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 †1 The phosphotriester method of oligonucleotide
synthesis with the use of О�nucleophilic catalysis at
the stage of the internucleotide bond formation is an
alternative to the phosphoroamidite approach. The
well�developed phosphotriester method was success�
fully used for the synthesis of both native and modified
oligonucleotides [1, 2]. Moreover, it was shown that
this method can be used for the preparation of ste�
reospecific phosphorothioate oligonucleotide analogs
[3, 4].

To develop the efficient phosphotriester method of
the synthesis of native and modified oligoribonucle�
otides, we examined a number of protecting and mod�
ifying groups [5–7]. In continuation of the study, we
elaborated schemes of the synthesis of monomer syn�
thons for the solid�phase synthesis of RNA fragments
containing modifying 2'�О�methoxymethyl (MOM)
and protecting 2'�О�p�nitrobenzyloxymethyl (4�
NBOM) groups. The synthesis of oligoribonucleotides
was performed using these synthons.

 Abbreviations: DBU, 1,8�diazabicyclo[5.4.0]undec�7�en;
DMTr, 4,4'�dimethoxytrityl; MOM, methoxymethyl;
4�NBOM, p�nitrobenzyloxymethyl; NIS, N�iodosuccinimide;
TPS, 2,4,6�triisopropylbenzene�sulfonyl; TBAF, tetrabutylam�
monium fluoride.

† Deceased.
1 Corresponding author: phone: +7(495) 336�5911; fax: +7(495)

330�6738; e�mail: eva@mx.ibch.ru.

For the first time, the synthesis of uridine mono�
mer containing the 4�NBOM group and its use for
the synthesis of oligo(U) by the phosphoroamidite
method was described by Gough et al. [8]. It was
further shown that this protecting group along
with (о�nitrobenzyloxy)�, [4�(N�methylamino)ben�
zyloxy]�, and [4�(N�dichloroacetyl�(N�methyl�
amino)benzyloxy]methyl groups can be applied for
the efficient synthesis of RNA fragments by the
phosphoroamidite method [9–11]. However, the
synthesis of 2'�О�(4�NBOM)�uridine by the Gough
method led to the formation of the hard�to�separate
mixture of 2'�О� and 3'�О�(4�NBOM) derivatives
and, thereby, to the low yield of the target com�
pound.

We used the alternative scheme of regioselective
introduction of the 4�NBOM group at the 2'�posi�
tion (Scheme 1). At the first stage, 3'� and 5'�OH
functions of nucleosides were blocked by the treat�
ment with 1,3�dichloro�1,1,3,3�tetraisopropyldisi�
loxane (TIPDS�Cl2) [12] to prepare derivatives
(IV). At the same time, p�nitrobenzyl alcohol was
successively converted into methyl ester of
(p�nitrobenzyl)oxyacetic acid (I), (p�nitroben�
zyl)oxyacetic acid (II), and acetoxymethyl�p�
nitrobenzyl ester (III), which was used for the intro�
duction of the 4�NBOM group into the 2'�position
of nucleosides (IV).
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The 3'� and 5'�functions of resultant compounds
(V) should be deprotected. It was previously shown
that ammonium fluoride in methanol may be used for
this purpose [10]. We found that the 2'�O�(4�NBOM)
group was also not touched by potassium fluoride in
methanol; on the other hand, it can be easily
removed from compounds (V) along with the TIPDS
group by treatment with tetrabutylammonium fluo�
ride (TBAF) in THF. The further introduction of
the 4,4'�dimethoxytrityl protecting group at the
5'�hydroxyl function of nucleosides (VI) and
the preparation of 3'�phosphate derivatives (VIII)
containing 4�methoxy�1�oxide�2�picolyl P�protect�
ing group were carried out according to [6, 7].

The methoxymethyl protecting group found wide
application in both classical organic synthesis and

nucleoside and nucleotide chemistry for the protec�
tion of hydroxyl functions due to the simplicity of its
introduction and stability in both strong alkaline and
moderate acidic conditions, as well as under condi�
tions used for the removal of silyl, alkoxyacetyl, and
benzyl groups [13–15].

