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STUDIES ON RIBONUCLEOSIDE HYDROGENPHOSPHONATES. 

EFFECT OF A VICINAL HYDROXYL FUNCTION ON THE STABILITY 

OF H-PHOSPHONATE DIESTER BOND. 

Sophie Hussa, Gilles Gosselina, Jacek Stawinskib', Roger 

Strombergb and Jean-Louis Imbacha' 

a Laboratoire de Chimie 810-Organique. U.A. No 488 du CNRS. .  UniversiM des Sciences PI 

Techniques du Languedoc. Place Eughne-Bataillon. 34060 Montpellier-Cddex, France. 

Department of Organic Chemistry. Arrhenius Laboratory. Unrversrty of Stockholm, 706 9 1 Stockholm, 

Sweden. 

Dedicated to Prof. Wolfgang Pfleiderer on the occasion of his 60th 

birthday. 

ABSTRACT. 

presence of a free vicinal hydroxyl function has been 
investigated on the example of ribonucleoside H-phosphonates. 
It w a s  found that H-phosphonate diesters undergo immediate 
intramolecular cyclization, both with or without a base. 
affording 2',3'-cyclic H-phosphonate diesters. 

Stability of hydrogenphosphonate diester bond in the 

INTRODUCTION. 

A rihonucleoside with a 2'-phosphomonoester and 3'-5' 

phosphodiester bonds has recently been shown to be involved 

in the ligation pathway of a viral RNA to its circular form.1 

More generally ribonucleosides containing vicirial 3'-5' arid 

3 ' - 5  ' phosphodiester linkages ( f i g .  I )  have been found as key 

intermediates during mRNA splicing in eukaryotes.' T h u s  the 

availability of such molecules is of considerable interest 

f o r  further biophysical and biochemical studies of these 

processes. 
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-o-p=o O O - ' - O r S '  

HO OH 

A=aden ine -  9 - y l  ; G = g u a n i n e - 9 - y l ;  Pyr=cytos ine-1-y l  or uracil-1-yl 

- F ig  : 1- 

Unfortunately, the preparation of vicinal phosphate linkages 

is not easy. So, despite their importance for elucidating tho 

mechanism of RNA splicing, only a few reports3-' have 

appeared describing the chemical synthesis of these branched 

ribonucleotides. 

Our recent interest in this field7 as well as in 
hydrogenphosphonate ~hernistry~-~O prompted us to investigate 

if ribonucleoside H-phosphonate diesters may be of value in 
the synthesis of branched RNA fragments. The present paper- 

describes our investigation of the introduction of hydrc- 

genphosphonate groups on the secondary hydroxyl functions in 

the ribofuranonucleoside series. 

RESULTS AND DISCUSSION. 

The chemistry of ribonucleoside H-phosphonate dJssters 

has not been explored and to our knowledge there is only 'Isno 

report in 1iterature2l claiming the synthesis of ribnnuclzc- 

side H-phosphonate diesters. However, since all conclusions 

in that paper were based only on TLC data we decided t n  

undertake more detailed studies concerning stability of H- 

phosphonate diester bond in the presence of a vicinal 

hydroxyl group and investigate the coupling reaction betveen 
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RIBONUCLEOSIDE HYDROGENPHOSPHONATES 323 

H-phosphonate monoester and ribonucleosides having unprotec- 

ted diol system. 

Reactions of - N6-benzoyl-5 '-0- - (4-methoxytrityl) adenosine (1) 
with the nucleoside hydrogenphosphonate 2 (Scheme l j  . 

Since condensations without preactivation using piva- 

loyl chloride as coupling agent have proved to be the m e ? ?  

suitable for oligonucleotide synthesis by the hydrogenphas- 

phonate approach,11*14,22 we chose these reaction condition? 

f o r  our studies. 

