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Field o( tbe Xnyention 
This invention concerns acyclic nucleotide 

10 analoqs, ~eir preparation and use. In particular it 
concerns .separate enantiomera of 2-phosphonomethoxypropyl 
derivatives of purine and pyrimidine bases. 

15 

Background of tbe Invention · 
There is an urqent need for development of 

chemotherapeutic aqents in the therapy of viral diseases. 
In particular treatment of disease~ caused by 
retro~iruse~ presents one of the most difficult 
challenqes in human medicine. While a number of 

20 antiviral aqents which are reqistered 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 
... P~sit~ve outcomes have no~ yet been achieved in many 

. . . .:i!{. :··,-~~~n-·~~nc~s·;<:''n~tab~y''.:_t:hat .. o~· AIDS/ •• "an' example Of 

· · ratroviral .. disease.- .. Selectivity of antiviral action, 
which is an important requirement tor novel ·antivir~li ., :· :~"···~·~· .. · · ··' 

.: .. ··~ . ·~~ . ._, 
\ . 

30 

aqei:its, has· not been achieved. . · '· , 
, Kost ot.'·the compounds which are clinicai~~ , ,,,.,-.f~"" ·~--~~{. i 

\:~ ,:~· ~: 
useful for --antiv$ral ch~motherapy are nucleosides, ..... ~~ :~·;,~-.\ .. '· . 
modifi~d in .-ei-~ the:-_,~~ine or pyrimidine base and/or 
the carbo~ydrate~moiety:~ .. ·· ::. Such compounds mainly act in 
p~ocesses: rtiiit~d to~· il\-. .. -~ynthesia ·or v-iral nucleic 

~ ~-· . . ..~ ..... ,~ .. ~ ~.: ~-.,···.:.. .. 

acids; their. Ji.ct~~n depen4~·"on ability to underqo 
35 phospborylat'ion and subseqlient transformation to the 

~ ' . 
'."''.-t., ....... ' 

·' "-' . , 
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triphosphates. one problem in administerinq modified 
nucleosides i~ the absence of suitable phosphorylatinq 
activity in the host cell and the existence of viral 
strains lackinq virus-specific phosphorylatinq activity. 

s While enzymatically resistant nucleotide analoqs might .• 
appear to be particularly useful as potential antivirals, 
their polar character prevents affective entry of these 
analoqs into the cells, as does lack of appropriate 
nucleotide receptors at the cellular membrane. 

10 · Thia difficulty appears to be overcome in the 
series of acyclic nucleotide analoqs which contain an 
aliphatic chain, ~arinq hydroxyl qroups, replacinq the 

suqar moiety. For example, the phosphates or phosphonic 
acid derivatives derived from the antiviral nuclaosida 

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 Cbem (1986), .2.1,:671). 

20 The following formulas describe several classes 

. 25 

30 

35 

of prior art compounds: 
B-CffiCH-OCffiP(O) (OH)i 

I 
R 

....... :- ... ••• •• • •• f ·.- .... -... · . .... 
.. : . . .. .. . . .. .. . · .. ·. .. .. ~· ... 

(1) R • ~H 

(2) R • H 

(3) . R • CHiF 

· · Another group of antiviral compounds where the 
antiviral action is lesa strictly limited by the nature 
of _tbe heterocyclic base includes phosphonic acid analoqs 
in which a phosphonic acid moiety is linked to the 
hydroxyl qroup of an aliphatic chain suqar substitute via 
a methylene unit. Examples of .such compounds are HPMP­
derivatives (1) which were disclosed by the tJK Patent 
Application Ho. 2 134 907 and PV-3017, now published on 
30 Decem):)er 1986 as EP 206,459 of Bolf et al. such 
compounds act exclusively against DNA viruses as reported 

... 

• 
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by De Clercq at al. in Nature (1986) ~:464-467, and 
reviewed by HolY et al. in Antiyiral Res (1990) l,2:295. 

A similar type of antivirals is represented by 
PME-derivatives (2) disclosed by European Patent 
Application o 206 459 by Holy et al. and described in 
detail by Da Clarcq at al. in Antiviral Res (1987) 4:261, 

and by HolY et al. in Collection Czech Cb•• Commun (1987) 

,51:2801; ibid. (1989), ~:2190). · These compounds act 
aqainst both DNA viruses and retroviruses, includinq BIV-

10 1 and HIV-2. The adenine derivative, PMEA, was 
demonstrated to exhibit an outstandinq activity against 
Moloney sarcoma virus in mice, simian iJDJ1unodeticiency 
virus in Rhesus monkeys as well as feline 
iJDDlunodeficiancy virus in cats (Balzarini .at al., ~ 

15 (1991) ~:21; Eqberink at al., Proc Natl Agad sqi U.S.A. 

(1990) .11:3087). 
The extensive structure-activity investiqation 

which concentrated on the modification of the side-chain 
(described by Holy at al. in •Nucleotide Analoqs as 

20 Antiviral Agents•, ACS SymposiWI 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 

....... _ .. ·, --~~~~1;~on. t~ ... h~V:~~CJ .~c;mie. anti-DH~-virus activity display a 
···25:.:::_'. .. -~~-t~~tial ~ffeet· ~n ~tb-H:tv-1,· HIV-·2 and murine . 

30 

35 

sarcoma ·viruli .. {aa ·tauqht by Hol~ et al. , c_zechoslovak 
Patent Application PV 2047-90 now published on 30 October 
19i1 as EP 454,127, and by Balzarini et al., Proc Hatl 
&cad Sci U.S.A. (1991) .la:4961)~ 

The racemic mixtures of 9-(2-phosphono-
methoxypropyl)adenine and guanine (PMPA and PHPG) were 
also described by HolY et al., European Patent Appl. 
0206459 (PMPA) and HolY et al., Colleption Czech Cbea 
C9JlllllUD (1988) 1,2:2753 (PMPA), and by u.s. Patent 

· Appl_ication 932, 112 (PMPG) • PMPA was devoid of any 

itiiiiir 
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appreciable antiherpetic .effect while any antiherpetic 
activity of PMPG appeared due to its substantial 
cytotoxicity. The clinical forms of PMPG, and of the 
related compound, 
9-(3-bydroxy-2-(phosphonomethoxy)propyl) guanine (HPMPG) 

are disclosed in EP application 452935. Por these 
guanine forms, the R-enantiomers consistently qave 
·qreater antiviral activity, especially in reqard to the 
retrovirus HIV. There was little difference between R&S 

10 enantiomers.in antiviral activity with raqardinq to some 
DNA viruses. It cannot be predicted whether this pattern 
of activity would extend to PHP compounds of other than 
guanine. 

Nothinq 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 enantiomera 
preference would be. 

20 summ.ary ot the Invention 
Resolved enantiomeric forms of N-(2-phosphono­

methoxypropyl) derivatives of puri~e and pyrimidina bases 
have been synthesized and found to possess useful and 

. unexpected antiviral activity which is directed 
··25 .... ·· ~P~~lfiC.:1i'J/~g~inst' ~-.~~viruses·. These· compounds are 

30 

35. 

of tha.forauias IA and IB,· wherein IA.represents the R 
enantiomer. and IB represents the s enantiomer. 

• 

.. 

• 

.. 
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~B 
I 

H-C-OCJliP(O) (OR) 2 (IA) 
I 
CH, 

(ZB) 

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 ~ompound of the formul• IA. 

By •any substantial amount• is meant lesa than 
about 5 llOlet, preferably leas than about 2 molet, more 
preferably less than about 1 molet and most preferably in 
undetectable amounts. By •corresponding compound" is 
meant the··~~~omer of the_compound ~bown. 

otiiar aspe~~· of.the invention include the 
preparation of these compositions, their formulation into 
antiviral pharmaceutical compositions and the use of 
these formulations to treat retroviral infections. 

Detailed Description of the Inyention. 
The compounds of the invention are the resolved 

(R) and (S)- enantiomers of N-(2-phosphonomethoxypropyl) 
derivatives of purine and pyrimidine bases whieh have 
structural formula· I. 

---·--------
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* B-CHzCH-CH, 
. I 
OCHiP (0) (OH) 2 

(I) 

B is a purine or pyrimidine base or an aza 
5 and/or deaza analoq thereof other than quanine. 

10 

15 

20 

25 

Renantiames are preferred. As used herein, "purine" 
ref era to substituted or unsubstituted moieties of the 
formula(in the following, free valences and hydrogen are 
not shown): 

7· 
N 

)a 
N 
9 

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

.• .. ·.··.·.· ... 

In aza analoqs, at least one c shown in the 
above formulas is replaced by N; in deaza ana~ogs, at 

30 least one N is replaced by c. Combinations of such 
replacements are also included within the scope of the 
invention. 

35 

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

~ 
N 

N 

> N 
• 
' 3-deaza purine analogues are of the formula 

N 

> N 

a-aza purine analogs are of the formula 

N 

~N 
I 

• 
' 

... ; and 
. 1-deaza-a-aza purine analogs are of the formula . . . . . . . . . .. . . . . . . . . .· . - .·• . . . :·.~ : . . . 

·25 · ... : .. ·: .. ·· .. .. ·. ·~. 

30 
~-

I 
N 

· Pref erred embodiments of B are those wherein B 
is a purine base selected from the group consisting of 
. . 

35· adenine, 2,6-diaminopurine, 2-aminopurine, hypoxailthine, 
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xanthine; and their 1-deaza, 3-deaz·a or s-aza analoqs; 
and 

derivatives of purine or said analoqs, .which 
derivatives are other than guanine, substituted at 

5 position 2 and/or 6 and/or. a by amino, haloqen, hydroxy, 
alkoxy, alkylamino, dialkylamino, aralkylamino, 
heteroarallcylamino, hydroxyuino, alkoxyamino, bydrazino, 
heterocyclic amino, azido, marcapto or alkylthio. 

For the purposes herein it is understo0d 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, s-

15 methylcytosine, and their 6-aza analoqs1 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 
20 I; alkyl refers to a straight- or branched-chain 

saturated hydrocarbyl 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 defi~ed1 alkyl~~o is a group of the · 

25 formul_a -SR wherein R i• 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, halo, amino, 
sulfonyl, carbonyl or C1-C3 alkyl substituted with 

30 hydroxyl, halo, amino, sulfonyl or carbonyl) or 
unsubstituted aromatic group havinq 6-lOC and optionally 
·a heteroatom selected fro• oxygen or nitroqen, e.9., 
phenyl, napthyl, quinolyl and benzyl; ·aralkyl amino or 
beteroaralkyl amino means groups of the formula -H(Z) 2 

35 wherein z independently is B or -R-Ar (but at least l Z 

• 

• 
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is -R-Ar); heterocyclic amino is a saturated or 
unsaturated heterocyclic ring containing at least 1 N 

atom (ordinarily 1) and optionally.in addition at least 1 

other heteroatom (examples being pyrrolidine, morpholino, 
piperidine and the like radicals). Typically, cyclic 
structures contain frO. 3 to 6 ring atoms and are 
11.onocyclic. In soma embodiments, the aubatituents of 
purine 6-amirio groups are taken together with purine N~ 
to form an N-heterocycla fused to th• purinyl aoiety, for 

10 example aa ~n H1, 'N6-athano-adenina. 
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 zwitteriona. 'l'he acid or 

15 zwitterionic forms can be obtained on purification of the 
deionized crude material by anion exchange 
chromatography, using volatile organic acids (acetic or 
formic acid) as eluenta. The free acid forms can be 

easily transformed into physiologically acceptable salts 
20 by methods known in th• art. such salts include those of 

ammonium ion, Li+, Na+, x•, Ilg++ and. ca++ or 
pharmaceutically acceptable organic cations; the salts 
may be monobasic or dilasic. Compounda with at least one 
.amino . function conU.ined. in B. can also be prepared. as the 

25 ·a~id·addition salts ·with inorganic.or organic acids, such 

30 

35 

. . 
aa HBr, HCl, 11iso. or ROAc. 

In certain cases, the acid or zwitterionic 
f orma of compounds of th~ Formula IA and IB are extremely 
water-insoluble. Under such circumstances, purification 
ia performed on a medium basic anion exchanqer (e.g.·' 
DEAE-cellulose, DEAE-Sephadex) in a weakly alkaline 
volatile buf~er, such as triethylmoniwa hydrogen 
carbonate. The resulting water-solubla.triethylammoniwa 
salts can ba transformed to salts of other cations by, 

. ,, 
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e.g., cation exchange, using cation exchanger in the 

corresponding form. 
The free a~ids, zwitterions or salts of 

compounds of Formula IA or IB are stable in the solid 
state or in sterile aqueous or aqueous-alcoholic · 
solutions. 

Matbgds gf rteparatign 
Th• compounds of thi• invention can ba prepared 

10 from an easily prepared chiral intermediate X derived 
from resolved lactic acid ester enantiomers usinq 
reaction scheme 1 or 2. 

15 

20 

25 

/ 

30 

35 

.. 

• 
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Reaction scheme 1 is as follows: 

SCHEHi 1 

* 
Ts0· CH-CH3. 

. I 
(Yo 

Step 1 
XI <--------------

Step 3 

* 

--------------> Step 4 

v 

Ta~P(O)(OR)2~ ·seep 5 

IV • 

* 
. ··. '··. ·:: :·. · · .. : .. B.._CH2CH~:CH3·: ····: .. . :-:.c·-··-·--···"'•·------·-~ 

25 .: .. _·:· .· ...... )._- .. : .. ·.::·· .·_., .··· · Step 6 ··· 
B' ·CHaCH-CH3 · 

I 
· . . . . . Oai2P (Ol "(OR) 2 

30 

35 

. V%% 

.. 
* 

Step 7 

B·~CH-CH3 1 • 
. OCH2 P (0) (OB) 2 

l 

O~P(9) (OR)2 

VJ: 
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wherein B is as defined above and B' is its 

suitably protected form; the • above the chiral center 

indicates that the resolved enantiomer is used. 

Protection of B comprises blockinq of active h~droqen 

s atoms contained in B, such as any hydroxy, amino or 
carbamido qroup. Protection can be achieved by 

introduction of alkali-labile qroups, such as acetyl, 
benzoyl, pivaloyl or amidine, such as a 
dimethylaminomethylene group, or, by acid-labile groups 

10 such as trityl, substituted trityl, tetrahydropyranyl 
groups and the like. 

The desired enantiomer of 2-0-tetrabydro­
pyranylpropane-1, 2-diol of the Formula X is transformed 
to the corresponding 1-0-p-toluenesulf onyl esters in 

15 Step l 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. 
20 The protected intermediate of the Formula XI, 

isolated either by direct crystallization or by silica 
gal chromatoqraphy, occurs as a •ixtura of diastereomers 
which gives complex NMR spectra. 

·. , .. ' .... ~~· alkylation ~f a haterocyclic base with the_ 
25 :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 dimetbylforaaaide, or, by the anion 
formation generated in situ by alkali carbonate. In the 

30 latter case, an importance of cesium carbonate as a 
catalyst must be recognized. This catalyst not only 
substantially accelerates the al.kylation of the base, it 
also favorably !ntluences the regiospeciticity of 
alkylation by the synthon XI in purine ring systems, 

35 
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qivinq alkylation at the preferred N9 position of purines 

or the correspondinq position in the aza or deaza bases. 

The tetrahydropyran-2-yl group is cleaved in 

acidic media to afford·th• intermediate III in step 3. 

This cleavage can be achieved by the action of mineral 

acid (e.g. sulfuric acid) anion exchange resins or 

organic acids (e.g. acetic acid, formic acid) followed by 

cJaioniz.ation. 
Th• 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 of 

methods generally available for the purpose, such as 

selective N-acetylation, N-benzoylation, 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 solvent, such as 

20 dimethylformam~de, and the alkoxide i• treated with 

dial.kYi p-toluanasulfonyloxymethylphosphonate. (Formula 

IV). Preferably the phosphonate esters are of 2-propyl 

alcohol. The raactio~ is performed by stirrinq a mixture 

.: ... .. of.··~·- f.9~la -.v.:·1ntermedi.ate with the tosyl derivative 

. 25 .. of_.)~~~~1~-·Iv ··in· ·tii• _p;reserica .. of ~ee equivalents 
.. , . . . . . . ~ . . : . . . . . 

30 

(relative to intermediate V) of alkali hy~ide, e.q., NaH 

or 1CH or other suitable reagent• at temperatures ranging 

froa -1o•c to ao•c, mostly from o•c to 2o•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 

35 the phosphonate ester linkages are hydrolyzed. Removal 

--·----·------
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of the protectinq qroups from B' in step 6 can be 

achieved by qenerally acceptable methods such as 

methanolysis, acid hydrolysis, etc. Alkali labile qroups 

can be removed simply by dilution of the mixture with 

5 methanol. The resulting diester of Formula VII is 

isolated by silica qel chromatoqraphy, or using other 

suitable supports, or contaminating non-nucleotide 

materials may be removed by deionization on cation . 
exchanqars, such as Dowex so, or, by hydrophobic silica 

10 chromatoqraphy. The purified intermediate of Formula VII 
•. 

is then hydrolyzed, in Step 7 for example, by treatinq 

with a halotrialkylsilane, such as bromotrimethylsilane 

or iodotrimethylsilane in a polar aprotic solvent such as 

acetonitrila 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 puritication 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 of Formula I can be 

prepared by Reaction Scheme 2. 

. . ... . . . . . . ·. . ~. . . :.: :: . . ·: .... : .·.· ,.. -~ . . . . . ... 

-25 
- .......... . 

30 

35 
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SCHEME 2 

* 
• 

CH,-CH-CHzOB 
I Step 1 --------------> ero 
z 

5 

.. 

10 
* 

ce,-CB-CBzOCHzC.SS <--------------
1 Step 3 
O~Cl 

ZIV 

15 
Step 4 

* 
20 

CH,-CH-~OC!liC.S, --------------> · I Step 5 
OCHzP (0) (OR)z 

zv 

. . . 
25 

* 
B-C&zCH-CS, <--------------I ·Step 7 

OCJliP(O) (OR)z 

30 VII .. 

I 
! 

IA or IB 

35 

PCT /US93/07360 

• 

XIII 

* 
CH3-CH-~OB 

I 

Step 2 

OCJliP (0) (OR)i 

DJ: 

Step 6 . 

·* 
CH,-CB-CKp?s 

I 
OCHiP (O) (OR) 2 

ZV%% 
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In Scheme 2, the synthon of Formula XVII is 
ultimately used to provide the chiral PMP precursor. It 

bears a leavinq tosyl qroup and can be used for 
alkylation of the heterocyclic base or its protected 

5 derivative to afford Formula VII, the protected diester 
form of the compounds of the-invention. 

In Reaction Scheme 2, as in Reaction Scheme l, 
a resolved form of 2-0-(tetrahydropyranyl)-propane-1,2-
diol of the Formula X provides the required resolved 

10 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 S~ep 2 to th• resolved enantiomeric 2-

15 o-benzylpropane-1,2-diol 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 

20 purification, transformed in Step 4 into the phosphonate 
diester XV by heating with tri(2-propyl)phosphite with 
simultaneous removal of a-propyl chloride. Though the 
intermediate of the Formula XV is distiliabl• in a high 
vacuum, this procedure may result in racemizat.ion. 

25 Partially purif led p~oducts of this re~ction 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, 

.. 

30 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 wit!) high cortversion so that the over-

35 all yield of the sequence exceeds 40t. 2-propyl esters 

--- ----·---··--------
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of the phosphonate are preferred, but other phoaphonate 
protecting a~ter groups such as methyl, ethyl, banzyl and 
cyclic diesters can ba used to the same effect. Also the 
tosyl group in the synthon of the Formula XVII could be 

5 replaced by other laavin9 groups, as for example mesyl, 
triflyl, p-nitrophenylsulfonyl, etc. 

step 7 of thia synthetic sequence consists in 
the alkylation of the heterocyclic base by th• aynthon of 
the Formula XVII. It requires an equimolar amount of the 

10 base relative to the hetarocycle. 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 ali9ht excess of p~tassiWD 

15 carbonate or, to an advantage, cesiua carbonate. The 
reaction can be made either with unprotected or protected 
<•·CJ• N-benzoylatad) bases or their precursors as 
mentioned in the description of the reaction accordin9 to 
the Scheme 1. 

20 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 6of the 2-amino-6-

25. . chloropurine. derivative of the Formula VII is applicable 
for the preparation of a wide variety of 6-aubatituted 2-
~inopurine compounds; thus, by heating with sodiWll or 

· lith~um azide it is possible to prepare the 2-amino-6-
azidopurina derivative which can be further reduced to 

30 the 2,6-diaminopurina compound. Alternatively, treatment 
of th~ chloro derivative with thiourea affords the 6-
thioquanine compound, whereas its reaction with primary 
or secondary amines provides N6-substituted or 
disubsti tuted 2 ., 6-diaminopurine derivatives. 

35 
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An analogous transformation is applicable also 

to the diester of the Formula VI derived from 6-

cbloropurine where it leads ultimately to the compounds 

of the Formula I containing 6-mercaptopurine or N6-mono-

or disubstituted adenine. 
Th• alkylation proceeds rapidly and the 

required intermediate of the Formula VII can be easily 

isolated from th• reaction mixture and purif iad by 

chromatography. l'Urthar processin9 of these 

10 intermediates leading to the compounds of the Formula IA 

and IB is identical with the procedure described in the 

Scheme~l. 

