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Approaches to Oligoribonucleotide Synthesis via Phosphotriester Intermediates 
By J. H. VAN BOOM and P. M. J. BURGERS 

(Gorlaezas Laborutoria der Rijksuniversiteit, Postbus 75, Leiden, The Netherlands 1 
and G. R. OWEN, C. B. REESE,* and R. SAFFHILL 

(University Chemical Laboratory, Lensfield Road, Cambridge CB2 IEW) 

Summary Methods are described for the synthesis of 
uridylyl-(3' 3 5')-uridine and uridylyl-( 3' -+ 5')-uridylyl- 
(3' 3 5')-uridine, in good yields; a phosphotriester 
approach has been adopted with the internucleotidic 
linkages protected by aryl protecting groups. 

MOST of the published work on the chemical synthesis of 
oligonucleotides has involved the use of intermediates with 
unprotected internucleotidic linkages.1 Such intermediates 
are often difficult to purify, and can only be handled on a 
comparatively small scale; their use can also lead to 

undesirable side reactions. Accordingly, the possibility of 
effecting the synthesis of oligonucleotides via phospho- 
triester intermediates has been in~estigated,~-s mainly in 
the deox~-series,~-* but there are two previous studies5 in 
the ribose series. 

The most crucial decision in the planning of an oligo- 
nucleotide synthesis by a phosphotriester approach lies 
in the choice of the protecting group for the internucleo- 
tidic linkages. We previously demonstrated4 that the 
phenyl group was suitable for this purpose in the deoxy- 
series, and we now report that phenyl (or substituted 
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phenyl) is equally suitable in the ribose series. 
report two phosphorylation procedures. 

We also NaOH-aqueous dioxan (4: 1, vfv) to remove the aryl pro- 
tecting groupst and then submitted to acidic hydrolysiss 
(6 h, pH 2, 20°), uridylyL(3’ --+ 5’)-uridine (UpU) and uri- 
dylyl- (3’ + 5’)-uridylyl- (3’ -+ 5’) -uridine (UpUpU) , respect- 
ively, were obtained as the sole nucleotide products. The 
latter compounds were paper-chromatographically (2 
systems) and electrophoretically (0*1;1I-sodium borate 
buffer, pH 8-8) homogeneous ; they underwent total digestion 
in the presence of pancreatic ribonuclease to give uridine 
3’-phosphate and uridine in the expected proportions. 
Although there was no evidence that either product was 
contaminated with material containing 3’ + 3’-inter- 
nucleotidic linkages, in future it is intended to use 3’-pro- 
tected extension units, such as 2’-O-methoxytetrahydro- 
pyranyl-3’-O-methoxyacetyluridine (2 ; R = MeOCH2CO), 
and thereby avoid this possibility. 

RO 0 

(1 )  M e O Q O  (2) 

HO 0 

u z urac i l  - 1  

In one of our synthetic approaches, o-chlorophenyl, 
which is ca. 6 times as base-labile as phenylI6 was chosen as 
the protecting group. Z’, 5’-Di-O-methoxytetrahydropyr- 
anyluridine’ (1) (1.0 mmol) was phosphorylated with 
o-chlorophenyl phosphate (1.1 mmol) and 2,4,6-tri-iso- 
propylbenzenesulphonyl chloride (TPS) (2.2 mmol) in 
anhydrous pyridine solution at  20°, as previously described.8 
After 5 h, when t.1.c. indicated that the reaction had gone to 
completion, 2’-O-methoxytetrahydr~pyranyluridine~ (2 ; 
R = H) (1.2 mmol) and more TPS (0.55 mmol) were added, 
and the reaction was continued for a further 16 h.7 Work- 
up and chromatography (on SilicAR CC7) of the products 
gave the partially-protected dinucleoside phosphate (3; 
R = o-CIC,H,) as a glass which was homogeneous on t.1.c. 
[75-80%, based on (l)]. Phosphorylation of (3; R = 
o-CIC,H,) with o-chlorophenyl phosphate and TPS followed, 
after 7 h, by the addition of (2; R = H) and more TPS gave 
(4; R = o-ClC6H4), which was isolated as a homogeneous 
glass (t.1.c.) (73-76%). When (3; R = o-C1C6H4) and 
(4; R = o-ClC6H4) were treated with an excess of 0 . 1 ~ -  

