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Table S1. Calculated ΔEconf energies. 
 ΔEconf  [kcal/mol] Tm [°C] 

GPy -4.0 54.0 

G2-Pym -9.9 44.5 

GPyra -3.5 63.2 

G4-Pym -3.5 62.4 

GPyda -2.6 66.2 

Energies were calculated from the structure optimized using Gaussian09, in vacuo at 

ωB97X-D/6-31+Gd level. The optimized structures were confirmed not to have 

imaginary frequencies. The ΔEconf energies were calculated from the subtraction of 

energy of open-type conformation from that of closed-type conformation. 

 

 

 
Figure S1. Optimized structure of G2-Pym base. Only G2-Pym base has electrostatic 

repulsion in open-type conformation. 

 

 
Figure S2. Gel electrophoresis of oligonucleotides. These oligonucleotides are 

expected not to form G4 structure.  

  



 

 4 

1H-NMR and 13C-NMR spectra of compound 1 
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1H-NMR and 13C-NMR spectra of compound 2 
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1H-NMR and 13C-NMR spectra of compound 3 
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ESI Mass spectrum of compound 4 

 

 
HRMS(ESI) calcd for [C44H50N9O7P+Na]+ 870.3463, found 870.3466. 
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1H-NMR and 13C-NMR spectra of compound 5 
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1H-NMR and 13C-NMR spectra of compound 6 
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1H-NMR and 13C-NMR spectra of compound 7 
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ESI Mass spectrum of compound 8 

 

 
HRMS(ESI) calcd for [C44H50N9O7P+Na]+ 870.3463, found 870.3455. 
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HPLC chart of oligonucleotides 
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MALDI-TOF-Mass chart of oligonucleotides. 
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Results of frequency analysis of optimized structures. 
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Coordination of optimized structures (ωB97XB/6-31+G(p) level of theory) 

G2-Pym closed-type 
H         -3.44969       -2.84235       -0.89177 
H         -4.93728       -2.43583        0.00147 
C         -3.84883       -2.35124       -0.00057 
N         -0.03078        0.94334       -0.00000 
C         -0.01568       -0.41351       -0.00014 
N          1.19777       -1.07778       -0.00045 
N         -1.08483       -1.17004       -0.00002 
C         -2.22764       -0.43691        0.00015 
C         -2.37759        0.94288        0.00012 
C         -1.19590        1.76562       -0.00001 
O         -1.07369        2.97535       -0.00011 
N         -3.71034        1.28700        0.00031 
C         -4.33717        0.14261        0.00041 
N         -3.49377       -0.94796        0.00044 
H          0.87361        1.41868       -0.00025 
H          1.07331       -2.08065       -0.00010 
C          2.50130       -0.59849       -0.00020 
H         -5.41233        0.01582        0.00066 
H         -3.44617       -2.84425        0.88794 
N          3.55936       -1.52510        0.00036 
C          4.85291       -1.03815        0.00056 
C          5.07087        0.34278        0.00022 
C          3.96056        1.17045       -0.00032 
N          2.69996        0.71835       -0.00055 
H          5.69053       -1.72934        0.00099 
H          6.07149        0.75991        0.00039 
H          4.06621        2.25193       -0.00060 