An advantage of this method of preparation of 

the.Formula I compounds over the.method described by the 

15 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 wall as of any other deprotection except 

20 for ultimate halotrimethylsilane treatment. The 
. alternative procedure can thus ba applied for the_ 
syntheses of compounds of the Formula I bearinq sensitive 

heteroc:Yclic bases. 
In res~ect to both reaction Schemes 1 and 2, 

2s. ·tha compounds .of the·. i_.nvention may be pre~red by 

alkylation of the desired hetarocyclic 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 

JO hydrolysis. of the c-cl linkage. Cytosine derivatives can 
be sy~thesized by direct alkylation of cytosine in the 
presence of casiwa carbonate in a modest yield; better 

yields are obtained by the ammonolysia of an intermediate 

formed by alkylation of 4-methoxy-2-pyrimidone with 
35 synthon XI. 

' 
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Similar subseq\ient cbanqea at the heterocyclic 

base can be performed witb the final products ot tbe 

Scheme, i.e. the compounds of Formula I wbich are tbe 

subjects of the invention: adenine, 2,6-diaminopurine or 

5 guanine derivatives can be transformed by deamination 

with nitrous acid or its esters to tbe corresponding 

hypoxanthine, 2-hydroxSradenine or xanthine derivatives; 

similarly, .uracil derivative• can similarly be conv~ad 

to cytosine derivatives. Further transformations of the 

10 compounds ~f the Formula I can be realized with routine 

.methods of nucleic acid chemistry: e.9., reaction of the 

adenine moiety with chloroacetaldehyde will afford tbe 

Nl,6-etheno derivatives; ·bromination of purine base to 

obtain the a-bromo derivatives; N-alkylation of the NH-

15 functi~ns in both the purine and pyrimidine compounds, 

etc. Nona of these subsequent transformations concerns 

any changes at the aid• chain or thephosphonat• CJZ'OUp of 

the compou"nds of Formula I. 

It will ~· recognized that the intermediate 

20 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 th• processes of Schemes 

l_and 2_consists in the utilization of starting materials 

25 ·_···of th~ .·Fo~la. x,· ·whiCb are.easily available in optically 

pure forms~ The reaction sequence to prepare the chiral 

syntbon X used ~oth in Scheme 1 and Scheme-~ is described 

in Scheme 3. 

30 

35 
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SCHEME 3 

* * CH,-CH-COOR 
. I ---------------------> CB3-CH-COOR 

I 
OH 

VIII er:: 
I 
l 

* 

Th• crucial step of every asymmetric synthesis 

depends on the availability of optically pure chiral 

starting aaterials. The aethod 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. .~e eaters of the Formula IX are obtained 

by fr•~tionation .in vacuo. These intermediates are 

reduced by lithium aluminum hydride in ether or by.bis(2-

methoxyethoxy)alwainwa hydride in ether or other inert 

solvents to the compounds of Formula x. 

Biological Activity and Uses 
The enantiomerically resolved compounds of the 

invention display significant antiretroviral activity 

both in vitro and in yivo. Their in yitro efficacy was 

demonstrated on human imm.unodef iciency virus type 1 (lllV-

1) and type 2 (HIV-2) in MT4 and CEM cells, as well as on 

ii1ili1JU1i1Ur 

•. 
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Moloney murine sarcoma virua (MSV) in C3H/3T3 calla. 
Their in yivq_ efficacy was proven in MSV infected NMRI 
mice, where the compounds markedly postponed the mean day 
of tumor initiation and substantially p~olonqed the mean 
survival day, both upon parenteral and oral 
administration. 

· The compounds of the invention have several 
advantaCJe• over the prototype compounds (PMEA, PMEADAP, 
PMEG) and/or FPMP derivatives, •·CJ·, PPMPA, FPMP-DAP), 

10 and most relevant, unresolved PMPG + PMPA: (a) their 
antiretroviral activity is clearly separated from other 
antiviral activities (e.q. aqainst herpes viruses); (b) 
their antiretroviral activity is not due to cellular 
toxicity. consequently, the in yitrq therapeutic. index 

15 of these compounds is much hiqher than those of the­
prototype compounds and reaches a value of >2000 in som~ 

of the cases. such compounds can be ideally suited to a 
lonq-term treatment of chronic diseases, e. q. AIDS. 

The strur~ ··:::urea of the test compounds presentinq 
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 cross-resistance of these 

. . 

compounds aqainst those virus strains that became 
.re~is:tant to SU~ ~raatment, e.q., AZT, DOI, DDC, T~BO, 

· '25_, .. _ .. -.ne~~rapina~··- pyrtdinone,. 'etc • 
. _.The bioloqical activity of these compounds is 

hiqhly enantiospecific. Generally, the (R)-enantiomers 
are.responsible for the antiratroviral activity. The 
activity of (S).-enantiomars in the guanine series ia 

30 ~ccompanied by a substantially increased toxicity. 
The compounds of the invention can be applied 

for the treatment of diseases caused by retroviruses, 
••CJ• h~n ill1llunodeficiency viruae• (AIDS), human '1'-cell 
leukemia virus (hairy cell leukemia, acute T-cell 

35 leukemia (RTL)). Since the molecular tarqet of antiviral 

--------
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action of these compounds is the virus-encoded·reverse 

transcriptas~, they should also have anti-hepadna virus 

activity (a.q. hepatitis B virus). 

The compounds of this invention also are useful 

5 as intermediates in the preparation of other compounds 

useful in in vitro methods. For example, the compounds 

containing bases capable of Watson-crick base pairing are 

diphosphorylatad by known methods and employed as 

analogues to didaoxy NTP's heretofore conventionally used 

10 in nucleic 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 

15 in--preparative or diagnostic methods based on 

oliqonucleotide or nucleic acid hybridization. For 

example, the compounds are converted to monomers suitable 

for incorporation into oligonucleotides using non­

enzymatic synthetic methods, e.q. H•phosphonate or 

20 phosphoramidite chemistries. The monomars 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 monomer, or both are readily 

available fo~_recoqnition and binding by an antibody. 
25 Tb~--~ntlb~y .. in°.t'1rn. is labelled. (for detecting 

hybridization of monomer-labelled probe to a target 

analyte aequ~ce or the antibody is immobilized (for 

preparative separation of probe-bound nucleic acid). 

Exemplary methods of this sort are further described in 

30 EP 1441913,; EP 146,039; WO 85/02415,; tJK 21 125,964A; 

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 

35 systemically i.e. orally, rectally, intravaqinally and 

,_ 
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parenterally (by intermuscular, intravenous, subcutaneous 
and nasal rou~es). Generally, the oral application will 
require a larqer quantity of the active inqredient to 
produce a therapeutic effect comparable with quantity 

s qiven parenterally. 
: Pharmaceutical compositions for the treatment 

of human retroviral diseases will comprise at least one 
compound of th• Formula IA or IB or a pharmaceutically 
acceptable salt thereof, generally.comprising 95 too.st 

10 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 

15 · mixture is substantially free of its enantiomer. 
Pharmac~utical compositions containing 

compounds of the Formula I are conventionally prepared as 
tablets, lozenges, .capsules, powders, aqueous 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 generally 
may be found in Reminqtqn'• Pharmaceutical Sciences, Mack 
Publishing Co., Easton, PA, latest edition. The active 

25 ....... in9i-ecd . .Dt is. ·q~ei-ai1y· .. C:o.bi~ed. with a ·carrier such a~ a 
diluent.or excipiarit which may include fillers, 
extenders, hinders, wettinq aqents, disinteqrants, 
surface-active agents, or lubricants, depending on the 
nature of the mode of administration and dosage forms. 

30 Typical dosage forms include tablets, powders, liq-~id 

prepa~ations including suspensions, emulsions and 
·solutions, granules, capsules and suppositories, as well 
as.liquid preparations for injections, includinq liposome 
preparations. 

35 
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For systemic administration, injection is 
preferred, i~cludin9 transmuscular, intravenous, 
intraperitoneal, and subcutaneous. For injection, the 
compounds of the invention are formulated in liquid 

s solutions, preferably in pbyaioloqically compatible 
buffers such aa Hank's solution or Rin9er'a solution. rn 
addition, the compounds may be formulated in solid fora 
and redissolved or suspended immediately prior to use. 

0

Lyophilized forms are also included. Systematic 
10 administration also can be by transmucosal or transderaal 

means, or the compounds can be administered orally. For 
transmucosal or transderm.al administration, penetrants 
appropriate to the barrier to be permeated are used in 
the formulation. such penetrants are qenerally Jcnown in 

15 the art, and include, for example, bile salts and fusidic 
acid derivatives for transmucosal administration. In 
addition, deter9ents may be used to facilitate 
permeation. Transmucosal administration may be throu9h 
use of nasal sprays, for example, or suppositories. For 

20 oral administration, the compounds are formulated into 
conventional oral adlliinistration forms such as capsules, 

. tablets, and tonics. 
For topical administration, the compounds of 

the invention are formulated into ointments, salves, 
.. 2s·.· .. · 981s·~···c;r· 'qra~&;· . .-~··'19 9enera1iy Jeno~ 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 
prasent·invention is expected to be about 0.01-so mg/kg 

30 body weight with preferred ran9e of 1 to 20 mq/kg. The 
dosage in clinical applications must be prof easionally 
adjusted considering age, weight and condition of the 
patient, the route ·ot 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 ot the invention, their methods 
of preparation and their biological activity will appear 

5 more clearly from the examination of the following 
examples which are presented as an illustration only and 
are not to be considered as lilliting the invention in its 
scope. All melting points have bean estimated with the 
use ot Kofler'• bloclc and are uncorrected. Solut'iona 

10 were evaporated at 40•C/2kPa when not specified. 'l'hin­
layer chromatography was made with the use of silica 
plates containing fluorescent indicator; detection by uv­
light. The nuclear maqnetic resonance (NMR) spectral 
characteristics refer to chemical shifts (I) expressed in 

15 parts par million. (ppm) vs. tetramethylailane (TMS)· as 
reference compound. The multiplicity of signals is 
reported as singlet (s), doublet (d), doublet of ·~loublets 
(dd), multiplet (m), triplet (t) or quartet (q); other 
abbreviations include broad (br) signal, aromatic protons 

20 (arom.), d6-oxso for haxadauteriodimethylsulfoxide, o2o 
for deuterium oxide, NaOD for sodium deuterida and coc13 
for deutariochloroform. Other abbreviations are 
conventional. 

The f ollowinq a~amples are intended to 
25' :illustrate but not to' limit the invention. 

I. mmsIS·OI' Ill'l'DKBDt&TS8 01' l'ORKVLA II 
A. Resolved Formula XI precursors 

30 Example 1 
CR>-2-q-Tetrabydrqpyranvl-1-0-p-toluenesulfonylprqpane-
1.2-diol. 

A mixture of isobutyl (R)-lactate (73 g, o,s 
mol, Merck) and 3,4-dihydro-2B-pyran (70 g, 0,83 mol, 

35 Merck) was treated with SM hydrogen chloride in 
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dimethyltormamide (4 ml) and sat aside at ambient 
temperature overnight in calcium chloride protected 250 
ml round-bottom flask. Silver oxide (15 q) was added, 
the mixture stirred magnetically for 2 hours and then 

5 filtered. The product was isolated by distillation (13 
Pa, b.p. 94-96•C) to provide isobutyl 2-0-
tetrahydropyranyl-(R)-lactate (102.5 q, 89 '> as a 
colorless oil. 

• 
A 1 l 3-necked round-bottomed flask was oven 

10 dried and eguipped with reflux condenser with calcium 
chloride protection tube, 250 ml dropping funnel and 
magnetic stirring rod. It was then charged with a 
suspension of lithium aluminum hydride (15.8 g, 0.415 
mol) and ether (500 ml, distilled from phosphorus 

15 pentoxide) and placed in ice-water bath. 
A solution of isobutyl 2-0-tetrahydropyranyl­

(R) -lactate was added dropwise under stirring at such a 
speed that the mixture was continuously in.mild reflux 
(approx.30 min.). The cooling bath was removed and the 

20 mixture stirred in reflux for additional 3 hours by 
applying an external beating. 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 HaOH 
(15 al). ~e resulting aixtur~ was then filtered by 

25 suction over a layer of Celita 521 (Janssen) and washed 
with chloroform (500 ml). The coml:)ined filtrate was 
taken down in vacuo, the residue redissblved in ether 
(300 ml) and a~ydrous magnesium sulfate (50 g) added. 
After standing overnight at ambient temperature, the 

30 mixture was filtered by suction, washed with ether e,200 
ml) and the filtrate stripped of the solvent in vacuo. 
The remaining oil afforded by distillation (13 Pa, 75-
7&•c) 2-0-tetrahydropyranyl-(R)-proparia-1,2-diol (67.5 9. 
0.422 mol, 9St) as a colorless oil. 

35 
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A solution of 2-o-tetrahydropyranyl-(R)­
propane-1,2-diol(67.2 g, 0.42 mol) in pyridine (600 ml) 
was placed in a 2 l round-bottom flask with maqnetic 
stirring rod and 500 ml dropping funnel with a side-

s tubing, protected by calciwa chloride tube. 
4-Dimethylaminopyridine (2 g) was added, the flask was 
placed in an ice-water· cooling bath and a solution of 
p-toluenesulfonyl chlor~d• (91 q, 0.477 mol) in pyrid_ine 
(300 ml) was added over- 1 hour under stirring. The 

10 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 

15 acetate (2.5 1) and shaken with water (300 ml). ~ter 

separation of the lower aqueous 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 gal (eluting with 
chloroform) to afford 122 q (0.39 mol, 93') of (R)-2-0-
tatrahydropyranyl-1-o-p-toluanesulfonylpropane-1,2 diol 
as a thick c~lorlass oil, RF o.60 (TLC, chloroform). 
This product was stored at +4•c for several months 

2s_ ·:· with~u~ o~~oua· ciecomposiUo~. Por .c15e22os (MW 314,4) 
_calculated: C,57.30; H,7.05; S,10.20. Pound: C,57.15; 
H,1.22; s,10.s2. 

Example 2 

30 CSl-2-0-Tetrahydropyranyl-1-0-p-tpluenesulfonylpropane-
1.2-djol. 

A mixture of ethyl L-(-)lactate (59 9, 0.5 aol, 
Merck) and 3,4-dihydro-2H-pyran (709, .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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2-0-tetrahydropyranyl- ( S) -lactate (98 9, 0.485 mol, 97t) 
as a colorless oil. 

This material (91 9, 0.45 mol) was treated with 
lithium aluminum hydride as described in Example 2 to 

5 afford after distillation (13 Pa, 72-75°C) 2-0-
tetrahydropyranyl-(S)~propane-1,2-diol (67,79, o.423 aol, 
94') aa a colorleaa oil. 

Following tb• conditions described in Example 
1, 2-0-tatrahydropyranyl•(S)-propane-1,2-diol (67.2 9, 

10 0.42 aol) waa transtoraact in (S)-2-0-tatrahydropyranyl-1-
o-p-toluenesultonylpropane-1,2-diol. The purification by 

chromatography on silica gel (elution by chloroform) gave 
the product (121 9, 0.386 mol, 92t) as a thick colorless 
oil, chromategrapbically (TLC, RF o.60 in chloroform) 

15 homogeneous. For c15H22o5s (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 lxample 3 

·· .. · 
25 

9-<s>-<2-Hydroxypropyl)adenine 
A suspension of finely ground adenine (13.6 9; 

o.1mol) and cesium carbonate (16.4 9; o.os mol) in 
dimathylformamide (~OO ml, dlatilled from phosphorus .. . . . . . : · ... •. . . . . . 

pentoxide)·waa placed-in 11 round-bottom flask equipped 
. . . 

with 250 ml dropping funnel and calciUJI chloride 
protecting tul:>e. The mixture was preheated at 1oo•c and 
a solution of (S)-{2-o-tetrabydropyranyl-1-0-p­
toluenesultonyl)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 resultinq 
clear solution was heated at 1oo•c for additional 6 
hours, cooled down·and the solvent distilled oft at 
so•c/13 Pa. The residue was extracted ·with boilinq· 

35 chloroform (three 300-ml-portiona), filtered and the 

----------·-----. 
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filtrate taken down in vacuo. The residue afforded by 

crystallizati.on f:r..:;m boilinq ethanol 9-(S)-(2-o­

tatrahydropyranyloxypropyl) adanine (13.2 q,-0.048 mol, 

48%) m.p. 112•c. ~ 0.4_0 (TLC, chloroform-methanol, 4:1). 

5 For C13H19N502 (277.3) calc. c 56.30, H 6.91, N 25.26; 
found C 56.46, H .6.82, H 25.57. 1H-NMR (200 MHz,_ d6-

DMSO): H2,H8: 2 x ., 8.14 and 8.04; NB2: br ., 7.20; 1'­

CH2: dd, 1B, _4._23 (Jl,2 • 3.2, Jqem • 13.7) and dd, 1B, 

4.11 (J1,2 • 7.1): 2 1 -c:H: •• 1H, 4.06; 3 1 -CH3: d, 3B, 

10 1.12 (J3,2 •6.1); tetrahyc:lropyranyl 1•-CH: dd, lH, 4.28 

(J•2.9, 4.4); 5-CH2: ddd, 1H, 3.72 (J•3.9, 7.8, 11.5) and 

ddd, lH, 3.34 (J•4.9, 5.1, 11.2); additional CH2: •, 6H, 

1.20-1.65. 
A solution of 9-(S)-(2-0-

15 tetrahydropyranyloxypropyl)adenine (13 g, o.047 mol) in 

o.25M sulfuric acid (300 ml) was left to stand overnight 

at ambient temperature and neutralized with saturated 

aqueous bariwa hy~oxide solution to pH 7.0-7.1 (with the 

use of pH-meter). The resulting suspension was brought 

20 to ao•c and after standing for 30 minutes filtered 

throuqh a layer of Celite 521 (Janssen) and the 

precipitate washed with bolling·water (500 ml). The 

combined filtrate and washings were evaporated to dryness 

. in vacuo,. th~. residue coavaporatad with ethanol (two 200· 
25 ·::··"·-.. ~i" >p~~lo~ ... ~ ::~•t.iiizad·. fro• ·,b0ilin9 ethanol (ether 

· ... · added· ·to turbidity).-;.· :c The· product was colle~ed by 

filtration to give 9-(S)-(2-bydroxypropyl)adenine (7.7 9, 

0.04 mol, ast), m.p.202•c. For c8e11115o (MW 193,2) 

calc.: c 49.73, H 5.74, N 36.25; found c 49.59, H 5.54, N 

30 36.29. [aJo•-41,0° (c•0.5, O.lM HCl). 1H-NMR (200 MHz, 

d,-DMSO): H2,H8:2xs, 2H, 8.14 and a.os; NH2: br s, 2H, 

·7.23; OH: br,lH, 5.05 (JOH,CH•4.2); N-CH2+o-CH: m, 3H, 

3.97-4.13; CH3r d, 3H, 1.06 (JCH3,ce•5.6). 

35 
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Example 4 

9-<R>...; C 2-Hydroxypropyll adenine. 
The condensation of adenine (13.6 g, 0.1 mol) 

and (R)-(2-o-tetrahydropyranyl-1-0-p-
s toluenesulfonylpropane-1,2-diol (31.4 g, 0.1 mol) was 

performed in the presence of cesiWR carbonate (16.4 g, 
o.os mol) as described in Example 3. After extraction by 
boiling chlorof ora, the crystallization of the residue 
from ethanol (ether added to turbidity) afforded 9-(R)-

10 c2-o-tetrahydropyranyloxypropyl)adanine (14.6 9, 0.053 
mol, 53t),- m.p.171-172•C. For c13B19N5o2 (277.3) calc. C 
i6.30, H 6.91, N 25.26; found c 56.571 H 6.71, N 25.41. 

H-NMR spectrum (200 MHz, d6-DKSO) closely resembles to 
that of 9-(S)-(2-tetrahydropyranyloxypropyl)adenine 

15 (Example 3). 

A solution of 9-(R)-(2-
tetrahydropyranyloxypropyl)adenine (14.o g, 0.05 mol) in 

o. 2 5 M sulfuric acid was left t.o stand overnight at 
ambient temperature and worked-up as described in Example 

20 3. The product was isolated to give 9-(R)-(2-
hydroxyprc:>pyl)adenina (8.19, 0.042 mol, 84t), m.p. 202•c. 
For c8H11H5o (MW 193,2) calc. c 49.73, H 5.74, N 36.25; 
found c 49.80, H 5.64, N 36.44 • 

.. ~~".'.'~_ape~~ (200_ ~z, d6-oxso) is identical with that 
25 - _of the ·cs>"-enantiomer:· _c£xaiip1e t). [cs]0-+4o_,a• (c•0.5, 

O~lH HCl) •· 

Example s 
9-CBl-<2-bydroxypropyll-2.6-diamingpurine 

30 A suspension od 2,6-diaminopurine (15 g, 0.1 
mol) and cesium carbonate (16.49, o.os mol) in 
dimetbylformam.ide (250 ml) was placed in 500 ml round­
bottom flask with magnetic stirring rod and calcium 
chloride protectinq tube and preheated to 1oo•c. (R)-(2-

35 o--tetrahydropyranyl-1-0-p-toluenesulfonylpropane-1,2-
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diol (32,8 q, 0.104 mol) was added in one portion and the 

mixture stirred at 100 •c for 20 hours. The solvent was 

evaporated at so•c/13 Pa and the residue extracted with 

boilinq chloroform (three 300-ml-portions). The filtrate 

5 was separated on silica qel column (SOOml), the product 

eluted by chloroform-methanol mixture (95:5), affordinq, 

after crystallization fro• ethyl acetate (ether added to 

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

diaminopurine (14.2 g, 0.0485 aol, 48.5,), a.p.1so-1s2•c. 

