
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 27 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Nucleosides, Nucleotides and Nucleic Acids
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597286

Phosphonylalkoxyalkyl and Phosphonylalkyl Derivatives of Heterocyclic
Bases
Antonln Holýa; Ivan Rosenberga

a Institute of Organic Chemistry and Biochemistry, Czechoslovak Academy of Sciences, Prague,
(Czechoslovakia)

To cite this Article Holý, Antonln and Rosenberg, Ivan(1989) 'Phosphonylalkoxyalkyl and Phosphonylalkyl Derivatives of
Heterocyclic Bases', Nucleosides, Nucleotides and Nucleic Acids, 8: 5, 673 — 688
To link to this Article: DOI: 10.1080/07328318908054207
URL: http://dx.doi.org/10.1080/07328318908054207

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597286
http://dx.doi.org/10.1080/07328318908054207
http://www.informaworld.com/terms-and-conditions-of-access.pdf


NUCLEOSIDES & NUCLEOTIDES, 8 ( 5 & 6 ) ,  673-688 (1989) 

PHOSPHONYLALKOXYALKYL AND PHOSPHONYLALKYL DERIVATIVES OF 
HETEROCYCLIC BASES 

Antonln Hol): * )  and Ivan Rosenberg 
Institute of Organic Chemistry and Biochemistry, Czecho- 
slovak Academy of Sciences, 166 10 Prague(Czechos1ovakia)- 

Abstract. This review describes chemical syntheses of 
acyclic nucleotide analogs containing various types of 
phosphonate grouping, with an emphasis on preparative 
methods for N-(3-hydroxy-2-phosphonylmethoxypropyl) and N- 
(2-phosphonylmethoxyethyl) derivatives of purine and 
pyrimidine bases. 

The recently discovered antiviral activity of 9-(S)- 

( 3-h ydroxy- 2 -phosphony 1 met hoxypropy 1 >adenine ( HPHPA) ( 1) 

prompted us to investigate in detail the structure - anti- 
viral activity relationship in the series of acyclic nuc- 
leotide analogs containing a phosphonylalkoxy or phospho- 
nyl group attached to the side chain of the acyclic nuc- 
leosides. These groups are investigated as isopolar sub- 
stitutes of the phosphomonoester moiety in nucleotides, 
resistant to enzymatic dephosphorylation. 
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CH,CH-CH20H 
I 
OCH,P(OH), 

I I  
0 

1 

The first part of this invest igat ion deals with the 

syntheses of HPMPA derivat ives modified and/or substituted 
at the side-chain. This study is aimed at the elucidation 
of the role of mutual relation between the heterocyclic 
base and the phosphonylmethoxy group; the phosphonylalkyl 
analogs could help to ascertain the role of the oxygen atom 
in the vicinity of phosphorus in compound 1 . Thsse com- 
pounds were synthesized systematically in the adenine 

series only (TABLE 1 ) .  

Alkyl a t h e r s  of HPMPA ( 2.3 were prepar-d by reaction of 
the corresponding 9-(3-alkoxy-Z-hydroxypropyl)adenines 

( ~ - e f . ~ , ~ )  with dimethyl ( o r  diethyl ) p-toluenesulfonyloxy- 
methylphosphonate ( 2 2 ; ;  the reaction i s  best performed 
in DMF, in the presence of 2-3 equivs.of NaH at room tem- 
perature-The formation of N-substituted derivatives, ari- 
sing as side-products in this reaction, can be prevented by 
protection of the 6-amino group in the starting compounds 
(N-benzoylation or transformation to an amidine derivative). 
Subsequent addition of aqueous methanol to the reaction 
mixture causes simultaneous cleavage of the N-protecting 
group and one of the alkyl ester groups. The alkyl esters 
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ACYCLIC PHOSPHONATE DERIVATIVES 67 5 

2 

3 

4 

5 

6 

7 

R 

9 

10 

1 1  

9 - 2  

13 

14 

25 

1 6  

17 

18 

19 

20 

21 

- - - - -  - - _ - -  - -  

(23)were isolated by ion exchange chromatography and 

transformed to the free phosphonates 24 by t h e  action of 

bromotrimethylsilane in acetonitrile followed by hydroly- 

sis- This sequence is applicable to N-(rnonohydroxyalky1)- 

adenines regardless of the character (prirnary,secondary) of 

their hydroxyl groups (SCHEME 1). 
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6 76 HOLY AND ROSENBERG 

