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Synthetic scheme of phosphoramidite 9b.

Scheme S1. Reagents and conditions: (a) 1-H-indole-2-carbonyl chloride (1.2 eq), Pyridine-CH3CN 
(1:1, v/v), rt, 2 h, 90% (b) POM-Cl (1.5 eq), NaH (3.0 eq), 99% (c) TBAF (2.4 eq), THF, rt, 2 h, 
59%, (d) DMTr-Cl (1.2 eq), pyridine, rt, 2 h, 99% (e) CEO-P[N-(i-Pr2)2] (1.5 eq), 1H-tetrazole (0.6 
eq), i-Pr2NH (0.6 eq), CH3CN, rt, 2 h, 80%.
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Figure S1. Geometry-optimized structures of rotational isomers of 4-N-(1H-pyrrol-2-ylcarbonyl)-1-methylcytosine (10a, 
10b) and 4-N-(1H-indole-2-ylcarbonyl)-1-methylcytosine (11a, 11b) determined by ab initio MO calculation at the 
HF/6-31G* level.

Figure S2. Most stable geometry-optimized structures of modified base pairs formed between 4-N-acyl-1-methyl-
cytosines (10a, 10b, 11a, 11b) and 9-methylguanine determined by ab initio MO calculation at the HF/6-31G* level; 
distances between the guanine 6-oxigen atom and one of the aromatic protons of the acyl group capable of hydrogen 
bonding, and the Mulliken charges of the protons (H* and H**) marked by asterisks.
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   Figure S3. Energy profile in formation of a base pair between 10a and meG.
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Synthesis of DNA oligonucleotides containing dCPyc (ODNs1-4). The synthesis of DNA oligonucleotides (ODNs1-4) 

having dCPyc was performed in an ABI 392 DNA synthesizer by the standard 1.0 µmol scale DNA phosphoramidite 

approach, which consists of detritylation, coupling (using Activator 42), capping and iodine oxidation steps. Releasing of 

oligonucleotides from CPG resin and the cleavage of protecting groups were carried out by the treatment with 1.5 M 

NaOMe/MeOH solution at room temperature for 30 min. Quenching of this treatment was underwent using Dowex 50W 

X8 (H+ form). The polymer supports were removed by filtration and washed with 0.1 M ammonium acetate buffer (1 mL 

× 3). The filtrates were purified by C18 Sep-Pak cartridge and reverse-phased HPLC to give oligonulcleotides.
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Table S1. Isolated yield and MALDI-TOF Mass data of oligonucleotides containing dCPyc

　 　 　 MALDI-TOF mass

DNA oligonucleotide sequencesa yields (%) found calcd

ODN1 5′-d(T T C T T C CPyc C T T C T T)-3′ 61 3910.5 3909.7

ODN2 5′-d(T T CPyc T T C Cpyc C T T CPyc T T)-3′ 21 4096.6 4096.7

ODN3 5′-d(T T C T T  CPyc CPyc CPyc T T C T T)-3′ 38 4097.2 4096.7

ODN4 5′-d(T T CPyc T T CPyc CPyc CPyc T T CPyc T T)-3′ 17 4282.6 4282.8
aCPyc; 4-N-(1H-pyrrol-2-ylcarbonyl)deoxycytidine. 　 　 　



Synthesis of DNA oligonucleotides containing dCInc (ODN5 and ODN6). The synthesis of DNA oligonucleotides 

(ODN5 and ODN6) having dCInc was performed in an ABI 392 DNA synthesizer by the standard 1.0 µmol scale DNA 

phosphoramidite approach, which consists of detritylation, coupling, capping (using Activator 42) and iodine oxidation 

steps. Releasing of oligonucleotides from CPG resin and the cleavage of protecting groups were carried out by the 

treatment with 1.5 M NaOMe/MeOH solution, at room temperature for 1 h. Quenching of this treatment was underwent 

using Dowex 50W X8 (H+ form). The polymer supports were removed by filtration and washed with 0.1 M ammonium 

acetate buffer (1 ml × 3). The filtrates were purified by C18 Sep-Pak cartridge and reverse-phased HPLC to give 

oligonulcleotide. 