10 ·For c13H20H~o2 (292.3) calc. c 53.41, H 6.90, H 28.76; 

found c 53.27, H 1.02, H 28.77. 
A solution of 9-(R)-(2-

tetrahydropyranyloxypropyl)-2,6-diaminopurine (11.7 q, 

o.04 mol) in 0.25M sulfuric.acid (400 ml) was left to 

15 stand overniqht at ambient temperature, neutralized with 

aqueous ammonia and-concentrated in vacuo. The solution 

was applied onto a column of Dowex·SOX8 (250 al, 100-200 

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

the UV-absorption and conductivity of the eluate dropped 

20 to the oriqinal values. The product was eluted by 

diluted (1:10) aqueous ammonia, the UV-absorbing eluate 

was collected and taken down in vac~o. The residue gave 

on crystallization fro• ethanol 9-(R)-(2-hydroxypropyl)-
. . 

_2.,6~i•minopurine ·-(6.·~ q, 0.031 mol, 77.St), m.p. 192•c. 
··25 .. '.·._·::~J.or~,a~H·~;if~c{··(20&·~2)··~ai~~ .. :·e: ·4&.'l.s, · R. s.ii, • 40.37; 

. . - . ,,,_ . .. 1 

30 

35 

found C 45.97, ·ll 5.72,_· N 40.-~6. H-Nlm-spe~trwa (200 

Hiiz, d6-DMSO): B-8, lH, 7.62; HR2 : 2xbr s, 2x2H, 6.65 and 

s.11; oH: · br, .ui, s.os; 11 -ca2: dd,_ 1&, 3.to (J112•3.9, 

Jqem•13.7) and 3.80, dd 1H (J112•7.6, J
9 
.. -1~.7); 21-ca: 

m, lH, ·3.95; 31-CH3: d, 3H, 1.04 (J312•6,19). [a] 0~-
40,7• (c•O.S, O.lM HCl). 

------- -·--···----·· 
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Example 6 

9-(s>-<2-Hydroxyprgpyll-2.6-diaminopurine 
The synthesis was performed in analogy to 

Example s, with (S)-2-0-tetrahydropyranyl-1-o-p-
5 toluenesulfonylpropane-1,2-diol (34,5 q, 0.11 mol). The 

crude reaction product w~s dissolved in 0.25 H sulfuric 
acid (300 ml) and left to stand overniqht at ambient 
t~perature. The mixture was alkalized by ammonia and· 
evaporated in vacuo to a volume of approx. 150 ml which 

10 was then applied onto a column (300 al, 100-200 mesh) of 
Dowex soxa (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 tJV-absorbinq fraction which was taken down in 

15 vacuo and crystallized from methanol to qive crude 9-(S)­
(2-hydroxypropyl)-2,6-diaminopurine (content, > 95t; 9.2 
g, 0.044 mol, 44t) which was used in the subsequent 
synthetic step. [a]0•+41,2• (c•0.5, 0.111 HCl). 

20 Exgpl• 7 

9-CBl-CZ-Hyclroxypropyllqµanine 
A suspension of 2-aaino-6-~loropurine (18.6 q, 

0.11 mol, Mack) and cesium carbonate (17.9q, o.oss mol) 
.. . :. _ · ... ~~ d~ile1;hylforaamide (~5~. ~l) was . stirred at 1oo•c under 

2s ·,~lei~. chl~lda· pr~tect:i.on tube and a solution of (R)­
c2-o-tatrahydropyrany1-1-o-p-toluenesu1fonylpropane-1,2-
diol (42 q, 0.134 mol) in dimathylforaamide (100 ml) was 
acSdecl dropwiae over 30 min. interval. The mixture was 
.stirred at 1oo•c for additional 6 hours, cooled and 

30 evaporated at so•C/13 Pa. The residue was extracted with 
boilinq· chloroform (three 300-•l-portions) and the 
extract concentrated in vacuo. Thia material was applied 
or.to a column· of silica qel (500 ml) in-chloroform and 

·eluted by the same solvent. The relevant ov-absorbinq. 
35 fractions were pooled, evaporated and dried in vacuo. 9-
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(R)-(2-tetrahydropyranyloxypropyl)-2-amino-6-chloropurine 

was obta~ned as yellow amorphous foam, Rp 0.64 (TLC in 

chloroform-methanol, 95:5) (10.7 q, 0.034 mol, 31t). For 

c13e18c1N5o2 (311.8) calc.: c so.08, H s.12, Cl 11.31, N 

22.47; found c 49.92, H 6.08, Cl 11.44, N 22.54. 1H-NMR 

spectrum (200 MHz, d6-DMSO): H-8: S, lH, 8.06; 1 1 -CH2: 

dd, lH, 4.01 (J1, 12 ,•7.3, J
9 
.. •14.2) and dd, 1H, 3.94 

CJ1•,21 •5.4, Jq .. •14.2); 21 -CH: ., lH, 3.42; 3'-CH3 :d,. 

3H, 1.06 (J3,, 2 , •5.4); tetrahydrapyranyl: 1''-~: dd, 

io 1H, s.01 (8•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-

tatrahydropyranyloxypropyl)-2-amino-6-chloropurine (10 g, 

o.032 mol) in 1M hydrochloric acid (200 ml) was refluxed 

15 under stirrinq for 1 hour, cooled, alkalized with amDonia 

and evaporated in vacuo. The residua was crystallized 

from boiling water (decolorized with active charcoal) to 

afford 9-(R)-(2-hydroxypropyl)quanine (6.0 9, 0.029 mol, 

91t), 11.p.2s5•c. For ·c8s11115o2 ·c209.2) calc. c 45.92, H 

20 5.30, N 33.48; found c 46.02, H 5.25, If 33.41. 1s-HHR 

spectrum (200 MHz, d6-DMSO): NH: br, lH, 10.10; H-8: s, 

lH, 7.61; NH2: br s, 2B, 6.74; OH: br, lH, 5.05; l~-CH2: 

dd, lH, 3.89 CJ.1, 12
,•3.7, J

9 
.. •13.4) and dd, lH, 3.78 

, (Jl", 2 ,~!·8; J9-~~~.4)_1 .3'-CH3: d, 3B,. 1.03 · 

2s JJ3, ~.2 ,·~· ~"). ·. · [aJ.0~-~5, 1•· (c-o.s, o.~ HCl). 

Example 8 · 

9-Cs>-<2-Hydrgxyprgpyllquanina 

To a slurry of 4 CJ (0.1 1101) of 60t NaH 

30 dispersion in mineral oil(Janss•n) in distilled 

dimethylformamide (300 ml) in a 11-round -bottom flask 

equipped with calcium chloride protectinq tube was added 

in one portion 2-amino-6-chloropurina·c11.s g, 0.1 

1101,Mack) and the mixture was 11aqnetically stirred for l 

35 hour at ambient temperature. (S)-(2-0-Te~~ydropyranyl-

---·---·------·-·-
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1-o-p-toluenesulf onylpropane•1, 2-diol (34.5 q, 0.11 mol) 
was then.added in one portion and the mixture stirred at 
60°C for 3 hours and at 80°C for 8 hours. The solvent 
was then removed at so•C/13Pa and the residue triturated 

5 with boilinq chloroform (two 300 al portions) and 
filtered. 'Die filtrate was chromatographad on a silica 
qal colwan (300 al) to qive t-(S)-(2-0-
tetrahydropyranyloxypropyl)-2-amino-6-chloropurine (10.9 
q, o.035 mol, 35t) 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 aqueous ammonia and evaporated in vacuo. The 
residue afforded by crystallization from water 
(decolorized with active charcoal) 9-(S)-(2-

15 bydroxypropyl)guanina (5.7 9, 0.021 mol, 77t), m.p.256•c. 

20 

For c8H11• N5o2 (209.2) calc. c 45.92, H 5.30, N 33.48; 
found c 45.88, H 5.25 N 33.41. 1e-NMR.spactrum {200 MHz, 

d6-DMSO) was identical with that of the (R)-isomer. 
[aJn•+36,2• (c-0.5, O.lM RCl). 

IXMPl• 9 
1-CBl-<2-Rydrgxyprqpyllcytosine. 

A mixture of cytosine (8.5 q, 76 mmol, Pluka), 
cas~wa carbonate (l~·q, 40 mmol).and (R)~2-0-

25 tetrahydropyranyl-1-0-p-toluenesulfonylpropane-1,2-diol 
(24 g,76 lllJllol) in distilled dimathylformamide (300 ml) 
was stirred at 1oo•c for 12 hours and filtered while hot. · 
The filtrate was stripped off the solvent in high vacuum 
and the residue triturated with boilinq chloroform (three 

30 200-ml-portions) and filtered. The filtrate afforded by 

chrOlllatograpby on a silica qel column to give 1-(R)-(2-
tetrahyclropyranyloxypropyl)cytosine (4.6 q, 18 mmol, 
23.St), m.p.259-26o•c (crystallized from ethyl acetate­
petroleum ether mixture). For c12H19N3o3 (KW 253,3) 

35 calc:Ulated: C,56.891 H, 7.57; N, 16.591 found: c, 55.80; 
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H, 7.72; N, 16.85. 1H-NMR (200 MHz, d,-DMSO) (mixture Of 

diastereomers, 3:1), :major isomer: H-5: d, lH, S.73 

(J516•7.3), H-6: d, 1H, 1.s2 CJ516•7.3); d, _3H, 1.13 

(J•6.1), NH2: br s, 2H, 6.98; tatrahydropyranyl C-1" : br 

s t, lH, 4.36 (J•3.2); other ca2 qroups : a, total lOH, 

1.20-1.10, 3.26-3.54, 3.72-4-01. 
A solution of 1-(R)-(2-

te~ahydropyranyloxypropyl)cytosine (4.0 9, 16 maol) in 

0.25 H sulfuric acid (50 ml) was left to stand at ambient· 

10 temperature overni9ht and neutralized with saturated 

aqueous barium hydroxide solution to pH 7.0-7.1. The 

suspension was warmed to ao•c, filtered through a layer 

of Celite 521 (Janssen) and the filter washed with 

boiling water (500 ml). The filtrate was taken down to 

15 dryness in vacuo and the residua·coc:listilled with ethanol 

(200 ml). The residua was crystallized from ethanol 

(ether added to turbidity) to give 1-(R)-(2-

hydroxypropyl)cytosine (2.5 9, 15 111J1ol, 94t), m.p.246•c. 

20 

25 

For c7H1iN3o2 (169,2) calculated: c, 49.69; H, 6.55; N, 

24.84; found: c, 49.48; B,·6.70; H, 24.70. 1a-NBR­
spectrum (500 IOIZ, d6-DMSO): H-5: d, 1H, 5.61 (Js,6•7.3); 

H-6: d,_lH, 7,45 (Js,6•7.3); NB2: 2X br ., 2x1B, 7.04 and 

6.98; OB: .. br, 1H,. 4.88; 1 1-CB2: dd, 1H, 3.73. (J1, 12 ,•3.9, 

~gem·1~~2~. ~nd: __ ~~ .. 1~, ,_3.31_. (~11112 ,~8.05, Jgem•13.2); 2'­
CH: m, 1H, 3.82 ._(J~31.0); 3'-CH3: d, .3B, 1.08 

CJ3 , , 2 ,•l.·35). ca10--101,o• cc:-o·.s, o.lH HCl). 

Example 10 

1-CRl-<2-Hydroxypropyllcytosina. 

30 To a slurry of sodium hydride (4 9, 0.1 mol, 

60t suspension) in distilled dimethylformamid• (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 tuba). 

35 The resulting clear solution was treated with (R)-2-0--

-------·-:- ··----·----­- ---·-----· 
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tatrahydropyranyl-1-0-p-toluenesulfonylpropane-1,2-diol 

(31.4 g, 0.1 •ol) and the reaction mixture heated at ao.•c 
for 8 hours under stirring. The solvent was then removed 

in vacuo and the residue triturated with boiling 

5 chloroform (three 200-al-portiona) and filtered. The 

filtrate waa purified by silica chromatQCJraphy to afford 

1-(R)-(2-0-tetrahydropyranyloxypropyl)-4-methoxy-2-

pyrimidone (16.9 9, 63 maol, 63t) aa an am.orphoua foam. 

This product waa heated with mathanolic ammonia 

10 (500 ml, sa~urated at o•c) in a steal autoclave at 11o•c 

for a hours, cooled-and the suspension evaporated in 

vacuo. The residua was dissolved in 0.25 M sulfuric (300 

ml) acid and the solution warmed at 1o•c for 5 hours. 

The mixture was neutralized with aqueous amaonia, 

15 filtered through a layer of Celite 521 (Janssen) and tha 

filtrate concentrated in vac:Uo. The resulting solution 

was applied onto a column of Dowex soxa (250 al, 100-200 

mash) in acid form and the column was eluted with water 

to the loss of uv-abae»rption of the eluate. The 

20 subsequent elution with diluted (1:10) aqueous ammonia 

afforded UV-absorbing fraction which waa pooled and 

evaporated in va~o.cryatallization from ethanol gave 1-

(R)-(2-hy~oxypropyl) cytosine (7.8 9, 46 maol, 7~t), 

~dentical wi~ the product prepared according to Example 
. . • =·· . : . .. . ..... . - • . . . ~ ... ; • 

25. 9.:". 

Expple 11 
9-CR>-cz-Hydroxyprgpyl>-tti-b@nzoyladenine 

A suspension of 9-(R)-(2-hydroxypropyl)adenine 

30 (5.8 g, 30 maol) in pyridine (160 ml) was treated with 

· chlorC?triaethylsilane (26 ml) and the mixture was stirred 

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

_ and the mixture stirred for additionai 2 hours. The 

reaction mixture was placed in ice-water bath and ic•-

35 cold water (30 al) and concentrated aqueous ammonia (70 
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ml ) were subsequently added dropwisa under stirrinq over 

15 min. The mixture was evaporated in vacuo. The 

residue was codistilled with ethanol (three 150-ml­

portions) and crystallized from boilinq water. The 

s crystalline product was collected and recrystallized from 

ethanol (ather·addad to turbidity) to afford 9-(R)-(2-

byc:lroxypropyl)-H6-benzoyladenine (7.8 q, 26 llJllol, 87t), 

m.p.221•c •. Rp o.40 (TLC, chloroform-methanol, 4:1). For 

c15s15x5o2 (297.3) calc.:c 60.59, B 5.09, N 23.56; found · 

10 C 60.73, H 5.28, H 23.47. 1H-NHR-Spectrum (200 MHz, d6-

DMSO): H2;H8: 2~ ., 2x1H, 8.73 and 8.42, N-CH2 + o-CB: m, 

3H, 4.os-4.301 3-CH3 : d, 3H, 1.11 (J•5.6)1 arom. protons 

+NH: m, &H, 7.30-a.10. [a] 0•+21,1• (c-0.5, DMF). 

15 Example 12 
9-Cs>-c2-Hydroxypropyll-N6-b9nzoyladenine. 

To a stirred suspension of 9-(S)-(2-

hydroxypropyl)adenine (6.8 q, 35 mmol) in pyridine (160 

ml) was added chlorotrimethylsilane (26 ml) and the 

20 mixture was stirred for 1 hour. &enzoyl 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 cone. aqueous ammonia (70 ml) ware 

-added over 15 minute interval and the mixture stirred for 

a·s· additional. ·3() minutes 'at o•c. The solvents were 

evaporated in· vacuo and the residua codistillad with 

water.· After crystallization from water the product was 

collected and recrystallized from ethanol to afford 9-

( S) - ( 2-hydroxypropyl) -N6-benzoyladenina (4.4 q, 15 JllllOl, 

30 43,), m.p.23o•c. The combined mother liquors ware 

evapo~ated in vacuo and the residua 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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chloroform (two 150-ml-portiona) and filtered. The 
filtrate was chromatoqraphed on a silica-gel column (200 
ml) to affor~, after crystallization-from ethyl acetate 
(petroleum ether added to turbidity) additional crop of 

5 the product. Total yield, 7.4 q (25 mmol, 71.St). For 
c15s 15N5o2 (297.3) calc.:c &0.59, H 5.09, H 23.56; found 
c 60.63, H 5.16, H 23.30. 1H-NKR spectrum was identical 
with that of the (R)-isomer in Exallple 11. (aJ0•-2s,2• 

(c-0.5, 0.111 HCl). 
10 

Example 13 

9-Csl-C2-Hydroxyprogyl)-B1-benzoylquanine. 
Chlorotrimethylsilane (20 ml) was added in one 

portion to a s~irrad suspension of 9-(R)-(2-
15 hydroxypropyl)guanine (5.0 g, 24 mmol) in pyridine (130 

ml) and, after 1 hour stirring, banzoyl chloride (16 ml) 
was •ddad in one portion. Th• mixture was stirred ror 
additional 2 hours, cooled by ice-water bath and ice­
water (24 ml) followed by cone. aqueous monia (56 ml) · 

20 ware added dropwise over 10 minute interval. The 

reaction mixture was stirred for additional 30 minutes 
and evaporated in vacuo.The residue was trituratecl"with 

.. mixture of water (200 ml) and ethyl acetate (200 •l), 
filtered, washed with wa~er., ether and dried in vacuo. 

25 9-(S)~~(2-Hydroxypropyl)-N2-banzoyl9uanine (3,.& 9, 11 · 

J11DOl, 4st) obtained was chromatographically pure: ~ o.33 

(TLC, chloroform-methanol, 4:1). m.p.21a•c. For 
c 15H15• 5o3 .2a2o (349.4) calc.:c 51.56, H 5.49, H 20.os; 

found c 51.48, H 5.41, N 20.os. 1H-NMR spectrum csoo 

30 MHz, d6-DMSO): NB : 2xbr, 2X 1H, 12.30 and 11.901 H8: s, 

lH, 7r95; OH: d, lH, 5.05 (J2 ,
108

•4.9); 1 1 -CH2 : dd, lH, 

4.05 (J1,, 2 ,• •3.4, J
9

em • 12.5) and dd, 1H, 3.96 

(J •• 21 •7.1,J8 em•12.5), 2 1 -CB: br m, lB, 4.01; 3'-cH3: 
~ I ~ . 

dd, 38, 1.09 (J3,, 2,•6.1); arom.protons: m, 2H, a.o~ and 
35 m, 3H, 7.50-1.10. [a]0•+2a,1• (c-0.5, DMF). 

--------·--­·- - ---·----
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Exampla 14 
9-<Rl-C2-Hydroxyprapyll-N2-b8nzgylquanine. 

The reaction mixture compoaed of 9-(R)•(2-
hydroxypropyl)guanine (2~5 CJ, 12 mliol), pyridine (65 ml) 

5 and cblorotrimethylsilane (10 ml) waa stirred in a 
stoppered flask for 1 bour at ambient temperature and 
benzoyl chloride (8 ml) was added in one portion. After 
additional 2 hours stirrinCJ th• mixture was cooled by ice 
and ice-water (12 ml) followed by cone. aqueoua ammonia 

10 (28 ml) were added over 5 minute period. After 30 
minutes at o•c, the solvents were evaporated in vacuo and 
tbe residue codistilled with ethanol. crystallization 
from 80' aqueous ethanol afforded 9-(R)-(2-
hydroxypropyl)-N2-benzoylguanine (2.4 CJ, 7.6 mmol, 

15 63.St), m.p. 276•c. For C15R15H503.2H20 (349.4) calc.:C 
51.56, H s.49, N 20.os; found c s1.2a, H 5.62, N 20.24. 
1it-NMR spect~ was identical with that of the (S)-isomer 
(Example 13). Rp 0.33 (TLC, chloroform-methanol, 4:1). 
(0]0•-28 1 4• (c-0.5, DKF). 

