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Supporting figures 

 

Figure S1. Synthesis of Boc-BZN-OMe and 1a. 
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Figure S2. (a) NOESY and COSY spectra of Boc-BZN-OMe in CDCl3 at 23°C.  
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Figure S3. NOESY and COSY spectra of Boc-BZA-OMe in CDCl3 at 23°C. 
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Figure S4. (a)-(c) Photoreaction of 1a monitored by 1H-NMR in DMSO-d6 at 23 °C. 
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Figure S5. NOESY spectra of 1a and 1b in CDCl3 at 23°C. 
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Figure S6. Centroid structures of the largest cluster obtained from REST simulation 

(OPLS3e, CHCl3, 30 ns, 8 replicas).  
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Figure S7. Synthesis of cyclic peptide 2a. 
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Figure S8. 1H-NMR of 2a and 2b (a) in CDCl3 and (b) in DMSO-d6 at 23°C. 
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Figure S9. NOESY spectra of 2a in CDCl3 at 23°C. 

 

NH3

NH4

NH2

NH1

O

O

O

NH5

O

N O

NO2

O
NOE

HA
HB

ppm

6.46.66.87.07.27.47.67.88.08.2 ppm

6.4

6.6

6.8

7.0

7.2

7.4

7.6

7.8

8.0

8.2

HB 

HA 



 S11 

 

 

 

 

 

 

 

Figure S10. ROESY spectra of 2b in DMSO-d6 at 23°C. 
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Figure S11. (a) Main-chain torsion angles of cyclic peptides. Values for D-amino acids 

are shown in red. (b) Superimposed structures of 2a (magenta carbon) and 3a (orange 

carbon). Benzanilide carbons were used for superimposition. 
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Figure S12. (a) COSMO surface of 3a, 3b, and 4a. (b) Superposition of NMR structure 

and optimized structure at the level of BP86/def-TZVP using the COSMO solvation. 5a 

(NMR structure: gray carbon, DFT-optimized structure: green carbon) and 5b (NMR 

structure: gray carbon, optimized structure: magenta carbon). 
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Experimental section 

 

General Methods of Synthesis and Photoreaction 

Unless stated otherwise, commercial grade reagents were used without further 

purification. Open column chromatography was carried out using Kanto chemical silica 

gel (silica gel 60 N (100-210 μm)). 1H-NMR (400 MHz) spectra and 13C-NMR (100 

MHz) spectra were recorded on a Bruker Avance 400 NMR spectrometer running Topspin. 

The spectra were recorded at 24 °C, unless otherwise noted. 1H NMR and 13C{1H} NMR 

chemical shifts (δ) are given in parts per million (ppm) and coupling constants are given 

in hertz (Hz). s = singlet, brs = broad singlet, d = doublet, t = triplet, m = multiplet. 1H-

NMR spectra are reported relative to residual solvent signals (CDCl3: 7.26 ppm, DMSO-

d6: 2.50 ppm). Data for 13C{1H} NMR spectra are reported in terms of chemical shift 

(ppm) relative to residual solvent peak (CDCl3: 77.16 ppm, DMSO-d6: 39.52 ppm). 

Electron spray ionization time-of-flight mass spectra (ESI-TOF MS) were recorded on a 

Bruker micrOTOF-05. The combustion analysis was carried out in the microanalytical 

laboratory of the University of Tokyo. All the melting points were measured with a 

Yanaco Micro Melting Point Apparatus without correction. HPLC data were obtained 

with the following conditions: HPLC Column: Cosmosil 5C18-AR-II, Waters, 10 mm × 

250 mm, Water / Acetonitrile = 10: 90 – 30: 70, flow rate 2.0 mL/min, UV detection at 

250 nm. Photoreaction was carried out using PR160L-390nm (Kessil®, 40 W). 

Photoirradiation was performed at 390 nm.  

 

 
Figure S13. Spectra of PR160-390nm. 

(The figure was taken from https://kessil.com/products/science_PR160L.php) 
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Experimental Section of Synthesis 

Compound 9 

 
To a solution of 3-aminobenzylamine (996.3 mg, 8.15 mmol) in anhydrous CH2Cl2 (30 

mL), di-tert-butyl dicarbonate (2.25 mL, 9.79 mmol) was added dropwise at 0℃ and the 

solution was warmed to room temperature. After stirring for 1.5 h, the reaction mixture 

was diluted with CH2Cl2 (20 mL), washed with brine and saturated aqueous solution of 

NaHCO3, dried over anhydrous Na2SO4 and concentrated. The crude product was 

column-chromatographed (n-hexane: AcOEt = 3: 2) to afford 9 (1.6618 g, 7.48 mmol, 

92%) as brown oil. 
1H NMR (400 MHz, CDCl3): δ (ppm) 7.10 (1H, dd, J = 8.0, 8.0 Hz), 6.65 (1H, d, J = 7.6 

Hz), 6.60-6.56 (2H, m), 4.83 (1H, brs), 4.21 (2H, d, J = 6.4 Hz), 3.67 (2H, brs), 1.46 (9H, 

s). 
13C{1H} NMR (100 MHz, CDCl3): δ (ppm) 156.0, 146.8, 140.2, 129.6, 117.6, 114.2, 79.5, 

44.8, 28.5.  

Anal. Calcd. for C12H18NO5: C, 64.84; H, 8.16; N, 12.60. Found: C, 64.57; H, 8.24; N, 

12.43. 

HRMS (ESI-TOF, [M+Na+]): Calcd. for C12H18N2NaO5+, 245.1261. Found: 245.1285. 

 

Compound 10 

 
To a solution of 9 (1.5634 g, 7.03 mmol) and 2-nitrobenzaldehyde (1.0628 g, 7.03 mmol) 

in anhydrous MeOH / acetic acid (10: 1, 17.5 mL), α-picoline-borane (756.7 mg, 7.07 

mmol) was added at room temperature. After stirring for 1.5 h, the reaction mixture was 

NH2

NHBoc

NO2

NH

NHBoc
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concentrated and 1M HCl solution was added to the residue. The solution was neutralized 

by saturated aqueous solution of NaHCO3 and extracted with AcOEt. The organic layer 

was washed with brine and saturated aqueous solution of NaHCO3, dried over anhydrous 

Na2SO4, and concentrated. To eliminate α-picoline-borane, the crude was dissolved in 

CH2Cl2 (5 mL) and 1 M HCl solution (20 mL) was added to the solution. The solution 

was neutralized by Na2CO3 (2.5 g) and extracted with CH2Cl2. The organic layer was 

washed with brine, dried over Na2SO4 and concentrated. The crude product was column-

chromatographed (n-hexane: Acetone: Et3N = 3:1: a little) to afford 10 and a small amount 

of byproducts, but they were not be separated (total 2.1471 g).  
1H NMR (400 MHz, CDCl3) : δ (ppm) 8.07 (1H, dd, J = 8.0, 1.2 Hz), 7.65 (1H, dd, J = 

8.0, 1.2 Hz), 7.57 (1H, ddd, J =7.6, 7.6, 1.2 Hz), 7.43 (1H, ddd, J = 8.0, 8.0, 1.2 Hz), 7.10 

(1H, dd, J = 8.0, 8.0 Hz), 6.63 (1H, d, J =7.8 Hz), 6.52 (1H, s), 6.45 (1H, dd, J = 8.0, 2.0 

Hz), 4.77 (1H, brs), 4.73 (2H, d, J = 8.4 Hz), 4.37 (1H, t, J = 6.0 Hz), 4.21 (2H, d, J = 5.6 

Hz), 1.45 (9H, s). 
13C{1H} NMR (100 MHz, CDCl3): δ (ppm) 156.0, 148.3, 147.8, 140.3, 135.6, 133.8, 

129.9, 129.7, 128.1, 125.3, 117.1, 112.1, 111.8, 79.5, 62.5, 45.8, 44.8, 28.5. 

HRMS (ESI-TOF, [M+Na+]): Calcd. for C19H23N3NaO4+, 380.1581. Found: 380.1602. 

 

Boc-BZN-OMe 

 

 To a solution of monomethyl isophthalate (725.4 mg, 4.03 mmol) in anhydrous CH2Cl2 

(20 mL) and anhydrous DMF (2 drops), a solution of oxalyl chloride (700 µL, 8.15 mmol) 

in CH2Cl2 (15 mL) was added dropwise for 15 min at 0℃. The reaction mixture was 

stirred at room temperature for 6 h and the reaction mixture was concentrated. 

To a solution of 10 (1.4014 g, 3.92 mmol) in anhydrous CH2Cl2 (20 mL), Et3N (1100 

µL, 7.91 mmol) and a solution of the above crude acid chloride in anhydrous CH2Cl2 (15 

NO2

N O

MeOOC
BocHN
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mL) was added at 0℃, and the mixture was warmed to room temperature and stirred 18.5 

h at rt. Then the reaction mixture was filtered through Celite, washed with AcOEt, and 

concentrated. The residue was dissolved in AcOEt. The organic solution was washed with 

brine and saturated aqueous solution of NaHCO3, dried over Na2SO4 and concentrated. 

