphonbncthoxypropyl)-a-aza-
2,6-dianinopurine;
8-(R)-(z—Phosphononethoxypropyl)-a-aza-
2,6=-diaminopurine;

9-(R) - (2-Phosphonomethoxypropyl) -6~
mercaptopurine; and

9-(R)-(2-Phosphonbnethoxypropyl)-Nl,xs-
ethenoadeninq;

This is the replacement sheet
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evapor dt ed, *the residue codistilled with ethanol (two -50=—nt=portions)—and
finally dried overnight at 13 Pa over phosphorus pent%isgﬁwflmsﬁmmﬁ

faced

Acetonitrile (40 m) and bronotrinmethylsilane (4 m) we cg
residue and the m xture dissolved by stirring inastopHm HIHI fter
standi ng overni ght at anbient tenperature, tlag_m xture I n
vacuo and the residue dissolved in water (100 m ). After 30 mnutes, the
solution was al kalized with ammonia and evaporated. The deioni zation
- 48- 34. A compound selected from the group consisting of 9-

(R)~(2-phosphonomethoxypropyi)-2,6-diaminopurine and the 1,3-dideaza,

1-deaza, 3-deaza or 8-aza analogs thereof. '

35. A method to synthesize the compounds of claim 1
wherein B is 2-aminopurine substituted at the 6 position with alkylamino,
dialkylamino, aralkylamino, heteroalkylamino or heterocyclic amino,
comprising 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.

36. A compound of the formula

&
B - CHz?H * CH3

OH
oI

wherein B is a substituted or unsubstituted purine or pyrimidine moiety,
an aza and/or deaza analogue thereof, or a protected form thereof, as a
racemate or as the enriched or resolved enantiomers, provided however
that B is not adenine, 8-azaadenine, 2-aminopurine, or adenine
substituted at the 6 position with halogen, hydroxy, alkoxy, alkylamino,
dialkylamino, mercapto, -NHNH; or -NHOH. '

37. The enantiomer of claim 23 (or claim 36?) wherein
B is a substituted or unsubstituted purine moiety, an aza and/or
‘deaza analogue thereof, or a protected form thereof.

This is the replacement shest

(I owe: 22766



o4
and purlflcatlon on Dowex 1X2 were perforned essentially as described inm

Exanpl e 17.- The final purified free acid form of
9- (R) - (2- phosphononet hoxypr opyl ) guani ne was precipitated fromethanol wth
ether_to give 0.90 g (3 mml, 43% of the material w.th mp.. . 286[ecr].C . For
d erjr ] H BEPLNCED BBEETS] P (3@3. 3) | cal c. : C 35. 68FPHAGEERENTNSEBETD, - BG 10.23;
f ound) ©e3&ipdfon : Haé’ed53 ) e@.‘l‘n.".v.l? 10. 40. [ @r @ Decrip@6n 1paged]t..(©=paged 8. 1M
HCJ )| [cadimk s+ Niigage et I | O wNaGB)isy H Bpaged BHo Fag®%. |
(J[ éﬁ? a 5@ a[§aréé d]"4""'2‘]° """ ¢ m 1H “%ﬂfi’& o ""“gé: %)""'ud L
eW‘Absa = m 1H 3 —Bied)f, & padeblerr
%FE‘ géerd:qu 50) gnggd—l[e'r]: dd, 1H, 37 ngEJ[err g[err]
_12 "”“ ““ ‘ Q Agtdperrd=) 9.2, Jlenr s '12*- T RECE I;ﬁg‘...ul.s.l‘il.". ........
Exanple 22 9- (S) (2 Phosphononethcxybtprf\ rand A
m xture of 9-(S)-(2-hydroxypropyl)guanine (1.57 g, 5 nmmol) and di (2-propyl)
p- toluenesul fonyl oxynet hyl phosphonate (2.1 g, 6 nmol) was

ANTIRETROVIRAL ENANTIOMERIC NUCLEOTIDE ANALOGS

e e 'L
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.
4
ound of the Inventi :
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 one of the most difficult
~ challenges in human medicine. While a number of
~ 1 antiviral agents which are registered or are currently
under study can ettectively cure disease, relieve
symptoms or substantially prolong the intervals among the
recurrences of certain chronic viral infections, such
.positxve outcomes have not yet been achieved in many
.,liﬁﬁ%aﬁées, notahly that of AIDS, as ‘an’ example of
‘retroviral disease. Selectivity of antiviral action,
which is an important requirement for novel antiviral
agents, has- not been achieved. S
Most of the compounds which are clinically
useful for antiviral chehotheraﬁy are nucleosides,
'moditiqd in either the purine or pyrimidine base and/or
the carbohydrate:moiEty. Such compounds mainly act in
pfocesses related to the synthesis of viral nucleic
acids; their action depends on ability to undergo

phosphorylation and subsequent transformation.to the
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codistilled with dinethylformam de (two 20-m -portions) at 40[err] C/ 13Pa
and the residue redissolved in dinethylformamde (20 m ). Sodi um hydri de
(0.6g9, 15 ,mMmol)) as 60%di spersion in oil was added in one portion and the
m xture stirred for three days at roomtenperature under exclusion of

noi sture. Methanol (30 m) was added and the solution left to stand
overnight. After neutralization with Dowex 50X8 (acid forn) and filtration,
the filtrate was evaporated to dryness jin vacuo and the residue dei oni zed
as described in Exanple 17. The anmmoni 4 el uate of the crude diester was

br omot 11 et hy EELERS 99?%%%’3" e g S A
stirring. Afta&uw dﬁf(iﬂﬂﬁh%ﬂﬁb%&n¢%0ﬂft%HiéﬁbﬁarEh°§HE°F¥&éF%BE
mxture was VWQIHGE Wy a% 485F HA ddh PX@RR! €hd 7ex¥stehcb2or viral
strains lacking virus-specific phosphorylating activity.
While enzymatically resistant nucleotide analogs might
appear to be particularly useful as potential antivirals,
their polar character prevents effective entry of these
' aﬁalogs into the cells, as does lack of appropriate
nucleotide receptors at the cellular membrane.

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
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). S

The following formulas describe several classes
of prior art compounds:

B-cxzclx-bcx:P(O) (OH), (1) R = CHOH
R (2) R=H
(3) = CH,F

: Another group ot antiviral conpounds where the
antiviral action is less strictly limited by the nature
of the heterocyclic base includes phosphonic acid analogs
in which a phosphonic acid moiety is linked to the
hydroxyl group of an aliphatic chain sugar substitute via
a methylene unit. Examples of such compounds are HPMP-
derivaﬁives (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
compounds act exclusively against DNA viruses as reported
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-49- Phosphononet hoxypropyl ) guani ne was isolated as a free acid simlarly
as described for its (R)-enantioner (Exanple 21) in the 43%yield (0.65 g,

2.15 mol). mp. 287[err]C. For Cerr]Herr]Nerr]derr] (303.3) calc.
35.64, H 4.65, N 23.10, P 10.23; found C 35.72, H 4.54, Nh$h asBednRep
+26, 3[err] (c=0.5, 0.1M HO).

[err] H NMR Spectrumis identical with that of the (R)- ena M"Iﬂ"l]
1- (R)-(2-Phosphonomet hoxypropyl ) cyt osi ne. The nlxture
1- (R) - (2- hydroxypropyl )cytosine (1.7 g3=10 mol ), dinmethylformam de (40 m)
and
by De Clercq et al. in Nature (1986) 323:464-467, and
reviewed by Holy et al. in Antiviral 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 Hol$ et al. in Collection Czech Chem Commun (1587)
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) S: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
(descfibed by Holy et al. in "Nucleotide Analogs as
Antiviral Agents®, ACS Symposium Series No.401 (1989),

p. 51) did not reveal any additional substantially active
antivirals. Replacement of .this hydroxyl by fluorine
atom resulted in the FPMP-compounds (3) which, in
,iiadditlon to, having some. anti—DNA-virus activity display a
" 7 subgtantial effect on both HIV-1, HIV-2 and murine
' sarcoma virus (as taught by Holy 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 gquanine (PMPA and PMPG) were
also described by Holy et al., European Patent Appl.
0206459 (PMPA) and Holy et al., Collection Czech Chen
Commun (1988) $3:2753 (PMPA), and by U.S. Patent
Application 932,112 (PMPG). PMPA was devoid of any .
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di et hyl f or mam de di net hyl acetal (15 m) was stirred overnight and
evaporated at 40[err]C/ 13 Pa. 50% aqueous pyridine (20 m) and enough dry
ice was added to keep its excess for 15 minutes. The mi xture was again
evaporated and codistilled with pyridine (three 25-nl-portions) at
40[err]/ 13 Pa. Di-(2-propyl) p-toluenesul fonyl oxyphosphonate (4.2 g, 12
nmmol ) was ‘added and the m xture codistilled with dinmethylformamde (two

25-m -portions) under the sane conditions. The residue in dimethylformani de

(40 m) was tr@ﬁﬁfdcﬁamaoh%&h%wcs%@f&edwiuf& arf ,goa{.@ ggggg L) and

the m xture stiT at anbi ent erature for .48 hours unde Si on of

moi sture. 0.1 AFELWLEW RE: R¥RFJapPpRared; Rueolt QJKRFrﬁHb%Eéﬂ%Hde and, after
standi ng over negbbtokieitiyst Urae'as iRgeanaliozars Wt hpiRyexa m@XSr (f5bd

form. The susgen3|on was flltered evaporated to dryness I n vacuo and the
resi due dei oni 2842884 aCeBPERAdei Dowex 50X8 (acid forn1 150 m ). The

aﬂmnla gl uat esm-ﬁyaﬁe Lﬂd(pﬂbsﬁﬂﬁhlam&w&ey? d ﬂfn@e(l&{mb?g and
';ﬂ)e resi daue treat egiscaoseaog?lt ﬁgtpp i?:'at%.rt])% 4 aén cet Onésterl e 0

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 compounds 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.

e
e
P
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overnight . After evaporation in vacuo, the residue was treated with water
(50 M), alkalized with anmoni a and evaporated in vacuo. The residue was
dei oni zed on a -50- colum of Dowex 50X8

(see above) and the crude material purified by ani on exchange
chromat ogr aphy on Dowex 1X2 (acetate) colum (100 m) with a linear
gradi ent of acetic acid (conmposed of 1 1 water and 1 1 0.3 M acetic acid).
The product fraction was evaporated, cogistilled with water (three )
30-m -portions) and 1-(R)-(2-

CH,B

H=-C-OCH,P (0) (OR), (IA)

CH,

CH,B
(omz(owéuzo-c?n (1B)
L |

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 éomprising 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 molet, preferably less than about 2 mole%, more
preferably less than about 1 molet$ and most preterébly in
undetectable amounts. By "corresponding compound® is
meant the enantioner ot the compound shown.

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

a o \'d
The compounds of the invention are the resolved
(R) and (S)=- enantiomers of N-(2-phosphonbmethoxypropyly
derivatives of purine and pyrimidine bases which have
structural formula I.
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phosphononet hoxypr opyl )cytosine (0.90 g, 19% obtained by crystallization
fromwater-ethanol. Mp. 261[err]C E[err] = 0.70. For
CerrJHerr]Nerr]derr]P (263.3) calc.: C 36.50, H5.36, N 15.97, P 11.79;
found C 36.43, H5.39, N 16.05, P 11.82. [err]= -108.1[err] (c=0.5, 0.1M
HC1) . '  Exanple 24 9-(S) .

- (2- Phosphononet hoxypr opyl ) adeni ne A m xture of adenine (1.62 g,
12 mol ) and cesium carbonate (2.1 g, 6.5 nmol) in dinethylformam de was
stirred at 100[err]C and a solution of-6%5)-2-((di(2-

propyl ) phosphonyl nmet hoxy] - | -t ol uenesul f onyl oxypropane (4.1 g, 10 nmol) in
di net hyl formam de (10 mM) was added in ofe portion. The m xture was heated
at 110[err] C under stirring with exBred;Csr noi sture for 8 hours_and
evaporated in vacuo. The residue was triturated with boiling chl o&)orm
(three 50-al -portions), filtered and eva®e¥R (&) (YHhzacuo. The crude

material afforded on purigi¢alsoBubind! brCySchialnanbaser arNkn(42a M)
di - (2- propyl) (52-9- 2- phospho onethoxygrogxl% %genlne ich
and/or deaza analog theredf othe an 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):
P
1 v 5
Iy
2, 4N
" 9

and "pyrimidines" to substituted or unsubstituted
moieties of the formula

4
NP | 5
g
2 '\N
1

In aza analogs, at least-one C shown in the
above formulas is replaced by N; in deaza analogs, at
least one N is replaced by C. Combinations of such
replacements are also included within the scope of the
invention. '
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crystallized fromether (1.7 g, 46%, mp. 97-98[err]C For
Clerr]Herr]Nerr](err]P (371.5) calc.: C 48.50, H 7.06, N 18.86, P 8. 36;
found C 48.27, H7.15, N 18.85, P 8.44. [err] = +2,8[err] (c=0Q5, DW).
This product (1.4 g, 3.9 mml) in acetonitrile (25 mM) was treated with
bromotrimethylsilane (2.5 m) overnight at roomtenperature. The m xture
was taken down in vacuo and the product desalted and purified by

-51- -7=

Thus, l-deaza purine analogs are of the formula

= N
A\
0

3~deaza purine analogues are of the formula

T
S

L d
U

a1l

8-aza purine analogs are of the formula

N
. 1\( I \,
' /
\N N

- ; and
-.;-ﬁe;zgfgtgzg_pprinq_ana;ogshygq.of the formula

N
i \\N
4 \N , N/

Preferred embodiments of B are those wherein B
is a purine base selected from the group consisting of
‘adenine, 2,6-diaminopurine; 2-anminopurine, hypoxanthine,
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chr omat ogr aphy on Dowex 1X2 colum (100 m) as described in Exanple 17.
Yield, 76% mp. 277-278[err]C. [err] =+21.7.

D Exanpl e 25 9-(R

- (2- Phosphononet hoxypr opyl ) adeni ne The reaction was perfornmed with
12 mmol adenine and 10 nmmol (R)-2-[(di (2-propyl)phosphonyl met hoxy] -1 -

t ol uenesul f onyl oxypropane according to Exanple 22. Di(2- propyl)

(R) - 9- (2- phosphonomnet hoxypr opyl ) adeni TB=m p. 97[err] C was obt ai ned by

_ o : 0
e i e AL
8.36; found Cafd 78, H 7.22, N 18.77, P 8.23. [err] =-2,9[err] (c=0.5,
D e eaction of (s BLoRvehs( eBhilesda® T Bbl ook o, nbden,
descri bed i n erip¥stPles Arel dth8Po%than9guanine, substituted at
(R) - (2- phosphqnoiR NOXYP" SRYy &BIE R or! 8 by amthodl Ralbgdh): ngéRbiy,] ¢
alkoxy, alkylamino, dialkylamino, aralkylamino,
heteroaralkylamino, hydroxyamino, alkoxyamino, hydrazino,
heterocyclic amino, azido, mercapto or alkylthio.
' For the purposes herein it is understood that
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-
methylcytosine, and their 6-aza analogs; and
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
I; alkyl refers to a straight- or branched-chain
saturated hydrocarbyl group containing 1-6C, such as
methyl, ethyl, 2-propyl, n-pentyl, necpentyl and the
like; alkoxy is a group of the formula ~OR wherein R is
alkyl as above defined; alkylthio is a group of the -
- formula -SR wherein R is ilkyi 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, halo, amino,
sulfonyl, carbonyl or C1-C3 alkyl substituted with
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
heteroaralkyl amino means groups of the formula =-N(Z),
wherein Z independently is H or -R-Ar (but at least 1 2
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Exanpl e 26 9- (R) - (2-Phosphononet hoxypropl) -2-am nopurine
Sodi um hydride (1.4 g, 60% di spersion, 35 mol) was added to a stirred

sol ution of 2-am no-6-chloropurine (5.94 g, 35 nmol) in dinethylfornmam de
(60 M) and after 1 hour stirring at ambient tenperature (R)-2-[di(2-
propyl ) phosphonyl nmet hoxy] - 1- p- t ol uenesul f onyl oxypr opane (12.2 g, 30 mmol)
in dinmethyl formam de (20 1) was added in one portion. The m xture was
stirred at 80[err]C for 10 hours and evaporated in vacuo. The residue was
extracted with boiling chloroform (3069# ), filtered and the filtrate was
evaporated in vacup. The residue afforded by silica gel colum

chr omat ogr aphy1$ e+ReAn) ;Whietexilcyrdficr mmimchadiola rfagurated n)

di (2-propyl) A&t@atgﬁoi%b;%@%%%ﬁ%y%W'&or?cﬁﬂmq sl pyf ige (7.5

’ atom (ordinarily 1) and optionally in addition at least 1
other heterocatom (examples being pyrrolidine, morpholino,
piperidine and the like radiéals). 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-hetarocycle fused to the purinyl moiety, for

example as in N1, Né-etheno-adenine.

The compounds of the invention can be isclated
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 purification of the
deionized crude material by anion exchange
chromatography, using volatilae 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 1nc1ude those of
ammonium ien, it ' Na‘ ’ 4 p Hg and catt or
pharmaceutically acceptable orqanic cations; the salts
may be monocbasic or dibasic. COnpounds with at. least one
amino .function contained. in B can also be prepared as the

: acid addition salts with inorganic or organic acids, such
as IIBr, HCl, H,SO, or HOAc.

In certain cases, the acid or zwitterionic
forms of compounds of the Formula IA and IB are extremely
water-insoluble. Under such 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-socluble triethylammonium
salts can be transformed to salts of other cations by,
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-52- 53% as athick oil, Rerr] 0.55 (TLC on silica gel in

chl or of or m net hanol , 9:1). A solution of this diester (2.5 g, 6.2
mmol) in 200 mM nmethanol and 0.5 m conc. hydrochloric acid was
hydrogenated over 10% Pd/C catalyst (1 g) at roomtenperature overnight,

the m xture was filtered, filtrate alkalized with triethyl am ne and
evaporated in vacuo. The residue was dgyoni zed on Dowex 50 x 8 (acid form
(100 n) as described in Exanpl e 24 and the amoni a el uate evaporated and

dried in vacuoaQye! ERESBRORMENAAGRIX uEYng Rt 'dtéhdrFer! 1nathe
bronot ri net hyl si ane

corresponding form. .

- The free acids, zwitterions or salts of
compounds of Formula IA or IB are stablé in the solid
state or in sterile aqueous or aqueous-alcoholic-

solutions.

Methods of Preparation
The compounds of this invention can be prepared
from an easily prepared chiral intermediate X derived
from resolved lactic acid ester enantiomers using
" reaction scheme 1 or 2.
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(2.5 M) was added and the solution left to stand overnight at room
tenperature. The m xture was evaporated to dryness and the residue taken up
in water (25 m). After 30 min the solution was al kalized wi th anmoni a and
evaporated. The residue afforded on deionization on Dowex 1 x 2 (acetate)
(150 m) with linear gradient of acetic acid (0.75 1 water, 0.75 1 0.5'M
acetic acid) product which was isolated fromthe pool ed fractlons by
crystallization fron1mater-ethano| (1.151°Yﬁeld '0.62 g (35.5% of

9-(R) - (2- phosphononetho X ; ﬁnlnogyrlne R 156[err] C. For
Cerr]Herr]Nerr]d.err] %29 gh sgheme ¢ 313 as fpllows: N 24.38, P 10. 80;
found: C 37.42, H 5.05, N 24.65, P 11.06. . Example
27 9- (R (2 Phosphononet hoxypr opyl ) no- 6-t hi opuri ne A
sol ution of di(2-propyl)- 9-(R)-(2- SGiflR

phosphononet hoxypr opyl ) - 2- agi no- 6-chl oropurdine (2.5 g, 6.% mol) (prepared

according to Exanple 26§soteﬁogg§a HOCH,CH-CH,
I
Step 1
XI B geccccececccaso X
*
Step 2 B-?H-CH3
o o
Step 3 O/
II
* *
B-CH,CH-CHy  ~-<<-==c-ccc--- > B’ -CH,CH-CH
2l 3 Step 4 2 3
OH OH
IIX : v
stCHzP(O)(OR)i---—-4 Step 5
v ¢
. ¥ . L ' *
- _:‘_ .‘. R S B .CB CH‘CK -....__._‘,._. ______ .t ot Bo 'CI'I CH'CH .
20 27 3 Step 6 2 3
OCHzP(O)(OR)z OCH4P(0) (OR) 5
‘vIr _ vI
Step 7
¢
° *
B-CH,CH-CH,

OCH,P (0) (OH) 5
1
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(2.0 g) and absolute ethanol (100 m) was stirred in reflux for one hour,

al kalized with triethylam ne and evaporated. The residue was extracted with
chloroform (2 x 100 m), filtered and the filtrate taken down to dryness
and evaporated in vacuo. The residue (R err] 0.40,

-53- TLC on silica gel, chloroformnethanol, 4:1) was dried over
phosphor us pent oxi de overnlght and treated Mﬁth

-12-
_ 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.

o .. . 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 dimethylformamide, or, by the anion
formation generated in situ by alkali carbonate. In 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
alsc favorably influences the regiospecificity of
alkylation by the synthon XI in purine ring systems,
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acetonitrile (30 m) and bromotrinethylsilane (3 m). After standing
overnight at roomtenperature, the m Xture was evaporated to dryness and
taken down in water (50 m). After 30 min it was al kalized wi th anmoni a,
evaporated in vacuo and the residue deionized on Dowex 50 (cf. Exanple 25).
The ammoni a el uate was taken down in vacuo and applied on a colum of - Dowex
1 X2 (acetate) (150 m) which was washed first with water and with. 1 M
acetic acid (500 mM each). These eIuateF wer e di scarded, the resin was
stirred with 2 Mformc acid (500 mM),”filtered and mashed with boiling

Codist 11 Ted wPIRT SfyiatiGh wboeng BROERLERY Ry lptaition U MBI e
of ethanol addw &ie eeome%mm;m)posr#‘émn inothe g3 or deaza bases.
S(Bdg?))(ZFgPOSéFhOHOWeteP?W g Pafi=RBiyapgion g i@ mea&&[derirxi C
5164 P o 72.acldis &y{)ﬁﬁ%]‘ f:ﬁ Ehthsn ﬁiﬁ‘léi L g9ers 30, 30
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 or
methods generally available for the purpose, such as
selective N-acetylation, N-benzoylation, 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 solvent, such as
dimethylfcrnanide, and the alkoxide is treated with
dielkyl p-toluenesultonyloxyncthylphoephonate (Formula
IV). Preferably the phosphonate esters are of 2-propy1
alcohol. The reaction is performed by stirring a mixture

. -.... of. the Formula .V. internediate with the tosyl derivative

S, of] Formula v in‘the presence ‘of three equivalents
(relative to intermediate V) of alkali hydride, e. g., NaH
or KH 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
reaction, it is essential to work in an open system with
suitable protection against moisture.