20 

IJ:. 8Dft'D818 or J:ftDXBDU'!SS OJ' m ~ XVII 
Exgpl• 15 

cs>-2-co1c2-prgpyllphgsphonylmetbQxy>-1-cp­
tolyanesulfgny19xy>pr;pane 

•• 1 ••••• .... •• • •. • 

·· · 25 ·: · · . . . ·. ·Tcf a. suspension of sodiua hydride (17.2 CJ, 60t 
. dispersioi1 ·1n oil~0.43 mol) in dimethylformamide (400 ml) 
placed in a 1 1 round-bottom flask with droppinCJ funnel 
and calcium Chloride protactinCJ tube was under stirring 
and cooling with ice added dropwise over 30 minutes (S)-

30 2-0-tatrahydropyranyl-1,2-propanadiol (69.2 q, o.43 mol). 
The suspension was stirred for additional 1 hour at o•c 

,. and benzyl bromide (.51 ml, 0.43 mol) was added dropwise 
at o•c. The mixture was stirred for ·4 hours at o•c and 

left to stand for 48 hours at ambient temperature. 
35 Kathanolic ammonia (30' solution, 20 ml) waa added and, 

... ------------'""· 
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after standinq for 2 hours, the solvent was taken down in 
vacuo. Ethyl: acetate (500 ml) was added and the mixture 
washed with water (four 100-ml-portions). The orqanic 
phase was evaporated and the resultinq oil in 70t aqueous 

s methanol (400 ml) was stirred under reflex with 50 •l 

Dowex soxa (acid form) for 4 hours. The warm •ixture was 
filtered, washed with methanol and tbe filtrate 
evaporated 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 9 (85,, b.p. 100-1os•c120 Pa)· (S)-

1-0-benzyl-1,2-propanediol, [a]0•-13,6• (c-0.5, CBC13). 
This material (0.37 mol) in 1,2-dichlorethane 

(200 ml) was stirred with paraformaldebyde (20 q) and 

calcium chloride (10 q) under simultaneous introduction 
15 of dry hydrogen chloride tor 2 hours at o•c. The JRixt\ire 

was taken down in vacuo, the residue codistilled with 
toluene (three so-ml-portions) and tri(2-propyl) 
phosphite (SO q) was added. The •ixtura was heated under 
stirrinq to 11o•c and the evolved volatile material 

20 distilled off. After the exothermic reaction has 
subsided, th• •ixture was heated up to 1so•c and finally 
the volatiles distilled off at 140•C/1kPa. The resulting 
material was filtered throuqh a column (200 •l) of 

alwaina, elution with benzene (0.5 1). The eluate was 
25 evaporated and tha rasidue"diatilled in vaeuo to yield 

(S)-1-benzyloxy-2-(di(2-propyl)phosphonylllatboxy]propane 
(44 9, 35t, b.p. 12s-13o•c/13Pa. ror C17H2905P (344.4) 
calc.: CS9,28, H8,49,P9,01; found c 59.44, H a.21, p 

9.30. Mass-spectrum: Kol.peak 345.1 (M+l). 
30 This product (44 9, 0.128 aol) in methanol (400 

ml) w~s hydrogenated overniqht with 1ot palladiua-on­
charcoal (1.5 9, Merck)" and cone. hydrochloric acid (0.7 
mol) at atmospheric presaure. The aixture was filtered, 

.the filtrate allcalized by th• addition of triethylamine 
35 and evaporated in vacuo. Th• residua in ether (200 ml) 
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was washed with water (two 20-ml-portiona), dried over 
magnesium sulfate and evaporated in vacuo to afford (S)-
2-(di(2-propyl)phoaphonylmethyl)propane-1,2-diol (24.4 q, 

75t) aa colorless oil. 
5 Thi• residue (24.4 g, 96 mmol) and 4-

dimethylaminopyridine (1 g) in pyridine (200 ml) were 
treated dropwise at o•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 o•c overnight. Water (10 

10 ml) was ad~ed 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. Th• solution was 

15 finally dried with magnesium sulfate and evaporated in 
vacuo to afford cziide product which was purified by 

chromatography on a column of silica gel (elution by 
chloroform)~ (S)-2-[Di(2-propyl)p~oaphonylmetboxy]-1-p­

toluenesulfonyloxypropane was obtained as a thick 
20 yellowish oil which was used for further preparations (28 

g, 69 .. al). 

Ex•l• 1§ 

<R>-2-rdic2-propyllphgsphonylmethoxy1-1-p-
. · 2·5 ·.-: .. · t:9iuei"!su1ronxioxmrcro•iil -:· :. · ·. -·: .... -~ .. .: 

.. · · ... ,, ..... ·~·. ·: The synthesis was performed essentially as 

described in Example 15 atartin9 with (R)-2-0-
tetrahydropyranyl-1,2-propanediol (42 g, 0.262 mol). 1-

.o-Benzyl-(R)-propane-1,2-diol was obtained by 

30 . distillation in vacuo (33 g, 76,, b.p. 11-102•c/Pa)._ 
[aJ0-~12,2• (c•O.S, CHC13).Tbe chloroaathylation and 
reaction.with tri (2-propyl) phosphita gave crude 
phosphoric acid diester (32 g) which was hydrogenated in 
methanol (300 ml) with 1ot palladium-on-charcoal cat•lyst 

35 (lg) and hydrochloric acid (0.5 ml) overnight. After 
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work-up accordinq to Example 15 the intermediate afforded 

(R)-2-[di(2-propyl)phosphonylmethoxy]-1-p­

toluenesulfonyloxypropane (24 g, 59 mmol). 

%%%·. 8DfllB818 01' JIRODVc-11 01' nB J'OIUlVU l 

Example 17 

9-<R>-<2-Pbospbono••tbaXVRroPYlladanina. 

A mixture of 9-(R)-(2-hydroxypropyl)-N6-

benzoyladenine (3 q, 10 1m1ol) and di(2-propyl) p-

10 toluenesulfonyloxymethylpbosphonata (4.2 q, 12 mmol) was 

codistilled with dimethylformamide (two 25-ml portions) 

at 40•C/13Pa. The residua was redissolved in 

dimethylformamide (50 ml), cooled by ice and sodium 

hydride (1,2 g, .30 1m1ol, 60' dispersion in oil) was added 

15 in one portion. The resultinq mixture was stirred under 

calcium chloride p~ote~ting tuba at ambient temperature 

for 48 hours. 0.1 M soctiwa methoxida solution in 

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

ovarniqbt under exclusion of moisture. Dowex 50X8 (acid 

20 form) was i:ben added to acid reaction of the mixture 

followed by trietbylamine to alkaline reaction of the 

suspension. After.filtration and washing the resin with 

methanol (200 ml) the filtrate was evaporated to dryness 

. (~~nally a~.4~•C/13Pa). The ~esidue in water (200 ml) 
.25. · .... .., •• "extracted wit!l::etliU-" "(two":ioo ml portions) and the 

··aqueous phase concentrated in vacuo (to approx. 100 ml). 

'?bis solution was applied onto a Dowex soxa column (250 

al) and washed with 20t aqueous methanol until the uv-
. absorption of th• eluate dropped to~ the original level. 

30 . The product was then eluted with diluted (1:10) ammonia, 

perti~ent 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-

35 
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propyl) ester (3 q), RF• o.ss (TLC cblorotorm-methanol, 
4:1). 

Acetonitrile (50 ml) and bromotrimethylsilane 
(5 ml) were added to this residue and the suspension 

s dissolved by atirrin9. After atandinq overniqht at 
ambient temperature in a stoppered flask, the mixture was 
evaporated in vacuo and water (100 ml) waa added to tba 

residue. The mixt~e was alkif iad by aqueous ammonia and 

evaporated in vacuo. The residue ~iaaolved in water was 
10 applied on·• column of Dowex soxa (250 ml, acid fora) 

which was washed with water to th• drop of uv-absor-Ption 
of the eluate followed by elution with aqueous ammonia 
(1:10) solution. The product containinq fraction was 
evaporated to dryness in vacuo. and the residua 

15 redissolved in water (50 111) by alkalization with cone. 
a1DJ1onia to pH 9-9.5. Thia solution waa applied on a 

column of. Dowax 1X2 .(250 al, ac~tata fora) which was than 
washed with 0.02 II acetic acid to the drop of th• uv­
absorption of the eluate. The elution waa then continued 

20 by linear increase of acetic acid concentration (0.02H-1M 

over 2 liters); the product elutacl at 1 II acetic acid. 
The relevant fractions.ware pooled, evaporated in vacuo 
and the residue codistilled with. water_ (three !50-al­
portions). crystallization from boiling water_ (three 

25 ' volaea. -~f· atbanoi.-:··added afta~ di8aoluti~n) afforded 9-

(R)~(2-pho.Phonoaethoxypropy"l)adanine (1,35 9, 4.7.1DJll01, 

4~t), •·P• 279•. For c9s14115o4P.&2o (305._3) calc. :c 
35.~o. B 5.29, H 22.94, p 10.17; found c 35.28, K 5.37, ff 

23.03, P 10.11. ~lectrophoretic aobility (referred to 
30 uridine l'-phoaphata): Eup•0.80 (in o.os K 

triethylammonima hydr09en carbonate, pH 7.5; 20V/ca). 
1H-NMR apectrma (200 Mbz, D20 + HaOD)~ B2: ., lH, 8.25; 
Ha: a, 1H, a.o9; 1 1 -CH2: d4, lR, 4.35 (J1,, 2 ,•4.4; J

9
em • 

14.4) and dd, 18, 4.22 (J1., 2 ,• s.1, J
98

a•l4.4); 21 -CB: 
35 11, 18, 3.97 (J • 28.4); 3'-CH3 : d,3H, 1.11 (J3 ,, 2 ,•6.3); 

---------
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P-CH2 : dd, 1~, 3.57 (Jp,ce•9.s,J9em•12.4) and dd, lH, 
3.46 (JP,CH•9.3,Jqem•12.4). [a] 0•+21,2° (c-0.5, O.lM 
HCl). 

Example 11 
9-Cs>-<2-Pbosphongmethoxyprqpylladenine. 

A solution of 9-(S)-(2-hydroxypropyl)-H6-
benzoyladenine (3.57 q, 12 maol) and di(2-propyl) p­
toluanesulfonyloxymethylphosphonata (5.25 g, 15 JDJ1ol) in 

10 dimethylformamide (SO ml) was cooled to - 2o•c and sodium 
hydride (1.44 g, 36 JIJIOl) as 60t dispersion OD Oil Was 
added in one portion. The ai~ure was stirred at o•c for 
3 hours and -48 hours at rooa temperature under protec~ion 
against moisture. Further work-up of the reaction 

15 mixture was performed as described in Example 17. After 
purification by chromatography on.the colWID of Dowex 1X2 
the product was crystallized from water-ethanol to give 
9-(S)-(2-phosphonomethoxypropyl)adenine (1.9 q, 6.7 mmol, 
56t). M.p. 276-278°C. For C9H14•504P.H20 (305.3). 

20 calc.:c 35.40, H 5.29, H 22.94, p 10.17; found c 35.33, B 
5.56, H 23.14, P 10.00. Electrophoretic mobility and 1a­
NMR apectrwa are identical wi1:h those of 1:he (R)-isomer 
(Example 17). [e1] 0•-21,2• (c-0.5, O.lll HCl) • 

. . .. · ·· .. 
25 . Exampl• 19 

t-<B)-<2-Pbgsphonom•1:hoxyprgpyll-2.6-diamingpurine. 
9-(R)-(2-Bydroxypropyl)-2,6-diaainopurine (2,1 

q,10 IDIOl) was dissolved by warming in a mixture of 
dillathylformaaida (40 al) and dimathylformamida 

30 dillethylacetal (25 •l) and the solution was left to stand 
aside in a stoppered flask overnight. The mixture waa 
evaporated at 40°C/13 Pa and codistilled with 
dillethyl~o~ide (two 20-ml-portions).- sot aqueous 
pyridine (50 al) was added to the residue followed up by 

35 dry ice, the mixture was evaporated at 40°C/13 Pa, 

--·----- --
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codiatilled with pyridine (four 25••1-portions) and di(2-
p~opyl) p-tol~enesulfonyloxymethylphosphonate (4.2 q, 12 

mmol) was adclecl to the residue. The mixture was then 
codistilled with climethylformamide (two·25-ml-portions), 

s redissolved in·the same solvent (40 •l) ancl cooled clown 
to -1o•·c. SocliWD hydride (1,2 q, 30 -ol) as 60t 

suspension in oil was add.ad in one portion and the 
mixture stirred at o•c for 3 hours and 48 hours at room 
temperature under protection aqainst moisture. Acetic 

10 acid (1.8 ml, 30 11U1ol) was added, the mixture was 
evaporated at 40°C/13 ~a to dryness. The residue was 
dissolved in diluted (1:1) aque~us ammonia, (100 ml), 
left to stand overnight and evaporated to dryness in 
vacuo. The residue was deionized on the colwm o~ Dowex 

15 soxa (200 al) as described in Example 15 and the amaonia 
eluate dried at 13 Pa over phosphorus pentoxida 
overnight.· 

Acetonitrile (30 ml) and broaotrimethylsilane 
(3 al) were added and the mixture homogenized by qentle 

20 shakinq in a stoppered flask. The solution was left to 
stand overnight-and evaporated in vacuo. Th•·residue was 
dissolved in water (100 •l) and, after 30 minutes 
standinq the solution was alkalif ied by ammonia and 

evaporated •.. 'rhis residua was deionized on a Dowex 50X8 

. 2s : · .. :column ... , 2ocf •1·~· · .. ·~i&t . fora) ~- . des~ibecl. in Example 17. 
The residue of aJlllOniwa salt was dissolved in water (50 

ml) by addition of ammonia to pH 9-9.5 and this solution 
waa applied on a column (200 al) of Sephadex A-25 in 
bydroqen carbonate form, equilibrated by 0.02 II 

30 triethylmoniwa hydroqen carbonate. The colwm was 
first eluted by the equilibration buffer ~o the drop of 
UV-absorption and then·by linear gradient of 
triethylammonium hydroqen carbonate (pH 7.5) (formecl from 
0.02 Mand 0.3· M buffer, 11 each). The product eluted at 

35 o.10-o.1s M concentration, the relevant fractions were 
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pooled, evaporated in vacuo and the residue coevaporated 
with methanol .(three so-ml-portions). The residua 
dissolved ~n water (25 ml) was applied on a column (50 
ml) ot Dowex 1X2 (acetate) which was first washed with 

5 water to the disappearance of UV-absorption. The resin 
was transf errad to a 300 •l bader and stirred with 1M 
acetic acid (200 al). The suspension was filtered and 

tbe resin washed with boiling water (1 liter). The 
comJ:)ined filtrate was evaporated in vacuo and the residue 

10 codistilled. with water (three so-ml-portions). The 
residua 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-Phospbonomethoxypropyl)-2,6-
diaminopurine (1,4 9, 4.·7 "DOl, 47t) was obtained as a 
free acid, m.p. 211•c. For c9s15x6o4P.a2o (302.3) 

calc.:c 35.75, B s.oo, H 21.10, P 10.27; found c 35.93, H 
5.02, H 27.59, P 10.21. 1a-NMR-spectrwa (500 MHz, o 2o + 

20 NaOD): HI : a, lH, 7.94: 1 1 -c:s2 : dd, 18, 4.7 (J1 ,, 2 ,•4.4) 
and dd, lR, 4.09 (J1.,2,• •5.4, Jqaa•14.65); 2 1 -CH: 11, 

1B, 3.93 (J•28.8); 3 1 -CR3 : d, 38, 1.12 (JCBl,CB•6~3); P­
CR2:· dd, ·lH, 3.54 (Jp,cs•9.3, J

9
.·12.2) and dd, 1B, 3.45 

.. CJ p, ca•'. 3, J gem ~~2. ~) .~. . ~lectrC?pbor. aobili~y: 1:up •o. 10. 
2s . ca10·-~&,1• .(c-o·.s, 0.111 Bel). 

Example 20 

t-<s>-<2-fbosphqn01petbqxyprgpyl>-2.f-diaainppurine. 
Thi• co•pound was prepared fr~ 9-(S)-(2-

30 hydroxypropyl)-2,&-diaminopurina (2,1 q, 10 mmol) 
essentially aa described in Example 19 for its (R)­
enantiomer. The yield of 9-(S)-(2-
phosphonomethoxypropyl)-2,6-diaainopurine crystallized as . ..... . . 
free acid from water-ethanol amounted to 33t (1,0 9,. 3.3 

35 Dmlol). H.p. 21s-21a•c. For c 9s15.x6o4P.H2o (302.3) 
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calc.:c 35.751 H s.oo, N 21.10, P 10.21; found c 35.56, H 
s.oa, N 27.99,.P 10.18. Electrophoretic mobility: Eup• 
0.10; 1H-NMR spectrum is identical with that of its (R)­
enantiomer (Example 19). [a] 0•+2a,s• (c=o.s, O.lM HCl). 

Example 21 

2-<B>-<2-PbpspbQnometbgxyprcmvl>guanine. 
A aixtur• of 9-(R)-(2-bydroxypropyl)-N2-

banzoylguanin• (2.5 9, 7 .. ol) and di(2-propyl) p-
10 toluenesulfonyloxymethylpboapbonate (2.t q, 8.4 Jlllol) was 

codistilled with dimethylformamide (two 25-ml-portions) 
at 40°C/13 Pa and the residue redissolved in 
dimetbylformamide (30 ml). Sodium hydride (0.84 g, 21 
mmol) in &Ot dispersion in oil was added at one portion 

15 and the ~ixture 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 soxa (acid form) and 
filtered. The filtrate was evaporated to dryness in high 

20 vacuum and the residue in ~ater (150 ml) extracted with 
ether (two so-ml-portions). The aqueous solution was 
concentrated in vacuo to approx. 50 ml and applied on a 
~olwan of Dowex soxa (150 ml)(acid form) which was first 
washed with water to the.drop of UV-absorption and then 

.25 _ .... "with diluted:' cii'iof 'mo~i~. Tb• monia fraction was 
evaporated,.tbe residue codistilled·with ethanol (two 50-
ml-portionar and finally dried overnight at 13 Pa over 
phosphorus pentoxide. 

Acetonitrile (40 ml) and bromotrimetbylsilane 
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 residua· dissolved in 
water .c100 ml). After 30 minutes, the solution was 

35 alkalized with ammonia and evaporated. The deionization 

.. 
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and purification on Dowex 1X2 ware performed essentially 
as described ~n Example 17. The final purified free acid 
form of 9-(R)-(2-phosphonomethoxypropyl)guanine was 
precipitated from ethanol with ether to .give 0.90 q (3 

5 mmol, 43t) of the material with •·P· 286•c. Por 
C9H14N505P (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. [g]0--

· 2&,1• (c-0.5, 0.111 HCl). 1e-NMR-Spectrua (500 MHz, 020' 

NaOD): &-a: ., 18, 7.901 l'-CH2: ~,· 1H, 4.21 

10 (J1 ,, 2 '•4.6, JCJ•••14.5) and dd, lR, 4.15 CJ1., 2 ,•s.s, 
J •14.5); 2'-CJ!: m, lH, 3.99 (z:.7•28.7); 3 1 -CH3 : d, 3H, gem . . 
1.14 (J3 , 12 ,•6.2); P-CH2 : dd, 1H, 3.56 (JP,CH•9.3, 

Jgem•12.4) and dd, lH, 3.4• (JP,CH• 9.2, Jqem•12.4). 

15 Duple 22 

9-Csl-C2-Pbospbongmethqxy:propyllquanine. 

A mixture of 9-(S)-(2-hydroxypropyl)quanine 
(1.57 g, 5 mmol) and di(2-propyl) p­
toluenesulfonyloxymethylpbosphonate (2.1 q, 6 mmol) was 

20 codistilled with dimathylformamida (two 20-ml-portions) 
at 40•C/13Pa and the residue redissolved in 
dimethylformamida (20 ml). Sodiwa hydride (0.69, 15 

,IDllol)) as 60t dispersion in oil was added in one portion 
and .the mixture stirred for three days at rOOJ1 

25: · tUperatur~· under .. ax~i~·afon ... oi aoistue. Matha~ol (30 
1111.'j' was addad"and the·solution left to stand overnight. 
After neutralization with Dowax soxa (acid form) and 
f ilJ:ration, the filtrate waa evaporated to dryness in 
vacuo and the residua deionized aa described in Example 

30 17. The ammonia eluate of the crude diaster was dried at 
13 Pa .over phosphorus pentoxida. Acetonitrila (30 ml) 
and bromotrimathylsilana (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-(S)-(2-

------------·-



W094/03467 PCT/US93/07360 

-49-

Phosphonomethoxypropyl)guanine was isolated as a free 
acid similarly as described tor its (R)-enantiomer 
(Example 21) in the 43t yield (0.65 9, 2.15 mmol). m.p. 
287°C. For C9H14H505P (303.3) calc.:C 35.64, H 4.65, N 

s 23.10, P 10.23; found c 35.72, H 4.54, H 23.06, P 10.29. 
1s-NMR-Spactrum is identical with that of the (R)- . 
enantiomer. (m] 0•+26,3° (c-o.s, O.lK RCl). 

