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General experimental methods  
All reactions except that carried out in aqueous phase were performed under argon atmosphere, 

unless otherwise noted. Materials were purchased from commercial suppliers and used without further 
purification, unless otherwise noted. Solvents were distilled according to the standard protocol. 
Isolated yields were calculated by weighing products. The weight of the starting materials and the 
products were not calibrated. Analytical thin layer chromatography (TLC) was performed on Merck 
silica gel 60F254 plates. Normal-phase column chromatography was performed on Merck silica gel 
5715 or Wakogel 60N. Flash column chromatography was performed on Kanto Chemical Silica Gel 
60N (spherical, neutral, 40-50 µm). Hi-flash column chromatography was performed on YAMAZEN 
Hi-FlashTM column silica gel (40 µm) or Fuji Silysia Chromatorex MB/PSQ (50-200 µm). Preparative 
thin-layer chromatography was performed on sigmaaldrich TLC Silica gel 60 F254 25 Glass plates 
20×20 cm. 1H NMR spectra were measured in CDCl3 or DMSO-d6 solution and reported in parts per 
million (δ) relative to tetramethylsilane (0.00 ppm) as internal standard or residual solvent peaks of 
DMSO-d6 (2.50 ppm) using JEOL ECS400 and ECX400P, unless otherwise noted. 13C NMR spectra 
were measured in CDCl3 or DMSO-d6 solution and referenced to residual solvent peaks of CDCl3 (77.0 
ppm) or DMSO-d6 (39.5 ppm) using JEOL ECS400 and ECX400P. Coupling constant (J) was reported 
in hertz (Hz). Abbreviations of multiplicity were as follows; s: singlet, d; doublet, t: triplet, q: quartet, 
m: multiplet, br: broad. Data were presented as follows; chemical shift (multiplicity, integration, 
coupling constant). Assignment was based on 1H–1H COSY, HMBC and HMQC NMR spectra. Mass 
spectra were obtained on Waters MICRO MASS LCT–premier and the mass analyzer type used for 
the HRMS measurements was TOF. Optical rotation was measured on a Rudolph Research Analytical 
Autopol IV automatic polarimeter.  
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1) Preparation of compounds 
 
2′,3′-Di-O-tert-butyldimethylsilyl- 5′-deoxy-5′-N-formylaminopseudouridine (9)  

Preparation by route A. A suspension of pseudouridine (6, 3.00 g, 12.3 
mmol) and imidazole (6.69 g, 98.3 mmol) in DMF was treated with tert-
butyldimethylsilyl chloride (7.41 g, 49.1 mmol) at 50 °C for 20 h. Further 
imidazole (1.67 g, 24.6 mol) and tert-butyldimethylsilyl chloride (1.85 g, 
12.3 mmol) were added to the reaction mixture, which was stirred for 24 

h. The resulting mixture was concentrated in vacuo to give a crude 2′,3′,5′-tri-O-tert-
butyldimethylsilylpseudouridine. 50% TFA/H2O (65 mL) was slowly added to a solution of the residue 
in THF (130 mL) at 0 °C, and the mixture was stirred for 3.5 h. The resulting mixture was diluted with 
H2O (50 mL) and extracted with AcOEt (100 mL × 3). The organic phase was washed with brine (80 
mL), dried (Na2SO4), filtered, and concentrated in vacuo to give a crude 2′,3′-di-O-tert-
butyldimethylsilylpseudouridine. A suspension of the residue in pyridine (100 mL) was treated with 
p-toluenesulfonyl chloride (5.86 g, 30.7 mmol) at 0 °C for 3 h. Further p-toluenesulfonyl chloride (2.93 
g, 15.4 mmol) was added to the reaction mixture, which was stirred for further 3 h. The reaction 
mixture was quenched by adding cooled H2O (0 °C, 50 mL) and extracted with AcOEt (100 mL). The 
organic phase was washed with brine (100 mL), dried (Na2SO4), filtered, and concentrated in vacuo to 
give a crude 2′,3′-di-O-tert-butyldimethylsilyl-5′-O-p-toluenesulfonylpseudouridine. A solution of the 
residue and NaN3 (2.00 g, 30.7 mmol) in DMF (80 mL) was stirred at 70 °C for 10 h. Further NaN3 
(2.00 g, 30.7 mmol) was added to the reaction mixture, which was stirred for 22 h. The resulting 
mixture was coolded to room temperature and partitioned between hexane/AcOEt = 4/1 (200 mL) and 
H2O (80 mL). The organic phase was washed with brine (80 mL), dried (Na2SO4), filtered, and 
concentrated in vacuo to give a crude 5′-azido-2′,3′-di-O-tert-butyldimethylsilyl-5′-
deoxypseudouridine (7). A mixture of the residue and 5% Pd/C (1.00 g) in MeOH (40 mL) was 
vigorously stirred under H2 atmosphere at 40 °C for 12 h. The catalyst was filtered off through a Celite 
pad, and the filtrate was concentrated in vacuo to give a crude 5′-amino-2′,3′-di-O-tert-
butyldimethylsilyl-5′-deoxypseudouridine (8). A suspension of the residue and EDCI•HCl (5.89 g, 30.7 
mmol) in CH2Cl2 (100 mL) was treated with formic acid (2.19 mL, 41.8 mmol) at 0 °C for 16 h. The 
reaction mixture was washed with H2O (30 mL) and brine (80 mL), dried (Na2SO4), filtered, and 
concentrated in vacuo. The residue was purified by silica gel column chromatography (φ 10.5 × 15 cm, 
CHCl3/MeOH: 100/0→99/1→98/2→97/3→96/4) to afford 9 (2.15 g, 4.30 mmol, 35% over 6 steps) 
as a white solid. 1H NMR (DMSO-d6, 400 MHz) δ 11.14 (s, 1H, H3), 10.95 (s, 1H, H5), 8.18 (s, 1H, 
H6′), 8.05 (s, 1H, CHO), 7.49 (s, 1H, H6), 4.47 (d, 1H, H1′, J1′,2′ = 5.6 Hz), 4.35 (dd, 1H, H2′, J2′,1′ = 
5.6, J2′,3′ = 4.2 Hz), 3.94 (dd, 1H, H3′, J3′,2′ = 4.2, J3′,4′ = 4.0 Hz), 3.81-3.76 (m, 1H, H4′), 3.38-3.22 (m, 
2H, H5′), 0.85 (s, 18H, Si(CH3)2C(CH3)3), 0.03 (s, 12H, Si(CH3)2C(CH3)3); 13C NMR (DMSO-d6, 100 
MHz) δ 163.6, 161.2, 151.2, 141.3, 109.5, 82.0, 79.3, 74.0, 74.0, 48.6, 25.8, 17.8, -4.68; ESIMS-LR 
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m/z 522.24 [(M+Na)+]; ESIMS-HR m/z calcd for C22H41O6N3NaSi2 [(M+Na)+] 522.2426, found 
522.2417; [α]20

D −49.93 (C 1.0, MeOH). 
 
Preparation by route B. A suspension of pseudouridine (6, 3.00 g, 12.3 mmol), PPh3 (4.83g, 18.4 
mmol), imidazole (6.69 g, 98.3 mmol) and NaN3 (2.40 g, 36.9 mmol) in DMF (60 mL) was treated 
with I2 (4.68 g, 18.4 mmol) at room temperature for 2 h. The mixture was warmed to 40 °C and stirred 
for 20 h. tert-Butyldimethylsilyl chloride (7.41 g, 49.1 mmol) and imidazole (6.69 g, 98.3 mmol) were 
added to the mixture, which was stirred at the same temperature for 20 h. Further tert-
butyldimethylsilyl chloride (3.70 g, 24.6 mmol) and imidazole (3.35 g, 49.1 mmol) were added to the 
mixture, which was stirred at the same temperature for 5 h. The mixture was diluted with THF (45 
mL) and H2O (25 mL), then PPh3 (6.44 g, 24.6 mmol) was added to the mixture. The resulting whole 
mixture was stirred at the same temperature for 26 h. After cooling the reaction mixture to room 
temperature, the resulting mixture was diluted with H2O (35 mL) and extracted with AcOEt (180 mL 
× 3). The organic phase was washed with brine (80 mL), dried (Na2SO4), filtered, and concentrated in 
vacuo to give a crude 5′-amino-2′,3′-di-O-tert-butyldimethylsilyl-5′-deoxypseudouridine. A 
suspension of the residue and EDCI•HCl (5.89 g, 30.7 mmol) in CH2Cl2 (100 mL) was treated with 
formic acid (2.19 mL, 41.8 mmol) at 0 °C for 4 h. The reaction mixture was washed with H2O (30 mL) 
and brine (80 mL), dried (Na2SO4), filtered, and concentrated in vacuo. The residue was purified by 
silica gel column chromatography (φ 10.5 × 15 cm, CHCl3/MeOH: 100/0→99/1→98/2→97/3→96/4) 
to afford 9 (3.74 g, 7.48 mmol, 61% over 4 steps) as a white solid. 
 
In route A, the analytically pure materials for compounds 6-9 were obtained by purification of less 
than 1% of the crude material in each step. Purification was conducted by preparative thin-layer 
chromatography (0-10% MeOH/CHCl3) and all compounds were obtained as white solids. Data for 
each compound was described below. 
 