Treatment of ribonucleoside 1 with the hydr oger-- 

phosphonate monoester 2 (3 eq. ) in a pyridine-ac~toriitsilr 

mixture in the presence of pivaloyl chloride (6 eq.) f o x  4 5  

min resulted in the disappearance of the starting material - 1 
and formation of three new compounds. The two loss polar. 

compounds were identified as the dephosphonylated cytidine 

nucleoside Q and its symmetrical 5'-5' hydrogenphosphcmatc 

diester 2 .  The third product was isolated by Fhort colum:. 

chromatography. Its structural assignment was based or: LH- 

and 31P-NMR studies and corroborated by fast atom hornhardmen+ 

mass spectroscopy. This material was thus unequivocally 

characterised as a mixture of 2' and 3'-hydrogenphos~honhteo 

3a and s. - 
As expected,23 the same mixture of and 

(contaminated with a minute amount of the 3 ' ,  3'-cyclir 

phosphate derivative 6) was also obtained w h e n  tho rah?n?:.- 

cleoside 1 was treated with R.5 eq. of tri- (imidazol-l- 
yl) phosphine. 

Our present results can be compared to those cf H o l y  ot: 

al., who found that during transesterification of ribonuclec- 

sides with triethylZ4 or t r ~ p h e n y l ~ ~  phosghitc, ever? in l a r g e  

excess, mixtures of 2 and 3 -hydrogenphosphonates v':ere 

isolated as the solez4 or mainZ5 products. 

Mechanism of reactions of hydrogenphosphonate monoesters with 

ribonucleosides having vicinal hydroxyl functions 

Our above results can be explained as follows: H- 

phosphonate Lreacts with adenosine derivative 2 forming a 
mixture of 3'-5' arid 2'-5' isomers C J f  the adenylcytidine H- 
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RIBONUCLEOSIDE HYDROGENPHOSPHONATES 325 

phosphonate diesters. These undergo fast intramolecular 

transesterification, affording the adenosine 2',3'-cyclic H- 

phosphonate and the 5'-OH free cytidine derivative 5 .  Since 
the reaction of 2 with compound 1 is apparently slower than 
intramolecular transesterification of the adenylcytidine H- 

phosphonate, the cytidine nucleoside, released during the 

cyclization, reacts with H-phosphonate 2 forming a symmetri- 
cal 5'-5' hydrogenphosphonate diester 1. After addition of 
water the latter remains unchanged, while the adenosine 

2',3'-cyclic H-phosphonate hydrolyses yielding a mixture of 

the adenosine 2 ' (3 ' ) H-phosphonate monoesters (%a and Lb) . 
To provide further support for the proposed reaction 

pathway and to find out if it can be considered as a general 

route for the reactions of H-phosphonate monoesters with 

nucleosides having vicinal hydroxyl functions, we carried out 

additional. 31P-NMR experiments. 

When 5'-O-dimethoxytritylthymidine 3'-H-phosphonate 

was reacted, in acetonitrile-pyridine mixture (l:l, v/v), 

with 1 eq. of uridine derivative 7-a in the presence of 2 eq. 

of pivaloyl chloride ( S c h e m e 2 ) ,  the P-NMR spectrum (with 'H- 

heteronuclear decoupling) of the reaction mixture showed 

three signals: two singlets of equal intensities at 27.9 and 

23.8 ppm and a singlet at 7. 3 ppm. The latter signal appeared 

as two triplets (1Jp-~=715 Hz; 3Jp-~=8.6 Hz) in the spectrum 

without lH-heteronuclear decoupling, and it was assigned to 

the symmetrical H-phosphonate diester 1% (comparison with aT? 

authentic sample of =a produced from =a and l l a ) .  The twc 

singlets at 27.9 and 23.8 were assigned to two diastereoiso- 

mers of the uridine 2',3'-cyclic H-phosphonate =a. In 

agreement with this structure, both singlets appeared as four 

doublets of doublets, with the coupling constants lJP-~=734 

31 

Hz (3Jp-~=6.7 and 13.4 HZ) and lJp-~=737 HZ (3Jp-H=4.9 and 

11.6 Hz) respectively. Addition of water to such a reaction 

mixture resulted in fast hydrolysis of =a into 16 (for 
structure see Scheme 3), m. a mixture of 5 '-0- 