The crude product was purified by column chromatography (n-hexane: AcOEt = 5: 2) to 

afford Boc-BZN-OMe (1.2709 g, 2.45 mmol, 62%) as light-yellow fluffy solid.  
1H-NMR (400 MHz, CDCl3) : δ (ppm) 8.06 (1H, d, J = 0.8 Hz), 7.80 (1H, dd, J = 8.4, 1.2 

Hz), 7.94 (1H, ddd, J = 7.6, 1.2, 1.2 Hz), 7.74 (1H, dd, J = 8.0, 0.8 Hz), 7.66 (1H, ddd, J 

= 7.6, 7.6, 1.2 Hz), 7.51 (1H, ddd, J = 7.6, 1.2, 1.2 Hz), 7.44 (1H, ddd, J = 7.6, 7.6, 1.2 

Hz), 7.27 (1H, dd, J = 8.0 Hz), 7.11 (1H, dd, J = 7.6 Hz), 7.06 (1H, d, J = 8.0 Hz), 6.95 

(1H, brs), 6.83 (1H, brd, J = 7.6 Hz), 5.54 (2H, s), 4.75 (1H, brs), 4.16 (2H, d, J = 5.6 

Hz), 3.88 (3H, s), 1.44 (9H, s). 
13C{1H} NMR (100 MHz, CDCl3): δ (ppm) 169.8, 166.2, 148.7, 143.2, 140.9, 135.6, 

133.8, 133.1, 132.7, 131.2, 130.3, 130.1, 129.7, 129.5, 128.4, 128.2, 126.6, 126.5, 126.3, 

125.2, 52.4, 51.2, 44.2, 31.7, 31.0, 28.5, 22.8. 

Anal. Calcd. for C28H29N3O7: C, 64.73; H, 5.63; N, 8.09. Found: C, 64.66; H, 5.92; N, 

7.83. 

Mp: 48-49.5℃. 

HRMS (ESI-TOF, [M+Na]+): Calcd. for C28H29N3NaO7+, 542.1898. Found: 542.1892. 

 

Compound 11 

 
To a solution of Boc-BZN-OMe (651.1 mg, 1.25 mmol) in anhydrous CH2Cl2 (15 mL), 

trifluoroacetic acid (1 mL) was added at 0℃ and the solution was warmed to room 

temperature and stirred for 3.5 h. Saturated aqueous solution of NaHCO3 (12 mL) was 

added to the reaction mixture and the solution was extracted with CH2Cl2. The organic 

NO2

N O
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layer was washed with brine, dried over anhydrous Na2SO4 and concentrated. The crude 

product was purified by column chromatography (CHCl3: MeOH = 19: 1 - 14: 1 - 9: 1) 

to afford 11 (434.7 mg, 1.04 mmol, 83%) as yellow amorphous. 
1H-NMR (400 MHz, CDCl3) : δ (ppm) 8.07 (1H, ddd, J = 2.0, 2.0, 0.8 Hz), 7.97 (1H, dd, 

J = 8.4, 1.2 Hz), 7.92 (1H, dddd, J = 8.0, 1.6, 1.6, 0.4 Hz), 7.74 (1H, dd, J = 8.0, 1.2 Hz), 

7.64 (1H, ddd, J = 7.6, 7.6, 1.6 Hz), 7.51 (1H, dddd, J = 8.0, 2.0, 2.0, 0.4 Hz), 7.42 (1H, 

ddd, J = 8.4, 7.6, 1.6 Hz), 7.24 (1H, ddd, J = 8.0, 8.0, 0.4 Hz), 7.11-7.05 (2H, m), 6.99-

6.99 (1H, m), 6.80 (1H, ddd, J = 7.6, 2.0, 2.0 Hz), 5.54 (2H, s), 3.84 (3H, s), 3.70 (2H, s). 
13C{1H} NMR (100 MHz, CDCl3): δ (ppm) 169.6, 165.9, 148.3, 144.9, 142.8, 135.6, 

133.5, 132.8, 132.5, 130.8, 130.0, 129.8, 129.3, 128.1, 127.9, 125.9, 125.7, 125.6, 124.8, 

52.1, 52.1, 50.9, 45.6. 

Anal. Calcd. for C23H21N3O5·0.6 H2O: C, 64.21; H, 5.20; N, 9.77. Found: C, 64.08; H, 

5.42; N, 9.54. 

HRMS (ESI-TOF, [M+H+]): Calcd. for C23H22N3O5+, 420.1554. Found: 420.1570. 

 

Compound 12 

 
To a solution of 11 (202.1 mg, 0.48 mmol) in anhydrous CH2Cl2 (5 mL), N-(tert-

butoxycarbonyl)-L-valine (105.2 mg, 0.48 mmol), EDCI·HCl (124.6 mg, 0.65 mmol) and 

HOBt (89.4 mg, 0.66 mmol) were added at room temperature and the solution was cooled 

to 0℃. Et3N (200 µL, 1.43 mmol) was added to the solution and the solution was warmed 

to room temperature. After stirring 16.5 h, the reaction mixture was concentrated and 

dissolved in CH2Cl2. The organic solution was washed with brine and saturated aqueous 

solution of NaHCO3, dried over anhydrous Na2SO4 and concentrated. The crude product 

was purified by column chromatography (n-hexane: Acetone = 5: 2) to afford 12 (282.1 
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mg, 0.46 mmol, 95%) as ivory solid.  

1H-NMR (400 MHz, CDCl3) : δ (ppm) 8.00 (1H, dd, J = 1.6, 1.6 Hz), 7.96 (1H, dd, J = 

8.4, 1.2 Hz), 7.92 (1H, ddd, J = 8.0, 1.2, 1.2 Hz), 7.75 (1H, ddd, J = 8.0, 1.2 Hz), 7.65 

(1H, ddd, J = 7.6, 7.6, 1.2 Hz), 7.56 (1H, ddd, J = 8.0, 1.6, 1.6 Hz), 7.43 (1H, ddd, J = 

8.0, 1.6, 1.6 Hz), 7.27 (1H, dd, J = 8.0, 8.0 Hz), 7.09 (1H, s), 7.04 (1H, d, J = 4.8 Hz), 

6.81 (1H, brt), 6.76-6.73 (1H, m), 5.52 (2H, s), 5.32 (1H, d, J = 8.8 Hz), 4.30 (2H, s), 3.98 

(1H, dd, J = 8.8, 8.8 Hz), 3.88 (3H, s), 2.13-2.08 (1H, m), 1.41 (9H, s), 0.91 (6H, dd, J = 

6.8, 6.8 Hz). 
13C{1H} NMR (100 MHz, CDCl3) δ (ppm): 171.8, 169.6, 166.3, 156.0, 148.6, 143.0, 

140.1, 135.5, 133.7, 133.2, 132.4, 131.0, 130.2, 129.8, 129.7, 129.7, 128.4, 128.2, 127.0, 

126.6, 125.0, 79.8, 52.4, 50.9, 42.9, 31.6, 30.9, 28.3, 22.6, 17.8. 

Anal. Calcd. for C33H38N4O8 ·0.4H2O: C, 63.33; H, 6.25; N, 8.95. Found: C, 63.12; H, 

6.32; N, 8.78. 

Mp: 73.5-75.0 ℃. 

HRMS (ESI-TOF, [M+Na]+): Calcd. for C33H38N4NaO8+, 641.2582. Found: 641.2597. 

 

Compound 1a 

 
To a solution of 12 (262.3 mg, 0.42 mmol) in MeOH / distilled water = 3 : 1 (4 mL), 

Lithium hydroxide monohydrate (36.0 mg, 0.86 mmol) was added at room temperature. 

After stirring for 5 h, the reaction mixture was neutralized by 5% KHSO4 solution (300 

μL) and evaporated, then the residue was extracted with AcOEt. The organic layer was 

washed with brine, dried over Na2SO4 and concentrated to afford carboxylic acid (Boc-

Val-BZN-OH, 253.9 mg) as ivory solid. The crude product was used in the next step 

without further purification. 
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HRMS (ESI-TOF, [M-H]-): Calcd. for C32H35N4O8-, 603.2460. Found: 603.2489. 

 

To a solution of carboxylic acid (Boc-Val-BZN-OH, 240.8 mg, 0.40 mmol) and L-

Alanine methyl ester hydrochloride (58.7 mg, 0.42 mmol) in anhydrous CH2Cl2 (5 mL), 

EDCI·HCl (101.3 mg, 0.53 mmol) and HOBt (68.7 mg, 0.51 mmol) were added at room 

temperature and the solution was cooled to 0℃. Et3N (110 µL, 0.79 mmol) was added to 

the solution and the solution was warmed to room temperature. After stirring for 22.5 h, 

the reaction mixture was concentrated and dissolved in CH2Cl2. The organic solution was 

washed with brine and saturated aqueous solution of NaHCO3, dried over anhydrous 

Na2SO4 and concentrated. The crude product was purified by column chromatography (n-

hexane: Acetone = 4: 3) to afford 1a (246.5 mg, 0.36 mmol, 90%) as white solid. 
1H-NMR (400 MHz, CDCl3) : δ (ppm) 7.91 (1H, dd, J = 8.4, 1.2 Hz), 7.68 (1H, d, J = 8.0 

Hz), 7.64 (1H, d, J = 7.2 Hz), 7.59-7.53 (3H, m), 7.36 (1H, ddd, J = 8.0, 8.0, 1.6 Hz), 7.27 

(1H, brd, J = 8.4 Hz), 7.23 (1H, dd, J = 7.6, 7.6 Hz), 7.00 (1H, dd, J = 8.4, 8.4 Hz), 6.94 

(1H, d, J = 7.6, Hz), 6.91 (1H, s), 6.80 (1H, brs), 6.71 (1H, d, J = 8.0 Hz), 5.54 (1H, d, J 

= 16.4 Hz), 5.34 (1H, d, J = 16.8 Hz), 5.17 (1H, d, J = 8.8 Hz), 4.71 (1H, q, J = 7.6 Hz), 

4.47 (1H, dd, J = 14.8, 6.8 Hz), 3.98 (1H, brd, J = 15.2, 3.6 Hz), 3.80 (1H, dd, J = 8.4, 

8.4 Hz), 3.71 (3H, s), 1.97-1.90 (1H, m), 1.40 (3H, d, J = 7.2 Hz), 1.380 (9H, s), 0.87 (3H, 

d, J = 6.8 Hz), 0.85 (3H, d, J = 6.8 Hz). 
13C{1H} NMR (100 MHz, CDCl3): δ (ppm) 174.5, 172.1, 169.8, 166.3, 156.2, 148.7, 

143.2, 140.0, 135.6, 133.7, 133.1, 132.6, 132.1, 129.7, 129.7, 128.9, 128.5, 128.4, 127.5, 

127.4, 127.1, 126.6, 125.2, 80.2, 60.2, 53.9, 52.7, 50.9, 48.6, 42.9, 31.9, 31.1, 31.0, 29.8, 

29.4, 28.5, 19.4, 18.4, 17.7. 

