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1. Synthesis of N,N’-diisobutyryl-S-methylisothiourea 

 

 

Pyridine (8.7 mL, 108.00 mmol) was added to a suspension of S-methylisothiouronium hemisulfate (3.00 g, 

21.55 mmol) in dichloromethane (43 mL), and the mixture was cooled in an ice bath. Isobutyryl chloride (6.77 

mL, 64.66 mmol) was then added, and the mixture was stirred for two hours. The reaction was quenched with 

water (20 mL), and the organic layer was separated and concentrated. The resulting residue was purified by 

column chromatography (hexane/ ethyl acetate, 95/5 to 85/15) to obtain the title compound (4.65 g, yield 93%) 

as a colorless oil. 

1H NMR (CDCl3) δ: 13.19 (1H, brs), 2.65–2.62 (2H, m), 2.41 (3H, s), 1.23 (12H, d, J = 7.0 Hz); 13C NMR 

(CDCl3) δ: 190.09, 176.39, 171.14, 39.10, 37.57, 19.06, 14.68; HRMS (ESI) Calcd. for C10H19N2O2S [M+H]+: 

231.1162, Found 231.1159. 

  



2. 1H, 13C, and 31P-NMR spectra of synthesized compounds 

 

5’-O-DMTr-2’-amino-LNA-A(bz) (1A) 

 

 
 

 

  



5’-O-DMTr-2’-amino-LNA-G(ib,dpc) (1G) 

 

 

 

 

  



5’-O-DMTr-2’-amino-LNA-mC(bz) (1mC) 

 

 

 

 

  



5’-O-DMTr-3’-O-TMS-2’-amino-LNA-mC(bz) (2mC) 

 

 

 

 

  



5’-O-DMTr-GuNA(teoc)-T (3T-Teoc) 

 

 
 

 

  



5’-O-DMTr-GuNA(fmoc)-T (3T-Fmoc) 

 

 
 

 

  



5’-O-DMTr-GuNA(ac)-T (3T-Ac) 

 

 
 

 

  



5’-O-DMTr-GuNA(ib)-T (3T-iB) 

 

 
 

 

  



5’-O-DMTr-GuNA(boc)-A(bz) (3A-Boc) 

 

 
 

 

  



5’-O-DMTr-GuNA(teoc)-A(bz) (3A-Teoc) 

 

 

 

 

  



5’-O-DMTr-GuNA(fmoc)-A(bz) (3A-Fmoc) 

 

 

 

 

  



5’-O-DMTr-GuNA(boc)-G(ib,dpc) (3G-Boc) 

 

 

 

 
  



5’-O-DMTr-GuNA(teoc)-G(ib,dpc) (3G-Teoc) 

 

 
 

 

  



5’-O-DMTr-GuNA(fmoc)-G(ib,dpc) (3G-Fmoc) 

 

 

 

 

  



5’-O-DMTr-GuNA(boc)-mC(bz) (3mC-Boc) 

 

 

 

 

 

  



5’-O-DMTr-GuNA(teoc)-mC(bz) (3mC-Teoc) 

 

 

 

 

  



5’-O-DMTr-GuNA(fmoc)-mC(bz) (3mC-Fmoc) 

 

 
 

 

  



5’-O-DMTr-GuNA(teoc)-T phosphoramidite (4T-Teoc) 

 

 

 

 
  



5’-O-DMTr-GuNA(fmoc)-T phosphoramidite (4T-Fmoc) 

 

 
 

 

 

 

  



5’-O-DMTr-GuNA(boc)-A(bz) phosphoramidite (4A-Boc) 

 

 

 

 

 

 

  



5’-O-DMTr-GuNA(teoc)-A(bz) phosphoramidite (4A-Teoc) 

 

 

 

  



5’-O-DMTr-GuNA(fmoc)-A(bz) phosphoramidite (4A-Fmoc) 

 

 
 

 

 

 

  



5’-O-DMTr-GuNA(boc)-G(ib,dpc) phosphoramidite (4G-Boc) 

 

 

 

 

 

 

 

  



5’-O-DMTr-GuNA(teoc)-G(ib,dpc) phosphoramidite (4G-Teoc) 

 

 

 
  



5’-O-DMTr-GuNA(fmoc)-G(ib,dpc) phosphoramidite (4G-Fmoc) 

 

 
 

 

 

 

  



5’-O-DMTr-GuNA(boc)-mC(bz) phosphoramidite (4mC-Boc) 

 

 

 

 

 

  



5’-O-DMTr-GuNA(teoc)-mC(bz) phosphoramidite (4mC-Teoc) 

 

 

 

 

 

  



5’-O-DMTr-GuNA(fmoc)-mC(bz) phosphoramidite (4mC-Fmoc) 

 

 
 

 
  



GuNA-T nucleoside (5T) 

 

 
 

 

  



GuNA-A nucleoside (5A) 

 

 

 

 

  



GuNA-G nucleoside (5G) 

 

 

 

 

 

  



GuNA-mC nucleoside (5mC) 

 

 
 

 

  



N,N’-Diisobutyryl-S-methylisothiourea 

 

 
 

 

  



3. High resolution mass spectra of phosphoramidites 

 

5’-O-DMTr-GuNA(teoc)-T phosphoramidite (4T-Teoc) 

 

 
  



5’-O-DMTr-GuNA(fmoc)-T phosphoramidite (4T-Fmoc) 

 

