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Reaction of 5'-O-tritylribonucleosides r with dimethyl p-toluenesulfonyloxymethanephosphonate 
(III) followed by hydrolysis afforded 2'(3')-O-phosphonylmethyluridine (lIa), -cytidine (lib) and 
-adenosine (lIe). With 2',5'-di-O-trityluridine (IX), this procedure led to the 3'-isomer of lIa, 
with 3' ,5'-di-O-trityluridine (X) to the 2'-isomer. 5'-O-Trityluridine (la) and -cytidine (lb) were 
converted by reaction with iodomethanephosphonic acid and N,N'-dicyclohexylcarbodiimide 
into the 2'(3')-O-iodomethanephosphonyl derivatives IVa, b which on reaction with sodium 
hydride and subsequent hydrolysis gave the compounds Ila and IIb. Reaction of compounds I 
or 5'-O-benzoyluridine (VIII) with chloromethanephosphonyl dichloride (V) and removal of 
the protecting groups afforded 2'(3')-O-chloromethanephosphonylribonucleosides VI which on 
reaction with sodium hydride, or better with aqueous alkali, gave 2'(3')-O-phosphonylmethyl 
derivatives of uridine (lIa), cytidine (Ilb) , adenosine (IIc) and guanosine (lId). 2',3'-O-Isopro­
pylideneribonucleosides XI reacted with the compound V to give, after hydrolysis, 5'-O-chloro­
methanephosphonyluridine (XI/a) and -cytidine (XlJb). These compounds were not affected by 
an alkali metal hydride or hydroxide. 

In our preceding communication l we described the synthesis of 5'-ribonucleotide 
analogues in which the nucleoside 5'-hydroxyl, instead of being esterified by phospho­
ric acid moiety, was etherified by methanephosphonic acid. The O-C-P arrangement 
in these analogues resists phosphomonoester hydrolases. Several previous communi­
cations also describe non-cleavable 3' -nucleotide analogues: in addition to phos­
phothioates2 which fulfil this requirement only partially, attention was aimed mainly 
at 3'-deoxy-3'-phosphonylalkylnucleoside derivatives 3

,4. These compounds, however, 
lack the important oxygen atom in the position 3' of the sugar component. 

We investigated the preparation and properties of 2'(3')-O-phosphonylmethyl­
ribonucleosides (Il) - a new type of ribonucleoside 2'- and 3'-phosphate analogues. 
The direct nucleophilic substitution with chloromethanephosphonic acid which can 
be realized in small yields with 5'-hydroxy groups in nuc1eosidesl, fails completely 
with alkoxides of secondary hydroxy groups in 5'-O-tritylribonucleosides I. We used 
the more reactive dialkyl p-toluenesulfonyloxymethanephosphonate III (reU) which 
on reaction with compounds I in the presence of sodium hydride, followed by acid 
hydrolysis of the protecting group and alkaline saponification, afforded directly the 

Collection Czechoslovak Chern. Commun. [Vol. 4BJ [19831 



2' (3' )-O-Phosphony lmethyl Deri\ a ti\ cs of Ribunucleosides 779 

desired 2'(3')-O-phosphonylmethylnucleosides 11 (Scheme 1). One can assume that 
participation of the neighbouring 2' or 3'-hydroxy l in the intermediary acyclic mono­
ester of the compound 11 leads to the cyclic monoester which then is hydrolyzed 
to the salt of the acid II. The reacti on afford s a mixture o f two isomeric derivatives 
with the 2'-isomer preponderating. Thi s shift in favour of the 2'-i somer. due obviously 
to higher nucleophilicity of the 2'-alkoxide, was particularly marked in the ca se of 
the uridine derivative JIa in which the 2'-i somer WJ S practically the sole product. 
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In formulae 1- Vlfl, U = uracil-I-yl, C = cytosin-l -yl , A = adenin-9-yl, G = guanin-9-yl, 