1 

Alk=methyl,ethyl groupifor other symbols,see Abbreviat.ions 

SCHEME 1 

Thus, 9-(w-phosphonylmethoxyalkyl )adenines 6-8 and i'- 

-(2-phosphonylmethnxypropyl)adenine 4 were obtained f r a m  

the corresponding hydroxyalkyl derivatives 3 , 4 p e d .  A l s ~  9-  

-(2-phosphonylmethoxyethoxymethyl)adenine 20 and racemic 

compound 4 (an isomer of HPMPA methyl ether 2lwere pre- 
pared by this procedure from adenine analog of acyclovir7 
and 9-(3-hydroxy-2-methoxypropyl)adenine,respectively. The 
N-benzoylation of starting adenine derivatives can be easi- 
ly performed by a consecutive treatment with chlorotrimet- 
hylsilane and benzoyl chloride8. 

This procedure can also be applied to di- and trihyd- 
roxyalkyl derivatives; except for symmetrical 2-(adenin-9- 

yl)propan-1,3-diol which gives rise to the regioisomer of 

HPMPA C9-~l-hydroxy-3-phosphonylmethox~-2-propyl~ad~ninel 

(17);the reaction in such cases always a f f o r d s  an isomeric 
mixture of phosphonylmethyl ethers. In order to obtain a 
single reaction product the remaining hydroxyl groups must 
be protected,preferably by alkali-stable protecting groups 
(cf.9),e.g.isopropylidene in 2,3,4-trihydroxybutyl derivat- 
ives,benzyl or trityl type groups in dihydroxyalkyl deri- 
vatives. This strategy was used f o r  3'-hydroxymethyl deri- 
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ACYCLIC PHOSPHONATE DERIVATIVES 677 

-CH-CH- + C l C H 2 P ( O ) C 1 2  -A -CH-CH- 
I I I I 
OH OH OH 0 

L 

OH 

ClCHZP=O 
I 

26 

J 
A -CH -CH - \ -CH-CH- 

I 1 I I 
0 OH 0 0  
I 

7H2 
O=P-OH 

I 
OH 

28 

I I 
CH P=O 

2-  I 
OH 

27 
SCHEME 2 

vative of HPMPA ( 9 ) a s  well a s  f o r  its isomers, snantio- 

meric 9-threo-~2,3-dihydroxy-4-phosphonylmethoxybutyl~ade- 

nines(l5).Also HPMPA ( 1)was prepared by this route from 

9-(S)-(2-hydroxy-3-trityloxypropyl)-N6-benzoyladenine'~ or 
-N6-trityladenine11. 

Another access to the synthesis of the phosphonyl- 

methoxyalkyl derivatives is applicable exclusively to com- 

pounds containing vicinal diol grouping. It consists i n  an 

intramolecular etherification reaction of corresponding 

chloromethylphosphonic acid monoesters which takes place 

quantitatively in an aqueous alkali at elevated ternperat- 

ure. This method was first used f o r  the preparation of 2' 

(3')-O-phosphonylrnethyl ribon~cleosides~ (SCHEME 2 ) .  Thus, 

f o r  the preparation of isomeric phosphonylmethyl ethers of 

Y-(2,3-or 3,4-dihydroxybutyl)adenine (11,lZ)nr c J - ( L , 3 - d l -  

hydroxy-2-methylpropyl )adenine (1C))the unprotected ,st gr- 
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HOLY AND ROSENBERG 6 78 

BzA-CH(R1)-C(R2)-CH20H -* B z A - C H ( R ’ ) - C ( R 2 ) - C H 2 0 D M T r  
1 I OH OH 

29 30 

J 

1 
32 31 

SCHEME 3 

ting dlols are treated with chloromethylphosphonic dichlo- 

ride in triethyl phosphate. Hydrolysis and  deionisation 
affords isomeric ch loromet hyl phosphonat es 26whi ch undergo 
reaction with aqueous sodium hydroxide solution to form the 

isomeric 0-phosphonylmethyl derivatives 28 via the cyclic 
intermediates 27 (SCHEME 3).The separation of isomers can  

be mostly achieved by HPLC techniques. 
The regiospecific alternative of this reaction is based 

on a selective protection of the primary hydroxyl group in 
N-benzoylated diol 29 by dimethoxytrityl group-  The inter- 
mediate 30 1s further transformed to the chloromethylphos- 
phonate 31 ; in order to exclude deprotection of the t r i -  

tyl group by hydrogen chloride formed, the reaction w i t h  
chloromethylphosphonic dichloride or its equimolr3r adduct 
with water must be performed in pyridine. The intermediates 

31 obtained in a high yield can he deprnterted under  con- 
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ACYCLIC PHOSPHONATE DERIVATIVES 67 9 

SCHEME 4 

trolled acidic conditions without migration of the ester 
group to form c h l o r o m o t h y l p h o s p h o n a t e s  32 On treatment 

with aqueous sodium hydroxide, compounds 32 afford under 
simultaneous debenzoylation pure phosphonylmethyl ethers 33 

(SCHEME 3 ) .  