G2-Pym open-type 
H          1.35464        3.24584       -0.96441 
H          2.60918        3.78696        0.18324 
C          1.82694        3.04773        0.00068 
N          0.87833       -1.88136       -0.00001 
C          0.00990       -0.81382        0.00040 
N         -1.32176       -1.18272        0.00073 
N          0.39925        0.42370        0.00054 
C          1.75243        0.54332        0.00019 
C          2.72699       -0.44385       -0.00018 
C          2.30444       -1.81856       -0.00028 
O          2.94232       -2.85362       -0.00064 
N          3.98490        0.11177       -0.00041 
C          3.76408        1.39925       -0.00019 
N          2.42729        1.72906        0.00018 
H          0.52850       -2.83216       -0.00025 
H         -1.53305       -2.17126        0.00108 
C         -2.48197       -0.41928        0.00027 
H          4.52857        2.16567       -0.00029 
H          1.06954        3.11543        0.78521 
N         -2.50683        0.78503        0.56073 
C         -3.67689        1.42335        0.49809 
C         -4.80491        0.88476       -0.10673 
C         -4.65054       -0.38425       -0.65746 
N         -3.49917       -1.04623       -0.61182 
H         -3.70021        2.40975        0.95622 
H         -5.74686        1.41847       -0.14778 
H         -5.47367       -0.89313       -1.15348 
G4-Pym closed-type 
H         -3.44969       -2.84235       -0.89177 
H         -4.93728       -2.43583        0.00147 
C         -3.84883       -2.35124       -0.00057 
N         -0.03078        0.94334       -0.00000 
C         -0.01568       -0.41351       -0.00014 
N          1.19777       -1.07778       -0.00045 
N         -1.08483       -1.17004       -0.00002 
C         -2.22764       -0.43691        0.00015 
C         -2.37759        0.94288        0.00012 
C         -1.19590        1.76562       -0.00001 
O         -1.07369        2.97535       -0.00011 
N         -3.71034        1.28700        0.00031 
C         -4.33717        0.14261        0.00041 
N         -3.49377       -0.94796        0.00044 
H          0.87361        1.41868       -0.00025 
H          1.07331       -2.08065       -0.00010 
C          2.50130       -0.59849       -0.00020 
H         -5.41233        0.01582        0.00066 
H         -3.44617       -2.84425        0.88794 
C          3.55936       -1.52510        0.00036 
C          4.85291       -1.03815        0.00056 
N          5.07087        0.34278        0.00022 
C          3.96056        1.17045       -0.00032 
N          2.69996        0.71835       -0.00055 
H          4.06621        2.25193       -0.00060 
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H          3.37499       -2.54050        0.00062 
H          5.65299       -1.68999        0.00096 

G4-Pym open-type 
H         -1.16835        3.17737        0.88959 
H         -2.57751        3.80697       -0.00003 
C         -1.78989        3.05120       -0.00069 
N         -0.91447       -1.89983       -0.00008 
C         -0.02494       -0.85283       -0.00046 
N          1.29439       -1.22040       -0.00097 
N         -0.39698        0.39833       -0.00047 
C         -1.74871        0.54441       -0.00002 
C         -2.73779       -0.42726        0.00033 
C         -2.33955       -1.80954        0.00028 
O         -2.99699       -2.83137        0.00045 
N         -3.98731        0.14797        0.00056 
C         -3.74850        1.43095        0.00030 
N         -2.40505        1.74049        0.00000 
H         -0.57939       -2.85597        0.00003 
H          1.51594       -2.20762       -0.00137 
C          2.45832       -0.44089       -0.00035 
H         -4.50073        2.20937        0.00038 
H         -1.16979        3.17737       -0.89201 
C          2.48728        0.95816        0.00008 
C          3.73479        1.56912        0.00067 
N          4.89232        0.79517        0.00074 
C          4.74290       -0.58709        0.00019 
N          3.55861       -1.19868       -0.00034 
H          5.60982       -1.24320        0.00019 
H          1.61735        1.51336       -0.00004 
H          3.80385        2.59881        0.00106 
GPy closed-type 
H         -3.44969       -2.84235       -0.89177 
H         -4.93728       -2.43583        0.00147 
C         -3.84883       -2.35124       -0.00057 
N         -0.03078        0.94334       -0.00000 
C         -0.01568       -0.41351       -0.00014 
N          1.19777       -1.07778       -0.00045 
N         -1.08483       -1.17004       -0.00002 
C         -2.22764       -0.43691        0.00015 
C         -2.37759        0.94288        0.00012 
C         -1.19590        1.76562       -0.00001 
O         -1.07369        2.97535       -0.00011 
N         -3.71034        1.28700        0.00031 
C         -4.33717        0.14261        0.00041 
N         -3.49377       -0.94796        0.00044 
H          0.87361        1.41868       -0.00025 
H          1.07331       -2.08065       -0.00010 
C          2.50130       -0.59849       -0.00020 
H         -5.41233        0.01582        0.00066 
H         -3.44617       -2.84425        0.88794 
C          3.55936       -1.52510        0.00036 
C          4.85291       -1.03815        0.00056 
C          5.07087        0.34278        0.00022 
C          3.96056        1.17045       -0.00032 
N          2.69996        0.71835       -0.00055 
H          3.36065       -2.59273        0.00065 
H          5.69053       -1.72934        0.00099 
H          6.07149        0.75991        0.00039 
H          4.06621        2.25193       -0.00060 