() = N -dimethylaminomethylene, Tr = trityl residue 

SCHEME 1 

However, the yields of this reaction were not very high; the exceptionally facile 
participation of the hydroxyl and the tendency to formation of cyclic intermediates 
led us to a principally new synthetic approach to compounds 1I. The 5'-O-trityl deri­
vatives 1 were converted by reaction with iodomethanephospbonic acid in the presence 
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of N ,N '-dicyclohexylcarbodiimide into the 2 '(3 ')-0-iodometl: anepho ~ phonyl deri­
vatives 1 V. On treatment with sodium hydride these compounds underwent an intra­
molecular substitution reaction with alkoxide of the neighbouring 2'- or 3'-hydroxyl. 
The resulting cyclic intermediate with the O- C- P bond on acid hydrolysis of the 
trityl group afforded the known 2'(3 ')-0-phosphonylmethyl derivative 11. Identity 
of this reaction product with an authentic compound whose O- C- P bond was 
formed by a direct reaction of compound 111 was confirmed by 31p NMR and 
I H NM R spectra as well as by HPLC analysis. Also in this case a mixture of2'- and 3'­
-i somer was formed; since compounds /J , unlike nucleotides, cannot isomerize, the 
population of the isomeric products in compound 11, prepared by intramolecular 
substitution of iodomethanephosphonates IV, reflects the population of isomeric 
compou nds I V or their isomerisation during the reaction. 

o 

CHJ-o-SOlOCHl~(OC H ' )l 
1II 

o 
II 

CICH1PCI l 

v 

For identification of compounds /J , the pure isomers of the uridine series (l1a) 
were prepared by reaction of both the 2',5'-(IX) and 3',5'-(X) ditrityl derivatives 
with the p-toluenesulfonateIlI. According to the NMR and HPLC data, the obtained 
products were isomerically pure and corresponded to the compounds, formed from 
the trityl derivative Ia by both methods. The ditrityl derivatives IX and X cann0,t _ 
naturally be used for preparation of pure isomers 11a by the intramolecular substitu­
tion method, since under the conditions of removal of 2'- or 3'-0-trityl function 
the intermediate of the type IVa is necessarily isomerized. 

The same principle of intramolecular substitution of 2'(3')-halogenomethanephos­
phonyl derivatives was used also in the third variant of preparation of compounds n. 
The corresponding ribonucleoside, protected in position 5' with an acid-labile 
(type 1) or alkali-labile (type VIii) group, reacted smoothly with chloromethane­
phosphonyl dichloride (V) in the presence of a slight excess of a weak tertiary base 
in an inert solvent. This almost quantitative reaction, folJowed by removal of the 
protecting groups, afforded the 2'(3 ')-chloromethanephosphonates VI. Similarly to 
their iodomethanephosphonate analogues IV, these compounds were smoothly con­
verted into the compounds Ii by reaction with sodium hydride. It was not necessary 
to isolate the intermediary 2'(3 ')-chloromethanephosphonates VI from the reaction 
mixture of I (VIIi) or V; they could be used directly in the next step. They were com­
pletely stable in O'5M-H2 S04 , methanolic or aqueous ammonia and in methanolic 
triethylamine. This observation determines also the choice of the suitable protecting 
groups for the starting nucleoside derivatives. 
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At the sa me time, we observed that the compou nds Vi underwent rapid intl amole­
cularsubstituti onn ot on ly with a hydridc in an apro tic medium but a lso with aq ucou s 
alkali met al hydroxides. In neither ca se ana lys is of thi s mi xture revea led any 2'(3 ')­
-hydroxymethanephosphonate '. Half-timc o f the re'l ct ill n of comp ound VI with 
0·51\1 a lkali meta l hyd rox ide is 5 min ; the reacti on proceeds r ia the 2',3 '- (or 3' ,2'­
-cyc lic intermediate VIJ which und crgoes a slowcr hydrolys is to givc the co mpound 11. 
After J 5 h a t roo m temperat ure, the compound 1,/ wa s co nvertcd quantitatively int o 
the compound 11. Besides the direct identifica ti on by HPLC cO lllpari,o n wi th au then­
tic material 6

, formation of the cyclic deriva ti ve Jill as the prima ry intramolecular 
cyclization product follows unequivoca ll y fr om the reac tion of compound Vi wi th 
sodium methoxide or hydroxide in methan ol: thi s reac ti on aO'orded a mi xture o f 
2'(3 ')-isomeric methyl esters X ill as a secondary product of reacti on of compound s 
Vll with the methoxide ion. Their a lka line hydrolys is led aga in to the compounds fl . 

The exceptionally facile conversi on of chiorolll ct hanephosphonates VI int o CO I11-

pounds VIJ by intramolecular cycliza tion is noteworthy: it s ra te is incomparably 
higher than that of usual nucleophilic substituti ons in ch iorolllcthaneph osphona tes. 
The unequivocal course of thi s reac ti on and it s high ratc indica tc a therm odynamic 
control, i.e. formation of a bicyclic system , ari sing by annclati on ofthc five-membered 
tetrahydrofuran and the six-membered phosphonate rings. 

