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Oligonucleotide sequences 

Table S1. Sequences of primers and templates that were used in this study. 

Name Sequence Notes 

Primer1 5′-FAM-GGATTAGCGAACAGGCCATACCTTT-3'  

Primer2 5′-FAM-GGAUUAGCGAACAGGCCAUACCUUU-3' 1 

Template1 5′-TCGACAAAAAAAAGGTATGGCCTGTTCGCTAATCC-3'  

Primer3  5′-FAM-UCGCCUUGCCGGAUCGCAGA-3' 1 

Template2 5′-AAGGCAGCCACAGCGATTTC-(N)30-

TCTGCGATCCGGCAAGGCGA-3' 

2 

 

1: 2′-OMe is shown in red.  

2: N means mix of A, G, C and T 
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Scheme S1. Synthesis of 2′-OEt-5mUTP (6a), 2′-OPr-5mUTP (6b), 2′-OBu-5mUTP (6c), and 2′-OiPr-5mUTP (6d). 

Reagents and conditions: (a) alkyl iodite (iodoethane for 2a, 1-iodopropane for 2b, 1-iodobutane for 2c, 2-

iodopropane for 2d), Ag2O, toluene, 60–80 °C, 13–15 h. Yields 29% for 2a; 23% for 2b; 18% for 2c; 23% for 2d. (b) 

TBAF, THF, rt, 30 min. Yields 91% for 3a; 77% for 3b; 78% for 3c; 86% for 3d. (c) DMTrCl, pyridine, rt, 4.5–6 h 

then DMAP, Ac2O, rt, 13–18 h. Yields 71% for 4a; 69% for 4b; 75% for 4c; 74% for 4d. (d) TFA, CH2Cl2, rt, 30 min, 

Yields 76% for 5a; 72% for 5b; 75% for 5c; 68% for 5d. (e) (i) 2-chloro-4H-1,3,2-benzodioxaphosphorin-4-one, 

pyridine, dioxane, rt, 30 min. (ii) (nBu3NH)2H2P2O7, DMF, Bu3N, rt, 1 h. (iii) I2, pyridine/H2O, 0 °C–rt, 30 min. (iv) 

aq. NH3, rt, 2 h, Yields 22% for 6a; 46% for 6b; 10% for 6c; 16% for 6d. over four steps.  
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Scheme S2. Synthesis of 2′-HE-5mUTP (11). 

Reagents and conditions: (a) TBSCl, imidazole, DMF, rt, 5 h, 76%. (b) (i) BH3⋅THF, ethylene glycol, NaHCO3, 

150 °C, 24 h. (ii) DMAP, Ac2O, pyridine, rt, 16 h, 50% over 2 steps. (c) TBAF, THF, rt, 30 min, 88%. (d) (i) 2-chloro-

4H-1,3,2-benzodioxaphosphorin-4-one, pyridine, dioxane, rt, 30 min. (ii) (nBu3NH)2H2P2O7, DMF, Bu3N, rt, 1 h. 

(iii) I2, pyridine/H2O, 0 °C, 30 min. (iv) aq. NH3, rt, 2 h, 16%. 
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Scheme S3. Synthesis of 2′-MOE-5mUTP (13). 

Reagents and conditions: (a) (i) 2-chloro-4H-1,3,2-benzodioxaphosphorin-4-one, pyridine, dioxane, rt, 1 h. (ii) 

(nBu3NH)2H2P2O7, DMF, Bu3N, rt, 1.5 h. (iii) I2, pyridine/H2O, rt, 1 h. (iv) aq. NH3, rt, 1 h, 16% over four steps. 
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Figure S1. Polymerase incorporation of 2′-O-alkyl-5mUTPs with a DNA primer. Primer extension was performed with 

a 0.4 µM 5′-FAM-labeled DNA primer, 0.5 µM DNA template, 1 × KOD Dash®️ buffer, and 0.2 mM 2′-O-alkyl-

5mUTPs by incubation with 50 ng/µL KOD DGLNK at 74 °C for 30 min. The table shows the ratio of each band to 

the total band in each lane. These were calculated by using image lab. 
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Figure S2. Polymerase incorporation of 2′-O-alkyl-5mUTPs with DNA primer at different Mn2+ concentrations. 

Primer extension was performed with 0.4 µM 5′-FAM-labeled DNA primer, 0.5 µM DNA template, 1× KOD Dash®️ 

buffer, 0.2 mM 2′-O-alkyl-5mUTPs and 0 mM (a), 0.1 mM (b), 0.5 mM (c), 1.0 mM (d) MnSO4 by incubation with 

50 ng/µL KOD DGLNK at 74 °C for 30 min. 
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Figure S3. Polymerase incorporation of 2′-O-alkyl-5mUTPs with 2′-OMe modified primer at different Mn2+ 

concentrations.  

Primer extension was performed with 0.4 µM 5′-FAM-labeled 2′-OMe modified primer, 0.5 µM DNA template, 1× 

KOD Dash®️ buffer, 0.2 mM 2′-O-alkyl-5mUTPs and 0 mM (a), 0.1 mM (b), 0.5 mM (c), 1.0 mM (d) MnSO4 by 

incubation with 50 ng/µL KOD DGLNK at 74 °C for 30 min. 
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Figure S4. Enzymatic synthesis of ON_iPr, ON_HE and ON_MOE at different Mn2+ concentrations and incubation 

time. 

Primer extension was performed with 0.4 µM 5′-FAM-labeled 2′-OMe modified primer, 0.5 µM DNA template, 1× 

KOD Dash®️ buffer, 1.0, 3.0, or 5.0 mM MnSO4, 0.2 mM 2′-OMe-ATP, 0.2 mM 2′-OMe-GTP, 0.2 mM 2′-OMe-CTP 

and 2′-OiPr-5mUTP (a), 2′-HE-5mUTP (b) 2′-MOE-5mUTP (c), without 5mUTP (d) by incubation with 300 ng/µL KOD 

DGLNK at 60 °C for 1 h, 60 °C to 74 °C for 4 or 8 h, 74 °C for 1 h. After extension, reaction mixture was treated 

with 95 mU/µL DNase1 at 37 °C for 30 min. 
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Figure S5. Ion pair RP-HPLC analysis of dTTP and 2′-O-alkyl-5mUTPs. 

Ion pair RP-HPLC was performed by the injection 700 pmol nucleotide triphosphates onto a XBridge 

Oligonucleotide BEH C18 column. The column temperature was 50 °C, with a flow rate of 1.0 mL/min, and detection 

at 260 nm. Mobile phase A consisted of 100 mM triethylamine acetic acid solution (pH 6.9) and mobile phase B was 

acetonitrile. The column was initially maintained at 5% mobile phase B and then at a gradient of 5% to 20% over 15 

min. 
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1H NMR, CDCl3, 400 MHz 

 

13C NMR, CDCl3, 100 MHz 

 

Figure S6. 1H and 13C NMR spectra of compound 2a. 
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1H NMR, CDCl3, 400 MHz 

 

13C NMR, CDCl3, 100 MHz 

 

Figure S7. 1H and 13C NMR spectra of compound 3a. 
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1H NMR, CDCl3, 400 MHz 

 

13C NMR, CDCl3, 100 MHz 

 

Figure S8. 1H and 13C NMR spectra of compound 4a. 
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1H NMR, CDCl3, 400 MHz 

 

13C NMR, CDCl3, 100 MHz 

 

Figure S9. 1H and 13C NMR spectra of compound 5a. 
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1H NMR, D2O, 400 MHz 

 

31P NMR, D2O, 120 MHz 

 

Figure S10. 1H and 31P NMR spectra of compound 6a. 
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1H NMR, CDCl3, 400 MHz 

 

13C NMR, CDCl3, 100 MHz 

 

Figure S11. 1H and 13C NMR spectra of compound 2b. 
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SW_p =  8012.821

Art-201209-ex120-Pr-TIPDS  10  1  /opt/topspin3.5pl4/data/nmrsu/nmr/XNA/Ishida

[ppm
]

 150 
 100 

 50 

[re l] 0   2   4   6   8   1 0   1 2   1 4  

1 6 9 .1 4 0 6

1 6 2 .9 7 6 7

1 4 8 .9 7 9 8

1 3 5 .1 0 7 8
1 3 4 .8 7 2 5
1 3 1 .5 2 6 4
1 3 0 .5 6 1 1
1 2 9 .1 6 5 6

1 1 0 .0 6 3 6

8 9 .6 5 1 4

8 2 .1 6 3 7
8 1 .8 9 5 5

7 3 .0 7 6 3

6 8 .2 4 1 3

5 9 .3 8 9 1

2 3 .0 0 8 3
1 7 .4 8 9 8
1 7 .4 2 7 9
1 7 .3 0 9 0
1 7 .2 8 0 9
1 7 .2 1 1 9
1 7 .0 9 2 7
1 7 .0 3 2 2
1 6 .9 2 8 9
1 3 .5 8 1 6
1 2 .9 1 4 6
1 2 .8 1 4 1
1 2 .7 6 8 1
1 2 .6 4 9 5
1 0 .4 8 0 5

General

-------

DATE = 2020/12/09

TIME = 11:55

INSTRUM = spect

PULPROG = zgpg30

 F1 (13C)

-------------

SI =  65536

SF =  100.613

SW_p =  27173.913

Art-201209-ex120-Pr-TIPDS  11  1  /opt/topspin3.5pl4/data/nmrsu/nmr/XNA/Ishida
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1H NMR, CDCl3, 400 MHz 

 

13C NMR, CDCl3, 100 MHz 

 

Figure S12. 1H and 13C NMR spectra of compound 3b. 

