This article was downloaded by:

On: 29 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

e==~ | Supramolecular Chemistry

upramo lecular | Publication details, including instructions for authors and subscription information:
hemist ry http://www.informaworld.com/smpp/title~content=t713649759

ted by b b el Py

A Palladium-mediated DNA Base Pair of a f-C-Nucleoside Possessing a 2-

Aminophenol as the Nucleobase

Motoyuki Tasaka? Kentaro Tanaka’; Motoo Shiro; Mitsuhiko Shionoya

@ The Graduate University for Advanced Studies, Myodaiji, Okazaki, Japan ® Department of Chemistry,
Graduate School of Science, The University of Tokyo, Bunkyo-ku, Tokyo, Japan © Rigaku Corporation,
Akishima, Tokyo, Japan

To cite this Article Tasaka, Motoyuki , Tanaka, Kentaro , Shiro, Motoo and Shionoya, Mitsuhiko(2001) 'A Palladium-
mediated DNA Base Pair of a p-C-Nucleoside Possessing a 2-Aminophenol as the Nucleobase', Supramolecular
Chemistry, 13: 6, 671 — 675

To link to this Article: DOI: 10.1080/10610270108027496
URL: http://dx.doi.org/10.1080/10610270108027496

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informworld. confterns-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, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, 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=t713649759
http://dx.doi.org/10.1080/10610270108027496
http://www.informaworld.com/terms-and-conditions-of-access.pdf

15:27 29 January 2011

Downl oaded At:

Supramolecular Chemistry, Vol. 13, pp. 671-675
Reprints available directly from the publisher
Photocopying permitted by license only

© 2001 OPA (Overseas Publishers Association) N.V.
Published by license under

the Gordon and Breach Publishers imprint

a member of the Taylor & Francis Group.

All rights reserved.

A Palladium-mediated DNA Base Pair of a
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MOTOYUKI TASAKA?, KENTARO TANAKA®, MOTOO SHIRO® and MITSUHIKO SHIONOYAP*

3The Graduate University for Advanced Studies, Myodaifi, Okazaki 444-8585, Japan; ®Department of Chemistry, Graduate School of Science,
The University of Tokyo, Hongo, Bunkyo-ku, Tokyo 113-0033, Japan; “Rigaku Corporation, 3-9-12 Matsubaracho, Akishima, Tokyo

196-8666, Japan

An approach we have used in this study for the
incorporation of metal ions into DNA, is the direct
modification of a DNA base itself, turning it into a
metal-chelating nucleobase wherein two nucleo-
bases are paired through metal coordination. Herein
we report the X-ray crystal structure of a synthetic
intermediate 6 for the aminophenol-bearing nucleo-
side 3 and its metal coordination properties with
Pd**. The anomeric configuration of the nucleoside
was unequivocally determined to be B-form by the
X-ray analysis of 6; the structure has been resolved
by direct methods (S1R97) and expanded using
Fourier techniques (DIRDIF94) using 2628 indepen-
dent reflections with I>2.00 o(I) and 425 parameters.
Final R (R,) was 0.037 (0.043): orthorhombic,
space group P2,2,2; (#19) with a=16.562(1) A,
b=16.9331) A, c=11.205() A, and V=3142.2(4) A%
D.=1.369 g/cm3 for Z=4, and molecular weight
647.65. This result is consistent with the tentative
assignment by our previous "H NOE differentiation
experiments. Detailed "H NMR studies showed that
the nucleoside forms a stable 2:1 complex with Pd**
with concomitant deprotonation of its phenolic
proton. Although there are two possible structures
(cis or trans) for the square-planar Pd** complex, the
ratio of cis to trans was approximately 1:1. The
electrospray ionization time-of-flight mass spectrum
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of the complex also provided clear evidence for the
2:1 complexation.

