
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 26 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Nucleosides, Nucleotides and Nucleic Acids
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597286

Novel Base-Labile Protecting Groups for 5'-Hydroxy Function in Solid-
Phase Oligonucleotide Synthesis
Kazuo Kamaikeab; Takashi Namikia; Etsuko Kawashimaa

a School of Pharmacy, Tokyo University of Pharmacy and Life Science, Hachioji, Tokyo, Japan b Tokyo
University of Pharmacy and Life Science, Hachioji, Tokyo, Japan

Online publication date: 09 August 2003

To cite this Article Kamaike, Kazuo , Namiki, Takashi and Kawashima, Etsuko(2003) 'Novel Base-Labile Protecting Groups
for 5'-Hydroxy Function in Solid-Phase Oligonucleotide Synthesis', Nucleosides, Nucleotides and Nucleic Acids, 22: 5,
1011 — 1015
To link to this Article: DOI: 10.1081/NCN-120022725
URL: http://dx.doi.org/10.1081/NCN-120022725

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597286
http://dx.doi.org/10.1081/NCN-120022725
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Novel Base-Labile Protecting Groups for 50-Hydroxy
Function in Solid-Phase Oligonucleotide Synthesis

Kazuo Kamaike,* Takashi Namiki, and Etsuko Kawashima

School of Pharmacy, Tokyo University of Pharmacy and Life Science,
Hachioji, Tokyo, Japan

ABSTRACT

The 6-(levulinyloxymethyl)-3-methoxy-2-nitrobenzoyl (LMMoNBz) and 2-
(levulinyloxymethyl)-5-methoxy-4-nitrobenzoyl (LMMpNBz) groups were devel-
oped as novel base-labile protection for the 50-hydroxy function in solid-phase
oligonucleotide synthesis. A comparative study of the LMMoNBz, LMMpNBz
and 2-(levulinyloxymethyl)-5-nitrobenzoyl (LMNBz) protecting groups for oligo-
nucleotide synthesis proved strong feasibility for the LMMoNBz group.

Key Words: Base-labile protecting group; 50-Hydroxy protection; Oligonucleo-
tide synthesis.

Although reliable methods of solid-phase DNA synthesis using the 4,40-
dimethoxytrityl (DMTr) group to protect the 50-hydroxy function of nucleotide units
have been established, the DMTr group is not ideal for acidic deprotection at succes-
sive cycles.[1,2] The levulinyl (Lev) group has been demonstrated by Ohtsuka et al.
to offer excellent protection for the 50-hydroxy function of nucleotide units in RNA
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Scheme 1. a) HCHO, conc. HCl=1,4-dioxane, 50–55�C, 3 days; b) i. KOH, 85% MeOH-
H2O, 55�C, 30min, ii. conc. HCl; c) levulinic anhydride, l-methylimidazole, 1,4-dioxane, r.t.,
l h; d) HNO3, H2SO4, in an ice-salt bath, 20min.

Scheme 2. a) 3 (o- or p-NO2), TPSCl, pyridine, r.t., 2–3 h; b) i. Tris(1,2,3-triazolyl)phosphine,
N-methylmorpholine, CH2Cl2, 0

�C, 30min, ii. 1M TEAB aq.

Scheme 3. a) i. 0.5M NH2NH2.H2O, 2 : 3 : 5 CH3COOH-pyridine-CH3CN, 15min, ii. 0.5M
imidazole, CH3CN, 5 min; b) 0.05 M 6, 0.25M pivaloyl chloride, 1 : 1 pyridine-CH3CN, r.t.,
10min; c) 3% I2, H2O-19% pyridine-76% THF, r. t., 10min; d) conc. NH4OH, r.t., 3 h-50�C, 6 h.
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synthesis on CPG support.[3a,b] The Lev group is easily removed by hydrazinolysis
although the yield of 50-O-levulinylation is unsatisfactory due to low regioselectiv-
ity.[3] We have previously reported developing the LMNBz group, which has higher
regioselectivity, while maintaing easy removability of the Lev group.[4] In this paper,
we report the development of o- and p-nitrobenzoyl derivatives, the LMMoNBz and
LMMpNBz groups, as novel base-labile protection for the 50-hydroxy function in
solid-phase oligonucleotide synthesis.

The protecting reagents [3 (o- and p-NO2)] were easily prepared from m-anisic
acid (1) as shown in Sch. 1. Introduction of the LMMoNBz and LMMpNBz groups
to the 50-position of 20-deoxyribonucleosides (4) was accomplished by treatment with
3 (o- and p-NO2), respectively, in the presence of 2,4,6-triisopropylbenzenesulfonyl
chloride (TPSCl) in pyridine. The corresponding 50-O-benzoyl derivatives 5 (o and p)
were obtained in 55–76% yields (Sch. 2). We performed a comparative study of

Figure 1. Reversed-phase HPLC profiles of crude products of TpT preparations using 6a

(DMTr) on CPGs [7a (o, p, and LMNBz)], respectively. Conditions of reversed-phase HPLCs:
column mBONDASPHERE 5m C18 (3.9mm ID� 150mm L); elution buffer 7.25-50%
CH3CN=0.1M TEAA (pH 7); flow rate 1mL=min.