2′,3′-Di-O-tert-butyldimethylsilylpseudouridine  

1H NMR (DMSO-d6, 400 MHz) δ 11.12 (s, 1H, H3), 10.99 (s, 1H, H5), 7.62 
(s, 1H, H6), 4.90 (dd, 1H, OH, JOH,5′ = 6.0, JOH,5′ = 4.4 Hz), 4.48 (d, 1H, H1′, 
J1′,2′ = 4.4 Hz), 4.16 (dd, 1H, H2′, J2′,1′ = 4.4, J2′,3′ = 4.0 Hz), 4.06 (dd, 1H, H3′, 
J3′, 2′ = 4.0, J3′,4′ = 5.2 Hz), 3.76 (ddd, 1H, H4′, J4′,3′ = 5.2, J4′,5′ = 5.6, J4′,5′ = 
3.2 Hz), 3.65 (ddd, 1H, H5′, J5′,4′ = 5.6, J5′,4′ = 11.6, J5′,OH = 6.0 Hz), 3.43 (ddd, 

1H, H5′, J5′,4′ = 3.2, J5′,5′ = 11.6, JH5′,OH = 4.4 Hz), 0.87 (s, 18H, Si(CH3)2C(CH3)3), 0.04 (s, 12H, 
Si(CH3)2C(CH3)3); 13C NMR (DMSO-d6, 100 MHz) δ 163.7, 151.2, 140.5, 110.5, 83.0, 79.0, 75.0, 
71.7, 60.3, 25.8, 17.8, −4.69; ESIMS-LR m/z 495.23 [(M+Na)+]; ESIMS-HR m/z calcd for 
C21H40O6N2NaSi2 [(M+Na)+] 495.2317, found 495.2308; [α]20

D −44.82 (C 1.0, MeOH). 
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2′,3′-Di-O-tert-butyldimethylsilyl-5′-O-p-toluenesulfonylpseudouridine  
1H NMR (DMSO-d6, 400 MHz) δ 11.12 (s, 1H, H3), 10.99 (d, 1H, H5, J5,6 = 
5.0 Hz), 7.81 (d, 2H, H-o-Ph, Jo-Ph,m-Ph = 8.6 Hz), 7.49 (d, 2H, H-m-Ph, Jm-Ph,o-

Ph = 8.6 Hz), 7.32 (d, 1H, H6, J6,5 = 5.0 Hz), 4.44 (d, 1H, H1′, J1′,2′ = 5.0 Hz), 
4.23 – 4.17 (m, 2H, H2′, H5′), 4.10 (dd, 1H, H5′, J5′,4′ = 5.4, J5′,5′ = 11.0 Hz), 
3.93 (dd, 1H, H3′, J3′,2′ = 4.0, J3′,4′ = 5.4 Hz), 3.85 (dd, 1H, H4′, J4′,3′ = 5.4, J 

4′,5′ = 5.4 Hz), 2.42 (s, 3H, p-Me), 0.82 (s, 18H, Si(CH3)2C(CH3)3), 0.00 (s, 12H, Si(CH3)2C(CH3)3); 
13C NMR (DMSO-d6, 100 MHz) δ 163.2, 151.2, 145.2, 140.0, 132.0, 130.2, 127.7, 109.6, 79.9, 79.3, 
74.0, 71.7, 69.4, 25.7, 21.1, 17.7, -4.75; ESIMS-LR m/z 649.24 [(M+Na)+]; ESIMS-HR m/z calcd for 
C28H46O8N2NaSSi2 [(M+Na)+] 649.2406, found 649.2390; [α]20

D 16.31 (C 1.0, MeOH). 
 
5′-Azido-2′,3′-di-O-tert-butyldimethylsilyl-5′-deoxypseudouridine (7) 

1H NMR (DMSO-d6, 400 MHz) δ 10.99 (s, 1H, H5), 7.45 (s, 1H, H6), 4.50 (d, 
1H,  H1′, J1′,2′ = 4.0 Hz), 4.29 (dd, 1H, H2′, J2′,1′ = 4.0, J2′,3′ = 4.8 Hz), 4.01 
(dd, 1H, H3′, J3′,2′ = 4.8, J3′,4′ = 4.8 Hz), 3.87 (dd, 1H, H4′, J4′,3′ = 4.8, J4′,5′ = 
5.2 Hz), 3.54 (d, 2H, H5′, J5′,4′ = 5.2 Hz), 0.86 (s, 18H, Si(CH3)2C(CH3)3), 0.05 
(s, 12H, Si(CH3)2C(CH3)3); 13C NMR (DMSO-d6, 100 MHz) δ 163.3, 151.2, 

140.4, 109.9, 80.7, 80.2, 74.4, 72.6, 51.4, 25.8, 17.8, −4.62; ESIMS-LR m/z 520.24 [(M+Na)+]; 
ESIMS-HR m/z calcd for C21H39O5N5NaSi2 [(M+Na)+] 520.2382, found 520.2376; [α]20

D 63.20 (C 0.69, 
MeOH). 
 
5′-O-Amino-2′,3′-di-O-tert-butyldimethylsilyl-5′-deoxypseudouridine (8) 

1H NMR (DMSO-d6, 400 MHz) δ 7.55 (s, 1H, H6), 4.45 (d, 1H, H1′, J1′,2′ = 
5.8 Hz), 4.34 (dd, 1H, H2′, J2′,1′ = 5.8, J2′,3′ = 4.4 Hz), 4.07 (dd, 1H, H3′, J3′,2′ 
= 4.4, J3′,4′ = 4.0 Hz), 3.89 (dd, 1H, H4′, J4′,3′ = 4.0, J4′,5′ = 6.4 Hz), 2.89 (d, 
2H, H5′, J5′,4′ = 6.4 Hz), 0.86 (s, 18H, Si(CH3)2C(CH3)3), 0.04 (s, 12H, 
Si(CH3)2C(CH3)3); 13C NMR (DMSO-d6, 100 MHz) δ 163.7, 151.1, 141.7, 

109.0, 81.5, 79.9, 73.7, 73.6, 41.8, 25.8, 17.8, −4.64; ESIMS-LR m/z 472.27 [(M+H)+]; ESIMS-HR 
m/z calcd for C21H42O5N3Si2 [(M+H)+] 472.2658, found 472.2651; [α]20

D −29.66 (C 1.00, MeOH). 
 
2′,3′-Di-O-tert-butyldimethylsilyl-5′-deoxy-5′-isocyanopseudouridine (10)  

A mixture of 9 (0.50 g, 1.00 mmol) and Et3N (1.40 mL, 10.0 mmol) in CH2Cl2 
was treated with triphosgene (0.37 g, 1.25 mmol) at −78 °C for 2 h. After 
MeOH was added, the resulting mixture was stirred for additional 45 min and 
partitioned between AcOEt (50 mL) and H2O (15 mL). The organic phase 
was washed with brine (15 mL), dried (Na2SO4), filtered, and concentrated in 

vacuo. The residue was purified by silica gel column chromatography (φ 2 × 12 cm, CHCl3/MeOH: 
100/0→99/1→98/2→97/3) to afford 10 (0.216 g, 0.449 mmol, 45%) as a white amorphous. 1H NMR 
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(DMSO-d6, 400 MHz) δ 11.15 (s, 1H, H3), 10.97 (d, 1H, H5, J5,6 = 5.4 Hz), 7.46 (d, 1H, H6, J6,5 = 5.4 
Hz), 4.52 (d, 1H, H1′, J1′,2′ = 4.4 Hz), 4.33 (dd, 1H, H2′, J2′,1′ = J2′,3′ = 4.4 Hz), 4.02 (dd, 1H, H3′, J3′,2′ 
= 4.4, J3′,4′ = 4.8 Hz), 3.90-3.86 (m, 2H, H4′, H5′), 3.68 (dd, 1H, H5′, J5′,4′ = 6.4, JH5′ = 16.8 Hz), 0.87 
(s, 18H, Si(CH3)2C(CH3)3), 0.06 (s, 12H, Si(CH3)2C(CH3)3); 13C NMR (DMSO-d6, 100 MHz) δ 163.3, 
157.5, 151.2, 140.2, 109.6, 80.1, 78.9, 74.1, 72.6, 42.9, 25.8, 17.7, −4.87; ESIMS-LR m/z 504.23 
[(M+Na)+]; IR (neat) ν 2146.38 cm-1; ESIMS-HR m/z calcd for C22H39O5N3NaSi2 [(M+Na)+] 504.2321, 
found 504.2310; [α]20

D −6.73 (C 1.00, MeOH). 
 
4-N-Benzyloxyiminobutanenitrile (11) 

A solution of O-benzylhydroxylamine hydrochloride (1.50 g, 9.40 mmol) and 3-
cyanopropionaldehyde dimethyl acetal (0.607 g, 4.70 mmol) in MeCN (7.5 mL) 

and H2O (7.5 mL) was stirred at 80 °C for 5 h. The reaction mixture was cooled to room temperature, 
and diluted with Et2O (45 mL). The organic phase was washed with brine (10 mL), dried (Na2SO4), 
filtered, and concentrated in vacuo. The residue was purified by silica gel column chromatography (φ 
3 × 10 cm, hexane/AcOEt: 3/1) to afford 11 (0.829 g, 4.40 mmol, 94%) as a colorless oil. 1H NMR 
(DMSO-d6, 400 MHz, 5:3 geometric mixture) δ 7.49 (t, 1H, H3, J3,2 = 4.6 Hz), 7.39-7.30 (m, 5H, Ph), 
5.08 (s, 2H, PhCH2), 2.61-2.51 (m, 4H, H1, H2); 13C NMR (DMSO-d6, 100 MHz) δ 146.4, 137.4, 
128.6, 128.2, 118.9, 76.5, 26.0, 22.1, 14.3; ESIMS-LR m/z 211.08 [(M+Na)+]; ESIMS-HR m/z calcd 
for C11H12ON2Na [(M+Na)+] 211.0842, found 211.0839. 
 

