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NOVEL METHOD FOR THE SYNTHESIS OF 2′-PHOSPHORYLATED

OLIGONUCLEOTIDES

Darya S. Novopashina, Olesya S. Totskaya, and Maria I. Meschaninova �

Institute of Chemical Biology and Fundamental Medicine, Siberian Branch of Russian
Academy of Sciences, Novosibirsk, Russia

Dmitry A. Stetsenko � School of Biomedical and Molecular Sciences, University of
Surrey, Guildford, Surrey, UK

Alya G. Venyaminova � Institute of Chemical Biology and Fundamental Medicine,
Siberian Branch of Russian Academcy of Sciences, Novosibirsk, Russia

� We have developed a new method for the preparation of oligodeoxyribonucleotides and oligo(2 ′-
O-methylribonucleotides) that contain a 2 ′-phosphorylated ribonucleoside residue, and optimized
it to avoid 2 ′-3 ′-isomerization and chain cleavage. Structures of the 2 ′-phosphorylated oligonu-
cleotides were confirmed by MALDI-TOF MS and enzymatic digestion, and the stability of their
duplexes with DNA and RNA was investigated. 2 ′-Phosphorylated oligonucleotides may be useful
intermediates for the introduction of various chemical groups for a wide range of applications.

Keywords 2′-Modification; oligodeoxyribonucleotides; oligo(2′-O-methylribonucleo-
tides); 2′-phosphate; solid-phase synthesis

INTRODUCTION

2′-Functionalization of oligonucleotides is a convenient approach for
the design of nucleic acid conjugates.[1,2] It provides a chance for the pre-
cise positioning of a pendant group along the sequence, may cause a mini-
mal distortion of the duplex structure, and maintains the 3′- and 5′-termini
free for other chemical or enzymatic reactions. Recently, we have published
a preliminary communication on the preparation of the 2′-phosphorylated
oligodeoxyribonucleotides and their conjugates.[3] Here we would like to
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report on the further refinement of this method and its extension to
oligo(2′-O-methylribonucleotides).

RESULTS AND DISCUSSION

2′-Phosphorylated oligonucleotides have been prepared previously via
ribonucleoside 3′-phosphoramidites with the 2′-phosphotriester group.[4]

The authors have had to address the 2′-3′-migration of the phosphotriester
group and slow coupling of the 2′-phosphorylated 3′-phosphoramidites. Ad-
ditionally, to introduce the 2′-phosphate group into any position within an
oligonucleotide sequence by this method, all four of the corresponding
phosphoramidites have to be prepared by a complex multi-step synthesis.

To circumvent these problems, we have adopted a solid-phase ap-
proach that uses commercially available 2′-O-TBDMS-ribonucleosides.
Oligonucleotide synthesis is started on polystyrene support and a 2′-
O-TBDMS-ribonucleoside is incorporated at an appropriate position
(Scheme 1). At the end of the assembly, the 5′-O-DMTr group is re-
moved and the 5′-OH is capped by acetylation. Because in the pres-
ence of the free 2′-OH the vicinal phosphotriester migrates more easily
and gives more chain cleavage than the corresponding phosphodiester,[5]

SCHEME 1 Synthesis of 2′-phosphorylated oligonucleotides. Bp/B = N -protected/unprotected nucle-
obase, R = H or OMe, BSA – N ,O-bis(trimethylsilyl)acetamide, DBU – 1,8-diazabicyclo[5.4.0]undec-7-
ene, DCA – dichloroacetic acid, DMTr – 4,4′-dimethoxytrityl, TBDMS – tert-butyldimethylsilyl, TEA·3HF
– triethylamine trihydrofluoride.

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
1
7
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



T
A

B
L

E
1

2′
-P

h
os

ph
or

yl
at

ed
ol

ig
on

uc
le

ot
id

es
an

d
th

ei
r

pr
op

er
ti

es

IE
-H

PL
C

re
te

n
ti

on
ti

m
e,

m
in

c

T
m

,◦
C

(�
T

m
,◦

C
)e

M
A

L
D

I-
T

O
F,

2′
-P

h
os

ph
or

yl
at

ed
A

ft
er

A
Pd

O
lig

on
uc

le
ot

id
e

se
qu

en
ce

,5
′ −

3′
a

ca
lc

./
fo

un
d

Yi
el

d,
%

b
ol

ig
on

uc
le

ot
id

e
tr

ea
tm

en
t

D
N

A
R

N
A

T
T

T
U

p
T

T
T

T
T

27
57

.7
/

27
57

.4
25

17
14

—
—

G
C

A
T

C
A

A
G

C
U

p
C

C
A

G
G

C
49

33
.1

/4
93

3.
2

18
42

30
47

.0
(−

4.
0)

47
.3

(−
2.

2)
G

C
A

U
p
C

A
A

G
C

T
C

C
A

G
G

C
49

33
.1

/4
93

3.
0

18
42

30
45

.9
(−

5.
1)

46
.0

(−
3.

5)
G

C
A

T
C

A
A

G
C

A
G

C
U

p
C

C
A

G
G

C
58

65
.7

/5
86

4.
2

16
—

—
68

.0
(−

2.
0)

—
G

C
A

U
p
C

A
A

G
C

A
G

C
T

C
C

A
G

G
C

58
65

.7
/5

86
3.

8
16

—
—

69
.0

(−
1.