Anal. Calcd. for C36H43N5O9 · 0.1AcOEt: C, 62.58; H, 6.32; N, 10.03. Found: C, 62.75; 

H, 6.70; N, 9.68. 

Mp: 104.2-105.0℃. 

HRMS (ESI-TOF, [M+Na]+): Calcd. for C36H43N5NaO9+, 712.2953. Found: 712.2972. 

 

Photoreaction of Boc-BZN-OMe 

Boc-BZA-OMe 
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In an NMR tube, the solution of Boc-BZN-OMe (31.4 mg, 0.060 mmol) in CDCl3 was 

photo-irradiated with UV light (390 nm). After 30 min, the solution was concentrated and 

the residue was dissolved in AcOEt. The solution was washed with brine and saturated 

aqueous solution of NaHCO3, dried over anhydrous Na2SO4 and concentrated to afford 

Boc-BZA-OMe (15.6 mg, 0.041 mmol, 68%) as white solid. 
1H-NMR (400 MHz, CDCl3): δ (ppm) 8.48 (1H, dd, J = 1.6, 1.6 Hz), 8.20 (1H, ddd, J = 

7.6, 1.6, 1.6 Hz), 8.12 (1H, ddd, J = 8.0, 1.6, 1.6 Hz), 8.09 (1H, s), 7.59 (3H, m), 7.33 

(1H, dd, J = 8.4, 8.4 Hz), 7.08 (1H, d, J = 7.6 Hz), 4.95 (1H, brs), 4.31 (2H, d, J = 6.0 

Hz), 3.95 (3H, s), 1.46 (9H, s). 
13C{1H} NMR (100 MHz, CDCl3): δ (ppm) 166.4, 164.8, 138.1, 135.3, 132.9, 132.2, 

130.8, 129.5, 129.3, 127.7, 124.0, 119.5, 52.6, 28.6. 

Mp: 119.5-120.0℃. 

HRMS (ESI-TOF, [M+Na]+): Calcd for C21H24N2NaO5+, 407.1577. Found: 407.1554. 

 

Compound 1b 

 
In an NMR tube, the solution of 1a (20.0 mg, 0.0029 mmol) in CDCl3 was photo-

irradiated with UV light (390 nm). After 20 min, the solution was concentrated. The 

residue was purified by column chromatography (n-hexane: Acetone = 3: 2) to afford 1b 

(14.1 mg, 0.025 mmol, 88%) as brown solid.  

 The same procedure applies to the reaction in MeOD and in DMSO-d6, and 1b was 

obtained in 97% and 92% yields, respectively. 
1H-NMR (400 MHz, CDCl3) : δ (ppm) 9.10 (1H, s), 8.40 (1H, s), 8.06 (1H, d, J = 7.2 Hz), 
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7.90 (2H, d, J = 7.6 Hz), 7.52 (1H, d, J = 6.4 Hz), 7.42 (1H, dd, J = 8.0, 8.0 Hz), 7.31 

(1H, brs), 7.18 (1H, dd, J = 8.0 Hz), 7.02 (1H, s), 6.86 (1H, d, J = 7.2 Hz), 5.55 (1H, d, J 

= 8.8 Hz), 4.74 (1H, q, J = 7.2 Hz), 4.33 (1H, dd, J = 15.2, 5.6 Hz), 4.15-4.12 (2H, m), 

3.63 (3H, s), 2.02-1.97 (1H, m), 1.45 (3H, d, J = 7.2 Hz), 1.19 (9H, s), 0.88 (6H, dd, J = 

7.6, 7.6 Hz). 
13C{1H} NMR (100 MHz, CDCl3): δ (ppm) 174.2, 173.7, 166.6, 165.7, 156.7, 139.0, 

137.9, 135.6, 133.5, 131.6, 130.8, 129.4, 129.2, 125.5, 123.9, 120.0, 119.0, 80.2, 60.0, 

53.9, 52.7, 49.0, 44.0, 31.2, 29.8, 29.4, 28.3, 19.5, 18.3, 18.1. 

HRMS (ESI-TOF, [M+Na]+): Calcd for C29H38N4NaO7+, 577.2633. Found: 577.2644. 

 

 

Synthesis of 2a 

Compound 13 

 
To a solution of D-Leucine (635.0 mg, 4.84 mmol) in 1 M NaOH solution (10 mL), Di-

tert-butyl dicarbonate (1274.7 mg, 5.84 mmol) dissolved in anhydrous THF (20 mL) was 

added at 0℃ and the solution was warmed to room temperature. After stirring for 25 h, 

the reaction mixture was evaporated to remove THF and washed with Et2O. The aqueous 

layer was acidified with 5% KHSO4 solution to pH 3 at 0℃ and the solution was extracted 

with AcOEt. The organic layer was washed with brine, dried over anhydrous Na2SO4 and 

concentrated to afford 13 (1.0972 g, 4.74 mmol, 98%) as colorless oil.  
1H-NMR (400 MHz, DMSO-d6): δ (ppm) 12.40 (1H, brs), 7.04 (1H, d, J = 8.4 Hz), 3.92-

3.86 (1H, m), 1.64-1.59 (1H, m), 1.540-1.47 (1H, m), 1.44-1.40 (1H, m), 1.37 (9H, s), 

0.85 (6H, dd, J = 12, 6.4 Hz). 
13C{1H} NMR (100 MHz, DMSO-d6): δ (ppm) 174.7, 155.6, 77.9, 51.8, 28.2, 24.4, 22.9, 

21.2. 

Anal. Calcd. for C11H21NO4 ·0.3H2O: C, 55.82; H, 9.20; N, 5.92. Found: C, 55.76; H, 

9.34; N, 5.94. 

HRMS (ESI-TOF, [M-H]-): Calcd. for C11H20NO4-, 230.1398. Found: 230.1401. 

 

BocHN COOH
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Compound 14 

 
To a solution of 13 (1053.3 mg, 4.55 mmol) and L-leucine methyl ester hydrochloride 

(863.5 mg, 4.75mmol) in anhydrous CH2Cl2 (50 mL), TBTU (1666.5 mg, 5.19 mmol) 

was added at room temperature and the solution was cooled to 0℃. DIPEA (3.17 mL, 

18.2 mmol) was added to the solution and the solution was warmed to room temperature. 

After stirring 3.5 h, the reaction mixture was washed with brine, dried over anhydrous 

Na2SO4 and concentrated. The crude product was purified by column chromatography (n-

hexane: AcOEt = 1: 1) to afford 14 (1553.8 mg, 4.33 mmol, 95%) as white powder.  
1H-NMR (400 MHz, CDCl3): δ (ppm) 6.68 (1H, brs), 4.95 (1H, d, J = 7.6 Hz), 4.62-4.57 

(1H, m), 4.15 (1H, brs), 3.72 (3H, s), 1.71-1.46 (6H, m), 1.45 (9H, s), 0.95-0.93 (12H, 

m). 
13C{1H} NMR (100 MHz, CDCl3): δ (ppm) 173.4, 172.5, 155.8, 80.2, 52.3, 50.7, 41.5, 

41.1, 28.4, 24.9, 24.9, 23.0, 22.9, 21.9. 

Anal. Calcd. for C18H34N2O5: C, 60.31; H, 9.56: N, 7.81. Found: C, 60.30; H, 9.53; N, 

7.83. 

Mp: 116.0-117.2℃. 

HRMS (ESI-TOF, [M+Na]+): Calcd. for C18H34N2NaO5+, 381.2360. Found: 381.2387. 

 

Compound 15 

 
To a solution of 14 (1492.8 mg, 4.16 mmol) in anhydrous CH2Cl2 (20 mL), 

trifluoroacetic acid (5 mL) was added at 0℃ and the solution was warmed to room 

temperature. After stirring for 2 h, saturated aqueous solution of NaHCO3 (50 mL) was 

added to the solution and the reaction mixture was extracted with CH2Cl2. The organic 
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layer was washed with brine, dried over anhydrous Na2SO4 and concentrated. The crude 

product was purified by column chromatography (CHCl3: MeOH = 24:1 - 19: 1 - 9: 1) to 

afford 15 (1029.4 mg, 3.98 mmol, 96%) as colorless oil.  
1H-NMR (400 MHz, CDCl3): δ (ppm) 7.60 (1H, brd, J = 8.4 Hz), 4.60 (1H, ddd, J = 8.0, 

0.8 Hz), 3.73 (3H, s), 3.40 (1H, dd, J = 10, 7.6 Hz), 1.74-1.56 (5H, m), 1.48 (2H, brs), 

1.40-1.36 (1H, m), 0.97-0.92 (12H, m). 
13C{1H} NMR (100 MHz, CDCl3): δ (ppm) 175.6, 173.7, 53.5, 52.3, 50.5, 44.0, 41.7, 

25.1, 25.0, 23.5, 23.0, 22.0, 21.4. 

Anal. Calcd. for C13H26N2O3·0.2H2O: C, 59.60; H, 10.16; N, 10.69. Found: C, 59.60; H, 

10.06; N, 10.58. 

HRMS (ESI-TOF, [M+H]+): Calcd. for C13H27N2O3+, 259.2016. Found: 259.2015. 

 

Compound 16 

 
To a solution of 15 (1023.6 mg, 3.96 mmol) and N-(tert-butoxycarbonyl)-L-leucine 

(922.3 mg, 3.99 mmol) in anhydrous CH2Cl2 (50 mL), TBTU (1401.3 mg, 4.36 mmol) 

was added at room temperature and the solution was cooled to 0℃. DIPEA (2.76 mL, 

15.8 mmol) was added to the solution and the solution was warmed to room temperature. 