5′-[2-(S)-N-Benzyloxy-N-(fluorenylmethyloxycarbonylaminoacetyl)amino-4-
cyanobutanoylamino]-5′-deoxypseudouridine (13) and 5′-[2-(R)-N-benzyloxy-N-
(fluorenylmethyloxycarbonylaminoacetyl)amino-4-cyanobutanoylamino]-5′-
deoxypseudouridine (14) 

A suspension of 10 (0.40 g, 0.83 mmol), 11 (0.24 g, 1.25 
mmol), Fmoc-Gly-OH (0.30 g, 1.00 mmol) and MS4A 
(1.60 g) in CH2Cl2 (8.3 mL) was treated with ZnCl2･Et2O 
(1.66 mL, 1.66 mmol) at room temperature for 48 h. 
Molecular sieves 4A was filtered off through a Celite pad, 
and the filtrate was diluted with AcOEt (120 mL) and 
washed with saturated aqueous NaHCO3 (60 mL) three 
times. The organic phase was washed with brine (50 mL), 
dried (Na2SO4), filtered, and concentrated in vacuo. The 
residue was purified by silica gel column chromatography 

(φ 4.5 × 15 cm, CHCl3/MeOH: 100/0→99/1→98/2→97/3) to afford 13 (0.21 g, 0.22 mmol, 27%) and 
14 (0.24 g, 0.28 mmol, 30%) as a white amorphous, respectively. Data for 13: 1H NMR (DMSO-d6, 
400 MHz) δ 11.14 (s, 1H, H3), 10.98 (s, 1H, H5), 8.34 (s, 1H, H6′), 7.89 (d, 2H, H-f, Jf,e = 8.0 Hz), 
7.73 (d, 2H, H-c, Jc,d = 7.2 Hz), 7.60 (t, 1H, Gly-NH, JGly-NH,Gly-α-CH = 5.6 Hz), 7.50 (s, 1H, H6), 7.42-
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7.31 (m, 9H, H-d, H-e, Ph), 5.07 (d, 1H, PhCH2, JPhCH2,PhCH2 = 9.8 Hz), 4.95 (d, 1H, PhCH2, J PhCH2,PhCH2 = 
9.8 Hz), 4.80 (t, 1H, Gln-α-CH, JGln-α-CH,Gln-β-CH = 7.2 Hz), 4.42 (d, 1H, H1′, J1′,2′ = 5.6 Hz), 4.31-4.22 
(m, 4H, H2′, H-a, H-b), 4.15 (dd, 1H, Gly-α-CH, JGly-α-CH,Gly-NH = 5.6, JGly-α-CH,Gly-α-CH = 17.6 Hz), 4.03 
(dd, 1H, Gly-α-CH, JGly-α-CH,Gly-NH = 5.6, JGly-α-CH,Gly-α-CH = 17.6 Hz), 3.95-3.94 (m, 1H, H3′), 3.85-3.84 
(m, 1H, H4′), 3.35-3.33 (m, 2H, H5′), 2.54-2.41 (m, 2H, Gln-γ-CH), 2.21 (td, 2H, Gln-β-CH, JGly-β-

CH,Gln-α-CH = 7.2, JGly-β-CH,Gln-γ-CH = 8.6 Hz), 0.84 (s, 18H, Si(CH3)2C(CH3)3), 0.02 (s, 12H, 
Si(CH3)2C(CH3)3); 13C NMR (DMSO-d6, 100 MHz) δ 168.2, 163.5, 156.6, 151.2, 143.9, 141.2, 140.8, 
134.4, 129.4, 128.9, 128.6, 127.7, 127.1, 125.3, 120.1, 119.9, 109.5, 81.5, 79.5, 79.2, 77.7, 74.0, 74.0, 
65.8, 60.1, 46.6, 41.8, 41.8, 25.8, 24.4, 17.7, 13.8, −4.70; ESIMS-LR m/z 989.43 [(M+Na)+]; ESIMS-
HR m/z calcd for C50H66O10N6NaSi2 [(M+Na)+] 989.4271, found 989.4259; [α]20

D −52.0 (C 0.94, 
CHCl3). Data for 14: 1H NMR (DMSO-d6, 400 MHz) δ 11.13 (s, 1H, H3), 10.96 (s, 1H, H5), 8.35 (s, 
1H, H6′), 7.89 (d, 2H, H-f, Jf,e = 7.6 Hz), 7.73 (d, 2H, H-c, Jc,d = 7.2 Hz), 7.58 (t, 1H, Gly-NH, JGly-

NH,Gly-α-CH = 6.0 Hz), 7.49 (s, 1H, H6), 7.44-7.31 (m, 9H, H-d, H-e, Ph), 5.09 (d, 1H, PhCH2, J PhCH2, PhCH2 

= 10.0 Hz), 4.95 (d, 1H, PhCH2, J PhCH2, PhCH2 = 10.0 Hz), 4.80 (t, 1H, Gln-α-CH, JGln-α-CH,Gln-β-CH = 6.4 
Hz), 4.42 (d, 1H, H1′, J1′,2′ = 4.4 Hz), 4.32-4.21 (m, 4H, H2′, H-a, H-b), 4.14 (dd, 1H, Gly-α-CH, JGly-

α-CH,Gly-NH = 5.6, JGly-α-CH,Gly-α-CH = 18.0 Hz), 4.02 (dd, 1H, Gly-α-CH, JGly-α-CH,Gly-NH = 5.6, JGly-α-CH,Gly-

α-CH = 18.0 Hz), 3.93-3.92 (m, 1H, H3′), 3.85-3.84 (m, 1H, H4′), 3.39-3.27 (m, 2H, H5′), 2.57-2.42 (m, 
2H, Gln-γ-CH), 2.27-2.15 (m, 2H, Gln-β-CH), 0.84 (s, 18H, Si(CH3)2C(CH3)3), 0.02 (s, 12H, 
Si(CH3)2C(CH3)3); 13C NMR (DMSO-d6, 100 MHz) δ 168.2, 163.5, 156.6, 151.2, 143.9, 141.0, 140.8, 
134.5, 129.3, 128.8, 128.5, 127.7, 127.1, 125.3, 120.2, 119.9, 109.7, 81.4, 79.6, 79.2, 77.7, 74.2, 74.0, 
65.8, 60.2, 46.6, 42.0, 41.7, 25.8, 24.5, 17.7, 13.8, −4.70; ESIMS-LR m/z 989.43 [(M+Na)+]; ESIMS-
HR m/z calcd for C50H66O10N6NaSi2 [(M+Na)+] 989.4271, found 989.4254; [α]20

D −15.26 (C 1.00, 
CHCl3). 
 
General procedure of consideration of Ugi reaction in Table 
A suspension of 10 (5.0 mg, 10.4 μmol), 11 (2.93 mg, 15.6 μmol), Fmoc-Gly-OH (3.7 mg, 12.5 μmol) 
and MS4A (20 mg) in CH2Cl2 (100 μL) was treated with Lewis acid (20.8 μmol) at room temperature 
for 48 h. Molecular sieves 4A was filtered off through a Celite pad, and the filtrate was purified by 
preparative thin-layer chromatography (CHCl3/MeOH: 96/4) to afford 13 and 14 as a white amorphous, 
respectively. The results are described in Table 1. 
 
 
 
 
 
 
5′-(2-(S)- N-Benzyloxy-N-fluorenylmethyloxycarbonylaminoacetylamino-4-carbamoyl-
butanoyl)amino-5′-deoxypseudouridine (15) 
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A solution of 13 (40.1 mg, 41.5 μmol) and acetaldoxime (73.5 μL, 
1.24 mmol) in toluene (420 μL) was treated with InCl3 (13.8 mg, 62.4 
mmol) at room temperature for 12 h. The resulting mixture was 
concentrated in vacuo with silica gel. The silica gel charging the crude 
material was purified by silica gel column chromatography (φ 2 × 7 

cm, CHCl3/MeOH: 100/0→99/1→98/2→97/3) to afford 15 (42.3 mg, 41.5 mmol, quant.) as a white 
solid. 1H NMR (DMSO-d6, 400 MHz) δ 11.13 (s, 1H, H3), 10.95 (s, 1H, H5), 8.25 (s, 1H, H6′), 7.90 
(d, 2H, H-f, Jf,e = 7.6 Hz), 7.73 (d, 2H, H-c, Jc,d = 7.2 Hz), 7.56-7.22 (m, 12H, Gly-NH, H6, H-d, H-e, 
Ph, Gln-NH), 6.78 (s, 1H, Gln-NH), 5.11 (m, 1H, PhCH2), 4.95 (m, 1H, PhCH2), 4.76 (s, 1H, Gln-α-
CH), 4.42 (d, 1H, H1′, J1′,2′ = 5.6 Hz), 4.31-4.29 (m, 4H, H2′, H-a, H-b), 4.13 (dd, 1H, Gly-α-CH, JGly-

α-CH,Gly-NH = 3.6, JGly-α-CH,Gly-α-CH = 10.8 Hz), 4.03 (dd, 1H, Gly-α-CH, JGly-α-CH,Gly-NH = 3.6, JGly-α-CH,Gly-

α-CH = 10.8 Hz), 3.93 (s, 1H, H3′), 3.84 (m, 1H, H4′), 3.36-3.34 (m, 2H, H5′), 2.09-2.07 (m, 4H, Gln-
β-CH, Gln-γ-CH), 0.83 (s, 18H, Si(CH3)2C(CH3)3), 0.02 (s, 12H, Si(CH3)2C(CH3)3); 13C NMR 
(DMSO-d6, 100 MHz) δ 173.3, 172.5, 169.2, 163.5, 156.6, 151.2, 143.8, 141.1, 140.7, 134.6, 129.3, 
128.7, 128.5, 127.6, 127.1, 125.3, 120.1, 109.6, 81.6, 79.5, 79.2, 77.6, 74.1, 74.0, 65.8, 61.0, 46.6, 41.7, 
31.7, 26.2, 24.1, 17.7, −4.73; ESIMS-LR m/z 1007.44 [(M+Na)+]; ESIMS-HR m/z calcd for 
C50H68O11N6NaSi2 [(M+Na)+] 1007.4377, found 1007.4370; [α]20

D −18.53 (C 1.00, CHCl3).  
 