Protecting groups are then removed from B’ and
the phosphonate ester linkages are hydrolyzed. Removal
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Exanpl e 28 9-(R)-(2-phosphononet hoxypropyl)-2-am no- 6-azi dopuri ne

A solution of di(2)-propyl) 9-(R)-(2-
phosphononet hoxypr opyl ) - 2- am no- 6-chl oropurine (2.5 g, 6.2 muol) (prepared
according to Exanple 26) and lithiumazide (1.0 g) in dinethylformm de (40
m) was stirred 4 hours at 100[err] C «iygler exclusion of noisture, filtered
over Celite, washed with dinethylformam de (20 mM) and the filtrate
evaporated i n efictbe Preteecsilge grRupsr from®B’ HrC Skersiq igan dee

freated win ascpaaved Py Bhetdily Qe ﬁr.m R e o rer

st andi ng over nhgEhanelysds,t &ﬂ@ﬁ@l :nﬁ%ﬂhre 1dy dpdricke gRIps

dryness and takgR f@"BehBvéal @imply by dilution of the mixture with

' methanol. The resulting diester of Formula VII is '
isoclated by silica gel chromatography, or using other
suitable supports, or éontaninating non-nucleotide
materials may be removed by deionization on cation
é&changers, 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. 1Ion
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.
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-54- (50 m). After 30 mn it was al kalized with anmoni a, evaporated in
vacuo and the residue applied on Dowex 50 (acid form colum (100 m).
Washing with water eluted with retention the UV-absorbing peak of the
product which was evaporated in vacuo and the residue crystallized from
wat er (equal volunme of ethanol added affsfr dissolution. Yield, 0.95 g (47%
9- (R) - (2- phosphononet hoxypropyl ) - 2- am no- 6-azi dopurine, not nelting to
300[err]C. For Clerr]Herr]Nerr]Jerr] 3» calc.: C 32.92, H 3.99, N
34.14, P 9.45; found: C 233.03, H 4.29, .75, P 9.59.
Exanpl e 29 9- (R) - (2- Phosphononet hoxypr opyl )-2.6-di am nopuri ne
. *
cx,-cln-cn,,on ----- ————————— > CH:"Cﬂl"CHzOCHzCaHs

ﬁ x - | XII

Step 2
!
* _ : *
-CH~-CH,0CH,C < - CH,~CH~CH,0CH,CH;
CHy~CH~CH,0CH,CHs P I
OCH,;Cl OH
IV - XIIIX
Step 4
$
%* . *
CH,~CH~CH,0CH,Cll; sten 5 > CH,~CH-CH,0H
-}
OCH,P{0) (OR), OCH,P (0O) (OR)4
xv ' VI
Step 6
i
* *
B-CH,CH-CH, < CH,~-CH~-CH,0Ts
Step 7
OCH,P (0) (OR), OCH,P (0) (OR),
vII XViI
L -
IA or IB
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9- (R) - (2- phosphononet hoxypr opyl ) - 2- am no- 6- azi dopurine (0.30 g, prepared
according to Exanple 27) in 50% aqueous nethanol (200 m ) containing
hydrochloric acid (0.5 m) was hydrogenated over 10% Pd/C (0.5 g) overni ght
at roomtenperature. The m xture was filtered, washed with water, filtrate
al kal i zed wi th anmmoni a and evapor at ed in vacuo. The residue was dei oni-zed
on a colum of Dowex 50 X 8 (50 m) (of Exanple 25) and the ammoni d el uate
evaporated to dryness. The resi due i m @t er (pH adjusted to 9) was applled

on a colum of Dowex 1 t) C t erto
renove salts and the prgéﬁ %éﬁg&étﬁén F FX§@ﬁ° O? ngnﬁlc acid.
fracti ons cont@ltimatelydusedweocppovidd, theapgblzadd PME presudsoxnd It

codistilled w dg%a&gt;rlégvi aotg¥%% %PSgb ﬁ&gugawagechgghakbbzed from wat er

(et hanol adde urbrarty
phosphononet hoxiky bation208- thenhetpuerye égzbaﬁg)OrdéﬁﬁlEEPtGFFRdthe

preparation acgorfiive E528Pr8rd9Formula 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-i,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.q.
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-diol of the Formula XIII. Either
enantiomer (a distillabla'oil)'affoids, in sStep 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 pur;fzed products or this reactlon 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
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-55-

Exanpl e 30

9-(R) - (2- Phosphononethoxypropyl) 3- deazaadeni ne A m xture of

3-deazaadenine (1.45 g, 10.8 mmol ), cesium carbonate (1.75 g, 5.4 mol)
di met hyl formam de (25 m) was stirred at 100[err]C for 1 h and a solution
of (R)-2-[di(2-propyl)phosphonyl met hoxy]- 1-p-tol uenesul fonyl oxypropane
(3.67 g, 9 nmmol) in dinmethylformam de (10 m) was added in-one portion.

m xture was then heated for 24 hours=3%¥=110[ err] C under

o

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 accerding to
the Schene 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 6é-substituted 2-
aminopurine compounds; thus, by heating with sodium or

"lithium 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 N6é-substituted or
disubstituted 2,6-diaminopurine derivatives.
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excl usion of noisture and taken down to dryness. The residue was extracted
with boiling chloroform(total 300 m), filtered and the filtrate
evapor at ed. The resi due was chromat ographed on a colum of silica gel (300
m) in chloroformaffording, after crystallization of the rel evant
fractions fromethyl acetate-petroleumether, di(2-propyl) . '

9- (R) - (2- phosphononet hoxypr opyl ) - 3- dggzaadenine in the yield of 1°07 g
(32.2%, mp. 122[err]C. For Cerr]Herr]Nerr](err]P (370.5) calc.: C
51.87, H 7.35, N 15.13, A &n¥lodousdtransforiation. 9, applicablePaish?.

g 2.7 i) s Ehie AER AR (P S ATANEE (5 S854Y8% STOMOSTI ot hyl si 1 ane
(2.5 m) overeh@btroputtineriviare itadeadeuMinately ts tikeccobpdunds
o~ (R~ (2. phosBRoTBReERERILR do el ¥ndskARoaE 108 of "WESHSHr
to 300[ err] C. oxrFddsgbstithifted jadenirieg err]P (286.3) calc.: C 41.95, H
ol L AR R petP il P 00
requiraed iritermediats 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 compbunds over the method described by the
Scheme 1 consists, in addition to the possible avoidance
of base protaection, 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
dlternative procedure can thus be applied for the
syntheses of compounds of the Formula I bearing sensitive
heterocyclic bases.

In respect to both reaction Schemes 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-é6-chloropurine followed by acid _
hydrolysis. of the C-Cl linkage. Cytosine derivatives can
be synthesized by direct alkylaéion 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.

“WBBW@mMmmmﬁsmm
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0.68 (pH 7.5). - 56-

Exanpl e 31 9- (R - (2- Phosphononethoxypropyl) 8- azaadeni ne and

8- (R) - (2-phoshononet hoxpropyl) - 8-azaadeni ne A m xture of

8- azaadenine (1.45 g, 10.8 nmol), cesium carbonate (1.75 g, 5.4 nmol). and
di et hyl formam de (25 m) was preheatefbto 100[err] C and a sol uti on' of
(R) - 2-

sisiilar 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 chlorocacetaldehyde 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 intermediate
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 Schenmes
1.and 2 consists in the utilization of starting materials
“of the Formula X, which are easily available in optically
pure forms. The reaction saequence to prepare the chiral
synthon X used both in Scheme 1 and Scheme 2 is described

in Scheme 3.
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[di (2-propyl)phosphonyl net hoxy] -1 -p-tol uenesul fonyl oxy propane (3.67 g, 9
nmml) in dinmethylformamde (10 mM) was added in one portion. The m xture
was then heated for 6 hours at 110[err] C under excl usion of noisture and
taken down to dryness. The residue was extracted with boiling chloroform
(total 300 m), filtered and the filtrate evaporated. The residue was

chr omat ogr aphed on a colum of silica-ggl (300 nml). Elution with chl oroform
cont ai ni ng 5% net hanol afforded di (2-propyl) 9-(R)-(2-
phosphononet hoxypr opyl ) - 8- azaadenine as a thick oil in yield of 0.90 g
(3799 . UV-Spectrum (pH2): 1[err] 265.5 { 000). Rlerr] 0.50 (TLC on
silica gel in chloroform nethanol, 9:f¥hﬁgﬂtﬁﬁer elution with the sane

sol vent afforded di (2-fropyl) 8- (R) 2- phosphononet hoxypropyl ) - 8 azaadeni ne
as semi solid nmat er¢By~GHrQAAR yi el VI~ 0T 75U 1220~~~ N- Spéﬂ TGHNQOOR) -
1[err] 284 nm R[err]lO 40 (TLC on silica gel in chloroforn}ndthanol

9:1). Each f®H¥cti on was separately treated wit |tr|Ie (25
m) and bronDtrlnethyIS|Iane (2.5 m) overnight and the Kgxiures worked up
as described in Ix

The crucial step of every asymmetric synthésis
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 alkyl 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-
methoxyethoxy)aluminum hydride in ether or other inert
solvents to the compounds of Formula X.

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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Exanpl e 27. Chromat ography on Dowex 1 X 2 colum (50 ml) afforded
9- (R) - (2- phosphononet hoxypr opyl ) - 8- azaadeni ne on elution with 2 M acetic

aci d.

(pH2):
cal c.:
11. 10.

Yield (after crystallization fromwater-ethanol, 79% UV-Spectrum
1[err] 265 nm ([err]14000). For Clerr]Herr]Nerr]Jerr]P (289.3)
C 33.21, H 4.88, N 29.06, P 10.73; found C 32.97, H 4.63, N 29.-00,

-57-

8-(R)-(2-phosphononethoxypropyl)-8-22€aden|ne

Moloney murine sarcoma virus (MSV) in C3H/3T3 cells.
Their jin 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 prototybc 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 compounds 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 completealy 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

o “re51stant to such treatment, @.G., AZT, DDI, DDC, TIBO,
.fnevirapine, pyridinone,. etc.

‘The biological activity of these compounds is
highly enantiospecific. Generally, the (R)-enantiomers
are rasponsible 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. human 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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was obtained simlarly by elution wwth 1 Macetic acid. Yield, 72%

WV- Spectrum (pH2): 1[err] 284 nm For (Jerr]J]Herr]Nerr](err]P (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. Exanpl e 32

9- (R) - (2- Phosohononet hoxypropl) hypoxant hi ne A sol ution of

9- (R) - (2- phosphononet hoxypropyl ) adeni ne (400 ng, 1.4 mmol.) and sodi um
nitrite (1.4 g, 20 nmol) in water (49,001) was cooled in an ice bat h and
conc. hydrochloric acid (2 m) was added. The mixture was stirred in an

argon at nosphetdon off ehiek@ Rmpdundandd ttie ieus-giicoadedi e @rdk£at
(2074 form  STATRELESRRRY Sreveart el BV et ihdbat® FAr e i o
retention; thetisityndat of.r hepadi tiss Bev.d.msat.ed in vacuo, the residue
P9t Y 25 Rl A M S bl
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
in nucleic acid sequencing. The compounds of this
invention function as nucleic acid chain terminators, as
do dideoxy NTPs. Other usaes based on this property will
be apparent to the ordinary artisan.

The compounds of this invention also are useful
in preparative or diagnostic methods based on
oligonucleotide or nucleic acid hybridization. For
example, the compounds are converted to monomers siuitable
for incorporation into oligonucleotidés using non-
enzymatic synthetic methods, e.g. H-phosphonate or
phosphoramidite chemistries. The monomers then are used
as the 37/ terminal base in oligonucleotide synthesis
using such methods. The PMP porticn of the moncmer, any
medified base present in the mononér, or both are readily

_available for recagnztxon and bxnd-ng by an antibody.
The antibody in ‘turn is labelled (for detecting
hybridization of monomer-labelled 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
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-pairing or that they be
recognized by any polymerase. .

The compounds may be administered topically or
systemically i.e. orally, rectally, intravaginally and
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propyl) hypoxant hi ne, UV-Spectrum (pH2): 1[err] 251 nm For
Cerr]HNJerr]dJerr]P (288.3) calc.: C 37.50, N 4.54, N 19.44, P 10.77,
found: C 37.35, H 4.55, N 19.22, P 10. 86. Exanple 33

9- (S)-(2-Phosphononet hoxypropyl ) hypoxant hi ne A sol ution of

9- (S) - phosphononet hoxypropyl ) adenine (400 ng, 1.4 nmol) and sodiumnitrite
(1.4 g, 20 mol) in water (40 M) was cooled in an ice bath and conc.
hydrochloric acid (2 m) was added, fgrther wor k- up of the reaction was
perfornmed as described in Exanple 31 Yield, 66%

9-(S)-(2-ph - c 1ferr]

251 nm Forﬁ gﬁ? gﬁggngFépg%%fgﬁﬁﬁgﬂiﬁf T$&h§¥§3 5@83& ngs

19. 44, P 103R4; nagahdrogt®®)s0, Ganersd 1yM i:gmseora:i 1sppbication 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 comprise at léast 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
pharmaceutically acceptable carrier and non-toxic inert
adjuvant. Other therapeutic agents can also be present.
Additionally, mixtures of compounds of formulas IA and/or
IB can be employed, provided that each member of such
mixture is substantially free of its enantiomer.

Pharmaceutical compositions containing

oy

compounds of the Formula I are conventionally prepared as
tablets, lozenges, capsules, powders, agqueous or oil
suspensions, syrups and aquecus solutions. The compounds
*» can be formulated for a variety of modes of '

administration including systematic, topical or localized
administration. Techniques and formulations generally
may be found in Remington’s Pharmaceutical Sciences, Mack

) Publishing Co., Easton, PA, latest edition. The active

'fingredient is generally ‘combined with a carrier such as a
diluent or excipierit which may include fillers,
extenders, binders, wetting agents, disintegrants,
surface-active agents, or lubricants, depending on the

. hature of the mode of administration and dosage forms.
Typical dosage forms include tablets, powders, liqui
preparations including suspensions, emulsions and
‘solutions, granules, capsules and suppoéitories, as well
as liquid preparations for injections, including liposoma
preparations.
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- 58- Exanpl e 34 9- (R -

(2- Phosphononet hoxypr opyl ) -2-am no-6-

di met hyl am nopuri ne A solution of di(2-propyl) 9-(R)-(2-
phosphononet hoxypr opyl ) - 2- am no- 6-chl oropurine (0.50 g, prepared according
to Exanple 26) in 20% di nethylam ne in nethanol is heated to 110[err]C for
20 h in a pressure vessél and the solution evaporated in vacuo. The residue
i n 50% aqueous nethanol (20 m) is applied onto a colum (50 m) of Dowex

50 x 8 (H err]-form in 20% aqueous net hanol and the col.um washed wth the
sane eluent until the UV- © =24~

For systemic administration, injection is
preferred, including transmuscular, intravenous,
intraperitoneal, and subcutanaeocus. 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, détergents may be used to facilitate
permeation. Transmucosal administration may be through
use of nasal sprays, for example, or suppositories. For
oral administration, the compounds are formulated into

- -conventional oral administration forms such as capsules,

.. tablets, and tonics.

For topical adninistration, the compounds of
the lnvention are formulated into ointments, salves,

' qels, ‘or craams, as ‘is generally known in the art. The
compounds may ‘also be administered for ophthalmic or

-ocular indications when appropriately formulated.

The aeffectivae 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 administrition;-the nature and
gravity of the illness. Generally, the preparations are
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absorption dropped to the original value. The colum is then washed with

2. 5% amoni a solution in 20% aqueous net hanol and the UV-absorbing el uate
taken to dryness, codistilled twice with ethanol (25 m each) and dried
over phosphorus pentoxide at 13 Pa. The resulting product is treated with
acetonitrile (30 m) and bromotrinethylsilane (3 nl) overnight at room
tenperature and the sol ution evaporated in vacuo. Water (50 m) is added,
the m xture al kalized by addition of conc. aqueous anmonia and the solution
evaporated. Further work-up and purification is perforned essentially’as
described in Exanple 17. Yield, 0. J. (959@ 9-(R)-(2-.

hosph th 1),-2- dj - 156 C,
PorrTooT0 6l orr] (oo Bo¥ SYRPepEs ‘ATHL I RTARIBH,  BielEfon 18,120\ ST
hé?f] d(gH) ,poéterted, esim:nmgmnq;]6 tranamuscgaﬂ;‘,i\llméwe}'IOHSA]? dd(1 H,

= rr
P-CH err]: éﬁféééf &?gaf 3§% guﬂg§§k§ éggdd(fﬁﬁ §§ %?Eg tﬁ%[err]
=14. 6 and 4. Q@nmmg on[bme]hmvevntxpma}'eltosmmlat;ppe n] liguid s(IH), H.8.

For JLer 11 Hegiitlens] GheasifabBpOid) phighto16g1a0y EoipdRinle? 44 P

buffers such as Hank’s solution or Ringer’s solution. In
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 XKnown 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 example, or suppositories. For
oral administration, the compounds are formulated into

- -conventional oral administration forms such as capsules,

~  tablets, and tonics.

For topical adnlnistration, the compounds of
the lnvention are fornulated into ointments, salves,

: gels, ‘or creans, as 'is generally 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 professicnally
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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5.75. N 24.78, P 8.92. - 59-

Exanpl e 35

9- (R) - (2- Phosphononet hoxypr oyyl ) - 2- am no- 6-

di met hyl am nopuri ne A mxture of di(2-propyl) 9-(R)-(2-
phosphononet hoxypr opyl ) - 2- ani no- 6- chl oropurine (0.50 g,

-25=

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 nelting'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 :ioublets
{add), multiplet (m), triplet (t) or quartet (q); other
abbreviations include broad (br) signal, aromatic protons
(arom.), d -DMSO for hexadeuteriocdimethylsulfoxide, D,0
for deuteriun oxide, NaoOD for sodium deuteride and CDCI
for deuteriochloroform. Other abbreviations are
conventional.
The following examples are intended to

'illustrate but not to limit tMe invention.

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

Example 1

=2=0-~ a anyl-1-0-p-tolue o -
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 SM hydrogen chloride in
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prepared according to Exanple 26) and diethylamne (2 m) in nmethanol (20
m) is heated to 110[err]C for 20 h in a pressure vessel and the solution
evaporated in vacuo. The residue in 50% aqueous nethanol (20 m) is applied
onto a colum (50 m) of Dowex 50 X 8 (H -fornm) in 20% aqueous net hanol and
the colum is washed with the sane eluent until the UV-absorption dropped
to the original value.The colum is then washed with 2.5% anmoni a ,sol uti.on
in 20% aqueous net hanol and the UV-qQﬁQ[bing el uate taken to dryness,
codistilled twice with ethanol (25 m™ each) and dried over phosphorus

pentoxi de at dfndny TRerhaRthb 1Y BIPIHAN sat! 083U AW Whmacsion tri le (30

m ) and bronotri net ane (3 n1),overn|ght at .roqm tenperature and the

sol uti on evapBRYFRIRreeVernight  insgakryiums chdgrdde; pEokectads 280%al i zed
by addition ail cehendaEECeuR BTEBRL A silvebeoxide! (A% §yapasiaddedlurt her

work: up and pULi ) ESEon L3AReLloLIEde82R80 ot 3°ndGeE whd ehidn X2 ™! ©

phosphononet hokypered| ) - Phenprodicti washisaatedubyndistinla&dohb4herr] C,

Lerr] = '9’8.iff*ﬁ$5f°9§a99-é9”tﬁlﬁroEE&e isobutyl 2-0~
tetrahydropyranyl-(R)-lactate (102.5 g, 89 %) as a
colorless oil. .

A 1 1 3-necked round-bottomed flask was oven
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
pentoxide) and placed in ice-water bath.

A solution of isobutyl 2-0-tetrahydropyranyl-

(R)-lactate was added dropwise under stirring at such a

spead that the mixture was continuously in mild reflux
(approx.30 min.). The cooling bath was removed and the
mixture stirred in reflux for additional 3 hours by
applying an external heéting. 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 NaOH

(15 ml). The resulting mixture was then filtered by
-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 ml) and anhydrous magnesium sulfate (50 g) added.

After standing overnight at ambient temperature, the

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-i,2-diol (67.5 g,
0.422 mol, 95%) as a colorless oil.
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Cerr]Herr]Nerr]dJerr]P (358.4) calc. C 43.56, H 6.47, N 23,45, P 8. 66;
found C 43.80, H6.73, N 23.78, P 8.90. - . Exanpl e
36 9-(R)-(2-Phosphononet hoxypropyl ) -2-am no-6- butyl am nopuri ne

A mxture of di(2-propyl) 9-(R)-(2-
phosphononet hoxypr opyl ) - 2- am no- 6- chl oropurine (0.50 g,

A solution of 2-0-tetrahydropyranyl-(R)-
propane-1,2-diol(67.2 g, 0.42 mol) in pyridine (600 ml)
was placed in a 2 1 round-bottom flask with magnetic
stirring rod and S00 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
mixture 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 i) and shaken with water (300 ml). After
separation of the lower agqueous 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 vas
purified by chromatography over silica gel (eluting with
chloroform) to afford 122 g (0.39 mol, 93%) of (R)=-2-0-
tetrahydropy:anyl—1-o-p-toluenesulfonylpropane-l,2 diol
as a thick colorless oil, RF 0.60 (TLC, chloroform).
This product was stored at +4°C for several months

L withéut éﬁvibhs'dqddﬁpositicp. For C,.H,,0S (MW 314,4)
-  calculated: C,57.30; H,7.05; S,10.20. Found: C,57.15;
H,7.22; S§,10.52.

Example 2

l.2-djel.

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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-60- prepared according to Exanple 26), butylamne (2.0 m) and et hanol
(20 M) is refluxed under exclusion of noisture for 6 h and evaporated in
vacuo. The work-up of the reaction mxture, follow ng reaction with
bronmotri net hyl sil ane and isolation of the product is performed essentially
as described in Exanple 34. Yield, 0.40 g (87 % of .

9- (R) - (2- phosphononet hoxypr opyl ) - 2- am nq- 6- but yl am nopuri ne, a

m p. 140-142[rr]C, [err] =I1,9[err] ~@8= O 5, 0.1MHCLl). [err]H NWR spectrum

0
(le10, P mgliley AP 0 5 e g, o)

3.93 m 2 -@&F 4ceFFdesy odlerr]= 6 1 J[err] —14 6 and 4. 16 dd(IFD
Jlerr]=3.5, J[err] =linHigdl' mﬁﬂﬁ;{]] &g, s¢ 145 moil §; whst ¥reaeQ2witRH) |

Ler ] 3526, 5 Litaiuar Aluminin fvdniss Jljd%%ﬁbﬁg Y Ekhpppg p e O
[err]O[ err] Rf2xd é)ftﬁa& Ca:.ﬁfﬁ.a%h.crﬁ ayFaN ‘23-,-35°CP 2-0-
tetrahydropyranyl-(S)-propana-1,2-diol (67,79, 0.423 mol,
94%) as a colorless oil.
Following the conditions described in Example
1, 2-0-tetrahydropyranyl=-(S)-propane-1,2-diol (67.5 g,
0.42 mol) was transformed in (S)—z-o-tetrahydropyrényl-1—
" 0-p-toluenesulfonylpropane-1,2-diol. The purification 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)
homogenecus. For clsﬂzz S (MW 314,4) calculated:
c,57.30; H,7.05; S,10.20. Found: C,57.50: H,7.33;
S,9.85.