In accord with the prev iou s finding, this rcac ti on a ffordcd cxclu sively a mixture 
of the 2'- a nd 3'-isomers of the comp ound 11 ; thc 5'-isolllcr which could a ri se by 
a concurrent reaction of the 3'-chlorol11clhanephosphonate VI with the free 5'-hydro­
xyl was not found among the product s. 

T'O-Q 
HO OTr 

IX 

U = uraci l· l· y\' Tr = trityl re ,iJue 

Such reaction would require the formation of a seven-mcmbered ring which makes 
it much less probable than the formation of a six-membered cycle. We tried to en­
force such reaction by a reverse procedure: 2' ,3'-O-i sopropylidene derivatives Xl 
on reaction with chloromethanephosph onyl dichloride (V) followed by acid hydrolysis 
were converted into the 5'-O-chloromethanephosphonyl derivatives XII . However, 
these compounds, containing free 3'-hydroxyl, were completely stable towards 
I M-KOH or sodium hydride in dimethyl sulfoxide (as evidenced by HPLC). The 
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accellerating effect in intramolecular substitution of compounds VI in a si tuation 
which enables formation of the six-membered phosphonate ring is thu s even more 
pronounced. 
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Xlb. I:l .~ B~C 
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1-10 OCH, 
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O = POCH , 
I 

OH 

X/flu. B = U 
XII/b, B = A 

In formul ae X/ - X/II, U = urac il-I-yl, C = cytosin-I-yl . A = adenin-9-yl , BzC = N4-benzoyl­
cytosin-I-yl residue 

The last variant , i. e. reaction of suitably protected ribonucleosides with chloro­
methanephosphonyl dichloride (V), followed by hydrolysis with aqueous alkali, is 
thus the method of choice. Analogously to nucleotides, under certain circumstances 
the isomeric compounds 1J can be separated by chromatography on an ion-exchange 
resin; this holds particularly for the cytidine and adenosine derivatives. The arising 
compounds I I were chemically stable, did not isomerize in alkaline or acid medium_ 
and were not cleaved with phosphomonoester hydrolases . The reaction was performed 
with all the four natura l ribonucleosides and the obtained derivatives were charac­
terized by the usual chromatographic and electrophoretic criteria. Their UV spectra 
in acid and alkaline media did not differ from those of the corresponding nucleotides. 
Compounds II represent an important starting material for preparation of other 
nucleotide analogues which will be described elsewhere. 

EXPERIMENT AL 

Unless stated ot herwise, the so lutions were evaporated at 40"C/2 kPa and the compounds were 
dried at 13 Pa over phosphorus pentoxide . Paper chromatography was performed on a Whatman 
paper No 1 in the system S I, 2-propanol-conc. aqueous ammonia- water (7 : 1 : 2), thin-layer 
chromatography on Silufol UV 254 plates in the system S2, chloroform-methanol (7 : 3). Paper 
electrophoresis was carried out on a paper Whatman No 3 MM in the system EI, O' IM triethyl­
ammonium hydrogen carbonate, pH 7·5. The HPLC analyses were performed on a 3·3 X 150 mm 
column of Separon SI C I8 (5 ~l) (Laborato rni pi'istroje, Prague) in O'IM triethylammonium 
hydrogen carbonate, pH 7'5, containing the following amount of methanol (wt /wt): S3 - 0%, 
S4 - 5%, S5 - 10%, S6 - 20%; flow rate 0·4 ml / min at room temperature, detection at 260 nm . 
The UV absorption spectra were measured in aqueous solutions on a Specord UV-VIS (Carl Zeiss, 
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lena) instrument; for quantitative determinati o ns the tabulated ? molar extinction coertkien ts 
at pH 2 were used. 

Solvent s a nd C hemi cals 

Dimethylrormamide , dimethyl sulfoxide and 1.2-dichl oroctha nc wcre distilled rrom phosphorus 
pentoxide; pyridine was dried over ca lc ium hydride and distilled. Triethylam inc was distilled 
from sodium borohydride. Dimethyl p-tolucnesulronyloxy methanephosphonHtc (Ill) was prc­
pared according to ref. I, chloromethanephosphonyl dichlo ride (V) acco rding to rcf. B. 5'-0-Trityl­
ribonucJeosides were prepared by the described procedures: fa trcr9 ), Ib (ref. I 0) , IX and X 
(ref. I I). 5'-0-Ben zoy luridine (VIII) was sy nthes ized accord in g to rcf. 1 2 , 2'. ~ ' -O·iso propylidcnc 
derivatives Xla and Xlb according to rcf. 13 and rc f. 14

, respectivcly. 