5′-(2-(R)-N-Benzyloxy-N-fluorenylmethyloxycarbonylaminoacetylamino-4-carbamoyl-
butanoyl)amino-5′-deoxypseudouridine (18) 

A solution of 14 (52.8 mg, 54.6 μmol) and acetaldoxime (96.7 μL, 1.64 
mmol) in toluene (550 μL) was treated with InCl3 (18.1 mg, 81.8 
mmol) at room temperature for 9 h. The resulting mixture was 
concentrated in vacuo with silica gel. The silica gel charging the crude 
material was purified by silica gel column chromatography (φ 2 × 7 

cm, CHCl3/MeOH: 100/0→99/1→98/2→97/3) to afford 18 (54.8 mg, 54.6 mmol, quant.) as a white 
solid. 1H NMR (DMSO-d6, 400 MHz) δ 11.12 (s, 1H, H3), 10.94 (s, 1H, H5), 8.22 (s, 1H, H6′), 7.89 
(d, 2H, H-f, Jf,e = 7.6 Hz), 7.73 (d, 2H, H-c, Jc,d = 7.2 Hz), 7.59-7.23 (m, 12H, Gly-NH, H6, H-d, H-e, 
Ph, Gln-NH), 6.79 (s, 1H, Gln-NH), 5.11 (m, 1H, PhCH2), 4.93 (m, 1H, PhCH2), 4.75 (s, 1H, Gln-α-
CH), 4.42 (d, 1H, H1′, J1′,2′ = 5.2 Hz), 4.33-4.22 (m, 4H, H2′, H-a, H-b), 4.12 (dd, 1H, Gly-α-CH, JGly-

α-CH,Gly-NH = 6.0, JGly-α-CH,Gly-α-CH = 17.6 Hz), 4.03 (dd, 1H, Gly-α-CH, JGly-α-CH,Gly-NH = 6.0, JGly-α-CH,Gly-

α-CH = 17.6 Hz), 3.93-3.92 (m, 1H, H3′), 3.84-3.82 (m, 1H, H4′), 3.35-3.27 (m, 2H, H5′), 2.08-2.06 (m, 
4H, Gln-β-CH, Gln-γ-CH), 0.83 (s, 18H, Si(CH3)2C(CH3)3), 0.00 (s, 12H, Si(CH3)2C(CH3)3); 13C 
NMR (DMSO-d6, 100 MHz) δ 173.4, 172.4, 169.2, 163.5, 156.6, 151.2, 143.9, 141.0, 140.8, 134.7, 
129.3, 128.7, 128.5, 127.7, 127.1, 125.3, 120.1, 109.8, 81.6, 79.7, 79.2, 77.7, 74.2, 74.1, 65.9, 61.1, 
46.7, 41.8, 31.7, 25.8, 24.2, 17.8, −4.69; ESIMS-LR m/z 1007.44 [(M+Na)+]; ESIMS-HR m/z calcd 
for C50H68O11N6NaSi2 [(M+Na)+] 1007.4377, found 1007.4367; [α]20

D −20.52 (C 0.50, CHCl3). 
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5′-[2-(S)- N-Benzyloxy-(N,N′-di-tert-butoxycarbonyl-1-carboxamidylaminoacetyl)amino-4-
carbamoyl-butanoyl]amino -5′-deoxypseudouridine (17)  

A solution of 15 (23.7 mg, 24.1 μmol) and N,N′-di-Boc-1H-pyrazole-
1-carboxamidine (11.2 mg, 36.1 μmol) in DMF (220 μL) was treated 
with DBU (4.39 μL, 28.9 μmol) at room temperature for 4 h. The 
resulting mixture was concentrated in vacuo with silica gel. The silica 
gel charging the crude material was purified by silica gel column 

chromatography (φ 1.5 × 9 cm, CHCl3/MeOH: 100/0→99/1→98/2→97/3→96/4) to afford 17 (19.6 
mg, 19.5 μmol, 81%) as a white solid. 1H NMR (DMSO-d6, 400 MHz) δ 11.45 (s, 1H, Gua-NH), 11.13 
(s, 1H, H3), 10.93 (d, 1H, H5, JH6 = 5.6 Hz), 8.76 (s, 1H, Gly-NH), 8.21 (s, 1H, H6′), 7.49 (d, 1H, H6, 
J5 = 5.6 Hz), 7.44-7.39 (m, 5H, Ph), 7.19 (s, 1H, Gln-NH), 6.76 (s, 1H, Gln-NH), 5.13 (d, 1H, PhCH2, 
J PhCH2,PhCH2 = 10.4 Hz), 5.00 (d, 1H, PhCH2, J PhCH2,PhCH2 = 10.4 Hz), 4.76-4.72 (m, 1H, Gln-α-CH), 4.41-
4.40 (m, 3H, H1′, Gly-α-CH), 4.34 (dd, 1H, H2′, J2′,1′ = 5.2, J2′,3′ = 4.4 Hz), 3.92 (dd, 1H, H3′, J3′,2′ = 
4.4, J3,′4′ = 4.0 Hz), 3.84 (dd, 1H, H4′, J4′,3′ = 4.0, J4′,5′ = 5.6 Hz), 3.31 (m, 2H, H5′), 2.18-2.07 (m, 4H, 
Gln-β-CH Gln-γ-CH), 1.49 (s, 9H, H-tBu), 1.38 (s, 9H, H-tBu), 0.84 (s, 18H, Si(CH3)2C(CH3)3), 0.02 
(s, 12H, Si(CH3)2C(CH3)3); 13C NMR (DMSO-d6, 100 MHz) δ 173.3, 171.1, 169.0, 163.5, 162.8, 155.0, 
151.9, 151.1, 141.2, 134.5, 129.2, 128.7, 128.5, 109.5, 83.1, 81.9, 79.5, 79.2, 78.3, 77.6, 73.9, 61.1, 
42.5, 41.6, 31.6, 27.6, 25.7, 24.0, 17.7, −4.77; ESIMS-LR m/z 1027.49 [(M+Na)+]; ESIMS-HR m/z 
calcd for C46H76O13N8NaSi2 [(M+Na)+] 1027.4963, found 1027.4934; [α]20

D −40.16 (C 0.45, CHCl3).  
 
5′-[2-(R)-N-Benzyloxy-(N,N′-di-tert-butoxycarbonyl-1-carboxamidylaminoacetyl)amino-4-
carbamoyl-butanoyl]amino-5′-deoxypseudouridine (21) 

A solution of 18 (20.9 mg, 21.2 μmol) and N,N′-di-Boc-1H-pyrazole-
1-carboxamidine (9.87 mg, 31.8 μmol) in DMF (194 μL) was treated 
with DBU (3.84 μL, 25.5 μmol) at room temperature for 4 h. The 
resulting mixture was concentrated in vacuo with silica gel. The silica 
gel charging the crude material was purified by silica gel column 

chromatography (φ 1.5 × 7 cm, CHCl3/MeOH: 100/0→99/1→98/2→97/3) to afford 21 (18.3 mg, 18.2 
μmol, 86%) as a white solid. 1H NMR (DMSO-d6, 400 MHz) δ 11.46 (s, 1H, Gua-NH), 11.11 (s, 1H, 
H3), 10.94 (s, 1H, H5), 8.75 (s, 1H, Gly-NH), 8.22 (s, 1H, H6′), 7.50 (s, 1H, H6), 7.44-7.38 (m, 5H, 
Ph), 7.21 (s, 1H, Gln-NH), 6.77 (s, 1H, Gln-NH), 5.16 (d, 1H, PhCH2, J PhCH2, PhCH2 = 9.6 Hz), 4.99 (d, 
1H, PhCH2, J PhCH2, PhCH2 = 9.6 Hz), 4.77-4.71 (m, 1H, Gln-α-CH), 4.41-4.40 (m, 3H, H1′, Gly-α-CH), 
4.34 (dd, 1H, H2′, J2′,1′ = 5.6, J2′,3′ = 4.2 Hz), 3.93 (dd, 1H, H3′, J3′,2′ = 4.2, J3,′4′ = 4.0 Hz), 3.84 (dd, 1H, 
H4′, J4′,3′ = 4.0, J4′,5′ = 6.0 Hz), 3.32 (m, 2H, H5′), 2.17-2.08 (m, 4H, Gln-β-CH Gln-γ-CH), 1.49 (s, 9H, 
H-tBu), 1.39 (s, 9H, H-tBu), 0.84 (s, 18H, Si(CH3)2C(CH3)3), 0.02 (s, 12H, Si(CH3)2C(CH3)3); 13C 
NMR (DMSO-d6, 100 MHz) δ 173.3, 170.9, 169.1, 163.5, 162.8, 155.1, 152.0, 151.2, 141.2, 134.6, 
129.2, 128.8, 128.5, 109.5, 83.1, 81.9, 79.6, 79.2, 78.3, 77.7, 74.0, 61.3, 42.5, 41.7, 31.6, 27.8, 25.8, 
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24.1, 17.7, −4.81; ESIMS-LR m/z 1027.49 [(M+Na)+]; ESIMS-HR m/z calcd for C46H76O13N8NaSi2 
[(M+Na)+] 1027.4963, found 1027.4928; [α]20

D −35.47 (C 1.00, CHCl3). 
 
