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The aim and goal of this division is to develop analytical methods based on molecular recognition, which provides solutions for environmental problems
and tasks in medicine. We believe that breakthroughs in analytical technology will be facilitated through the development and application of chemical
motifs capable of recognizing materials and through the establishment of methodology for separation/preconcentration and detection/determination
methods for materials of environmental and biological importance. Among such chemical motifs that we studied this year, two examples will be described.
1. Capillary Electrophoretic Separation of cis/trans Isomers of Diradical Platinum(II) Complexes Using B-Cyclodextrins as a Selector

2. Adsorption of Component Units of Nucleic Acids to Porous Coordination Polymer with Coordinatively Unsaturated Sites

Capillary Electrophoretic Separation of cis/
trans Isomers of Diradical Platinum(ll)
Complexes Using -Cyclodextrins as a
Selector
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34- V7 /RVEVRIIRVE (DBS) & Pt' &5 YIS
(Pt"-DBS) #4£HT %, TNIEYR/NSUADLMAEREEET %,
AFRTIEB-I/OTFTFANIY (B-CD) NI Z VAL iEEREZE
TBHIEICEBL. XFIL-B-CD (MCD) 2L V5—EF3EvE
S1)—EXXE (CE) DBt%ERE Uiz MCD 28T BX XENEEH
ZRAWVWSEP-DBSDYR/NSVAERKEN DB TE, REM
HOBSXBBBEKREENS. Pt'-DBS ® MCD NDOE#EEH%
Kus = 378 £ 2, Kyans = 330 £ 4 M™' (at pH 10.0, 298 K) &3k
HBIEICHINUTco BEREEZFIXIRILF—TRIEZDE
AN G = -RTIN(Kirans/Keis) 1& 0.34 kdmol™ ITBE b o1, CE
FZDEIDBFBEDEVENHICRRTE S, TEBEDES X
ERBELZLBRITDZEIREKIENIVRAELD 21% KELBEIEZS
Zlco TNEDZENSY X -P'-DBS IEh 5> 2RI AR MCD ®
ZAICRIEE L. QYT MNRBE#EFEERLTWSZENREZ
%o ZDESIC CE IFBICEERDABEL T TIEARL BRPTOEHE
EOBEFERERSIMCTEY—ILTH S,

3,4-Diaminobenzenesulfonate (DBS) and Pt" form a diradical complex
(Pt"-DBS) characterized by cis/trans isomerism. In this study, separation
of isomers using capillary electrophoresis (CE) using pB-cyclodextrin (B-
CD) derivatives as a selector was attempted. By employing CE using a
methyl-f-CD (MCD)-containing electrophoresis buffer, the cis and trans
isomers of Pt'"-DBS were separated. Single crystals of trans-Pt"-DBS were
obtained to permit the assignment of the resolved peaks. By analyzing the
dependence of the electrophoretic mobility of the isomers on the
concentration of CDs in the buffer, the thermodynamic inclusion constant
was determined. For example, the inclusion complex of Pt'-DBS into
MCD afforded K., =378 + 2 and Kiyuns = 330 £ 4 M™! (at pH 10.0, 298 K).
The difference in the Gibbs energy of inclusion, AAG = —RTInK ans/Keis),
was only 0.34 kJmol™”, suggesting that CE can discriminate between
marginal differences in energy. The comparison in the electrophoretic
mobilities of the inclusion complexes indicated that the cis isomer affords
a value 21% greater than that observed for the rans isomer, suggesting that
cis-Pt"-DBS is tightly bound to the MCD cavity and forms a more compact
complex than frans-Pt"-DBS. Thus, CE using CDs as the tool not only
resolves the isomers but also demonstrates the manner of inclusion in
solution.
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Fig.1 Schematic view of resolution of cis/trans isomers by CE using CD.
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ERAAVHERBEMFTCEBEINTERIZDZAMRMNES
F (PCP) &, B/ AVERNUFOEEZERTZIETHAY A
APHRZEDFLARILTHIETEScH, FRZAMEMRELTE
BahTtws, ZOHRTHREAARENY -~ (CUS) 2595 PCP
Tld. CUSHILARBEERDIRET A MEUTHET 5, AART
&, DNADIEENIL A AEEHEHZRL. SSKCEBAIAVERE
DEHICI-TEE—EROHEEERIGEVWI S B EICERBL
feo CUS—IEEREIDEEERADEBIICIEESEDEBVWDFET NIE.
CUS #E 9% PCP |3 DNA 2B ERICAEDBE %, 22T CUS %
BH93M-LI (M = Cu, Zn, Co, Ni, Mg, Fig. 2) X0 Mg-LIFig. 3)
NOKBIEE (T, YNV, FIV) EXTLAIVRN(TT/ Y,
TTIVY, FIVY, YFIYV) ORBREZR U, M-LINDIE
EREEZAEUVHR. SBAAVOBRELSITEEDEEICLD
REENRRDZIEN DD o BRIEBRETHRIZERIERED
IREEIE Cu > Zn > Co > Ni > Mg THoTco CDEEIZREREA
AVETFTZUVDREEEBDAREZSORIE—HL., EBIAVE
BEORMEAIREICTSTZIIEETBT D, RICA—EETO
EHIREEELRTIETTZY > YRhYY > FIVUTHol. Th
FRIEEDEMETFHREZOADDMEBEEICLDEEISND. R
IZ. M-LINDOXY LAY RIREZRET U, XTLAYVRBIRES
hab o, Thid. XTLAYROHFHAIDNKREL HFLRAIC
LB TERWcHTHDEERD, 2T MAEZIRL Mg-LII
IENITBXYV LAY ROREEZAEUHER. XVLAVRRBIRES
hice 51, Mg-LIANDXI LAY RREICEWTE, ZT/VY
REENMOIXVLAVREDKREVWZ ELR DD Tz, Bl E. M-LI &
Mg-LIl (&, CUS EIEEEDBEMERICEDET TV & EIRMITK
BISZEEEASHICL. i DNA DBEXT 7 & L TORBEEZ R
Lfco
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Fig.2 Adsorption of nucleobases to the porous
coordination polymer with open metal site M-LI.