This reaction was used to prepare the 3'-isomer of HPMPA' 
and its 1'-or 2'-alkyl derivatives 16,18,19 

The simplest member of this structural group is 9- 

-(phosphonylmethoxymethyl)adenine ( 5 ? . I t  was prepared by 
alkylat ion of adenine with preformed organophosphorus syn- 

thon 35 according to SCHEME 4. 
Diethyl chloromethoxymethylphosphonate ( 35:was easily ~ b -  

tained by chlorornethylation of hydroxyrnethylphosphonate 

34: reaction of this compound with sodium salt of adenine 
in DMF affords the intermediary diester 36 which is con- 

vert ed to the free phosphonat e by treat rnent with bromot r i - 
methylsilane under the usual conditions. 

9-Phosphonylalkyladenines can be regarded as carba ana- 
logs of the above compounds. They are available by trans- 
formation of preformed 9-hydroxyalkyladenines or by alkyl- 
ation of adenine with preformed organophosphorus synthons. 
Several compounds of this type which have been examined 
within the scope of this study are listed in TABLE 2. 
The first route is based on Arbutov reaction of 9-(w-bromo- 
alky1)-N 6-benzoyladenines 46 with triethyl phosphite 
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680 HOLY AND ROSENBERG 

which affords the neutral diesters 47. .The starting corn- 

pounds 46 c a n  be ~7bt; l ined f r o m  t h e  hydroxyalkyl derivat- 

ives 45 by the react ion with triphenylphnsphane and i l .arl>cn 

tetrabromide. The free phosphonates 48 are prcidiirad by 

cleavage of the diesters 47 under the usual  rondit ions. 
This procedure (SCHEME 5 )  was used f o r  compounds 39-41;its 
application to 9-(2-hydroxyethoxyrnethyl)adenine afforded 

the oxa analog 21(TABLE 1)which can be regarded 35 an i5o- 
mer of 9-(2-phosphonylrnethoxyethyl)adenine (61" 

9-(Phosphonylmethoxymethyl)adenine (38'1wa.s synthnsi- 
zed by alkylation of adenine with the tosylate 22 followed 
by brornotrimethylsilane treatment of the diester intermedi- 
ate. 

The last group of the side-chain modified HPMPA ana- 
logs, examined in our study, are isomers of phosphonylmet- 
hyl ethers - 9 - ( a - h y d r o x y p h o s p h o n y l a l k y l ) a d e n i n e s  ( 4 2 - 4 4 1 .  

Their synthesis was accomplished by condensation of 9- 

(oxoalkyl)-Nh-benzoyladenines(50.with diethy1 phosphita in 
the presence of triethylamine, followed by methano1y:is and 

removal Of ester groups. The starting 0 x 0  derivatives are 
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HOLY AND ROSENBERG 682 

obtained e.g.by periodate cleavage of suitable alkyladeni- 
nes bearing a vicinal diol grouping (49 (SCHEME 6). 

With the exception of 9-(2-phosphonylmethoxyethyl)ade- 
nine(PMEA)(6) ,none o f  the above side-chain modified phos- 
phonylalkoxyalkyl, phosphonylalkyl or a-hydroxyphosphonyl- 
alkyl derivatives expressed any significant antiviral ef- 
fect against DNA or RNA virusesl2. This fact stresses the 

narrow margin for modifications of HPMPA at the side chain 
and the phosphonylmethyl group.On the other hand,compound 6 

exhibited an antiviral activity against D N A  viruses which 

is not only qualitatively and quantitatively comparable 
with that of HPIlPA1,13  but is directed also against retro- 

viruses,including H I V 1 4 ~ 1 5 .  Therefore, our study concentra- 
ted on structural alterations in the heterocyclic base moi- 
ety of H P R P A  and PMEA. 

For the preparation of PME-derivatives, the original 
procedure devised f o r  PMEA (SCHEME 1 ) 1 4  was replaced by 

another method which is conveniently applicable to t h e  syn- 
thesis of its base-modified analogs (SCHEME -/).This method 

consists in an alkylation of the corresponding heterocyclic 
base, its protected derivative or suitable precursor,with 
2-substituted ethoxymethylphosphonic acid diesters 55,59. 