Preparation of L-FDAA derivatives (19) and (20) 

A solution of 15 or 16 (1.00 mg, 0.99 µmol) and 5% Pd/C (10.0 mg) 
in MeOH (1 mL) was vigorously stirred under H2 atmosphere at room 
temperature for 14 h. The catalyst was filtered off through a Celite 
pad, and the filtrate was concentrated in vacuo. The residue or amino 
acid standard (Boc-Gln-OH or Boc-D-Gln-OH) (1 mg, 4.06 μmol) 
was dissolved in 6 N aqueous HCl at 95 °C for 24 h. The resulting 

mixture was cooled to room temperature and in vacuo. The residue in saturated aqueous NaHCO3 (50 
µL) and acetone (200 µL) was treated with Marfey’s reagent (N-α-(2,4-dinitro-5-fluorophenyl)-L-
alaninamide, L-FDAA) (1.6 mg, 5.97 µL) at 40 °C for 16 h. The resulting mixture was diluted with 
MeOH and filtered (0.45 µm PTFE) prior to LC-MS analysis. 
 
Conditions of LC-MS analysis: LC-MS equipment: Shimadzu, Prominence-I LC-2030CPlus, 

LCMS-8040; column: COSMOSIL Packed Column 5C18-PAQ, 4.6ID×250mm, column oven: 30 °C; 

eluent: isocratic elution of 15% B over 1 min; linear gradient elution of 15% B-50% B over 40 min; 
linear gradient elution of 50% B-90% B over 1 min; isocratic elution of 90% B over 5 min; linear 
gradient elution of 90% B-15% B over 1 min; isocratic elution of 15% B over 3 min (where solvent A 
was 0.1% TFA in H2O and solvent B was MeCN), flow rate: 0.40 mL/min, detection: UV (340 nm), 
method file: 15-50% MeCN over 45 min SIM l cm. 
 
Pseudouridimycin trifluoroacetate (1) 

A solution of 17 (19.0 mg, 18.9 μmol) in CH2Cl2 (1.6 mL) was treated 
with 1 M BCl3 in CH2Cl2 (1.6 mL, 1.6 mmol) at −78 °C for 5 min. 
The mixture was warmed to 0 °C and stirred for additional 2 h. The 
reaction mixture was added by cooled MeOH, then warmed to room 
temperature and stirred for 1.5 h. The mixure was concentrated in 

vacuo, and the resulting residue was purified by ODS silica gel column chromatography (φ 2.3 × 8 cm, 
2 mM heptafluorobutyric acid (HFBA) in MeCN/2 mM HFBA in H2O: 0-10%) to afford 1 as a HFBA 
salt (9.20 mg, 13.1 μmol, 69%) as a white form. To exchange the counter anion, the HFBA salt was 
treated with 0.1% TFA/MeCN and azeotroped several times to give 1 as a white solid. 1: 1H NMR 
(DMSO-d6, 400 MHz) δ 11.13 (s, 1H, H3), 10.89 (d, 1H, H5, J5,6 = 5.6 Hz), 9.84 (s, 1H, Gua-NH), 
7.91 (t, 1H, H6′, J6′,5′ = 4.8 Hz), 7.40 (s, 1H, Gly-NH), 7.33 (d, 1H, H6, J6,5 = 5.6 Hz), 7.11 (s, 1H, Gln-
NH), 6.90 (s, 1H, Gln-NH), 4.79-4.77 (m, 1H, Gln-α-CH), 4.41 (d, 1H, H1′, J1′,2′ = 4.4 Hz), 4.21 (dd, 
1H, Gly-α-CH, JGly-α-CH,Gly-NH = 4.8, JGly-α-CH,Gly-α-CH = 18.4 Hz), 4.11 (dd, 1H, Gly-α-CH, JGly-α-CH,Gly-
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NH = 4.8, JGly-α-CH,Gly-α-CH = 18.4 Hz), 3.99-3.98 (m, 3H, H2′), 3.73-3.71 (m, 2H, H3′, H4′), 3.34-3.28 
(m, 2H, H5′), 2.11-2.09 (m, 3H, Gln-β-CH, Gln-γ-CH), 2.00-1.95 (m, 1H, Gln-β-CH); 13C NMR 
(DMSO-d6, 100 MHz) δ 174.1, 169.0, 168.7, 163.5, 157.0, 151.2, 140.1, 110.5, 81.0, 79.6, 73.3, 72.3, 
59.3, 42.6, 41.6, 31.6, 23.4; 19F NMR (DMSO-d6, 376 MHz) δ −74.4; ESIMS-LR m/z 487.19 
[(M+H)+]; ESIMS-HR m/z calcd for C17H27O9N8 [(M+H)+] 487.1896, found 487.1888; [α]20

D −4.13 (C 
0.16, MeOH). 
※ Optical rotation of the sample of pseudouridimycin (MCE®) (purity 89%) was −5.79 (C 0.098, 

MeOH). 
 
epi-Pseudouridimycin trifluoroacetate (epi-1) 

A solution of 21 (19.8 mg, 19.7 μmol) in CH2Cl2 (1.6 mL) was treated 
with 1 M BCl3 in CH2Cl2 (1.6 mL, 1.6 mmol) at -78 °C for 5 min. 
The mixture was warmed to 0 °C and stirred for additional 2 h. The 
reaction mixture was added by cooled MeOH, then warmed to room 
temperature and stirred for 1.5 h. The mixure was concentrated in 

vacuo, and the resulting residue was purified by ODS silica gel column chromatography (φ 2.3 × 8 cm, 
2mM heptafluorobutyric acid (HFBA) in MeCN/2 mM HFBA in H2O: 0-10%) to afford 1 as a HFBA 
salt (9.80 mg, 14.0 μmol, 71%) as a white form. To exchange the counter anion, the HFBA salt was 
treated with 0.1% TFA/MeCN and azeotroped several times to give 1 as a white solid. 1: 1H NMR 
(DMSO-d6, 400 MHz) δ 11.13 (s, 1H, H3), 10.93 (d, 1H, H5, JH6 = 5.2 Hz), 9.85 (s, 1H, Gua-NH), 
7.91 (t, 1H, H6′, J6′,5′ = 5.2 Hz), 7.41 (s, 1H, Gly-NH), 7.34 (d, 1H, H6, J6,5 = 5.2 Hz), 7.14 (s, 1H, Gln-
NH), 6.90 (s, 1H, Gln-NH), 4.79-4.77 (m, 1H, Gln-α-CH), 4.41 (d, 1H, H1′, J1′,2′ = 5.2 Hz), 4.22-4.17 
(m, 1H, Gly-α-CH), 4.10 (dd, 1H, Gly-α-CH, JGly-α-CH,Gly-NH = 4.4, JGly-α-CH,Gly-α-CH = 18.0 Hz), 4.00-
3.99 (m, 3H, H2′), 3.73-3.71 (m, 2H, H3′, H4′), 3.42-3.38 (m, 1H, H5′), 3.19-3.16 (m, 1H, H5′), 2.11-
2.08 (m, 3H, Gln-β-CH, Gln-γ-CH), 1.99-1.92 (m, 1H, Gln-β-CH); 13C NMR (DMSO-d6, 100 MHz) 
δ 174.2, 169.0, 168.7, 163.6, 157.0, 151.2, 140.3, 110.5, 81.2, 79.6, 73.2, 72.3, 59.3, 42.6, 41.6, 31.6, 
23.4; 19F NMR (DMSO-d6, 376 MHz) δ -73.4; ESIMS-LR m/z 487.18 [(M+H)+]; ESIMS-HR m/z calcd 
for C17H27O9N8 [(M+H)+] 487.1896, found 487.1890; [α]20

D −10.55 (C 0.91, MeOH). 
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2) NMR spectrum of synthesized compounds   

2′,3′-Di-O-tert-butyldimethylsilylpseudouridine 
(DMSO-d6, 400 MHz) 
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2′,3′-Di-O-tert-butyldimethylsilylpseudouridine 
(DMSO-d6, 100 MHz) 
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2′,3′-Di-O-tert-butyldimethylsilyl-5′-O-p-toluenesulfonylpseudouridine  
(DMSO-d6, 400 MHz) 
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2′,3′-Di-O-tert-butyldimethylsilyl-5′-O-p-toluenesulfonylpseudouridine  
(DMSO-d6, 100 MHz) 
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7 
(DMSO-d6, 400 MHz) 
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7 
(DMSO-d6, 100 MHz) 
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8 
(DMSO-d6, 400 MHz) 
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8 
(DMSO-d6, 100 MHz) 
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9 
(DMSO-d6, 400 MHz) 
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9 
(DMSO-d6, 100 MHz) 
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10 
(DMSO-d6, 400 MHz) 
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10 
(DMSO-d6, 100 MHz) 
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11 
(DMSO-d6, 400 MHz) 
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11 
(DMSO-d6, 100 MHz) 
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13 
(DMSO-d6, 400 MHz) 
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13 
(DMSO-d6, 100 MHz) 
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14 
(DMSO-d6, 400 MHz) 
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14 
(DMSO-d6, 400 MHz) 
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15 
(DMSO-d6, 400 MHz) 
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15 
(DMSO-d6, 100 MHz) 
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18 
(DMSO-d6, 400 MHz) 
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18 
(DMSO-d6, 100 MHz) 
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17 
(DMSO-d6, 400 MHz) 
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17 
(DMSO-d6, 100 MHz) 
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21 
(DMSO-d6, 400 MHz) 
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21 
(DMSO-d6, 100 MHz) 
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1 
(DMSO-d6, 400 MHz) 
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1 
(DMSO-d6, 100 MHz) 
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1 
(DMSO-d6, 376 MHz) 
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epi-1 
(DMSO-d6, 400 MHz) 
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epi-1 
(DMSO-d6, 100 MHz) 
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epi-1 
(DMSO-d6, 376 MHz) 
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3) Reaction mechanism of Ugi multicomponent reaction 
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4) Marfey’s analysis of compound 15 and 16  