 

[ppm
]

 8 
 6 

 4 
 2 

[re l] 0   5   1 0   1 5   2 0  

7 .9 3 2 5
7 .9 2 9 7
7 .9 1 1 7
7 .9 0 8 4
7 .7 2 2 5
7 .6 7 7 1
7 .6 7 3 9
7 .6 7 0 8
7 .6 5 9 5
7 .6 5 5 3
7 .6 5 1 2
7 .6 3 9 8
7 .6 3 6 7
7 .6 3 3 5
7 .5 1 6 7
7 .4 9 6 2
7 .4 7 7 7
7 .2 6 1 6

5 .7 8 0 1
5 .7 7 2 8
4 .3 5 2 5
4 .3 3 7 9
4 .3 2 0 3
4 .3 0 5 7
4 .1 0 9 6
4 .1 0 2 0
4 .0 9 6 7
4 .0 8 9 0
4 .0 5 6 8
4 .0 5 0 7
4 .0 3 5 0
4 .0 2 9 3
3 .8 9 7 0
3 .8 9 0 4
3 .8 8 2 1
3 .8 7 5 1
3 .8 6 5 9
3 .8 5 8 9
3 .8 5 0 5
3 .8 4 4 0
3 .7 8 5 0
3 .7 6 8 5
3 .7 6 1 6
3 .7 5 1 9
3 .7 4 5 0
3 .7 2 8 5
3 .5 6 8 2
3 .5 5 1 8
3 .5 4 4 7
3 .5 3 5 5
3 .5 2 8 4
3 .5 1 2 1
2 .7 0 6 4
2 .6 8 8 1

2 .3 9 6 7

1 .9 5 3 2
1 .9 5 0 4
1 .6 6 1 1
1 .6 4 2 6
1 .6 2 5 9
1 .6 0 7 6
1 .5 9 0 8
1 .5 7 2 7

0 .9 4 0 9
0 .9 2 2 5
0 .9 0 3 9

-0 .0 0 1 0

1 .9 9 2 1

0 .9 8 7 2
1 .0 4 1 5

2 .0 4 7 6

1 .0 0 0 0

1 .0 1 5 2

0 .9 6 4 82 .0 3 0 1

1 .0 4 6 3
1 .0 4 1 1

1 .0 6 9 7

1 .0 2 2 0

0 .9 6 5 0

3 .0 9 3 4

2 .3 9 9 1

3 .1 9 7 8 General

-------

DATE = 2020/12/14

TIME = 16:45

INSTRUM = spect

PULPROG = zg30

 F1 (1H)

-------------

SI =  65536

SF =  400.13

SW_p =  8012.821

Art-201214-ex136-Pr-OH-OH  10  1  /opt/topspin3.5pl4/data/nmrsu/nmr/XNA/Ishida

[ppm
]

 150 
 100 

 50 

[re l] 0   2   4   6   8   1 0   1 2   1 4  

1 6 8 .7 4 7 8

1 6 2 .7 6 6 2

1 4 9 .2 9 7 2

1 3 6 .7 4 0 9
1 3 5 .1 6 2 5
1 3 1 .4 4 5 8
1 3 0 .5 0 1 5
1 2 9 .1 8 8 5

1 1 0 .9 0 7 5

8 9 .9 0 8 9

8 4 .8 1 7 4

8 1 .2 6 6 5

7 2 .8 1 9 7

6 8 .4 6 2 5

6 1 .1 7 7 1

2 2 .9 1 3 4

1 2 .6 2 3 0
1 0 .4 2 2 1

General

-------

DATE = 2020/12/14

TIME = 17:41

INSTRUM = spect

PULPROG = zgpg30

 F1 (13C)

-------------

SI =  65536

SF =  100.613

SW_p =  27173.913

Art-201214-ex136-Pr-OH-OH  11  1  /opt/topspin3.5pl4/data/nmrsu/nmr/XNA/Ishida
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1H NMR, CDCl3, 400 MHz 

 

13C NMR, CDCl3, 100 MHz 

 

Figure S13. 1H and 13C NMR spectra of compound 4b. 

 

[ppm
]

 8 
 6 

 4 
 2 

[re l] 0   5   1 0   1 5  

7 .6 5 9 3
7 .6 5 6 3
7 .6 2 5 1
7 .6 2 2 1
7 .6 1 9 0
7 .5 1 0 5
7 .4 9 0 2
7 .4 7 1 4
7 .4 1 4 7
7 .3 9 6 9
7 .3 4 2 1
7 .3 3 9 1
7 .3 3 4 3
7 .3 2 1 7
7 .3 1 5 6
7 .3 1 0 0
7 .3 0 0 2
7 .2 9 3 2
7 .2 8 3 2
7 .2 7 7 8
7 .2 6 9 4
7 .2 6 2 8
7 .2 5 8 2
6 .8 7 2 3
6 .8 6 7 3
6 .8 5 0 0
6 .8 4 5 0
6 .0 4 7 9
6 .0 3 6 8

5 .3 7 3 8
5 .3 6 0 6
5 .3 4 7 4
4 .3 0 6 2
4 .2 9 4 3
4 .2 8 9 6
4 .2 8 2 0
4 .2 7 6 1
3 .8 0 5 9
3 .6 5 2 3
3 .6 3 6 6
3 .6 2 8 5
3 .6 2 1 4
3 .6 1 3 5
3 .5 9 8 6
3 .5 9 4 5
3 .5 1 3 7
3 .4 9 7 3
3 .4 9 0 7
3 .4 8 0 8
3 .4 7 4 2
3 .4 5 7 6
3 .4 0 5 7
3 .3 9 9 7
3 .3 7 8 2
3 .3 7 2 3

2 .0 9 5 3
1 .5 8 7 5
1 .5 6 9 2
1 .5 6 0 2
1 .5 5 2 5
1 .5 3 4 4
1 .5 1 7 8
1 .4 9 9 8
1 .4 0 2 1
1 .3 9 9 9
0 .9 0 9 3
0 .8 9 0 9
0 .8 7 2 3

2 .0 1 4 8

1 .0 2 4 5
0 .9 8 3 3
2 .0 3 3 1
2 .0 4 6 5
7 .3 0 6 4

4 .0 2 7 9

1 .0 0 0 0

1 .0 1 4 8

1 .9 5 5 4

6 .0 3 0 5

2 .0 3 8 7
1 .0 0 6 3
0 .9 9 2 8

3 .0 5 3 2

2 .3 9 1 8
2 .9 8 6 4

3 .0 5 6 0 General

-------

DATE = 2020/12/18

TIME = 11:05

INSTRUM = spect

PULPROG = zg30

 F1 (1H)

-------------

SI =  65536

SF =  400.13

SW_p =  8012.821

Art-201218-ex148-Pr-DMTr-OAc  10  1  /opt/topspin3.5pl4/data/nmrsu/nmr/XNA/Ishida

[ppm
]

 150 
 100 

 50 

[re l] 0   2   4   6   8   1 0   1 2   1 4  

1 7 0 .1 2 8 5
1 6 8 .8 5 3 1

1 6 2 .7 8 3 4
1 5 8 .8 5 5 1
1 5 8 .8 4 1 0

1 4 9 .3 9 8 8

1 4 4 .0 6 8 1

1 3 5 .1 2 7 5
1 3 5 .0 0 1 5
1 3 1 .6 0 3 8
1 3 0 .5 3 5 6
1 3 0 .1 5 4 0
1 2 9 .1 1 1 2
1 2 8 .1 9 5 3
1 2 8 .0 9 7 4
1 2 7 .3 2 1 3

1 1 3 .3 7 1 8
1 1 3 .3 5 7 0
1 1 1 .3 9 7 6

8 7 .5 0 6 3
8 7 .2 4 3 3

8 1 .2 0 5 7
8 0 .3 6 6 0

7 3 .0 0 9 3
7 0 .6 2 2 3

6 2 .1 3 6 3

5 5 .2 9 3 7

2 2 .8 6 1 7
2 0 .6 9 5 0

1 1 .8 1 6 0
1 0 .4 1 4 4

General

-------

DATE = 2020/12/18

TIME = 12:02

INSTRUM = spect

PULPROG = zgpg30

 F1 (13C)

-------------

SI =  65536

SF =  100.613

SW_p =  27173.913

Art-201218-ex148-Pr-DMTr-OAc  11  1  /opt/topspin3.5pl4/data/nmrsu/nmr/XNA/Ishida
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1H NMR, CDCl3, 400 MHz 

 

13C NMR, CDCl3, 100 MHz 

 

Figure S14. 1H and 13C NMR spectra of compound 5b. 