10 

IX11PP1a 23 

1-<B>-<2-PbospbgngmethQXYPrgpyl>cytosine. 
The mixture of 1-(R)-(2-hydroxypropyl)cytosine 

(1,7 9, 10 mmol), dimethylformamide (40 ml) and 
dimethylformamide dimethylacetal (15 ml) was stirred 
overnight and evaporated at 40°C/13 Pa. sot aqueous 

15 pyridine (20 ml) and enou9b dry ice was added to keep its 
excess for 15 minutes. Th• mixture was again evaporated 
and codistilled with pyridine (three 25-ml-portions) at 
40°/13 Pa. Di-(2-propyl) p-tolueneaulfonyloxyphosphonate 
(4.2 g, 12 mmol) was added and the mixture codistilled 

20 with dimatbylformamida (two 25-ml-portiona) under the 
same conditions. The residua in dimathylformamida (40 
ml) was treated at -1o•c with sodiwa hydride (720 11q, 30 
mmol) and the mixture stirred at ambient temperature for 

. .48 hours.under exclusion of JaOistura. 0.1 M Sodium 
··.···25...,._···:~~~~-i4~:--:.~~·'·-thanoi :--,:1oc) JI].~· ·~as a44ed and, after 

atandin9. overni9bt,·· th• mixture was neutralized with 
Dowex 50X8 (acid fora). The suspension was filtered, 
evaporated to dryness in vacuo and the residua deionized' 
on a column of Dowex soxa (acid form, 150 ml). The 

30 ammonia eluate was evaporated, dried in vacuo over 
phosp~orus p~ntoxide and the·residue treated with 
bromotrimetbylsilane (3•1) and acetonitrile (30 Jll.) 

overn~ght• After evaporation in i;acuo, 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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column of oowex soxa (aee above) and the crude material 
purified by anion exchan9e_chromato9raphy on Dowex 1X2 
(acetate) column (100 ml) with a linear gradient of 
acetic acid (composed of 1 1 water and 1 1 0.3 M acetic 

5 acid). The product fraction was evaporated, codistilled 
with water (three 30-ml-portions) and 1-(R)-(2-
phosphonom•thoxypropyl)cytoaina· (0.90 q, 19t) obtained by 

. crystallization from water-ethanol. H.p. 261°C. E~ ~ 

0.10. Por CaH14H305P (263.3) c:alc.: c 36.50, H 5.36, N 
10 15.97, P 11.79; found c 36.43, H 5.39, N 16.05, P 11.12. 

[aJo·-101.1• (c-0.5, 0.1M HCl). 

15 

Example 24 
9-Csl-C2-Phosphonouthoxypropylladenine 
A mixture of adenine (1.62 q, 12 mmol) and 

cesiwn carbonate (2.1 q, 6.5 mmol) in dimethylformamide 
was stirred at 1oo•c and a solution of (S)-2-[(di(2-
propyl)phosphonylmethoxy]-1-toluenesulfonyloxypropane 
(4.1 9, 10 mmol) in dimathylformamide (10 ml) was added 

20 in one portion. The mixture waa heated at 11o•c under 
stirring with exclusion of aoiature for 8 hours and 
evaporated in vacuo. The residua ~aa triturated with 
boiling chloroform (three so-al-portions), filtered and 

: evaporated in vacuo. · ·Th• crude .. tarial afforded on 
···25···· .. p~iric~ti~ii" 'i)J:·-~ilica gel chromatography (150 ml) di-(2-

·_propyl) (S)-9~ (2-phospbonoaethoxypropyl) adenine which 
crystallized from ether (1.7 9, 46t), •·P· 97-98•c. For 
C1sH26Hs04P (_371.5) calc.: c 48.50, H 7.06~ N 18.86, p 
8.36; found c 48.27, H 1.1s, H 11.15, P 8.44. [aJ 0• 

30 +2,8• (c-0.5, DMF). 

35 

This product (1.4 9, 3.9 mmol) in acetonitrile 
"(25 mi) was treated with bromotrimethylsilane (2.5 ml) 
overnight at· room temperature. · The mixture was taken 
down in vacuo and the product desalted and purified by . . 
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chromatoqraphy on Dowex 1X2 column (100 ml) as described 
in Example 1~. Yield, 76t, •·P· 211-21a•c. [Q] •+21.1. 

D 

Example 25 
5 9-CRl-<2-Phospbonomethoxyprgpylladenine 

The reaction was performed with 12 mmol adenine 
and 10 mmol (R)-2-[(di(2-propyl)phoaphonylaethoxy]-1-
toluaneaulfonyloxypropana accordinq to Example 22. Qi(2-
propyl) (R)-9-(2-pbosphonomethoxypropyl)adenina a.p. 97•c 

10 was obtained by chromatography on silica qel and 
crystallized from·ether (2.8 q, 75.St). For c15B26N5o4P 
(371.5) calc.: c 48.50, H 7.06, If 18.86, P 8.31; found c 
48.78, H 7•22, N 18.77, P 8.23. (Q]D•-2,9° (c-0.5, DMF). 
The reaction of this product (1.8 g, 4.9 maol) with 

15 bromotrimethylsilane (3 ml) and acatonitrile (30 ml) waa 
performed. as desc~ibed in Example 22. Yield, 80t of 9-
(R)-(2-phoaphonomethoxypropyl)adenine. [Q)D•21.s•, m.p. 
219•c. 

20 Example 21 
?-CRl-C2-Pbosphonom91:hQxypropy1>-a-aainopurina 

Sodium hydride (1.4 q~ 60t disperaion, 35 111101) 
was added to a stirred aolution of 2-amino-6-chloropurine 
(5~94 q, 35 mmol) in dillethylforaamide (60 •l) and after 

2s·. :··:i~.:iiaur:~·~t:fuinq at -~1&nt"- taper~tiare. <R>-2-cd1c2-
.propyi>pho•phony1~eth0Xy1-1-~to1uen••u1~ony10xypropane 
(12.2 q, 30 mmol) in dim.ethylforaamide (20 1) was added 
in one portion. Tba mixture was stirred at ao•c for 10 
hours and evaporated in vacuo. The residue was extracted 

30 with boilinq chloroform (300 ml), filtered and the . 
filtrate was evaporated in vacuo. The residue afforded 
by silica qel colwnn chromatoqraphy (elution with 
chlorotor11-methanol mixture, 95:5) di(2-propyl) 9-(R)-(2-
phosphonomethoxypropyl)-2-amino•6-chloropurine (7.5 9, 

35 
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53 t) as a thick oil, Rp o.ss (TLC on silica qel in 
cbloroform-me~anol, 9:1). 

A solution of this diester (2.5 q, 6.2 JllJllol) in 
200 ml •ethanol and o.s ml cone. hydrochloric acid was 

5 hydrogenated over lOt Pd/C catalyst (1 g) at room 
temperature overnight, the mixture was filtered, filtrate 
alkalized with triethylamine and evap~ratad in vacuo. 
The residua was deionized on Dowex 50 x 8 (acid fora) 
(ioo ml) aa described in Example 24 and th• 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 ~ater 

15 (25 ml). After 30 min the solution was alkalized with 
ammonia and evapora~ed. The residue afforded on 
d~ionization 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 (35.5t) Of 9-(R)-(2-
phosphonomethoxypropyl)-2-aminopurine, m.p. 1S6•c. 
c,H14N50.P (287.3) calc.: .c 37.62, B 4.91, H 24.38, P 
10.ao; found: c 37.42, B s.os, H 24.65, P 11.06. 

: . . · ·.: :-. ~. ·: .. : ."; . . . . . . . . 

For 

Example 27 
9.-11>~<2-Pbosphonomethgxyprgpyl>-2-aming-6-thiopurine 

A solution of di(2•propyl)- 9-(R)-(2-
_phosphonomethoxypropyl)-2-amino-6-chloropurine (2.5 9, 

30 6.2 mmol) (prepared according to Example 26), thiourea 
(2.0 9). and absolute ethanol (100 ml) was stirred in 
reflux tor one hour, alkalized with triethyla.ine and 
evaporated. · The residue was extracted -with chloroform (2 
x 100 ml), filtered and the filtrate taken down to 

35 dryness and evaporated .ill vacuo. The residue CR, ().40, 



W094/03467 PCT/US93/07360 

-53-

'l'LC on silica gel, chloroform-methanol, 4:1) was dried 
over phospho~s pentoxide overnight and treated with 
acetonitrile (30 ml) and bromotrimethylsilane (3 ml). 
After standing overnight at room temperature, the mixture 

s waa evaporated to dryness and taken down in water (SO 

ml). 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 coluan of Dowex 1 X 2 (acetate) 

10 (150 ml) which was washed first with wate~ 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 al) and crystallized. from 
water (equal volume of ethanol added after dissolution). 
Yield, 1.0 g (SOt) 9-(R)-(2-phosphonomethoxypropyl)-2~ 

amino-6-thiopurine, m.p. 1aa•c (dee.). For c,HuM,04P 
(319.3) calc.: c 33.85, H 4.42, M 21.94, P 9.72, s 

20 10.04; found: c 33.83, H 4.69, H 22.15, P 9.99, s 10.30. 

ExUPl• 28 

9-ca1-c2-pbqsphgnomet;hqxyprqpyl>-2-amino-6-azidopqrine 
A solution of di(2)-propyl) 9-(R)-(2-

25 phospho~~~ethoxypropy1)~2~ailino-6-chloropurine (2.5 q,. 

6.2 mmol) (prepared according to Example 26) and lithium 
azide (1.0 g) in dimethylformamide (40 ml) was stirred 4 
hours at 1oo•c under exclusion of moisture, filtered over 
Celite, washed with dimethylformamide (20 ml) and the 

30 filtrate evaporated in vacuo. ·The residue (Rp o.30, 'l'LC 

on sil~ca gel, chloroform-methanol, 9:1) was dried over 
phosphorus pentoxide overnight and treated with 
acetonitrile (20 ml) and bromotrimetbylsilane (2 ml). 
After standing overnight at room temperature, the mixture 

35 was evaporated to dryness and taken down in water 

--------·---
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(50 ml). After 30 min it was alkalized with ammonia, 
evaporated in vacuo and the residue applied on Dowex 50 
(acid form) column (100 ml). Washing with water eluted 
with retention the UV-absorbing peak of the product which 

5 was evaporated in vacuo and the reaidue crystallized from 
water (equal volume of ethanol added after dissolution. 
Yield, o.95 q (47t) 9-(R)-(2-phoaphonomethoxypropyl)-2-
amino-6-azidopurine, not meltinq to 30o•c. Por CJluH104P 
(328.3) calc.: c 32.92, R 3.99, H 34.14, P 9.45; found: 

10 C 233.03, H 4.29, H 33.75, P 9.59. 

ExUPl• 29 
9-CBl-<2-Pbosphonomethoxypropyll-2.6-diaminopurine 

9-(R)-(2-phosphonomethoxypropyl)-2-amino-6-
15 azidopurina (0.30 q, prepared according to Example 27) in 

sot aqueous methanol (200 ml) containing hyclrocbloric 
acid (0.5 ml) was hydrogenated over lOt Pd/C (0.5 9) 
overni~ht at room temperature. The mixture was filtered, 
washed with water, filtrate alkalized with aJ111onia and 

20 evaporated in vacuo. The residue was deionized on a 
coluaia of Dowex so·x 8 (50 al) (cf. Example 25) and the 
ammonia eluate evaporated to drynaaa. The residue in 
water (pH adjusted to 9) was applied on a colwm of oowax 
1 x 2 (acetate) which was first washed with water to . . . ·. . . : ·. . . . 

25 remove salts and th• product was then eluted with 1·x 
acetic acid. The fractions containing product were 
pooled, evaporated to dryness and codiatilled with water 
(3 x 20 ml). The residue was crystallized froa water 
(ethanol added to turbidity) to afford 9-(R)-(2-

.30 phosphono11ethoxypropyl)-2,6-diaainopurine (120 119) 

identical with the preparation accordinq to Example 19. 

35 

------········-··-··· -
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Exgple 30 
9-CRl-<2-Pbosphonom,ethoxypropyl>•l-deazaadenina 

A mixture of 3-deazaadenina (1.45 g, 10.8 
5 1DJ11ol), ceaiwa carbonate (1.75 g, 5.4 Jlllllol) and 

dimathylformaaide (25 •~) waa stirred at 1oo•c for 1 h 

and a solution of (R)-2-(41(2-propyl)phoaphonylmethoxy]-
1-p-toluenasulfonyloxypropane (3.67 g, 9 JlllllOl) in 
dimethylformaaid• (10 al) was added in one portion. The 

10 mixture was then heated for 24 hours at 11o•c under 
exc~usion.of moisture and taken down to dryneaa. The 
residue was extracted with boiling chloroform (total 300 

ml), filtered and the filtrate evaporated. The residue 
was chromatoqraphed on a colwnn of silica gel (300 al) in 

15 chloroform affording, after crystallization of the· 
relevant fractions from ethyl acetate-petroleua ether·, 
di(2-propyl) 9-(R)-(2-phoaphonoaethoxypropyl)-3-
deazaadenine in the yield of 1.07 g (32.2t), a.p. 122•c. 
For C1.lfr,N404P (370.5) calc.: c 51.87, R 7 .35, H 15.13, p 

20 8.38; found: c 52.03, R 7.69, H 1s.1s,-p 8.59. ov­
Spectrum (pH2): i.. 262 (116500). 

Thia dieater (1.0 g, 2.7 mmol) was treated with 
acatonitrile (25 ml) and bromotriaethylailana (2.5 ml) 
overnight •... 'rh• mixture ~a•. then .worked up aa described . .. . . . . . . . . . 

25. ·· in ·Example 27 to ·afford,· ·after daionization and 
cbro1aatograpby on Dowex.1 x·2 9-(R)-(2-phospbonomethoxy 
propyl)-3-deazaadenine in 78t yield, not malting to 
30o•c. Por C1oH15N40.P (286.3) calc.: c 41.95,. H s.21, N 

19.57, P 10.84; found: c 42.03, H 5.63., H 19.75, N 19.75, 
30 P 11.09. UV-Spectrum (pH2): i... 262 (c16500). Eu,• 

0.68 (pH 7.5). 

35 
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Example 31 
9-CRl-C2-Phosphonomethoxypropyll-8-azaadenine anc:l 

8-<Bl-C2-phosphonomethpxypropyll -8-azaadenine 

5 A mixture of 8-azaadenine (1.45 9, 10.a 111J1ol), 
cesium carbonate (1.75 q, 5.4 mmol) and dimathylformamide 
(25 ml) was preheated to 1oo•c and a solution of (R)-2-
(di(2-propyl)phosphonylmethoxy]-1-p-toluanasulfonyloxY 
propane (3.67 9, 9 mmol) in dimethylforaamide (10 ml) was 

10 added in one portion. The mixture was than heated.for 6 
hours at 11o•c under exclusion of moisture and taken down 
to dryness. The residue was extracted with boilinq 
chloroform (total 300·ml), filtered and the filtrate 
evaporated. The residue was chromatoqraphed on a·colwnn 

15 of silica 9el (300 ml). Elution with chloroform 
containinq 5' methanol afforded di(2-propyl) 9-(R)-(2-
phosphonoaethoxypropyl)-8-azaadenine as a thick oil in 
yield of o.90 q (37'>· uv-spectrwa (pR2): i... 265.5 
(114000). R, o.so (TLc on silica 9el in chloroform-

20 

25 

methanol, ·9:1). FUrther elution with the same solvent 
afforded di(2-propyl) 8-(R)-2-phosphonOllathoxypropyl)-8-
azaadenina as semisolid material in the yield of 0;75 q 

·c22t). · uv-s~ctrum (pH2): 1- 284 nm. R, o.40 (TLC on 
:. ai1ica·qel in'chloroform-aethanol, 9:1). 

.. . . 

Each fraction was separately.treated with 
acetonitrila (25 ml) and bromotrimethylsilane (2.S ml) 
overniqht and the mixtures worked up as described in 
EXaapla 27. Chromatoqraphy on Dowex 1 X 2 column (SO ml) 
afforded 9-(R)-(2-phosphonomethoxypropyl)-~-azaadenine on 

30 elution with 2 M acetic acid. Yield (after 
!=ZY•tallization from water-ethanol, 79t. UV-spectrum 
(pH2): 1- 265 nm (114000). For c.H1~.0.P (289.3) calc.: 

35 

C 33.21, H 4.88, N 29.06, P 10.731 found C 32.97, B 4.63, 
N 29.00, P 11.10. 

·-----------
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8• (R) - ( 2-phosphonometboxypropyl) -8-azaadenine 
was obtained similarly by elution with 1 H acetic acid. 
Yield, 72t. CV-Spectrum (p82): 1_. 284 nm. For 
C.H14N604P (289. 3) calc.: C. 33. 21, H 4. 88, N 29 .06, 

5 P 10.73; found: c 33.45, H 5.06, N 29.23, P 10.66. 

IXUPl• 32 

1-ca1-c2-PbosphonOJD•tboxyprqpyl>bypoxanthin1 
A solution of t-(R)-(2-phoaphonoaethoxypropyl) 

10 adenine (400 mg, 1.4 J111ol) and sodiwa nitrite (1.4 9, 20 
mmol) in water (40 ml) was cooled in an ice bath and 
cone. hydrochloric acid (2 ml) was added. The mixture 
was stirred in an argon atmosphere at o•c for 3 h and 
then overnight at an ambient temperature. The mixture 

15 was applied onto a column (100 ml) Dowex 50 X a (acid 
form) and the column eluted with water. The product was 
eluted with retention; th• pertinent fraction was 
evaporated in vacuo, the residue codistilled with ethanol 
(2 x 50 ml) and the crystalline residue filtered with 

20 ether. Yield, 250 mg (62t) t-(R)-(2-phosphonomathoxy-

. 25 

. . 
propyl)hypoxanthine, ov-spactrua (pH2): i_. 251 nm. For 
CtHuN405P (288.3) calc.: c 37.50, If 4.54, If 19.44, · 

P 10.77; found: c 37.35, H 4.55, N 19.22, P 10.86. 

:·· .:.. . .:.~··~.·-~·:·:_: ··.·· ·· .. ·:: ........ ~··. ~ ... ·-~-- ··: .. ·. : ...... · .. . . . . 
" .... ~. . ·:· ~-- : .... : . . 

.. . . _ lx•mpli 3 3 
t-cs>-<2-Pbospbonometboxyprgpyl)hypoxantbine 

A solution of 9-(S)-phosphonomethoxypropyl) 
adenine (400 mq, 1.4 mmol) and sodium nitrite (1.4 9, 

20 J111Dol) in water (40 ml) waa cooled in an ice bath and 
30 cone. hydrochloric acid (2 ml) was added. Further work­

up of ·the reaction was performed as described in Example 
31. Yield, ''' 9-(S)-(2-phoaphono11ethoxypropyl)h}'poxan-
. . . 
thine. uv-spectrma (pH2): 1- 251 nm. Por ~0N40~ 
(288.3) calc.: c 37.50, B 4.54, H 19.44, P 10.77; -found: 

35 c 37.ao, H 4.65, N 19.56, P 10.ss. 
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Example 34 
9-CRl-C2-Phoiphongmetboxypropyl>-2-amino-6-

diaethyl1mingpurine . 
A solution of di(2-propyl) 9-(R)-(2-

pbospbonomethoxypropyl)-2-amino-6-chloropurine (0.50 g, 
prepared according to Example 26) in 20t dimethylamine in 
methanol i• heated to 11o•c for 20 b in a pressure vessel 
and the solution evaporated in yacuo. The residue in 50' 

10 aqueous methanol (20 ml) is applied onto a column (50 ml) 
of Dowex 50 X 8 (&+-form) in 20t aqueous methanol and the 
column washed with the same aluent until the tJV­
absorption dropped to the oriqinal value. The column is 
then washed with 2.st ammonia solution in 2ot aqueous 

15 methanol and the tJV-absorbinq eluate taken to dryness, 
codistilled twice with ethanol (25 ml each) and dried 
over phosphorus pentoxida at 13 Pa. 'l'ha resulting 
product is treated with acatonitrile (30 ml) and 
bromotrimethylsilane (3 •l) overniqbt at room temperature 

20 and the solution evaporated in yaguo. Water (SO ml) is 
added, the mixture alkalized by addition of cone. aqueous 
ammonia and the solution evaporated. FUrtbar work~up and 
purification i• performed essentially as described in 

, .. Example .17 •.. Yield; 0.40 CJ. (95t) 9-(R)-(2- .. 
25 · phosphonomethoXypropyl°)-2-uino-6-dimetbylaainopurine, 

. . .. •. . . . . . 
m.p. 154-lS&•c, [G]D•-10,6• (c-0.5, O.lK HCl). 1B-HMR 
spectrum (J>iO + NaOD): 1.1&5 d(3H), Js·:r• &.3 CH,; 3.27 s 
(6B·) N-CH3; 3.47 dd(lH), Jr.ar-9.5, J 1•12.9 and 3.65 dd(lH) 
Jp_ar9.3, J 1•12.9, P-CHi; 3.91 m, tJ • 29.0 2'-CB; 4.06 

30 dd.(lH), J 1.,,•6. 4, J 1•14. 6 and 4 .16 dd(lH), J 192.-3. 7, 
J,•14.6" 1'-CH,; 7.79 S(1H), H-8. For CuH1,H,O,P (330.3) 

calc. c 40.00, H 5.80, N 25.44, P 9.38; found c 39.54, H 
• 

_S.75, H 24.78, P 8.92. 

35 
-----·-
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Example.35 

9-CR>-<2-Phos))honomethoxypropvll-2-11pino-6-
dimethylaminopurina 

5 A mixture ot di(2-propyl) 9-(R)-(2-
phosphonomethoxypropy~)-2-aaino-6-chloropurine (0.50 q, 

prepared accordinq to Example 26) and diethylamine (2 ml) 
in meth~nol (20 al) i• heated to 11o•c for 20 b in a 
pressure vessel and th• solution evaporated in vacuo. The 

10 residue in sot aqueous methanol (20 ml) is applied onto a 
+ column (50 ml) of Dowex 50 X 8 (H -fora) in 20t aqueous 

methanol and the column is washed with the same eluant 
until the UV-absorption dropped to the original value.The 
column is then washed with 2.st ammonia solution in 2ot 

15 aqueous methanol and the UV-absorbinq eluate taken to 
dryness, codistillad twice with ethanol (25 ml ••Cb) and 
dried over phosphorus pantoxid• at 13 Pa. The resulting 
product is treated with acetonitrile (30 ml) an~ 
bromotrimethylailane (3 al) overnight at room temperature 

20 and the solution evaporated in vacuo. Water (50 ml) is 
added, the mixture alkalized by addition of cone. aqueous 
alllllonia and the solution evaporat~. Further work-up and 
purification is performed esaentially as described in 

25. 

