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ABSTRACT: The use of phenoxyacetyl group for the protection of the exocyclic amino function 
of purlne bases and acetyl group for cytosine in oligonucleotide synthesis by the 
cyanoethylphosphoramidite approach is described. A side reaction - i.e. partial replacement 
of phenoxyacetyl group of protected guanines by acetyl group - was observed during the 
capping step. It can be avoided by the use of phenoxyacetic anhydride ln place of acetic 
anhydride. 

INTRODUCTION 

The chemical synthesis of DNA fragments can be performed very efficiently by the 

phosphoramidite methodology (1). Thls is largely due to the convenience of performing the 

internucleotide coupling reaction with an excellent yield. Curiously, the amino protecting 

groups currently used, have not been so much improved. They are the same as those proposed 

by Khorana in 1963 (2). Their elimination at the end of the assembly requires rather drastic 

experimental conditions : a treatment in concentrated aqueous ammonia for 17 h at 65’C. 

These conditions are not convenient when fragile bases have to be incorporated in the 

ollgonucleotide chain. To overcome these problems we have introduced a new set of 

alcali-labile protecting groups which can be used as well in deoxyoligonucleotide synthesis 

(3) as in the oligoribonucleotide series (4). In this article we describe our results 

concerning the protection of adenine, guanine and cytosine in the synthesis of RNA 

fragments. 

PREPARATION OF PROTECTED MONONUCLEOTIDES 

The aim of this work was to search for a set of amino-protecting groups which could 

be eliminated in 4h in ammonia/ethanol i/l at room temperature. These conditions seem to be 

acceptable for 5,6-dihydrouridine which is found in t-RNAs. Hence, various protected 

guanine, adenine and cytosine nucleosides were prepared by the transient protection method 

(6-7) and the rate of their deprotection in a mixture of ammonia and ethanol was evaluated 

by HPLC. The values of half time of deprotection show that phenoxyacetyl group is convenient 

for guanine (tH = 15 min) and adenine (t% = 10 min) and that acetyl group is adapted to the 

protection of cytosine (tH = 10 min). These results may be compared with those of Ogilvie et 

al. (8) who suggest the same group for purine bases but keep benzoyl group for cytosine. 

Thus the final deprotection time is 16 h at room temperature, which is not compatible with 

our goal. 
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To protect the S’hydroxy function of the ribose residues, the 4,4’-dimethoxytrityl 

group which is more labile in acidic conditions was preferred (9). The protection of the 2’ 

position of the sugar residue was performed with the tertiobutyldimethylsilyl group (10,l I). 

Pure 2’ isomers were separated from their 3’ isomers and bis-silylated compounds by HPLC on 

silica gel. They were characterized as free of contaminant by high field proton nuclear 

magnetic resonance. 

For the protection of the phosphorus atom we have preferred the cyanoethyl group 

as proposed by Kgster (12) in DNA synthesis (13). Compounds l-3 (figure 1) were purified by 

HPLC and their purity was checked by ‘H and 3iP NMR and Fast Atom Bombardment mass 

spectroscopy. 
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Figure 1 : dmt = 4,4’-dimethoxytrityl- 

ASSEMBLY OF THE OLIGONUCLEOTIDES 

Four oligoribonucleotides constituting a part of the sequence of Ksubtilis 

formylmethionlne t-RNA were synthesized : 

5’-UGAGCAGUUC-3’ sequence 1 

5’-AAUCCUGCCC-3’ sequence 2 

5’-GGGCUCAUAAC-3’ sequence 3 

5’-GAGCAGUUC-3’ sequence 4 

The assembly was realized with an Applied Biosystems Model 381A synthesizer from 0.2 

umoles of protected nucleoside attached at its 3’ site to the support (long chain alkylamino 

controlled-pore glass). The usual cycle proposed by the manufacturer was used with only one 

modification, an increase of the condensation time to 20 min (14). The average coupling 

yield determined from the 4,4’-dimethoxytrityl cation release was about 95 %. 

DEPROTECTION AND PURIFICATION OF THE OLIGONUCLEOTIDES 

When the chains were assembled, the deprotection of the oligonucleotides was 

performed In two steps. The cleavage of the sequence from the support, the elimination of 

the protecting groups from the bases and the triester phosphates were made simultaneously by 

treatment in ammonia/ethanol l/l for 4 hours at room temperature. In a second step, the 

2’tertiobutyldimethylsisyl groups were removed by reaction with 1M tetrabutylammonium 

fluoride in THF. 
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