GPy open-type 
H         -1.16835        3.17737        0.88959 
H         -2.57751        3.80697       -0.00003 
C         -1.78989        3.05120       -0.00069 
N         -0.91447       -1.89983       -0.00008 
C         -0.02494       -0.85283       -0.00046 
N          1.29439       -1.22040       -0.00097 
N         -0.39698        0.39833       -0.00047 
C         -1.74871        0.54441       -0.00002 
C         -2.73779       -0.42726        0.00033 
C         -2.33955       -1.80954        0.00028 
O         -2.99699       -2.83137        0.00045 
N         -3.98731        0.14797        0.00056 
C         -3.74850        1.43095        0.00030 
N         -2.40505        1.74049        0.00000 
H         -0.57939       -2.85597        0.00003 
H          1.51594       -2.20762       -0.00137 
C          2.45832       -0.44089       -0.00035 
H         -4.50073        2.20937        0.00038 
H         -1.16979        3.17737       -0.89201 
C          2.48728        0.95816        0.00008 
C          3.73479        1.56912        0.00067 
C          4.89232        0.79517        0.00074 
C          4.74290       -0.58709        0.00019 
N          3.55861       -1.19868       -0.00034 
H          1.56741        1.52456       -0.00010 
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H          3.79759        2.65360        0.00105 
H          5.87927        1.24480        0.00118 
H          5.60982       -1.24320        0.00019 
GPyda closed-type 
H         -3.44969       -2.84235       -0.89177 
H         -4.93728       -2.43583        0.00147 
C         -3.84883       -2.35124       -0.00057 
N         -0.03078        0.94334       -0.00000 
C         -0.01568       -0.41351       -0.00014 
N          1.19777       -1.07778       -0.00045 
N         -1.08483       -1.17004       -0.00002 
C         -2.22764       -0.43691        0.00015 
C         -2.37759        0.94288        0.00012 
C         -1.19590        1.76562       -0.00001 
O         -1.07369        2.97535       -0.00011 
N         -3.71034        1.28700        0.00031 
C         -4.33717        0.14261        0.00041 
N         -3.49377       -0.94796        0.00044 
H          0.87361        1.41868       -0.00025 
H          1.07331       -2.08065       -0.00010 
C          2.50130       -0.59849       -0.00020 
H         -5.41233        0.01582        0.00066 
H         -3.44617       -2.84425        0.88794 
C          3.55936       -1.52510        0.00036 
C          4.85291       -1.03815        0.00056 
C          5.07087        0.34278        0.00022 
N          3.96056        1.17045       -0.00032 
N          2.69996        0.71835       -0.00055 
H          3.37499       -2.54050        0.00062 
H          5.65299       -1.68999        0.00096 
H          6.02661        0.73211        0.00037 