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
dimephylfo:g;miQQ (400 ml, distilled from phosphorus
pentoxide)-was'ﬁlaééd-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-1i-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 périod. The resulting
clear solution was heated at 100°C for additional s
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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8.64; found C 43.31, H 6.20, N 23.57, P 8.90.
Exanple 37 9-(R) - (2-Phosphononet hoxypropyl )-2-am no-6-(2-
but yl ) am nopuri ne A mxture of di(2-propyl) 9-(R)-(2-
‘phosphononet hoxypr opyl ) - 2- am no- 6- chl oropurine (0.50 g, prepared accarding
to Exanple 26), 2-butylagine (2.0 nl) and ethanol (20 ml) is refluxed under
exclusion of noisture for 8 h and evaporated in vacuo. The work-up of the
reaction mxture, follow ng reaction with bronotrinethylsilane and
i solation of the product is perforned essentially as described in Exanple
34. Yield, 0.35 g (75 %9 of 9-(R - t29phosphononethoxypropyl) 2-
am no- 6- (2- butyl )am nopurine, mp. 148-149[err]C, rr] = - 14,5[err](c-0.5,
0. 1M HCL) . £ilrrdteN AnpvacIce - NSRS rQP dug(affordedrby = 6.3,
cHierr] 3. gl ‘Hi‘i'fr{]from-%oili ‘ednanidl S ars) Hfpdd (1H) Jlert]
=9. 3 J[err]c]r—l %ﬁ&z&_l err . ge (d% ‘-8 J err 6.1,
J[err] —L4ﬁ¥tnﬁhAdIQPW3@ oxypropyl)adenine (13
48%) m.p. 172°C. RF 0.40 (TLC, chloroform-methanol, 4.1).
For Cl 519N502 (277.3) calc. C 56.30, H 6.91, N 25.26;
found C 56.46, H 6.82, N 25.57. YH-NMR (200 MHz, dé-
DMSO): H2,HB8 ¢ 2 x 3, 8.14 and 8.04; NH2: br 8, 7.20; 17/~
c32: aa, 1H, 4.23 (J1,2 = 3,2, Jgem = 13.7) and dd, 1H,
4.11 (J1,2 = 7.1): 2'-CH: m, 1H, 4.06; 3'-CH3: d, 3H,
1.12 (J3,2 =6.1); tetrahydropyranyl 1*-CH: d4d, 1H, 4.28
(J=2.9, 4.4)7 5'CH2= 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 a=id (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
precipitate washed with boiling water (500 ml). The
combined filtrate and washinds were evaporated to dryness
in Vvacuo, the residue coevaporatad with ethanol (two 200
‘ml- portions and crystallized from boiling sethancl (ether
"added to turbidity) “The product was collected by .
filtration to give 9-(S)~-(2-hydroxypropyl)adenine (7.7 q,
0.04 mol, 85%), m.p.202°C. For Csﬁll 50 (HW 193,2).
calc.: C 49.73, H 5.74, N 36.25; found C 49.59, H 5.54, N
36.29. (a]ym-41,0° (c=0.5, 0.1M HCl). ‘H-NMR (200 MHz,
ds-DHSO): H2,H8:2xs, 2H, 8.14 and 8.05; NHZ: br s, 2H,
7.23; OH: br,1H, 5.05 (JOH,CH'4‘2); N-CH2+0-CH: m, 3H,

3.97-4.13; CH,* d, 3H, 1.06 (Jcaa,cfs")'

-
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Jlerr] =3.5, J[err] =14.6 1'-CH err]; 7.88 s(IlH, H8;, 2-butyl: 0.94
t(3H), J=7.3 + 1.25 d(3H), J =6.6 CHerr]; 1.61 br pent(2H), [err]J=28.1
CHerr]; 4.15 br m(1H) CH For Cerr]Herr]Nerr](err]P (359.4) calc. C
43.44, H 6.73, N 23,39, P 8.64; found C 43.35, H 6.59, N 23.67, P 8.68.
Exampl e 38 9-(R) - (2-Phosphononet hoxypropl) -2-am no- 6-

cycl opropyl am nopuri ne

-30=
Example 4

The condensation of adenine (13.6 g, 0.1 mol)
and (R)~-{2=-0-tetrahydropyranyl-1-0-p-
toluenesulfonylpropane-1,2-diol (31.4 g, 0.1 mol) was
performed in the presence of cesium carbonate (16.4 gq,
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
mol, 53%), m.p.171-172°C. For C,4H,oNg0, (277.3) cale. C
§6.30, H 6.91, N 25.26; found C 56.57, H 6.71, N 25.41.
H-NMR spectrum (200 MHz, ds-DMSO) closely resembles to
that of 9-(S)~(2~-tetrahydropyranyloxypropyl)adenine
(Example 3).

A solution of 9~(R)=-(2-
tetrahydropyranyloxypropyl)adenine (14.0 g, 0.0S 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 Csﬂll 50 (MW 193,2) calc. C 49.73, H 5.74, N 36.25;
found C 49. 80, H 5.64, N 36.44.

. H"1H-NHR spectrun (200 MHz, ds-DKSO) is identical with that
Q,of the (S)-enantioner (Example 9). [c]D=+40,8‘ (c=0.5,
0.1M HCl).

Example S

- - - - 6-

A suspension od 2,6é~diaminopurine (15 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-
0--tetrahydropyrany1-1-0-p-toluenesu1tonylpropane-l 2- .
This"is therep*me‘mpmsheet
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A m xture of di(2-propyl) 9-(R)-(2-

phosphononet hoxypr opyl ) - 2- am no- 6- chl oropurine (0.50 g, prepared according
to Exanple 26), cyclopropylamne (2.0 m) and ethanol (20 m) is refluxed
under exclusion of noisture for 12 h and evaporated in vacuo. The work-up
of the reaction mxture, follow ng reaction with brono- trinethylsilane and
I sol ation of the product is perfornmed essentially as described in Exanple
34. Yield, 0.35 g (80 %9 of 9-[err])-(2-phosphononet hoxypropyl)-2-am no- 6-
cycl opropyl ami nopurine, mp.178-17913&rt]C, [err] = -23,5[err] (c=0.5, 0.1M

el : 3 8400a( 3R 8 Seord1iol saohi 4SS chaded 317500k poRFisheant Bhep
i[ err] =12. ﬁixEuEHl[ Stilrred % .00 2"3 ﬁi; zgogzdﬂéil-l) Théé%?ﬂ.{id&éﬁ @a?.( 1H‘)J
8 oyl opPUBPPEasa af HYCEs Pacai 4pe e lade, Sy Fartan pita 1
C err] H er r pidingCchlcre s . ¢dhree c30C-nl-Bdrtiofsd?7, Thad f43trkte 04;
found C 41. (84 HePalutdd <h Wilfcd §d1 column (500ml), the product
eluted by chloroform~methanol mixturs (95:5), affording,
after crystallization from 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 C,,H, N.O, (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-dianinopurine (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 original 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)-
.2,6-diaminopurine (6.5 g, 0.031 mol, 77.5%), m.p. 182°C.
i?or?¢sﬂiéﬂgd7iioati$”caié.-¢‘46.15,'n'5.81, N 40.37;
“found c 45.97, H 5.72, N 40.56. ‘H-NHR-spectrum (200
MHz, d.-DMSO): H~8, 1H, 7.62; NH,: 2xbr s, 2x2H, 6.65 and
p* 4d, 1H, 3.90 (J, =3.9,

6
Tgep=13-7) and 3.80, 4d 1H (J; ,=7.6, I ;=13.7); 2/~CH:

-
K]

gem

m, 1H, 3.95; 3’f-CH3: 4, 3H, 1.04 (33 286,19). [-G]D-'-
' .
40,7° (c=0.5, 0.1M HCl).
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Exampl e 39 9-(R)-(2-Phosphononet hoxypropyl) -2-am no-6-

cycl opent yl am nopuri ne
phosphononet hoxypr opyl ) - 2- am no- 6- chl oropurine (0.50 g,

A mxture of di(2-propyl) 9-(R)-(2-

prepared according

to Exanple 26), cyclopentylamne (2.0 m) and ethanol (20 m) is refluxed

under excl usion of -62- noisture.for
and evaporated in vacuo. The work-ug,Qf the reaction m xture, follow ng

reacti on with brono-

Example 6

-(S)Y=(2~- o) =2,6-djam urij

The synthesis was performed in analogy to
Example 5, with (S)-2-0-tetrahydropyranyl-i-0-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 from 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]p=+41,2° (c=0.5, 0.1M HC1).

Example 7

A-suspenéfon of 2-amino-6-chloropurine (18.6 g,
0.11 mol, Mack) and cesium carbonate (17.9g, 0.055 mol)

-in dimethylformamide (350 ml) was stirred at 100°C under

Eéléiun_chl9£id§:prptecgion tube and a solution of (R)=-
(2-o-tetrahydropyranyl-l-o-p-toluenesultcnyipropane-1,2-
diocl (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-m1-p6ftions) and the
extract concentrated in vacuoc. 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-

12 h
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trimethyl silane and isolation of the product is perforned essentially as
described in Exanple 34. Yield, 0.36 g (76 % of
9- (R) - (2- phosphononet hoxypr opyl ) - 2- am no- 6- cycl opentyl am nopuri ne, m p.

2
+

167-170[err]C, [err] = -17,1[err] (c-0.5, 0.1MHCLl). [err] H NVR spectrum
(Dlerr]O + NaOD): 1.17 d(3H), J[err]=6.3, CHer]; 3.67 dd(IH), J[err] =
-7.8, J =12.2 and 3.56 dd (1H) J[err] =9.3, J =12.2, P-CHerr]; 3.97 br-
sext (1H), 2'-CH, [err]J = 29.1; 4.18 d(2H), J[err] =5.1, |'-CHerr]; 7.9
s(1H), H8; cyclopentyl: 4.33 m 1385 2.00 m(2H) + 1.70 nm(2H) CH err]
1.60m (2H) + 1.54m (2H). Clerr]Herr] Nerr](err]P (371.4) calc. C 45.27,

H6.51, N 223&34zPtat&ﬁhyﬁwup@:€n94c&9pﬁdpykﬁi24iﬁ&h65%-éhfb£3purine

Exanpl e 40

cycl ohexyl aW%REB&%ﬁSQ%SggOQ% Qoéﬁgﬁ%%ﬂ)se nqﬁqu oﬁ)%/l TIQC(FS‘ (2-

phosphononechdaypfopr~nethamolo- 65¢8)or(dOui7 gy (0. Mol e3xked agepr di ng

to Exanpl e

- spectrum (200 MHz, d

(Tyw,3.77.8; Jg =13. 4); 3'=ca

&%), C¥aN3BC* (53185 C218.: c s0.08, H 5.82, 2 11 37, N
22.47; found C 49.92, H 6.08, Cl 11.44, N 22.54. H—NHR
spectrum (200 MHz, d6-DMSO): H-8: S, 1H, 8.06; 1‘-CH2:
dd, 1H, 4.01 (3, ,,=7.3, Jogp=14.2) and 4d, 1H, 3.94
(Tym, 20 =54, Tgep=14.2); 2/-CH : m, 1H, 3.42; 3/-CH3 :q,
3H, 1.06 ‘33',2' =5.4); tetrahydropyranyl: 1’//-CH: dd,
1H, 5.07 (JI=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~
tetrahydropyranyloxypropyl)-2-amino-é~-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 charceal) to
atford 9-(R)-(2~hydroxypropyl)guanine (6.0 g, 0.029 mol,
91%) , m.p.255°C. Por CgH,, N.0, (209.2) calc. C 45.92, H
5.30, N 33.48; found C 46.02, H 5.25, N 33.41. IH-KNR
g-DMSO): NH: br, 1H, 10.80; H-8: s,
1H, 7.61; anz br s, 2H, 6.74; OH: br, 1H, 5.05; 17-C32:
ad, 1H, 3.89 (J,, ,,=3.7, Tgen=13-4) and dd, 1H, 3.78

5% 4, 3H, 1.03.

-6 1). [a] -35 7¢ (c=0.5, O. 1K HCl).

2'

(Jsl 2'
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 1ll-round -bottom flask

‘equipped with calcium chloride protecting tube was added

in one portion 2-amino-é-chloropurine (17.5 g, 0.1
mol,Mack) and the mixture was magnetically stirred for 1
hour at ambient temperature. (S)-(2-0-Tetrahydropyranyl-
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m) and ethanol (20 m) is refluxed under exclusion of noisture for 10 h
and evaporated in vacuo. The work-up of the reaction m xture, follow ng
reaction with bronmo- trinethylsilane and isolation of the product is
perfornmed essentially as described in Exanple 34. Yield, 0.32 g (65 % of
9- (R) - (2- phosphononet hoxypr opyl ) - 2- am no- 6- cycl ohexyl am nopuri ne, mp.
164-165[err]C, [err]= -15,9[err] (c=0.5, 0.1MHCLl). [err] H NVMR spectrum
(Dlerr]O + NaOD):1.12 d(3H), J[err] = 6.3; 3.43 dd(1H), J[err] =9. 3 Jlferr]
=12.4 and 3.52 dd (1H) J[err] =9.3.43¢kerr] =12.4, P-CHerr]; 3.93 m 2'-CH
4.10 dd(IH), J[err] =.5.6, J =14.6 and 4.18 dd(1H), J[err] =4.4, J[err]
14.6.1" - CHhe-ror-ﬁtB1%:%&1)&:{1&:%0*@%%3161 9p34(§Hy, Col.11. Mb1y. 42

g[(glr-?] ;[ ér??’lﬂ%{e ed@hq?;)sl ?Jigg?qg %%9%0%2% g@{xee hxrxlxture 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'colunn.(soo 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 aquecus 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 mel, 77%), m.p.256°C.
For CgH,,. N,O, (209.2) calc. C ;5.92, H 5.30, N 33.48;
found C 45.88, H 5.25 N 33.41. H-NMR spectrum (200 MHzZ,
d,-DMSO) was identical with that of the (R)-isomer.
[e]p=+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-1-0-p;toluenesulfonylpropane—1,2-diol
(24 g,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 (thrée

200-ml-portions) and filtered. The filtrate afforded by -
chromatography on a silica gel column to give 1-(R)-~-(2~-
tetrahydropyranyloxyp:opy1)cytosine (4.6 g, 18 mmol, -

1 23.5%), m.p.259-260°C (crystallized from ethyl acetate-
petroleum ether mixture). For C12H19N303 (MW 253,3)
calculated: C,56.89; H, 7.57; N, 16.59; found: C, 55.80;
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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

Exanple 41 9- (R) - (2-Phosphononet hoxypropyl) -2-am no-

6- pyrrolidinopurine A mxture of di(2-propyl) 9-(R)-(2-
phosphononet hoxypr opyl ) - 2- am no- 6-chl oropurine (0.50 g, prepared according
to Exanple 26), pyrrolidine (2.0 m) and ethanol (20 m) is refluxed under
excl usion of noisture for 6 h and evaporated in vacuo. The work-up of the
reaction mxture, following reacti S3®th bromo- trimethylsilane and

solation ofythg PEPWC 16768 " HRR (200 Mz, 4 -DMSO) (mixture of

diastereomers, 3:1), major isomer: H-5: d, 1H, 5.73

(35, ¢=7-3), H-6: 4, 1H, 7.52 (Jg ¢=7.3); d, 3H, 1.13
(J=6.1), NH2: br s, 2H, 6.98; tetrahydropyranii C-1" : br
t, 1H, 4.36 (J=3.2); other CH2 groups : m, total 10H,
1.20-1.70, 3.26-3.54, 3.72-4-01.

A solution of 1-(R)~(2~
tetrahydropyranyloxypropyl)cytosine (4.0 g, 16 mmol) in
0.25 M sulfuric acid (50 ml) was left to stand at 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%), m.p.246°C.
For c7H11N302 (169,2) calculated: C, 49.69; H, 6.55; N,
24.84; found: C, 49.48; H, 6.70; N, 24.70. YH-NHR-
Spectrum (500 MHz, d6-DMSO): H=5: d, 1E, 5.61 (35'6-7.3);
H-6: 4, 1H, 7,45 (35'5-7.3); NH2: 2x br s, 2x1H, 7.04 and
6.98; OH: br, 1H, 4.88; 1/-CH,: dd, 1H, 3.73 (J,, 20™3.9,

gem 13 2) and dd, lﬁ, 3. 31 (Jl,, 2,-=8 .05, J‘g 13 2); 2/=
CH : m, 1H, 3.82 (Jh31 0), 3'-c33. d, 3H, 1.08
(33;'2,=s <35). [a]D--zo7 0°* (c=0.5, 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,
0.1 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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essentially as described in Exanple 34. Yield, 0.35 g (78 % of

9- (R) - (2- phosphononet hoxypr opyl ) - 2- am no- 6- pyrrolidi nopuri ne,

m p. 181-182[err]C, [err] =-17,4[err] (c=0.5, 0.1IMHA). [err]H NVR spectrum
(D[err]O + NaOD): 1.21 d(3H), J[err] =6.1, CHerr]; 3.57 dd(1H),

J[lerr]=9.5, J[lerr] =12.2 and 3.65 dd (1H) J[err] =9.5 J =12.2, P-CHerr];
3.98 br sext(1H) 2'-CH, 4.18 d(2H), J [err] =4.9, 1'-CHerr]; 7.85 s(1H)
H8; pyrrolidin-1-yl: 3.41 br(2H) and 3.75 br(2H N-CHerr]; 1.93br(2H +
2.00 br(2H C-CHerr] C[err]H[err]N&grr]C{err]P (356. 4) calc C 43.81, H
5.94, N 23,58, P 8.71; found C 43.% H 6.17, N 23.87, P 8 .82.

AL &P BN Ui I e LD 1
phosphonome{ Bdx p9@p9lﬂ—20d&|ﬁ@d6i®H¢meﬂﬂﬁiQR3¥¥X¢KF%)h%ﬁ%@%r@d 80.86r di ng
;chﬁgrELe ?é} 8 PhBaksIARer? SR 1¥rindd Srid 1 verfk Was [thdff L asgelnder
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& 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 S hours.
The mixture was neutralized with aqueous 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 pocled and
avaporated in vacuo.Crystallization from ethanol gave 1i-
(R) - (2~hydroxypropyl) cytosine (7.8 g, 46 mmol, 73%),
.identlcal with the product prepared according to Example

9. .. . i
_ ~ Example 11
9=(R) = (2=Hydroxvpropyl) -¥®-benzoyladenine
A suspension of 9-(R)~(2-hydroxypropyl)adenine
(5.8 g, 30 mmol) in pyridine (160 ml) was treated with N

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 hours. The
reaction mixture was placed in ice-water bath and ice-
cold water (30 ml) and concentrated aqueous ammonia (70
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nmoi sture for 3 h and evaporated in vacuo. The work-up of the reaction

m xture, follow ng reaction with brono- trinethylsilane and isol ation of

t he product is perforned - 64-
essentially as described in Exanple 34. Yield, 0.40 g (84 % of

9- (R) - (2- phosphononet hoxypr opyl ) - 2- am no- 6- pi peri di nopuri ne,

m p. 154-156[err]C, [err]=-0.8[err] (c=0.5, 0.1MHO). [err] H NVR spectrum
(D[err]0 + NaOD):1.14 d(3H), J[errkg76.1, CHerr]; 3.44 dd(1H), J[err]
=9.0, J[err] =12.4 and 3.55 dd

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)-Ns-benzbyladenine (7.8 g, 26 mmol, 87%),
m.p.227°C. . R? 0.40 (TLC, chloroform-methanol, 4:1). For
C,5H,5Ng0, (297.3) calc.:C :o.ss, H 5.09, N 23.56; found ~
C 60.73, H 5.28, N 23.47. H=-NMR-Spectrum (200 MHz, ds-
DMSO) : H2,HS8: ZJ-C 8§, 2X1H, 8.73 and 8.42, N--CI-I2 + 0=-CH: n,
3H, 4.05~4.30; 3-ca3:_d, 3H, 1.11 (J=5.6); arom. protons
+ NH: m, 6H, 7.30-8.10. (a],=+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. agqueous ammonia (70 ml) were

-added over 15 minute interval and the mixture stirred for
additional 30 Winutes at 0°C. The solvents were
evapcrated'in'vacuo and the residue codistilled with
water. After crystallization from water the product was
collected and recrystallized from ethanol to afford 9-

' (S)-(z-hydroxyprbpyl)-Ns-benzoyladenine (4.4 g, 15 mmol,
43%), m.p.230°C. The combined mother liquors were
evaporated in vacuo and the residud'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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(1H) J[err] =9.3, J[err] =12.4, P-CHerr]; 3.93 n(lFD 2'-CH, 4.09 d(
Jlerr] =6.1, J[err] =14.4 and 4.17 dd(1H), J[err] 4.1, J[err] =14.
1'-CHerr]; 7.88 s(1H), H8; piperidin-1-yl: 3.95 br t(4FD, J=5.4
NCH err]; 1.60 m(4H)+1.69 m2H) CCHerr] Cerr]Herr]Nerr](Jerr]P
(370.4) calc. C 45.40, H6.26, N 22,69, P 8.36; found C 45.68, H5.94, N
22.46, P 8.41. Exanple 43 9- (R) - .

(2- Phosphononet hoxypr opyl ) -2-am no- 6-norpholinopurine ° '

m xture of di(2-propyl) 9-(R)-(2- =38=-

phosphononet hoxypr opyl ) - 2- am no- 6-chl oropurine (0.50 g, prepared according
to Exanpl e ZeylonotphmlKMUO(259-nﬂrpanﬁiennén9hd(ZdhﬂQFQGs|%$thed under
b m&gae hg' cﬁruma%ég%xaaaaaagdal 8113040 gelh oty 2y the
reaction ﬂ]X ure omnng reaction rono- trimeth ane an

i sol ati on of mLhetpr affiord. s agserocxystaldization, txomy ihasatateanyl e

34. Yield, O(fgcfoli@fmd¥knet 2alBY- t4- RELBRA2RYYTERRPIILNAN erdpgen0- 6- .
# the product. Total yield, 7.4 g (25 mmol, 71.5%). For
C gH,gN50, (297.3) calc.:C 60.59, H 5.09, N 23.56; found -
C 60.63, H 5.16, N 23.30. JH-NMR spectrum was identical
with that of the (R)-isomer in Example 11. [a]D--25,2°

(c=0.5, 0.1M HCl).

2H)
4

' 2
2=($) - (2-Hvdroxypropyl) -N“-benzovlguanine.

Chlorotrimethylsilane (20 ml) was added in one
portion to a stirred 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 mixture was stirred for
additional 2 hours, cooled by ice-water bath and ice-
water (24 ml) followed by conc. aqueous ammonia (56 ml) "
wvare 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),

. £iltered, washed with water, ether and dried in vacuo.