30 

.~p1~.-11.~ .. · Y1.~1d,. ·o •. ~o q: c9st> t-·ca>-:c2-
.. ph~~ph~~om~th~xJp~pyl·)·-~-aaino-6-cU.a~tbylaminopurine, 
-~p.162-l64·C~ [CllD~-9,a•(c:mo.5, 0.111 HCl). Por 
c13B23H604P (358.4) calc. c 43.56, H 6.47, H 23,45, p 

8.66; found C 43.~0, H 6.73, H 23.78, P 8.90. 

Example 36 

?-<R>-<2-Phosphonometboxypropyll-2-amino-6-
butylaminopurina 

A mixture of di(2-propyl) 9-(R)-(2-
35 phosphonomathoxypropyl)-2~amino-6-chloropurina (0.50 9, 
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prepared according to Example 26), butylamine (2.0 ml) 
and e't;hanol (20 •1)-is refluxed under exclusion of 
moisture for 6 h and evaporated in vacuo. The work-up of 
the reaction mixture, followinq reaction with 

5 bromotrimethylsilana and isolation of the product ia 
performed essentially a• described in Example 34. Yield, 
0.40 q (87 t) of 9-(R)-(2-phospbonomethoXYPropyl)-2-
amino-6-butylaminopurine, m.p.140-142•c, [0)

0
•-11,9• 

(c-0.5, 0~111 HC1). 1B-HMR spectrwa (D20 + HaOD):1.1• 
d(3H), J 3 ,

12
,• 5.9 c&3 ; 3.52 dd(lH), JP,CH•9.8, Jg~12.5 

and 3.67 dd(lH) JP,CB•9.5, J
9
•12.5, P-CH2; 3.93 m, 2'-CB; 

4.05 dd(lH), J
1

• 2,- 6.1, J •14.6 and 4.16 dd(lB), 

10 

15 

g . 
J 1 , 2,•3.5, J

9
• 14.6 1 1 -CH2; 7.83 s(lH), H-8; butyl: 0.92 

t(3H), J•7.3 CH
3

; 1.38 br aext(2B), EJ• 36.6 3-CR2; 1.59 

br pent(2H), l:.1•28.3 2-CH2; 3.43 br m(2H) 1-cs2 .Por 
c13H24N604P (359.4) calc. c 43.44, H 6.73, N 23,39, p 

8.64; found c 43.31, H 6.20, H 23.57, P 8.90. 

Bxppla 37 

20 9~<R>-<2-Pbosphonomethoxypropyl>-2-amino-6-<2-

butyl>11pinppurine 
A mixture of di(2-propyl) 9-(R)-(2-

phosphonomethoxypropyl)-2-amino-6-chloropurine (0.50 q, 

p~epared according to Example 26), 2-butylamine (2.0 ml) 
. . . . . .. · ..... ":. ·~· . . ·. . .~ · .. · . 

·2s ·an~ •thanol ("20 ml) 1a refluxed under exclusion of 

30 

35 

moisture .f.or. 8 h and evaporated 1n vac::uo. The work-up o~ 
the reaction mixture, following reaction with 
broaotrimethylsilane and isolation of the product is 
performed essentially as described in Example 34. Yield, 
0.35 q (75 t) of 9-(R)-(2-pbospbonomethoxypropyl)-2-
amino~6-(2-butyl)aminopurine, m.p.148-149•c, (0] 0•­
·14,s• (c-o.s, O.lM HCl). 1H-NMR apactrma (D2o+NaOD): 1.17 

· d(3H), J 3 , 
12

,• 6.3, CH3; 3.51 dd(1H), .JP,CH•9.5, J
9
•12.5 

and 3.63 dd (1B) JP,CB•t.3, J
9
•12.5, P-CH2; 3.94 m, 2'­

CH; 4.08 dd(lH), J 1• 2,• 6.1, Jg•14.6 and 4.19 dd(lH), 
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J 1' 2 '•3. S, J
9

• 14.6 l 1 -CH2 ; 7.88 s(lH), H-8; 2-butyl: 
0.94 t(3H), J•7.3 + 1.25 d(3H), J•6.6 CH

3
; 1.61 b~ 

pent(2H), l:J•28.1 CH2; 4.15 br •(lH) CH. For c13e
24

N
6
o

4
P 

(359.4) calc. C 43.44, H 6.73, N 23,39, P 8.64; found c 
5 43.35, H 6.59, N 23.67, P 8.68. 

ixampla 38 

9-c11-c2-Phgspb0nometboXVPropyl>-2-amino-1-
cyclopropylaminppurine 

10 A aixture of di(2-propyl) 9-(R)-(2-

15 

20 

25 

phosphonomathoxypropyl)-2-aaino-6-chloropurine (0.50 9, 
prepared accordin9 to Example 26), cyclopropylaaine (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 aixture, ·followin9 reaction with broao­
triaethylsilane and isolation of the product is performed 
essentially aa described in Exaaple.34. Yield, 0.35 9 (80 
'> of 9-{R)-(2-phosphonomethoxypropyl)-2-&11ino-6-
cyclopropylaminop~ine, m.p.11a-119•c, [a]0•-23,S• 
(c-0.5, O.UI HCl). R-NMll spectrum (D20 + NaOD):l.21 
d(3H), J 3 , 2 ,• 6.1 CH3; 3.56 dd(lH), JP CH•9.8, J •12.9 

I . I 9 
and 3.73 dd (lH) JP,CH•9.8, J9•12.9, P-CH2; 3.96 .,. 2'-
CH; 4.06 dd(1H), J 1• 2,• 6.6, J

9
•14.4 and 4.18 dd(lB), · 

J1 ~ 2 ,·~~2·'· .~9- .. 14.4 1'.-CH2;. ~-87 s(lB), H-8; cyclopropyl: 
.2.84 m(lB) CH; 0.70 m(2B) + 0.94 a(2B) CH2 • c

12
B

20
N

6
o

4
P 

(343.4").calc. c 41.97~ H 5.87, If 24,48, P 9.04; foundc 
41.76, H 6.05,· H 24.77, P 9.21. 

lxampla 39 

30 9-fB>-<2-Pbgsphonometboxyprgpyl>-2-amino-t-
cyclgpentylaminppurina 

A mixture of di(2-propyl) 9-(R)-(2-
phosp~onomathoxypropyl)-2-aaino-6~chloropurine co.so q, 
prepared accordin9 to Example 26), cyclopentylamine ~2.0 

35 ml) and ethanol ·c20 ml) is refluxed under exclusion of 
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moisture for 12 h and evaporated in vacuo. The work-up of 
the reaction.mixture, following reaction with bromo­
trimethylsilane and isolation of the product is performed 
essentially as described in Example 34. Yield, 0.36 g (76 

5 t) of 9-(R)-(2-phospbonometboxypropyl)-2-amino-6-
cyclopentylaminopu~ina, m.p. 167-170•c, [a]

0
--11,1• 

(c-0.S, 0.1M HCl). H-NMR spa~ (020 + NaOD): 1.17 
d(JH), J 3,

12
,• 6.3, CH3; 3.67 dd(1H), JP,CR•7.8, Jg• 12.2 

and 3.56 dd (1H) JP,CH•9.3, Jg•12.2, P-CH2; 3.97 br •ext 
10 (1H), 2'-CH, J:J•29.1; 4.18 d(2H), J 1 , 2,•S.1, 1'-CH2; 7.92 

s(lH), H-8; cyclopantyl: 4.33 m(lH) CH; 2.00 m (2H) + 

15 

1. 70 m(2H) CH2 + 1._60m (2H) + 1.54m (2H). c14H24N
6
o

4
P 

(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. 

Example 40 
9-CR>-<2-Pbospbonomethoxyprqpyl)-2-amino-6-
cyclobexylaminopurine 

A mixture of di(2-propyl) 9-(R)-(2-
20 phosphonomethoxypropyl)-2-&llino-6-chloropurina (0.50 g, 

prepared according to Example 26), .cyclobexylamina (2.0 
ml) and ethanol (20 ml) ia refluxed under exclusion of 
moisture for 10 h and evaporated in Y8C:UO. The Work-Up Of 
the reaction mixture, f~llowing reaction wit!) bromo-

. 25 trimetbylailana and isolation of the product is performed 
essentially as described. in Example 34. Yield, 0.32 g (°65 
t) of 9-(R)•(2-phosphonomethoxypropyl)-2-aaino-6-
cyclohexylaainopur~na, m.p. 164-165•c, [a]

0
•-15,t• 

(c-0.5, 0.1M HCl). H-NMR spac:trwl (020 + NaOO):l.12. 
Jo d(3B), J 3 ,

12
,- 6.3; 3.43 dd(1H), JP,ca•9.3, J

9
•12.4 and 

3.52 dd (lH) JP,CH•9.3; Jq•12.4, P-CH2 ; 3.93 m, 21 -CH; 

4.10 dd(lH), J 1• 2 ,• 5.6, J
9
•14.6 and 4.18 dd(lH), 

J
1

,
2
,•4.4, Jg• 14.5.1•-cs

2
; 7.92 s(lH), H-8; cyclohexyl: 

3.90 m(lH) CH; 1.15-1.42 m(5B) + 1.62 •(lH) + 1.75 •(2H) 
35 + 1.95 •(2H) CH2. cl5H2SN604P (384.4) calc. c 46.86, H 

.. 



• 

W094/03467 PCT/US93/07360 

-63-

6.56, N 21,87, p 8.07; found c 46.4·4, H 6.85, H 22.07, 
P 8.21. 

Example 41 

S 9-CRl-C2-Php1pbonometboxypro.pyll-2-amino-
6-pyrrplidinppurina 

A mixture of di(2-propyl) 9-(R)-C~­
phosphonomethoxypropyl)-2-amino-6-chloropurine (0.50 q, 

' prepared accordin9 to Example 26),. pyrrolidina (2.0 ml) 
10 and ethanol (20 ml) ia refluxed under exclusion of 

moisture for 6 h and evaporated in vacuo. Th• work-up of 
the reaction mixture, followinq reaction with bromo­
triaethylsilane and isolation of the product is performed 
essentially as described in Example 34. Yield, 0.35 q (78 

15 

20 

25 

30 

35 

t) of 9-(R)-(2-phosphonomathoxypropyl)-2-amino-6-
pyrrolidinopurine, a.p.181-1a2•c, [aJ

0
--11,4• (c-0.5, 

1 . O.lM HCl). H-NMR spectrum (D20 + HaOD):l.21 d(3B), 
J 3 ,

12
,• 6.1, CH3 ; 3.57 c:ld(lH), JP,CB•9.S, J

9
•12.2 and 

3.65 dd (lH) JP,CJl-9.S, Jq•12.2, P-CH2; 3.98 br saxt(lH) 
2'-CH; 4.18 d(2H), J

1
, 2,•4.t, 1 1 -CH2; 7.85 s(lH), H-8; 

pyrrolidin-1-yl: 3.41 br(2H) and 3.75 br(2H) H-CH2 ; 
1.93br(2H) + 2_.00 br(2H) c-CH2 • c13H21H6o4P (356.4) calc. 
C 43.81, H 5.94, H 23,58, P 8.71; found C 43.45, B 6.17, 
N. ·23·.~ •7; P 8p.82. 

Bxamplti 42 

t-<R>-c2-Phqjphgnpmethoxyprppyll-2-aminp-6 
-piparidinppurine 

A mixture of di(2-propyl) 9-(R)-(2-
pbospbonomethoxypropyl)-2-amino-6-chloropurine (0.50 q, 
prepared accordin9 to Example 26), piperidine (2.0 ml) 
and _ethanol (20 ml) is refluxed under exclusion of 

-moisture for 3 h and evaporated i.n vaeuo. Tba work-up of 
the reaction aixture, followin9 reaction with bromo­
trimethylsilana and isolation of the product is performed 
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esaentially as described in Example .34. Yield, 0.40 g (84 

t) of 9-(R)-(2~pbosphonometboxypropyl)-2-amino-6-

piperidinopurina, m.p.154-156•c, [a] 0•-o.a• (c•o.s, o.1M 
1 HCl). H-NMR spectrum (D2o + HaOD):l.14 d(3H), J

3
,

12
,• 

6.1, CH; 3.44 dd(lH), JP cs•9.o, J •12.4 and 3.55 dd 
3 I 9 

(lH) JP,CH•9.3, J
9
•12.4, P-CH2 ; 3.93 a(1B) 2'-CH; 4.09 

d(2H) J 1• 2,• 6.1, J
9
•14.4 and 4.17 dd(lB), J 1 , 2 ,•4.1, 

J -14.4 1 1 -cs
2

; 7.88 s(lH), H-8; piparidin-1-yl: 3.95 br 
CJ . 

t(4H), J•S.4 N-CH2; 1.60. (48)+1.69 •(2H) c-ca2~ 

c14H23N604P (370.4) calc. c 45.40, H 6.26, N 22,69, p 

s.36; found c 45.68, H 5.94, H 22.46, P 8.41. 

Exp,ple 43 

9-CB>-<2-Pbosphonomethoxyprgpyl>-2-amino-
15 6-morpholinopurina 

A mixture of di(2-propyl) 9-(R)-(2-
phospbonomethoxypropyl)-2-amino-6-cbloropurine (0.50 q, 

prepared accordin9 to Example 26), morpbolina (2.o ml) 
and ethanol (20 ml) is refluxed under exclusion of 

20 moisture for 2 hand-evaporated in vacuo. Tbe work-up of 
the reaction mixture, following reaction with bromo­
trimethylsilane and isolation ot the product is performed 
essentially as described in Example 34. Yield, 0.45 CJ. 

(94 .• 5') o~ 9-(R) '.9 (2-phosphonometboxypropyl)-2-amino-6-
25 morph~llnop~lne~ m.p~l.60-162•c,· [a]0-+7,19 (c=0.5, O.lM 

HCl).1n-- spectrum (020 + HaOD):l.15 d(3R), J3,,2,--

6.1; 3.so dd(lR), JP,CR•t.8, J
9
•12.9 and 3.68 dd (1H) 

JP,CH•9.3, J
9
•12.9, P-CH2; 3.90 a(lH) 2'-CH; 4.05 d{2H) 

J 1• 2,• 6.6_, J
9
•14.4 and 4.18 dd(lH), J 1 , 2,•3.2, J

9
•14.4 

JO 1 1 -cs2; 7.81 •(18), H-8; morpholin-1-yl: 4.03 br t(4R), 

J•4.5 .H-CR2; 3.8_0 br t(4H) c-cs2.c13H21R605P (372.3) 
calc. c 41.94, B 5.69,H 22,57, P 8.32; found c 42.03, B 
5.66,,N 22.16, P 8.62. 

35 



W094/03467 PCT/US93/07360 

5 

-65-

Example 44 
9-<R)-<2-Phosphonamethoxyprapyl>-2-amino-
6-benzylam,ingpurina 

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

prepared accordinq to Example 26), benzylaaine (2.0 ml) 

and ethanol {20 ml).i• re~luxad under exclusion of 
moisture tor 6 hand.evaporated in vacuo. The work-up of 

10 the reaction mixture, following reaction with bromo­

trimethylsilane and isolation of the product is performed 

essentially as described in Example 34. Yield, 0.45 q 

(90t) of 9-(R)~(2-phosphonomethoxypropyl)-2-amino-6-

15 

20 

•. 25 

35 

benzy~aminopurine, m.p.i58-160•c, [a]
0
•-4,9• (c•0.5, o.lK 

HCl). H-~ spectrum (020 + NaOD):l.13 d(3H), J3',2'-
5.9; 3.52_dd(1H), JP,CH•10.3,. J

9
•12.0 and 3.68.dd (lB) 

JP,CH•lO.O, J
9
•12.0, P-CH2; 3.86 m(1H) 2'-CH; 3.99 d(2R) 

J 1" 2 ,• 5.6, J
9
•14.4 and 4.09 dd(1H), J 1 , 2,•3.5, J

9
•14.4 

1 1 -CH2; 7.77 s(1H), H-8; arom.protons: 7.22 m(SH); 4.58 

br s(2H) banzyl-CH2• c16s21N6o4P (392.3) calc. c 48.98, H 
S.39, N 21,42, P 7.89; found C 49.16, H 5.37, N 21.23, P 
7.86. 

Exgple 45 
2-<s>-<2-Pbor.:-;hgnomet;hgxyprqpyl>-1-azaquanine and s-cs>­

c 2-Pbosghgng>: .. · ··1gxyprgpyll -a-azaauaniM 

A 1z::. · .::;ure of 8-azavuanine (3. s g) , 

di.llathyltormamide (35 ml) and dimathylformamide 
dineopentyl acetal (15 ml) is heated at ao•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 vac:i.zo. Yield, 3.1 9 

(65t) N2-dimethylaminometbylene-a-azaguanine, HPLC pure. 

-------------·-
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Tb• mixture of this compound (2.1 g, 10 mmol), cesiWD 
carbonate (1.75 g, 5~4 111JDOl) and (S)-2-[(di(2-
propyl)pbosphonylmethoxy]-1-toluenesulfonyloxypropane in 
diaethylformamide (40 ml) is stirred for 4 b at 1oo•c 

s under exclusion of moisture. Tba mixture is filtered 
while bot, evaporated at 40°C/13 Pa and the residua 
treated with a mixture of methanol and cone.aqueous 
aDonia (1:1, 200 ml) overnight at ambient temperature. 
Tb• solvents are evaporated in va~o and the residue 

10 cbromatogr~phec:l on a colWDn of silica ve.l (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 (23t) i~ dried in 
vacuo and treated with acetonitril• (25 •l) and 

15 bromot~imatbylailana (2.5 •l) overnight at room 
temperature. The work-up of the •ixture is performed aa 
described in Example 34. Th• product is isolated by ion 

+ exchange chromatography on Dowex 50 X.8 (H -form) and 
crystallized from water. Yield, 0.45 q. 

.20 Further elution of the silica gal colWDn 
affords the 9-isomar (Rf•0.36, TLC in matbanol­
cbloroform, 1:9, silica qal plate) in the yield of .0.9 g 
(23t). Conversion by bromotrimethylsilane in acetonltrile 
(Example 34) qivea after deionization and crystallization 

. 25 ·. f~om. wat~r" 9.: • ."cs)-(2~pb~spbonomethoxypropyl)-a-azaquanine 
(0~50 q, HPLC pure) • . . 

~-

Example 46 

9-CR>-<Z-Pbospbonomethgxypropyl>-a-azaguanine. a-c11-c2-
30 Phgsphgngmetb0xyprgpyll-a-azaquanine and z-<R>-<2-Pbo•­

phonomethgxyprgpyl>-a-azaauanina 
The reaction is performed essentially as 

described~for the (S)-enantioaera in Example 44. After. 
the work-up of the condensation mixture with aqueou~ 

35 methanolic· ammonia the crude mixture of bia(2-propyl-

-~----------
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l)esters is applied onto a column of Dowex so X 8 (H+ -
form)(lSO ml) and the column eluted with 20t aqueous met­

hanol. The tJV-absorbinq fraction is taken down in vac:uo 

and dried affordinq the 9-isomer as an amorphous foam. 

The residua is treated with acetonitrile (30 ml) and 

bromotrimathylsilan• (3 ml) overniqht, evaporated in 

vacuo, the residue dissolved in 2.5t aJD11onia and reeva­
porated in vacuo. Thi• residue ia applied onto a column 

(100 ml) Dowex 1 X 2 (acetate form) and washed with water 

(1 1) and with 1 K acetic acid (500 ml). The eluates are 

discarded and the resin extracted on filter with boilinq 

water (500 ml). This eluate is evaporated in vac:uo and 

the residue crystallized from water (poorly soluble) to 

afford the 9-(R)-isomer co.so q)_. For c
8

H
13

N6o
5
P (304,2) 

calculated: 31,S9t c, 4.31t H, 27.62tN, 10.lltP; found 

32,lOtC, 4.35t H, 27.44t N, 10.30t P. 