 

[ppm
]

 8 
 6 

 4 
 2 

[re l] 0   5   1 0   1 5  

7 .9 3 0 4
7 .9 2 7 9
7 .9 0 9 9
7 .9 0 6 6
7 .6 7 6 2
7 .6 7 3 2
7 .6 7 0 2
7 .6 5 4 6
7 .6 3 8 9
7 .6 3 5 9
7 .6 3 2 5
7 .6 2 6 3
7 .5 1 4 6
7 .4 9 4 2
7 .4 7 5 5

5 .7 1 2 2
5 .7 0 0 2
5 .2 8 0 3
5 .2 6 7 8
5 .2 5 5 4
4 .3 6 0 5
4 .3 4 8 0
4 .3 3 5 4
4 .2 3 5 2
4 .2 3 0 7
4 .2 2 4 8
4 .2 1 8 9
4 .2 1 4 3
3 .9 8 5 4
3 .9 8 0 7
3 .9 5 4 1
3 .9 4 9 5
3 .7 8 0 4
3 .7 7 5 3
3 .7 4 9 0
3 .7 4 4 0
3 .5 8 3 5
3 .5 6 7 5
3 .5 6 0 4
3 .5 5 1 4
3 .5 4 4 3
3 .5 2 8 3
3 .4 9 0 5
3 .4 7 3 9
3 .4 6 7 4
3 .4 5 7 2
3 .4 5 0 7
3 .4 3 4 1

2 .1 4 3 5
1 .9 6 1 7
1 .9 5 9 1
1 .5 7 7 4
1 .5 5 9 1
1 .5 4 2 2
1 .5 2 4 1
1 .5 0 7 3
1 .4 8 9 3

0 .8 9 7 0
0 .8 7 8 6
0 .8 6 0 0

2 .0 4 1 0

2 .0 4 5 1

2 .0 8 7 6

1 .0 0 0 0

1 .0 1 7 5

1 .0 2 0 1
1 .0 1 8 9

1 .0 3 1 6

1 .0 4 0 4

1 .0 2 4 9
1 .0 4 6 8

3 .0 2 1 6

3 .0 3 8 4

2 .0 8 3 6

3 .0 4 8 9 General

-------

DATE = 2023/03/20

TIME = 22:45

INSTRUM = spect

PULPROG = zg30

 F1 (1H)

-------------

SI =  65536

SF =  400.13

SW_p =  8012.821

Art-230320-ex10-Pr-OH-OAc  10  1  /opt/topspin3.5pl4/data/nmrsu/nmr/XNA/Ishida

[ppm
]

 150 
 100 

 50 

[re l] 0   2   4   6   8   1 0   1 2   1 4  

1 7 0 .4 8 7 6
1 6 8 .6 7 3 2

1 6 2 .7 4 0 7

1 4 9 .3 9 5 4

1 3 7 .2 4 0 9
1 3 5 .1 9 6 2
1 3 1 .4 0 6 6
1 3 0 .5 2 6 2
1 2 9 .2 0 1 3

1 1 1 .1 5 5 8

9 0 .9 0 2 2

8 3 .0 0 5 6

7 9 .3 4 8 2

7 3 .0 0 3 3
7 0 .4 2 4 2

6 1 .5 2 7 7

2 2 .8 7 5 8
2 0 .8 3 4 7

1 2 .6 6 0 3
1 0 .4 0 4 6

General

-------

DATE = 2023/03/20

TIME = 23:00

INSTRUM = spect

PULPROG = zgpg30

 F1 (13C)

-------------

SI =  65536

SF =  100.613

SW_p =  27173.913

Art-230320-ex10-Pr-OH-OAc  11  1  /opt/topspin3.5pl4/data/nmrsu/nmr/XNA/Ishida
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1H NMR, D2O, 400 MHz 

 

31P NMR, D2O, 120 MHz 

 

Figure S15. 1H and 31P NMR spectra of compound 6b. 

 

[ppm
]

 8 
 6 

 4 
 2 

[re l]- 0 .0   0 .5   1 .0   1 .5   2 .0   2 .5  

7 .7 6 6 6

6 .0 1 6 1
6 .0 0 3 2

4 .5 2 9 0
4 .5 1 9 5
4 .5 0 7 7
4 .4 9 7 6
4 .2 4 3 9
4 .2 3 3 3
4 .1 8 4 6
4 .1 7 1 3
4 .1 5 8 2
3 .6 6 1 9
3 .6 4 5 1
3 .6 3 7 4
3 .6 2 8 4
3 .6 2 0 8
3 .6 1 2 5
3 .6 0 4 2
3 .5 9 5 6
3 .5 8 8 3
3 .5 7 8 7
3 .5 7 1 2
3 .5 6 4 3
3 .5 5 4 4

1 .9 1 3 9
1 .5 9 2 0
1 .5 7 3 8
1 .5 6 7 5
1 .5 5 6 2
1 .5 5 0 0
1 .5 3 8 3
1 .5 3 2 2
1 .5 2 0 7
1 .5 1 4 6
1 .5 0 3 0

0 .8 5 6 3
0 .8 3 7 9
0 .8 1 9 2

0 .9 9 8 4

1 .0 0 0 0

0 .9 9 2 1

2 .9 3 1 4
0 .9 6 6 7

2 .0 3 7 5

2 .9 8 0 6

2 .0 0 0 0

2 .9 9 0 9 General

-------

DATE = 2023/09/25

TIME = 15:43

INSTRUM = spect

PULPROG = zg30

 F1 (1H)

-------------

SI =  65536

SF =  400.13

SW_p =  8012.821

Art-230925-Pr-TTP-1H  10  1  /opt/topspin3.5pl4/data/nmrsu/nmr/XNA/Ishida

[ppm
]

 100 
 50 

 0 
- 50 

[re l] 0   5   1 0   1 5  

-9 .5 1 4 5
-9 .6 2 5 9
-1 2 .5 9 8 3
-1 2 .7 1 9 7

-2 3 .5 1 6 9
-2 3 .6 3 2 6
-2 3 .7 6 1 6

General

-------

DATE = 2023/09/25

TIME = 20:05

INSTRUM = spect

PULPROG = zg30

 F1 (31P)

-------------

SI =  32768

SF =  161.976

SW_p =  64102.564

Art-230925-Pr-TTP-31P  10  1  /opt/topspin3.5pl4/data/nmrsu/nmr/XNA/Ishida
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1H NMR, CDCl3, 400 MHz 

 

13C NMR, CDCl3, 100 MHz 

 

Figure S16. 1H and 13C NMR spectra of compound 2c. 

 

[ppm
]

 8 
 6 

 4 
 2 

[re l] 0   5   1 0   1 5  

7 .9 3 9 5
7 .9 3 6 7
7 .9 1 8 7
7 .9 1 5 4
7 .7 2 9 9
7 .7 2 7 0
7 .6 6 8 2
7 .6 6 5 1
7 .6 6 2 0
7 .6 5 0 7
7 .6 4 6 5
7 .6 4 2 4
7 .6 3 1 0
7 .6 2 7 8
7 .6 2 4 7
7 .5 1 3 4
7 .4 9 3 0
7 .4 7 4 4

5 .6 9 9 9
4 .2 8 8 0
4 .2 5 3 8
4 .2 4 4 5
4 .2 3 3 6
4 .2 2 0 6
4 .2 0 9 7
4 .1 6 8 4
4 .1 6 3 2
4 .1 4 4 5
4 .1 3 9 3
4 .0 1 5 5
4 .0 0 9 3
3 .9 8 1 4
3 .9 7 5 2
3 .8 4 2 3
3 .8 3 1 6
3 .7 6 6 7
3 .7 5 0 9
3 .7 3 5 0
1 .9 5 2 5
1 .9 4 9 7
1 .5 8 0 6
1 .5 7 1 2
1 .5 5 4 9
1 .5 5 2 9
1 .5 4 9 4
1 .5 4 4 5
1 .5 3 7 0
1 .5 3 2 3
1 .5 2 8 9
1 .5 2 1 0
1 .5 1 6 1
1 .5 1 4 0
1 .4 9 8 8
1 .4 1 9 0
1 .4 0 0 6
1 .3 8 1 7
1 .3 6 2 8
1 .3 4 4 6
1 .3 2 6 5
1 .1 2 7 4
1 .1 1 6 2
1 .0 9 4 2
1 .0 7 8 1
1 .0 7 1 8
1 .0 6 0 9
1 .0 4 7 7
1 .0 4 2 7
1 .0 3 4 8
0 .8 8 9 7
0 .8 7 1 3
0 .8 5 2 9