N -Dimethylaminomethylene-5 '-0-tritylribonuc lcosides Ie- Ie (el ref. I 5) 

Dimethylformamide dimethylaccta l (20 ml) was added to a solution or 5'-0-tritylcy tidine l 
() (Ib; 

10 mmol), 5' -0-trityladenosineI 6 or 5'-O-tritylguanosine I 7 in dimethylforma midc (50 ml). After 
s tanding overnight at roo m tempera ture the mixtu re was taken down at 40°C / 13 Pa, mi xed with 
50% aqueous pyridine and with dry ice (about 1 g) a nd se t asidc ror I h with intermitl a nt stirring. 
The mixture was taken do wn a t 40' C/ 13 Pa a nd the residue was codistill ed under the sa me condi­
tions with pyridine (3 )< 25 ml) and tolucne (3 X 25 m\). The residue was disso lved in chlororo rm 
(20 - 40 ml) and the solution was added dropwi se under stirring into li ght petroleum (500 ml) . 
The separated solid was filtered . washed with li ght petroleum a nd dried ill vac llo . The products 
obtained in this way were used ror rurther reactions. 

2' (3 ' )-0-Phosphonylmethyluridine (lla) rrom IVa ( Method A) 

A mixture of 5'-0-trityluridine (fa; 4. 86 g; 10 mmol) , iodomcthanephospho nic acid l8 (3'33 g; 
15 mmol) and pyridine (50 ml) was stirred under cxclusion o r moisturc. N ,N'-Dicyclohexyl­
carbodiimide (6 '2 g; 30 mmol) was added and the mi xture was st irred in a stoppercd flask a t room 
temperature for 10 days. Water (10 ml) wa s added , rollowcd after I h wi th chloroform (200 ml). 
After filtration, the solution was diluted with thc same volume of I-buta nol and water was added 
till the phases separated. The lower layer was again extracted with butanol, which had been 
saturated with water (100 ml), a nd takcn down ill vacl/o. The residue was dissolved in methanol, 
the solution was made alkaline with triethylamine and taken down. After precipitation from 
chloroform (25 ml) with ether (300 ml) under stirrin g, the solid was collccted on filter, washed 
with light petroleum and dried ill vaCI/O , affording 7·7 g (95 % ro r the mon o-triethylammonium salt) 
or the chromatographica lly pure product IVa: RF 0· 80 in 51, 0 ' 10 in 52) . A solution of this com­
pound (9'5 mmo\) in dimethyl sulfoxide (65 ml) was sti r red wi th sodium hydride (2'28 g; 95 mmol) 
for 3 h (calcium chloride tube) and set aside in a stoppered fl as k for 2 days. Acetic acid (6 m\; 
100 mmol) was added and the mi xt ure was taken down a t 60"C / 13 Pa. The residue was refluxed 
with 80% acetic acid (250 ml) for 1 h. After evaporation , the residuc was mixed with water (250 ml) 
and extracted with ether (3 X 50 ml). The aqueous phase was evaporated ill vaCIIO, the res idue 
was taken up in water (300 ml) , made acid to pH 3· 5 with hydrochloric acid , and treated wito 
charcoal (until the mixture had A 2 60 ~ I ). The mixture was centrifuged, the solid was washed 
with water (3 x 100 ml), stirred with 2'5% a mmo nia in 30% aqueous methanol (200 ml) and 
filtered through Celite which was then washed with the same solvent mixture (100 ml) . The filtrate 
was taken down ill raCI/O and the residue was dissolved in water (50 ml) and applied on a n 80 x 
X 4 cm column of DEAE cellulose (HC03, Cellex D). After washing with water till the UV 
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a bsorption dropped, the product was eluted with water and 0 - 0·31'1 triethylamlllonium hydrogen 
carbonate, pH 7· 5 (linear gradient, 2 I each; 3 ml /min , fractions 10 min). The product fractions 
were taken down in vacuo, the residue was codistilled with water (3 X 20 Ill!) and applied on 
a column of Dowex 50XS (25 IllI; Li +) . The column was washed with water, the UV-absorbing 
eluate was evaporated in vaCIlO, the resid ue was codistilled with ethanol (3 X 25 ml) and preci­
pitated with ether (200 IllI) from methanol (5 ml). The product was collected on filter, washed with 
et her and dr ied ill vacuo. Yield 0·77 g (22%) of dilithiulll sa lt of compound Ila ; chromatographical­
ly (SI , HPLC) an d electrophorctically homogeneo us. According to I H NMR spectrum (the H6 
doublct ratio) the ratio of the 2' and 3'-isomers was 55: 45 . For CIOH13Lil N109P (350'1) 
calculated: 8'00% N, 8'86% P; found: 7'S2% N, S'94% P. The physical constants a re given in 
Table JJ . 