0)
—

G
m

C
m

A
m

U
m

C
m

A
m

A
m

G
m

C
m

U
p
C

m
C

m
A

m
G

m
G

m
dC

53
39

.5
/5

33
8.

1
24

32
27

42
.3

(−
6.

1)
62

.9
(−

3.
3)

G
m

C
m

A
m

U
p
C

m
A

m
A

m
G

m
C

m
U

m
C

m
C

m
A

m
G

m
G

m
dC

53
39

.5
/5

33
8.

1
24

32
27

46
.7

(−
1.

7)
61

.1
(−

5.
1)

G
m

C
m

A
m

U
m

C
m

A
m

A
m

G
m

C
m

U
m

C
m

C
m

A
p
G

m
G

m
dC

53
39

.5
/5

33
7.

2
26

—
—

—
—

G
m

C
m

A
p
U

m
C

m
A

m
A

m
G

m
C

m
U

m
C

m
C

m
A

m
G

m
G

m
dC

53
39

.5
/5

33
5.

9
35

—
—

—
—

a
U

p
or

A
p

–
2′

-p
h

os
ph

or
yl

at
ed

ri
bo

n
uc

le
ot

id
e,

N
m

–
2′

−
O

-m
et

h
yl

ri
bo

n
uc

le
ot

id
e;

b
Is

ol
at

ed
yi

el
d

af
te

r
pu

ri
fi

ca
ti

on
as

qu
an

ti
fi

ed
by

A
26

0
;c I

on
-e

xc
h

an
ge

H
PL

C
,

4.
6

×
25

0
m

m
Po

ly
si

l
SA

co
lu

m
n

(“
Te

or
.

Pr
ak

ti
ka

”,
R

us
si

a)
,

0–
0.

4M
K

H
2
PO

4
,

20
%

M
eC

N
,

50
m

in
;

d
A

P
–

al
ka

lin
e

ph
os

ph
at

as
e.

e C
on

di
ti

on
s:

0.
1M

N
aC

l,
10

m
M

N
a-

ca
co

dy
la

te
,

pH
7.

4,
1

m
M

N
a 2

E
D

T
A

;
[o

lig
on

uc
le

ot
id

e]
=

[t
ar

ge
t]

=
1.

3
·1

0−
5

M
,

ta
rg

et
:

r(
G

C
C

U
G

G
A

G
C

U
U

G
A

U
G

C
)

or
d(

G
C

C
T

G
G

A
G

C
T

T
G

A
T

G
C

)
or

d(
T

G
C

C
T

G
G

A
G

C
T

G
C

T
T

G
A

T
G

C
);

�
T

m
is

th
e

di
ff

er
en

ce
be

tw
ee

n
th

e
T

m
fo

r
th

e
du

pl
ex

es
of

th
e

un
m

od
ifi

ed
an

d
th

e
2′

-p
h

os
ph

or
yl

at
ed

ol
ig

on
uc

le
ot

id
e.

823

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
1
7
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



824 D. S. Novopashina et al.

the 2-cyanoethyl groups were removed before 2′-O-TBDMS deprotection
by 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU) in the presence of N ,O-
bis(trimethylsilyl)acetamide (BSA).[4] The 2′-OH group was then desily-
lated by triethylamine trihydrofluoride treatment[6] and phosphorylated
with 2-[2-(4,4′-dimethoxytrityloxy)ethylsulfonyl]ethyl-(2-cyanoethyl)-(N ,N -
diisopropyl)-phosphoramidite[7] and 5-ethylthiotetrazole followed by aque-
ous iodine oxidation. The yield of the 2′-phosphorylation can be easily
monitored by the DMTr cation release.[7] The 2′-phosphorylated oligonu-
cleotides obtained were fully deprotected and isolated by the usual means,
their molecular masses established by MALDI-TOF MS (Table 1).

The presence of the 2′-phosphate group in the oligonucleotides has
been confirmed by ion-exchange HPLC after alkaline phosphatase treat-
ment (Table 1). No 2′-3′-migration products were detected by analytical
HPLC after hydrolysis of a model nonanucleotide TTTU pTTTTT by alka-
line phosphatase followed by nuclease P1 (the ratio pU:pT:T = 1:7:1).

Next, the thermal stability of the duplexes formed by the 2′-
phosphorylated deoxy- and 2′-O-methyl oligonucleotides has been investi-
gated (Table 1). The 2′-phosphate produced a sequence-dependent and
largely detrimental effect on the stability of a duplex with either DNA or
RNA, probably due to electrostatic repulsion of an extra negative charge of
the group.

Finally, the stability of the 3′-5′-phosphodiester bond adjacent to the 2′-
phosphate group has been demonstrated at pH 6.0–9.0. The rate of hydrol-
ysis of the 2′-phosphorylated oligonucleotides by nuclease P1, snake venom
phosphodiesterase, and in the presence of fetal calf serum was the same as
for their unmodified analogs.

CONCLUSIONS

We have shown that 2′-phosphorylated oligonucleotides can be prepared
efficiently by solid-phase 2′-phosphorylation of a ribonucleoside incorpo-
rated into the sequence. The derivatives described may be useful for the
design of novel oligonucleotide conjugates as instruments of molecular bi-
ology, potential antisense and anti-gene reagents, and probes for sensitive
detection of nucleic acids by hybridization and others.
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