-0 .0 0 0 3

2 .1 0 8 2

1 .0 6 1 9
1 .0 6 1 4
2 .1 2 9 0

1 .0 0 0 0

2 .1 7 9 3
1 .0 9 6 5

1 .1 3 2 3

1 .0 6 6 5
2 .1 1 3 4

3 .1 9 2 9

2 .3 3 0 5

2 .2 9 4 5

2 8 .0 6 5 7

3 .1 7 5 1 General

-------

DATE = 2020/12/09

TIME = 12:21

INSTRUM = spect

PULPROG = zg30

 F1 (1H)

-------------

SI =  65536

SF =  400.13

SW_p =  8012.821

Art-201209-ex121-Bu-TIPDS  10  1  /opt/topspin3.5pl4/data/nmrsu/nmr/XNA/Ishida

[ppm
]

 150 
 100 

 50 

[re l] 0   2   4   6   8   1 0   1 2   1 4  

1 6 9 .1 3 6 1

1 6 2 .9 7 1 5

1 4 8 .9 6 4 8

1 3 5 .0 9 4 9
1 3 4 .8 6 7 2
1 3 1 .5 3 0 3
1 3 0 .5 5 1 8
1 2 9 .1 5 7 0

1 1 0 .0 5 1 2

8 9 .6 3 7 4

8 2 .1 8 6 5
8 1 .8 7 8 3

7 1 .2 3 5 7

6 8 .2 4 8 7

5 9 .3 7 8 3

3 1 .8 3 6 8
1 9 .1 5 4 0
1 7 .4 8 5 7
1 7 .4 2 3 0
1 7 .3 0 4 0
1 7 .2 7 7 0
1 7 .2 0 9 3
1 7 .0 8 5 2
1 7 .0 1 0 9
1 6 .9 1 6 0
1 3 .8 3 4 3
1 3 .5 7 7 7
1 2 .9 1 0 1
1 2 .8 0 7 3
1 2 .7 6 2 7
1 2 .6 4 2 0

General

-------

DATE = 2020/12/09

TIME = 13:17

INSTRUM = spect

PULPROG = zgpg30

 F1 (13C)

-------------

SI =  65536

SF =  100.613

SW_p =  27173.913

Art-201209-ex121-Bu-TIPDS  11  1  /opt/topspin3.5pl4/data/nmrsu/nmr/XNA/Ishida



 22 

1H NMR, CDCl3, 400 MHz 

 

13C NMR, CDCl3, 100 MHz 

 

Figure S17. 1H and 13C NMR spectra of compound 3c. 

 

[ppm
]

 8 
 6 

 4 
 2 

[re l] 0   5   1 0   1 5  

7 .9 3 2 2
7 .9 2 9 4
7 .9 1 1 5
7 .9 0 8 2
7 .7 2 7 6
7 .6 7 7 3
7 .6 7 4 2
7 .6 7 1 1
7 .6 5 9 5
7 .6 5 5 6
7 .6 5 1 7
7 .6 4 0 0
7 .6 3 6 9
7 .6 3 3 8
7 .5 1 6 6
7 .4 9 6 2
7 .4 7 7 5

5 .7 7 9 1
5 .7 7 2 0
4 .3 4 7 7
4 .3 3 3 1
4 .3 1 5 7
4 .3 0 1 0
4 .0 9 6 8
4 .0 8 9 4
4 .0 8 4 2
4 .0 7 6 5
4 .0 4 2 9
4 .0 3 6 9
4 .0 2 7 7
4 .0 2 1 3
3 .8 9 1 4
3 .8 8 5 2
3 .8 7 6 8
3 .8 7 0 1
3 .8 6 0 4
3 .8 5 3 4
3 .8 4 5 4
3 .8 3 9 0
3 .8 2 7 3
3 .8 1 0 9
3 .8 0 3 7
3 .7 9 4 5
3 .7 8 7 3
3 .7 7 0 9
3 .6 0 1 9
3 .5 8 5 8
3 .5 7 8 3
3 .5 6 9 7
3 .5 6 2 2
3 .5 4 6 1
2 .7 0 2 7
2 .6 8 4 4
2 .4 3 4 8
1 .9 5 0 6
1 .9 4 7 9
1 .6 1 0 0
1 .5 9 3 3
1 .5 8 5 9
1 .5 7 6 3
1 .5 7 2 0
1 .5 5 6 0
1 .5 3 9 8
1 .4 0 8 5
1 .3 9 0 0
1 .3 7 5 6
1 .3 7 1 3
1 .3 5 7 3
1 .3 5 2 1
1 .3 3 8 9
1 .3 3 3 6
1 .3 1 5 3
0 .9 2 5 7
0 .9 0 7 3
0 .8 8 8 8

2 .0 0 0 2

0 .9 9 5 5
1 .0 1 8 0

2 .0 2 4 6

1 .0 0 0 0

1 .0 1 7 4

0 .9 9 8 1
2 .0 2 2 9

1 .0 1 1 1
1 .0 3 2 5

1 .0 9 9 8

1 .0 3 5 2

0 .9 8 3 9

3 .0 9 3 4

2 .0 8 1 5

2 .1 4 6 5

3 .0 8 4 2 General

-------

DATE = 2020/12/15

TIME = 10:29

INSTRUM = spect

PULPROG = zg30

 F1 (1H)

-------------

SI =  65536

SF =  400.13

SW_p =  8012.821

Art-201215-ex137-Bu-OH-OH  10  1  /opt/topspin3.5pl4/data/nmrsu/nmr/XNA/Ishida

[ppm
]

 150 
 100 

 50 

[re l] 0   5   1 0   1 5  

1 6 8 .7 4 3 2

1 6 2 .7 6 8 1

1 4 9 .2 7 0 4

1 3 6 .7 2 7 9
1 3 5 .1 5 0 6
1 3 1 .4 3 1 3
1 3 0 .4 8 6 4
1 2 9 .1 7 4 7

1 1 0 .8 7 2 1

8 9 .8 0 8 8

8 4 .7 9 9 3

8 1 .3 1 1 7

7 1 .0 2 2 5
6 8 .4 2 9 2

6 1 .1 3 8 2

3 1 .6 8 6 8

1 9 .1 6 2 2

1 3 .8 1 2 6
1 2 .6 0 3 6

General

-------

DATE = 2020/12/15

TIME = 11:26

INSTRUM = spect

PULPROG = zgpg30

 F1 (13C)

-------------

SI =  65536

SF =  100.613

SW_p =  27173.913

Art-201215-ex137-Bu-OH-OH  11  1  /opt/topspin3.5pl4/data/nmrsu/nmr/XNA/Ishida
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1H NMR, CDCl3, 400 MHz 

 

13C NMR, CDCl3, 100 MHz 

 

Figure S18. 1H and 13C NMR spectra of compound 4c. 

 

[ppm
]

 8 
 6 

 4 
 2 

[re l] 0   5   1 0   1 5   2 0  

7 .9 4 8 1
7 .9 3 0 0
7 .7 1 4 4
7 .7 1 1 9
7 .6 5 9 3
7 .6 4 0 6
7 .6 2 2 1
7 .5 1 0 4
7 .4 9 0 5
7 .4 7 1 4
7 .4 1 4 5
7 .3 9 6 5
7 .3 2 1 2
7 .3 1 5 3
7 .2 9 9 7
7 .2 9 3 2
7 .2 7 7 5
7 .2 6 9 1
7 .2 6 2 4
7 .2 5 7 5
6 .8 7 1 7
6 .8 6 6 8
6 .8 4 9 6
6 .8 4 4 7

6 .0 4 5 2
6 .0 3 4 0

5 .3 7 0 2
5 .3 5 7 2
5 .3 4 4 1
4 .3 0 3 1
4 .2 9 0 3
4 .2 8 2 4
4 .2 7 8 5
4 .2 7 0 1
3 .8 0 4 4
3 .6 8 6 8
3 .6 7 1 4
3 .6 6 3 4
3 .6 5 5 8
3 .6 4 8 0
3 .6 3 2 3
3 .6 2 0 7
3 .6 1 3 6
3 .5 9 7 3
3 .5 5 8 2
3 .5 4 2 1
3 .5 3 5 1
3 .5 2 5 8
3 .5 1 8 8
3 .5 0 2 3
3 .4 9 7 4
3 .4 7 4 2
3 .4 0 4 4
3 .3 9 8 8
3 .3 7 6 9
3 .3 7 1 4
2 .0 9 4 1
1 .5 6 6 3
1 .5 5 2 2
1 .5 4 3 1
1 .5 3 4 4
1 .5 2 5 4
1 .5 1 7 4
1 .5 0 8 6
1 .5 0 1 0
1 .4 8 5 3
1 .3 9 9 8
1 .3 8 1 6
1 .3 6 2 8
1 .3 4 4 6
1 .3 2 7 1
1 .3 0 8 8
1 .3 0 5 6
0 .9 0 7 6
0 .8 8 9 2
0 .8 7 0 9