dimethoxytrityluridine 3'(2') H-phosphonate monoesters (4.9 

and 4.7 ppm; 1Jp-H=633 Hz ,3Jp-~=6.8 Hz, doublet of doublets 

and 1Jp-H=63Q Hz , 3Jp-~=6.8 Hz, doublet of doublets respecti- 

vely). It is worth to stress that the ratio of 3'(2') isomers 
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RIBONUCLEOSIDE HYDROGENPHOSPHONATES 32 7 

of the uridine H-phosphonate monoesters 16 after hydrolysis 
was ca 1:2.5 in favour of the isomer that absorbed in higher 

field . 
The reaction followed the same pathway, as judged from 

the 3 1 P - ~ - s p e c t r a ,  when La reacted with 7 2  in pyridine in 

the presence of chlorodiphenylphosphate. 
The intramolecular cyclization of %a, which results ir: 

formation of cyclic H-phosphonate =a, can be a reversible 

reaction. However, under the above discussed reaction 

conditions we could not detect even traces of compound La ir: 

the reaction mixture. The reason can be trapping of 

nucleoside %a by activated H-phosphonate %a, or alternati- 

vely, because 10a is the most stable species under tho 

reaction conditions. Thus, to find out if the cyclization is 

a reversible reaction, we added 10 eq. of ethanol to a 

reaction mixture consisting of loa and 1La. The 31P-NMR 

spectrum recorded directly after addition of alcohol showed 

substantial decrease of signals from 1La ( c a  90%) and 

appearance of four new signals (8.4, 8.3, 7.9 and 7.8 ppm) in 

the region of chemical shifts where non-cyclic H-phosphonate 

diesters usually absorb. On the basis of chemical shifts and 

splitting patterns, in the spectrum without lH-heteronuclear 

decoupling, we assigned these signals to a diastereorneric 
mixture of 5‘-0-dimethoxytrityluridine 3’(2’)-ethyl H- 

phosphonate diesters.26 Thus, this experiment indicates that 

cyclization is reversible and that H-phosphonate diesters 

having a vicinal hydroxy function can exist in equilibrium 

with the cyclic H-phosphonate diester. 

- 

In addition, hydrolysis of this reaction mixture 

afforded only a mixture of the uridine 3 ’ ( 2 ’ )  H-phosphonate 

monoesters L-6 with =a, which remained unchanged during this 

reaction. This indicates that hydrolysis of the uridine 

3 ’ ( 2 ’ )  ethyl hydrogenphosphonates proceeds through the cyclic 

intermediate 1La. 

Attempted synthesis of ribonucleoside H-phosphonate diesters 

in acetonitrile without a base. 

Since rapid cyclization of La can be promoted b y  

pyridine, we carried out similar type of condensation rn pure 
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328 HUSS ET A L .  

acetonitrile using pivaloyl chloride as condensing reagent. 

To ensure stability of protective groups under reaction 

conditions, we used silyl derivatives for protection of 5'-OH 
function in ribonucleoside and nucleoside H-phosphonate 

(Scheme 2) . 
A reaction of equimolar amounts of ribonucleoside I_b 

and nucleoside H-phosphonate in acetonitrile in the 

presence of 2 eq. of pivaloyl chloride proved to be very slow 

compared to the condensation in pyridine/acetonitrile mix- 

ture. 31P NMR spectra recorded after 4 hours revealed the 

presence of only starting material and small amounts ( c a  5%) 

of cyclic H-phosphonate diester e. The reaction was 
completed after 48 h and compound 1Ab constituted the major 

product.27 When 1-2 eq. of pyridine were added at the early 

stage of the reaction, 31P HMR spectra showed immediate 

formation of cyclic H-phosphonate and a symmetrical H- 

phosphonate diester e (6 7.1 ppm, two triplets lJP-H='15 
Hz, 3Jp-~=8.5 Hz) , Thus, these results indicate that despite 