" 9=(S)=- (2-Hydroxypropy1)-Rz-benzoylguanine (3,4 g, 11
mmol, 45%) obtained was chromatographically pure: Rp 0.33
(TLC, chloroform-methanol, 4:1). m.p.278°C. For

15815 5 3.21120 (349.4) calc.:C 5}.56, H 5.49, N 20.05;

found C 51.48, S.41, N 20.0S. H-NMR Spectrunm (500

MHZ, ds-DMSO): Nu ¢ 2xbr, 2x 1H, 12.30 and 11.90; H8: s, -

iH, 7.95; OH : 4, 1H, 5.05 (J‘ ,OH =4,.9); 1'-CHZ dd, 1H,

4.05 (.‘.I' 2,- =3,.4, Jgen = 12. 5) and dd, 1H, 3.96
(J.. ,27 7 1, Jg =12.5), 2/-CH: br m, 1H, 4.01; 3'-CH3:
dd, 38, 1.09 (33,'2,-6.1); arom.protons: m, 2H, 8.05 and
m, 3H, 7.50-7.70. [a) =+28,1° (c=0.5, DMF).
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[err] HHNWMR spectrum (Derr]0 + NaOD):1.15 d(3H), J[err] = 6.1; 3.50 dd(IH),
Jlerr] =9.8, J[err] =12.9 and 3.68 dd (1H) J[err]=9.3, J[err] = 12.9,
P-CHerr] ; 3.90 m(1H) 2'-CH, 4.05 d(2H) J[err]= 6.6, J[err] =14.4 and 4.18
dd(IH), J[err] =3.2 J[err] =14.4 1'-CHerr]; 7.81 s(1H), H8§;
nmorpholin-1-yl: 4.03 br t(4H), J=4.5 NCHerr]; 3.80 br t(4H)
CCHerr].Cerr] Herr]Nerr]derr]P (372.3) calc. C 41.94, H 5.69,N 22,57,
P 8.32; found C 42.03, H 5.66, N 22.36~ P 8. 62.

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. AaAfter
. additional 2 hours stirring the mixture was cooled by ice
and ice-water (12 ml) followed by conc. aqueous ammonia
(28 ml) were added over 5 minute period. After 30
minutes at 0°C, the soclvents 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 Cy5H;5N50, - 2H, O (349.4) calc.:C
51.56, H 5.49, N 20.05; found C 51.28, K 5.62, N 20.24.
la-mvR spectrum was identical with that of the (S)~isomer
(Example 13). RP 0.33 (TLC, chlorcform-methanol, 4:1).
[aly=-28,4°* (c=0.5, DMF).

II. SYNTHESIS OF INTERMEDIATES OF THE FORMULA XVII

: To a suspension of sodium hydride (17.2 g, 60%
‘dispersion in 61i1,0.43 m6l) in dimethylformamide (400 ml)
pPlaced in a 1 1 round-bottom flask with dropping funnel
and calcium chloride protecting tube was under stirring
and cooling with ice added dropwise 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 0°C
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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Exaiipl e 44 9- (R) - (2- Phosphononet hoxypropyl ) - 2-ani no- 6 -benzyl ami nopurine

A mxture of di(2-propyl) 9-(R)-(2-
phosphononet hoxypr opyl ) - 2- am no- 6-chl oropurine (0.50 g, prepared according
to Exanple 26), benzylamne (2.0 m) and ethanol (20 m) is refluxed under
exclusion of noisture for 6 h and evaporated in vacuo. The work-up of the
reaction mxture, follow ng reaction with brono- trinethylsilane and ,

i solation of the product is perforgygd essentially as described in Exanple
34. Yield, 0.45 g (90% of 9-(R)-(2-phosphononet hoxypropyl)-2-am no- 6-

benzyl ani nagternstafdlngsTok6Q] tiouke, Wd lsolver] avad ta(mo dowrd. iVl HC1) .
e oSt OB o o, b o el 21
P-CH err] ; wasBiednygith ¥ated (Tous d.(ODH)n]J-Micnsa 0, Tl'{eraxjgzmibﬂf 4 and
4. 09 dd(lehas °la ev%pégdggﬂfghd the* resulting oil in 70% aqueous .
methanol (400 ml) was stirred under reflex with 50 ml
Dowex 50X8 (acid fo:ﬁi for 4 hours. The warm mixture was
filtered, washed with methanol and the filtrate
evaporated 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)p=-13,6° (c=0.5, CHCl 3)-
This material (0.37 nol) 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‘6/13Pa; For C17H2905P (344.4)
calc.: C59,28, H8,49,P9,01; found C 59.44, H 8.28, P_
9.30. Mass-spectrum: Mol.peak 345.1 (M+1).
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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|'"-CHerr]; 7.77 s(1H), H8;, aromprotons: 7.22 nm(5H); 4.58 br s(2H) '
benzyl -CH err]. Cerr]Herr]Nerr]derr]P (392.3) calc. C 48.98, H5.39, N
21,42, P 7.89; found C 49.16, H 5.37, N 21.23, P 7. 86.

Exanple 45 9-(S)-(2-Phosphononet hoxypropyl ) -8-azaquani ne and 8-(5S) -

(2- Phosphononet hoxypr opyl ) - 8- azaquani ne A m xture of 8-azaquanine
(3.5 9), dinethylformam de (35 nl) and di net hyl f or mam de di neopentyl acet al
(15 M) is heated at 80[err]C 16 h under exclusion of noisture. After
cooling at roomtenperature, the pre *pitated product is filtered by
suction, washed wi th ethanol and eth and dried in vacuo. Yield, 3.1 ¢g

(65% N2-di gL Y4, 30h B8 R4 0N Ga%el 3¢89U3--pE2EAHESF; dried over
magnesium 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, 0.11S 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 Hcl (to acidic reaction), water, saturated
sodium hydrogen carbonate and water. The solution was
finally dried with magnesium sulfate and evaporated in
vacuc 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 was obtained as a thick
Yallowish oil which was used for furfher preparations (28
g, 69 mmol).

T 7. L™ % The synthesis was performed essentially as
described in Example 15 starting with (R)~2-0-
tetrahydropyranyl-1,2-propanediol (42 g, 0.262 nol). 1-
. O=Benzyl-(R) ~-propane-1,2-diol was obtained by
distillation in vacuo (33 g, 76%, B.p. 98-102°C/Pa).
[a]p==12,2¢ (c=0.5, CHCl,).The 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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-66- The m xture of this conmpound (2.1 g, 10 mmol ), cesium carbonate (1.75
g, 5.4 mol) and (S)-2-[(di (2-

propyl ) phosphonyl et hoxy] -1 -t ol uenesul f onyl oxypr opane i n di et hyl f or mam de
(40 m) is stirred for 4 h at 100[err] C under exclusion of noisture. The

m xture is filtered while hot, evaporated at 40[err]C/ 13 Pa and the residue
treated with a m xture of nethanol and conc. aqueous anmmonia (1:1, ,200 mnl.)
overni ght at anbient tenperature. JIjg-solvents are evaporated in vacuo and
t he residue chromat ographed on a colum of silica gel (200 m) in

net hanol - chipeopyd)mesverur(@ @), 9RF =le 58 UDIEs cttloroform-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
avaporated in vacuo and water (100 ml) was added to the
residue. The mixture was alkified by aqueocus 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 agqueous 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 conc.
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 concantration (0.02M-1M
over 2 liters); the product eluted at 1 M acetic acid.
The relevant fractions were poolad, evaporated in Vvacuo
and the reszidue codistilled with water (three 50-ml-

,. portions). Crystallization from boiling water (three
volunes of athanol" ‘added after dissolution) afforded 9-

" {R)=(2-phosphonométhoxypropyl)adenine (1,35 g, 4.7 mmol,
47%), m.p. 279°. For Cqly N O 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/-phosphata): EUp-o.so (in-0.05 X
§riethylammoniun hydrogen carbonate, pH 7.5; 20V/cnm).
H-NMR spectrum (200 Mhz, °z° + NaOD): H2: s, 1H, 8.25;
H8: s, 1H, 8.09; 1/=CH,: dd, 1H, 4.35 (J,, ,20=4e4; Tgop =
14.4) and 44, 1H, 4.22 (Tyu,20™ 5.1, J gen 14.4), 2/-CH:

m, 1H, 3.97 (J = 28.4); 3/-CH,: d,3H, 1.11 (T3, 5,=6.3);
(4 .

This is the repiscement sheet

Dt 47 WAR GRT



product (Rf-0.42, TLC in nethanol-chloroform 1:9, silica gel plate),

anor phous foam yield 0.9 g (23% is dried in vacuo and treated with
acetonitrile (25 mM) and bronotrinethylsilane (2.5 m) overnight at room
tenperature. The work-up of the mxture is perfornmed as described in

Exanpl e 34. The product is isolated by ion exchange chromat ography on'Ebmex
50 X 8 (H err] -form) and crystallized fromwater. Yield, 0.45 g. - '
Further elution of the silica geltﬂﬁ{nW|affords t he 9- |soner ( Rf =0. 36, TLC

i n et hanol - chloro or 1: silica gel g ate) in the %@kOf 0.9 ¢
(239 . Convel 1ﬂot?15%tﬁ§b$chﬁﬂe it aﬁﬁﬁanﬂﬂrP lﬁﬁ%&34)
gives after ﬂeuonoﬁg.hgnsamﬂJcr 812l 4) zat ifap Lmauumatqc=o S, 0.1M
9-(8)-(2-ph3§ ononet yprop #B. 8- azaguanlng (0.50 g, HPLC pure).
Exanpl e 46 -€ * (2- Phosphononet hoxypr opyl ) - 8- azaguani ne. 8- (R)-(2-
Phosphononet hoxypr opyl ) - 8- azaguani ne and 7-(R)-(2-Phos-

phononet hoxypr opyl ) - 8- azaquani ne Example 18

A solution of 9-(S)-(2-hydroxypropy1)-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 0°¢cC.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‘(‘.‘. For 09H1‘8504P Hzo (305.3)
calc.:C 35.40, H 5.29, N 22.94, p 10.17; found C 35.33, H
5.56, N 23.14, P 10.00. Electrophoretic mobility and 1H~-
NMR spectrum are identical with those of the (R)-isomer
. (Example 17). {@)p=-21,2* (c=0.5, 0.1M HCL).

o .

9~(R) - (2-Hydroxypropyl) -2, 6-diaminopurine (2,1
9,10 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 codistilled with .

dimethylformamide (two 20-ml-portions). s0% aqueocus
pyridine (50 ml) was added to the residue followed up by
dry ice, the mixture was evaporated at 40°C/13 Pa,

’ sheet
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The reaction is perfornmed essentially as described for the (S)-enantioners
in Exanple 44. After the work-up of the condensation m xture w th aqueous
met hanol i ¢ amoni a the crude m xture of bis(2-propyl -

-67- |l)esters is applied onto a colum of Dowex 50 X 8 (H+ form (150 m)
and the colum eluted with 20% aqueous net- hanol. The UV-absorbi ng
fraction:is taken down in vacuo —y - ) .

codistilled with pyridine (four 25-ml-portions) and di(2-
propyl) p-toluenesulfonyloxymethylphosphonate (4.2 g, 12
mmol) was added to the residue. The mixture was then
codistilled with dimethylformamide (two-25-ml-portions),
redissolved in the same solvent (40'n1) 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. Acatic
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) agquecus 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 describaed in Example 15 and the ammonia -
eluate dried at 13 Pa over phosphorus pentoxide
overnight.
Acetonitrile (30 ml) and bromotfinethylsilane
(3 ml) were added and the mixture homogenized 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.. Th;s residue was deionized on a Dowex soxs
“column.(200 mi,. acid form) 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 ¥
triethylamnoniun hydrogen carbonate. The column was
first eluted by the equilihration buffer -o the drop of
UV-absorption and then by linear gradient of
triethylammonium hydrogen carbonate (pH 7.5) (formed from
0.02 M and 0.3 M buffer, 11 eachf. The product eluted at
0.10-0.15 M concentration, the relevant fractions were
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and dried affording the 9-isonmer as an anorphous foam The residue is
treated with acetonitrile (30 mM) and bronotrinethylsilane (3 nl)

overni ght, evaporated in vacuo, the residue dissolved in 2.5% ammoni a and
reeva- porated in vacuo. This residue is applied onto a colum (100 m)
Dowex 1 X 2 (acetate form) and washed with water (1 1) and with 1 Macetic
acid (500 mM). The eluates are discarded and the resin extracted on filter
with boiling water (500 mi). This eluate is evaporated in wvacuo and the.
residue crystallized fromwater (paggly soluble) to afford the 9-(R)-isoner
(0.50 g). For CJerr] Herr] Nerr] Oferr] P (304, 2) calculated: 31,59% C,
4.31% H, 27 padiNd,l@vhpiratied it Iaciyland Gidordésitual loevaridr 8084 P.

: : : ; ,
V- absor bi n So, Heepaiah Jribe Pasiipar ey S fo ind B, V2 S0
acetonitril digz®lvied dmd waterot(2isTatl)y was appliedion amekwmrt (%N nixture
I's evaporat gd yaRG PG eI Galeta¥eicdHieH Was first washed with

water to the disappearance 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-ml-portions). The

residue was dissolved in boiling water (100 ml), filtered

while hot and ethanol (150 ml) added to the filtrata.

The product which crystallized on ice-cocling 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 09815N604P.Hzo.(302.3)

calec.: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/-CH,: d&, 1H, 4.7 (Jl,,z,-4.4)'.-

and dd, 1H, 4.09 (Jiu 5,= =5-4, T ,=14.65); 2/-CH: m,

1H, 3.93 (J=28.8); 3/-CH, : 4, 3H, 1.12 (Joy; cy=6-3); P-
CHZ:‘dd, 1H, 3.54 (J’P' =9.3, Jgu=12.2) and dd&, 1H, 3.45
=9.3,J§enf;2.?): ';lectrqphor.nobiliﬁy:Eup-o.70.

.- (Ip, cu : :
_(a)g=-26,1° (c=0.5, 0.1 HCl). .

Example 20

This compound was prepared from 9-(§)-(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~- .
phospﬁonomethoxypropyl)-2,6-digminopu;ina crystallized as
free acid from water-ethanol amounted to 33% (1,0 g,. 3.3

) sheet
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addi ti on of 5% aqueous amonia (100 m ), and the m xture is deionized on a
colum (100 m) Dowex 50 X 8 (H err] -form). The ammoni a el uate affords gel
forming mxture which is dissolved in water by addition of amoni a and
applied onto a colum of Sephadex A-25 (150 m) in 0. 02 Mtriethylamoni um
hydrogen carbonate. The colum is eluted with a |linear gradient of the sane
buffer (0.02-0.20 M 1 1 each) to give the nmain fraction consisting of the
m xture of the 7- and 8-isoner (E[etgd4~ 0.92, fluorescent spot) The
residue after codistillation with nethanol is applied onto a colum (20
m) Dowex 1>@aleceCa3®)75}h® sobopnNwaghed ,wpt howazgr Aol M)JWI he

product. el ulgo! (R 370495%! G024 L SL AR b YA =
0.70; H-NMR spectrum is identical with that of its (R)—
enantiomer (Example 19). (a]D-+28,5‘ (c=0.5, 0.1M HCl).

Example 21
A mixture of 9-(R)-(2-hydroxypropyl)-N°-
benzoylguanine (2.5 g, 7 mmol) and di(2-propyl) p-
toluenesulfonyloxymethylphosphonate (2.9 g, 8.4 mmol) was
codistilled with dimethylformamide (two 25-mi~-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
tiltered. The filtrate was evaporated to dryness in high
vacuum and the residue in water (150 ml) extracted with
ether (two 50-ml-portions). The agueous solution was
© concentrated in vacuo to approx. 50 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) ammonia. The ammonia fraction vas
'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 evaporatad in vacuo and the residue dissolved in
water (100 ml). After 30 minutes, the solution was
- alkalized with ammonia and evaporated. The deionization

l ' C
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codistillation with water and trituration wth ethanol the product is
filtered, washed with ethanol and ether, and dried to afford 0.50 g of the
m xture of 7-isomer and 8-isoner in the ratio 1:4 (by [err]CGNW). The 7-
and 8- regioisoners were separated by chromat ography on DEAE Sephadex A25,
using elution by a 0.02 to 0.2 nolgfggradient of aqueous triethyl amonium
hydr ocarbonate at pH 7.5. For C[err]JHerr]Nerr]O[err]P (304, 2)

cal cul at ed: agd, Q%‘Eicét?zé% bn Béwax iix2 Qm‘z&”@erfamcﬁ?od%iﬂ%i% AR

0
AR e UL e A
2'-CH, 3.52fdem ot séuﬂnPk2-paa§pmpapnpthnxypn§pyaxguuhihh wias (J[err] =
Jert] =5, 2Bespipiratel; cfpn) kfanor fith pORY i g 3 S G S
3.50 m P—Chpodn]433)1©£dtthm@$p§npp_ ith m.p. 286°C. Por '
CgH, [NgOGP (303.3) calc.:C 35.64, H 4.65, N 23.10, P
10.23; found C 35.35, H 4.58, N 23.24, P 10.40. [a] =
'26,1° (c=0.5, 0.1M HCl). 1H-NHR-Spectrun (500 MHz, D,0,
NaOD): H-8: s, 1H, 7.90; 1/-CH,: dd, 1H, 4.21
(Tir,3 =446, T gy=14.5) and dd, 1H, 4.15 (3, ,,=5.5,
Jgen=14-5)7 2/~CH: m, 1H, 3.99 (ZI=28.7); 3'-c33: d, 3H,
1.14 (35, 5,=6.2); P-CH,: dd, 1H, 3.56 (Jp 9.3,

Jgam-12'4) and dd, 1H, 3.48 (J = 9.2, J’g =l12.4).

2

P,CH

Example 22

A mixture of 9-(S)~(2-hydroxypropyl)guanine

(1.57 g, 5 mmol) and di(2-propyl) p-
toluenesulfonyloxymethylphosphonate (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
tenperaturc under- exclusion’ of moisturé. Methanol (30
ml) was added and the’ solution left to stand overnight.
After neutralization with Dowex S0X8 (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=(S)=(2~
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Exampl e 47 9-(R)-(2-Phosphononet hoxypropyl ) -8-aza-2. 6-di am nopuri ne and
8-(R) -(2-Phosphononet hoxypropyl) -8-aza-2.6-di am nopuri ne A
suspensi on of 8-aza-2, 6-di am nopurine hem sulfate (25 nmol) in water (100
m) is stirred under addition of Dowex 50 X 8.(Herr] -form until

di ssol ution, the suspension was poured onto a colum of the same cation
exchanger (100 m) and the columm is washed with water until neutral. The
resin is then suspended in water (2049ml) and treated with aqueous ammoni a
until alkaline, filtered and washed with boiling water (total, 1 1). The
filtrate andPhasphanometboryPEOPYd)gupRine was, ated 3 dfkee

codistilled 4&t8 a&ﬂa&a&f;&%%odrés):ﬂma FRroldity Nad) Jdrfgntiomer
8- aza- 2, 6-di am nopuri ne d from,ether %ﬁ?h \Mtglthe same sol vent
and dri ed ové?xﬁﬁg§ﬂhaﬂds1ﬁe§bﬁx4aé Wﬁe&gbdg - R.p.
287°C. For C9H14N5 SP (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.
1H-NMR-Spectrum is identical with that of the (R)~-
enantiomer. [c]D-+26,3'-(c-0.5, 0.1M 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% aqueous
pyridine (20 ml) and enough dry ice was added to keep its
excess for 15 minutes. The mixture was again evaporated
and codistilled with pyridine (three 25-ml-portions) at
40°/13 Pa. Di-(2-propyl) p-toluenesulfonyloxyphosphonate -
(4.2 g, 12 mmol) was 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
‘1:methoxide in ‘methanol . (100 nl) was added and, after
standing overhight, the mixture 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
-avaporated in vacuo. The residue was deionized on a
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- 69- A suspension of this conpound (3.02 g, 20 mmol) and
cesium carbonate (3.3 g, 10 mol) in dinmethylformam de (60 m) is heated
at 100[err]C for 1 h and a solution of

(R -2-[(di (2-propyl)phosphonyl net hoxy] -1- tol uenesul f onyl oxypropane (8.6
g, 21 mmol) in di- nethylformamde (30 m) is added over 15 mn under. .
stirring. The heating and stirring Lggothen continued for additional 16 h,
the m xture stripped of the solvent in "vacuo and the residue extracted
with boiling edlumrofar MowéntS0x8 3(fed dbovdr =ndr ehe crudar mareedaiphed on

a 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 acatic
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

.crystiilization from water-ethanol. M.p. 261°C. E, =
0.70. For CgH,,N.O.P (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.
(@)y=~108.1° (c=0.5, 0.1M HCl).

Example 24
=-(S)=(2~ e
A mixture of adenine (1.62 g, 12 mmol) and
cesium carbonate (2.1 g, 6.5 mmol) in dimethylformamide
was stirred at 100°C and a solution of (S)-2-((di(2-
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
boilind chloroform (three 50-ml-portions), filtered and
__evapcrated in vacuo. The crude material afforded on
l-puritication by silica gel chromatography (150 ml) di-(2- .
.propyl) (S)-9-(z-phosphononethoxypropyl)adenine which
crystallized from ether (1.7 g, 46%), nm.p. 97-98°C. For
C,4H,N50,P (371.5) calc.: 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 takeh
down in vacuo and the product desalted and purified by

sment eet
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colum (250 m) silica gel in chloroformand the colum eluted with

chl or of orm net hanol m xture (95:5). The elution affords di(2-propyl)
9-(R)-(2- phosphononet hoxypropyl)-8-aza-2, 6-di am nopurine (R err]0.70.

TLC on silica gel, chloroform nethanol, 4:1) which after evaporation of
the relevant fractions and crystallization fromethyl acetate - petrol eum
ether gives 1.75 g (22.5%9 of a crystalline material, mp.120-122[err]C,
[err] = -4.7[err] (c=0,5, 0.1MHCl). For CJerr]Herr]Nerr](err]P (387.5).
calculated: C 43,40, H 6.76, N 25%1s P 8.01; found C 43.07, H 6.80, N
25,21 and 8.02% P. NWVR-Spectrum1.10+1.12+1. 14+1.[err] 1.17, 5 x d (3H
each), J= oecliyonZEpgraphydonlDpwek AXR[ eodlap 10 xl) mde&cz&mdjd 1H

J = 44 1 : 1H
S[gf:{]= ﬁ édhéHE]§765 gaél?H Z?ﬁérﬁlb $7§4g7@?férr]G%£ﬂ%?h dd,
1H (J[err]— 9 5 J[err] =12.7) P-CHerr] 4.43 dq (1H (J=6.1) + 4 47

(J=6.3, Jlerr] :7.8) P- OCH; 7.35.H§£h£ﬁ%_£§br (2xIH) NH err]; 6.37 brs
(2H) NH err]. This_croduc |$ reated mnt ac tonitrile (25 m)

H Yeudle ur e and t he

and bronotri met hyl si BE&# :

sol ution evaporat ed lmh!a&uﬁcﬁmbhEVas performed with 12 mmol adenine
and 10 mmol (R)=-2-((di(2-propyl)phosphonylmethoxy]-1-
toluenesulfonyloxypropane according to Example 22. Di(2-
bropyl) (R) =9~ (2-phosphonomethoxypropyl)adenine nm.p. 97¢C
was obtained by chromatography on silica gel and
crystallized from-ether (2.8 g, 75.5%). For c15325N504P
(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. [a]y=-2,9* (c=0.5, DMF).
The reaction of this product (1.8 g, 4.9 mmol) with
bromotrimethylsilane (3 ml) and acetonitrile (30 ml) was
performed as described in Example 22. Yield, 80% of 5-
(R) = (2-phosphonomethoxypropyl) adenine. (e]p=21.5¢, m.p.
279°C.