2 .0 1 5 8

0 .9 7 5 8
1 .0 5 3 5

2 .1 6 1 8
2 .1 0 8 1
6 .9 5 3 0

4 .1 5 2 1

1 .0 0 0 0

1 .0 8 9 3

2 .0 6 2 3

6 .0 9 7 8

2 .1 8 7 8
1 .0 7 5 1
1 .0 0 8 6

3 .2 4 0 3

2 .3 2 5 1
3 .0 9 7 6
1 .9 8 0 7

3 .2 0 5 8 General

-------

DATE = 2020/12/23

TIME = 20:24

INSTRUM = spect

PULPROG = zg30

 F1 (1H)

-------------

SI =  65536

SF =  400.13

SW_p =  8012.821

Art-201223-ex149-Bu-DMTr-OAc  10  1  /opt/topspin3.5pl4/data/nmrsu/nmr/XNA/Ishida

[ppm
]

 150 
 100 

 50 

[re l] 0   5   1 0   1 5  

1 7 0 .1 3 0 5
1 6 8 .8 5 7 0

1 6 2 .7 8 7 9
1 5 8 .8 6 4 1
1 5 8 .8 4 9 7

1 4 9 .4 0 4 2

1 4 4 .0 8 0 6
1 3 5 .1 3 9 0
1 3 5 .0 2 8 6
1 3 5 .0 1 2 7
1 3 1 .6 2 7 2
1 3 0 .5 3 7 1
1 3 0 .1 6 1 8
1 2 9 .1 1 5 8
1 2 8 .2 0 3 8
1 2 8 .1 0 4 3
1 2 7 .3 2 8 0

1 1 3 .3 8 1 5
1 1 3 .3 6 5 8
1 1 1 .4 0 2 1

8 7 .4 6 1 8
8 7 .2 5 2 1

8 1 .2 2 1 1
8 0 .3 5 1 7

7 3 .0 1 7 3
7 1 .1 4 5 4
7 0 .6 3 3 9

6 2 .1 6 0 6

5 5 .2 9 9 1

3 1 .6 4 9 5

2 2 .8 6 9 6
2 0 .6 9 5 0
1 9 .0 9 7 0

1 3 .8 3 3 7
1 1 .8 1 6 2
1 0 .4 2 1 1

General

-------

DATE = 2020/12/23

TIME = 21:21

INSTRUM = spect

PULPROG = zgpg30

 F1 (13C)

-------------

SI =  65536

SF =  100.613

SW_p =  27173.913

Art-201223-ex149-Bu-DMTr-OAc  11  1  /opt/topspin3.5pl4/data/nmrsu/nmr/XNA/Ishida
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1H NMR, CDCl3, 400 MHz 

 

13C NMR, CDCl3, 100 MHz 

 

Figure S19. 1H and 13C NMR spectra of compound 5c. 

 

[ppm
]

 8 
 6 

 4 
 2 

[re l] 0   5   1 0   1 5  

7 .9 2 9 6
7 .9 2 6 9
7 .9 0 9 0
7 .9 0 5 6
7 .6 7 5 1
7 .6 7 2 1
7 .6 6 9 0
7 .6 5 3 4
7 .6 3 7 6
7 .6 3 4 6
7 .6 3 1 3
7 .5 1 3 5
7 .4 9 3 1
7 .4 7 4 4

5 .7 1 5 1
5 .7 0 3 1
5 .2 7 3 8
5 .2 6 1 2
5 .2 4 8 7
4 .3 4 5 5
4 .3 3 3 0
4 .3 2 0 4
4 .2 2 8 4
4 .2 2 3 8
4 .2 1 7 9
4 .2 1 1 9
4 .2 0 7 2
3 .9 8 1 8
3 .9 7 7 1
3 .9 5 0 5
3 .9 4 5 9
3 .7 7 8 2
3 .7 7 3 2
3 .7 4 6 9
3 .7 4 1 9
3 .6 1 5 7
3 .5 9 9 9
3 .5 9 2 5
3 .5 8 4 1
3 .5 7 6 6
3 .5 6 0 8
3 .5 3 0 6
3 .5 1 4 3
3 .5 0 7 4
3 .4 9 7 9
3 .4 9 1 0
3 .4 7 4 6
2 .1 4 0 5
1 .9 5 8 7
1 .9 5 6 0
1 .5 2 7 2
1 .5 2 4 8
1 .5 0 9 7
1 .5 0 2 5
1 .4 9 3 7
1 .4 9 0 1
1 .4 8 8 5
1 .4 7 7 6
1 .4 7 2 3
1 .4 5 6 3
1 .3 6 5 9
1 .3 4 7 5
1 .3 2 9 2
1 .3 2 5 8
1 .3 1 1 2
1 .3 0 7 5
1 .2 9 2 9
1 .2 8 9 6
0 .9 0 1 4
0 .8 8 3 0
0 .8 6 4 6

2 .0 8 6 3

2 .0 9 0 3
2 .1 5 6 5

1 .0 0 0 0

1 .0 0 7 2

0 .9 9 8 7
1 .0 5 1 6

1 .0 8 8 4

1 .0 3 7 2

1 .0 7 1 4
1 .0 8 3 0

3 .0 5 9 7

3 .0 2 5 2

2 .1 3 0 2

2 .0 8 5 8

3 .2 5 8 2 General

-------

DATE = 2023/03/20

TIME = 23:23

INSTRUM = spect

PULPROG = zg30

 F1 (1H)

-------------

SI =  65536

SF =  400.13

SW_p =  8012.821

Art-230320-ex11-Bu-OH-OAc  10  1  /opt/topspin3.5pl4/data/nmrsu/nmr/XNA/Ishida

[ppm
]

 150 
 100 

 50 

[re l] 0   2   4   6   8   1 0   1 2   1 4  

1 7 0 .4 7 2 4
1 6 8 .6 7 3 7

1 6 2 .7 4 4 0

1 4 9 .3 8 6 8

1 3 7 .1 8 7 1
1 3 5 .1 7 4 3
1 3 1 .4 3 0 6
1 3 0 .5 1 4 7
1 2 9 .1 9 3 7

1 1 1 .1 3 5 7

9 0 .7 9 3 6

8 2 .9 8 8 8

7 9 .4 3 6 6

7 1 .1 9 5 0
7 0 .4 1 8 4

6 1 .5 0 3 6

3 1 .6 7 5 9

2 0 .8 1 2 2
1 9 .0 9 7 5

1 3 .8 3 6 4
1 2 .6 4 2 6

General

-------

DATE = 2023/03/22

TIME = 14:44

INSTRUM = spect

PULPROG = zgpg30

 F1 (13C)

-------------

SI =  65536

SF =  100.613

SW_p =  27173.913

Art-230320-ex11-Bu-OH-OAc-13C  11  1  /opt/topspin3.5pl4/data/nmrsu/nmr/XNA/Ishida
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1H NMR, D2O, 400 MHz 

 

31P NMR, D2O, 120 MHz 

 

Figure S20. 1H and 31P NMR spectra of compound 6c. 

 

[ppm
]

 8 
 6 

 4 
 2 

[re l]- 0 .0   0 .5   1 .0  

7 .7 8 5 1

6 .0 3 2 8
6 .0 1 9 2

4 .5 3 1 4
4 .5 2 0 1
4 .5 0 8 9
4 .2 7 1 9
4 .2 6 6 1
4 .2 5 6 6
4 .2 4 4 6
4 .1 9 7 7
4 .1 8 4 4
4 .1 7 0 9
3 .7 2 7 1
3 .7 0 2 3
3 .6 8 5 9
3 .6 6 9 9
3 .6 5 3 9
3 .6 3 7 6
3 .6 2 9 0
3 .6 1 2 6

1 .9 3 3 4
1 .5 5 8 0
1 .5 4 1 3
1 .5 2 4 2
1 .5 0 4 2
1 .4 8 7 8
1 .3 3 8 9
1 .3 2 0 4
1 .3 0 1 9
1 .2 8 4 4
1 .2 8 1 0
1 .2 6 6 6
1 .2 6 2 8
1 .2 4 6 7
0 .8 5 7 9
0 .8 3 9 3
0 .8 2 0 8

1 .2 0 2 9

1 .0 0 0 0

1 .0 2 4 4

2 .8 5 3 1
1 .1 0 2 6

2 .0 5 8 6

3 .0 2 8 3

2 .0 6 7 3

2 .1 2 9 7

2 .9 9 0 0

General

-------

DATE = 2023/06/20

TIME = 17:53

INSTRUM = spect

PULPROG = zg30

 F1 (1H)

-------------

SI =  65536

SF =  400.13

SW_p =  8012.821

Art-230620-OPr-TTP-1H  20  1  /opt/topspin3.5pl4/data/nmrsu/nmr/XNA/Ishida

[ppm
]

 100 
 50 

 0 
- 50 

[re l] 0   5   1 0   1 5  

-9 .7 5 2 0
-9 .8 5 7 9
-1 2 .5 8 9 6
-1 2 .7 1 0 4

-2 3 .5 7 1 9
-2 3 .6 9 3 8
-2 3 .8 1 6 2

General

-------

DATE = 2023/06/20

TIME = 21:35

INSTRUM = spect

PULPROG = zg30

 F1 (31P)

-------------

SI =  32768

SF =  161.976

SW_p =  64102.564

Art-230620-OBu-TTP-31P  10  1  /opt/topspin3.5pl4/data/nmrsu/nmr/XNA/Ishida
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1H NMR, CDCl3, 400 MHz 

 

13C NMR, CDCl3, 100 MHz 

 

Figure S21. 1H and 13C NMR spectra of compound 2d. 