 

 

  



5’-O-DMTr-GuNA(boc)-A(bz) phosphoramidite (4A-Boc) 

 

 

 
  



5’-O-DMTr-GuNA(teoc)-A(bz) phosphoramidite (4A-Teoc) 

 

 

 
  



5’-O-DMTr-GuNA(fmoc)-A(bz) phosphoramidite (4A-Fmoc) 

 

 

 
  



5’-O-DMTr-GuNA(boc)-G(ib,dpc) phosphoramidite (4G-Boc) 

 

 

 
  



5’-O-DMTr-GuNA(teoc)-G(ib,dpc) phosphoramidite (4G-Teoc) 

 

 

 
  



5’-O-DMTr-GuNA(fmoc)-G(ib,dpc) phosphoramidite (4G-Fmoc) 

 

 

 
  



5’-O-DMTr-GuNA(boc)-mC(bz) phosphoramidite (4mC-Boc) 

 

 

 
  



5’-O-DMTr-GuNA(teoc)-mC(bz) phosphoramidite (4mC-Teoc) 

 

 

 
  



5’-O-DMTr-GuNA(fmoc)-mC(bz) phosphoramidite (4mC-Fmoc) 

 

 

 

 



4. HPLC charts and MALDI-TOF MS spectra of oligonucleotides 
Each mass spectrum corresponds to the major peak of the HPLC chart. 
 
HPLC conditions 
 Mobile phase A: 100 mM HFIP / 8mM TEA in water 
 Mobile phase B: 100 mM HFIP / 8mM TEA in methanol 
 Flow rate: 1 mL/min 
 Column: Waters XBridge™ BEH C18 2.5 µm (4.6 × 75 mm) 
 Column oven temperture: 60 °C 
 Detector: UV 260 nm 
 
ON1 
HPLC (gradient condition: B% 5–20% in 30 min, then 20–98% in 20 min) 

 

MALDI-TOF-MS 

 

  



ON2 
HPLC (gradient condition: B% 5–20% in 30 min, then 20–98% in 20 min) 

 

MALDI-TOF-MS 

 

  



ON3 
HPLC (gradient condition: B% 3–10% in 30 min, then 10–98% in 20 min) 

 
MALDI-TOF-MS 

 

  



ON4 
HPLC (gradient condition: B% 5–20% in 30 min, then 20–98% in 20 min) 

 

MALDI-TOF-MS 

 

  



ON5 
HPLC (gradient condition: B% 3–10% in 30 min, then 10–98% in 20 min) 

 

MALDI-TOF-MS 

 
  



ON6 
HPLC (gradient condition: B% 5–20% in 30 min, then 20–98% in 20 min) 

 

MALDI-TOF-MS 

 

  



ON7 
HPLC (gradient condition: B% 5–20% in 30 min, then 20–98% in 20 min) 

 

MALDI-TOF-MS 

 

  



ON8 
HPLC (gradient condition: B% 5–20% in 30 min, then 20–98% in 20 min) 

 

MALDI-TOF-MS 

 

  



ON9 
HPLC (gradient condition: B% 5–20% in 30 min, then 20–98% in 20 min) 

 

MALDI-TOF-MS 

 

  



ON10 
HPLC (gradient condition: B% 5–20% in 30 min, then 20–98% in 20 min) 

 
MALDI-TOF-MS 

 

  



ON11 
HPLC (gradient condition: B% 5–20% in 30 min, then 20–98% in 20 min) 

 
MALDI-TOF-MS 

 

  



ON12 
HPLC (gradient condition: B% 3–10% in 30 min, then 10–98% in 20 min) 

 

MALDI-TOF-MS 

 

  



ON13 
HPLC (gradient condition: B% 3–10% in 30 min, then 10–98% in 20 min) 

 

MALDI-TOF-MS 

 

  



ON14 
HPLC (gradient condition: B% 5–20% in 30 min, then 20–98% in 20 min) 

 

MALDI-TOF-MS 

 

  



5. Representative UV melting curves 

Thermal stability of the duplexes formed between GuNA-modified oligonucleotides and fully-matched ssDNAs 

DNA-T (red) and GuNA-T (ON8, blue)    DNA-A (red) and GuNA-A (ON9, blue) 

      
DNA-G (red) and GuNA-G (ON10, blue)    DNA-C (red) and GuNA-mC (ON11, blue) 

      

 



Thermal stability of the duplexes formed between GuNA-modified oligonucleotides and fully-matched ssRNAs 

DNA-T (red) and GuNA-T (ON8, blue)    DNA-A (red) and GuNA-A (ON9, blue) 

     
 

DNA-G (red) and GuNA-G (ON10, blue)    DNA-C (red) and GuNA-mC (ON11, blue) 

      



 

Thermal stability of the duplexes formed between multiply GuNA-modified oligonucleotides and their complimentary ssDNAs 
5′-d(TTTTTTTTTT)-3′(red) and 5′-d(TTTTTTTTTT)-3′ (ON12, blue) 5′-d(TTTGGGTTTT)-3′(red) and 5′-d(TTTGGGTTTT)-3′ (ON13, blue) 

  
5′-d(AAAAAAAAAA)-3′(red) and 5′-d(AAAAAAAAAA)-3′ (ON5, blue) 5′-d(TTTCCCTTTT)-3′(red) and 5′-d(TTTmCmCmCTTTT)-3′ (ON14, blue) 

  


