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 Biological functions of DNAs are based on their higher-order structures, such as duplex, 
triplex and quadruplex. Therefore, it is crucial to study on the higher-order structure stabilities 
of damaged/modified oligodeoxynucleotides in order to understand properties of 
damaged/modified DNAs. In this thesis, I studied the synthetic method and higher-order 
structure stabilities of three kinds of chemically damaged/modified oligodeoxynucleotides.  
 Firstly, I studied the effect of guanine 2-N-adduct on DNA higher order structure by using 
four different 2-N-heteroaryl guanines (GHAs) as model compounds. Stabilities of two 
possible conformations of GHAs were calculated by density functional theory. Then, the higher 
order structure stabilities of duplex, parallel-oriented triplex and G-quadruplex containing 
GHAs were evaluated by measuring their melting temperatures (Tms). Tm experiments showed 
that stabilities of duplex and quadruplex were related to the relative stability of the GHA’s 
conformation called open-type conformation, which suggests that stabilities of duplex and 
quadruplex containing a guanine 2-N-adduct could be anticipated by calculating the relative 
stability of open-type conformation. 
 Secondly, I studied the possibility of α-deoxynucleosides to expand the target sequence of 
triplex-forming oligonucleotides (TFOs) which can bind to DNA duplex to form 
antiparallel-oriented DNA triplex. TFOs containing single modification of α-deoxyadenosine, 
α-deoxyguanosine, α-deoxycytidine or α-thymidine were synthesized, and their target 
sequence specificity was measured by gel shift assays. The comprehensive measurement 
showed that α-nucleosides could also target other base pairs than previously reported. Further 
structural study using molecular dynamics suggested that the nucleobase triplet containing 
alpha-nucleoside could be stable in antiparallel-oriented DNA triplex. 
 Thirdly, I developed the synthetic method of chemically modified oligodeoxynucleotides 
containing triazolylphosphonate backbone, which have a possibility to penetrate cell 
membrane, therefore could be used for nucleic acid drug. I have successfully synthesized the 
phosphoramidite dimer units and oligodeoxynucleotides by using 1-naphthylmethyl group as 
protective group. The method developed here enables to elucidate the properties of modified 
oligodeoxynucleotides such as duplex stability, nuclease resistance and cell membrane 
permeability toward clinical applications. 
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