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Abstract—A novel method for the synthesis of oligoribonucleotides using 1-(2-cyanoethoxy)ethyl (CEE) as a 2’-hydroxy protecting
group has been developed. A CEE group was introduced to the 2’-position of N-acyl-3',5'-O-silyl-protected ribonucleosides under
acidic conditions in good yields. The 2’-O-CEE group was found to be stable in an aqueous or ethanolic ammonia and was quickly
removed by treatment with anhydrous tetrabutylammonium fluoride (TBAF). A combination of the use of N-acyl and 2’-O-CEE
protecting groups enabled a reliable and complete two-step deprotection, first with NH;—EtOH, then with TBAF in THF, without

cleavage of internucleotidic linkages.
© 2004 Elsevier Ltd. All rights reserved.

Chemically synthesized oligoribonucleotides have be-
come increasingly important since the discovery of small
interfering RNAs (siRNAs).! The mammalian siRNAs
consist of only 21-23 nucleotides,”* and their chain
lengths are suitable for chemical synthesis. Many re-
search groups have successfully synthesized RNAs by
various strategies.* Compared with DNA, each nucleo-
tide unit of RNA contains an additional 2’-hydroxy
group, which has to be protected regioselectively. 2'-O-
TBDMS-Protection has been widely used for the
oligoribonucleotide synthesis by the phosphoramidite
approach.” However, 2'-O-TBDMS-protected mono-
mers possess lower coupling efficiency compared with
that of 2’-deoxyribonucleoside derivatives due to the
steric hindrance of the TBDMS group. In recent years,
new protecting groups have been reported for the 2'-
hydroxy function, such as fluoride-labile silicon-based
protecting groups®’ and acid-labile acetals® !0 as well
as orthoester-type protecting groups.!! The acetal-type
protecting groups have excellent features such as capa-
bility for the 2'-O-selective protection and lower steric
hindrance. However, these protecting groups are some-
what unstable under the strong acidic conditions pre-
scribed for the deprotection of the 5'-O-DMTr group.
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It has been reported that the introduction of an elec-
tron-withdrawing group to an acetal function stabilizes
the protecting group under acidic conditions.° Pfleidrer
and co-workers have reported that the 1-(2-cyanoeth-
oxy)ethyl (CEE) was an acid-stable 2’-hydroxy protect-
ing group for uridine.® However, this stabilized acetal
group requires drastic acidic conditions for complete re-
moval. Therefore, the CEE group has not hitherto been
applied for oligoribonucleotide synthesis. In this letter,
we wish to report the application of a CEE group as
the first example of a base-labile acetal-type of 2’-hydr-
oxy protection group for oligoribonucleotide synthesis.

The 2’-O-CEE-protected ribonucleoside 3’-phosphor-
amidite building blocks 4a—d were synthesized via the
N-acyl-5',3'-O-(tetraisopropyldisiloxan-1,3-diyl)-protected
nucleosides 1a—d. Compounds 1a,b and d were allowed
to react with vinyloxypropionitrile'? in the presence of
p-toluenesulfonic acid in 1,4-dioxane to give the 2'-O-
CEE-protected nucleosides (2a,b and d) in 94-97%
yields.” In the case of the N-2-phenoxyacetylguanosine
derivative 1c, a side reaction occurred under the same
conditions. Therefore, the reaction was carried out in
the presence of pyridinium p-toluenesulfonate at 55°C
to afford 2c¢ in an acceptable yield (75%). The selective
deprotection of the 3’,5'-cyclic silyl ethers was achieved
by treatment of 2 with Sequiv of tetrabutylammonium
fluoride (TBAF) and 6equiv of acetic acid in THF.?
The resulting intermediates bearing the free 5'-OH were
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Scheme 1.

treated with DMTr-Cl in pyridine to give the 2’-O-CEE-
5’-0-DMTr-ribonucleosides 3 in 85-96% yields (two
steps), which were further phosphitylated with O-(2-
cyanoethyl)-N, N'-diisopropyl-aminophosphorochlori-
dite in the presence of diisopropylethylamine (DIPEA)
to give the phosphoramidite building blocks 4a-d in
68-89% yields (Scheme 1).