Products of these alkylations, diesters 56,  can be easily 
isolated by crystallization or silica gel chromatography 
and converted to PHE-derivatives 57 by bromotrimethylsi- 
lane cleavage reaction. The synthon 55 is accessible from 
1,3-dioxolane v& 2-acetoxyethoxymethyl~hl~ride(53);Arbu- 

zov reaction of this compound results in 2-acetoxyethyl- 
phosphonate 54 which is transformed to the tosyl deriva- 
tive 55 by an acid-catalyzed hydrolysis followed by tosyl- 
ation. The synthon 59 is still better available: chloro- 
methylation of 2-chloroethanol affords 2-chloroethoxymethyl 
chloride (581, which reacts smoothly with triethyl phos- 
phite to form exclusively the diester 59 1 7 .  This reagent 
is superior to the tosyl derivative 55:it is better a v a i l -  
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ACYCLIC PHOSPHONATE DERIVATIVES 683 

able, distillable in vacuo and can be stored without SFS- 
cia1 precautions. Alkylations with compounds 55.59 are 
performed with the sodium salts of bases prepared in situ 
by NaH treatment in DMP or,in case of the synthon 59,  sim- 

ply with the base in the presence of potassium carbonate. 
The character of the base and directive rules of alkylat- 
ions determine whether the base can be unprotocted(adenine, 
cytosine and their derivatives, 6-rnethylthiopurine) or whe- 
ther it must be protected in order to ensure site-specific 
alkylations-For example,uracil o r  thymine have to be trana- 

formed into their 4-0-methyl derivatives to exclude the N3- 
alkylation. (In this case, the deprotection occurs during 
the bromotrimethylsilane reaction.) N2-Acylguanines are 

poor substrates in these alkylations affording an equimolar 
mixture of 7- and 9-isomers. T h j s  difficulty i s  overcome by 
using of 2-amino-6-chloropurine which fo rms  The required 
product 56 wit.h a good y i e l d  and with a. st.rong preference 

for the 9-isomer (8: 1 ) ;  this intermediate i s  transformed 
into the guanine derivative by acid hydrolysis ( 1  M H C 1 ) ' 1 8 .  

The method described in SCHEME 7 has been used to p r e -  
pare compounds 57 comprisnd in TAB1,E 3. Since it: d o a : ~  not 

utilize alkaline conditions, it i s  applicable also for pre- 
paration of alkali-sensitive derivatives(cytosine,6-methyl- 
thiopurine). Additional analogs not available by direct 

route can be made by subsequent conversion of the base in 
compounds 57 ( P . g .  hypoxant h i np r b r  i sc:,gijan i r!s iler i \/::~t i,,:e;s 
by deamination of adenine or 2-aminoadenine compounds). 
Free PME-derivatives 57 ca.n be isolated mostly by inn 
exchange chromatography as crystalline free acids. I n  some 
cases (57a,c,k)they have a. limited water-solubility; t.hey 
can be conveniently stored as soluble sodium salts. 

The availability of HPMP-derivatives is complicated by 
the need f o r  isomeric homogeneity and enantiomeric purity 

of the products. One of the general procedures parallels 
the reaction sequence of SCHEME 2 :  the easily available19 
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684 HOLY AND ROSENBERG 

TABLE 3. BASE-MODIFIED HPMP- AND PME-DERIVATIVES 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Base HPMP Abbrev. PME Abbrev. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Aden i ne h3a HPMPA 5 7a PMEA 
2-Aminoadenine 63b HPMPDAP 5 7b PMEDAP 

- - -  2-Methyladenine h3c 
2-Methylthioadenine 63d 5 7d 

N6-Dimethyladenine 63e - - -  
6-Hydrazinopurine 63f 57f 
6-Hydroxylaminopurine 63g - _ _  
6-Methylthiopurine - - -  57h 
Hypoxant h i ne 63i HPMPHx 57 i PMEHx 
2-Aminopurine 63j HPMPMAP 57j PMEMAP 
Guanine 63k HPMPG 57k PMEG 
I soguan i ne 63 1 571 

- lin-Esnzoadenine h3m 5 7m 
1,6-Ethenoadenine 63n 5 7n 
Urac i 1 630 HPMPU 5 70 PMEIJ 

Thymi ne 63p HPMPT 5 7p PMET 
Cyt 0s i ne 63q HPMPC 5 7q PMEC 
5-Methylcytosine 63r 5 7r 