Example 26

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

was added to a stirred solution of 2-amino-6-chloropurine

_”(5 94 g, 35 mmol) in dimethylfornanide (60 ml) and after

1. hour stirring at ambient tamperature (R)=2=-[di(2-
'propyl}phosphonylrethoxy]-1-p-toluenesu1gpnyloxypropane
(12.2 g, 30 mmol) in dimethylformamide (26 1) was added
in one portion. The mixture was stirred at 80°C for 10

. hours and evaporated 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(2-propyl) 9-(R)-{2-
phosphonomethoxypropyl) -2-amino-6-chloropurine (7.5 g,
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(50 M) is added, the m xture al kalized by addition of conc. aqueous
ammoni a and the solution evaporated. Further work-up and purification is
performed essentially as described in Exanple 17. Yield, 0.90 g (65.5%
9-(R) - (2-phosphononet hoxypropyl)-2, 6-di am no- 8- azaadeni ne, m p.
-70- 238-242[err]C, [err]= +5,6[err](c=0.5 0.1IMHC1). [err]HNWR -
spectrum (Derr]0 + NaOD): 1.17 gggﬁ),(J[err] =6.3) CHerr]; 3.30 dd(1H)
53%) as a thick oil, Ry 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 overnight, the mixture was filtered, filtrate
alkalized with triethylamine and evaporated in wvacuo.
The residue was deionized on Dowex 50 x 8 (acid form)
(100 ml) as described in Example 24 and the ammonia
eluate avaporated 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 soclution 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
CH,N,OP (287.3) calc.: C 37.62, H 4.91, N 24.38, P
_10_.80,' found: C 37.42, H 5.'05, N 24.65, P 11.06.

Example 27
=(R)={2~ -2= -5~ u
A solution of di(z-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 extrsacted with chloroform (2
X 100 ml), filtered and the filtrate taken down to
dryness and evaporated in vacuo. The residue (R, 0.40,
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Jlerr]=9.1" J[err]=12.2 and 3.59 dd(IH) J[err]=9.3, J[err]=12.2, P-
CHerr]; 4.08 m [err]J =30.0 2'-CH, 4.45 dd(IH), J[err]=5.4 J[err]=14.9
and 4.49 dd(1H), J[err]=5.6, J [err] =14.9 1'-CHerr]. For Cerr] Herr]
Nferr] O[err] P (305.3) calc. C 31.47, H 4.62, N 32,12, P 10.17; found C
31.71, H5.02, N 31.88, P 9.96. E[err](pH7.5):0.85. Furt her
elution of the silica gel colum gives 1.40 g (18% of di(2-propyl)
8-(R)-(2- phosphononethoxypropyl) 8-aza- 2 6-di am nopurine (R err]® 50, TLC
on silica gel, chloroformmethanol ,”¥71), mp.148- 150-C (et hyl

QL er ] H or r RS9 ?it{;ﬁ%@ %%’cw] é&fgfé;[ég%t]‘é‘atgé“ﬁmé"w 1) im et 31, p
8.01; found o¥ers.pnspgh &r&& péhtdxideaodernightPand treated with
417 pent d »i:r%é’l 51 P nd oyt ﬁ?@?ﬁ%w G el ),
4.53 dd, rsfanding oyernighB 8§ ToOBHEempRIratureys the mm—.urw
(Jerr]=7. 6walrevdic¥dda® €d Lefhéhs3aRd €dkerdown in water (so -

ml). After 30 min it was alkalized with ammonia,

evaporated in vacuo and'thq regsidue 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 M

acetic acid (500 ml each). These eluates were discarded,

the resin was stirred with 2 M formic acid (500 ml),

filtered and washed with beiling 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-é-thiopurine, m.p. 188°C (dec.). For CH;\N,0P

(3;9.3) calc.: C 33.85, H 4.42, N 21.94, P 9.72, S

10.04; found: C 33.83, H 4.69, N 22.15, P 9.99, S 10.30.

Example 28

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

. phosphonomethoxypropyl)-z-amino-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 (R; 0.30, TLC
on silica gel, chloroform-methanol, 9:1) was dried over
phosphorus pentoxide overnight and treated with
acetonitrile.(zo ml) and bromotrimethylsilane (2 ml).
After standing overnight at room temperature, the mixture
was evaporated to dryness and taken down in water
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(J[err]=9.0, J[err] =12.7) + 3.75 dd, 1H (J[err] =9.5, J[err] =12.7) P-

9 CHerr]; 7.50 + 6.08, 2xbr (2x2H) NH err]. The reaction with
bronotrinmethylsilane is performed essentially as described for the
9-isoner; yield, 0.80 g (72.5% 8-(R)- (2-phosphononethoxypropyl)-8-aza-2,
6-di am nopurine, mp. 238-240[err]C, [err]=-23,5err] (c=0.5, 0.1MHC1).
[err] HHNWMR spectrum (D err] OtNaOD): 1.21 d(3H), (J[err] =6. 3) CHerr]; 3,50
dd(lH), J[err] =9.2, J[lerr]=12.2 and.g}-58 dd(I H) (J[err]=9. 4, J[err]—12 2)

. P- CHerr]; 4.17.m J[err]J =29.3 2'-CH 4.70 d(2H), J[err] =5.2) 1'-

CH err] For (5uﬁu1)b{egfté&eno]ﬁhﬂrlthéBOSIBalﬁahd wit8l amhionlilad. 62, N

EFe%?](EH%OS%J éé?' 30 74¢uo anéStthggsggue aéglied on Dowex 50
(acid form) column (100 ml). Washing with water eluted
with retention the UV-absorbing peak of the product which
was aevaporated in vacuo and the residue crystallized from
water (equal volume of ethanol added after dissclution.
Yield, 0.95 g (47%) 9-(R)~-(2-phosphonomethoxypropyl)-2-
amino-6-azidopurine, not melting to 300°C. For CH,N,OP
(328.3) calec.: C 32.92, H 3.99, N 34.14, P 9. 45, found:
C 233.03, H 4.29, N 33.75, P 9.59.

Example 29

9« (R) = (2-phosphononethoxypropyl) -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)
overniqht at room temperature. 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 (50 ml) (cf. Example 25) and the
ammonia eluate aevaporated to dryness. The residue in
water (pH adjusted to 9) was applied on a column of Dowex
1 X 2 (acetate) which was first wvashed with water to
remove salts and the product 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
(ethancl added to turbidity) to afford 9-(R)=-(2-
phosphonomethoxypropyl) -2, 6-diaminopurine (120 ng) ,
identical with the preparation according to Example 19.
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-71- Example 48 9- (R) -

(2- Phosphononet hoxypr opyl ) - 6- ner capt opuri ne Sodi um hydri de (0. 40
g, 60% di spersion in paraffin, 10 nmol) is added to a solution of 6-
chloropurine (1.55 g, 10 mmol) in dinethylformande (25 m) and the mxture
stirred for 1 h at anmbient tenperature. A solution of

(R -2-[(di (2-propyl) phospho- nyInethoxy]-l-toluenesulfonyloxypropane (6.5
g, 15.9 mol) in dinethylformam de_ggQ m) is added and the m xture stirred
at 60[err]C for 8 h. The mixture is then stripped off the solvent in vacuo
and the residue extracted with hot chloroform (total, 250 m ). The extract

IS then evaporated in vacuo and the resifue chr omat ogr aphed on a col um
(250 mM) of silica gel in

A mixture of 3-deazaadenine (1.45 g, 10.8
mmol), cesium carbonate {(1.75 g, S5S.4 mmol) and
dimethylformanide (25 ml) was stirred at 100°C for 1 h
and a solution of (R)=-2-(di(2-propyl)phosphonylmethoxyj-
i-p~toluenesulfonyloxypropane (3.67 g, 9 mmol) in
dimethylformanide (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 (total 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 C, H,NOJP (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~

_Spectrun (PH2): 1. 262 (€16500).

This diester (1.0 g, 2.7 mmol) was treated with
acetonitrile (25 ml) and bromotrimethylsilane (2.5 ml)
overnight,hTThe_nixtu;a was then worked up as described

" - in-Example 27 to afford, after deionization and
" 'chromatography on Dowex 1 X 2 9-(R)-(2-phosphoncmethoxy
Propyl)-3-deazaadenine in 78% yield, not melting to
300°C. For C,H,NOP (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). E, =
0.68 (pH 7.5).
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chloroform The product is eluted with chl orof om net hanol (95:5) and the
rel evant fractions containing product were evaporated to dryness. Yield,
2.35 g (6099 of the oily di(2-propyl) 8-(R)-(2-phosphononet hoxypropyl) - 6-
chloropurine (R err]O 70, TLC on silica gel, chloroform nethanol, 4:1),

m p. 148-150[ err] C (et hyl acetate-petroleumether), [err] =243, 7[err](c=0,5,
0.1MHC1) - For Clerr]Herr]CONerr]qerr]P (390.9): Mass ’ '
spectrum 391(Merr] ), 348 (MiPr),-866 (M 2xiPr); NVR Spectrum 1.05 d
(3H), J=6.1) CHerr]; 4.02 pent d ([err]J=28.9) 2'-CH 4.30 dd; 1H (J[err]
= 7.00,Jd[err] = 14.3) +4.45 dd, 1H (J[err] =3.6, J[err]) 1'-CHerr]; 4.49

m 2H (J[err] =7.6) P-OCH- 3.68 dd, %f?ﬁﬂ%ﬁ&ék = 9.8, Jlerr] =13.7) + 3.82
dd, 1H(J[err] = 9.2, J =13.7) P—CH[e P 1. 13+1. 33 (3xd 4x3H), J=6.1,
J 6 3) G‘l[ erl‘] ( (B4 kit g 2 ) a Th| s

product is treatedgw 0 _1 h, the
solution is al kal i Z&0 and t he

resi due extracted wt h%m&r rﬂf( ;?o@zmdenﬁm e(x:‘t'r“efttgvl sfl% pametled in -
vacuo and thgeggghdearbBhate (.63 glLG.% mmol) and dimethylformamide )

(25 ml) was preheated to 100°C and a solution of (R)=2-
{di(2-propyl)phosphonylmethoxy]-i-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 ml), filtered 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
vyield of 0.90 g (37%). UV-Spectrum (pH2): 1, 265.5
(€14000). Ry 0.50 (TLC on silica gel in chloroform-
methanol, 9:1). 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. Ry 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-phosphonomethoxyprcpyl)-a-aiaadanina 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 4.88, N 29.06, P 10.73; found C 32.97, H 4.63,
N 29.00, P 11.10.
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-72- silica gel, chloroformnethanol, 4:1) dried in vacuo. Acetonitrile.
(40 mM) and bronotrinethylsilane (4 m) is added and the m xture stirred
till dissolution. The mxture is left to stand overni ght at room
tenperature, taken down to dryness in vacuo and dissolved in water (100m)
by al kalization with conc.aqueous ammoni a. The al kal i ne solutlon is then
evaporated in vacuo and the :

-57 -

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
CeH [NoOP (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 mixture
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
evaporited in vacuo, 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)h&poxanthine,'UV-Spectrun (pH2): 1, 251 nm. For
CH;NOP (288.3) calec.: C 37.50, N 4.54, N 19.44,
P 10.77; found: <€ 37.35, H 4.55, N 19.22, P 10.86.

. Example 33
- - - S

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. Yieldq, 66% 9~(S)~(2-phosphonomethoxypropyl) hypoxan-
thine. W-Spectrun (pH2): 1., 251 nm. For CH;NOP
(288.3) calc.: C 37.50, H 4.54, N 19.44, P 10.77; found:
C 37.80, H 4.65, N 19.56, P 10.55.
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residue in water (20 m)(alkalized by ammonia) is applied onto a colum
(150 m) Sephadex A-25 equilibrated with 0.05 Mtriethyl ammoni um hydrogen
carbonate (pH 7.5). The colum is eluted with the same buffer until the
absorption of the eluate drops to the original value and then with |inear
gradient (0.02M0.2M tri et hyl ammoni um hydrogen carbonate (pH 7.5) (11 each).
The main UV absorbing fraction is taken down to dryness and codis--tilled
wi th methanol (5x50 ml) in vacuo. IBg-residue is applied in 10 ml water on
a colum (50 m) Dowex 1 X 2 (acetate form, the colum washed with water
and the ionex stirred in 10% aqueous formc acid (200 m) for 15 mn. The

suspension is filtered and the resig masged;ﬁepeatedly with boiling water
(total, 1 1). The f||trates gafford ntration in vacuo and
recrystalllzatlon D = ) v D SRX N [ reRvambpe+§~6-t hi opuri ne
(0,90 g, 49%, mp.156- 158[err] ] e ] (c= 0. 5 0.1HA).

[err] H NMR-Spectrum (Df err] O+ err], =5.4) CHerr], 3.57
dd(1H), J[err] =9.5, & eolutimn i (R-Trapyl)H)S-(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 vacyo. The residue in s0%
aqueous methanol (20 ml) is applied onto a column (50 ml)
of Dowex 50 x 8 (H*'-form) in 20% aqueous methanol and the
column washed with the same eluent until the UV~
absorption dropped to the original value. The colunn 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 phosphorus pentoxide at 13 Pa. The resulting
product is treated with acetonitrile (30 ml) and
bromotrimethylsilane (3 ml) overnight at room temperature
and the sclution evaporated jin vacuoc. Water (50 ml) is
added, the mixture alkalized by addition of conc. aqueocus
ammonia and the solution evaporated. Further work-up and
purificatioh is performed essentially as described in

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

'phosphononethoxypropyl)-2-anino-s-dimethylaninopurine,
B.p. 154-156°C, [a]p=~10,6°(c=0.5, 0.1M HCl). I'H-NMR
spectrum (D,0 + NaoOD): 1.165 d(3H), Jy,= 6.3 CH;; 3.27 8
(6H) N~CH,; 3.47 dd(1H), Jpu~9.5, J,=12.9 and 3.65 dd(1RH)
Jpcu™9.3, J=12.9, P~CH,; 3.91 m, LT = 29.0 2/~CH; 4.06
dd(1H), J)3,=6.4, J,=14.6 and 4.16 dd(1H), Jy,=3.7,
J=14.6 1'-CH,;; 7.79 s(1H), H-8. For C,H,NoOFP (330.3)
calc. C 40.00, H's.ao, N 25.44, P 9.38; found C 39.54, H
5.75, N 24.78, P 8.92. ' :
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(J[err] =9.5" Jlerr] =[err] 2) P-CHerr]; 4.02 m2' -CH 4.31 d(2H)(
J[lerr]=6.8) + 4.52 d, 2H (J[err]<2.0, J[err] = 14.4) 1'- CHerr]; 8.35
+8.72, 2xs (2H) H2+H8. For CH N O 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.

-73- Exanpl e 49

-59~

dimethylaminopurine

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 vacuc. The
residue in 50% aqueocus methanocl (20 ml) is applied onto a
column (S0 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%
agqueous 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 vacuoc. 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, 0.40 ¢ (35%) 9~(R)=(2- |
phosphonopeﬁhbiypropyi)-2-anino-s-dinethylaninopurine,
n.p.162-164°C, [ajD-'-s,a-tc-'o.s, 0.1M HC1). For
C..H N6°4P (358.4) calc., C 43.56, H 6.47, N 23,45, P

13 23
8.66; found C 43.80, H 6.73, N 23.78, P 8.90.

A mixture of di{2-propyl) 9-(R)~(2-
phosphonomethoxyprcpyl)—2-§nino-6-chloropurine (0.50 g,
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9- (R) - (2-Phosphononet hoxypropyl) -N1, N6-ethenoadeni ne : A
solution of 9-(R)-(2- phosphononet hoxypropyl)adenine (0.40 g) in 1M

chl oroacet al dehyde solution in water (20 m) is incubated at 37[err]C for
48 h and evaporated in vacua. The residue in water (10 m) is applied on a
colum (250 m) octadecylsilica gel (20-30[err[) and washed with vat er
(3nml/mn)..The fractions (20 mM) are analyzed by HPLC in Q.05 M

tri et hyl ammoni um hydrogen carbonate pH 7.5 and the appropriate fractions
pool ed and taken down in vacuo. Th€ oduct is triturated with ethanol and

filtered. Yi 180- ] [ =- Hlearr](c=0.5,
0. 1M HC1) . Fﬁ’igﬁ’g‘?‘?] %é?&{%m[ﬁ"?r B%g 3%&?%?‘?&%’. 2‘%'&’2.[@4?, H 4. 53,
N 22,50, P %and;ethanol C(IQ B8D) £B4riﬁluNGQZuﬁdgrPexleBion of
Exanpl e 50 aj nst efl,Cl Vi s a
Mol oney wrﬁ@@%@nﬁgg #E@ ?ﬁg{?@ah 88 &h vaeas. #{é c?lk\/éi)‘{py%% t he
conpounds agehesreattidnamiixture, 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-6~butylaminopurine, m.p.140-142°C, [c]D--J.J.,S'
(c=0.5, 0.1M Hc1).ln-m spectrun (D O + NaoOD):1.18
d(38), J,, ,,= 5.9 CH;; 3.52 dd(lH), 2, cx =9.8, J _=12.5
and 3.67 4d(1H) J P, ™95 39-12 .5, P- cx 3.93 m, 2/-CH;
4.05 ad(1m), J,,,,= 6.1, J_=14.6 and 4.16 dd(lH),
Jl,z,=3.5, J = 14.6 1’~CHz; 7.83 s(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-CH2; 3.43 br m(2H) 1-CH_.For

2

c13324N6°4P (359.4) calc. C 43.44, H 6.73, N 23,39, P

8.64; found C 43.31, H 6.20, N 23.57, P 8.90.

A nmixture of di(2-propyl) 9-(R)-(2-
phasphonomethoxypropyl)-2-anino-6-chloropurine (0.50 g,
_prepared accordxng to Example 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 Example 34. Yield,
0.35 g (75 %) of 9-(R)-(2-phosphon6methoxypropyl)-2- '
amino-6-(2-butyl)aminopurine, m.p.148-149°C, [a]D--
14,5°(c=0.5, 0.1M HCl). lll-mm spectrum (D20+NaOD): 1.17
- d(3H), 33,'2,- 6.3, CH,; 3.51 dd(1H), 'Jp,cn’g‘s' Jg-12.5
and 3.63 dd (1R) JP'C'H"9-3v Jg-lz.s, P-CH,; 3.94 m, 2~
CH; 4.08 dad(in), 31'2" 6.1, Jg-14.§ and 4.19 dd(1H),
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H V-2 induced cytopathicity was exam ned in human | ynphocyte MI-4 cells.
The cells (250 000 cells/m) were infected wwth 100 CaDerr] (1 CCDerr]
is a virus quantity which causes cytopathicity effect in 50% of the cells
under the experinental conditions) of HV-1 or HV-2 and added to 200
[err]1l-wells of a mcrotiter plate containing different dilutions of the
test compounds. The infected cell cultures were then incubdted at 37[efr{C
for 5 days in a hunidified COerr] ~&mrolled i ncubator. Then, the
cytopathicity of the virus was, exanmined by determ nation of MI-4 cel

viability by,tpyfan ol e )&#sﬁa}nTﬁﬁglTﬂe3§e§&FF%'aﬁéssuﬁﬂﬁwﬁﬂéd in Tabl e

1 in conparip3oq W(HMLNTLAIR PNLiIdS @LIMP) y@escerrcaurada.n br
pent(2H), £J=28.1 CH,; 4.15 br m(1H) CH. For c13H24N6°4P
(359.4) calc. C 43.44, H 6.73, N 23,39, P 8.64; found C

43.35, H 6.59, N 23.67, P 8.68.

A mixture of di(2-propyl) 9-(R)-(2-
phosphonoméfhoxypropyl)-z-anino-s—chloropurine (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 (Bd
$) of 9-137)~-(2-phosphonomethoxypropyl)-2-amino~6- '
cyclopropylaminopurine, m.p.178-179°C, [c]n--zs,s-
(c=0.5, 0.1M HCl).IH-NHR spectrum (Dzo + NaoD):1.21
d(3H), J 37, 2,= 6.1 CH3; 3.56 4d(1H), JP,CH-g's' J =12,.9
and 3.73 dd4 (1H) Iy p,ca” =9.8, J_=12.9, P~CH,; 3.96 m, 2/~
CH; 4.06 dd(1H), J tngs™ 66, 7 _=14.4 and 4.18 dd(1H),
J1'2’ =3, 2, J = 14.4 1'-C8 ; 7.87 s(1H), B-8; cyclopropyl:
2.84 n(lH) CH, '0.70 n(ZH) + 0.94 m{2H) CHz. C1282°N604P
(343.4).calc. C 41.97, H 5.87, N 24,48, P 9.04; found C

41.76, B 6.05, N 24.77, P 9.21.

A mixture of di(2-propyl) 9-(R)-(2~
phosphonomethoxypropyl) ~2-amino-6-chloropurine (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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-74- Al'so shown in Table 1 are results of testing the activity
of the conpounds agai nst MSV-induced transformation in nurine enbryo
fibroblast C3H 3T3 cells. The cells were seeded in 1-m-wells of a 48-well
mcrotiter plate and exposed to 80 PFU (plaque formng units) for 60 - 90
m nutes. Then, the virus was renoved and cul ture nmedi um gont ai ni g ’
appropriate concentrations of the tggL conpounds were added (1 m per
well). At day 6 post infection, MSV-induced transformation of the cel

cul ture was moiaturesl £o:£r D> Copand | dyapdietedsin twacue. sSThiaawoziecupnofable 1

In conpari s%ewzlehaétbforg %fx@&é'f‘ef&ff&ﬁﬂd)ergfé@féip%ith bromo-
_ trimethyisilane 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- 5
cyclopentylaminopurine, m.p. 167-170°C, [«a] --17 bR .
(c=0.5, 0.1M HCl). 1H-NHR spectrum (D 0o + NaOD). 1.17
a(3g), J;, .= = 6.3, CH,; 3.67 dd(lil). p,ca~ -8 I = 12.2
and 3.56 dd (IH) JP CH =9,3, J =12.2, P-Cﬂz, 3.97 br sext
(1R), 2’=CH, EJ=29. 1, 4.18 4A(2H), J 1727 =5.1, 1’ -CHZ 7.92
s(1H), H-8; cyclopentyl: 4.33 m(l1H) CH; 2.00 m (2H) +
1.70 m(2H) CHz + 1.60m (2H) + 1.54m (2H). C14Hz4NGO4P
(371.4) calc. 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.