Further elution of Dowex 50 column with 2,st 

aqueous a11l11lonia qives an uv-absorbinq fraction which is 
evaporated in vacuo, d~ied and treated with acetonitrile 

(20 ml) and bromotrimethylsilane (2 ml). The reaction 

mixture is evaporated and the residue dissolved by the 

addition of st aqueous a111J11onia (100 ml)i and the mixture 
. . + 

is de~onizad ~n ~column (100 ml) Dowex so X 8 (H -form) •. 
Th• .. ammonia·. eluate affoi-ds qel . forming mixture which. is 
dissolved in water by addition of aJD11onia and applied 
onto a colWDn of Sephadax A-25 (150 ml) in 0.02 K 

~iathylammoniwa hydr09en carbonate. The column is eluted 

with a linear qradient of the same buffer (0.02-0.20 H, 1 

1 each) to qive the main fraction consisting of the 

mixture of the 7- and a-isomer (~P o.92, fluorescent . 
spot). The residue after codistillation with methan~l is . . 

applied onto a column (20 ml) Dowex 1X2 (~cetate), the 

column washed with water (100 ml) and the product eluted 

with 1 M acetic acid. After evaporation in vac:uo, 

.. 
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codistillation with water and trituration with ethanol 
the product is.filtered, washed with ethanol and ether, 
and dried to afford 0.$0 9 ot the mixture of 7-isomer 

. 13 
and a-isomer in the ratio 1:4 (by c-NMR). The 7- and a-

s re9ioisomers were separated by chromatography on DEAE 

Sapbadex A25, using •lution by a 0.02 to 0.2 molar 
gradient of aqueous trietbylammonium hydrocarbonate at pH 
7.5. For c8s13H,o5~ (304,2) calculated: 31,59t c, 4.31' 
H, 27.62tH, 10.lltP; found 32,lOtC, 4.35t H, 27.44t H, 

10 

15 

10.30t P. ~H-NHR (D20 + NaOD): a-Isomer: 4.65 2Xdd, 2B 

(J1'2'- 5.4,J1•21•S.l,JCJ - 14.0) 1'-CH2; 4.17 br •ext, lH 
(J•29.5) 2'-CH; 3.52 dd, lH (JPCH • 9.7, Jg • 12.2) + 
3.47 dd, lH (JPCH•9.0, JCJ • 12.2) P-CH2; 1.18 d, 38 
(J3, 2,•6.3); 7-Isomer 4.76 2xdd, 28 (J1 , 2,• J 1"2,-s.2, 
J

9
• 14.0) 11 -ce2; 4.13 br sext, 18 (J•29.S) 2 1 -CH; 3.50 

m, P-CH2; 1.16 d, 38 (J3 , 2 ,•6.3). 

ExQpl• 47 

9-<R>-<2-PhospbonQJDet;bpxypropyl>-a-aza-2.6-diaminopurine 
20 •nci a-<R>-<2-PbosphOnometbqxyproJ>yl> 

.··:· . 
25 

-a-aza-2.6-diaminopurifte 
A suspension of a-aza-2,6-dialainopurine · 

bemisulfate (25 1111101) in water (100 al) is sti~ed under 
addi~ion of Dowex 50 X a .(8+-fora) until dissolution, the ·.. .. . ........ ·• ·: .• . . . . . . . . . . ' 

suspension Was poured onto a COlWlll Of the SU8 cation . 
exchanger (lOO al) and .the coluan is washed wit11 water 
until neutral. The resin is than suspended in water (200 
al). and treated with aqueous ammonia until alkaline, 
filtered and washed with boilinq_water (total, 1 1). The 

30 filtrate and washings are taken to dryness in vacuo, the 
residue codistilled with ethanol (2xSO al) and the 
obtained tree s-aza-2,6-cliaminopurine filtered from 
ether, washed with the same solvent and· dried over 
phosphorus pentoxida in vacuo. 

35 
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A suspension of this compound (3.02 q, 20 JllJDOl) 
.and cesium ca~bonata (3.3 q,_10 JllJDOl) in 
climathylformaaide (60 ml) is heated at ioo•c.tor 1 hand 
a solution of (R)-2-[(di(2-propyl)phosphonylmathoxy]-l-

5 toluenesulfonyloxypropane (8.6 q, 21 mmol) in di­
mathylformamide (30 ml) is added over 15 min under 
atirrinq. The heating and stirring is than continued for 
additional 16 h, the mixture stripped of the solvent in 
vacuo and. th• residua extracted with boiling chloroiorm 

10 (total, 300 ml). Tb• 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 (RF0.70, 

15 TLC on silica gel, chloroform- methanol, 4:1) which after 
evaporation of the relevant fraction• and crystallization 
from ethyl acetate - petrolewa ether gives 1.75 q (22.5') 
of a crystalline material, m.p.120-122•c, [cr]

0
• -4.7• 

(c-0,5, o.lH HCl). For c14H26a7o4P (387.5) calculated: c 
20 43,40, H 6.76, N 25,31, P a.01; found c 43.07, H 6.ao, H. 

25,21.and 8.02t P. NMR-Spectrulll:l.10+1.12+1.14+1.16~1.17, 
s x d (3H each), J• 6.1), CH3; 4.11 pent d (J:J•29.5) 2'­
CB; 4.28 2Xdd, 1B (J

1
•

2
,• -4.90, JCJ • 14.4) 1 1 -CB

2
; 4.34 

_dd,_~_-_.(J1• 2 ,~7~1, Jl;J.·~~-·.4.) 2'-Cll; 3.65 _dd, lH (JPCH • 
2!( .··. ·9_=~~:;~_·;r0:"~i2 .• 7)f3.·7~ · .. :lcl;_·-'iH·:.(3~•t.·s~ J

9
• 12.7) P-~2 ; 

4.43 dq (1B) · (J•6.1) +' 4·.47 ·(J•6.3, JP-o-CH•7.8) P-OCB; 

7.35 + 7.70, 2xbr (2x1H) NH2; 6.37 bra (2H) HH2• 

30 

35 

Thia product is treated with acetonitrile (25 
ml) and bromotrimethylsilane (2.5 ml) overnight at room 
temperature and the solution evaporated in vacuo. Water 
(50 ·~> is added, the mixture alkalized by addition of 
cone. aqueous ammonia and the solution evaporated • 
Further work-up and purification is performed essentially 
as described in Example 17. Yield, o.90 q (65.St) 9-(R)-
(2-phosphonomethoxypropyl)-2,6-diamino-a-azaadeni~e, m.p. 

--·-·----·-----
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238-242•c, ca1 0•+S,6•(c•0.5, o.1M HCl). 1H-NMR spectrum 
(D2o + NaOO): 1.17 d(3H),(J3,

12
,•6.3) CH3; 3.50 dd(lH), 

JP,CB.•9.1, J
9
•12.2 and 3.59 dd(lH) JP,CH•9.3, J

9
•12.2, P­

cs.2; 4.08 m, J:J • 30.0 2'-CH; 4.45 dd(1H), J 1• 2,•S.4, 
Jg•14.9 and 4.49 dd(1H), J 1, 2,•S.6, Jg• 14.9 1 1 -CH2• For 
c8H14N7o4P (305.3) calc. c 31.47, H 4.62, N 32,12, p 
10.17; found c 31.71, H s.02, N 31.88, P 9.96. 
EttpCPH7.S)•0.85. 

Further elution of the silica gel colUllll gives 
1.40 g (lit) of di(2-propyl) 8-(R)-(2-
phosphonomethoxypropyl)-a-aza-2,6-diaminopurine (~o.so, 
TLC on silica qel, chloroform-methanol, 4:1), m.p.148-
lSO•C (ethyl acetate-petrolewa ether), (a]0•-43,7•(c-0,5, 
O.lM HCl). For c14H26N7o4P (387.5) calculated: c 43,40, H 
6.76, N 25,31, p a.01; found c 43.15, H 6.75, N 25,16 and 

7.96t P. NMR-Spectrum.:1.10+1.11+1.14+1.16+1.18, 5 X d (3H 
each), J• 6.1) CH3; 4.17 pent d (EJ•31.0) 2 1 -CH; 4.50 dd, 
lH (J1• 2 ,•6.60 1 Jg • 13.9)+ . 
4.53 dd, 1B (J1, 2,•5.4, J

9
•13.9) 1 1 -CH2; 4.47+4.43 2Xdq, 

2H (JP-ocH•7.6, JCH,CB3•6.1) P-ocH; 3.63 dd, 1H . 
(JPCH•9.0, J

9
•12.7) + 3.75 d~,· 1B (JPCB•9.5, J

9
•12.7) P­

CH2; 7.50 + 6.08, 2xbr (2x2H) n 2 • The reaction with 
bromotrimathylsllane·is performed essentially aa 
da~cribed tor i:he t·-1.imar:; yi~td, · o.ao g (72.St) a-CR)-· 
(2-phosphonomethox:ypropyl)-a-aza-2,6-diaminopurine, •·P· 

1 
23~-24o•c, [a]0•-23,5• (c-o.5, o.1M HCl). H-NMR spectrum 
(D20+HaOD): 1.21 d(3H),(J3, 2,•6.3) CH3; 3.50 dd(lB), 
. , 

JP,CH•9.2, J
9
•12.2 and 3.58 dd(lB)(JP,CH•t.4, J

9
•12.2) P-

~2; 4.17,m, EJ • 29.3 2'-CH; 4.70 d(2H), J 1 , 2,•5.2) 1'­
CH2. For C8H14N704P (305.3) calc. c 31.47, H 4.62, H 
32,12, P 10.11; found c 30.74, H 4.55, ~ 29.~0, P 10.1&. 
Eup(pH7.S)•0.85. 
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Example 48 

9-CRl-C2-fbosphpnometboxypropyl>-6-mercaptopur~ne 

Sodium hydride (0.40 q, 60t dispersion in 

5 paraffin, 10 mmol) is added to a solution of 6-

chloropurine (1.55 9, 10 mmol) in dimethylformam.ide (25 

ml) and the mixture stirred for 1 b at ambient 

temperature. A solution of (R)-2-[(di(2-propyl)phospbo­

nyl.Jllathoxy]-1-toluenasulfonyloxypropane (6.5 g, 15.9 

10 mmol) in dimetbylfo:rJDUlide (50 ml) 'is added and tbe 

mixture stirred at &o•c for a b. Tba mixture is then 

stripped off the solvent 1n vacuo and the residue 

extracted with hot chloroform (total, 250 ml). Tbe 

extract is then evaporated 1n vacuo and the residua 

15 chromatoqraphed on a column (250 ml) of silica qel in 

20 

.. ·.· .. 
25· 

30 

·chloroform. The product is eluted with chlorofom-metbanol 

(95:5) and the relevant fractions-containing product were 

evaporated to dryness. Yield, 2.35 q (60t) of the oily 

di(2-propyl) a-(R)-(2-phosphonomethoxypropyl)-6-

chloropurine ca,.o.70~ TLC on •ilica gel, chlorofora­

methanol, 4:1), a.p.148-lSO•c (ethyl acetata-petrolewa 

ether), [a]
0
•-43,7•(C-0,5, o+lM &Cl). For c15s 24clH

4
o

4
P 

(390.9): Mass spactrWl:391(M >, 348 (M-iPr), 306 (H-

~xi~); _NMR-sp_ec~: .. 1.os d (3H) '· J• t$.1) ~3 ; 4.02 pent 
d cu-2·a.9) 2 1 -CS; 4.3~ c!d,·: 1H CJ

1
•

2
,-1.oo, J -

. . . g 
14.3)+4.45 dd, 1R (J1

, 2
,•3.6, J

9
•14.3) 1 1~2 1 4.49 a, 2B 

(JP-ocH•7.6) P-oc&; 3.68 dd, 1H (JPCB•9.8, J
9
•13.7) + 

3.82 dd, 1H(JPcH•9.2, J
9
•13.7) P-ce2; 1.12+1.13+1.33 

(3xd, 4x3B), J•6.1, J•6.3) CH
3 

(2-propyl); 8.61+8.77, 

2xs, 2H, e-2 + e-a. 
'l'his product is treated with tbiourea (2 q) in 

ethanol at reflux for 1 h, the solution is alkalized with 

triethylamine, taken do"lirTa to dryness and the residue 

extracted with chloroform (200.ml). Tbe extract is 

35 evaporated in vacuo and tba residue CR,.0.63, TLC on 

----------
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silica qei, chloroform-methanol, 4:1) dried 1n vacuo. 
Acetonit~ile _(40 ml) and bromotrimathylsilane (4 ml) is 
added and the mixture stirred till dissolution. The 
mixture is left to ·stand overnight at room temperature, 
taken down to dryness 1n vacuo and dissolved in water 
(lOOml) by alkalization ~ith cone.aqueous ammonia. The 
allcalina solution i• than evaporated .in vacuo and the 
residua in water (20 ml)(alkalizad by ammonia) i• applied 
onto a column (150 ml) Sephadex A-25 equilibrated with 

10 o.05 M triathylammoniwa hydrOCJen carbonate (pH 7.5). The 
column is eluted with the same buff er until the 
absorption of the eluate drops to the original value and 
then with linear qradient (0.02M-0.2M triethylammonium 
hydrogen carbonate (pH 7.5)(11 each). The main UV: 

15 absorbing fraction is taken down to dryness and codia­
tilled with methanol (Sxso ml) in vacuo. The residua is 
.applied in 10 ml water on a column (50 ml) Dowex 1 X 2 

(acetate form), the column washed with water a~ the 

ionex stirred in 1ot aqueous formic acid (200 ml) for 15 
'20 min. The suspension is f iltared and the resin washed 

repeatedly with boiling water (total, 1 1). The filtrates 
c;af fords on concentration in vacuo and recrystallization 
from water 9-(R)-(2-phoaphonomethoxypropyl)-6-thiopurine 

25 

30 

35 

.fo,90 ~'- ·-'~'>, a.p.156-1sa•c, ca1 0--1. 1• (c-~.s, o.1acl) •. 
B-HKR-Spactrum (D20+HaOD): 1.25 d(3B),(J3',2'•5.4) CB3; 

3.57 dd(lR), JP,CH•9~5, J
9
•12.2 and 3.79 dd(lB) 

(JP,CH•9.5, J
9
•12.2) P-CH2; 4.02 m 2'-CH; 4.31 

d(2B)(J1112 ,• 6.8) + 4.52 d, 2B (J1, 2,<2.0, J
9
•14.4) l'-

CH2; 8.35 +8.72, 2XS (2H) B-2+H-8. For C9H13N404PS 
(304.0) calc. c 35.52, H 4.31, N 18,42, P 10.19, s 10.so; 
found.C 35.34, B 4.70, N 18.26, P 10.76. 

• 
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E¥ample 49 
9-<Rl-C2-Pbosphonomethoxypropvll-N1,N6-etbenoadenine 

A solution of 9-(R)-(2-
phosphonomethoxypropyl)adenine (0.40 9) in 1K 

chloroacetaldehyde solution in water (20 ml) is incubated 
at 37•c for 48 h and evaporated in vacuo. Th• residue in 
water (10 ml) is applied on a colUJDn (250 ml) 
octadecylsilica 9•1·(20-30-) and ~ashed with water 

10 (3•1/min) •. The fractions (20 •l) are analyzed by HPLC in 
o.o5 M·triethylammoniwa hydr09en carbonate pH 7.5 and the 
appropriate fractions pooled and taken down 1n vacuo. The 
product is triturated with ethanol and filtered. Yield, 
o.35 g (sot), m.p.1ao-1a2•c, ca1

0
--2s,6•(c•o.s, o.lll 

15 HCl). For c11H14H504P (311.3) calc. c 42.44, H 4.53, N 
22,50, P 9.97; found c 42.30, H.4.75, N 22.24, P 10.25. 

lxgpl• so 
Eyaluatign against bµman ingpungdeficiency yirgs CHIV> and 

20 Mglgney murine 11rgQJDa yirg1 <Msv> in yitro 
The activity of the compounds against HIV-1 and 

HIV-2 induced cytopathicity was examined in hUllan · 
lymphocyte MT-4 calla. The cell• (250 000 calla/ml) were 

.infected wi~ ~oo c~~o50 (1 CCID50 is a ~irus quantity 
2s which"caus88 .. (:ytopatb.icity.effect in sot of the calls 

undar·the experimental conditiona) of HIV-1 or RIV-2 and 
added to 200 -1-wall• of a aicrotitar plate containinq 
different dilutions of the teat compounds. The infected 
cell cultures ware than incubated at 37•c for 5 days in a 

30 humidified co2-controllad incubator. Then, the 
cytop•thicity of the virus was examined by determination . 
of MT-4 cell viability by trypan blue dye staining. 

35 

·The resul~s are summarized iri Table 1 ·in coi:parison with 
·the ~ta on the prototype compounds. 

iii1i1r11ur 
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Also shown in Table 1 are results of testinq 
the activity ~f the compounds aqainst MSV-induced 
transformation in murine embryo fibroblast C3H/3T3 cells. 
The cells were seeded in 1-ml-wells of a 48-well 

5 microtiter plate and exposed to ao PFU (plaque forminq 
units) for 60 - 90 minutes. Than, the virus was removed 
and culture aediwa containinq appropriate concentrations 
of the test compounc:ls were added (1 al per well). At _day 

6 post infection, MSV•inducad transformation of the call 
10 culture was. examined microscopicaliy. Th• results are 

summarized in Table 1 in comparison with the data Gn the 
prototype compounds. 

15 

20 

25 .... · ... 

30 

35 



tt. -{II 

-~ iiiiiiiiiiiiii CD 

==~ 
g: -·--{II ==cc -CD -g 
~ -CD 

-g_ 
~~ a. 

w 
UI 

. -

w 
0 

N" 
-UI ; . 

... 

N 
0 

Table 1 

.... 
UI 

... 
0 Ul 

.... 

Anti-retrovirus activity ~f.:the (S)- and (R)-enantiomers of the compounds of Formula . . 
I in comparison with oth~r-a~yclic nucleoside phosphonates • 

... 

------~---------------------~------------------------------------------~------
Compound llT-4 C3H/3T3 

-----~~~--------------------------~---~------------------
· ·£cso• (1&CJ/•l) CCSO~(l&CJ/al) EC50c(µg/al) HIC'(µg/al) 

------------------------------~-------~------------------
HIV-1 HIV-2 MSV 

: ·. 

--------------------------~~-----------------------~--------------~-----------.. .. 
(S)-PHPA '78 63 >100 120 >100 
(R)-PHPA 1.7 1.4 >100 0.99 >100 
(S)-PHPDAP 2·.0 4.0 >100 2.9 >100 
(R)-PMPDAP 0.05 0.06 >100 0.14 >100 
"(S)-PMPG 1.2 1.3 45 0.95 8 
(R)-PMPG 1.a 1.7 >100 0.15 40 
(R)-9-PHP-8-azaA 2.42+0.91 1.75±0.2 0.43±0.24 
(R)-9-PMP-6-thioPu >100 >100 18±10 
(R)-7/IPMP-8-azaG• >0.16 >0.16 1.1±0.6 
(R)-9-PMP-6-piperidino-DAP >100 >100 12.6±10 
(R)-9-PMP-6-aorpholino-DAP >100· >100 6.1+2.3 
(R)-9-PMP-6-cyclohexyl-DAP 8.0±2 7±2.6 1.4±1.2 

I .... 
UI 
I 

. 

. 

I 

~ 
-~ 
~-
..... 

g 
5i 
~ 

I 



;i 
-~ 
-::r a 
-::c: 
==~ =o::i -(1) 

g 
iiiiiiiiiimi ,..:i 
==.g ---11) 
-o 

2. 

w 
UI 

w 
0 

N. 
UI 

N 
0 

Table 1 (gont'd> 

.... 
UI 

.... 
0 UI 

---------------------~-~-----------~------------------------------------------. . 
(R)-9-PMP-6-benzyl-DAP ; .. 10.3±1.4 
(R)-9-PMP-6-diaethyl-DAP ~- 2.3±0.2 
(R)-9-PMP-6-butyl-DAP :. 13 •. 1+4. 3 
(R)-9-PMP-6-(2-butyl)-DAP ; __ 30±19 
(R)-9-PMP-6-thioG .. >100 

8±2.9 
4.2±2.8 
9.8±4.9 
25±15 
>100 

0.3±0.11 
3.25±1.44 
3.27±1~3 

3.5±0.3 
3.94±2.13 

----------~-------------~~----------~--------------------~-~-----------------
PMEA -:: 2 2 67 2 >100 

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

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

(S)-FPMPDAP 4.8 3.3 >100 1.7 >100 
(R)-FPMPDAP 1.4 1.5 >100 1.7 >100 

a) Compound concentration required to inhibit HIV-induced cytopatbicity in MT-4 cells 
by 5ot; b) compound concentration required to reduce MT-4 cell viability by sot; c) 
coapound concentration required. to inhibit MSV-induced C3H/3T3 cell transformation by 
sot; d) compound concentration that results in a aicroscopic alteration of the cell 
culture morphology. 

6bbrevi1tions 
FPHP·H-(3-fluoro-2-phosphonoaethoxypropyl)derivative of the Formula!; PMB H-(2-
phosphonoaetboxyethyl) derivative of the Formula ~; PMP H-(2-phosphonomethoxypropyl) 
derivative of the Formula I; A adenine, OAP 2,6-diaainopurine, G guanine. 
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conclusigns: 
(1) Most of the resolved compounds of the 

Formula I examined showed marked anti-H~V activity in 
yitro. BIV-1 and HIV-2 did not differ in their 
sensitivity to the test compounds. 

(2) (R)-PMPA was markedly inhibitory to 
retroviru• replication at 1 - 2 pg/ml and non-toxic to 
th• cells at 100 mg/al. Its selectivity index (ratio 
Cytotoxic dose/antivirally active dose) proved superior 

10 over that of the prototype compound PJIEA. 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 µg/ml) and non-

15 toxic to the cells at 100 µg/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 ooo ·for HIV-1 and HIV-2. 

