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NUCLEOSIDES & NUCLEOTIDES, lO(1-3), 359-362 (1991) 

SYNTHESIS OF OLIGONUCLEOTIDES COVALENTLY LINKED TO INTERCALATING AGENTS 
AND TO REACTIVE GROUPS 

Ulysse Asseline and Nguyen T. Thuong 
Centre de Biophysique Moleculaire, C.N.R.S. 

lA, Avenue de la Recherche Scientifique 
45071 - Orleans Cedex 2 (France) 

Abstract : The use of modified supports involving 2,2'-dithiodiethanol 
allows solid-phase synthesis of oligonucleotides derivatized at their 
3' end with an acridine o r  a phenanthroline derivative o r  with phos- 
phate, thiophosphate and amino group. 

The increasing use of synthetic oligonucleotides covalently linked 

to various ligands (such as non radioactive labels , intercalating 

agents and reactive groups ) as tool of molecular biology and as poten- 

tial agents of gene expression regulation led to the development of 

various chemical procedures for their synthesis (3 -6 ) .  In some cases 

reactive groups can be directly incorporated at preselected positions 

of the oligonucleotides during the chain elongation on solid-phase by 

using modified nucleosides containing the masked reactive groups. In 

the other cases the substituent groups are not stable under the chemi- 

cal conditions required for deprotection of the oligodeoxyribonucleo- 

tides and therefore need to be coupled with unblocked oligonucleotides. 

Various methods to obtain automated synthesis of modified oligonu- 

cleotides at their 5' end o r  at the internucleotide bond level were 

widely reported in the literature, but the solid phase preparation of 

3' modified o l igodeoxyr ibonuc leo t ides  is more difficult to carry out. 

We report below the use of modified supports involving the 2,2'-dithio- 

diethanol group which allow the preparation of oligonucleotides deriva- 

tized at their 3' end with an acridine o r  a phenanthroline derivative 

or with, phosphate, thiophosphate and primary amino group which can 

then be reacted with convenient ligands. 
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As shown on the scheme the direct incorporation of a substituent 

group R (2-rnethoxy-6-chloro-9-pentylarninoacridine o r  5-nonanoamido- 

1,lO-phenanthroline) at the 3' end of the oligonucleotide needs the 
preparation of the nucleoside-3'-acridinyl (or phenanthrolinyl) phos- 
phate attached via the 2,2'-dithiodiethanol derivative to the support 

- 5. This can be achieved by using two ways. The faster method involves 

the synthesis of the nucleoside phosphoramidite bearing acridine deri- 

vative 4 which was then reacted with the hydroxyl of 2,2'-dithiodietha- 
no1 immobilized on the support 2 (obtained via the activated ester 1 by 
analogy with the classical procedures '). The second way uses a nucleo- 

side-3'-phosphotriester intermediate Nu'P(0)(OR)OCH2CH,S-SCH2CH20H 
which was obtained by transesterification of the aryl ester 

Nu'P(O)(OR)OAr with 2,2'-dithiodiethanol. The hydroxyl function was 

then used to tether (via succinylated and activated ester intermediate 

- 6) the nucleoside phosphotriester to the support 2 t o  give 5. Although 

the latter is long it is a more convenient route because the purifica- 

tion of the phosphotriester derivative is easier than that of the 

phosphoramidite intermediate and so after fully unblocking of the 

oligonucleotide and its cleavage from the support by a treatment with 

dithiothreitol and 0.4 M aqueous NaOH, a much better purity was ob- 

tained for 3' derivatized oligonucleotide 7. 
The modified support derivatized with 2,Z'-dithodiethanol 2 can 

also be used to obtain oligonucleotides bearing various functional 

groups at their 3' ends which can be subsequently coupled with diffe- 

rent chemical reagents. 

The synthesis of oligonucleotides with 3' end phosphorothioate 

function lo was achieved via the nucleoside 3'-thiophosphate deriva- 

tized support 9 which was obtained by coupling the hydroxyl group of 

the support 2 with 5'0-dimethoxytrityl protected nucleoside-3'-( 8 - 
cyanoethyl) diisopropylamidophosphite 8 followed by the addition of 

sulfur to the intermediate phosphite. After elongation of the oligonu- 

cleotide chain by using the classical phosphoramidite procedure the 

unblocking of the oligonucleotide and its cleavage from the support 
were achieved simultaneously by treatment with a mixture of dithiotrei- 

to1 and concentrated aqueous ammonia'. The obtained 3'-phosphorothioate 

containing oligonucleotides lo can be then reacted with halogenoalkyl 

derivatives in aqueous or organic media (in the presence of crown ether 
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to solubilize the oligonucleotide) to afford the oligonucleotide 3'- 
phosphorothioloester Nup---NupsR. 

The direct use of 2,2'-dithiodiethanol derivatized support 2 to 

carrying out chain elongation 11 leads after full unblocking of the 

oligonucleotide and its releasing from the support by the previously 

described treatment, to oligonucleotide with 3' terminal phosphate 12 
which can be coupled with amino compound leading to phosphoramidate 

derivative. 

Immobilization of an aliphatic aminoalcohol on the previously 

described 2,2'-dithiodiethanol derivatized support 2 via a carbamate 
linkage afford the support 13 with a free hydroxyl group. After assem- 

bly of the oligonucleotide chain the carbamate linkage can be cleaved 

from the support (simultaneously with the unblocking of the oligonu- 

cleotide) by treatment with aqueous ammonia and dithiothreitol to 

generate 3'-primary amino derivatized oligonucleotide 2 which can then 
be readd with electrophilic agents. 

The above mentioned methods were developed with natural ( B - D )  and 

unnatural (a-D, 6-L and a-L) o l igodeoxyr ibonuc leo t ides .  The use of 

these derivatized supports, involving a disulfide bond, stable under an 

acidic o r  alkaline medium, allows moreover to make other chemical 

reactions at the 5' end of the oligonucleotides. The development of 

oligodeoxyribonucleot ides  biderivatized with two identical o r  different 

groups is now in progress. 
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