L-FDAA derivatives 



S46 
 

5) Comparison of 1H NMR and 13C NMR charts of natural and synthetic pseudouridimycin and epi-psuedouridimycin (DMSO-d6) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

S, I, Maffioli. et al. Cell 

Pseudouridimycin (our work) 

epi-Pseudouridimycin (our work) 

C, F, Cain. et al. Chem. Commun. 

X, Wang. et al. Org. Lett. 

1H NMR 
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Pseudouridimycin (our work) 

epi-Pseudouridimycin (our work) 

C, F, Cain. et al. Chem. Commun. 

X, Wang. et al. Org. Lett. 

13C NMR 
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6) comparison of 1H-NMR and 19F-NMR charts of two types of pseudopuridimycin and epi-pseudouridimycin salts (DMSO-d6) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Pseudouridimycin TFA salt 

epi-Pseudouridimycin TFA salt 

Pseudouridimycin HFBA salt 

epi-Pseudouridimycin HFBA salt 



S49 
 

 
 
 
 
 
 
  

Pseudouridimycin TFA salt 

epi-Pseudouridimycin TFA salt 

Pseudouridimycin HFBA salt 

epi-Pseudouridimycin HFBA salt 

・HFBA 

・HFBA 
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7) LR-MS and HR-MS charts of synthesized compounds 
 
 

Sample No. : C:\Xcalibur\...\212101_17OKW7-57_pn2 Instrument :  Exactive Plus Mobile phase solvent : MeOH
Operator name : Yamashita Nao Sample solvent : MeOH
Date : 02/03/22 10:21:42
Instrumental method : C:\Xcalibur\methods\ESI_100ul\S60_100ul_mz150_2000pn.meth
Instrumental Analysis Division, Global Facility Center, Creative Research Institution, Hokkaido University
212101_17OKW7-57_pn2 #20-23 RT: 0.32-0.35 AV: 2 NL: 2.95E7
T: FTMS + p ESI Full ms [150.0000-2000.0000]
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212101_17OKW7-57_pn2 #23-27 RT: 0.35-0.40 AV: 3 NL: 6.22E7
T: FTMS + p ESI Full ms [150.0000-2000.0000]
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212101_17OKW7-57_pn2 #27-30 RT: 0.40-0.43 AV: 2 NL: 6.18E7
T: FTMS + p ESI Full ms [150.0000-2000.0000]
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2′,3′-Di-O-tert-butyldimethylsilylpseudouridine 
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2′,3′-Di-O-tert-butyldimethylsilyl-5′-O-p-toluenesulfonylpseudouridine  
 

Sample No. : C:\Xcalibur\...\0203\212102_7_pU-OTs_pn Instrument :  Exactive Plus Mobile phase solvent : MeOH
Operator name : Yamashita Nao Sample solvent : MeOH
Date : 02/03/22 10:40:51
Instrumental method : C:\Xcalibur\methods\ESI_100ul\S60_100ul_mz150_2000pn.meth
Instrumental Analysis Division, Global Facility Center, Creative Research Institution, Hokkaido University
212102_7_pU-OTs_pn #20-23 RT: 0.32-0.34 AV: 2 NL: 3.77E7
T: FTMS + p ESI Full ms [150.0000-2000.0000]
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212102_7_pU-OTs_pn #23-27 RT: 0.34-0.40 AV: 3 NL: 8.79E7
T: FTMS + p ESI Full ms [150.0000-2000.0000]
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212102_7_pU-OTs_pn #27-31 RT: 0.40-0.46 AV: 3 NL: 9.28E7
T: FTMS + p ESI Full ms [150.0000-2000.0000]
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7 
 Sample No. : C:\Xcalibur\...\BG_212103_7_pU_N3_pn Instrument :  Exactive Plus Mobile phase solvent : MeOH

Operator name : Yamashita Nao Sample solvent : MeOH
Date : 02/03/22 11:23:09
Instrumental method : C:\Xcalibur\methods\ESI_100ul\S60_100ul_mz150_2000pn.meth
Instrumental Analysis Division, Global Facility Center, Creative Research Institution, Hokkaido University
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NL: 9.47E7
BG_212103_7_pU_N3_
pn#20-33  RT: 
0.32-0.50  AV: 7 T: 
FTMS + c ESI Full ms 
[150.00-2000.00] 

NL: 7.41E7
BG_212103_7_pU_N3_
pn#19-33  RT: 
0.31-0.48  AV: 7 T: 
FTMS - c ESI Full ms 
[150.00-2000.00] 

Sample No. : C:\Xcalibur\...\0203\212103_7_pU_N3_pn Instrument :  Exactive Plus Mobile phase solvent : MeOH
Operator name : Yamashita Nao Sample solvent : MeOH
Date : 02/03/22 10:45:37
Instrumental method : C:\Xcalibur\methods\ESI_100ul\S60_100ul_mz150_2000pn.meth
Instrumental Analysis Division, Global Facility Center, Creative Research Institution, Hokkaido University
212103_7_pU_N3_pn #19-23 RT: 0.30-0.35 AV: 3 NL: 1.26E7
T: FTMS + p ESI Full ms [150.0000-2000.0000]
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212103_7_pU_N3_pn #23-26 RT: 0.35-0.38 AV: 2 NL: 3.40E7
T: FTMS + p ESI Full ms [150.0000-2000.0000]
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212103_7_pU_N3_pn #26-30 RT: 0.41-0.44 AV: 2 NL: 2.81E7
T: FTMS + p ESI Full ms [150.0000-2000.0000]
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 Sample No. : C:\Xcalibur\...\BG_212104_7_pU_NH2_pn Instrument :  Exactive Plus Mobile phase solvent : MeOH

Operator name : Yamashita Nao Sample solvent : MeOH
Date : 02/03/22 11:52:24
Instrumental method : C:\Xcalibur\methods\ESI_100ul\S60_100ul_mz150_2000pn.meth
Instrumental Analysis Division, Global Facility Center, Creative Research Institution, Hokkaido University
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NL: 5.19E8
BG_212104_7_pU_NH2
_pn#20-33  RT: 
0.32-0.49  AV: 7 T: 
FTMS + c ESI Full ms 
[150.00-2000.00] 

NL: 5.33E7
BG_212104_7_pU_NH2
_pn#19-33  RT: 
0.31-0.48  AV: 7 T: 
FTMS - c ESI Full ms 
[150.00-2000.00] 

Sample No. : C:\Xcalibur\...\0203\212104_7_pU_NH2_pn Instrument :  Exactive Plus Mobile phase solvent : MeOH
Operator name : Yamashita Nao Sample solvent : MeOH
Date : 02/03/22 11:45:03
Instrumental method : C:\Xcalibur\methods\ESI_100ul\S60_100ul_mz150_2000pn.meth
Instrumental Analysis Division, Global Facility Center, Creative Research Institution, Hokkaido University
212104_7_pU_NH2_pn #19-23 RT: 0.29-0.35 AV: 3 NL: 6.51E7
T: FTMS + p ESI Full ms [150.0000-2000.0000]
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212104_7_pU_NH2_pn #23-26 RT: 0.35-0.38 AV: 2 NL: 2.00E8
T: FTMS + p ESI Full ms [150.0000-2000.0000]
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212104_7_pU_NH2_pn #26-30 RT: 0.41-0.44 AV: 2 NL: 1.38E8
T: FTMS + p ESI Full ms [150.0000-2000.0000]
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Sample No. : C:\Xcalibur\...\BG_212105_7_pU_formA_pn Instrument :  Exactive Plus Mobile phase solvent : MeOH
Operator name : Yamashita Nao Sample solvent : MeOH
Date : 02/03/22 13:12:41
Instrumental method : C:\Xcalibur\methods\ESI_100ul\S60_100ul_mz150_2000pn.meth
Instrumental Analysis Division, Global Facility Center, Creative Research Institution, Hokkaido University
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NL: 4.64E8
BG_212105_7_pU_form
A_pn#20-34  RT: 
0.32-0.48  AV: 7 T: 
FTMS + c ESI Full ms 
[150.00-2000.00] 

NL: 5.50E8
BG_212105_7_pU_form
A_pn#20-34  RT: 
0.30-0.50  AV: 8 T: 
FTMS - c ESI Full ms 
[150.00-2000.00] 