Keywords: Artificial DNA; Metal-assisted base pairing; Palla-
dium complex; 2-aminophenol

INTRODUCTION

Replacement of the hydrogen-bonded base
pairing of natural DNA by alternative base
pairing modes is expected to lead not only to
expansion of genetic alphabet, but to novel DNA
structures and/or functions based on the
controlled and periodic spacing of the building
blocks along the helix axis. In recent years we
and others have envisioned the placement of
charged metal complexes in the interior of the
DNA helix [1-7]. Our approach for the incor-
poration of metal ions into DNA framework is
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CHART 1

the direct modification of a DNA base itself,
converting it into a metal-chelating nucleobase
wherein two nucleobases are paired through
metal coordination. We have recently reported
that the synthesis of three kinds of metal-
chelating nucleosides, 1-3, possessing a metal-
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chelating site (an o-phenylenediamine, a cate-
chol, or a 2-aminophenol, respectively) as the
nucleobase moiety (Chart 1) [1-4]. The nucleo-
sides 1 and 2 have been found to form a stable 2:1
complex with a Pd** ion [1] and a borate ion [3],
respectively. Herein we report the X-ray crystal
structure of a synthetic intermediate 6 for the
nucleoside 3, the determination of its anomeric
configuration, and its metal coordination proper-
ties with Pd**. These results provide critical
information that could prove useful in predicting
the structure of metal-assisted base pairs incor-
porated into oligo-DNA.

RESULTS AND DISCUSSION

Scheme 1 depicts a schematic representation of a
synthetic route for the B-C-nucleoside 3 which
has a 2-aminophenol as the nucleobase [4]. A
Friedel-Crafts approach was used to build up
the carbon skeleton of the nucleoside 3. In this
reaction, B-C-nucleoside 6 was found to be
produced with high selectivity (a-7:8-6=1:10).
The anomeric configuration of each anomer has

n OH
“TFA NH,
— HO o
6 p-anomer 3
(major) OH
N,TFA
H
Bn/

SCHEME 1
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FIGURE 1 The X-ray crystal structure of B-anomer 6.

been tentatively assigned by the 1-H-2-H
coupling constant trend in the '"H NMR spectra,
which was compared with those for related -
C-nucleosides [8-11]. The trend in the coupling
constants Jy_», =5.1 and Ji_»5=11.0Hz for
the major product is consistent with the trends
reported for B-C-nucleosides. 'H NOE differen-
tiation experiments also strongly supported this
result as previously reported [4]. The 8 configur-
ation of the anomer 6 was unequivocally
confirmed by the X-ray crystal structure (Fig. 1).
The corresponding dihedral angles for 1-H-
2'a-H and 1'-H-2'8-H obtained from the X-ray
structure of 6 were found to be 36.7 and 158.9°,
respectively. Application of the Karplus relation-
ship empirically adjusted for nucleosides [12]
predicts ] = 5.9 and 9.6 Hz, respectively, indicat-
ing that the ring conformation of the ribose in
solution is very similar to that in the solid state.

Complexation between the nucleoside 3 and
Pd** in D,0-CD30D in the presence of NaHCO;
was investigated by 'H NMR spectroscopy.
Proton resonances in the aromatic region for 3

(a) aH
6-H
5-H
3-H (cis)
(b) 5-H (trans + cls)
L oh
3-H (irans) 6-H (ci.ft 6-H (trans)

72 70 68 66 ppm

FIGURE 2 500 MHz 'H NMR spectra of nucleoside 3 in the
absence or presence of K,PdCly; 3] =2.0mM, [Pd’*1=0
and 1.0mM for (a) and (b), respectively, [NaHCO;) = 2.0mM
in D,O-CD30D (4:1) at room temperature.