After stirring 3 h, the reaction mixture was washed with saturated aqueous solution of 

NH4Cl, dried over anhydrous Na2SO4 and concentrated. To eliminate TBTU, the crude 

product was dissolved in AcOEt and the organic solution was washed with 1 M HCl 

solution, distilled water and brine, dried over anhydrous Na2SO4 and concentrated to 

afford 16 (1497.5 mg, 3.18 mmol, 80%) as white powder.  
1H-NMR (400 MHz, CDCl3): δ (ppm) 6.85 (1H, brd, J = 5.2 Hz), 6.59 (1H, brd, J = 7.6 

Hz), 4.96 (1H, brd, J = 6.0 Hz), 4.55 (1H, ddd, J = 8.8, 8.8, 5.2 Hz), 4.50 (1H, ddd, J = 

8.8, 8.8, 5.2 Hz), 4.08-4.07 (1H, m), 3.70 (3H, s), 1.73-1.48 (9H, m), 1.44 (9H, s), 0.96-

0.91 (18H, m). 
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13C{1H} NMR (100 MHz, CDCl3): δ (ppm) 173.3, 173.0, 172.0, 155.7, 80.1, 53.6, 52.2, 

51.5, 50.8, 41.2, 40.6, 28.4, 24.9, 24.8, 23.1, 23.0, 22.8, 21.9, 21.9. 

Anal. Calcd. for C24H45N3O6: C, 61.12; H, 9.46: N, 8.77. Found: C, 60.80; H, 9.46; N, 

8.77. 

Mp: 149.4-150.8℃ (recrystallized from n-hexane / CH2Cl2, white needles). 

HRMS (ESI-TOF, [M+Na]+): Calcd. for C24H45N3NaO6+, 494.3201. Found: 494.3193. 

 

Compound 17 

 
To a solution of 16 (210.1 mg, 0.45 mmol) in MeOH / THF / distilled water = 3 : 2 : 1 

(6 mL), lithium hydroxide monohydrate (37.8 mg, 0.90 mmol) was added at room 

temperature. After stirring for 2 h, the reaction mixture was acidified by 5% KHSO4 

solution to pH 3 and extracted with AcOEt. The organic layer was washed with brine, 

dried over Na2SO4 and concentrated to afford 17 (168.8 mg, 0.37 mmol, 83%) as white 

solid.  
1H-NMR (400 MHz, DMSO-d6): δ (ppm) 12.56 (1H, brs), 8.00 (2H, d, J = 7.6 Hz), 7.85 

(1H, d, J = 8.8 Hz), 6.91 (1H, d, J = 7.6 Hz), 4.31 (1H, dd, J = 8.4, 8.4 Hz), 4.21 (1H, dd, 

J = 8.4, 8.4 Hz), 1.60-1.41 (9H, m), 1.37 (9H, s), 0.88-0.80 (18H, m). 
13C{1H} NMR (100 MHz, DMSO-d6): δ (ppm) 173.8, 172.3, 171.8, 155.3, 78.1, 53.2, 

50.7, 50.1, 41.2, 40.6, 28.2, 24.3, 24.2, 24.1, 23.1, 22.9, 22.8, 21.7, 21.4, 21.3. 

Anal. Calcd. for C23H43N3O6·0.4H2O·0.3DMSO: C, 58.06; H, 9.41; N, 8.61. Found: C, 

57.80; H, 9.08; N, 8.59. 

Mp: 189.0-190.2℃ (recrystallized from n-hexane / CH2Cl2, white crystals). 

HRMS (ESI-TOF, [M-H]-): Calcd. for C23H42N3O6-, 456.3079. Found: 456.3090. 
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Compound 18 

  
To a solution of 11 (428.3 mg, 1.02 mmol) in anhydrous CH2Cl2 (13 mL), N-(tert-

butoxycarbonyl)-L-leucine (236.3 mg, 1.02 mmol), EDCI·HCl (236.5 mg, 1.23 mmol) 

and HOBt (167.5 mg, 1.24 mmol) were added at room temperature and the solution was 

cooled to 0℃. Et3N (300 µL, 2.08 mmol) was added to the solution and the solution was 

warmed to room temperature. After stirring 28 h, the reaction mixture was concentrated 

and dissolved in CH2Cl2. The organic solution was washed with brine and saturated 

aqueous solution of NaHCO3, dried over anhydrous Na2SO4 and concentrated. The crude 

product was purified by column chromatography (n-hexane: Acetone = 5: 2) to afford 18 

(579.8 mg, 0.94 mmol, 92%) as colorless powder.  

1H-NMR (400 MHz, CDCl3) : δ (ppm) 8.00 (1H, brs), 7.96 (1H, dd, J = 8.4, 1.2 Hz), 7.93 

(1H, ddd, J = 7.6, 1.6, 1.2 Hz), 7.76 (1H, dd, J = 8.0, 1.2 Hz), 7.66 (1H, ddd, J = 7.6, 1.6, 

1.6 Hz), 7.56 (1H, brd, J = 7.6 Hz), 7.44 (1H, ddd, J = 8.0, 1.2, 1,2 Hz), 7.29 (1H, dd, J 

= 8.0, 8.0 Hz), 7.07-7.03 (3H, m), 6.72-6.69 (1H, m), 6.58 (1H, brd, J = 5.6, 5.6 Hz), 5.54 

(2H, s), 5.06 (1H, brs), 4.42 (1H, brdd, J = 14.8, 8.4 Hz), 4.23-4.12 (2H, m), 3.83 (3H, s), 

1.76-1.66 (2H, m), 1.52-1.48 (1H, m), 1.42 (9H, s), 0.96-0.93 (6H, m). 
13C{1H} NMR (100 MHz, CDCl3) δ (ppm): 172.8, 169.6, 166.3, 155.8, 148.6, 143.0, 

140.2, 135.5, 133.7, 133.1, 132.4, 131.0, 130.2, 129.8, 129.7, 129.6, 128.4, 128.2, 126.8, 

126.7, 126.4, 125.0, 80.0, 53.2, 52.4, 50.9, 42.8, 41.3, 28.3, 24.8, 23.0, 21.9. 

Anal. Calcd. for C34H40N4O8·0.4H2O: C, 63.82; H, 6.43; N, 8.76. Found: C, 63.55; H, 

6.30; N, 8.66. 

Mp: 82.0-83.0℃. 

HRMS (ESI-TOF, [M+Na]+): Calcd. for C34H40N4NaO8+, 655.2738. Found: 655.2767. 
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Compound 19 

 
To a solution of 18 (316.9 mg, 0.51 mmol) in anhydrous CH2Cl2 (5 mL), trifluoroacetic 

acid (400 μL) was added at 0℃ and the solution was stirred at room temperature. After 

3.5 h, TLC showed that the reaction was not yet finished, so trifluoroacetic acid (400 μL) 

was added to the reaction mixture. After stirring for 1 h, saturated aqueous solution of 

NaHCO3 (10 mL) was added to the reaction mixture and the solution was extracted with 

CH2Cl2. The organic layer was washed with brine, dried over anhydrous Na2SO4 and 

concentrated to afford 19 (249.9 mg, 92.0 mmol, 92%) as yellow fluffy solid.  

1H-NMR (400 MHz, CDCl3) : δ (ppm) 8.07 (1H, dd, J = 1.6, 1.6 Hz), 7.96 (1H, dd, J = 

8.0, 1.2 Hz), 7.93 (1H, ddd, J = 8.0, 1.2, 1.2 Hz), 7.74 (1H, dd, J = 8.0, 1.2 Hz), 7.65 (1H, 

ddd, J = 7.6, 7.6, 1.2 Hz), 7.65-7.63 (1H, m), 7.51 (1H, ddd, J = 7.6, 1.6, 1.6 Hz), 7.42 

(1H, ddd, J = 7.6, 7.6, 1.2 Hz), 7.26 (1H, ddd, J = 7.6, 7.6, 0.4 Hz), 7.09 (1H, dd, J = 7.8, 

7.8 Hz), 7.05-7.03 (1H, m), 7.00-6.99 (1H, m), 6.84-6.81 (1H, m), 5.53 (2H, s), 4.29-4.27 

(2H, m), 3.85 (3H, s), 3.36 (1H, dd, J = 10, 4.0 Hz), 1.77-1.65 (2H, m), 1.35-1.24 (1H, 

m), 0.95 (3H, d, J = 6.4 Hz), 0.92 (3H, d, J = 6.0 Hz). 
13C{1H} NMR (100 MHz, CDCl3): δ (ppm) 175.6, 169.5, 166.0, 148.4, 142.9, 140.5, 

135.4, 133.6, 132.9, 132.4, 130.9, 130.0, 129.8, 129.5, 129.4, 128.2, 128.0, 126.5, 126.2, 

126.2, 124.9, 53.3, 52.1, 50.9, 43.9, 42.2, 24.7, 23.3, 21.2. 