 

[ppm
]

 8 
 6 

 4 
 2 

[re l] 0   5   1 0   1 5  

7 .9 4 0 3
7 .9 3 7 5
7 .9 1 9 5
7 .9 1 6 2
7 .7 5 9 5
7 .7 5 6 5
7 .6 6 6 1
7 .6 6 3 0
7 .6 5 9 8
7 .6 4 8 6
7 .6 4 4 3
7 .6 4 0 2
7 .6 2 8 8
7 .6 2 5 7
7 .6 2 2 5
7 .5 1 1 7
7 .4 9 1 3
7 .4 7 2 7

5 .6 4 3 9

4 .2 9 1 6
4 .2 5 7 4
4 .2 1 4 8
4 .2 0 4 9
4 .1 9 0 9
4 .1 8 1 1
4 .1 7 1 1
4 .1 6 6 2
4 .1 4 7 2
4 .1 4 2 3
4 .0 1 4 9
4 .0 0 9 1
3 .9 9 5 7
3 .9 8 0 5
3 .9 7 5 1
3 .9 6 5 1
3 .9 4 9 8
3 .9 3 3 8
3 .9 2 3 6

1 .9 5 1 6
1 .9 4 8 7
1 .1 8 7 6
1 .1 7 2 2
1 .1 6 0 8
1 .1 4 5 6
1 .1 2 7 5
1 .1 1 6 4
1 .0 9 2 0
1 .0 7 5 9
1 .0 7 0 6
1 .0 6 1 3
1 .0 5 1 8
1 .0 4 6 6
1 .0 3 2 4

1 .9 6 1 5

0 .9 8 8 0
0 .9 9 4 9

2 .0 2 9 8

1 .0 0 0 0

1 .0 2 4 6
2 .0 5 1 4

2 .0 0 4 9
1 .1 1 5 9

2 .9 8 3 2

3 4 .0 2 6 7

General

-------

DATE = 2020/12/03

TIME = 10:59

INSTRUM = spect

PULPROG = zg30

 F1 (1H)

-------------

SI =  65536

SF =  400.13

SW_p =  8012.821

Art-201203-ex119-iPr-TIPDS  10  1  /opt/topspin3.5pl4/data/nmrsu/nmr/XNA/Ishida

[ppm
]

 150 
 100 

 50 

[re l] 0   2   4   6   8   1 0   1 2   1 4  

1 6 9 .1 8 7 6

1 6 3 .0 2 4 1

1 4 9 .0 0 8 5

1 3 5 .1 0 6 9
1 3 4 .9 2 8 1
1 3 1 .5 0 9 4
1 3 0 .5 8 7 4
1 2 9 .1 5 9 3

1 0 9 .9 0 8 9

9 0 .4 3 6 6

8 2 .0 1 3 9
8 0 .3 4 5 8

7 2 .8 3 2 6

6 7 .8 8 0 4

5 9 .4 0 8 3

2 2 .5 9 4 9
2 2 .3 5 1 0
1 7 .4 9 7 9
1 7 .4 2 0 6
1 7 .2 9 1 0
1 7 .2 1 0 2
1 7 .1 1 8 8
1 7 .0 4 6 4
1 6 .9 5 1 9
1 3 .5 8 4 9
1 2 .9 1 3 5
1 2 .8 2 5 1
1 2 .7 7 4 8
1 2 .7 3 4 2

General

-------

DATE = 2020/12/03

TIME = 11:55

INSTRUM = spect

PULPROG = zgpg30

 F1 (13C)

-------------

SI =  65536

SF =  100.613

SW_p =  27173.913

Art-201203-ex119-iPr-TIPDS  11  1  /opt/topspin3.5pl4/data/nmrsu/nmr/XNA/Ishida
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1H NMR, CDCl3, 400 MHz 

 

13C NMR, CDCl3, 100 MHz 

 

Figure S22. 1H and 13C NMR spectra of compound 3d. 

 

[ppm
]

 8 
 6 

 4 
 2 

[re l] 0   5   1 0   1 5  

7 .9 2 6 4
7 .9 2 3 9
7 .9 0 5 8
7 .9 0 2 7
7 .6 7 3 9
7 .6 5 5 0
7 .6 3 6 4
7 .5 1 3 8
7 .4 9 3 4
7 .4 7 4 7

5 .6 8 1 4
5 .6 7 4 1

4 .2 8 2 9
4 .2 6 7 8
4 .2 5 7 7
4 .2 4 4 9
4 .0 5 8 9
4 .0 5 2 9
4 .0 4 6 6
4 .0 4 1 4
4 .0 1 9 4
3 .9 8 8 9
3 .9 6 9 4
3 .9 5 4 1
3 .9 3 8 8
3 .9 2 3 5
3 .9 0 8 3
3 .8 5 2 0
3 .8 4 1 1
3 .8 3 6 5
3 .8 2 6 5
3 .8 2 1 6
3 .8 1 0 6
3 .8 0 6 3

2 .7 2 5 8
2 .7 1 0 8
2 .5 8 9 9

1 .9 5 4 9
1 .9 5 2 1

1 .2 0 2 8
1 .1 9 3 1
1 .1 8 7 5
1 .1 7 8 0

2 .0 1 4 6

2 .0 2 8 3

2 .0 4 8 3

1 .0 0 0 0

2 .0 3 1 5

3 .0 6 0 2

1 .0 1 8 7

1 .0 3 2 8
0 .9 5 7 3

3 .0 3 3 7

6 .1 4 7 1

General

-------

DATE = 2020/12/07

TIME = 13:16

INSTRUM = spect

PULPROG = zg30

 F1 (1H)

-------------

SI =  65536

SF =  400.13

SW_p =  8012.821

Art-201207-ex133-iPr-OH-OH  10  1  /opt/topspin3.5pl4/data/nmrsu/nmr/XNA/Ishida

[ppm
]

 150 
 100 

 50 

[re l] 0   2   4   6   8   1 0   1 2   1 4  

1 6 8 .6 6 7 6

1 6 2 .7 5 2 0

1 4 9 .3 8 1 2

1 3 7 .2 2 5 5
1 3 5 .1 5 7 9
1 3 1 .4 1 9 8
1 3 0 .4 7 3 7
1 2 9 .1 6 9 9

1 1 0 .9 1 0 0

9 1 .1 6 8 9

8 5 .1 4 1 9

7 8 .7 5 3 8

7 2 .7 9 9 1

6 8 .6 6 4 3

6 1 .4 3 4 7

2 2 .8 8 5 6
2 2 .0 7 0 2

1 2 .5 7 7 3

General

-------

DATE = 2020/12/07

TIME = 14:13

INSTRUM = spect

PULPROG = zgpg30

 F1 (13C)

-------------

SI =  65536

SF =  100.613

SW_p =  27173.913

Art-201207-ex133-iPr-OH-OH  11  1  /opt/topspin3.5pl4/data/nmrsu/nmr/XNA/Ishida
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1H NMR, CDCl3, 400 MHz 

 

13C NMR, CDCl3, 100 MHz 

 

Figure S23. 1H and 13C NMR spectra of compound 4d. 