in the presence of an equimolar amount of
NaHCO; to neutralize released protons upon
complexation are compared with those of a
mixture of 3 and K,PdC1, at the ratio of 2:1 in
D,0-CD30D (4:1). As shown in Fig. 2, dramatic
changes of the chemical shifts were observed
upon complexation with Pd**. Two sets of
signals for 3-H and 5-H begin to appear at
significantly lower field with an increased
intensity in proportion to increasing concen-
tration of Pd**, whereas the two sets of signals
for 6-H appear at higher field, compared with
those for the nucleoside 3. The complexation was
complete when the concentration of Pd**
reached almost half the concentration of 3
(Fig. 2(b)). From COSY measurements (data not
shown), each signal was assigned as shown in
Fig. 2. Although there are two possible structures
(cis or trans) for the square-planar Pd** complex,
considering the frans-effect that should occur
between the two phenolates bound to Pd** in the
trans-complex, one set of the signals for 6-H
appeared at higher field (6.62 ppm) is assignable
to the 6-H of the trans-complex with higher
electron density. The ratio of cis to trans was
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approximately 1:1. In addition to the results of 'H
NMR titration experiments implying the 2:1
complexation between 3 and Pd**, (Scheme 2)
the ESI-TOF mass spectrum of the complex in the
positive mode provided clearer evidence for the
composition ratio as shown in Fig. 3. The signals
were centered at m/z 555.09 (Fig. 3(b)) corre-
spond to the +1 charged cationic species,
[Pd(3-H), + H]", which gave excellent agree-
ment with the theoretical isotopic distribution
(Fig. 3(a)). These results establish that the
nucleoside 3 form a stable 2:1 complex with
Pd** with concomitant deprotonation of its
phenolic proton.

The present study demonstrates that a -
C-nucleoside containing 2-aminophenol as a
“chelator” moiety provides an alternative
metal-mediated DNA base pair. Site-specific
incorporation of this novel DNA base pair into
oligo-DNA will be reported elsewhere.

MATERIALS AND METHODS

"H NMR spectra referenced to 3-(trimethylsilyl)-
propionic-2,2,3,3-ds-acid sodium salt were
recorded on a Bruker DRX500 (500MHz)
spectrometer. Electrospray ionization time-of-
flight (ESI-TOF) mass spectra were recorded on a
Micromass LCT spectrometer.

(a) M+H* M+Na*

M = Pd(3-H),

i

(b)

530 540 550 560 570 580 590 600
m/z

FIGURE 3 ESI-TOF mass spectrum in the positive mode for
the 2:1 complex between 3 and Pd?* (m/z 530-600); (a) the
theoretical isotopic distribution for [M + H]* and {M + Na]*
and (b) the experimental isotopic distribution, where M =
Pd(3-H),.

Compound 6 was prepared according to the
previously reported literature [4]. The structural
determination was made on a Rigaku RAXIS-
RAPID Imaging Plate diffractometer with graph-
ite monochromated Cu-Ka radiation at —130.0
1°C to a maximum 26 value of 136.5°. The
structure was solved by direct methods (SIR97)
[13] and expanded using Fourier techniques
(DIRDIF94) [14]. The non-hydrogen atoms were
refined anisotropically. Crystal data for 6,
C36H32NO/F3: FW. = 647.65, crystal dimensions
0.30x0.30x 0.10mm?®, orthorhombic, space
group P2:2:2; (#19), a=16562(1)A, b=
16.933(1) A, ¢=11205(1)A, V =31422(H A,
Z=4, p=899cm™!, D, = 1.369g/cm? min/-
max  transmission = 0.72/0.91. 26 < 136.5°,
R(Rw) = 0.037 (0.043) for 2628 (Rint = 0.050)
independent reflections out of a total of 35198
reflections with I>200 o(I) and 425
parameters. The good-of-fit on F* is 1.03, and the
residual electron density (min./max) is
~0.18/0.21/e™ /A>.
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Solutions for 'H NMR studies at room
temperature were prepared as follows: nucleo-
side 3 (2.0mM), K,PdCl; (0-1.0mM), and
NaHCO; (2.0 mM) in 0.5ml D,0-CD3OD (4:1).
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