HRMS (ESI-TOF, [M+H]+): Calcd. for C29H33N4O6+, 533.2395. Found: 533.2409. 
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Compound 20 

 

To a solution of 19 (170.7 mg, 0.32 mmol) and 17 (166.5 mg, 0.36 mmol) in anhydrous 

DMF (5 mL), TBTU (124.6 mg, 0.39 mmol) was added at room temperature and the 

solution was cooled to 0℃. DIPEA (223 μL, 1.28 mmol) was added to the solution and 

the solution was warmed to room temperature. After stirring 3 h, water was added to the 

reaction mixture at 0℃ and the solution was extracted with n-hexane: AcOEt (3: 1). The 

organic layer was washed with water and brine, dried over anhydrous Na2SO4 and 

concentrated. The crude product was purified by column chromatography (n-hexane: 

Acetone = 2: 1 + Et3N (3%)) to afford 20 (275.9 mg, 0.28 mmol, 89%) as white solid. 
1H-NMR (400 MHz, CDCl3) : δ (ppm) 8.15 (1H, s), 8.00 (1H, dd, J = 8.0, 1.2 Hz), 7.93 

(1H, d, J = 8.0 Hz), 7.71 (1H, d, J = 7.6 Hz), 7.65 (1H, ddd, J = 7.6, 7.6, 1.2 Hz), 7.50 

(1H, d, J = 8.0 Hz), 7.42 (1H, ddd, J = 7.6, 7.6, 1.2 Hz), 7.44-7.39 (2H, m), 7.33 (1H, 

brs), 7.26 (1H, dd, J = 8.0, 8.0 Hz), 7.23 (1H, brs), 7.01-7.02 (3H, m), 6.73 (1H, brd, J = 

7.6 Hz), 5.60 (1H, brs), 5.60-5.54 (2H, m), 4.51-4.46 (1H, m), 4.39 (1H, dd, J = 15.6, 6.4 

Hz), 4.31 (1H, brs), 4.20 (1H, dd, J = 15.2, 4.8 Hz), 4.18 (1H, brs), 4.06-4.01 (1H, m), 

3.88 (3H, s), 1.74-1.42 (12H, m), 1.39 (9H, s), 0.93-0.83 (24H, m). 
13C{1H} NMR (100 MHz, CDCl3): (some peaks of Leu side chain were overlapped) δ 

(ppm) 174.0, 172.8, 172.7, 169.8, 166.3, 156.4, 148.5, 143.0, 140.3, 135.7, 133.7, 133.1, 

132.8, 131.0, 130.2, 130.0, 129.4, 128.2, 128.1, 126.7, 126.2, 125.1, 80.4, 53.6, 52.6, 52.3, 

51.5, 42.8, 40.4, 40.0, 39.2, 28.3, 25.0, 24.9, 24.8, 23.13, 23.05, 22.9, 22.8, 22.7. 

Anal. Calcd. for C52H73N7O11: C, 64.24; H, 7.64; N, 10.09. Found: C, 63.86; H, 7.64; N, 

10.20. 
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Mp: 158.0-159.0℃. 

HRMS (ESI-TOF, [M+Na]+): Calcd. for C52H73N7NaO11+, 994.5260. Found: 994.5280. 

 

Compound 8 

 

To a solution of 20 (59.5 mg, 0.061 mmol) in MeOH (1 mL), lithium hydroxide 

monohydrate (6.9 mg, 0.16 mmol) was added at room temperature. Distilled water (1 mL) 

and THF (2 mL) was added to the solution and stirred at room temperature. After stirring 

for 3 h, the reaction mixture was acidified by 2.5% KHSO4 solution to pH 3 and extracted 

with AcOEt. The organic layer was washed with brine, dried over Na2SO4 and 

concentrated. TLC showed that the starting material did not disappear, so the reaction was 

performed again. The crude product was dissolved in MeOH (1 mL) and Lithium 

hydroxide monohydrate (13.4 mg, 0.32 mmol) and distilled water / THF (1: 1, 8 mL) was 

added to the solution at room temperature. After stirring for 3 h, the reaction mixture was 

acidified by 2.5% KHSO4 solution to pH 3 and extracted with AcOEt. The organic layer 

was washed with brine, dried over Na2SO4 and concentrated to afford 8 (53.6 mg, 0.056 

mmol, 92%) as white solid. 

1H-NMR (400 MHz, CDCl3) : δ (ppm) 7.99 (1H, d, J = 8.0 Hz), 7.94 (1H, d, J = 8.0 Hz), 

7.87 (1H, brs), 7.79 (1H, d, J = 8.0 Hz), 7.73 (1H, d, J = 7.6 Hz), 7.64 (2H, dd, J = 7.6, 

7.6 Hz), 7.42 (1H, dd, J = 8.0, 8.0 Hz), 7.38 (1H, brs), 7.36 (1H, dd, J = 8.0, 8.0 Hz), 

7.29-7.21 (3H, m), 7.07 (1H, d, J = 7.6 Hz), 7.01 (1H, dd, J = 7.6, 7.6 Hz), 6.66 (1H, d, J 

= 7.6 Hz), 5.54 (3H, s), 4.58-4.39 (3H, m), 4.32 (1H, brs), 4.12 (1H, m), 1.71-1.51 (12H, 

m), 1.40 (9H, s), 0.90-0.85 (24H, m). 
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13C{1H} NMR (100 MHz, CDCl3): δ (ppm) 174.0, 173.1, 172.7, 172.4, 169.6, 156.3, 

148.6, 143.3, 140.2, 135.1, 133.8, 133.7, 132.7, 131.5, 130.8, 129.7, 129.5, 128.5, 128.3, 

127.5, 126.8, 125.1, 80.4, 53.5, 53.0, 52.4, 51.9, 51.4, 43.2, 40.7, 40.6, 40.3, 29.8, 28.4, 

24.92, 24.88, 24.82, 23.1, 23.0, 22.9, 21.9. (some peaks of Leu side chain were 

overlapped) 

Anal. Calcd. for C51H71N7O11·0.2CHCl3: C, 62.62; H, 7.31; N, 9.98. Found: C, 62.60; H, 

7.37; N, 9.82. 

Mp: 175.2-176.8℃. 

HRMS (ESI-TOF, [M+Na]+): Calcd. for C51H71N7NaO11+, 980.5104. Found: 994.5100. 

 

Compound 2a 

  

To a solution of 8 (132.5 mg, 0.14 mmol) in anhydrous CH2Cl2 (2 mL), trifluoroacetic 

acid (200 μL, excess) was added at 0℃ and the solution was stirred at room temperature. 

After 4 h, the reaction was not yet finished, so trifluoroacetic acid (200 μL) was added at 

0℃ to the reaction mixture. After stirring 1 h at room temperature, saturated aqueous 

solution of NaHCO3 was added to the reaction mixture and the solution was extracted 

with CH2Cl2. The organic layer was washed with brine, dried over anhydrous Na2SO4 and 

concentrated to afford crude amine (152.4 mg). To a solution of the crude product in 

anhydrous DMF (140 mL, 1.0 mM), HATU (159.8 mg, 0.42 mmol) was added at room 

temperature and the solution was cooled to 0℃. DIPEA (146 µL, 0.84 mmol) was added 

to the solution and the solution was warmed to room temperature. After stirring for 18.5 

h, water was added to the reaction mixture at 0℃ and the solution was extracted with n-
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hexane / AcOEt (3: 1). The organic layer was washed with water and brine, dried over 

anhydrous Na2SO4 and concentrated. The crude product was purified by column 

chromatography (n-hexane: AcOEt: Acetone = 3: 1: 1, Hexane: AcOEt: Acetone = 5: 1: 

1, CHCl3: MeOH = 99: 1 - 49: 1 - 19: 1, CH2Cl2: MeOH = 20: 0 - 19: 1) to afford 2a (21.4 

mg, 0.025 mmol, 18%) as white solid. 
1H-NMR (400 MHz, CDCl3) : δ (ppm) 8.03 (1H, d, J = 7.6 Hz), 7.71 (1H, d, J = 7.6 Hz), 

7.68-7.66 (3H, m), 7.45-7.41 (1H, m), 7.40 (1H, brd, J = 8.8 Hz), 7.37 (1H, dd, J = 8.0 

Hz), 7.30 (1H, brd, J = 5.2 Hz), 7.26 (1H, dd, J = 8.0, 8.0 Hz), 7.20 (1H, s), 7.07 (1H, dd, 

J = 8.0, 1.2 Hz), 6.99 (1H, brt, J = 6.4 Hz), 6.89 (1H, d, J = 8.0 Hz), 6.71 (1H, d. J = 8.0 

Hz), 6.58 (1H, s), 6.40 (1H, brd, J = 8.0 Hz), 5.65 (1H, d, J = 17.0 Hz), 5.49 (1H, d, J = 

17.0 Hz), 4.57 (1H, dt, J = 8.4, 6.8 Hz), 4.40-4.28 (2H, m), 4.19 (1H, dd, J = 16.0, 7.2 

Hz), 4.03 (1H, dt, J = 7.2, 5.6 Hz), 3.77 (1H, dd, J = 16.0, 5.2 Hz), 1.86-1.49 (12H, m), 

0.99-0.89 (24H, m). 
13C{1H} NMR (100 MHz, CDCl3): δ (ppm) 173.6, 172.8, 172.1, 169.6, 169.5, 148.4, 

143.1, 140.1, 135.4, 134.0, 133.9, 132.8, 132.4, 130.1, 129.7, 129.1, 128.8, 128.3, 127.4, 

127.0, 125.3, 124.9, 124.1, 53.9, 53.1, 52.0, 51.1, 50.9, 42.5, 40.4, 39.6, 39.5, 39.3, 25.3, 

25.0, 24.92, 24.90, 23.3, 23.1, 22.9, 22.5, 22.3. (some peaks of Leu side chain were 

overlapped) 

HPLC (250 nm): tR 9.05 min, 95%. 

HRMS (ESI-TOF, [M+Na]+): Calcd. for C46H61N7NaO8+, 862.4474. Found: 862.4497. 