A mixture of di(2-propyl) 9-{(R)-(2-
phosphonomethoxypropyl) -2-amino-6-chloropurine (0.50 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-phosphqnomethoxypropy1)-z-anino-s-
cyclchexylaminopurine, m.p. 164-165°C, {a] =-15,9°
(c=0.5, 0.1M HC1). H-NMR spectrunm (D,0 + NaoD):1.12
d(3H), 33,'2,- 6.3; 3.43 dd(1H), J P,CH =9,3, 39-12 .4 and ; '
3.52 dd (1H) JP,CH'S 3, Jq-lz 4, P~ Cﬁz, 3.93 m, 2/~-CH;
4.10 dd(1H), J 5.6, Jq-14.6 and 4.18 dd(lH), v

1w2r” _
Jirg,=4-4, Jg- 14.6.17=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) CHzo CISHZSN O4P (384.’) calc. C 46.86, H
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- 75- [err]

6.56, N 21,87, P 8.07; found C 46.44, H 6.85, N 22.07,
P 8.21. '

Example 41

é-pyrrolidinopurine
A mixture of di(2-propyl) 9-(R)-(2-

bhosphonomethoxypropyl)-2—amino-6-chloropurine (0.50 g,
prepared according to Example 26), pyrrolidine (i.o 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, [aJD--17,4° (c=0.5,
0.1M nc1).1n-uun spectrum (DO + NaoD):1.21 d(3H),
_33,'2,- 6.1, CH,; 3.57 dd(1H), Jp,cn"'s' Jg=12.2 and
3.65 dd (1H) JP'CK-S.S, Jg-zz.z, P~CH,; 3.98 br sext(1iH)
2’-CH; 4.18 d(2H), 31,2,-4.9, 1'-C32,' 7.85 s(1H), H-8;
pyrrolidin—l-yl: 3.41 br(2H) and 3.75 br(2H) N-CHz;
1.93br(2H) + 2.00 br(2H) C-CH,. € ,H, N.O P (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
=piveridinopurine |
' A mixture of di(2~-propyl) 9-(R)~-(2-~
phosphonomethoxypropyl) ~2-amino-6~-chloropurine (0.50 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 work-up of
the reaction mixture, following reaction with bromo-

trimethylsilane and isolation of the product is performed
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-76- [err]

-64~

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, (a] =-0.8° (c=0.5, 0.1M
HC1) . 'H-NMR spectrum (D,0 + NaoD):1. % 4G, 3
B 6.1, CH3, 3.44 dd(1H), J
(1H) J

3!, 20"
P,CH =9.0, J _=12.4 and 3. 55 dd

p, ™93 Tgm12.4, pcxz, 3.93 m(1H) 2/-CH; 4.09
4 (2H) .71,,2,- 6.1, Jg-14.4 and 4.17 dd(1H), J,,,,=4.1,
Jg=14.4 1'—CH2; 7.88 s(1H), H-8; piperidin-i-yl: 3.95 br
t(4H), J=5.4 N-CHZ; 1.60 mn (4H)+1.69 m(2H) C-CHZZ

c,  H N O4P (370.4) calc. C 45.40, H 6.26, N 22,69, P

14 23 .
8.36; found C 45.68, H 5.94, N 22.46, P 8.41.

Example 43

9— - - - _J e j-—

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 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, 0.45 g
(94.5%) of 9-(R) (2-phosphonomethoxypropyl)-2-amino-6-

. morpholinopurine, M.P. 1so-1sz°c, (a) -+7 1*(c=0.5, 0.1M
* HCl) . 'H-NMR spectrum (D,0 + NaoD):1. 15 aqm), J

2'
6.1; 3.50 dd(1H), T, . 2. 8, J =12.9 and 3.68 aa (1)
Ip, ™93, I =12.9, CH,; 3.90 m(1H) 2/~CH; 4.05 d(2H)
J‘l,,z, 6.6, J_=14.4 and 4.18 dd(1H), J,,,,=3.2, J _=14.4

1'-CH2; 7.81 8(1H), H~-8; morpholin-i-yl: 4.03 br t(4H), ,
J=4.5 'N-CHZ; 3.80 br t(4H) C-Cﬂz.c13K21860 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.
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-77- Concl usi ons: (1) Most of the resol ved conpounds
of the Formula | exam ned .showed marked anti-H 'V activity in vitro. H V-1
and HIV-2 did not differ in their sensitivity to the test conpounds.

(2) (R -PWPA was markedly inhibitory to retrovirus replication at 1 - 2
[err]g/mM and non-toxic to the cells at 100 ng/m . Its selectivity index
(ratio cytotoxic dose/antivirally active dose) proved super+ior over that.of
t he prototype conmpound PVMEA. The (525 enanti omer of PMEA was devoi d of

mar ked -antiretroviral activity. (3) (R -PWPDAP was exquisitely
inhibitory to retrovirus replication (EC50 0.01-0.1 [err]g/ M) and non-
toxic to the cells at 100 [err]Jg/m . It proved superior over PMEA and ot her
pr ot ot ype conpounds in ternms of bot m

§=benzylaminopurine
A mixture of di(2-propyl) 9-(R)-(2-

phosphonomethoxypropyl) -2-amino-é6-chloropurine (0.50 g,
prepared according to Example 26), benzylamine (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 bromo-
trimethylsilane and isolation of the product is performed
essentially as described in Example 34. Yield, 0.45 g
(90%) of 9-(R)~ ~(2-phosphonomethoxypropyl) -2-amino-6-
benzylaminopurine, B.p.158-160°C, [c] ==4,9° (c=0.5, 0.1iM
HCl) . H-NHR spectrum (D O + NaoOD):1. 13 d(3H), J 37, 2™

5.9; 3. 52 dd(iH), J P,CH 10 3, Jq-lz .0 and 3.68 dd (1H)
P,CH =10.0, 39-12.0, P-CHz, 3.86 m(1H) 2’-CH; 3.99 d(2H)
Tyngs™ 5-6, J_=14.4 and 4.09 dd(1H), J,,,,=3.5, T _=14.4
1'-CHz; 7.77 s(1H), H-8; arom.protons: 7.22 m(S5H); 4.58
br s(2H) benzyl-CHz. C. H. _NOP (392.3) calc. C 48.98, H

16 21 6 4
5.39, N 22,42, P 7.89; found C 49.16, H 5.37, N 21.23, P

7.86.

Example 45
2=(S)~(2-Phor-honomethoxypropyl} -§-3zaquanine and §-(S)-
. A ©. .mure 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 cooling at room temperature,
the precipitated product is filtered by suction, washed
with ethanol and ether and dried in vacuo. Yield, 3.1 g
(65%) N2-dimethylaminomethylene-8-azaguanine, HPLC pure.
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antiviral activity and lack of toxicity. Its selectivity index was > 2 000
for HV-1 and HI V-2. Exanpl e 51 Treat nent of Mol oney nuri ne
sarconma virus (MsV) infection in mce by intraperitoneal adm nistration

Two gram newborn NVRI mice were injected intramuscularly in the left hind
leg with 50 [err]l of 250- fold diluted stock preparation of Ml oney murine
sarcoma virus. Starting 2-4 hours before virus infection, ‘'each ani mal was

i nj ected intraperitoneally in groupsé6f 10 with a single dose of test
conpound with 50, 20 or / kg of the resol ved conpounds of the Formula I
or prot otypeTbsnpémﬂ(fQﬁrg‘lﬁﬁ@\RMQ% (e FoolomBold, Tepsdunm);

COfmoundS (Rl:a? NERatad &RWMDD@Dmﬁdmﬂa s§§reﬁ-pké9 (et the dose of 5 .
and 2 Anot her group of ' m.ce (20 ani mal s ni stered RPM - 1640

nedlun1as pIEE@BBl)RPP5GQﬁ§XLRﬂ$ “orkphyenasplie XYBEOPAR®i & The
nce vere obagpueyd¥oivhandde’q40 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 methanol 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-chloroform mixture (5:95). 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
temperature. The work-up of the mixture is performed as
described in Example 34. The product is isolated by ion
exchange chromatography on Dowex S0 X 8 (H+-£orn) and
crystallized from water. Yield, 0.45 gq.

Further elution of the silica gel column
affords the 9-isomer (Rf=0.36, TILC 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-(5) (2-phosphonomethoxypropyl)-s-azaguanine
(0.50 g, HPLC pure).

’.
- e

ome bt * ot - |
The reaction is performed essentially as .
described for the (S)-enantiomers in Example 44. After
the work-up of the condensation mixture with aqueous
methanolic ammonia the crude mixture of bis(2-propyl-
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-78- days and the day of tunor initiation and the day of aninmal death was
recorded for each animal. Statistical analyses were performed by .
cal culating the standard deviation. The summarized results are shown in the

Tabl e 2.

-7~
l)esters is applied onto a column of Dowex 50 X 8 (H+_

form) (150 ml) and the column eluted with 20% aqueous met-
hanol. The UV-absorbing fraction is taken down in vacuo
and dried affording 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)-iscmer (0.50 g{. For caxlsNGOSP (304,2)
calculated: 31,59% C, 4.31% H, 27.62%IN, 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%
agueous 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 mixture
is deionized on a column (100 ml) Dowex 50 X 8 (8 -torm) ..
The ammonia eluate 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 X
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 ( 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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-79-

[err]

codistililation wifh_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 13C-NMR). The 7- and 8-

regioisbmers were separated by chromatography on DEAE
Sephadex A25, using elution by a 0.02 to 0.2 molar
gradient of aqueous triethylammonium hydrocarbonate at pH
7.5. For C K13N605P (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. }HBNHR (Dzo + NaOD): 8-Isomer: 4.65 2xdd, 2H
(31rps™ 5-4,3,5,75-1,T = 14.0) 1/=CH,; 4.17 br sext, 1H
(IJ=29.5) 2/-CH; 3.52 dd, 1H (JPCH = 9,7, J_ = 12.2) +
3.47 dd4, 1H (JPCH.Q'O' Jg = 12.2) P-Cﬁz; 1.18 4, 3H
(33,2,-6.3); 7-Isomer 4.76 2xdd, 2H (Jl,z,- 31“2,-5.2,
Jg=_14.0) 1'-CH2; 4.13 br sext, 1H (J=29.5) 2’/~CH; 3.50

o, P-Cﬂz,' 1.16 d' 3H (Ja,z"5.3).

A suspension of 8-aza-2,6-diaminopurine -
hemisulfate (25 mmol) in water (100 ml) is stirred under

'addition of Dowex 50 X 8 (H ~torm) until dissolution, the

suspension vas poured onto a‘column of the same cation
exchangsr (100 nl) and the column is washed with water
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 ethanecl (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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-9 =

A suspension of this compound (3.02 g, 20 mmol)
and cesium carbonate (3.3 g, 10 mmol) in
dimethylformaﬁide (60 ml) is heated at 100°C for 1 h and
a solution of (R)-z;[(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). The
elution affords di(2-propyl) 9-=(R)-(2-
phosphonomethoxypropyl)-8-aza-2, 6-diaminopurine (RF°°7°'
TLC on silica gel, chloroform—- methanol, 4:1) which after
evaporation of the relevant fractions and crystallization
from ethyl acetate.- petroleum ether gives 1.75 g (22.5%)
of a crystalline material, m.p.120-122°C, [a]D- -4.7°
(c=0,5, 0.1M HCl). For C14H268704P (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 each), J= 6.1), cna; 4.11 pent d (TI=29.5) 2/~
CH; 4.28 2xdd, 1H (31.2,- 4.90, J = 14.4) 1'-C82; 4.34

44,18, (3., ,,=7:1, J_=14.4) 2/-CH; 3.65 dd, 1H (I, =

CH .
4.43'dq (1H) (JI=6.1) + 4.47 (IJ=6.3, JP_O_CH-7.8) P~OCH;
7.35 + 7.70, 2xbr (2x1H) Nﬂz; 6.37 brs (2H) NHZ.

This product is treated with acetonitrile (25

®=l) and bromotrimethylsilane (2.5 ml) overnight at room

temperature and the solution evaporated 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~diamino-8-azaadenine, m.p.
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VWiile (S)-enantioner of PMPA (and FPMPA) has no marked antiretroviral
activity in vivo at the dose of 50 ny/kg, (R -PWMPA, (R)- PMPDAP proved
highly effective in inhibiting tunor initiation and prol onging the

| ife-span of MSV-infected mce. A single (R -PWMPA dose of 50 ng/ kg afforded
full protection against MSV-induced tunor devel opnent. At | ower doses, this
conpound proved superior over (S)-FPMPA in postponing the day of tunor
initiation and the nmean day of aninmal death. A 'single (R)-PMPDAP dose: of
10-20 ng/ kg gave virtually full prgteection of the aninmals (90-95% agai nst
MSV- i nduced tunor devel opnent; at a dose of 2 ng/Kkg, significant prevention

observed,  238uaddqy i dfedgs, bVTeb. 57 §) R DR Ao e

ef fective itPjAct HNadd): thelﬁethth(@$ nﬁ6.3hicH§timnsanddqmnyal death
at the si ”gi‘l,e Josg. ] 310-1'?5’ $UAKE 3159784 i'iffrﬂror =9.3, J_=12.2, B-
CHZ' 4.08 m, EJ = 30.0 2/=-CH; 4.45 dd(lH), 1“2?-5.4,
Jg=14.9 and 4.49 dd(1H), J1'2’ 5.6, Jg- 14.9 1’-CHz. For
C8314N O4P (305.3) calc. C 31.47, H 4.62, N 32,12, P
10.17; found C 31.71, H §.02, N 31.88, P 9.96.

Ey, (PH7.5)=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 (RFO.SO,
TLC on silica gel, chloroform-methanol, 4:1), m.p.148-
150°C (ethyl acetate-petroleuﬁ ether), [a] p=—43,7°(e=0,5,
0.1M HCl). For C14H26N7O4P (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 (3H

each), J= §.1) st; 4.17 pent d (ZJ=31.0) 2/-CH; 4.50 44,

18 (J,,,,6.60, J_ = 13.9)+
4.53 dd, 1H (J,,,,=5.4, T =13.9) 1/=CH,; 4.47+4.43 2xdq,
2" (I, _ocg™7+6s JCH,CH,=6.1) P-OCH; 3. & dd, 1H

(J =9.0, Jg-lz «7) + 3 75 44, 1H (JPcn 9.5, J =12,7) P~
. cnz; 7.50 + 6.08, 2xbr (2x2H) NH . The reaction with
bromotrimethylsilane is perforned essentially as
described for the 9-isoner, yield, 0.80 g (72.5%) 8=(R)~
(2-phosphcnonethoxypropyl)-a-aza-z 6-diaminopurine, m.p.
238-240°C, (a] --23 5°* (c=0.5, 0.1M HCl). 1H-NHR spectrun
inzo«i-Naon) 1. 21 a(3m), (J,, Y =6.3) CH,; 3.50 dd (1H),
JP CcH =93,.2, Jg-lz .2 and 3. 58 dd(lH)(JP CH =9,.4, Jg-lz «2) P=-
caz. 4.17.m, TJ = 29.3 2/=CH; 4.70 d(2KH), J 1rgr™52) 17
CH . For C8H14N O P (305.3) calc. C 31.47, H 4.62, N
32 12, P 10.17; round C 30.74, H 4.55, N 29. 90, P 10.16.

H7.5)= .
p(p 5)=0.85
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I n these assays over the prototype conpound PMEA. (2) (R).- PMPDAP
was one of the nost active anti- MSV conpound of the series exam ned in

vivo. It proved five-fold superior over (R -PMPA. It contrasts to the
FPVP-seri es where the adenine derivative is nore active in the assays than
t he di am nopurine counterpart. (3) The in vivo activity of the
conpounds of the Fornula 1 are in agreenent with their antiviral activities
agatnst H'V and MSV in vitro. Exanpl e 52 Treat nent
of Mol oney murine sarcona Virus (NBV) |nfect|on in mce by oral

adm ni stration - Three-week-old NVRI nice (about 10 grans body

wei ght) were injected intranuscularly in the left hind leg with 50 [err]l
of 20-fold diluted stock preparation E¥amplend8 nurine sarcoma virus.

Starting 2-4 qusp- pelphEsphonomethoxypropyl) -6-mercaptopurine
Sodium 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 fractions containing product were
evaporated to dryness. Yield, 2.35 g (60%) of the oily
di(2-propyl) 8-(R)-(2~-phosphonomethoxypropyl)-6-
chlorOpurine (3?0.70, TILC on silica gel, chloroform~-
methanol, 4:1), m.p.148-150°C (ethyl acetate-petroleum
ether), [a] ==43,7°*{(c=0,5, O. %H HCl). For C15824CIK o.P
(390.9): Hass spectrum: 391(H . 348 (M-iPr), 306 (M-
inPr), NMR-Spectrum: 1.05 4 (3H), J= 6.1) CH3, 4.02 pent
d (TJ=28.9) 2/-CH; 4.30 dd, 1H (Tywgp,™7-00, Jg -
14.3)+4 45 44, 1H (31’2’ =3,6, Jq-14 «3) 1'-C§2: 4.49 m, 2H
(Tpocy™7-6) P~OCH; 3.68 dd, 1H (J, . =9.8, J’g-13.7) +
3.82 dd, 1H(J,,~9.2, J_=13.7) P~CH,; 1.12+1.13+1.33
{3xd, 4x3H), I=6.1, JI=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 (RF0.63, TLC on

This is the replacement gheet
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83 CLAIMS 1. A conpound of
the formul a: [err] '

-72=

silica gel, chloroform-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). Th
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% aqueocus formic acid (200 ml) for 15
min. The suspension is filtered and the resin washed
répeatedly with boiling water (total, 1 1l). 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, O. 1HC1)
1g-Mm-spectrunm (D,0+Na0D)'s 1.25 a(3m), @, 34=5.4) CH,
3.57 Ad(1H), T, 9 S, J =12.2 and 3.79 dd(lH)

(Fp =05 J =13,2) P-CH,; 4.02 m 2/-CH; 4.31
d(ZH)(Jluz,t 6.8) + 4.52 4, 2K (31,2,<2 .0, Jq-14 «4) 17~
CHZ' 8.35 +8.72, 2xs (2H) H-2+H~-8. For CQHIBN4O4PS
(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 10.768.
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wherein X represents B, where B represents a substituted or unsubstituted
purine or pyrimdine noiety or an aza and or deaza-anal og thereof, and
wherein B is other than guanine; and Y represents a group
-CHerr]P(O(OR)[err] wherein R represents independently al kyl (1-6C),
aryl or aral kyl, or a hydrogen atom the conpound being in the formof an
(R) or (S) enantioner substantially free fromits opposite enantloner or Y
represents,a group of the formula . .
0 the conpound being in the formoff3an (R or (9) enant i omer
substantially free fromits opposite enantionmer or in the formof a
racemat e.

Example 49
(R} =(2= o - -

A solution of 9-(R)-(2~-
phosphonomathoxypropyl)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 raesidue in
water (10 ml) is applied on a column (250 ml)
octadecylsilica gel (20-30u) 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; found C 42.30, H 4.75, N 22.24, P 10.25.

Example 50
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
.lnfected with 100 CCID, (1 CCIDg, is a virus quantity
which causes’ cytcpathxcxty eftect in 50% of the cells
under 'the experimental conditions) of HIV-1 or HIV-2 and
added to 200 ul-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 coz-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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2. A conpound as clainmed in Claim1 wherein Y represents a group
-CHerr]P(O(OR)[err] wherein R represents independently al kyl (1-6C),
aryl or aralkyl, or a hydrogen atom the conpound being in the formof an
(R) or (S) enantioner substantially free fromits opposite enantiomner.

84 3. The conpound as clained in either of Clains 1 or 2 wherein Ris H
and Bis a

74—

Also shown in Table 1 are results of testing
the activity of the compounds against MSV-induced

transformation in murine embryc fibroblast C3H/3T3 cells.

The cells were seeded in 1-ml-wells of a 48~well
microtiter plate and exposed to 80 PFU (plaque 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 waell). 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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purine noiety selected fromthe group consisting of adenine,

2, 6-di am nopurine, 2- am nopurine, hypoxanthine, and xanthine, and their

1- deaza, 3-deaza and 8-aza anal ogs. 4, The conpound as clainmed in
either of Clainms 1 or 2 wherein Ris Hand Bis purine or purine
substituted at position 2 and/or 6 and/or 8 by am no, hydroxy, al koxy,

al kyl am no, di al kyl am no, aral kyl am no, heteroaral kyl am no, heterocyclic
ani no, hydroxyamni no, al koxyan no, hydtazi no, azido, nercaptd or al kylthio.
5. The conpound as clained in eitﬁé of Claims 1 or 2 wherein Ris H and
Bis a pyrimdine selected fromthe group consisting of cytosine, uracil,

t hymi ne and 5- nethyl cytosine and their 6-aza anal ogs, either unsubstituted
or substituted at any exocyclic amno group in position 4 by alkyl,

aral kyl, hydroxgl or am no. 6. The conpound of Cl aim4 wherein the

het erocyclic amBno group conprises an oxygen heteroatom
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t he
9.

2- am nopuri ne,
| somer .

or 8-aza anal ogues,

2, 6-di am nopuri ne,
3- deaza,

1- deaza,
| somer substantially free fromthe (S)

The conpound of Claim2 wherein Y represents a group

-CHerr]P(O(OH)[err]

The conmpound of Claim2 wherein Y represents a group
and B i s adeni ne,

-CHerr]P(O(OH)[err]

xant hi ne,

8.

The conpound of Claim4 wherein the heterocyclic anino group is
hypoxant hi ne or their

sat ur at ed.
conmpound being the (R

7.
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85 and B is purine substituted at positions 2 and/or 6 by am no, _
al kyl am no, di al kyl am no, aral kyl am no, heteroaral kyl am no, heterocyclic
am no, or nercapto, the conpound being the (R) isonmer substantially free

fromthe (S) isoner. 10. The conpound of Claim2 wherein Y represents a
group -CH2P(O) (OH) 2 and B is purine
substituted at positions 2 and/or 6 with am no, cyclopropyl am no,
-] 7=
conclusions:

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

(2) (R)-PMPA 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 inhibitery to
retrovirus replication (ECso 0.01-0.1 pg/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.