Sample No. : C:\Xcalibur\...\212105_7_pU_formA_pn Instrument :  Exactive Plus Mobile phase solvent : MeOH
Operator name : Yamashita Nao Sample solvent : MeOH
Date : 02/03/22 11:50:23
Instrumental method : C:\Xcalibur\methods\ESI_100ul\S60_100ul_mz150_2000pn.meth
Instrumental Analysis Division, Global Facility Center, Creative Research Institution, Hokkaido University
212105_7_pU_formA_pn #20-23 RT: 0.32-0.35 AV: 2 NL: 6.45E7
T: FTMS + p ESI Full ms [150.0000-2000.0000]
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212105_7_pU_formA_pn #23-27 RT: 0.35-0.40 AV: 3 NL: 1.30E8
T: FTMS + p ESI Full ms [150.0000-2000.0000]
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212105_7_pU_formA_pn #27-31 RT: 0.40-0.46 AV: 3 NL: 1.36E8
T: FTMS + p ESI Full ms [150.0000-2000.0000]
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Sample No. : C:\Xcalibur\...\212106_7_pU_isocy_pn Instrument :  Exactive Plus Mobile phase solvent : MeOH
Operator name : Yamashita Nao Sample solvent : MeOH
Date : 02/03/22 11:55:09
Instrumental method : C:\Xcalibur\methods\ESI_100ul\S60_100ul_mz150_2000pn.meth
Instrumental Analysis Division, Global Facility Center, Creative Research Institution, Hokkaido University
212106_7_pU_isocy_pn #20-23 RT: 0.32-0.35 AV: 2 NL: 7.36E7
T: FTMS + p ESI Full ms [150.0000-2000.0000]
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212106_7_pU_isocy_pn #23-27 RT: 0.35-0.40 AV: 3 NL: 1.59E8
T: FTMS + p ESI Full ms [150.0000-2000.0000]
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212106_7_pU_isocy_pn #27-30 RT: 0.40-0.43 AV: 2 NL: 1.71E8
T: FTMS + p ESI Full ms [150.0000-2000.0000]
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Sample No. : C:\Xcalibur\...\BG_212106_7_pU_isocy_pn Instrument :  Exactive Plus Mobile phase solvent : MeOH
Operator name : Yamashita Nao Sample solvent : MeOH
Date : 02/03/22 13:20:12
Instrumental method : C:\Xcalibur\methods\ESI_100ul\S60_100ul_mz150_2000pn.meth
Instrumental Analysis Division, Global Facility Center, Creative Research Institution, Hokkaido University
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NL: 5.07E8
BG_212106_7_pU_isocy
_pn#20-34  RT: 
0.32-0.49  AV: 7 T: 
FTMS + c ESI Full ms 
[150.00-2000.00] 

NL: 5.07E8
BG_212106_7_pU_isocy
_pn#20-34  RT: 
0.31-0.50  AV: 8 T: 
FTMS - c ESI Full ms 
[150.00-2000.00] 
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Sample No. : C:\Xcalibur\...\0203\BG_212115_8_50_1_pn Instrument :  Exactive Plus Mobile phase solvent : MeOH
Operator name : Yamashita Nao Sample solvent : CHCl3
Date : 02/03/22 16:21:18
Instrumental method : C:\Xcalibur\methods\ESI_100ul\S60_100ul_mz50_750pn.meth
Instrumental Analysis Division, Global Facility Center, Creative Research Institution, Hokkaido University
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NL: 4.69E9
BG_212115_8_50_1_p
n#21-36  RT: 
0.29-0.49  AV: 8 T: 
FTMS + c ESI Full ms 
[50.00-750.00] 

NL: 8.58E6
BG_212115_8_50_1_p
n#21-36  RT: 
0.31-0.51  AV: 8 T: 
FTMS - c ESI Full ms 
[50.00-750.00] 

11 
 

Sample No. : C:\Xcalibur\...\0203\212115_8_50_1_pn Instrument :  Exactive Plus Mobile phase solvent : MeOH
Operator name : Yamashita Nao Sample solvent : CHCl3
Date : 02/03/22 16:11:41
Instrumental method : C:\Xcalibur\methods\ESI_100ul\S60_100ul_mz50_750pn.meth
Instrumental Analysis Division, Global Facility Center, Creative Research Institution, Hokkaido University
212115_8_50_1_pn #21-24 RT: 0.29-0.32 AV: 2 NL: 1.79E8
T: FTMS + p ESI Full ms [50.0000-750.0000]
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212115_8_50_1_pn #25-28 RT: 0.35-0.38 AV: 2 NL: 1.49E9
T: FTMS + p ESI Full ms [50.0000-750.0000]
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212115_8_50_1_pn #28-32 RT: 0.41-0.44 AV: 2 NL: 1.72E9
T: FTMS + p ESI Full ms [50.0000-750.0000]
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Sample No. : C:\Xcalibur\...\BG_212107_8_38_LP_pn2 Instrument :  Exactive Plus Mobile phase solvent : MeOH
Operator name : Yamashita Nao Sample solvent : CHCl3
Date : 02/03/22 14:28:09
Instrumental method : C:\Xcalibur\methods\ESI_100ul\S60_100ul_mz150_2000pn.meth
Instrumental Analysis Division, Global Facility Center, Creative Research Institution, Hokkaido University
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NL: 7.05E7
BG_212107_8_38_LP_
pn2#19-33  RT: 
0.30-0.50  AV: 8 T: 
FTMS + c ESI Full ms 
[150.00-2000.00] 

NL: 2.90E7
BG_212107_8_38_LP_
pn2#19-33  RT: 
0.32-0.48  AV: 7 T: 
FTMS - c ESI Full ms 
[150.00-2000.00] 
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Sample No. : C:\Xcalibur\...\0203\212107_8_38_LP_pn2 Instrument :  Exactive Plus Mobile phase solvent : MeOH
Operator name : Yamashita Nao Sample solvent : CHCl3
Date : 02/03/22 14:16:05
Instrumental method : C:\Xcalibur\methods\ESI_100ul\S60_100ul_mz150_2000pn.meth
Instrumental Analysis Division, Global Facility Center, Creative Research Institution, Hokkaido University
212107_8_38_LP_pn2 #19-22 RT: 0.30-0.33 AV: 2 NL: 7.84E6
T: FTMS + p ESI Full ms [150.0000-2000.0000]
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212107_8_38_LP_pn2 #22-26 RT: 0.36-0.39 AV: 2 NL: 2.25E7
T: FTMS + p ESI Full ms [150.0000-2000.0000]
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212107_8_38_LP_pn2 #26-30 RT: 0.41-0.44 AV: 2 NL: 2.22E7
T: FTMS + p ESI Full ms [150.0000-2000.0000]
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Sample No. : C:\Xcalibur\...\BG_212108_8_38_MP_pn2 Instrument :  Exactive Plus Mobile phase solvent : MeOH
Operator name : Yamashita Nao Sample solvent : CHCl3
Date : 02/03/22 14:40:22
Instrumental method : C:\Xcalibur\methods\ESI_100ul\S60_100ul_mz150_2000pn.meth
Instrumental Analysis Division, Global Facility Center, Creative Research Institution, Hokkaido University

900 920 940 960 980 1000 1020 1040
m/z

0

20

40

60

80

100

0

20

40

60

80

100

R
el

at
iv

e 
Ab

un
da

nc
e

989.43

990.43

991.43

992.43967.44 1011.46953.51

965.43

966.43

967.43 1028.43
1029.43

1001.41968.43 1030.431004.41

NL: 7.09E7
BG_212108_8_38_MP_
pn2#20-33  RT: 
0.32-0.49  AV: 7 T: 
FTMS + c ESI Full ms 
[150.00-2000.00] 

NL: 3.43E7
BG_212108_8_38_MP_
pn2#19-34  RT: 
0.31-0.51  AV: 8 T: 
FTMS - c ESI Full ms 
[150.00-2000.00] 
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Sample No. : C:\Xcalibur\...\0203\212108_8_38_MP_pn2 Instrument :  Exactive Plus Mobile phase solvent : MeOH
Operator name : Yamashita Nao Sample solvent : CHCl3
Date : 02/03/22 14:30:23
Instrumental method : C:\Xcalibur\methods\ESI_100ul\S60_100ul_mz150_2000pn.meth
Instrumental Analysis Division, Global Facility Center, Creative Research Institution, Hokkaido University
212108_8_38_MP_pn2 #19-23 RT: 0.29-0.35 AV: 3 NL: 7.28E6
T: FTMS + p ESI Full ms [150.0000-2000.0000]
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212108_8_38_MP_pn2 #23-27 RT: 0.35-0.41 AV: 3 NL: 2.14E7
T: FTMS + p ESI Full ms [150.0000-2000.0000]
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212108_8_38_MP_pn2 #27-30 RT: 0.41-0.43 AV: 2 NL: 2.70E7
T: FTMS + p ESI Full ms [150.0000-2000.0000]
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Sample No. : C:\Xcalibur\...\BG_212109_7_91_LP_pn3 Instrument :  Exactive Plus Mobile phase solvent : MeOH
Operator name : Yamashita Nao Sample solvent : CHCl3
Date : 02/04/22 16:29:45
Instrumental method : C:\Xcalibur\methods\ESI_100ul\S60_100ul_mz150_2000pn.meth
Instrumental Analysis Division, Global Facility Center, Creative Research Institution, Hokkaido University
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NL: 2.90E7
BG_212109_7_91_LP_
pn3#19-32  RT: 
0.30-0.48  AV: 7 T: 
FTMS + c ESI Full ms 
[150.00-2000.00] 