the fact that pyridine promotes fast cyclization of 

ribonucleoside H-nhosphonate diesters, these compounds 

undergo also cyclization without presence of a base and the 

latter reaction is faster than the coupling, e.g. formation of 

9b. - 
To check if under favorable reaction conditions coupling 

can be faster than cyclization, we carried out a condensation 

of ribonucleoside =with 2 eq. of ethyl H-phosphonate in the 

presence of 4 eq. of pivaloyl chloride. Since ethyl H- 

phosphonate is more reactive than nucleoside H-phosphonate E 
and since it was used in an excess, one could anticipate 

formation of ribonucleoside 2',3'-bis H-phosphonate monoester 

under such reaction conditions. Unfortunately, 31P NMR 

spectroscopy revealed the same picture as in the reaction 2 
+ E. The Only product of the reaction both in neat 
acetonitrile or in acetonitrile with 1-2 eq. of pyridine, was 

again cyclic H-phosphonate and diethyl H-phosphonate 

diester, together with the starting ethyl H-phosphonate. The 

rate of condensation in neat acetonitrile was comparable to 

.the rate of coupling of =with which indicates that a 
steric hindrance is not an important factor in the 
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RIBONUCLEOSIDE HYDROGENPHOSPHONATES 329 

condensation reaction. 

with 1 eq. of ethyl H-phosphonate after 4 hours showed mainly 

starting material co 5 %  of cyclic H-phosphonate 1>. 

31P NMR spectrum of the reaction 2 

Attempted removal of 2'-O-dimethyl-t-butylsilyl group in the 

presence of 3',5'-H-phosphonate diester bond. 

As a final part of these investigations we checked the 

possibility of removal of 2'-O-silyl protective group from 

ribonucleoside having 3',5'-internucleotidic H-phosphonate 

bond. Such a approach was claimed to be an efficient way to 

ribonucleoside H-phosphonate diesters.21 

5'-O-dimethoxytrityl-2'-O-dimethyl-t-buty1si1y1-uridine 

-3'-hydrogenphosphonate (l-3) was reacted in pyridine with 1.1 

eq. of 3'-O-benzoyl thymidine (13) in the presence of 2 eq. 

of pivaloyl chloride (Scheme 3) . Reaction mixture was work-up 
after 5 min and the crude H-phosphonate diester 15 was 
treated with 0.1M TBAF in T H F .  The progress of the reaction 

was followed by 31P NMR spectroscopy. It was found that 

addition of fluoride causes immediate conversion of the 

starting H-phosphonate diester 15 to a mixture of 2' and 3 ' -  

hydrogenphosphonates - 16. Removal of 2'-O-silyl group from H- 

phosphonate monoester 12 is substantially slower than from t 5  

and indicates that in the latter case desilylation is 

probably facilitated by subsequent cyclization. 

CONCLUSION. 

In the present studies directed towards synthesis of 

branched RNA vta hydrogenphosphonate intermediates, the stabi- 

lity of internucleotidic H-phosphonate bond in the presence 

of a vicinal hydroxyl function has been investigated. 

It was found that ribonucleoside 2'(3')-H-phosphonate 

diesters having a free vicinal hydroxyl function, are 

extremely susceptible to intramolecular transesterification 

forming instantly 2',3'-cyclic H-phosphonate diesters. The 

cyclization occurs both under basic conditions (e.g. in 

pyridine) and when the base is absent (e.9.  in neat 

acetonitrile) . 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
1
3
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



330 HUSS ET AL.  
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D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
1
3
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1
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These findings are in a marked disagreement with a 

literature report concerning reactivity of ribonucleoside H- 

phosphonate diestersal and thus it seems rather unlikely that 

the compound described by Ogilvie and Nemer was 

diribonucleoside-(3'-5')-hydrogenphosphonate diester. However 

the presently observed lability of ribonucleoside 2'(3')-H- 

phosphonate diesters having a free vicinal hydroxyl function 

is in agreement with similar results obtained with 

phosphotriester~~~-~~ and methylph~sphonate~~ linkages. 

EXPERIMENTAL. 

