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Most of the published work on the chemical synthesis of oligonucleotides* 

has involved the us8 of intermediates with unprotected lnternucleotide phospho- 

diester linkages. Such intermediates can usually be isolated only on a com- 

paratively small scale and are sometimes difficult to obtain pure. Furthermore, 

the presence of free phosphodieeter functions can lead to undesirable eide- 

reactions during subeequent phosphorylation steps. This presumably accounts 

for the low yields, especially of larger oligomers, often obtained by this 

approach. In the hope of overcoming these problems, 3-7 several groups of workers 

have investigated the possibility of protecting the phosphodiester linkages in 

oligonucleotide synthesis. As a result of our own studies5 in this area, we 

have come to believe that significant progress in the development of methods 

for the chemical synthesis of oligonucleotides in both the ribose and deoxy- 

ribose series will result only if the internucleotide linkages are protected. 

In the present communication we describe the preliminary results of our studies 

on the block synthesis of some oligothymidylic acids by the phosphotriester 

approach. 

The fully-protected dinucleoside phosphate (Via) may be regarded as the 

basic synthetic unit in the present work; it was prepared by allowing IIIb8f6.i0 

mmole, m.p. 145-147 0 
, obtained from thymidine (IIIa) in 6546 yield), phenyl 

dihydrogen phosphate (IV, 6.70 mmole) and an excess of tri-isopropyl-benzene- 

sulphonyl chloride' (TPS, V, 16.1 mmole) to react together in anhydrous pyri&ns 

solution at 20° for 16 hr. and then adding IIIc (6.70 mmole, m.p. 128-130°, 

obtained from thymidine in 53% overall yield) and more TPS (4.1 mmole). Workup 

of the products after 48 hr. and fractionation by Short Column Chromatography 
10 

gave Via, which was isolated as a homogeneous (t.1.c.) colourless solid in 75s 

yield. 

The use of Short Column Chromatography in this work should be emphasized; 

in our hands, thistechnique has proved to be far superior to conventional adsorp. 

tion chromatography for the fractionation of phosphotriester intermediates and we 

strongly recommend its use when a high recovery of very pure material is impor- 
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tant. This technique may be used to fractionate quantities of up to lo-20 g. 

at a time. Another noteworthy practical aspect of the present approach is that 

phenyl and many other aryl dihydrogen phosphates are non-hygroscopic, crystal- 

line solids which can therefore be weighed out in precisely etoicheiometric 

quantities. 

Treatment of the fully-protected dinucleoside phosphate (Via) with dilute 

alkali and dilute acid at 20° gave the partially-protected dimers, VIb (>90$) 

and VIc (95$), respectively. The fully-protected tetramer (VII; R=I, R'=II) 

was then prepared from VIc (2.80 mmole), IV (2.80 mmole), TPS (6.72 + 1.7 mmole) 

and VIb (2.80 mmole) in the manner described above for the preparation of Via; 

it was isolated as a homogeneous (t.1.c.) colourless solid in 63% yield after 

Short Column Chromatography. Repetition of the alkaline and acidic de-blocking 

processes on VII (R=I, R'=II) gave good yields of the partially-protected 

tetramers (VII; R=H;R'=II and R=I, RbH, respectively). The fully-protected 

octamer (VIII; R=I, R'=II) was prepared from the partially-protected tetramere 

(0.49 mmole of each), IV (0.49 mmole) and TPS (1.15 + 0.30 mmole); it was iso- 

lated as a homogeneous colourless solid in 57% yield. Finally, a preliminary 

experiment, carried out on a 0.1 mmole scale, indicated that the fully-protected 

hexadecamer (IX; R=I, RI-II) can be prepared from stoicheiometric quantities of 

the partially-protected octamers (VIII; R=H, R'=II and R=I, R'=H) without a 

significant fall off in yield. 

In order to obtain the unprotected oligonucleotides (X, XI and XII), the 

5'-hydroxyl groups of the partially-protected intermediates (VIb, VII; R=H, 

R'=II and VIII; R=H, R'=II) were tetrahydropyranylated and the products obtained 

(e.g. VId) subjected first to alkaline (0.2 g alkali at 20°) and then to acidic 

(pH2,20°) hydrolysis. Examination of the hydrolysis products (paper electro- 

phoresis and cellulose t.1.c.) revealed that the TpT (X) and (Tp)_,T (XI) 

obtained were virtually free from contaminants. However, this was not true for 

the (TP)~T (XII). The three products were purified by chromatography on DEAR- 

cellulose: TpT, (TP)~T and (TP)~T accounted for 92, 79 and 52% of the total 

absorbance units (267 nm) eluted from the respective columns. The purified 

oligomers were homogeneous (paper electrophoresis, cellulose t.1.c. and PRI- 

cellulose t.1.c.) and their total digestion by venom and spleen phosphodiester- 

ases to give the expected products confirmed their structures. 

The only moderate yield of (TP)~T (XII) obtained from the corresponding 

fully-protected tetrahydropyranyl derivative (VIII; R=THP, R'=II) and a pre- 

liminary examination of the structures of some of the by-products obtained indi- 

cate that phenyl is not entirely satisfactory as a protecting group for the 

internucleotide linkages. In effect, alkaline hydrolysis of phenyl dialkyl 

phosphates leads to small amounts of phenyl alkyl phosphates in addition to the 

expected dialkyl phosphates. Thus, when the fully-protected octamer (VIII;R='DIP 

R'=II) is subjected to alkaline hydrolysis, the possibility exists for some 
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internucleotide cleavage to occur at each of its seven phosphotriester groups. 

Fortunately, recent experiments indicate that this difficulty can be virtually 

completely eliminated by using halogen-substituted aryl instead of simple 

phenyl protecting groups. 

In conclusion, the present work demonstrates that comparatively large 

oligonucleotides can be obtained in satisfactory yields by the phosphotriester 

approach. The phosphorylation procedure described is effective and Short 

Column Chromatography is an efficient technique for the purification of phos- 

photriester intermediates. Following the introduction of modified protecting 

groups for the internucleotide linkages, this method should find general appli- 

cation in the synthesis of high molecular weight oligonucleotides in both the 

deoxyribose 
11 

and ribose series. Even without modification, the present block 

synthesis of oligothymidylic acids represents a significant advance over a 

corresponding synthesis by the phosphodiester approach. 
12 
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