 

Compound 2b 

In an NMR tube, the solution of 2a (8.5 mg, 0.010 mmol) in DMSO-d6 was photo-

irradiated with UV light (390 nm). After 10 min, the solution was divided by column 

chromatography (n-hexane: AcOEt = 3: 1). DMSO was still remained, so the product 

dissolved in the solution (n-hexane: AcOEt = 4: 1), washed with water and brine, dried 

over Na2SO4 and concentrated to afford 2b (6.9 mg, 0.010 mmol, 97%) as white solid. 
1H-NMR (400 MHz, DMSO-d6) : δ (ppm) 9.50 (1H, s), 8.97 (1H, d, J = 6.4 Hz), 8.89 

(1H, d, J = 7.6 Hz), 8.86 (1H, s), 8.38 (1H, t, J = 6.4 Hz), 8.31 (1H, d, J = 7.6 Hz), 8.31 

(1H, d, J = 7.6 Hz), 8.18 (1H, d, J = 8.4 Hz), 8.14 (1H, d, J = 7.6 Hz), 7.66 (1H, dd, J = 

8.0, 8.0 Hz), 7.57 (1H, d, J = 9.6 Hz), 7.30 (1H, dd, J = 8.0, 8.0 Hz), 7.23 (1H, s), 6.98 
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(1H, d, J = 8.0 Hz), 4.63-4.57 (1H, m), 4.45 (1H, dd, J = 16.4, 6.8 Hz), 4.43-4.37 (1H, 

m), 4.34-4.28 (1H, m), 4.20 (1H, dd, J = 16.4, 5.6 Hz), 4.06-4.01 (1H, m), 1.68-1.54 (12H, 

m), 0.98-0.89 (15H, m), 0.81 (3H, d, J = 6.4 Hz), 0.51 (3H, d, J = 5.6 Hz), 0.32 (3H, d, J 

= 5.6 Hz). 
13C{1H} NMR (100 MHz, CDCl3): δ (ppm) 180.0, 172.9, 171.9, 171.6, 167.4, 139.4, 

138.8, 135.6, 133.5, 131.7, 129.6, 129.5, 128.4, 127.0, 122.0, 117.9, 117.2, 54.7, 54.2, 

52.8, 51.2, 42.5, 40.7, 40.6, 40.1, 39.6, 29.8, 25.4, 25.2, 25.2, 24.3, 23.3, 23.0, 22.9, 22.5. 

HPLC (250 nm): tR 7.94 min, 99%. 

HRMS (ESI-TOF, [M+Na]+): Calcd. for C46H61N7NaO8+, 862.4474. Found: 862.4497. 
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Synthesis of 3a/ 3b 

 
 

Boc-D-Leu-L-Leu-OMe 

   
To a solution of Boc-D-Leu-OH (2.0012 g, 8.15 mmol) and L-leucine methyl ester 

hydrochloride (1.4803 g, 8.15 mmol) in anhydrous CH2Cl2 (15 mL), TBTU (2.8807 g, 

8.97 mmol) was added at room temperature and the solution was cooled to 0℃. DIPEA 

(5.68 mL, 32.6 mmol) was added to the solution and the solution was warmed to room 

temperature. After stirring 3.5 h under Ar atmosphere, the reaction mixture was washed 

with 5% KHSO4, saturated aqueous solution of Na2CO3, and brine, dried over anhydrous 

Na2SO4 and concentrated. The crude product was purified by column chromatography (n-

hexane / AcOEt = 4: 1) to afford Boc-D-Leu-L-Leu-OMe (2.3244 g, 6.48 mmol, 80%) as 

white solid. 
1H NMR (400 MHz, CDCl3): δ (ppm) 6.68 (1H, brs), 4.95 (1H, d, J = 7.2 Hz), 4.60-4.54 

(1H, m), 4.13 (1H, brs), 3.69 (3H, s), 1.68-1.46 (6H, m), 1.42 (9H, s), 0.92-0.90 (12H, 

m). 

11

NO2

N O

MeOOC

H2N

Boc-L-Ala-OH
EDCI·HCl

HOBt, Et3N

CH2Cl2
rt, 23 h, 96%

NO2

N O

HN

O
BocHN

COOMe

21

CH2Cl2
rt, 4 h, 100%

TFA

NO2

N O

HN

O
H2N

COOMe

22

Boc-Leu-D-Leu-Leu-OH
TBTU, DIPEA

DMF
rt, 4.5 h, 85%

LiOH·H2O

THF/H2O/MeOH
rt, 6 h, 92%

CH2Cl2
0°C, 3.5 h

TFA HATU, DIPEA

DMF
rt,  38 h

52% (2 steps)
NH

NH

HN

HN

O

O

O

HN

O

N O

NO2

O

NH

NH

HN

BocHN

O

O

O

HN

O

N O

NO2

MeOOC

NH

NH

HN

NHBoc

O

O

O

HN

O

N O

NO2

HOOC

23 24 3a

NH

NH

HN

NHBoc

O

O

O

HN

O

N O

NO2

HOOC

25

BocHN
O

N
H

COOMe



 S34 

13C{1H} NMR (100 MHz, CDCl3): δ (ppm) 173.4, 172.5, 155.8, 80.2, 53.1, 52.3, 50.7, 

41.5, 41.1, 28.4, 24.89, 24.86, 23.0, 22.9, 22.0, 21.9. 

Anal. Calcd. for C18H34N2O5: N, 7.81; C, 60.31; H, 9.56. Found: N, 7.75; C, 60.23; H, 

9.47. 

Mp: 116.0-117.2℃. 

HRMS (ESI-TOF, [M+Na]+): Calcd. for C18H34N2O5Na+, 381.2360. Found: 381.2374. 

 

Boc- L-Leu-D-Leu-L-Leu-OMe 

 
TFA (4 mL) was added to a solution of Boc-D-Leu-L-Leu-OMe (1.0676 g, 2.98 mmol) in 

anhydrous CH2Cl2 (4 mL) at 0℃. The mixture was stirred for 30 min at 0℃, then warm 

to room temperature and was stirred another 1.5 h. The solvent was evaporated. 10% 

aqueous solution of Na2CO3 was added to the residue to adjust the pH to about 9, and the 

whole was extracted with EtOAc (20 mL x 3) and dried over Na2SO4. Evaporation of 

solvent gave the crude amine as white solid.  

To a solution of crude amine and Boc-L-Leu-OH (0.743 g, 2.98 mmol) in anhydrous DMF 

(10 mL), TBTU (1.0526 g, 3.28 mmol) was added at room temperature and the solution 

was cooled to 0℃. DIPEA (2.08 mL, 11.94 mmol) was added to the solution and the 

solution was warmed to room temperature. After stirring 4 h under Ar atmosphere, the 

reaction mixture was washed with 5% KHSO4, saturated aqueous solution of NaHCO3, 

and brine. The solid then was filtered and washed by AcOEt to afford Boc- L-Leu-D-Leu-

L-Leu-OMe (1.1786 g, 2.50 mmol, 84%) as white solid. 
1H NMR (400 MHz, CD3OD): δ (ppm) 4.46-4.42 (2H, m), 4.02 (1H, t, J = 7.6 Hz), 3.70 

(3H, s), 1.68-1.60 (7H, m), 1.52 (2H, t, J = 7.2 Hz), 1.44 (9H, s), 0.97-0.90 (18H, s).  
13C{1H} NMR (100 MHz, CD3OD): δ (ppm) 175.8, 174.6, 174.3, 157.9, 80.6, 55.0, 52.9, 

52.6, 52.2, 41.9, 41.8, 41.4, 28.8, 25.9, 23.6, 23.2, 22.2, 21.9, 21.6. 

Anal. Calcd. for C24H45N3O6: N, 8.91; C, 61.12; H, 9.62. Found: N, 8.88; C, 61.36; H, 

9.32. 
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Mp: 150-151oC. 

HRMS (ESI+, [M+Na]+): Calcd. For C24H45N3O6Na+: 494.3201, Found: 494.3220. 

 

Boc- L-Leu-D-Leu-L-Leu-OH 

 
To a solution of Boc- L-Leu-D-Leu-L-Leu-OMe (1.1786 g, 2.5 mmol) in MeOH (10 mL), 

THF (6 mL), distilled water (3 mL), lithium hydroxide monohydrate (209.8 mg, 5.0 mmol) 

was added at room temperature. After stirring for 2 h, the reaction mixture was acidified 

by 5% KHSO4 solution to pH 3, extracted by AcOEt, washed by brine. The organic layer 

was dried over anhydrous Na2SO4 and concentrated. The solid was dried to afford crude 

carboxylic acid (1.8770 g, 100%) as white solid. 
1H NMR (400 MHz, DMSO-d6): δ (ppm) 12.56 (1H, brs), 8.00 (2H, d, J = 7.6 Hz), 7.85 

(1H, d, J = 8.8 Hz), 6.91 (1H, d, J = 7.6 Hz), 4.31 (1H, dd, J = 8.4, 8.4 Hz), 4.21 (1H, dd, 

J = 8.4, 8.4 Hz), 1.60-1.41 (18H, m), 1.37 (9H, s), 0.88-0.80 (18H, m). 
13C{1H} NMR (100 MHz, DMSO-d6): δ (ppm) 173.8, 172.3, 171.8, 155.3, 78.1, 53.2, 

50.7, 50.1, 41.2, 40.6, 28.2, 24.3, 24.2, 24.1, 23.1, 22.9, 22.8, 21.7, 21.4, 21.3. 

HRMS (ESI-TOF, [M-H]-): Calcd. for C23H42N3O6-, 456.3079. Found: 456.3090. 
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 To a solution of 21 (351.4 mg, 0.595 mmol) in anhydrous CH2Cl2 (2 mL), trifluoroacetic 

acid (2 mL) was added at 0℃ and the solution was warmed to room temperature. After 

stirring for 2.5 h, saturated aqueous solution of Na2CO3 was added to the reaction mixture 

and adjust the pH to 9. The solution was extracted with AcOEt. The organic layer was 

washed with brine, dried over anhydrous Na2SO4 and concentrated. The free amine 22 

(348.7 mg, 100%) was obtained as yellow amorphous.  