 

[ppm
]

 8 
 6 

 4 
 2 

[re l] 0   5   1 0   1 5  

7 .6 2 4 8
7 .6 2 1 7
7 .6 1 8 6
7 .5 1 1 2
7 .4 9 0 8
7 .4 7 2 2
7 .4 1 9 2
7 .4 1 5 4
7 .3 9 7 8
7 .3 9 5 1
7 .3 4 0 5
7 .3 3 7 2
7 .3 3 2 5
7 .3 1 9 8
7 .3 1 5 1
7 .3 0 9 8
7 .2 9 8 5
7 .2 9 2 8
7 .2 8 4 3
7 .2 8 1 0
7 .2 7 6 2
7 .2 6 9 1
7 .2 6 3 2
7 .2 5 8 0
6 .8 7 0 9
6 .8 6 5 7
6 .8 4 8 6
6 .8 4 3 3
6 .0 0 8 9
5 .9 9 6 4

5 .3 8 2 3
5 .3 6 9 9
5 .3 5 7 4

4 .3 9 5 3
4 .3 8 2 5
4 .3 6 9 7
4 .2 9 4 3
4 .2 8 9 0
4 .2 8 3 1
4 .2 7 7 3
4 .2 7 1 9
3 .8 0 5 3
3 .8 0 3 4
3 .6 1 9 9
3 .6 1 4 2
3 .5 9 2 4
3 .5 8 6 9
3 .3 9 6 1
3 .3 9 0 3
3 .3 6 8 7
3 .3 6 3 0

2 .1 0 0 5

1 .3 8 3 8
1 .3 8 1 4
1 .1 6 1 1
1 .1 4 6 0
1 .0 9 7 8
1 .0 8 2 6

2 .0 1 6 7

1 .0 0 2 3
1 .0 2 8 7

2 .1 2 6 0
2 .0 1 1 8
6 .9 5 0 2

4 .0 1 1 3

1 .0 0 0 0

1 .0 1 7 5

0 .9 7 2 2
0 .9 3 3 5

6 .0 3 8 2

1 .0 0 8 7

0 .9 7 8 9

2 .9 7 3 1

2 .9 9 6 9

2 .8 9 7 3
2 .9 1 3 3

General

-------

DATE = 2020/12/17

TIME = 15:32

INSTRUM = spect

PULPROG = zg30

 F1 (1H)

-------------

SI =  65536

SF =  400.13

SW_p =  8012.821

Art-201217-ex135-iPr-DMTr-OAc  10  1  /opt/topspin3.5pl4/data/nmrsu/nmr/XNA/Ishida

[ppm
]

 150 
 100 

 50 

[re l] 0   5   1 0   1 5  

1 7 0 .1 1 7 4
1 6 8 .8 0 3 5

1 6 2 .7 7 4 8
1 5 8 .8 6 5 8
1 5 8 .8 4 7 6

1 4 9 .4 6 3 0

1 4 4 .0 6 5 7
1 3 5 .1 0 0 2
1 3 5 .0 7 6 2
1 3 4 .9 7 4 6
1 3 1 .6 0 5 4
1 3 0 .5 0 1 6
1 3 0 .1 5 1 8
1 2 9 .0 9 6 5
1 2 8 .1 8 4 3
1 2 8 .0 9 7 8
1 2 7 .3 3 7 3

1 1 3 .3 7 1 9
1 1 3 .3 5 8 0
1 1 1 .4 1 1 1

8 7 .7 3 8 0
8 7 .2 6 6 8

8 1 .2 7 4 5

7 8 .0 7 0 4

7 2 .4 4 2 8
7 0 .8 7 1 0

6 2 .4 1 6 8

5 5 .2 8 9 4

2 2 .3 3 4 9
2 2 .0 5 6 9
2 0 .7 3 1 1

1 1 .7 2 7 7

General

-------

DATE = 2020/12/17

TIME = 16:29

INSTRUM = spect

PULPROG = zgpg30

 F1 (13C)

-------------

SI =  65536

SF =  100.613

SW_p =  27173.913

Art-201217-ex135-iPr-DMTr-OAc  11  1  /opt/topspin3.5pl4/data/nmrsu/nmr/XNA/Ishida
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Compound 5d (1H NMR, CDCl3, 400 MHz) 

 

Compound 5d (13C NMR, CDCl3, 100 MHz) 

 

Figure S24. 1H and 13C NMR spectra of compound 5d. 

 

[ppm
]

 8 
 6 

 4 
 2 

[re l] 0   5   1 0   1 5  

7 .9 1 9 4
7 .9 1 6 9
7 .8 9 8 9
7 .8 9 5 6
7 .6 7 3 7
7 .6 7 0 7
7 .6 6 7 7
7 .6 5 2 0
7 .6 3 6 4
7 .6 3 3 4
7 .6 3 0 4
7 .5 6 5 5
7 .5 6 2 9
7 .5 0 7 5
7 .4 8 7 1
7 .4 6 8 3

5 .5 7 5 8
5 .5 6 2 4
5 .2 7 7 1
5 .2 6 4 9
5 .2 5 3 3
4 .5 0 3 5
4 .4 9 0 2
4 .4 7 6 9
4 .2 3 4 1
4 .2 2 9 6
4 .2 2 4 3
4 .2 1 9 0
4 .2 1 4 5
3 .9 5 9 5
3 .9 5 4 8
3 .9 2 8 2
3 .9 2 3 5
3 .7 9 0 7
3 .7 7 5 5
3 .7 6 0 3
3 .7 4 4 9
3 .7 2 9 8
3 .7 1 7 5
3 .7 1 4 0
3 .6 9 9 6

2 .1 4 4 6
1 .9 6 4 2
1 .9 6 1 6

1 .1 1 7 0
1 .1 0 1 9
1 .0 8 9 5
1 .0 7 4 2

2 .0 1 8 7

1 .0 3 1 6
0 .9 9 7 6
2 .0 3 7 6

1 .0 0 0 0

1 .0 0 9 9

0 .9 9 6 7

1 .0 0 1 0

1 .0 3 7 7

2 .0 3 7 4

3 .1 1 6 9

3 .0 3 5 0

6 .0 7 3 5

General

-------

DATE = 2023/03/28

TIME = 15:50

INSTRUM = spect

PULPROG = zg30

 F1 (1H)

-------------

SI =  65536

SF =  400.13

SW_p =  8012.821

Art-230328-ex9-iPr-OH-OAc  10  1  /opt/topspin3.5pl4/data/nmrsu/nmr/XNA/Ishida

[ppm
]

 150 
 100 

 50 

[re l] 0   5   1 0   1 5  

1 7 0 .3 6 0 5
1 6 8 .5 4 7 7

1 6 2 .7 0 7 1

1 4 9 .4 5 2 1

1 3 7 .8 2 9 6
1 3 5 .1 9 1 3
1 3 1 .3 7 6 9
1 3 0 .4 9 7 5
1 2 9 .1 7 8 3

1 1 1 .1 1 2 1

9 2 .2 0 3 8

8 3 .2 0 8 3

7 2 .5 9 5 2
7 0 .6 9 8 5

6 1 .7 5 2 5

2 2 .2 3 5 4
2 0 .8 3 5 1

1 2 .6 0 3 9

General

-------

DATE = 2023/03/28

TIME = 16:46

INSTRUM = spect

PULPROG = zgpg30

 F1 (13C)

-------------

SI =  65536

SF =  100.613

SW_p =  27173.913

Art-230328-ex9-iPr-OH-OAc  11  1  /opt/topspin3.5pl4/data/nmrsu/nmr/XNA/Ishida
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Compound 6d (1H NMR, D2O, 400 MHz) 

 

Compound 6d (31P NMR, D2O, 120 MHz) 

 

Figure S25. 1H and 31P NMR spectra of compound 6d. 

 

[ppm
]

 8 
 6 

 4 
 2 

[re l]- 0   1   2   3   4   5  

7 .7 8 7 0

6 .0 1 3 5
6 .0 0 0 1

4 .4 8 1 1
4 .4 7 1 0
4 .4 5 8 4
4 .3 0 3 8
4 .2 9 0 4
4 .2 7 6 6
4 .2 6 6 2
3 .9 6 3 4
3 .9 4 8 0
3 .9 3 2 6
3 .9 1 7 2
3 .9 0 1 8

1 .9 5 5 8

1 .2 0 8 6
1 .1 9 3 2
1 .1 6 1 1
1 .1 4 5 7

1 .0 0 2 7

1 .0 0 0 0

1 .0 1 8 5

4 .0 6 0 5

1 .0 3 3 7

3 .0 0 0 2

3 .0 6 6 93 .0 5 1 4

General

-------

DATE = 2023/09/21

TIME = 20:07

INSTRUM = spect

PULPROG = zg30

 F1 (1H)

-------------

SI =  65536

SF =  400.13

SW_p =  8012.821

Art-230921-iPr-TTP-1H  20  1  /opt/topspin3.5pl4/data/nmrsu/nmr/XNA/Ishida

[ppm
]

 100 
 50 

 0 
- 50 

[re l] 0   5   1 0   1 5   2 0   2 5  

-8 .6 4 9 9
-8 .7 6 5 1
-1 2 .1 6 1 0
-1 2 .2 7 5 6

-2 2 .6 7 6 2
-2 2 .7 9 3 4
-2 2 .9 1 0 6

General

-------

DATE = 2023/10/15

TIME = 16:45

INSTRUM = spect

PULPROG = zg30

 F1 (31P)

-------------

SI =  32768

SF =  161.976

SW_p =  64102.564

231015-iPr-TTP-31P  10  1  /opt/topspin3.5pl4/data/nmrsu/nmr/XNA/Ishida
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1H NMR, DMSO-d6, 400 MHz 

 

13C NMR, DMSO-d6, 100 MHz 

 

Figure S26. 1H and 13C NMR spectra of compound 8. 