Figure 2. Reversed-phase HPLC profiles of crude products of TpTpTpT preparations using
6a (o, p, and LMNBz) on CPG 7a (DMTr), respectively. Conditions of reversed-phase
HPLCs: column mBONDASPHERE 5m C18 (3.9mm ID� 150mm L); elution buffer 7.25-
50% CH3CN=0.1M TEAA (pH 7); flow rate 1mL=min.
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the LMMoNBz, LMMpNBz and LMNBz protecting groups for oligonucleotide
synthesis (Sch. 3), as exemplified by synthesis of TpT and TpTpTpT using H-phos-
phonates [6a (DMTr, o, p, and LMNBz)][5] on CPGs [7a (DMTr, o, p, and LMNBz)]
by the manual synthesis, respectively. The excellence of the LMMoNBz group over
the LMMNpBz and LMNBz groups was confirmed as can be seen in Figs. 1–3.

REFERENCES

1. a) Matteucci, M.D.; Caruthers, M.H. Synthesis of deoxyoligonucleotides on a
polymer support. J. Am. Chem. Soc. 1981, 103, 3185–3191; b) Tanaka, T.; Let-
singer, R.L. Syringe method for stepwise chemical synthesis of oligonucleotides.
Nucleic Acids Res. 1982, 10, 3249–3260.

2. a) Reese, C.B.; Skone, P.A. Action of acid on oligoribonucleotide phosphotri-
ester intermediates. Effect of released vicinal hydroxy functions. Nucleic Acids
Res. 1985, 13, 5215–5231; b) Hirao, I.; Ishikawa, M.; Miura, K. Solid-phase
synthesis of oligoribonucleotides. Nucleic Acids Res. Symp. Ser. 1985, 16,
173–176; c) Christodoulou, C.; Agrawal, S.; Gait, M.J. Incompatibility of
acid-labile 20 and 50 protecting groups for solid-phase synthesis of oligoribonu-
cleotides. Tetrahedron Lett. 1986, 27, 1521–1522.

3. a) Iwai, S.; Ohtsuka, E. 50-Levulinyl and 20-tetrahydrofuranyl protection for the
synthesis of oligoribonucleotides by the phosphoramidite approach. Nucleic
Acids Res. 1988, 16, 9443–9456; b) Iwai, S.; Sasaki, T.; Ohtsuka, E. Large scale
synthesis of oligoribonucleotides on a solid support: synthesis of a catalytic
RNA duplex. Tetrahedron 1990, 46, 6673–6688; c) van Boom, J.H.; Burgers,
P.M.J. Use of levulinic acid in the protection of oligonucleotides via the modi-
fied phosphotriester method: synthesis of decaribonucleotide U-A-U-A-U-A-U-
A-U-A. Tetrahedron Lett. 1976, 4875–4878; d) van Boom, J.H.; Burgers, P.M.J.;
Verdegaal, C.H.M.; Wille, S. Synthesis of oligonucleotides with sequences

Figure 3. Reversed-phase HPLC profiles of crude products of TpTpTpT preparations using
6a (o and p) on CPGs [7a(o and p)], respectively. Conditions of reversed-phase HPLCs:
column mBONDASPHERE 5m C18 (3.9mm ID� 150mm L); elution buffer 7.25-50%
CH3CN=0.1M TEAA (pH 7); flow rate 1mL=min.

1014 Kamaike, Namiki, and Kawashima

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



identical with or analogous to the 30-end of 16S ribosomal RNA of Escherichia
coli: preparation of U-C-C-U-U-A and A-C-C-U-C-C-U-U-A via the modified
phosphotriester method. Tetrahedron 1978, 34, 1999–2007.

4. a) Kamaike, K.; Takahashi, H.; Kakinuma, T.; Morohoshi, K.; Ishido, Y. Oli-
gonucleotide synthesis by the use of a 2-(levulinyloxymethyl)-5-nitrobenzoyl
group as the novel base-labile protecting group for the 50-hydroxyl groups of
ribonucleoside and 20-deoxyribonucleoside 30-phosphoramidites. Tetrahedron
Lett. 1977, 38, 6857–6860; b) Kamaike, K.; Takahashi, H.; Takahashi, H.;
Morohoshi, K; Kataoka, N.; Kakinuma, T.; Ishido, Y. Oligonucleotide synth-
esis using the 2-(levulinyloxymethyl)-5-nitrobenzoyl group for the 50-position
of nucleoside 30-phosphoramidite derivatives. Acta Biochimica Polonica 1998,
45, 949–976; c) Kamaike, K.; Hirose, K.; Kawashima, E. Synthesis of oligo-
nucleotides using the 2-(levulinyloxymethyl)-5-nitrobenzoyl group for the 50-
position of nucleoside 30-H-phosphonate and H-phosphonothioate derivatives.
Nucleic Acids Symp. Ser. 2000, 44, 33–34.

5. Froehler, B.C.; Ng, P.G.; Matteucci, M.D. Synthesis of DNA via deoxynucleo-
side H-phosphonate intermediates. Nucleic Acids Res. 1986, 14, 5399–5407.

Novel Base-Labile Protecting Groups 1015

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



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