To a solution of 22 (348.7 mg) and Boc- L-Leu-D-Leu-L-Leu-OH (272.3 mg, 0.595 mmol) 

in anhydrous DMF (8 mL), TBTU (211.3 mg, 0.658 mmol) and DIPEA (0.415 mL, 2.38 

mmol) were added at 0℃, and the reaction mixture was stirred at rt for 4.5 h under Ar 

atmosphere. The mixture was wash with 5%KHSO4, saturated aqueous solution of 

NaHCO3 and brine. Extracted the mixture with AcOEt, dried with NaSO4, evaporated and 

dried in vacuum. Column chromatography (n-hexane: AcOEt=3:1-1:2) gave 23 (469.8 

mg, 0.505 mmol, 85%) as white amorphous. 
1H NMR (400 MHz, CDCl3): δ (ppm) 8.07 (1H, s), 7.98 (1H, d, J = 8.0 Hz), 7.91 (1H, d, 

J = 8.0 Hz), 7.73 (1H, d, J = 7.2 Hz), 7.64 (1H, t, J = 8.0 Hz), 7.53 (1H, d, J = 8.0 Hz), 

7.41 (1H, t, J = 7.6 Hz), 7.34 (1H, d, J = 7.6 Hz), 7.28-7.24 (1H, m), 7.19 (1H, s), 7.13 

(1H, d, J = 6.4 Hz), 7.04 (3H, d, J = 4.8 Hz), 6.78 (1H, d, J = 7.2 Hz), 6.72 (1H, d, J = 

2.8 Hz), 5.57 (1H, d, J = 16.8 Hz), 5.50 (1H, d, J = 16.8 Hz), 5.42 (1H, d, J = 6.4 Hz), 

4.49-4.42 (1H, m), 4.37-4.05 (6H, m), 3.87 (3H, s), 1.77-1.42 (11H, m), 1.36 (9H, s), 

0.93-0.86 (18H, m). 
13C{1H} NMR (100 MHz, CDCl3): δ (ppm) 174.1, 172.9, 172.6, 172.5, 169.9, 166.5, 

148.6, 140.2, 135.7, 133.8, 133.3, 132.8, 131.1, 130.3, 130.0, 129.6, 128.3, 128.3, 127.0, 

126.5, 80.5, 60.5, 53.4, 52.6, 52.5, 51.5, 48.9, 43.0, 40.5, 40.3, 39.2, 38.7, 28.4, 25.1, 24.9, 

24.9, 23.2, 22.9, 22.1, 21.4, 21.17, 17.3, 14.3. 

HRMS (ESI-TOF, [M+Na]+): Calcd. for C49H67N7O11Na+: 952.4791. Found: 952.4817. 
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Compound 24 

  

To a solution of 23 (382.8 mg, 0.412 mmol) in MeOH / THF / distilled water = 6 mL: 4 

mL: 2 mL, lithium hydroxide monohydrate (138.4 mg, 3.30 mmol) was added at room 

temperature. After stirring for 21 h, the reaction mixture was acidified by 5% KHSO4 

solution to pH 3 and extracted with AcOEt. The organic layer was washed with brine, 

dried over Na2SO4 and concentrated to afford 24 (402.8 mg, 100%) as white amorphous. 
1H NMR (400 MHz, CDCl3): δ (ppm) 7.99 (1H, d, J =8.0 Hz), 7.93 (1H, d, J = 8.0 Hz), 

7.84 (1H, d, J = 7.6 Hz), 7.78 (1H, s), 7.74 (1H, d, J = 8.0 Hz), 7.66-7.62 (2H, m), 7.44-

7.36 (4H, m), 7.07-6.99 (3H, m), 6.66 (1H, d, J = 8.0 Hz), 5.57-5.47 (2H, m), 4.53-4.20 

(6H, m), 4.11 (1H, q, J = 7.2 Hz), 1.69-1.44 (9H, m), 1.39 (9H, s), 1.33-1.23 (5H, m), 

0.92-0.85 (18H, m). 
13C{1H} NMR (100 MHz, CDCl3): δ (ppm) 174.9, 174.0, 173.1, 172.6, 172.3, 171.2, 

169.5, 169.1, 156.2, 148.6, 143.2, 140.1, 135.0, 133.9, 133.7, 132.5, 131.4, 130.7, 129.8, 

129.6, 129.2, 128.6, 128.3, 127.6, 127.5, 127.2, 125.1, 80.4, 60.4, 53.2, 52.6, 52.1, 51.2, 

49.0, 43.2, 40.9, 40.1, 38.6, 28.3, 24.8, 24.8, 22.9, 22.8, 22.0, 21.8, 21.5, 21.0, 20.7, 17.8, 

14.2. 

HRMS (ESI-TOF, [M-H]-): Calcd. for C48H64N7O11-, 914.4669. Found: 914.4696. 
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Compound 25 

  

To a solution of 24 (367.3 mg, 0.401 mmol) in TFA (4 mL) and CH2Cl2 (1 mL) at 0℃. 

The mixture was stirred for 3.5 h at 0℃. The solvent was then evaporated. 10% aqueous 

solution of Na2CO3 was added to the residue to adjust the pH to about 9, and the whole 

was extracted with AcOEt and dried over Na2SO4. Evaporation of solvent gave crude 25 

(0.8306 g, 100%) as yellow amorphous.  
1H NMR (400 MHz, CD3OD): δ (ppm) 8.02 (1H, s), 7.99 (1H, dd, J = 1.6, 4.4 Hz), 7.87 

(1H, dt, J = 1.2, 7.6 Hz), 7.75 (1H, d, J = 7.2 Hz), 7.69 (1H, td, J = 1.2, 4.0 Hz), 7.49 (1H, 

t, J = 8.0 Hz), 7.38 (1H, d, J = 7.6Hz), 7.23-7.18 (2H, m), 7.06-7.01 (2H, m), 6.81 (1H, 

6.8 Hz), 5.53 (1H, d, J = 16.4 Hz), 5.47 (1H, d, J = 16.4 Hz), 4.37-4.18 (6H, m), 1.69-

1.31 (9H, m), 1.24 (3H, t, J = 7.2 Hz), 0.95-0.87 (18H, m)  
13C{1H} NMR (100 MHz, CD3OD): δ (ppm) 178.4, 175.9, 174.8, 174.6, 173.9, 173.0, 

163.3, 162.9, 141.5, 136.4, 133.3, 131.7, 130.9, 130.2, 129.4, 128.4, 127.2, 125.8, 119.5, 

116.6, 61.5, 54.0, 53.9, 53.6, 50.7, 45.1, 43.2, 41.1, 40.9, 38.9, 25.91, 25.86, 25.82, 23.6, 

23.3, 23.1, 22.6, 22.3, 21.3,20.9, 17.8, 14.4. 

HRMS (ESI-TOF, [M-H]-): Calcd. for C43H56N7O9-, 814.4145. Found: 814.4132. 

 
  

NH

NH

HN

H2N

O

O

O

HN

O

N O

NO2

HOOC



 S39 

Compound 3a 

 

To a solution of 25 (0.3272 mg, 0.401 mmol) in anhydrous DMF (30 mL), the solution 

was cooled to 0℃ and then HATU (168 mg, 0.444mmol) was added. DIPEA (280 μL, 

1.61 mmol) was added to the solution and the solution was warmed to room temperature. 

After stirring 38 h under Ar atmosphere, the reaction mixture was added with AcOEt and 

washed with 5% aqueous solution of KHSO4, saturated aqueous solution of NaHCO3 and 

brine, dried over anhydrous Na2SO4 and concentrated. The crude product was purified by 

column chromatography (n-hexane/ AcOEt = 1: 1- 1:3) to afford 3a (165.9 mg, 0.208 

mmol, 52%) as orange amorphous. 
1H NMR (400 MHz, DMSO-d6): δ (ppm) 8.69 (1H, d, J = 6.0 Hz), 8.38 (1H, s), 8.30 (1H, 

s), 8.14 (1H, s), 8.02 (2H, d, J = 8.0 Hz), 7.84 (1H, s, J = 7.2 Hz), 7.76 (2H, t, J = 7.2 Hz), 

7.63 (1H, d, J = 7.6 Hz), 7.54 (1H, t, J = 7.6 Hz), 7.31-7.19 (4H, m), 6.97 (1H, d, J = 7.2 

Hz), 6.70 (1H, s), 5.36 (2H, s), 4.66 (1H, d, J = 6.0 Hz), 4.29 (1H, brs), 4.09-3.98 (4H, 

m), 1.64-1.45 (11H, m), 1.21 (3H, d, J = 7.6 Hz), 0.95-0.76 (18H, m). 
13C{1H} NMR (100 MHz, DMSO-d6): δ (ppm) 178.9, 172.3, 172.0, 171.6, 169.8, 165.3, 

162.3, 148.2, 142.4, 140.4, 135.8, 134.1, 133.8, 131.9, 130.5, 129.0, 127.5, 127.2, 126.6, 

125.6, 124.74, 124.67, 59.7, 52.6, 51.4, 50.3, 48.7, 40.9, 38.2, 35.7, 30.7, 24.4, 24.2, 24.0, 

23.2, 22.7, 22.5, 22.1, 21.8, 20.9, 20.7, 17.9, 14.0. 

HPLC (250 nm): tR 12.08 min, 95% purity. 