2' (3')-O-Phosphonylmethylcytidine (lIb) from IVb (Method A) 

The reaction was carried out with 10 mmol of 5'-O-tritylcytidine in the sa me manner as described 
for compound J/a. Precipitation with light petroleum from chloroform affo rded 6'4 g (7 '9 mmol , 
i. e. 79% for thc mono-t riethylam monium salt) of compound IVb (RF 0'80 in SI). This product 
was stirrcd with dimethyl sulfoxide (70 ml) and sodium hydride (3 g; 124 mmol) till the mixture 
becamc homogencous. After standing for 2 days at room tcmperature, acetic acid (7' 5 ml) was 
added . The mixture was takcn down in vaCIlO and the residuc was worked up with acetic ac id 
as describcd for J/a. The aqueous solution was extracted with ether, taken down and the residue 
was aplied on a column of Dowex 50XS (H +, 300 ml) . After washing with water (3 ml / min) 
to drop of UV-absorption, the product was eluted with 2'5% ammonia . The ammonia eluate was 
taken down in vacuo and the residue was applied on a column (100 mIl of Dowex 1 X2 (acetate). 
The column was washed with water until the UV-absorption ceased and then with a linear gradient 
of water and acetic acid (O-IM, 21 each). The product was eluted with 0'7- 0,91'1 acid; the com­
bined fractions were taken down in vaCIIO, the residue was codistilled with water (3 X 25 ml) and 
cthanol (2 X 25 ml), and the product was precipitated with ether from metha nol; yield 0'30 g 
(J 1 % based on IVb) of the free acid lIb, homogeneous according to SI, EI and HPLC. For 
CloH16N30SP (337'3) calculated: 12'46% N, 9'20% P; found : 11'SI % N, 9'07% P. The physica:l ­
constants are given in Table II. 

2'(3')-O-Chloromethanephosphonylribonucleosides VI 

Pyridine (40 mmol), followed by chloromethanephosphonyl chloride (V; 20 mmol), was added 
to a stirred solution or suspension of compound I, IX or X (10 mmol) in 1,2-dichloroethane 
(100 ml). After stirring for 24 h at room temperature, 5% aqueous pyridine (100 ml) was added 
and the stirring was continued for 2 h. The mixture was taken down in vacllo and the residue was 
warmed with 1M-H2S04 in 50% dioxane (100 mI) to 40°C for 15 h. Water (200 mI) was added, 
the dioxane was evaporated ill vacllo under simultaneous addition of water and the suspension 
(about 200 ml) was filtered. The filtrate was extracted with ether (3 X 50 ml), the aqueous phase 
was neutralized with barium hydroxide and centrifuged. The sediment was washed with water 
(2 X 50 ml) and the solution was taken down ill vacuo. In the case of VIa and VId, the residue 
was applied on a column (2'5 X 30 cm) of Dowex lX2 (formate). After washing with water to 
disappearance of UV-absorption, the product was eluted with 0-2M aqueous formic acid (linear 
gradient, 21 each). The product fraction was taken down, the residue was codistilled with water 
(4 X 50 ml) and ethanol (2 X 25 ml) and precipitated with ether from methanol. The product 
was filtered, washed with ether and dried ill vacllo. Compounds VIb, C were chromatographed on 
a column (2 '5 X 30 cm) of Dowex 50XS (H+) in water. The product-containing fractions (second 
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TABLE I 

Ribonucleoside chloromethanephosphonates VI, XIl 

Compound 

VIa 

VIb 

VIc 

Vlcl 

X lIa 

Xllb 

Sta rting 

compound 
(mmol) 

VllI 
(1-00) 

X 
(10·00) 

Ie 
([5·00) 

Id 

(6·75) 

Ie 
(10·00) 

Xla 
([·00) 

Xlb 
(2·00) 

Yield ,% 
(free acid) 

29 

77 

62 

47 

SOl 

711 

Rr (S1) 
Eupa 

0·49 
0 ·58 

0·5 1 
0· 53 

0· 54 
0-42 

0 ·35 
()-50 

0·40 

0 ·63 

0-42 

0·56 

k b 

1·16C 

\·71 

1·8Sd 

299 

[ ·48" 

2·90 

1·65" 

1· 33c 

Isomer 
ratio 

33 

67 

42 

58 

50 

50 

Fo rm ula 
(mo l. w .) 