General Procedures. Evaporation of solvents was done 

with a rotary evaporator under reduced pressure (water 

aspirator). Ultraviolet spectra (UV)  were recorded on a Cary 

118 C spectrophotometer. Proton nuclear magnetic resonances 

were determined in DMSO-d6 at ambient temperature on a Bruker 

WM 360 WR spectrometer. Chemical shifts are expressed in 

parts per million downfield from DMSO set at 2 . 4 9  ppm. The 

presence of exchangeable protons was confirmed by exchange 

with D20 followed by reintegration. 31P-NMR spectra were 

recorded with and without proton decoupling on a Bruker WP 

200 SY instrument at 81.015 MHz for the compounds 2, 2 and 5 
or on a Jeol G X - 4 0 0  FT spectrometer at 161.7 MHz for the 

others compounds; chemical shifts (parts per million) were 

reported relative to external H 3 P O 4 .  Mass spectra (MS) were 

measured with a Jeol J M S D X  300 instrument. Thin-layer 

chromatography (TLC) was performed in an ascending system on 

precoated aluminium sheets of silica gel 60 FZs4 (Merck, No 

5 5 5 4 ) ,  visualization of products being accomplished by UV 

absorbance followed by charring with 10% ethanolic sulfuric 

acid and heating; phosphorus-containing components were 

detected by spraying with HaneS molybdate reagent.32 Short 

column chromatography was performed with silica gel 60 H 

(Merck, No 7736) under weak nitrogen pressure ( =  4 psi). 
Pivaloyl chloride (Aldrich) and chlorodiphenylphosphate 

(Fluka) were commercial grade. 
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3 32 HUSS ET A L .  

This compound was obtained with only minor modification 

of the method of Pfleiderer et a1.33 

- I t4 ,  2 ' ,  3' -2-tribenzoylcytidine 5 ' -hydrogenphoephonate (2)  . 
To a solution of imidazole (1.95 g, 28.7 moles) in 

anhydrous acetonitrile ( 5 4  mL) were added, with stirring and 

cooling in an ice bath, PCl3 (0.75 mL, 86 moles) and 

triethylamine (4.2 mL, 30.2 moles). The mixture was stirred 

for 15 min, then a solution of dried N4,Z',3'-0- 

tribenzoylcytidine (2) 34 (1.1 g, 2.0 moles) in acetonitrile 
( 5 4  mL) was added dropwise. After the addition of 5 was 
complete, the reaction mixture was stirred at room 

temperature for 4 h. Water (15 mL) was added and the solution 

was stirred f o r  another 30 min. The solvent was removed under 

vacuum and the residue was reevaporated with a mixture of 
pyridine-triethylamine (4:1, v/v) three times. The precipita- 

ted salts were removed and the filtrate was evaporated under 

vacuum, eaken up in chloroform (ca .  100 mL) and water ( c a .  100 

m L ) .  The aqueous layer was extracted twice with chloroform 

The combined organic layers were dried over sodium sulfate, 

filtered and evaporated to dryness. Chromatography of the 

residue on a silia gel column, using as eluent a stepwise 

gradient of MeOH from 0 to 2% in CHC13 with 1% triethylamine, 

led after evaporation of the appropriate fractions to the 

isolation of  z (1.3 g, 90%) as a foam; TLC, R f =  0 .  30 (ethyl 
acetate- methanol 7:3, v/v); the values of UV absorption 

maxima (300 and 260 nm) and minima (290 and 247 nm) in MeOH 

were identical with those of 5. A fraction of this foam was 

treated with Dowex 50 W ( N a i  form) ion-exchange resin, 

yielding the hydrogenphosphonate 2 as a sodium salt; IH-NMR, 
b 3.9-4.1 ( m ,  2HtH-5' ,5"), 4.6 ( m ,  1H,H-4'), 5.7-5 . B  ( m ,  3H,H- 
2',3' and H-5), 6.39 (d,lH,H- l',J1.,2.= 4.9 Hz), 6.71 

(d, lH,H-P; JH-P= 578 Hz), 7.4-8.1 (m, 15H,benzoyl H), 8 . 6 6  

(d,lH,H-6; Jg,6= 7.2 HZ), 11.3 (br 9, lH,NH-4); 'IP-NMI? 