In another approach, 2’-O-methoxytetrahydropyranyl- 
5’-O-p-chlorophenoxyacetyluridine10 (5  ; R = p-C1C6H,-O-- 
CH,CO) (1.0 mmol) in pyridine solution was treated with 
phenyl phosphate (1.05 mmol) and TPS (2.4 mmol), 
followed after 5 h by Z’, 3’-O-methoxymethylidsneuridine1~ 
(6) (1.1 mmol) and more TPS (0.3 mmol). After a further 
16 h, the products were treated with an excess of 0 . 1 ~ -  
NaOH-aqueous dioxan a t  20” for 30s, worlied-up, and 
chromatographed. The partially protected dinucleoside 
phosphate (7; R1 = Ph, R2 = H) was then isolated as a 
colourless solid [82%, based on ( 5 ) ] .  In the same way, the 
partially protected trinucleoside diphosphate (8 ; R2 = H) 
was obtained [over SO%, based on (7; R1 = Ph, R2 = H)] 
from ( 5 ;  R = +C1C6H4.0*CH2.CO) (1.4 mmol), phenyl 
phosphate (1*25mmol), TPS (2.8 + 0.3mmol), and (7; 
R1 = Ph, R2 = H) (1.0 mmol). Removal of the protect- 
ing groups§ from (7; RI = Ph, R2 = H) and ( 8 ;  131 = Ph, 

-f This procedure for phosphotriester synthesis from a nucleoside phosphodiester derivative, an arenesulphonyl chloride, and a 
nucleoside was first used in the deoxy-series by Letsinger and his collaborators;2 it has also been reported5 to be effective in the ribose 
series. 

j: The times required for complete hydrolys‘s of the phosphotriester functions of (3; R = o-ClC,H,) and (4; R = o-ClC,FI,) a t  20’ 
were 90 and 180 min, respectively. 

$ Before alkaline hydrolysis of the phosphotriester groups, both (7) and (8) (R1 = Ph, R2 = H) were tetrahj~dropyranv1a:td. on their 
terminal 5’-hydroxy-groups. When this step was omitted with (7; R1 = Ph, R2 = H), the UpU obtained was contiminated with 
ca. 5 % of uridylyl-(5’ + 5’)-uridine. 
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R2 = H) gave UpU and UpUpU, respectively, as the sole 
nu Cleo tide products . 

Phenyl phosphorodichloridate had been used successfully 
as the phosphorylating agent in the deoxy-series.4 How- 
ever, in the ribose series, no success was achieved with this 
reagent in the presence of either 2,6-lutidine or pyridine. 
However, the partially protected dinucleoside phosphate 
(7; R2 = H) was isolated (89%) from the products of the 
reaction between (5 ; R = p-ClC, H4-OCH2CO) , phenyl 
phosphorodichloridate, and (6) in the presence of 5-chloro- 
l-methylimidazolel2 (9a), in acetonitrile solution. Although 
both phosphorylation steps were complete within 190 min, 
the product was contaminated with a non-nucleotidic 
impurity which was difficult to remove. When 5-chloro-l- 
ethyl-2-methylimidazolel2 (9b) was used instead of (9a), 
the isolated product (7; R2 = H) was pure but i t  was 
obtained in lower yield, and both steps of the phosphoryla- 
tion were slower. Thus, while it is clear that the imidazole 
derivatives (9a and 9b) are effective catalysts in phosphoryl- 

87 1 

ations with phenyl phosphorodichloridate, it may be 
concluded that phenyl (or substituted phenyl) phosphate 
activated by TPS in pyridine solution is a more suitable 

(9) a j  R = H  
b j R = M e  

phosphorylating system for the synthesis of oligoribonucleo- 
tides via phosphotriester intermediates. Indeed, it seems 
likely that it will be possible to synthesize oligoribonucleo- 
tides of moderate size by the latter procedure. 

(Received, April lcith, 1971; Corn. 675.) 
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