C t OH 14CIN 20 SP 
(356·8) 

Cio HI SClNj0 7P 
(355 8 ) 

CII H I sClN 5 0 6 P 
(3797) 

C II H I SC IN s0 7 P 
(395·7) 

Clo H I3C1LiN2 0 Sl' 
(362-6) 

Cl o H 14C1LiN30 7P 
(36[6) 

C1: N : P 

fo und ! 
! (ea lc.) 

0·96: 2·13: 
(I : 2 : J) 

1·1 3 : 3U5 : I 
( I : 3 : I) 

1·04:4 X2: I 

( I : 5 : I ) 

1· 11 : 1·95 : 

(I : 2: I ) 

1·04 : 3·05 : 

( I : 3 : I) 

a Electrophoretic mobility in El (referred to uridine 3'-phosphate); b Retention (capacity) factor ( HPLC), k = (IR - IM) / IM (IR retention time , 

1M hold-up time) in the system C S5, d S4, e S6; I lithium salt . 
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absorbing peak) were combined and worked up as described for VIa, d. The yields and properties 
of the thus-obtained compounds VI are given in Table J. 

2'(3')-O-Phosphonylmethylribonucleosides II 

Method B. Sodium hydride (15 mmol) was added to a solution of the nucleoside I, IX or X 
(5 mmo l) in dimethylformamide (50 ml) . After stirr ing with exclusion of moisture for 30 min, 
compound III (5 mmol, see rer. l

) was added and the mixture was stirred at room temperature 
for 60 h. Acetic acid (15 mmol) was added, the mixture was taken down at 40°C/3 Pa, the residue 
was warmed with 50 ml of 1M-H2S04 in 50% aqueo us dioxane to 40°C for 15 h and dil uted with 
water (200 ml). Dioxane was evaporated i ll vacuo with simultaneous addition of water. The sus­
pension (about 200 ml) was filtered, the filtrate was extracted with ether (3 X 50 ml), the aqueous 
phase was neutralized with barium hydroxide and centrifuged. The sed iment was washed with 
water (3 X 50 ml) and the combined supernatants were taken down ill vaclio. The residue was 
heated for 15 h to 50°C with IM-NaOH (50 ml), neutralized with Dowex 50X8 (H +) and filtered. 
The Dowex was washed with 1% aqueous ammonia (l00 ml) and the filtrate was taken down 
in vaCl/o. In the preparation of compound Ila the above neutral residue was chromatographed 
on a column (1 '5 X 20 em) of Dowex IX2 (CI-); elution first with O'OIM-HCI and then with 

TABLE II 

2'(3 ')-O-Phosphonylmethylribonucleosides II 

Compound Starting 
compo und Method 

(mmol) 

l1ab fa (10,0) A 

la (1I '0) B 
VIa (0 ' 1) C 
VIa (1'0) D 
[X (1'4) B 
X (5'0) B 

I1bc Ib (10'0) A 
Ib (5'0) B 
Ic (2'0) B 
Vlb (5 '0) C 
Vl b (5 '0) D 

I1cd Id (2 '0) B 
VIc (3 '0) C 

I1d e Vld (0'6) D 

Yield Isomer 

% ratio 

22 55: 45 
44 95: 5 
74 55: 45 
96 53 : 47 

4 
37 

57: 43 
80: 20 

22 82: 18 
33 59: 41 
46 51: 49 

75: 25 
49 48: 52 

85 33: 67 

k" 

3'00; 3'51 1 

3'00; 3' 51 1 

3'00; 3' 51 1 

3'00; 3'51 J 

3' 51 J 

3'001 

2'18; 3'10J 

2'18; 3.101 

2'18; 3· IOJ 

2'18; 3'lof 
2'18; 3' 10J 

1'93; 3'049 

1' 93; 3·04 g 

1'52; 2'35" 

N:P 
found 
(calc.) 