NL: 5.41E6
BG_212109_7_91_LP_
pn3#19-33  RT: 
0.32-0.49  AV: 7 T: 
FTMS - c ESI Full ms 
[150.00-2000.00] 

15 
 

Sample No. : C:\Xcalibur\...\0204\212109_7_91_LP_pn3 Instrument :  Exactive Plus Mobile phase solvent : MeOH
Operator name : Yamashita Nao Sample solvent : CHCl3
Date : 02/04/22 16:25:59
Instrumental method : C:\Xcalibur\methods\ESI_100ul\S60_100ul_mz150_2000pn.meth
Instrumental Analysis Division, Global Facility Center, Creative Research Institution, Hokkaido University
212109_7_91_LP_pn3 #19-22 RT: 0.30-0.33 AV: 2 NL: 3.02E6
T: FTMS + p ESI Full ms [150.0000-2000.0000]
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212109_7_91_LP_pn3 #22-26 RT: 0.36-0.39 AV: 2 NL: 1.05E7
T: FTMS + p ESI Full ms [150.0000-2000.0000]
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212109_7_91_LP_pn3 #26-29 RT: 0.42-0.45 AV: 2 NL: 9.26E6
T: FTMS + p ESI Full ms [150.0000-2000.0000]
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Sample No. : C:\Xcalibur\...\0203\212110_7_29_MP_pn Instrument :  Exactive Plus Mobile phase solvent : MeOH
Operator name : Yamashita Nao Sample solvent : CHCl3
Date : 02/03/22 15:11:54
Instrumental method : C:\Xcalibur\methods\ESI_100ul\S60_100ul_mz150_2000pn.meth
Instrumental Analysis Division, Global Facility Center, Creative Research Institution, Hokkaido University
212110_7_29_MP_pn #19-22 RT: 0.30-0.33 AV: 2 NL: 6.67E6
T: FTMS + p ESI Full ms [150.0000-2000.0000]
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212110_7_29_MP_pn #22-26 RT: 0.36-0.39 AV: 2 NL: 1.62E7
T: FTMS + p ESI Full ms [150.0000-2000.0000]
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212110_7_29_MP_pn #26-30 RT: 0.41-0.44 AV: 2 NL: 1.49E7
T: FTMS + p ESI Full ms [150.0000-2000.0000]
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Sample No. : C:\Xcalibur\...\BG_212111_7_93_LP_pn Instrument :  Exactive Plus Mobile phase solvent : MeOH
Operator name : Yamashita Nao Sample solvent : CHCl3
Date : 02/03/22 15:23:54
Instrumental method : C:\Xcalibur\methods\ESI_100ul\S60_100ul_mz200_3000pn.meth
Instrumental Analysis Division, Global Facility Center, Creative Research Institution, Hokkaido University
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NL: 2.83E8
BG_212111_7_93_LP_
pn#19-33  RT: 
0.30-0.50  AV: 8 T: 
FTMS + c ESI Full ms 
[200.00-3000.00] 

NL: 5.87E7
BG_212111_7_93_LP_
pn#19-33  RT: 
0.32-0.49  AV: 7 T: 
FTMS - c ESI Full ms 
[200.00-3000.00] 

17 
 

Sample No. : C:\Xcalibur\...\0203\212111_7_93_LP_pn Instrument :  Exactive Plus Mobile phase solvent : MeOH
Operator name : Yamashita Nao Sample solvent : CHCl3
Date : 02/03/22 15:17:00
Instrumental method : C:\Xcalibur\methods\ESI_100ul\S60_100ul_mz200_3000pn.meth
IInstrumental Analysis Division, Global Facility Center, Creative Research Institution, Hokkaido University
212111_7_93_LP_pn #19-24 RT: 0.30-0.36 AV: 3 NL: 8.10E7
T: FTMS + p ESI Full ms [200.0000-3000.0000]
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212111_7_93_LP_pn #24-29 RT: 0.39-0.44 AV: 3 NL: 1.02E8
T: FTMS + p ESI Full ms [200.0000-3000.0000]
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212111_7_93_LP_pn #29-33 RT: 0.44-0.50 AV: 3 NL: 6.14E7
T: FTMS + p ESI Full ms [200.0000-3000.0000]

995 1000 1005 1010 1015 1020 1025 1030 1035 1040 1045 1050 1055
m/z

0

20

40

60

80

100

R
el

at
iv

e 
Ab

un
da

nc
e

1027.49390

1028.49565

1005.51317

1029.496371006.51552

1007.51629 1030.49772
1008.51701 1049.47535



S73 
 

 

  



S74 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Sample No. : C:\Xcalibur\...\BG_212112_7_94_MP_pn Instrument :  Exactive Plus Mobile phase solvent : MeOH
Operator name : Yamashita Nao Sample solvent : CHCl3
Date : 02/03/22 15:37:55
Instrumental method : C:\Xcalibur\methods\ESI_100ul\S60_100ul_mz200_3000pn.meth
Instrumental Analysis Division, Global Facility Center, Creative Research Institution, Hokkaido University
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NL: 1.65E8
BG_212112_7_94_MP_
pn#19-33  RT: 
0.31-0.51  AV: 8 T: 
FTMS + c ESI Full ms 
[200.00-3000.00] 

NL: 5.87E7
BG_212112_7_94_MP_
pn#19-33  RT: 
0.32-0.49  AV: 7 T: 
FTMS - c ESI Full ms 
[200.00-3000.00] 
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Sample No. : C:\Xcalibur\...\BG_212113_8_60_LP_pn Instrument :  Exactive Plus Mobile phase solvent : MeOH
Operator name : Yamashita Nao Sample solvent : MeOH
Date : 02/03/22 16:03:40
Instrumental method : C:\Xcalibur\methods\ESI_100ul\S60_100ul_mz150_2000pn.meth
Instrumental Analysis Division, Global Facility Center, Creative Research Institution, Hokkaido University
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NL: 3.87E7
BG_212113_8_60_LP_
pn#19-33  RT: 
0.30-0.50  AV: 8 T: 
FTMS + c ESI Full ms 
[150.00-2000.00] 

NL: 6.05E6
BG_212113_8_60_LP_
pn#19-33  RT: 
0.31-0.48  AV: 7 T: 
FTMS - c ESI Full ms 
[150.00-2000.00] 

1 
 

Sample No. : C:\Xcalibur\...\0203\212113_8_60_LP_pn Instrument :  Exactive Plus Mobile phase solvent : MeOH
Operator name : Yamashita Nao Sample solvent : MeOH
Date : 02/03/22 15:57:48
Instrumental method : C:\Xcalibur\methods\ESI_100ul\S60_100ul_mz150_2000pn.meth
Instrumental Analysis Division, Global Facility Center, Creative Research Institution, Hokkaido University
212113_8_60_LP_pn #19-23 RT: 0.30-0.36 AV: 3 NL: 7.24E6
T: FTMS + p ESI Full ms [150.0000-2000.0000]
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212113_8_60_LP_pn #23-26 RT: 0.36-0.38 AV: 2 NL: 1.30E7
T: FTMS + p ESI Full ms [150.0000-2000.0000]
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212113_8_60_LP_pn #26-30 RT: 0.41-0.44 AV: 2 NL: 1.09E7
T: FTMS + p ESI Full ms [150.0000-2000.0000]
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Sample No. : C:\Xcalibur\...\BG_212114_8_65_MP_pn Instrument :  Exactive Plus Mobile phase solvent : MeOH
Operator name : Yamashita Nao Sample solvent : MeOH
Date : 02/03/22 16:13:36
Instrumental method : C:\Xcalibur\methods\ESI_100ul\S60_100ul_mz150_2000pn.meth
Instrumental Analysis Division, Global Facility Center, Creative Research Institution, Hokkaido University

400 420 440 460 480 500 520 540
m/z

0

20

40

60

80

100

0

20

40

60

80

100

R
el

at
iv

e 
Ab

un
da

nc
e

487.18413.27

441.29
414.28408.30 449.35

457.26 488.19 509.17
483.18415.14 427.22 459.70 519.45 531.13 547.35

448.95

426.96

449.95 485.10 500.05 521.03427.97 542.96

NL: 1.28E7
BG_212114_8_65_MP_
pn#19-33  RT: 
0.30-0.50  AV: 8 T: 
FTMS + c ESI Full ms 
[150.00-2000.00] 

NL: 2.16E7
BG_212114_8_65_MP_
pn#19-33  RT: 
0.31-0.48  AV: 7 T: 
FTMS - c ESI Full ms 
[150.00-2000.00] 

epi-1 
 

Sample No. : C:\Xcalibur\...\0203\212114_8_65_MP_pn Instrument :  Exactive Plus Mobile phase solvent : MeOH
Operator name : Yamashita Nao Sample solvent : MeOH
Date : 02/03/22 16:02:36
Instrumental method : C:\Xcalibur\methods\ESI_100ul\S60_100ul_mz150_2000pn.meth
Instrumental Analysis Division, Global Facility Center, Creative Research Institution, Hokkaido University
212114_8_65_MP_pn #19-23 RT: 0.30-0.36 AV: 3 NL: 2.71E6
T: FTMS + p ESI Full ms [150.0000-2000.0000]
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212114_8_65_MP_pn #23-26 RT: 0.36-0.38 AV: 2 NL: 4.80E6
T: FTMS + p ESI Full ms [150.0000-2000.0000]
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212114_8_65_MP_pn #26-30 RT: 0.41-0.44 AV: 2 NL: 3.51E6
T: FTMS + p ESI Full ms [150.0000-2000.0000]
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8) The IR spectrum of isocyanide (10)                                     