(DMSo- '6)n 6 ~ 3 . 6  (Jp-~z 577.9 HZ, J p - 5 , , 5 ~ =  7.0 HZ); MS 

(FAB>O, glycerol matrix) : 642  (M + Na)+* 664 (M - H + 2 ~ a ) +  

606 (M - 2H + 3N4)'. 

Reaction of ~6-benzoyl-5'-~-(4-methoxytrityl)adenoaine ( A )  
with the hydrogenphosphonate 2. 
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R I B O N U C L E O S I D E  H Y D R O G E N P H O S P H O N A T E S  333 

Nucleoside 133 (131 mg, 0.20 mole) and hydrogenphos- - 
phonate 2 (440 mg, 0.61 mole, 3 eq.) were first coevaporated 
three times with anhydrous pyridine then dissolved in a 

mixture of pyridine-acetonitrile 1:1, v/v (15 mL). Pivaloyl 

chloride (150 ILL, 1.23 moles, 6 eq.) was added and the 

resulting solution was stirred at room temperature for 45 

min. The reaction mixture was diluted with water (50 mL) and 

extracted with chloroform (3 x 50 m L ) .  The combined extracts 

were dried over sodium sulfate and evaporated. TLC examina- 

tion in several eluent systems showed absence of starting 

nucleoside 1, presence of excess hydrogenphosphonate 2 arid 

appearance of three new compounds. By comparison with 

authentic samples, 35 the two less polar compounds were 

identified as dephosphonylated nucleoside Q and N4,2',3'-tri- - 
~-benzoylcytidylyl-5 '-hydrogenphosphonate-5 '-N4, - 2 '  , 3'-tri-C'- - 
benzoylcytidine ( S )  . Only the more polar compound showed the 

characteristic color of trityl; it was isolated by colurrui 

chromatography (eluent: stepwise gradient of MeOH f r o m  0 tc 

20% in CHC13 with 1% triethylarnine) and characterized as 4 

mixture of 2' and 3'-hydrogenphosphonates 2; TLC,  Pf= 0.15 

(ethyl acetate-methanol, 7:3, v/v); 0.20 (Butanol-H20, P:l, 

v/v); the values of UV absorption maximum (978 nm) and 

minimum (255 nm) in MeOH were identical with those of 1. ? h i 3  

compound was treated with Dowex 5 0  W (Na+ form) ion-exchange 

resin, yielding its sodium salt form; IH-NMR (double 

irradiation technique after D20 exchange permitted unambigouz 

assignment of all sugar protons): 2'-hydrogenphosphonate 

- 

isomer 3_a, 3 = 3.1-3.3 (m,2H,H-5',5"), 3.73 (S,3H,OCH,:, 4 . 1 ~  

(m,lH,H-4'), 4.54 (t,lH,H-3'; J z . , ~ * =  5.4 HZ), 5.13 (m,lH,H- 

2*), 6.16 (d,lH,H-l'; J 1 0 , 2 * = 4 . 2  Hz), 6.65 (d,lH,H-P), 6 . R -  

8.1 (m,benzoyl and trityl-H), 8.56 and 8.64 (2s,2rlH,,H-l and 

H-8); 3'-hydrogenphosphonate 3b, 3 = 3.1-3.3 (m,2H,H-5',5"), 
3.73 ( 9 ,  3H,OCH3), 4.21 (m, 1H,H-4'), 4.73 (m, 1H,H-3'), 4.91 

- 

(t,lH,H-2'), 6 . 0 2  (d,lH,H-l'; J1., 2*= 6.0 Hz), 6.72 (d,lH,H- 

P), 6.8-8.1 (m,benzoyl and trityl-H), 8.53 and 8.60 
(2~,2xlH,H-2 and H-8); 31 P-NMR (CD30D): 2 ' -  

hydrogenphosphonate l a ,  5 = 5.69 ( J ~ - ~ =  633.4 Hz; Jp-2.= 9 . e  

Hz) ; 3'-hydrogenphosphonate 3b, 3 = 5.86 (Jp-H= 632.0 Hz) ; - 
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Jp-3.= 9.3 ~ z ) ;  MS ( F A B > O ,  glycerol matrix): 708 (MH)+. 729 
(M+Na)+, 751 (M-H + 2 Na)+; (FAEI<O, glycerol matrix) : 706 (M- 

H )  - 

Reaction of nucleoaide with PCl3-imidazole. 