GPyda open-type 
H         -1.16835        3.17737        0.88959 
H         -2.57751        3.80697       -0.00003 
C         -1.78989        3.05120       -0.00069 
N         -0.91447       -1.89983       -0.00008 
C         -0.02494       -0.85283       -0.00046 
N          1.29439       -1.22040       -0.00097 
N         -0.39698        0.39833       -0.00047 
C         -1.74871        0.54441       -0.00002 
C         -2.73779       -0.42726        0.00033 
C         -2.33955       -1.80954        0.00028 
O         -2.99699       -2.83137        0.00045 
N         -3.98731        0.14797        0.00056 
C         -3.74850        1.43095        0.00030 
N         -2.40505        1.74049        0.00000 
H         -0.57939       -2.85597        0.00003 
H          1.51594       -2.20762       -0.00137 
C          2.45832       -0.44089       -0.00035 
H         -4.50073        2.20937        0.00038 
H         -1.16979        3.17737       -0.89201 
C          2.48728        0.95816        0.00008 
C          3.73479        1.56912        0.00067 
C          4.89232        0.79517        0.00074 
N          4.74290       -0.58709        0.00019 
N          3.55861       -1.19868       -0.00034 
H          1.61735        1.51336       -0.00004 
H          3.80385        2.59881        0.00106 
H          5.82739        1.23182        0.00119 
GPyra closed-type 
H         -3.44969       -2.84235       -0.89177 
H         -4.93728       -2.43583        0.00147 
C         -3.84883       -2.35124       -0.00057 
N         -0.03078        0.94334       -0.00000 
C         -0.01568       -0.41351       -0.00014 
N          1.19777       -1.07778       -0.00045 
N         -1.08483       -1.17004       -0.00002 
C         -2.22764       -0.43691        0.00015 
C         -2.37759        0.94288        0.00012 
C         -1.19590        1.76562       -0.00001 
O         -1.07369        2.97535       -0.00011 
N         -3.71034        1.28700        0.00031 
C         -4.33717        0.14261        0.00041 
N         -3.49377       -0.94796        0.00044 
H          0.87361        1.41868       -0.00025 
H          1.07331       -2.08065       -0.00010 
C          2.50130       -0.59849       -0.00020 
H         -5.41233        0.01582        0.00066 
H         -3.44617       -2.84425        0.88794 
C          3.55936       -1.52510        0.00036 
N          4.85291       -1.03815        0.00056 
C          5.07087        0.34278        0.00022 
C          3.96056        1.17045       -0.00032 
N          2.69996        0.71835       -0.00055 
H          6.07149        0.75991        0.00039 
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H          4.06621        2.25193       -0.00060 
H          3.37499       -2.54050        0.00062 
GPyra open-type 
H         -1.16835        3.17737        0.88959 
H         -2.57751        3.80697       -0.00003 
C         -1.78989        3.05120       -0.00069 
N         -0.91447       -1.89983       -0.00008 
C         -0.02494       -0.85283       -0.00046 
N          1.29439       -1.22040       -0.00097 
N         -0.39698        0.39833       -0.00047 
C         -1.74871        0.54441       -0.00002 
C         -2.73779       -0.42726        0.00033 
C         -2.33955       -1.80954        0.00028 
O         -2.99699       -2.83137        0.00045 
N         -3.98731        0.14797        0.00056 
C         -3.74850        1.43095        0.00030 
N         -2.40505        1.74049        0.00000 
H         -0.57939       -2.85597        0.00003 
H          1.51594       -2.20762       -0.00137 
C          2.45832       -0.44089       -0.00035 
H         -4.50073        2.20937        0.00038 
H         -1.16979        3.17737       -0.89201 
C          2.48728        0.95816        0.00008 
N          3.73479        1.56912        0.00067 
C          4.89232        0.79517        0.00074 
C          4.74290       -0.58709        0.00019 
N          3.55861       -1.19868       -0.00034 
H          5.87927        1.24480        0.00118 
H          5.60982       -1.24320        0.00019 
H          1.61735        1.51336       -0.00004 

 