         

Figure S4. Reversed phase HPLC analysis of (a) ODN5 and (b) ODN6 after the purification by C18 Sep-Pak cartridge.
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Table S2. Isolated yield and MALDI-TOF Mass data of oligonucleotides containing dCInc

　 　 MALDI-TOF mass

DNA oligonucleotide sequencesa yields (%) found calcd

ODN5 5′-d(T T C T T C CInc C T T C T T)-3′ 20 3960.1 3960.7

ODN6 5′-d(T T CInc T T C CInc C T T CInc T T)-3′ 2 4245.0 4245.8
aCInc; 4-N-(1H-indol-2-ylcarbonyl)deoxycytidine.



Synthesis of Dickerson Drew sequenced-ODN7 incorporating dCPyc. The synthesis of Dickerson Drew sequenced 

ODN7 having dCPyc [5′-d(CGCGAATTCPycGCG)-3′] was performed in an ABI 392 DNA synthesizer by the standard 

1.0 µmol scale DNA phosphoramidite approach, which consists of detritylation, coupling, capping (using Activator 42) 

and iodine oxidation steps. Releasing of oligonucleotides from CPG resin and the cleavage of protecting groups were 

carried out by the treatment with 1.5 M NaOMe/MeOH solution at room temperature for 30 min. Quenching of this 

treatment was underwent using Dowex 50W X8 (H+ form). The polymer supports were removed by filtration and 

washed with 0.1 M ammonium acetate buffer (1 ml × 3). After freezing dry treatment, the ODN was treated with 28% 

NH3 aqueous solution at room temperature for 2 h to deprotect remaining Pac and i-Pr-Pac groups of adenine bases and 

guanine bases. The filtrates were purified by C18 Sep-Pak cartridge and reverse-phased HPLC to give the 

oligonulcleotide. ODN7 was characterized by MALDI-TOFF mass analysis (found 3739.3, calcd 3739.5 [M+H]).

        
Figure S5. Reverse-phase HPLC analysis of ODN7 after the treatment of (a) 1.5 M NaOMe/MeOH and (b) 28% NH3 aq.
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Computational methods. The simulations were carried out using the AMBER 12.0 program package.[1] The initial 
structures were built with the canonical B-form parameters frame with the NAB module. The non-canonical modified 
residues were parameterized by the RESP/6-31G(d) charges fitting.[2] Parm99 AMBER force fields[3] with the latest 
force field improvements for nucleic acids, parmbsc0[4], were used in the MD simulations. The additional force field 
parameters were taken from GAFF force field and fitted by using paramfit module embedded in AmberTools 13.[5] The 
RNA duplexes were solvated in a periodic box with a 10 Å buffer of water molecules, explicitly described by the TIP3P 
water model, and neutralized, resulting in a concentration of added NaCl of approximately 0.1 M by using ions08.lib.[6] 
The minimization and equilibration processes were run according to the protocol successfully used in previous works.[7, 
8] The unrestrained extended simulations were performed for 10 ns with the Berendsen algorithm to maintain the 
temperature.[9] During the MD calculation, hydrogen vibrations were removed using SHAKE bond constraints, allowing 
a longer time step of 2 fs.[10] Long range electrostatic interactions were treated using the Particle Mesh Ewald 
approach[11] and a 10 Å cutoff. Postprocessing analysis of the trajectories was carried out by using cpptraj module.
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Figure S6 RESP fitted charges

Figure S7 N-C-C-N Torsional angle parameterization using paramfit: red and black curves are rotational profiles 

produced by fitted parameters and B3LYP/6-31+G(d), respectively.
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Figure S8 Additional and fitted force field.
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Figure S9 N-C-C-N torsion angle during MD simulation. The mean angles and standard deviations were denoted.

Figure S10 MD simulated structure of CInc
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