Next, the stability of the 2’-O-CEE group was examined
by using 2'-O-CEE-5'-O-DMTr-uridine 3d as a model
compound (Table 1). The CEE group was completely re-
tained for at least 30h at rt in an aqueous or ethanolic
ammonia, which are prescribed for the deprotection of
N-acyl and phosphate protecting groups. On the other
hand, the CEE group was gradually removed by treat-
ment with 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU)
via a PB-elimination mechanism. Finally, it was found
that the CEE group was easily removed by treatment
with TBAF in dry THF within 1 min. When the reaction
was carried out in the presence of excess water, the CEE
group was deprotected much slower than under anhy-
drous conditions. In addition, the CEE group was stable
even in the presence of a large excess amount of Et;N-
3HF as a fluoride ion source. These results indicate
that the rate of the deprotection reactions does not sim-
ply depend on the basicity of the reagents in water, but is

Table 1. Deprotection conditions and stability of 2’-O-CEE-5'-O-
DMTr-uridine (3d)

Entry Conditions® Half-life (min)
1 0.5M DBU/MeCN 240

2 0.5M TBAF/THF <1

3 TEA-3HF Stable®

4 25% NHsaq Stable®

5 25% NHaq-EtOH (3:1, v/v) Stable®

6 2M NH4/EtOH Stable®

#3d (0.01 M) at rt.
®No degradation was observed for at least 30h.

more probably affected by their basicity in aprotic sol-
vents. Quaternary ammonium fluorides such as TBAF
have already been reported to be useful reagents for var-
ious base-catalyzed reactions in polar aprotic solvents,
and their basicity is controllable by the addition of a
protic solvent such as water.!®> Thus, the CEE would
be deprotected by treatment with anhydrous TBAF as
a base via a B-elimination process.

2' 2' 2'

NH;, .
TBAF _ "™

G ~—X— Ng:ro\/\CN ——— OH

The phosphoramidites 4a—d were condensed with 2',3'-
O-bis-phenoxyacetyluridine in the presence of 1H-
tetrazole in acetonitrile by a conventional procedure.
After successive oxidation with tert-butylhydroperoxide
and purification by silica-gel column chromatography,
the fully protected dimers 5a—d were obtained in excel-
lent yields (Scheme 2).

The 5’-O-DMTT group of 5a was removed by treatment
with 3% dichloroacetic acid (DCA) in CH,Cl,. Next, the
base-labile protecting groups except for the 2’-O-CEE
group were removed by treatment with 25% NHzaq—
EtOH (3:1, v/v). Finally, the 2’-O-CEE group was
deprotected with anhydrous 1M TBAF in THF at rt
for 6h to give UpU in 78% yield (three steps). The
HPLC analysis of the crude product showed neither
migration nor cleavage of the internucleotidic linkage
(Fig. 1).

In conclusion, the use of the 2’-O-CEE group together
with N-acyl and 2-cyanoethyl phosphate protecting
groups enabled a two-step deprotection procedure, first
with ammonia, then with TBAF. Thus, 2’-O-CEE pro-
tection is expected to be compatible with 2’-O-TBDMS



Scheme 2.

Labsorbance (260 nm)

T. Umemoto, T. Wada | Tetrahedron Letters 45 (2004) 9529-9531

HO o Y
4a-d +
PacO OPac
Pac: phenoxyacetyl
3% CHCI,COOH
5a

25% NH3aq - EtOH (3:1, v/v)

N=N
HN__N

<-OOH

—_————ee————reee

O —

| T
20 30

—_
o

MeCN

HO

0.0

*H,N"07

Figure 1. RP-HPLC analysis of the crude mixture of UpU (linear
gradient: 0-15% MeCN/0.1M TEAA in 30min).

chemistry. Work on the solid-phase synthesis of oligo-
ribonucleotides containing four kinds of nucleobases is
now in progress.
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