Adsorption of Component Units of Nucleic
Acids to Porous Coordination Polymer with
Coordinatively Unsaturated Sites

Porous coordination polymers (PCP) consisting of metal centers linked by
organic ligands have received much attention as a new class of porous
materials because their pore sizes and topology can be controlled at the
molecular level by selecting suitable metal ions and organic ligands.
Among PCPs, special attention has been paid to ones that have
coordinatively unsaturated sites (CUS), because the CUS can act as Lewis
acid and specific adsorption sites. Herein, we focused our attention on the
fact that nucleobases of DNA show Lewis basicity and a large variety of
binding affinity toward metal depending on the metal ion and nucleobases.
If the interactions between the CUS and the nucleobases differ depending
on the nucleobases, PCP with CUS could be a separation media for DNA.
In this work, we studied the adsorption of nucleobases (adenine, cytosine,
thymine) and nucleosides (adenosine, guanosine, thymidine, cytidine) to
M-LI (M = Cu, Zn, Co, Ni, Mg, Fig.2) and Mg-LII (Fig.3). Adsorption
amounts of nucleobases to M-LI were studied, and it was found that the
adsorbed amounts were different depending on both the metal ions and the
nucleobases. The adsorbed amounts of nucleobases were found to be Cu >
Zn> Co > Ni > Mg, which is consistent with the order of stability constant
of each metal complex to adenine. This result strongly suggests that
coordination of nucleobases to CUS has a significant role in adsorption
behavior. When the adsorbed amounts of nucleobases was compared for
the same metal ion, the tendency was found to be adenine > cytosine >
thymine. This should be related to the number of atoms that can coordinate
to metal and the steric hindrance around the coordination atoms of each
nucleobase. Finally, we measured the amount of adsorption of the
nucleosides to Cu-LI, but no adsorption was found because the nucleosides
were too large to diffuse in the Cu-LI pores. The nucleosides were absorbed
to Mg-LII, which has a larger pore diameter than M-LI. The adsorption
amount of adenosine, having adenine unit, to Mg-LII is the highest in
nucleosides. In this study, we found that PCP with CUS (M-LI, Mg-LII)
can interact with nucleobases and is useful as a novel nucleic acid
separation media with adenine selectivity.
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Fig.3 Adsorption of nucleosides to the porous coordination
polymer with open metal site Mg-LII.
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