Ireatment of Moloney murine sarcoma vixrys (MSV) infection
- in mice by intraperitoneal administration
Two -gram newborn NMRI mice were injectea
‘intramuscularly in the left hind leg with 50 ul of 250~
Tifold diluted 'stock preparation of Moloney murine sarcoma
" virus. Starting 2-4 hours baefore 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 mg/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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cycl opentyl am no or cycl ohexyl am no, the conpound being the (R) isoner
substantially free fromthe (S) isoner. 11. The conmpound of Claim3 or
Claim4 of formula | wherein B is adenine, 2,6- diamnopurine,

2- am nopurine, 6-mnercaptopurine, 6-thioguanine, 2-methylthioadenine,
3-deazaadeni ne, 8-azaadeni ne, 8-azaguani ne, 1-deazaadenine or 8-aza-2, 6-

di am nopuri ne. 12, A conmpound of Claim5 of formula | wherein Bis
cytosine, thymne, uracil, 5- nethylcytosine, 6-azauracil ar 6-azacyt0sine.
13. The conpound of C aim 2 wherei A78=i s ' _ ’ ’

- CH2P(O) (OH) 2 |

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
2.
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86 and B is

| somer substantially free from
i somer substantially free
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The conpound of Caim2 wherein Y is

t he conpound being the (R
‘the conpound being the (R

and B i s adeni ne,
i soner . 14.

the (S)
2, 6-di am nopuri ne,

- CH2P(O (OH) 2
from
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the (S) isoner. 15. The conpound of Claim8 wherein B is adenine. 16.
A conmpound as clainmed in any of the preceding clains wherein the conpound .
is the (R isomer only. 17. A conpound sel ected from

9- (R) - (2- Phosphononet hoxypr opyl ) - 2- am no- 6- di et hyl am nopuri ne;

9- (R) - (2- Phosphononet hoxypr opyl ) - 2- am no- 6- di et hyl am nopuri ne;

9- (R) - (2- Phosphononet hoxypr opyl ) - 2- am no- 6- but yl am nopuri ne;

9- (R) - (2- Phosphononet hoxypr opyl) - 2- ag})no- 6- ( 2- but yl ) ami nopuri ne;

9-(

9-(

9-(

2y

R) - ( 2- Phosphonomet hoxypr opyl ) - 2- ait fio- 6- cycl opr opyl ami nopur i ne;
R) - (2- Phosphononet hoxypr opyl ) - 2- am no- 6- cycl opent yl am nopuri ne;
R)

- (2- Phosphononet hoxypr opyl ) - 2- am no- 6- cycl ohexyl am nopuri ne;
{

. 1
— e ey e, I &
o " 0 9P | o
N~ A oun i
OV M e | M
~ ~ e 1 0
N |
[+ 0 2] NN *TNO I N -
. e > o o .« o o . &
(=] sN ™M et el ™ [ ]
Q o
HH 'H'H'H HHH + g
- O™~ e O ™~ ﬁ
O L0 B - TN S omf
L] el - el 4 L b J
9 ]
O 3]
vl wd
H A
-
o { e B -
™~ 1 < ]
- i RS S
S~ 1 3] Q
-4 Q Q¢
~ ~ ™ @ L2} L]
O < * O rh O . -4 =
o e N ¢ o ™ e e [« ] oed -d
(= =) i N it =t 4 4
b - + > >
HH HH +H HH 2] L]
-] ) Wi xE X
I MM eMI NV .
e o v o o e« o o |} . Gl “
T wwoo® Fhm:v o 03
-} e
Q g0
o e
8 5%
=1 £2 ot
9 9
O U
Y] MB
0 90
B Lub
(=R~ o QOO < d PO
0 QA D
L
19 8w
M Ne
negwe
Q09>
Berd Bl
VPO
5387
QO ono oNnNo AN -]
0~ "2y ] @) N~ [~ -
3ot ot
] QY
Dugﬂnﬂ
. (N Q¢ co0L0
< . < d Lyt W
< Q Q ! ]
Qu Qs G4 ¥ I nowusx.
= x x R LK
[N & Qe o) 3J s34
[ fxe ] H Al
- : AELEE
- - -
(+4 /2] 24 Q lom o
L — e Ui 2

~ This is the replacement sheet



@@OO@\IOOGIDOO«)@@@@
NN AN AN AN AN AN AN AN AN AN N N
59Egégigigigégéﬂéﬂigégigig

- (2- Phosphononet hoxypr opyl ) - 2- am no- 6- pyrrol i di nopuri ne;
- (2- Phosphononet hoxypr opyl ) - 2- am no- 6- pi peri di nopuri ne;
- (2- Phosphononet hoxypr opyl ) - 2- am no- 6- nor phol i nopuri ne;
- (2- Phosphononet hoxypr opyl ) - 2- am no- 6- benzyl am nopuri ne;
- (2- Phosphononet hoxypr opyl ) - 8- azaguani ne;

- (2- Phosphononet hoxypr opyl ) - 8- azaguani ne;:

- (2- Phosphononet hoxypr opyl ) - 8- azaguani ne;

- ( 2- Phosphononet hoxypr opy! ) - 8- azﬁgﬁanine

- (2- Phosphononet hox ropyl% 8- azgquani ne;
-(2- Phosphononetho¥§gﬂﬁb ). Q??héﬁn?%ﬁﬁr‘ﬁ@d FPMPA) has no

-(2- Phosmhnhedehhﬁmﬁmummﬂimdizmuti&%tyhxnngigmratethe dose of S5Q.
Eg Eﬂggﬁazggﬁeg Si:@g) ‘et en ﬁ@gly effective in
inhibiting tumor initiation and prolonqing the life-span
of MsvV-infected mice. A single (R)~-PMPA dose of 50 ng/kg
afforded full protection against MSV-induced tumor
development. 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/kg, significant
prevention of tumor formation (in 36% of the animals) and
70% long time survivors were observed.
ceonclusion:
(1) (R)-PMPA proved markedly effective in
increasing the mean day of tumor initiation and animal .
death at the single dose 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 vive. It proved
five-fold superior over (R)~PMPA. It contrasts to the
FPHP-seriés where the adenine derivative is more active
1n the assays than the diaminopurine counterpart.
' ' (3) The in_zixg activity of the compounds of
the Formula I are in agreement with their antiviral
activities against HIV and MSV in vitro.

Example 32
Treatment of Mol ; . (MSV) infecti
. {ce b 1 administrati

Three-week-old NMRI mice (about 10 grams bedy
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
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87 18. A compound selected fromthe group consisting of 9-(R)-(2-
phosphononet hoxypropyl ) - 2, 6-di am nopuri ne and the 1, 3-di deaza, 1-deaza,
3-deaza or 8-aza anal ogs thereof. 19. Use of a conpound as clainmed in
any of the preceding clains in the preparation of a nedicanent in
anti-viral therapy, wherein said nedicanent is in a therapeutically

ef fective dose. 20. A pharmaceutical conposition for antiretroviral use
conprising an effective antiviral amount of a conpound of Clains 3, 4 or 5
in adm xture with a pharnaceutically acceptable carrier. '21.  The

phar maceutical conposition of C ai m 2% Therein the antiviral conmpound is

g E g Eg Bﬂgspﬁgg{xggémﬁﬂp)ﬁﬁ& 388%a1S Yaceived 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
was evaluated as described in Example 35. The summarized

.results are given in Table 3.

Table 3
Number of
Mean day of  mice:
Number of tumor developing
Compou ~nmice _  initiation tumor (%)
(R) ~PMPDAP 6 7.5 + 1.0") 67

Placebo (control) 14 5.0 £ 0.0 100

*) p< 0.005 (two-sided Student’s t-test).

At the dose of 100 mg/kg/day, (R)-PMPDAP
increased the mean day of tumor initiation by 50%; only
67% of the mice developed a tumor.

Thié is the replacement shest
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propyl ) -2, 6-di am nopuri ne. 22. Use of a pharnmaceutical conposition as
claimed in either of Cains 20 or 21 in the preparation |
antiviral therapy, wherein said nedicanent is in a therapeyﬁj&gl&y

effective dose. =~ 23. A conpound of the fornula 15 quicct Has Been Replaced

[err] in which Y represents hydrogen and X is B or B, Mﬂﬂ&'l"ﬂﬂuﬂm
substituted or unsubstituted purine or pyrimdine npiety, a

deaza anal ogue thereof, and B is agaNprotected formof B, as a racenate
or as the enriched or reselved enantioners, provided however that B is not
adeni ne, 8-azaadeni ne, 2-aminopurine, LlAXEEEni ne substituted at the 6 '
position w th hal ogen, ‘hydroxy, al koxy, alkylam no, dialkylam no, mercapto,
-NHNH[ err] or - NHOH. - T

‘L. * A--compound—of- the formula: SRS

P
H‘CIFOCH»:P (C) (OR), : (IA) or
CH,

?H,B
(OR),(0) Pca,o-cl:-l-! (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 therecf, and wherein B is other than
guanine and wherein R is independently H, alkyl (1-sC),
aryl or aralkyl.

2. The compound of claim 1 wvherein R is H and
B is a purine moiety selected from the group consisting
of adenine, .'2,6~dianincpurine, 2-amincpurine,
hypoxanfhino, and xanthine, and their i-deaza, 3-deaza
and 8-aza analogs, either unsubstituted or derivatives of
purine or said analogs substituted at pesition 2 and/or €
and/or 8 by amino, halogen, hydroxy, .alkoxy, alkylamino,
dialkylamino, aralkylamino, heteroaralkylamino,
haterocyclic 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-methylcytosine and their

This is the replacement sheet
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88 24. A conpound as clained in Caim23 wherein Bis a substituted or
unsubstituted purine noiety, an aza and/or deaza anal ogue t 't hereof;B—+s—a—

N-protected formof B. 25. A conpound as cl ai med | n ei tTWSthﬁher Eaceg

Claim?24 as the enriched or resol ved enanti oner.
a conmpound of the fornula: ,m’m,r "

-84-

6-2z3 analogs, either unsubstituted or substituted at any
exocyclic amino group in pasition 4 by alkyl aralkyl,
hydroxy ‘or "amine.

4. The compound of claim 2 of formula IA or 1B
wvherein B is adenine, 2,6-diaminopurine, 2-aminopurine,
§-bromoadenine, 6-marcaptopurine, é-thicguanine, 2-
methylthiocadenina, 3~deazaadenine, 8-azaadenine,
8-azaguanine, 1-deazaadenine or 8-aza-2,6~diaminopurina.

5. A compound of claim 3 of Formula IA or IB
wherein B is cytosine, thymine, uracil, S-methylcytosine,
§-azauracil or 6-azacytosine. '

6. A method to prepare a conpaund of the
formula:

CH,B
H-<I:-OCH,P (0) (OH), | (Ia)
b
Qr
CH,B
(OH),(0) pcx,o—clz-a - ' (IB)
L,

wherain B is as defined in claim 1, which method. |
comprises hydrolyzing a compound of the formula
CH,B

H—f—OC&P(O) (OR), | (VIIA)
CH,

or

_This is the replacement sheet
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[err] or [err] wherein B is as defined
in Caim1l, which nethod conprises hydrolyzing a conpound -

This Sheet Has Been Replaced -

' AAMTNIR

_ ?‘13 o o
' "'(OR)z'(O)PCHzO-'-?-H"- ¥ | (VIIB)
C,

wherein R'is'indcpendcntly alkyl(1-6C), aryl or aralkyl
by treating with a halotrialkylsilane in a polar aprotic
solvent medium.

7. The method of claim 6 whersin both R are
2-propyl. ’

8. The method of claim 6 whefcin the
compound of Formula VIIA or VIIB is prepared by a process
which comprises deprotecting a compound of the formula:

CH,B/
H-T-OCH;P (O) (OR), (VIA)
CH,

or
CH,B’
. ' _
(OR),(O)PC!!,O-CIH : (VIB)
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.

9.. ‘rhc method of Claim. 8 wherein said
compound of formula VIA or VIB is prepared by a process
which comprises reacting a compound of the formula:

i
H-C-OH . (VA)

|
CH,

This is the replacement sheet
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of the formula ' [err]
(VI'1TA or [err]

-This Sheet Has Beyn Re laced

A llll I I

—86-

CH,B’

HO-T-H ’ {(VB)
. CH, .
wherein B/ is a protacted form of B as herein defined
with a compound of the formula
| LVOCH,P (O) (OR), (IV)
whaerein 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 formula

VIA or VIB.

10. The method cof claim 9 wherein LvO is a
p-toluenesulfonyloxy (TsOQ) group.

11. The method of claim 6 wherein tha
compound of Formula VIIA or VIIB is prepared by
~ alkylating purine or pyrimidine moiety B as defined in
claim 1 in the presencs of alkali metal hydride or-
carbonate with an (R)- or (S)-2-0O-dialkylphosphonyl-

methyl compound of the formula:
« .
v0C82C3-C83

OCHzP(O)(OR)2 (XVII)

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

12-_Th- method of claim 11 where said alkali
carbonata is cesium carbonata. '

13. The method of claim 11" wherein LvO is a
p~toluenesulfonyloxy (TsQO) group.

“This is the reptacement sheet

(WM e
* < L L S * i D .

ate



89 wherein Ris ihdependently al kyl (1-6C), aryl or aral kyl by treating
with a halotrialkylsilane in a polar aprotic solvent nedium
met hod of Claim 26 wherein both R are 2-propyl. 28. The nethod of Clalm

26 wherein the conmpound of Fornmula VIITA or VIIB is prepar
whi ch conprlses deprotecting a conpound of the fornula: " |
-87-

1. A ncthod to lynthcniz. the conpounds of
_claxn 1 which comprises protecting (R)=-or (S)- N-(z-
) hydroxypropyl) derivatives of purine or pyrimidine bases
of the formula II

swnaﬁu-ca,
| OH (11)
wherein B is as defined in claim 1 to obtain the bage-
protactaed derivative of the formula III

B’ -CH,CH~CH,

I
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-
pivaloyl, N-dimethylaminomethylene, N-trityl or N-
tetrahydropyranyl group;

followed by treating said compound of formula
III 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

a'-cx,c,n-cs.

‘ OCH,P(0) (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.

15. The method of claim 14 wherein sai&
halotrimethylsilane is bromotrimethylsilane.

16. Thae method of claimi15 wherein said inert
aprotic solvent is acetonitrile, dincthyltormanid-, or a
chlorinated hydrocarbon.

This is the replacement sheet
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[err] or [err]
wherein B is a N-protected formof B as herein defined by treating said
conpounds of formula VIA or VIBwith at | east one deprotect Th Shmnélll

I

17. A mnthod to prepare a conpound of claim 1
which cuaprises tréacing a heterocyclic purine or
. Pyrimidine base B in the presence ot‘alkali metal hydride
or alkali carbonate in a inert organic solvent with (R) =
or (S)=-2-0-dialkylphosphonylmethyl-1-O-p-toluenesulfcnyl-
1, z-propancdiol of the formula XVI
CH,C,H,S0,0CH,CH~CH,

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

-88-

B-CHfH{H,
OCH,P(0) (OR), (VD

followed by treating said derivative of formula VI with a
halotrimethyisilane in an inert aprotic solvent.

. 18. The method of claim .17 wherein the alkali carbonate is
" cesium carbonate. o :

: 19. The method of claim 17 Wherein the inert aprotic
solvent is acetonitrile, dimethylformamide or a halogenated hydrocarbon.

20. The method of claim 17 wherein the
halotrimethylsilane is bromotrimethylsilane.

21. A compound of the formula:’

| \
LvO—CH, - CH-CH

3 _ —
QOJ/C', } AR 0 R A
o -,‘-ﬂjs is the. replacémem' sheet

wherein LvO is a leaving group, | DAL T MAR 1997
as a racemate or as the enriched or resolved enantiomers.



29. The met hod of C aim 26 wherein said conpound of fornmula VIA or VIBis

prepared by a process whi ch conprises reacting a conpound of the formula:
[err] (VA) This Sheet Has Been Replaced

90 wherein B is a protected formof B as herein defined
of the fornula ”

~89-
22. A compound of the formula:
' B—CHp-*CH-CH3
LOJ/O
| 1

wherein B is as defined in claim 1 or is a protected form thereof,

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

23. An enriched or resolved enantiomer of a compound of the
formula

B- CH,CH- CH,
OH

1

wherein B is a substituted or unsubstituted purine or pyrimidine moiety, an aza
and/or deaza analogue thereof other than guanine, or a protected form thereof as
defined herein.

2k. A compound of the formula:

CH,— CH—CH,OCH,C{H;

OUO
Xit
as the enriched or resolved R enantiomer.

This is the replacement sheet
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LvOCH err] P(O (OR) [ err] (1v) wherein LvOis a | eaving

group in a nucleophilic substitution reaction, and each Rindependently is
al kyl (1-6C), under conditions wherein said corrpou%ls of formulas V

and IV react to formsaid conpounds of formula VIA or VI BISSheet Has Been Replaced
met hod of Claim 27 wherein LvOis a p-toluenesul fonyl oxy ( ﬂm , 1. -
The' met hod of Claim 26 wherein the conpound of fornmula VIl
prepared by al kylating purine or pyrimdine noiety B as defined in Caiml
in the presence of alkali metal hydride or9arbonate with an (R)- or - '
(S)-2-0- dialkyl phosphonyl - et hyl conmpound of the fornula:

25. A compound of the formula:

CH3 —CH-— CHzOCHzCGHs

~ OCH,Cl
XIV

as the enriched or resolved R enantiomer.
26. A compound of the formula:
‘ .
CHy~— (liH-— CH,0CH,C¢H,

OCH,P(0) (OR),
XV

wherein R is independently alkyl (1-6C), aryl or aralkyl
as a racemate or as the enriched or resolved enantiomers.

27. A compound of the formula:
L]
CH;'—ClH‘_ CHon

OCH,P(0) (OR),
XVI

wherein R is alkyl (1-6C), aryl or aralkyl
as a racemate or as the enriched or resolved enantiomers.

This is the replacement sheei
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LvOCH err] CH CH err]
(XVI) CCH err] P(O (OR)Jerr] wherein—
LvOis a leaving group in a nucleophilic substitution reacthis®heet 93 Bedd ReStaced
i ndependently al kyl (1-6C), aryl or aral kyl. 32. The me 31
where said al kali carbonate is cesium carbonate. HM mlﬂ r
Claim 31 wherein LvOis a p-tol uenesul f onyl oxy (TsO) group

met hod according to any of clains 264{0 33 which conprises protecting (R)-
or (S)-N-(2- hydroxypropyl) derivativés of purine or pyrinidine bases_of ‘the-

formula Il - 28. A compound of the formula:

CH’ "CH‘CHzOLV

OCH,P (0) (OR),
. XVII

whaerein LvO is a leaving group and R is :Lndepcndcntly

alkyl(1-6C), aryl or aralkyl
as a racemats or as the enriched or r-solvcd

enantiomers.

29. A pharmaceutical composition for
antirstroviral (uze comprising an effective antiviral
amount of a compound of claims 2 or 3 in admixture with a
pha_rnaceutically acceptable c;r:i-r. '

30. The pharmacsutical compesition of claim 29
wherein the antiviral compound is $-(R)=(2~ _
phosphonomethoxypropyl) adenine. or 9-(R)-(2-phosphonomethoxy-
propyl)-2,6-diaminopurine. '

31. The compound of claim 2 wherein the -
heterccyclic amino group comprises an oxygen hetercatom.

32. The compound of claim 2 wherein the
hatcrocyclic anine group is saturated.

This is the r.ebis;cemem sheci
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[err] wherein B is as defined in
r I

fpu \vI

91
claiml to obtain the base-protected derivative of the-fo

[err] (V) ' . This Sh aHuB&mRﬂ

AR

Q.
L=

~92-

33. A compound selected from:

9=(R) -(2~-Phosphononethoxypropyl) -2-aminc-
6~dimethylaminopurine;

9-(R) = (2-Phosphonomethoxypropyl) -2-aminoc~
s-diethylaninopurino,

9=(R) = (2-Phosphonomnethoxypropyl) ~2-amino~-
é-butylaminopurine;

(9-(R) = (2~Phosphoncmethoxypropyl) -2-anino-
6~=(2-butyl)aminopurine;

9-(8) {(2-Phosphoncasthoxypropyl)-2-anino-
s-cyclopropylazinanurina,

9=(R) =~ (2-Phosphonomethoxypropyl) -2-amino~
§-cyclopentylaminopurine;

9-(R)-(z-Phasphononethoxypropyl)-z-aninc-
6é~-cyclohexylaminopurine;

9=(R)~(2-Phosphononethoxypropyl) -2-amine-
§-pyrreclidinopurine;

This is the replacement Sheet
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in which the residue B stands for the residue of a base.B-substi-tutedwth

at least one N acetyl,. N-benzoyl, N-pivaloyl, N-dinethylam nongthyl 4
N-trityl or N tetrahydropyranyl group; fol | oned b’g}mﬂm S ﬁiﬁéﬁlﬁ:

compound of formula V with dial kyl p- tol uenesul fonyl oxyne

and sodium hydride in an inert aprotic solvent at a tenpera

-20[err]Cto 100[err]Cto obtain an internediate of the forrmula Vi

[err]/ :

(VI) wherein each R.independently is alggyl (1-6C), aryl or aral kyl followed
by treating said conpounds of fornmula VI with at | east one deprotecting
reagent, to afford conpounds®=(R)=(2~Phosphonomethoxypropyl)-2-amins-

é-piperidinopurine;-

9=(R) -(2-Phosphondmathoxypropyl) -2-anine=-
. é-morpholinopurine;

. se(R)-(2-Phosphancnethoxyprepyl)-z-anino¥
6-benzylaminopurine;

9-(5)-(2-Phosphononéthaxypropyl)-8-
azaguanine;

8-(S)=-(2~Phosphonomathoxypropyl)-8=-
azaguanine; '

~/

9-(R) - (2-Phosphonomethoxypropyl)~g-
azaguanine;

. 8=(R) - (2-FPhosphononethoxypropyl) ~8-

azaguanine;

7=(R) - (2-Phosphononethoxypropyl) -8~ -
.azaguanine;

5-(2)-(2-Phosphonon¢thoxypropyl)—a—aza-
2,6-diaminopurine; - '

8-(R)-(2thosphononcthcxypropyi)-a;azé-
2,6-diaminopurine; '

9-(#)-(Z-Phosphononothoxypropyl)-6-
mercaptopurine; and '

9-(R) - (2-Phosphonomathoxypropyl) -1, N6~
ethenocadenine.

- This is the reptacement sheet
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of formula VII [err] wherein Ris
i ndependently al kyl (1-6C), aryl or aralkyl followed Dy tTe re“TTrTth'h—a-

hal otrial kyl silane in a polar solvent nediumto affor@hgs&gﬂmgg&q
formula VI wherein R is hydrogen. ”ll,l

‘. -9 n- - e i e asmatr. o e o —

S —T T compound selected from the group consisting of 9
(R)-(Z-phosphonomethoxvpropyl)~2 6-diaminopurine and the 1,3-dxdeaza,
1-deaza, 3-deaza or 8-aza analogs thereof.

35. A method to synthesize the compounds of claim 1
wherein B is 2-aminopurine substituted at the 6 position with alkylamino, .
dialkylamino, aralkylamino, heteroalkylamino or heterocyclic amino, |
comprising 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.

36. A compound of the formula

»

B- CHz?H‘ CH3
OH
oI

wherein B is a substituted or unsubstituted purine or pyrimidine moiety,
an aza and/or deaza analogue thereof, or a protected form thereof, as a
racemate or as the enriched or resolved enantiomers, provided however
that B is not adenine, 8-azaadenine, 2-aminopurine, or adenine
substituted at the 6 position with halogen, hydroxy, alkoxy, alkylamino,
dialkylamino, mercapto, -NHNH? or -NHOH.