2'�О�MOM nucleotide derivatives (XII) were syn�
thesized according to successive reactions presented in
Scheme 2. Uridine, cytidine, and adenosine deriva�
tives (IV) with protected 3'� and 5'�hydroxyls and
amino groups of heterocyclic bases (in the cases of Cyt
and Ade) were treated with an excess of
dimethoxymethane in dichloroethane in the presence
of boron trifluoride etherate at room temperature for
2 h. Completely protected nucleosides (X) were iso�
lated, and TIPDS groups were removed with 1 M
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TBAF in THF for 1 h followed by tritylation of the
resultant MOM derivatives. The prepared compound
(XI) was treated with (4�chlorophenyl)�(1�oxido�4�
methoxy�2�picolyl)phosphate in the presence of
TPS�Cl and then with DBU in aqueous acetonitrile
[6, 7] to introduce the phosphoric acid residue con�
taining the 4�methoxy�1�oxido�2�picolyl Р�protected
group at the 3'�hydroxyl group. In the case of gua�
nosine derivative, the treatment of nucleoside (IV)
with dimethoxymethane in the presence of boron tri�
fluoride etherate led to the formation of a large

amount of the fluorescent side product. In this case,
therefore, the synthesis of the 2'�О�МОМ derivative
(X) was carried out starting from the methylthiomethyl
derivative (IX) (its preparation can be seen in [16]) by
its treating with trifluoromethane sulfonic acid and
NIS in a THF–methanol mixture (25 : 1) for 20 min
at –40°С. In all cases, the structures of the intermedi�
ate compounds and target monomer synthons (VIII)
and (XII) were confirmed by mass spectrometry and
NMR spectroscopy methods.

Monomers (VIII) and (XII) were used for the solid
phase synthesis of 15–25�mer oligoribonucleotides.
The synthesis was carried out on the standard CPG�

support as described in [7, 17] using TPS�Cl as a con�
densing agent for the formation of the internucleotide
bond. The yields at the chain elongation steps were
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98–99%. After the synthesis was completed, the oligo�
nucleotides bound to the support were treated with
1�M potassium iodide in acetonitrile (5 h at room
temperature) to deblock phosphate residues and then
with concentrated ammonia to cleave oligonucle�
otides from the support and to remove protecting
groups from heterocyclic bases. p�Nitrobenzyloxym�
ethyl groups were removed from 2'�OH oligonucle�
otide functions by the treatment with TBAF in THF.
Oligonucleotides were then isolated by gel filtration
on columns with Sephadex G�25. Homogeneity of
the products were examined by electrophoresis in
polyacrylamide gel (figure a) and reverse�phase chro�
matography. Oligonucleotides with the same
sequences obtained by the phosphoroamidite method
using commercial monomers were used as control
compounds. Our results showed the reasonable effi�
ciency of using the (4�NBOM)�protecting group for
the protection of 2'�hydroxyls during the oligoribonu�
cleotide synthesis by the phosphotriester method.

It should be noted that attempts to remove the
2'�О�МОМ group from the synthesized oligoribonu�
cleotides with acidic reagents, e.g., 30% aqueous tri�
fluoroacetic acid [15, 18] or by the recently proposed
method based on the treatment with ZnBr2 in the
presence of mercaptan [19], led to a significant deg�
radation of the oligomer chain. We found that the
treatment of MOM�containing nucleosides with
1�M LiI in a acetonitrile–water mixture (20 : 1) in
the presence of 0.01�M HCl for 2–3 h resulted in an
almost quantitative removal of the 2'�О�МОМ pro�
tecting group. In case of oligoribonucleotides, how�
ever, in addition to the removal of MOM groups, the
partial degradation of the chain still occurred under
these conditions (figure b).

The presence of 2'�О�МОМ groups was not shown
to significantly influence the specificity of the binding
of oligonucleotides to complementary RNA frag�
ments and the stability of formed duplexes (the
increase of Tm was on average about 0.2°С per one
unit). However, complexes of 2'�О�МОМ�containing
oligonucleotides with DNA had the lower Tm values
than those of complexes formed by native oligoribonu�
cleotides of the same sequences (destabilization was
~0.3°С per unit). The introduction of single nucle�
otide substitutions in DNA and RNA targets led to the
decrease of melting temperatures of corresponding
duplexes by 10–15°С, depending on the position of the
mutation. This suggests the possibility of using 2'�О�
МОМ�modified oligoribnucleotides and their ste�
reospecific phosphorothioate analogs prepared by the
phosphotriester method for various molecular�biolog�
ical studies in the future.
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