5-Fluorouraci 1 63s _ - -  
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - -  

N-(2,3-dihydroxypropyl> derivatives 60 in a react.ion with 

ClCH2P(Q)C12 in triethyl phosphate a f f o r d  a mixture (ca. 
2:3 )  of c h l o r o r n e t h y l p h o s p h o n a t e s  61,62.In acidic condit- 
ions (e.g.lM H C l ) ,  this equilibrium shifts in favor of the 
required isomer 6 1  (ca-B:I) and the isomers can b e  separa- 
ted by HPLC or ion exchange chromatography. On alkaline 
treatment, these compounds are quantitatively converted to 
the pure isomers 63,64.No isomerisation o r  racemisatinn 
occurs  under the above conditions (SCHEME 8 ) .  
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ACYCLIC PHOSPHONATE DERIVATIVES 685 

61 

s. 
62 

G 

SCHEME 8 

Therefore,the reaction can be used f o r  preparation of the 

(S)-enantiomers which are the exquisite carriers of biolo- 
gical Lctivity'. The use of strongly alkaline conditions in 
the last step which is incompatible with the alkali-sensi- 

tive heterocyclic bases (see above) can be circumvented by 
the use of sodium methoxide in methanol. The methyl esters 
65 which are formed under these conditions, can be conver- 
ted into HPRP-derivatives 63 by bromotrimethylsilans. 

General regiospecific synthesis of the pure Z'-isomers 
63 is based on specific protection of the secondary 2 ' -  

hydroxyl group in compounds 6O(or in their N-benzoyl deri- 

vatives)(cf.Y)(SCHEME 9). Starting materials 60 were 
transformed to the acid-sensitive dimethoxytrityl derivat- 
ives 66 and subsequently treated with benzoyl cyanide 2o 

to form the fully protected intermediates 67.Controlled 
acid hydrolysis converts compounds 67 to the 2'-O-benzoyl 
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686 HOLY AND ROSENBERG 

derivatives 68. This sequence does not require isolatinn 
of intermediates. The final conversion to the HPMP-derivat- 
ives 63 follows the above route(i.s.rsaction with chloro- 
methylphosphonyl dichloride followed by alkaline treatment 
or methanolysis) and affords,under simultaneous debenzoyl- 
at ion, pure compounds 63. 

These two methods enabled us to synthesize a series of 
base-modified HPMP-derivatives 63 (TAELE 3 ) .  Additional 

analogs were prepared by subsequent transformat ions of the 
heterocycle2’. Free acid forms of these analogs were isol- 
ated by anion exchange chromatography; t h e  products  can be 

conveniently stored as sodium salts 
Ant ivi ral screening in the both series revealed that, 

in addition to HPMPA and PMEA, 2-aminoadenine (57b, 63b) 
and guanine derivatives (57k, 63k) also exhibit high acti- 

vity against DNA Since, at the same time, 
theae compounds show i ncreaspd i n v i t ro c y t  O t  r ~ x  i r i t y , i t 

remains to be established whether their pharmacological 
pr#Tpert iss are better than those of the parent compounds:. 
In the HPPlP-series, also the cytosine derivative 63q 

(HPPlPC) has an excellent antiviral activity which seems to 
be in certain cases superior to that of HPMPAZ2. Other 
purine or pyrimidine derivatives listed in TABLE 3 are 
either totally inactive or substantially less active than 
the adenine  derivative^'^. 

The PnE-derivatives of adenine, 2-aminoadenine and 
guanine (57a,b,k) exhibit significant cytnstatic effects 
on L-1210 mouse leukemia cells in vitr~~~;preliminary expe- 
riments performed with several animal tumor models are 
rather promising. These results emphasize the importance of 
further biological evaluation in the series of phosphonate 
analogs of acyclic nucleotides, as well as further develop- 
ment of their chemistry. 

Abbrev i at ions used L A...adenin-q-yl, Ac-.-acetyl, 
B...pyrimidin-1-yl or purin-9-yl base moiety,Bz.-.benzoyl, 
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687 ACYCLIC PHOSPHONATE DERIVATIVES 

BzA.. N4-benzoyladenin-9-y1, DNF . . .  dimethylformamide, DMTr 
. . .  dimethoxytrityl, Et . . .  ethyl, Me . . .  methyl, Ts . . . p -  tolu- 
enesulfonyl residue. 

1. 

2 .  

3. 

4 .  

5. 

6. 

7. 

8. 

9. 

10. 

1 1  - 

12. 

13. 

14. 

15. 
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