20 Example 51 

Tr•atm,ent of Moloney murin1 1arcop1a yirµ1 CKSV> infection 
in mice·by intraperitgneal •ciainistratign 

TWo-gram newborn HMRZ aice were injected 
intramuscularly. in the le.ft hind leq with 50 pl of 2so-

·2~ ':;··:.·~0·~4"· 4i~ut~~- :~toek ·. p~eparation of· Moloney murine sarcoma 
virus~ Starting 2-4 hours before virus infection, each 
anillal was injected.intraperitoneally in groups of 10 

with a single dose of test compound with so, 20 or 10 

·mg/kg of the resolved compounds of the Formu~a I or 
30 prototype compounds (for abbreviations, see Footnote to 

Table~); compounds (R)-PMPA and (R)-PMPDAP were 
administered also at the dose of 5 and 2 mg/kg. Another 
group of mice (20 animals) wa• adiainistered RPKI-1640 

35 

mediu1i as placebo. 
RPla-1640 medium. 

All compoUnda were solubilized in 
The mice were observed daily for 20 

• 
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days and the day of tumor initiation and the day of 
animal death was recorded for each animal. Statistical 
analyses were performed by calculatinq the standard 
deviation. The summarized results are shown in the Table 

s 2. 

10 
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20 
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Inhibitory effect of (S)- .·and (R)-enantiomers of the compounds of the Formula I and 
prototype acyclic nucleoside.':phosphonates administered by intraperitoneal route on 
HSY-induced tumor formation ·and associated death in NMRI mice. 

--~------~-----------~----~~~-~-------------------------~-------------------------~--
Co~pound Dose 

(llCJ/kCJ) 
··'Number 

. ·.,of aice 
Hean day of tyror Hean day of B?imal 

initiation . death 

---------------------------------------~---------~-------------------~---------------(S)-PMPA 50 .. ' 20 5.8 :t 0.63 12.4 :t: 0.84 
20 .. •' 20 4.5 :t 0.71 10.9 t 0.88 
10 ... ;. : 20 4.7 :t 0.95 10.9 :t 0.88 

. . ·· .. ·· 

(R)-PHPA 50 
·' . 

10 >20 (100\) ·>20 (100\) 
20 10 13.5 :t 3.5 (80\) >20 (100\) 
10 .- ... 20 12.9 :t 2.2 (75\) 18.3 t 1.10 (85\) 

: 

5 ·' 10 7.11 ± 1.5 (10\) 14.4 :t 0.47 (20\) 
2 10 5.3 :t 1.1 12.6 ± 1.26 

(R)-PHPDAP 20 19 11 (95) 18 (95) 
10 20 11.5 (90) 18.5 (90) 
5 20 12.a (7o) 16.5 (90) 
2 20 11 (36) 15 (70) 

------~----~---------------------------------------------------------~---~-----------PHEA 50 10 9.0 (90t) 16.0 (90\) 
20 30 10.6 :t 2.0 (44t) 14.7 :t 1.8 (66\) 
10 20 9.8 :t 1.9 (24t) 14.2 t 2.5 (43\) 

(S)-FPMPA 50 10 >20 (100 \) >20 (100 ,, 
. 20 20 11 :t 2.7 (31,) 17.2 :t 2.2 (55 ,, 

10 20 7.7 :t 2.4 13. 6 :t 2.8 (40\) 
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(R)-FPMPA 

(S)-FPMPDAP 

(R)-FPMPDAP 

w 
·o 

50 
20 

50 
25 
10 

50 
25 
10 

N 
UI 

.. 

.. 
10 
10 

10 
10 
6 

20 
20 
20 

N 
0 

..,, 
UI 

%.ibll a (SC2Dt'sU 

4.7 ± 0.67 
4.3 ± 0.48 

11.0 ± 2.1 (17,) 
8.3 ± 1 .. 8 
8.5 ± 2.6 

7.75 ± 1.3 
1.1 :t 1.9 
5.6 :I: 1.0 

... 
0 UI 

11.2 :t 0.92 
10.4 ± 0.52 

16.5± 0.71 (67,) 
14.6 :I: 2.2 
16.7 :I: 3.2 (33,) 

13.9 :I: 1.4 (lOt) 
14.1 :t 1.5 (15t) 
12.0 :t 1.0 

--------~------~~------~----~--~----~---------~-----~---~-~~--------~--------~-~~~-~-Control· 0 ·40 4.65 :I: 0.81 10.7 :t 1.2 

•r;:i:::-1:-;:;;;;;::::-;:;;;:::;-;;;:::~:;::-;;-;;;:1:;:~;;;-:1::-;1;;;:;-;:::;-:;~-
d•y 20 post infection • 

b)Values in parentheses represent percentages of MSV-infected aice 
that were still alive at day 20 post infection. 
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While (S)-enantiomer of PMPA (and FPMPA) has no 
marked antir~troviral activity in yivo at the dose of 50 
mq/kq, (R)-PMPA, (R)- PMPDAP proved hiqhly effective in 
inhibiting tumor initiation and prolonging the life-span 

5 of MSV-infacted mice. A single (R)-PMPA dose of so mq/kg 
afforded full protection against MSV-induced tumor 
development. At lower.doses, this compound proved 
superior over (S)~FPHPA in postponing the day of t~or 
initiation and the mean day of animal death. A 'sinqle 

10 (R)-PMPDAP dose of 10-20 mq/kg qava virtually full 
protection of the animals (90-95') against MSV-induced 
tumor development; at a dose of 2 mg/kq, significant 
prevention of tumor formation (in 36' of the animals) and 
70' lonq time survivors were observed. 

15 Conclusion; 
(1) (R)-PMPA proved markedly effective in 

increasinq the mean day of tumor initiation and animal 
death at the single dose of 10-so m.q/kq. It is superior 
in these assays over the prototype compound PMEA. 

20 (2) (R)-PMPDAP was one of the moat active anti-
MSV compound· of. the aeries examined in yiyo. It proved 
five-fold superior over (R)-PMPA. It ·contrasts to the 
FPMP-seri~s where the adan~ne derivative is more active 
in the assays than the diuinopurina counterpart. 

25 ·. ·. ·· ·· ·.-... ·. ' · · ( 3 )" The ·in: yfyo activity of the compounds of 

the Porm.ula % are in agraemen~ wi~ their antiviral 
activities aqainst HIV and KSV in yitro. 

Exgpla 52 

30 treatment of Moloney murina sarcqma virus <MSY> infection 
in mice by oral adJpinistratign 

35 

Three-week-old NMRI mica (about 10 grams body 
weiqbt) were injected intramuscularly-in the left hind 
laq with 50 ~l of 20-fold diluted stock preparation of 
Moloney murine sarcoma virus. .starting 2-4 hours before 

-------
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virus infection,six animals received an orally 
administered .test compound twice a day at 100 mq/kg(total 
dose) daily for five subsequent days. The control 
(placebo) group .consisted of 14 animals. The experiment 

5 was evaluated as described in Example 35. 'l'he sW11JDarized 
results are qiven in Table 3. 

10 

15 

20 

. 25. 

30 

35 

Tabla 3 

Mean day of 
Number of tWllor 

compound mice initiation 

(R)-PMPDAP 6 
Placebo (control) 14 

'l1r) 
7 .. 5 1: 1.0 

5.0 1: o.o 

Number of 
mice 
developinq 
tmgor Ct> 

67 

100 

~~--~-~~-------~-~-------~--------~--~~~--~--------~-----
•) p< o.oos (two-sided .student's t-test). 

At the dose of 100 mg/kg/day, (R)-PMPDAP 
increased the mean day ot tumor initiation by sot; only 
67t of the mice developed a tumor • 

· 1in1iii1i1r 
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Claima 

l. A compound of the formula: 

~B 
I 

H-C-OCHzP (0) (OR) 2 

I 
CH, 

(IA) 

(IB) 

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

2. The compound of claim 1 wherein R is H and 
B is a puri~e moiety selected from the group consisting 
_of adenine, :2,~_~iam~nopurine, 2~aminopurine, as · - · ·· hypoxanthine, and xanthine, and their ~-deaza, 3-deaza 

30 

35 

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

3. The compound of ciaim 1 ·wherein R is B and 
B is a pyrimidine selected from the group consisting of 
cytosine, uracil, thymine and s-methylcytoaine and their . . 

11111111 \l\1111111111111111111 
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6-aza analogs, either unsubstituted or substituted at any 
exocyclic amino group in position 4 by alkyl, aralkyl, 
hydroxy or amino. 

4. The com.pound of claim 2 of formula IA 
wherein B is adenine, 2,6-diaminopurine, 2-aminopurine, 
8-bromoadenine, 6-marcaptopurine, 6-thioquanine, 2-
m.ethylthioadenine, 3-deazaadanine, 8-azaadenine, 
s-azaguanine, 1-deazaadenin• or a-aza-2,6-diaminopurine. 

5. The com.pound of claim 2 of Formula IB 
wherein B is adenine, 2,6-diaminopurine, 2-aminopurine, 
a-bromoadenine, 6-mercaptopurine, 6-thioc;uanine, 2-
methylthioadenine, 3-deazaadenine, a-azaadenine, 

15 a-azaguanine, 1-deazaadenine or a-aza-2,6-diaminopurine. 

6. The com.pound of claim 4 wherein B is 
adenine, s-azaguanine or 2,6-diaminopurine. 

20 7. A com.pound of claim 5 wherein B is adenine, 

25 -

s-azaguanine or 2,6-diam.inopurine. 

a. A com.pound of claim 6 wherein B is 
2,6-diaminoP,urine • 

. .. .. - - .. : -=~· •.• 
--

9. A compound of claim 7 wherein B is 
a-azaquanine. 

10. A compound of claim 3 of Formula IA 
30 wherein B is cytosine, thymine, uracil, 5-methylcytosine, 

6-azauracil or 6-azacytoaine. · 

11. A com.pound of claim 3 of Formula IB 
wherein B is cytosine, thymine, uracil, 5-methylcytosine, 

35 6-azauracil or 6-azacytosine. 
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12. A method to prepare a compound of the 

formula: 

5 rs 
H-C-OCJliP(O) (OH)i 

I 
(IA) 

CH, 

or 

. CJliB 
10 . I 

(OH)2(0) PCHzO-C-H .(IB) 
I 
CH, 

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

20 or 

rs 
H-C-O~P(O)(OR) 2 (VIIA) I . 

CH, 

ClliB 
I 

(OR)2(0)PCHiO-C-H 
I 

(VIIB) 

25: ; .;. "'.~· .·:-:;:.··:·~--· ··'. :::,;::~::.·;· .. ::: .. :" ::" ·-:·~~ .. ·' ·.-··: ...... · .. . 
. . . . . ·. . ~ .. ·.; .. : :.. .. . .. : -: ~ -: ~· .·~ :: ·."'-.. . . . . .. : . 

30 

wherein ·a ia'lndepe~dently.alkyl(1-6C), aryl or aralkyl 
by treating with a balotrialkylsilane in a polar aprotic 
solvent medium. 

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

14. The methoc:i of claim 12 wherein the 
compound of Formula VIIA or VIIB is prepared by a process 

35 which comprises deprotectinq a compound of the formula: 

111111111111111111111111111111 
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~B' 
I 

H-C-OCH2P (0) (OR)z 
I 

(VIA) 

CH, 

5 or 

CllzB' 
I 

(OR)2(0)PCJ1iO-C-H 
I 
CH, 

(VIB) 

10 . wherein B' is a protected form of B as defined herein 
by treating said compounds of formula VIA or VIB with at 
least Qne 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 ot the formula: 
ClliB' 
I 

H-C-OH (VA) 
I 

20 CH:1 

.. .. . . 

25 

or 

ClliB' 
I -

. HO-C-H 
. >. ·. .. : .. ;:, .. · ,_,:,..,_.:•~: .. _·<: "':··::.~:_. .. .-,· .... · ... : l . .: .... :.:., .. ; '. ~ :" .~ ··.~·:·:< . ··.· CH, .. 

wherein B.i .... i.i ··a protected form of B 

with a compound of the formula 
LVOCHzP(O) (OR)2 

(VB) 

aa herein defined 

(IV) 

wherein LVO is a leaving group, and each R independently 
30 is alkyl (1-6C), ., 

under conditions wherein said compounds of 
formulas V and IV react to fora said compounds of formula 
VIA or VIB. 

35 

111111111111111111111111111111 
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16. · .The method of claim 15 wherein LVO is a 
p-toluenesulfonyloxy (TsO) qroup. 

17. The method of claim 12 wherein the 
s compound of Formula VIIA or VZIB 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 f~raula: 

10 • 
L~21-CB3 

OCH2P(O)(OR) 2 (XVII) 

wherein LVO is a leaving groop and R is independently 
15 alkyl(l-6C), aryl or a~alkyl. 

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-toluenesulfony~oxy (Tso) qroup. 

20. A method to synthesize the compounds of 
··claim l· which comprises protecting (R)- or (S)- N-(2-

:··_.25·: '-~ ·-hydr~~~~pyi_> ·-:~~~iva*_ivea of purine or pyrimidine bases . . :· . . . 

30 

.35 

· of the formula· II· 

B-CllzCB-CH, 
I 
OH (II) 

wherein B is as defined in claim 1 to obtain the base­
protected derivative of the formula III 

B' -CHzCH-CH, . I 
. OH (III) 

in which th• residua B' stands for the residue of a base 
B substituted with at least one H-acetyl, N-benzoyl, H-

111111111111111111111111111111 
* C L M S * 



W094/03467 Pcr/US93/07360 

-aa-

pivaloyl, N-dimethylaminomethylena, N-trityl or N­

tetrahyclropyranyl qroup; 

followed by treatinq said compound of formula 

III with dialkyl p-toluenesulfonyloxymethylphosphonate 

s and sodium hydride in an inert aprotic solvent at a 

temperature of from -2o•c to 1oo•c to obtain an 

intermediate of the formula IV 

10 

15 

20 

B 1 -CHzCH-CH, 
I 
OCHzP (O) (OR)~ (IV) 

wherein each R independently ia alkyl (1-6C), aryl or 

aralkyl followed by reacting said intermediate of formula 

IV with a halotrimethylsilana in an inert aprotic 

solvent. 

21. The method of claim 20 wherein said 

halotrimetbylsilane is bromotrimetbylsilane. 

22. The method of claim 21 wherein said inert 

aprotic solvent is acatonitrile, dimetbylformamide, or a 

chlorinated hydrocarbon. 

23. A method to prepare a.compound of ciaim l 

which comprises treating a heterocyclic purine or 

.. pyr~~i~~ne.~ase B ~n the presence of alkali metal hydride 
25 .. -~. ~~. ~lkal·~. ·c~r~~ate in···~ ·inert orqanic sol~ent with (R) -

30 

35 

or _(S)-2-0-dialkylphoaphonylmethyl-1-0-p-toluenesulfonyl-

1,2-propanediol of the formula XVI 

CH,CJ14SO,OCH2CH-CH3 
I 
OClliP(O) (OR)i (XVI) 

wherein each R independently is alkyl (1-6C), aryl or 

aralkyl to obtain the (R)- or 
(S)-N-(2-dialkylphosphonylmetboxypropyl)_derivativa of 

the formula VI 

I lllllll llllll lllll lllll II llll 
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B-CHiCH-Clf, 
I 
OClliP (0) (OR) 2 (VI) 

followed by treatinq said derivative of formula VI with a 
halotrimethylsilana in an inert aprotic solvent. 

24. The method of elaim 23 wherein the alkali 
carbonate is cas::.um carbonate. 

25. The method of claim 23 wherein the inert 
aprotic so~vent is acatonitrile, dimethylformamide or a 
haloqenated hydrocarbon. 

26. The method of claim 23 wherein the 
halotrimethylsilane is bromotrimethylailane. 

27. A compound of the formula: 

* 
Hf· ··.~-CH, 

I 
20 0~: 

as a racemate or as the er:· .<.ched or resolved enantiomers. 

28. A compound of the formula: 

25 
.. ~· .. 

·* 
I..VO•CH-CR, 

I ·o---0 
Z% 

30 wherein LvO is a leavinq qroup, 
as a raceaate or aa the enriched or resolved 

enantiomers. 

35 
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29. A compound of the formula: 

* B-CH-CH, 

0--b . 
JJ 

wherein B i• a• defined in claia 1 or i• a protected form 
thereof, 

a• a racemate or •• th• enriched or resolved 
enantiomera. 

30. A compound of the formula: 

* 
8-~CH-CH, 

I 
OH 

%%% 
wherein B i• as defined in claim 1 or is a protected form 
thereof, 

20 as a racemata or aa the enriched or resolved 
enantiomers. 

31. A compound of the formula: 

25 

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

30 

35 

· 111111111111111111111111111111 
* C L M S * 

} 

~. 



.. 
.. WO 94/03467 PCJ'/US93107360 

-11-

32. A compound of the formula: 

* CH,-CH-CHiOCHaCA 
I 
OB 

5 
Z%%% 

as a racemata or as tha·enrichad or resolved enantiomers. 

33. A compound of the formula: 

10 • 

15 

20 

25 

30 

35 

CH1-CB-~CA 
I 
OCHiCl 

UV 

as a racemate or •• the enriched or resolved enantiomera. 

34. A compound.of the tonaula: 

* CH,-CH-CHiOCllzCA 
I 
OClliP (0) (OR) 2 

zv 
wherein R is independently alkyl(1-6C), aryl or aralkyl 

as a racemata or as the enriched or resolved 
.. enantiomers •.. 

. . . . . . .. .. . .. . .. ·~ . .-.- . :.- . •. . .... 

35. 

..... .. · .... . . ..... 

A·compouftd of the formula: 

* 
CS,-CH-CllzOH 

. I 
OC!liP(O) (OR)2 

XVI 

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

enantiomera. 
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36. A compound of the formula: 

* 
CH,-CH-CH20LV 

I 
OCJliP(O) (OR)i 

ZV%% 

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

as a racemate or as th• enriched or resolved 
anantiomars. 

37. A pharmaceutical composition for 
antiratroviral use comprisinq an effective antiviral 
amount of a compound of claims 2 or 3 in admixture with a 
pharmaceutically acceptable carrier. 

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

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

. 40. A method of achieving an antiviral effect 
. . . . 

in a mammal.in need of such treatment which comprises 
administering to said mammal an antivirally effective 
amount of a compound of claiJDS 2 or 3. 

41. The method of claim 40 wherein the 
antiviral compound is 9-(R)-(2-phosphonomethoxypropyl) 
adenine. 

111111111111111111111111111111 
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42. The method of claim 40 wherein the 
antiviral com~ound is 9-(R)-(2-phosphonomethoxypropyl)-
2,6-diaminopurine. 

43. Th• compound of claim 2 wherein the 
hetarocyclic aaino vroup comprises an oxygen heteroatom. 

44. '?ha.compound of clam 2 wherein the 
heterocyclic aaino vroup ia satur~tad. 

• 
45. 9-(R)-(2-Phosphonomethoxypropyl)-2-aaino-

6-dimethylaainopurine. 

46. 9-(R)-(2-Phosphonomathoxypropyl)-2-amino-
15 6-diath~laminopurina. 

20 

2s.: 

30 

35 

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

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

49. 9-(R)-(2-Phosphonomethoxypropyl)-2-amino-
6-cyc~opropylaminopurine. 

:· . . .. .. ... . . . . . '•. -·: ....... : '· .:· __ ... . . ..... .'. 

. .. . . ... . . ·. ::·:: 

50. -9-(R)-(2-Phosphonomethoxypropyl)-2-amino-
6-cyclopentylaminopurine. 

51. 9-(R)-(2-Phosphonomethoxypropyl)-2-amino-
6-cyclohexylam~nopurine. 

52. 9-(R)-(2-Phosphonomethoxypropyl)-2-amino-
6-pyrrolidinopurine. 

11111111 11111111111 1111111 1111 
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53. 9-(R)-(2-Phosphonomethoxypropyl)-2-amino-

6-piperidinopurine. 

54. 9-(R)-(2-Pboaphonomethoxypropyl)-2-amino- J 

5 6-morpbolinopurine. 

10 

15 

20 

55~ 9-(R)-(2-Phoaphonomethoxypropyl)-2-amino-

6-benzylaminopurine. 

Sti • 9-(S)-(2~Phoaphonometboxypropyl)-8-

azaguanine. 

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

azaguanine. 

58. 9-(R)-(2-Pboaphonomethoxypropyl)-8-

azaguanine. 

59. 8-(R)-(2-Phosphonometboxypropyl)-a-

azaguanine. 

60. 7-(R)-(2-Pbospbonomethoxypropyl)-8- · 

_azaguanine. 

· 25 61. 9-(R)-(2-Pbosphonomethoxypropyl)-a-aza-

30 

2,6-diaminopurine. · 

62. 8-(R)-(2-Phosphonometboxypropyl)-8-aza-

2,6-diaminopurina. 

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

( 

mercaptopurina. ., 

64. 9-(R)-(2-Phosphonomathoxypropyl)-N1,H6-

35 ethenoadenine. 
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,5. A compound selected from the group 
consistin9 of 9-(R)-(2•Phosphononathoxypropyl)-2,6-
diaminopurina and the 1,3-dideaza, 1-deaza, 3-deaza or s­
aza anal09s thereof. 

''· A aethod to synthesize th• compounds of 
claiJI 1 wherein B i• 2-amino purine ·substituted at the ' 
position with alkylamino, dialltyluino, aralkylaaino, 
heteroalkylamino or heterocyclic amino, comprisin9 

10 raactin9 th• corresponding amine or hatarocyclic amine 
with an alkyl (1-IC), aryl or aralkyl diester of 9-(R)­
(2-phosphonomethoxypropyl)-2-amino-6-chloropurine. 

15 

-- ·-----
20 

25 
....... 

30 

35 
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