37. The enantiomer of claim 23 (or claim 367) wherein

B is a substituted or unsubstituted purine moiety, an aza and/or
deaza analogue thereof, or a protected form thereof.

This is the reptacement sheet

W s ;o




* C -L M S * _ 92 35.
‘'The nmethod of C aim 34 wherein said hal otrinethyl sil ane

bronot ri met hyl si | ane. 36. The method of O ai m 35 wher SEp 5 laced
aprotic solvent is acetonitrile, dinethylformam de, or a c “ lﬂ ,I"'
hydr ocar bon. 95

ANTIRETROVIRAL ENANTIOMERIC NUCLEOTIDE ANALOGS
ABSTRACT

Resolved enantiomers of formulae (1A) and 1(B) wherein B is
a purine or pyrimidine base or aza and /or deaza analogs thereof

are useful in antirival pharmaceutical compositions to treat

retroviral infections

.TH&B
| -H-'cI:_-oca,p (0) (oH), (IA)
s

Ta,a
(CH),(0) PCH,0~C~H

CH,

(IB)

This is the replacement sheet
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37. A et hod according to any of Clalns 26 to 33 mhlchféénpﬂxéesﬁﬁiﬁatlnﬂj

a heterocyclic purine or
hydri de ot al kali

(*8) - 2- 0- di al kyl phosphonyl net hyl

the formul a XV

each R independently is alkyl
(S)-N- (2-dial kyl phosphonyl net hoxypr opyl

[err]

carbonate in a inert organic so

pyrim di ne base B in the gg

-1rC>p7tquenesquocy
: b 4]
(1-6C), aryl or arakyl
derivatifve,

—
s

\E}eﬁt@u(ﬁl ﬁdﬂgﬁdl;'f#ﬂﬁilﬁf‘ﬁ <
nCianish ( Rpagearn. to pmed..‘!’..
{ealyiRe(py O

ﬁdLQb ,
Abstract er r éed _

to obtain t

@fgﬁhﬁﬁiﬁﬁﬂﬁfazXh

10

15

20

25

35

EP 269947 (PMPG) .

by De Clercqg et al. in Nature (1986) 3J237463=4%7; ana
revzewed by Holy et al. in Antiviral 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., Progc Natl Acad Sci U.S.A.

(1990) 87:3087).

The extensive structure-activity investigation
which concentrated on the modification of the side-chain
(desciibed by Holy et al. in "Nucleotide Analogs as
Antiviral Agents", ACS Symposium Series No.401 (19895,

p. 51) did not reveal any additional substantially active
antivirals. Replacement of this hydroxyl by fluorine
aton resulted in the FPMP-compounds (3) which, in
addition to having some anti-DNA-virus activity display a

_ substantial etfect on both HIV-1, HIV-2 and murine

sarcoma virus (al taught by Holy et al., Czechoslovak
Patent Application PV 2047-90 now published on 30 October
1991 as EP 454,427, and by Balzarini et al., Proc Natl
Acad Sci U,.S.X. (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 European Patent
~ PMPA was devoid of any

This is the replacement sheet
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followed by treating said derivative of fornula VII with a

hal otri methyl silane in an inert aprotic solvent. 38. The net hod of
Claim 37 wherein the alkali carbonate is cesium carbonate. 39. The

net hod of Cl aim 37 wherein the inert aprotic solvent is acetonitrile,

di net hyl f ormam de or a hal ogenat ed hydrocar bon. 40. The met hod of C ai m

37 wherein the halotrinethylsilane is brgaotrimethylsilane.
* L, S

appreciable antiherpetic effect while any antiherpetic
activity of PMPG appeared due to its substantial
cytotoxicity. The clinical forms of PHPG,'and of the
related compound,
5 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
10 enantiomers in antiviral activity with regarding to some

' DNA viruses. It cannot be predicted whether this pattern

of activity would extend to PMP compounds of other than

guanine. '

Nothing in the above-cited references or their

15 combination permits any predictidn that the resolved
enantiomers of the present invention would exhibit
antiretroviral activity, or what the enantiomers
preference would be.

20 summary of the Invention
: Resolved enantiomeric forms of N-{2-phosphono-
methoxypropyl) derivatives of puriné and pyrimidine bases
have been synthesized and found to possess useful and
unexpected antiviral'ggtivity which is directed

25  specifically against retroviruses. According to the invention, there is provided a

compound of the formula:

This is the replacement sheet
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93 41.

A method to synthesize the conpounds of C aim1 wherein Bis

2= am nopurine substituted at the 6 position wth al kylam no, dialkylam no,
aral kyl am no, heteroal kyl am no or heterocyclic am no, conprising reacting
the corresponding am ne or heterocyclic amne with an al kyl (1-6C), aryl

ar al kyl

di ester of 9-(R)-(2-

phosphononet hoxypr opyl ) - 2- am no- 6- chl oropu‘{&ne

wherein X represents B, where B represents a substituted or unsubstituted purine or
pyrimidine moiety or an aza and or deaza analog thereof, and wherein B is other than

guanine; and Y represents a group

—CH2P(O)(OR)2

wherein R represents independently alkyl (1-6C), aryl or aralkyl, or a hydrogen atom; the
compound being in the form of an (R) or (S) enantiomer substantially free from its opposite

enantiomer; or Y represents a group of the formula -
the compound being in the form of an (R) or (S) enantim_ner substantially free from its

opposite enantiomer or in the form of a racemate.

In one embodiment, these compounds are of th'ej formulas IA and IB, wherein IA rep-r'esents_'

the R enantiomer and IB represents the S enantiomer.

This is the replacernent sheet
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9- (R) - (2- Phosphononet hoxypr opyl ) - 2- am no- 6- pi peridi nopurine ;-
9- (R) - (2- Phosphanonet hoxypr opyl ) - 2- am no- 6- nor phol i nopuri ne;
9- (R) - (2- Phosphononet hoxypr opyl ) - 2-am no- 6-benzyl am nopuri ne;

=11~

Reédction séheme 1 is as féllows:

SCHEME 1
* *
5 Tso-cnzclzn-cn3 Hocazclzn-cn3
o] 0 @/O
Ev:r/ Step 1
X1 B ge=e--cccenmse=- X
.
10 Step 2 B- CH,CH-CH,
' 0. 0
Step 3 : (;;T”
1T
15 . .
B‘CH2CH‘CH3 """"""" > B’ -CH2CH-CH3
] Step 4 |
OH : OH
IIT v
20 o .
| LvOCH,P(0) (OR),—— Step S
v EE
* *
: B'CHch'CH3 erowaa=e= TR R B’ -CHZCH-CH3
25 | Step 6 :
OCH,P (0) (OR) 5 | OCH,P{0) (OR) ,
vII . vI
Step 7
30 !
*
B-CH,CH-CH,
OCH, P (0) (OH) ,
I
35 _
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- (2- Phosphononet hoxypr opyl ) - 8- azaguani ne;
- (2- Phosphononet hoxypr opyl ) - 8- "azaguani ne;
- (2- Phosphononet hoxypr opyl ) - 8- azaguani ne; .
- (2- Phosphononet hoxypr opyl ) - 8- azaguani ne; i
- (2- Phosphononet hoxypr opyl ) - 8- azagijga\_ni ne;

. * N ) *
CHy=CH=CH,0H  ======—==c==o- > cx,-cxl-cn,ocn,c,}l,

5 Loj,o Ca),o
| X | X131

Step 2
_10 * . * l
CH,-CH-CH,0CH,CH; < - CH,~CH-CH,0CH,CH,
Step 3
OCH,C1 | OH
IV XIIIX
15
Step 4
{
* *x .
CH,=CH~-CH,0CH,C¢H; > CH,~CH-CH,0H
20 Step 5 '
OCH,P(0) (OR), OCH,P (0) (OR),
v - IvI
Step 6
25 S | | 1
* ok
B-CH,CH-CH, < CH;-CH-CH,0Lv
Step 7
OCH,P(0) (OR), OCH,P (0) (OR),
30 Vi VI
i
IA or IB
s
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9- (R) - (2- Phosphononet hoxypr opyl ) - 8-aza- 2, 6-di am nopuri ne;
8 (R) - (2- Phosphononet hoxypr opyl )- 8-aza- 2 6-di am nopuri ne;
9- (R) - ( 2- Phosphononet hoxypr opyl ) - 6-' ' nercaptopuri ne; and
9: (R) - (2- Phosphononet hoxypr opyl ) - N1, N6- et henoadeni ns.
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CLAIMS

1. A compound of the formula:
K
/—*——CH;;
O

Y

wherein X represents B, where B represents a substituted or unsubstituted purine or
pyrimidine moiety or an aza and or deaza analog thereof, and wherein B is other than

guanine; and Y represents a group

—CH2P(O)(OR)2

wherein R represents independently alkyl (1-6C), aryl or aralkyl, or a hydrogen atom;
the compound being in the form of an (R) or (S) enantiomer substantially free from its

opposite enantiomer; or Y represents a group of the formula

9
the compound being in the form of an (R) or (S) enantiomer substantially free from its

opposite enantiomer or in the form of a racemate.

2. A compound as claimed in Claim 1 wherein Y represents a group

—CHP(O)(OR):

wherein R represents independently alkyl (1-6C), aryl or aralkyl, or a hydrogen atom;
the compound being in the form of an (R) or (S) enantiomer substantially free from its

opposite enantiomer.

i% 12 the repiacement shest
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-94- 34 . A conmpound selected fromthe group consisting of 9
(R) - (2- phosphononet hoxypr opyl ) - 2, 6-di am nopuri ne and the 1, 3-di deaza,

1- deaza, 3-deaza or 8-aza anal ogs thereof. 35. /A nethod to
synt hesi ze the conpounds of claim 1l wherein B is 2-am nopurine substituted
at the 6 position with alkylam no, dialkyg4am no, aralkyl am no,

het er oal kyl am no or heterocyclic am no, conprising reacting the

cor espondi g, arm g, of E85h S Yakhs BTG o ot & Wheleli R R M 6%

phosphononet haxyirehy) seiked i freibsl distifPof adenine, 2,6-diaminofine2-

compound of the fornula
aminopurine, hypoxanthine, and xanthine, and their 1-deaza, 3-deaza and 8-aza analogs.

4, The compound as claimed in either of Claims 1 or 2 wherein R is H and B is
purine or purine substituted at position 2 and/or 6. and/or 8 by amino, hydroxy, alkoxy,
alkylamino, dialkylamino, aralkylamino, heteroaralkylamino, heterocyclic amino,

hydroxyamino, alkoxyamino, hydrazino, azido, mercapto or alkylthio.

5. The compound as claimed in either of Claims 1 or 2 wherein R is Hand Bis a
pyrimidine selected from the group consisting of cytosine, uracil, thymine and 5-
methylcytosine and their 6-aza analogs, either unsubstituted or substituted at any

exocyclic amino group in position 4 by alkyl, aralkyl, hydroxyl or amino.

6. The compound of Claim 4 wherein the heterocyclic amino group comprises an
oxygen heteroatom.
7. The compound of Claim 4 wherein the heterocyclic amino group is saturated.
8 -The comﬁound 'of Claim 2 wherein Y represents a group

-CH,P(0)(OH),

~ and B is adenine, 2,6-diaminopurine, 2-aminopurine, xanthine, hypoxanthine or their
1-deaza, 3-deaza, or 8-aza analogues, the compound being the (R) isomer substantially
free from the (S) isomer.

9. The compound of Claim 2 wherein Y represents a group

CH;P(0)(OHD,

This is the replacement sheet

A e e



[err] wherein B is a substituted or unsubstituted purine or pyrimdine
nbi ety, an aza and/ or deaza anal ogue thereof, or a protected formthereof,
as a racemate or as the enriched or resolved enantioners, provided however
that B is not adeni ne, 8-azaadeni ne, 2-am nopurine, or adeni ne
substituted at the 6 position wth hal og hydr oxy, al koxy; al kyl am no,
di al kyl am no, nercapto, -NHNHerr] or MﬁgH 37. The

enanti omer of claim 23 i.t ut

unsubst i t ut edd“ﬁ‘tﬁ‘ IS RUTIRS g&fsfz‘t“t atd’?é‘t‘)ﬁﬂ%? &8%353 lﬁ%rcgg}‘yofag\m%

protected forgpibRNARS heteroaralkylamino, heterocyclic amino, or mercapto, the compound
being the (R) isomer substantially free from the (S) isomer.

10.  The compound of Claim 2 wherein Y represents a group
-CH,P(O)(OH),

and B is purine substituted at positions 2 and/or 6 with amino, cyclépropylamino,
cyclopentylamino or cyclohexylamino, the compound being the (R) isomer

substantially free from the (S) isomer.

11.  The compound of Claim 3 or Claim 4 of formula I wherein B is adenine, 2,6-
diaminopurine, 2-aminopurine, 6-mercaptopurine, 6-thioguanine, 2-methylthioadenine,
3-deazaadenine, 8-azaadenine, 8-azaguanine, 1-deazaadenine or 8-aza-2,6-

diaminopurine.

12. A compound of Claim 5 of formula I wherein B is cytosine, thymine, uracil, 5-

methylcytosine, 6-azauracil or 6-azacytosine.
13.  The compound of Claim 2 wherein Y is
-CH,P(0)(OH),

and B is adenine, the compound being the (R) isomer substantially free from the (S)

isomer.
14.  The compound of Claim 2 wherein Y is

-CH,P(0)(OH),

-

) O Y

This is the replacement sheet
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and B is 2,6-diaminopiiﬁne, the compound being the (R) isomer substantially free from

the (S) isomer.

15.

16.

The compound of Claim 8 wherein B is adenine.

A compound as claimed in any of the preceding claims wherein the compound is

the (R) isomer only.

17.

A compound selected from:

9-(R)-(2-Phosphonomethoxypropyl)-2-amino-6-dimethylaminopurine;
9-(R)-(2-Phosphonomethoxypropyl)-2-amino-6-diethylaminopurine;
9—(R)-(2-Phosphonomethoxypropyl)-2-amind-6-butylaminopurine;
9-(R)-(2-Phosj)honomethoxypropyl)-2-amino-6-(2-butyl)aminopurine;
9-(R)-(2-Phosphonomethoxypropyl)-2-amino-6-cyclopropylaminopurine;
9-(R)-(2-Phosphonomethoxypropyl)-z-amino-6-cyclopentylaminopurine;
9-(R)-(2-Phosphonomethoxypropyl)-2-amino-6-cyclohexylaminopurine;
9-(R)-(2-Phosphonomethoxypropyl)-2-amino-6-pyrrolidinopurine;
9-(R)-(2-Phosphonomethoxypropyl)-2-amino-6-piperidinopurine;
9-(R)~(2-Phosphonomethoxypropyl)-2-amino-6-morpholinopurine;
9-(R)-(2-Phosphdnomethoxypropyl)-Z-amino-G—benzylaminopurine;
9-(S)-(2-Phosphonomethoxypropyl)-8-azaguanine; - |
8-(S)-(2-Phosphonomethoxypropyl)-8-azaguanine;
9-(R)-(2-Phosphonomethoxypropyl)-8-azaguanine;
8-(R)~(2-Phosphonomethoxypropyl)-8-azaguanine;
7-(R)-(2-Phosphonomethoxypropyl)-8-azaguanine;
9-(R)-(2-Phosphonomethoxypropyl)-8-aza-2,6-diaminopurine;
8-(R)-(2-Phosphonomethoxypfopyl)-S-aza—Z,6-diaminopurine;
9-(R)-(2-Phosphonomethoxypropyl)-6-mercaptopurine; and
9-(R)-(2-Phosphonomethoxypropyl)-N1,N6-_ethenoade_nine.

This is the replacement sheet
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18. A compound selected from the group consisting of 9-(R)-(2-
| phosphonomethoxypropy!)-2,6-diaminopurine and the 1,3-dideaza, 1-deaza, 3-deaza or

8-aza analogs thereof.

19.  Use of a compound as claimed in any of the preceding claims in the preparation
of a medicament in anti-viral therapy, wherein said medicament is in a therapeutically

effective dose.

20. A pharmaceutical composition for antiretroviral use comprising an effective
antiviral amount of a compound of Claims 3, 4 or 5 in admixture with a

pharmaceutically accepfable carrier.

21.  The pharmaceutical composition of Claim 20 wherein the antiviral compound is
9-(R)~(2-phosphonomethoxypropyl) adenine or 9-(R)~(2-phosphonomethoxypropyl-

propyl)-2,6-diaminopurine.

22.  Use of a pharmaceutical composition as claimed in either of Claims 20 or 21 in
the preparation of a medicament for antiviral therapy, wherein said medicament is in a

therapeutically effective dose.

23. A compound of the formula
H

CH,

X
~

in which Y represents hydrogen and X is B:r B', wherein B is a substituted or
unsubstituted purine or -pyrimidine moiety, an aza and/or deaza analogue thereof, aﬁd B'
is an N-protected form of B, as a racemate or as the enriched or resolved enantiomers,
provided however that B is not adeniﬂe, 8-azaadenine, 2-aminopurine, or adenine
substituted at the 6 position with halogen, hydroxy, alkoxy, alkylamino, dialkylamino,

mercapto, -NHNH, or -NHOH.
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24. A compound as claimed in Claim 23 wherein B is a substituted or unsubstituted

purine moiety, an aza and/or deaza analogue thereof, B' is a N-protected form of B.

25. A compound as claimed in either Claim 23 or Claim 24 as the enriched or

resolved enantiomer.

26. A method to prepare a compound of the formula:

CH, B
H—C—OCH,;P(O)CH),
| (1A)
CH;
or
>
C—H
(OH),(OPCH,O0— | (IB)
CH;

wherein B is as defined in Claim 1, which method comprises hydrolyzing a compound

of the formula
" '
H— (I3~OCI{2P(OXOR)2 (VIIA)
CH;
or
CH,B B
(OR)z(O)PCHzO——(II—H )
lo: A

Thig is the isplacerment sheet
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wherein R is independently alkyl (1-6C), aryl or aralky1 by treating with a

halotrialkylsilane in a polar aprotic solvent medium.
27.  The method of Claim 26 wherein both R are 2-propyl.

" 28.  The method of Claim 26 wherein the compound of Formula VIIA or VIIB is

prepared by a process which comprises deprotecting a compound of the formula:

e
— —OCH,P(O)OR
CH,
or
o
(OR),(O)PCH,0—C—H
&, B

wherein B' is a N-protected form of B as herein defined by treating said compounds of

formula VIA or VIB with at least one deprotecting reagent.

29.  The method.of Claim 26 wherein said compound of formula VIA or VIB is

prepared by a process which comprises reacting a compound of the formula:

o | (VA)
H—C—OH '
&
or
T
HO;I(J-H
& (VB)
| i This is the replacement sheet
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wherein B' is a protected form of B as herein defined with a compoun& of the formula
LvOCH,P(O)(OR), amw

wherein LvO is a leaving group in a nucleophilic substitution reaction, and each R
independently is alkyl (1-6C), _
under conditions wherein said compounds of formulas V and IV react to form

said compounds of formula VIA or VIB.
30.  The method of Claim 27 wherein LvO is a p-toluenesulfonyloxy (TsO) group.

31.  The method of Claim 26 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-O-
dialkylphosphonyl-methyl compound of the formula:

*
LvOCH,CH-CH3
(XVviD
OCH2P(O)YOR),

wherein LvO is a leaving group in a nucleophilic substitution reaction, and R is

independently alkyl (1-6C), aryl or aralkyl.
32.  The method of Claim 31 where said alkali carbonate is cesium carbonate.
33.  The method of Claim 31 wherein LvO is a p-toluenesulfonyloxy (TsO) group.

"34. A method according to any of claims 26 to 33 which comprises protecting (R)-
or (S)-N-(2-hydroxypropyl) derivatives of purine or pyrimidine bases of the formula III |

) O ) Tihis is the replacement shoet
o ¢ L M S *
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B- (I-Iz(II'ICHs ' (1)
OH

wherein B is as defined in claim 1 to obtain the base-protected derivative of the formula
v

B i,
O W)

in which the residue B' stands for the residue of a base B substituted with at least one N-
acetyl, N-benzoyl, N-pivaloyl, N-dimethylaminomethylene, N-trityl or N-
tetrahydropyranyl group;

followed by treating said compound of formula V with dialkyl p-
toluenesulfonyloxymethylphosphonate and sodium hydride in an inert aprotic éolvent at

a temperature of from -20°C to 100°C to obtain an intermediate of the formula VI

B'—CH,CHCH;
O(IizP(d)(OR)z
(VD
wherein each R indepehdently is alkyl (1-6C), aryl or aralkyl followed by treating said
compounds of formula VI with at least one deprotecting reagent, to afford compounds
of formula VII

ICHzB

3

wherein R is independently alkyl (1-6C), aryl or aralkyl followed by treating with a
halotrialkylsilane in a polar solvent medium to afford a compound of the formula VII

wherein R is hydrogen.
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35.  The method of Claim 34 wherein said halotrimethylsilane is

bromotrimethylsilane.

36.  The method of Claim 35 wherein said inert aprotic solvent is acetonitrile,

dimethylformamide, or a chlorinated hydrocarbon.

37. A method according to any of Claims 26 to 33 which comprises treating a
heterocyclic purine or pyrimidine base B in the presence of alkali metal hydride of
alkali carbonate in a inert organic solvent with (R)- or (S)-2-O-

dialkylphosphonylmethyl-1-O-p-toluenesulfonyl-1,2-propanediol of the formula XVII

CH3CsH4S0;CH,CH-CH;3
P(O)XOR), _ (XVH,= LV=TS) ‘

wherein each R independently is alkyl (1-6C), aryl or arakyl to obtain the (R)- or (S)-N-
(2-dialkylphosphonylmethoxypropyl) derivative of the formula VII

H—C—OCH2P(OXOR)2

3 : (Vi)

followed by treating said derivative of formula VII with a halotrimethylsilane in an

inert aprotic solvent.
38.  The method of Claim 37 wherein the alkali carbonate is cesium carbonate.

39.  The method of Claim 37 wherein the inert aprotic solvent is acetonitrile,

dimethylformamide or a halogenated hydrocarbon.

40.  The method of Claim 37 wherein the halotrimethylsilane is
bromoti'imethylsilane.
This is the replacement sheet'
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41. A method to synthesize the compounds of Claim 1 wherein B is 2-aminopurine
substituted at the 6 position with alkylamino, dialkylamino, araikyiamino,
heteroalkylamino or heterocyclic amino, comprising 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.

This is the replacement sheet
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ANTIRETROVIRAL ENANTIOMERIC NUCLEOTIDE ANALOGS
ABSTRACT

Resolved enantiomers of formulae (1A) and 1(B) wherein B is
a purine or pyrimidine base or aza and for deaza analogs thereof
are useful in antirival pharmaceutical compositions to treat

" retroviral infections

.?I-L;B
'K‘ffOQIxP(O) (CH), (IA)
&, .

<|:8,a
(CH);(0) PCH,0~-C~H

CH,

(IB)
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