1·92 (2) " -
2·05 (2) 

2·10 l2) 

1·95 (2) 

2·88 (3) 

5·05 (5) 

4·90 (5) 

a Retention (capacity) factor (HPLC); b l ithium salt CloH13Li2N20 9P (350'1): Eup 0'94(El), 
RF 0·20 (SI); C Cl0H16N30SP (337'2): Eup 0·83 (El ), RF 0·18 (SI); d CIIH16Ns07P (361'3): 
Eup 0·80 (El), RF 0·18 (S1); e ClIH16NsOsP (377'3): El'p 0·77 (El), RF 0·12 (SI); J in S3; 
9 in S5; h in S4. 
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2'(3' )-O-Phosphonylmethyl Derivat ives of Ribonucleosides 787 

0-0'2M-LiCI in O'OIM-HCI (linear gradient , 21 euch). The product fraction wus neutralized with 
lithium hydroxide, taken down and the residue was codistillcd with ethanol (2 X lao ml) and 
stirred with ethanol-acetone (l : 1; lao ml) for I h. After centrifugation, the sediment wus washed 
with the same mixture (2 X 150 ml) , with ether (50 ml) , and dried ill vacllo . The yield and pro­
perties of lithium salt of compound lIa are given in Table n. In prepara tio n of compounds I1b 
and I1c the above neutral residue was chrOll1atographed on a column (I. 5 X 20 cm) od Dowex 
50X8 (H+); the column was washed with water until the eluate w:\s transpare nt in the UV, 
and then with 2· 5% aqueous ammonia. The ammonia eluate was taken down and the residue was 
chromatographed on a column of Dowex 1 X2 (formate; I' 5 x 20 cm). After washing with water 
to drop in UV-absorption, the product was eluted with linear gradient of formic acid (cnd con­
centration O'OIM for lib, 0'5M for I/e). The prod uct -containing fractions were taken down, the 
residue was codistilled with water (4 X 25 ml) , with ethanol (2 X 25 ml), and prec ipitated with 
ether from methanol. Yields and properties o f the compounds (free ac ids) arc given in Tilble II . 

Method C. Sodium hydride (25 Il1mol) was added to a suspension of com pound Vlb or VIc 
(5 mmol) (free acid) in dimethyl sulfoxide (50 ml) . The mi xture was stirred ovcrn ight in a stoppered 
flask, set aside for 24 h at 40°C, d iluted \~i th water (500 ml), adjusted to pH ) with Dowex 50X8 
(H +), made alkaline with ammonia and fi ltered. The fi ltrate was taken do wn and the product 
lib or lie was isolated as described for method B. Yields and properties of t he products are given 
in Table II. 

Method D. A solution of compound VI (free acid) in IM-KOH or IM-LiOH (10 m\) was set 
aside overnight at 40°C, neutralized with Dowex 50X8 (H + ), made alkaline with ammonia, 
filtered, and the filtrate was taken down ill vaclIo. Compound lIa was isolated by chromatography 
on a column (20 X 1'5 cm) of DEAE-Sephadex A-25 (formate): the column was washed with 
water to drop in UV-absorption and then with water and formi c acid (linear gradient 0 - 2M, 21 
each). Compound IIa was eluted with 2M formic acid; the eluate was taken down and the free acid 
lIa was processed as described for lib - lid. Compounds Ifb and lId were isolated by chromato­
graphy on Dowex IX2 (formate; 20 X 1·5 cm), elution with water and formic acid (linear gradient; 
2 I each; final concentration 0·01 M for JJb and I M for II d) . The products (free acids) were isolated 
as described under B. Yields and properties of the products are given in Table n. 

2'(3')-O-Phosphonylmethyluridine (I/o) from 5'-O-Bcnzoyluridinc (VI//) 

The reaction was performed with compound VlIl (1 mmo\) according to the procedure for prepa­
ration of compounds VI. The crude reaction mixture was taken down, the residue was codis­
tilled with ethanol, set aside overnight with methanol (20 ml) and adjusted to alkaline reaction 
(moist pH-paper) with 1M sodium methoxide. The mixture was neutralized with Dowex 50X8 
(H +), filtered, taken down in vacllo and the residue was chromatographed on 2 sheets of paper 
Whatman No 3 MM in the system S1. The product VIa was eluted with 0 '5% ammonia, and the 
eluate was taken down in vaClio. The residue (VIa; ammonium salt, chromatographically homo­
geneous) was dried at 13 Pa and subsequently stirred with sodium hydride (12 mg) in dimethyl 
sulfoxide (1 ml) till the mixture was homogeneous. After sta nding overnight at 40°C, water (2 ml) 
was added the mixture was neutralized with Dowex 50X8 (H +) and filtered. The filtrate was taken 
down and'the residue was chromatographed on 1 sheet of paper Whatman No 3 MM in SI. 
Compound IIa was eluted with 0'5% ammonia, the eluate was taken down, the residue was co­
distilled with ethanol and precipitated with ether from methanol. The yield and properties of 

the ammonium salt of IIa are given in Ta ble II . 
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788 Rosenberg, Holy: 