To a solution of imidazole (635 mg, 9. 3 IIUnoleS) in 

anhydrous acetonitrile (8.8 mL) were added, with stirring and 

cooling in an ice bath, PCl3 (245 g ~ ,  2.8 moles) and 

triethylamine (1.37 mL, 9.8 moles). The mixture was stirred 

for 15 min, then a solution of dried nucleosideA(210 m g .  

0.33 m o l e )  in acetonitrile (8.8 mL) was added dropwise. 

After the addition of was complete, the reaction mixture 

was stirred at room temperature for 4 h. Workup was similar 

to that described above for the synthesis o f 2 .  TLC 

examination showed disappearance of the starting nucleoside 2 
and appearance of a new compound, the spot of which had the 

same Rf of that of 3. As above, this compound was isolated by 
column chromatography and converted into its Na form by 

treatment with DOWeX 50 W (Na+ form) ion exchange resin; its 

UV and MS spectra were superimposable upon those of 2. Its 
I H - M  and 31P-NMR showed it consisted of a mixture of Fa 

(39%), (44%) and - 6 (17%). 'H-NMR (after D20 exchange) :6. - t 

= 3.1-3.3 (m,2H,H-5'-5"), 3.73 (s,3H,0CH3), 4 . 4  (m,lH,H-4'), 

4.9 (m,lH,H-3'), 5.3 (m,lH,H-2'), 6.28 (d,lH,H-l'; J1.,2.= 

3.4 Hz), 6.8-8.1 (m,benzoyl and trityl-H), 8.59 and 8.6@ 

(29,2xlH,H-2 and H - 8 ) ;  3 1 p - m  (CD30D) : - 6, 
and 3 

= 21.29 (ZP--,, 

,=  10.6 and 8.0 Hz) . 

Synthesis of 5 '-g-dimethoxytrityl-2 '-2-dimethyl-t- 

butylsilyluridine- (3'-5 ' ) - 3'-s-benzoylthymidine 
hydrogenphosphonate diester (15). 

5'-~-dimethoxytrityl-2'-O-dimethyl-t-buty1si1y1uridin~ 

3'-H-phosphonate (&3)12 (0.1 m o l e )  and 3'-g-benzoylthymidine 

(0.11 mmole) were rendered anhydrous by evaporation of added 

pyridine and finally were dissolved in the same solvent (1 

ml). Pivaloyl chloride (2 eq.) was then added and after 5 min 

t h e  reaction mixture was quenched with 0.1M TEAJ3 and 

extracted with chloroform (20 ml). The organic phase was 

washed with water (2x10 ml), evaporated and the residue was 
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roevapora ted  several t i m e s  w i t h  to luene t o  remove c o m p l e t e l y  

p y r i d l n e .  A foam w a s  evaporated w i t h  T I P ,  d i s s o l v e d  i n  the 

same s o l v e n t  and prec ip i ta ted  f r o m  n-hexane-ethyl ether 

m i x t u r e .  T h e  w h l t e  powder w a s  d r i ed  overnight  under vacuum 

and was used for f u r t h e r  s tud ies  w i t h o u t  p u r i f i c a t i o n .  T h e  

p r o d u c t  w a s  chromatographica l ly  homogeneous. 3 1 P  NMR spectrum 
i n  T H F : 6  9.6 p p m  ( d o u b l e t  of quartets, l J p - ~ = 7 3 0  Hz, 3aJp- 

~ = 9 . 7  HZ). 
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