 

[ppm
]

 8 
 6 

 4 
 2 

[re l] 0   5   1 0   1 5  

7 .7 7 5 5
7 .7 7 2 4

6 .2 9 0 7
6 .2 7 6 5

5 .9 4 9 1
5 .9 3 8 0

5 .2 0 3 0
5 .1 8 7 3

4 .3 2 3 5
4 .0 8 8 6
4 .0 8 2 4
4 .0 7 4 2
4 .0 6 8 2
4 .0 6 0 5
4 .0 5 4 3
3 .4 7 2 8
3 .4 5 9 6
3 .4 4 4 5
3 .4 3 1 4
3 .4 0 9 3
3 .3 9 4 0
3 .3 8 1 1
3 .3 6 5 7

1 .7 8 0 8
1 .7 7 8 0

0 .7 7 9 6

-0 .0 5 7 2
-0 .0 7 8 7

0 .9 8 4 4

0 .9 9 8 7

0 .9 8 2 4

1 .0 0 0 0

1 .0 0 5 1

1 .0 0 5 9

1 .9 8 4 1

2 .9 8 7 9

8 .9 7 6 0

2 .8 7 9 42 .9 0 5 8

General

-------

DATE = 2023/04/03

TIME = 21:13

INSTRUM = spect

PULPROG = zg30

 F1 (1H)

-------------

SI =  65536

SF =  400.13

SW_p =  8012.821

Art-230403-ex78-HE-TBS-Anhydro  10  1  /opt/topspin3.5pl4/data/nmrsu/nmr/XNA/Ishida

[ppm
]

 150 
 100 

 50 

[re l] 0   5   1 0   1 5  

1 7 1 .5 2 1 2

1 5 9 .1 3 8 4

1 3 2 .2 5 3 1

1 1 6 .9 0 0 8

8 9 .9 7 4 1
8 8 .3 7 0 1
8 8 .0 4 5 6

7 4 .2 1 6 1

6 2 .2 8 9 7

2 5 .6 8 8 4

1 8 .0 0 0 6
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General

-------

DATE = 2023/04/03

TIME = 22:10

INSTRUM = spect

PULPROG = zgpg30

 F1 (13C)

-------------

SI =  65536

SF =  100.613

SW_p =  27173.913

Art-230403-ex78-HE-TBS-Anhydro  11  1  /opt/topspin3.5pl4/data/nmrsu/nmr/XNA/Ishida
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1H NMR, CDCl3, 400 MHz 

 

13C NMR, CDCl3, 100 MHz 

 

Figure S27. 1H and 13C NMR spectra of compound 9. 
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4 .2 0 5 9
4 .1 5 0 2
4 .1 3 9 7
4 .1 2 8 8
4 .0 9 3 5
4 .0 8 0 4
4 .0 6 7 4
3 .9 9 4 9
3 .9 9 0 7
3 .9 6 5 5
3 .9 6 1 3
3 .8 1 7 9
3 .8 1 3 1
3 .7 9 7 0
3 .7 8 8 1
3 .7 8 4 2
3 .7 7 4 1
3 .7 6 9 2
3 .7 5 7 0
3 .7 4 7 0
3 .7 3 6 9
3 .7 3 3 5
3 .7 2 3 1
3 .7 0 8 5
3 .7 0 5 9
3 .6 9 5 2

2 .1 4 1 0
2 .0 3 2 1
1 .9 2 4 3
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0 .9 4 1 7
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General

-------

DATE = 2023/03/23

TIME = 10:31

INSTRUM = spect

PULPROG = zg30

 F1 (1H)

-------------

SI =  65536

SF =  400.13

SW_p =  8012.821

Art-230323-ex100-HE-TBS-OAc  10  1  /opt/topspin3.5pl4/data/nmrsu/nmr/XNA/Ishida
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1 5 0 .3 7 1 9

1 3 4 .8 3 6 6

1 1 1 .3 0 1 5

8 6 .6 3 8 5

8 2 .4 0 2 4
8 0 .9 5 8 7

7 0 .2 1 9 6
6 9 .1 5 4 5

6 3 .1 5 0 7
6 2 .3 4 3 2

2 5 .9 8 0 5

2 0 .8 4 6 0
2 0 .7 6 5 4
1 8 .4 6 9 9

1 2 .5 9 9 4

General

-------

DATE = 2023/03/23

TIME = 11:28

INSTRUM = spect

PULPROG = zgpg30

 F1 (13C)

-------------

SI =  65536

SF =  100.613

SW_p =  27173.913

Art-230323-ex100-HE-TBS-OAc  11  1  /opt/topspin3.5pl4/data/nmrsu/nmr/XNA/Ishida
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1H NMR, CDCl3, 400 MHz 

 

13C NMR, CDCl3, 100 MHz 

 

Figure S28. 1H and 13C NMR spectra of compound 10. 
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4 .1 9 1 6
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4 .1 2 7 9
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3 .9 7 2 3
3 .9 6 7 5
3 .9 4 0 9
3 .9 3 6 3
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3 .7 9 9 0
3 .7 8 1 6
3 .7 7 8 1
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3 .7 5 8 8
3 .7 5 4 0
3 .7 3 8 6
3 .7 3 6 5
3 .7 2 5 5
3 .2 4 7 5

2 .1 4 9 9
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1 .9 1 7 3
1 .9 1 4 6
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1 .0 1 6 4
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3 .0 0 9 6
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General

-------

DATE = 2023/03/21

TIME = 00:02

INSTRUM = spect

PULPROG = zg30

 F1 (1H)

-------------

SI =  65536

SF =  400.13

SW_p =  8012.821

Art-230320-ex101-HE-OH-OAc-OAc  10  1  /opt/topspin3.5pl4/data/nmrsu/nmr/XNA/Ishida

[ppm
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1 5 0 .4 5 2 9

1 3 7 .9 4 0 6

1 1 1 .2 6 6 8

9 1 .2 0 6 7

8 3 .2 2 8 2

7 9 .2 8 2 4

7 0 .6 7 0 6
6 9 .1 9 1 8

6 3 .2 4 1 6
6 1 .7 8 1 5

2 0 .8 5 8 2
2 0 .8 1 6 2

1 2 .5 0 9 8

General

-------

DATE = 2023/03/22

TIME = 11:48

INSTRUM = spect

PULPROG = zgpg30

 F1 (13C)

-------------

SI =  65536

SF =  100.613

SW_p =  27173.913

Art-230320-ex101-HE-OH-OAc-OAc-13C  10  1  /opt/topspin3.5pl4/data/nmrsu/nmr/XNA/Ishida
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Compound 11 (1H NMR, D2O, 400 MHz) 

 

Compound 11 (31P NMR, D2O, 120 MHz) 

 

Figure S29. 1H and 31P NMR spectra of compound 11. 
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General

-------

DATE = 2023/09/21

TIME = 21:54

INSTRUM = spect

PULPROG = zg30

 F1 (1H)

-------------

SI =  65536

SF =  400.13

SW_p =  8012.821

Art-230921-HE-TTP-1H  10  1  /opt/topspin3.5pl4/data/nmrsu/nmr/XNA/Ishida
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General

-------

DATE = 2023/09/22

TIME = 14:27

INSTRUM = spect

PULPROG = zg30

 F1 (31P)

-------------

SI =  32768

SF =  161.976

SW_p =  64102.564

Art-230922-HE-TTP-31P  10  1  /opt/topspin3.5pl4/data/nmrsu/nmr/XNA/Ishida
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Compound 13 (1H NMR, D2O, 400 MHz) 

 

Compound 13 (31P NMR, D2O, 120 MHz) 

 

Figure S30. 1H and 31P NMR spectra of compound 13. 
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3 .8 7 2 7
3 .8 6 4 5
3 .8 6 1 6
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3 .6 6 1 0
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General

-------

DATE = 2023/09/20

TIME = 23:55

INSTRUM = spect

PULPROG = zg30

 F1 (1H)

-------------

SI =  65536

SF =  400.13

SW_p =  8012.821

Art-230920-MOE-TTP-1H  10  1  /opt/topspin3.5pl4/data/nmrsu/nmr/XNA/Ishida
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General

-------

DATE = 2023/09/21

TIME = 13:13

INSTRUM = spect

PULPROG = zg30

 F1 (31P)

-------------

SI =  32768

SF =  161.976

SW_p =  64102.564

Art-230921-MOE-TTP-31P  10  1  /opt/topspin3.5pl4/data/nmrsu/nmr/XNA/Ishida