5'-0-Chloromethanephosphonyluridine (Xlla) (c/ 19
) 

Pyridine (0'35 ml; 4 mmol), followed by compo und V (335 mg; 2 mmol), was added to a stirred 
suspension of compound Xla (l mmol) in 1,2-dichlaroethane (10 ml). After stirring for 15 h 
in a stoppered ftask, 5% aqueous pyridine (10 ml) was added and a fter stirring for additional 2 h 
the mixture was taken down . The residue was warmed with 1M-H2S04 (20 ml) to 40°C for 15 h, 
neutralized with barium hydroxide a nd filtered through Celite. The filtrate was taken down 
in vacuo and the product was isolated by chromatography on a column (1. 5 X 20 cm) of Dowex 
1 X2 (formate): after washing with watcr to drop in UV absorption the product was eluted with 
0 -- 2M formic ac id (linear gradient, 21 each). The product fraction (2M formic acid) wa~ taken 
down, the residue was codistilled with water (3 X 25 m!) and chromatographed on a column 
(10 x 1·5 cm) of Dowex 50X8 (Li +) in water. The UV absorbing eluate was taken down, the 
residue was codistilled with ethanol and precipitated wi th ether from methanol. The yield and 
prOIJCrties of lithium sa lt of Xl/a are given in Table I. 

5'-0-Chloromethanephosphonylcytidine (Xllb) 

The reaction was carried out with 2 mmol of compound Xlb as described for preparation of Xlla . 
After evaporation, the mixture was dissolved in methanol (20 ml), made alkaline (moist pH-paper) 
with 1M sodium methoxide, set asi de for 6 h a t 40°C and neutralized with Dowex 50X8 (H +). 
The resin was filtered, washed with 1% triet hylamine in 50% methanol and the filtrate was taken 
down . F urther work-up with sulfuric acid was ca rried out as described for compound Xlla. The 
residue after evaporation of the crude ba rium salt of Xl/b was purified on a column (1 . 5 X 20 cm) 
of Dowex 50X8 (H +). The product was eluted with water (the second UV-a bsorbing peak) and 
converted into the lithium salt in the same manner as the compound Xlla. Yield and properties 
of the lithium salt of Xl/b are given in Table I. 

Methyl Ester of 2'(3')-0-Phosphonylmethyluridine ( Xfl/) 

A solution of compound VIa (0'5 mmol) in 1M metha nolic sodium methoxide (20 ml) was set 
aside for 15 hat 40°C and then neutrali zed with dry Dowex 50X8 (H +). After filtration, the filtrate 
was taken down and the residue was converted into the lithium salt as described for Xlla. Thi s 
product was chromatographed on a column (I' 5 X 50 cm) of Separon SI CI8 (20 Jl) in 0'05M 
triethylammonium hydrogen carbonate, pH 7'5 (4 ml / min), the product-containing fractions were 
combined and stirred with Dowex 50X8 (pyridinium form ; 80 ml) for 30 min. The Dowex was 
removed by filtration , washed with 5% aqueous pyridine and the filtrate was taken down at 
30°C/2 kPa. The residue was converted into the lithium salt as described for compound Xl/a , 
aft'ording 0·36 mmol (72%) of compound Xl/f, Eup = 0'53, Rr = 0'42 (SI), k = 1·57 (30%), 
1'76 (70%) (S4). On standing in I M-NaOH (KOH, LiOH) for 15 h at 40°C it gave quantitatively 
the compound flo. 

Stability of Co mpounds VI and X II 

The stability was studied in 3 111M solution of compounds VIa and VIc in (a) 5% aqueous ammo­
ni a, (b) 30% ammonia in methanol , (c) 10% triethylamine in methanol, (d) 1M sodium methoxide 
in methanol , (e) 0'5M-KOH, (f) 0'5M-KOH in methanol , and (g) 0·5M-H2 S04 . The samples were 
analyzed by HPLC. In the systems (a), (b) , (c) and (g) both compounds did not react after 15 h ; 
in systems (d) a nd (f) quantitative formation of XIIl was observed after 15 h , in (e) 50% of II 
was formed after 5 min; a fter 15 h the conversion into fl was quantita tive . 
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The solutions (3 mM) of compounds Xlla , b in (a ) I M-KOH . (b) in dimet hyl s ulfoxide. containing 

5 equ iva lents of sodium hydride, were analyzed by HPLC a ft.:r s tanding for 15 h a t 40"C. N o 

reaction products were detected, 
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