HRMS (ESI-TOF, [M+Na]+): Calcd. for C43H55N7O8Na+: 820.4004. Found: 820.4027. 
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Compound 3b 

 
In an NMR tube, the solution of 3a (28.2 mg, 0.035 mmol) in DMSO-d6 was photo-

irradiated with UV light (390 nm). After 20 min, the solvent was evaporated and the crude 

compound was column-chromatographed (CHCl3: MeOH = 40:1) to afford 3b (15.2 mg, 

0.023 mmol, 66%) as yellow oil. 
1H NMR (400 MHz, DMSO-d6): δ (ppm) 9.61 (1H, s), 8.93 (1H, d, J = 5.6 Hz), 8.90 (1H, 

d, J = 8.0 Hz), 8.81 (1H, s), 8.40-8.35 (1H, m), 8.29 (1H, d, J = 8.0 Hz), 8.17 (1H, d, J = 

9.6 Hz), 8.13 (1H, d, J = 8.0 Hz), 8.74 (1H, d, J = 9.6 Hz), 7.66 (1H, t, J = 7.6 Hz), 7.30 

(1H, t, J = 7.6 Hz), 7.21 (1H, s), 6.98 (1H, d, J = 8.0 Hz), 4.59-4.54 (1H, m), 4.49-4.39 

(2H, m), 4.32 (1H, t, J = 7.2 Hz), 4.20 (1H, dd, J = 16.4, 5.6 Hz), 4.14-4.08 (1H, m), 1.69-

1.56 (7H, m), 1.33-1.23 (5H, m), 0.97 (3H, d, J = 6.0 Hz), 0.92-0.90 (7H, m), 0.82 (3H, 

d, J = 6.4 Hz), 0.54 (3H, d, J = 6.0 Hz), 0.40 (3H, d, J = 6.0 Hz). 
13C{1H} NMR (100 MHz, DMSO-d6): δ (ppm) 173.2, 172.6, 171.5, 171.4, 165.8, 163.7, 

139.8, 138.7, 134.0, 132.6, 131.4, 130.3, 128.8, 128.7, 127.0, 121.9, 117.5, 117.1, 53.4, 

51.9, 50.1, 49.3, 41.2, 40.8, 24.4, 24.3, 23.4, 23.3, 22.8, 22.4, 22.2, 21.7, 20.5, 17.9. 

HPLC (250 nm): tR 8.99 min, 93% purity. 

HRMS (ESI-TOF, [M+Na]+): Calcd. for C36H50N6O6Na+, 685.3684. Found: 685.3699. 
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Synthesis of 4a/ 4b 

 
 

Compound 26 

 

To a solution of 22 (292.3 mg, 0.596 mmol) and Boc-L-Leu-L-Leu-L-Leu-OH (281.1 mg, 

0.596 mmol) in anhydrous DMF (2 mL), CH2Cl2 (4 mL), TBTU (211.2 mg, 0.658 mmol) 

and DIPEA (0.416 mL, 2.388 mmol) were added at 0℃, and the reaction mixture was 

stirred at rt for 15 h under Ar atmosphere. The solvent was evaporated and the residue 

was dissolved in AcOEt. The mixture was washed with 5% aqueous solution of KHSO4, 

saturated aqueous solution of NaHCO3 and brine. The mixture was dried with Na2SO4 

and evaporated. Column chromatography (n-hexane: AcOEt=2:1-1:3) gave 26 (0.4246 g, 

0.456 mmol, 77%) as white solid. 
1H NMR (400 MHz, CD3OD): δ (ppm) 8.16 (1H, t, J = 5.6 Hz), 8.05-7.99 (2H, m), 7.99-

7.91 (4H, m), 7.87 (1H, dt, J = 8.4, 0.8 Hz), 7.75-7.66 (2H, m), 7.56-7.46 (2H, m), 7.32 

(1H, t, J = 7.6 Hz), 7.24 (1H, s), 7.11-7.06 (2H, m), 6.88-6.86 (1H, m), 5.52 (2H, s), 4.41-

4.26 (5H, m), 4.04 (1H, t, J = 7.6 Hz), 3.87 (3H, s), 1.71-1.48 (9H, m), 1.45 (9H, s), 1.35 

(3H, d, J = 7.6 Hz), 0.96-0.88 (18H, m). 
13C{1H} NMR (100 MHz, CD3OD): δ (ppm) 174.9, 171.9, 170.6, 167.6, 163.2, 158.2, 
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157.1, 150.3, 147.2, 144.0, 141.9, 137.3, 134.6, 134.2, 133.1, 131.9, 131.3, 131.2, 130.9, 

130.4, 129.7, 129.4, 128.0, 127.5, 125.9, 80.8, 53.9, 53.4, 52.8, 52.1, 50.8, 43.9, 43.8, 

43.2, 41.8, 41.4, 41.2, 40.4, 38.9, 37.4, 28.8, 25.9, 25.8, 23.6, 23.4, 22.1, 21.8, 19.4, 18.1. 

HRMS (ESI-TOF, [M+Na]+): Calcd. for C49H67N7O11Na+: 952.4791. Found: 952.4783. 

 

Compound 4a 

 

To a solution of 26 (0.3259 g, 0.35 mmol) in MeOH / THF / distilled water = 3 : 2 : 1 (6 

mL), lithium hydroxide monohydrate (88.1 mg, 2.10 mmol) was added at room 

temperature. After stirring for 15 h, the reaction mixture was acidified by 5% KHSO4 

solution to pH 3 and extracted with AcOEt. The organic layer was washed with brine, 

dried over Na2SO4 and concentrated to afford the crude carboxylic acid 27 (0.3206 g, 0.35 

mmol, 100%) as yellow amorphous. 

To a solution of crude acid (0.3206 g, 0.35 mmol) in anhydrous CH2Cl2 (2 mL), 

trifluoroacetic acid (3 mL) was added at 0℃ and the solution was stirred at room 

temperature for 4 h. CHCl3 was added to the reaction mixture and the mixture was 

evaporated for 4 times. The crude peptide (0.2856 g, 0.35 mmol, 100%) was obtained as 

brown amorphous.  

To a solution of the crude peptide (0.2856 g, 0.35 mmol) in anhydrous DMF (5 mL) and 

CH2Cl2 (3 mL), the solution was cooled to 0℃ and then HATU (147.2 mg, 0.39 mmol) 

was added. DIPEA (244 μL, 1.40 mmol) was added to the solution and the solution was 

stirred at room temperature for 48 h under Ar atmosphere. AcOEt was added to the 

reaction mixture and the mixture was washed with 5% aqueous solutions of KHSO4 and 
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NaHCO3, and brine, dried over anhydrous Na2SO4 and concentrated. The crude product 

was purified by column chromatography (n-hexane / AcOEt = 1: 3) to afford 4a (145.4 

mg, 0.182 mmol, 52%) as yellow solid. 
1H NMR (400 MHz, DMSO-d6): δ (ppm) 8.48 (1H, d, J = 7.2 Hz), 8.14 (1H, d, J = 5.6 

Hz), 8.02 (1H, d, J = 8.0 Hz), 7.95 (1H, s), 7.88 (2H, brs), 7.81 (1H, d, J = 7.6 Hz), 7.75-

7.66 (3H, m), 7.60 (1H, d, J = 7.6 Hz), 7.53 (1H, t, J = 8.0 Hz), 7.38 (1H, t, J = 7.6 Hz), 

7.11-7.03 (3H, m), 6.91 (1H, d, J = 7.2 Hz), 5.48-5.26 (2H, m), 4.37 (1H, brs), 4.27-4.23 

(2H, m), 4.08-3.99 (3H, m), 1.69-1.43 (9H, m), 1.28 (3H, d, J = 7.2 Hz), 0.92-0.83 (18H, 

m). 
13C{1H} NMR (100 MHz, DMSO-d6): δ (ppm) 172.4, 172.3, 171.9, 171.9, 170.3, 169.6, 

166.1, 162.3, 148.2, 142.3, 140.6, 135.8, 133.8, 133.3, 131.8, 131.2, 128.7, 128.6, 128.5, 

127.9, 127.3, 125.8, 125.6, 125.0, 124.7, 59.7, 52.8, 52.2, 51.1, 50.5, 49.1, 35.7, 30.7, 

24.4, 24.3, 24.1, 23.2, 22.8, 22.8, 21.6, 21.5, 21.3, 21.0, 20.7, 16.8, 14.0. 

HPLC (250 nm): tR 15.90 min, 90% purity. 

HRMS (ESI-TOF, [M+Na]+): Calcd. for C43H55N7O8Na+, 820.4004. Found: 820.4014. 

 

Compound 4b 

 
In an NMR tube, the solution of 4a (23.7 mg, 0.030 mmol) in DMSO-d6 was photo-

irradiated with UV light (390 nm). After 20 min, the solvent was evaporated and the crude 

was column-chromatographed (CHCl3: MeOH= 40:1) to afford 4b (15.9 mg, 0.024 mmol, 

81%) as yellow oil. 
1H NMR (400 MHz, DMSO-d6): δ (ppm) 9.75 (1H, s), 8.75-8.71 (2H, m), 8.44 (1H, t, J 

= 6.4 Hz), 8.21-8.12 (4H, m), 8.06 (1H, d, J = 7.6 Hz), 8.67 (2H, t, J = 7.6 Hz), 7.51 (1H, 

d, J = 7.6 Hz), 7.30 (1H, t, J = 8.0 Hz), 7.23 (1H, s), 4.57 (1H, dd, J = 12.0, 7.6 Hz), 4.40-
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4.15 (4H, m), 4.08 (1H, dd, J = 10.8, 4.8 Hz), 1.74-1.51 (8H, m), 1.40-1.17 (4H, m), 0.96-

0.78 (12H, m), 0.59 (6H, dd, J = 15.2, 6.0 Hz). 
13C{1H} NMR (100 MHz, DMSO-d6): δ (ppm) 173.0, 172.1, 171.6, 171.3, 166.5, 163.9, 

139.7, 138.9, 134.0, 133.7, 131.1, 130.5, 128.9, 128.6, 126.8, 122.0, 117.5, 117.1, 53.7, 

51.1, 50.8, 49.1, 41.3, 40.6, 24.4, 24.2, 23.7, 23.3, 22.7, 22.4, 21.8, 21.8, 21.0, 17.8. 

HRMS (ESI-TOF, [M+Na]+): Calcd. for C36H50N6O6Na+, 685.3684. Found: 685.3710. 

 
Synthesis of 5a/ 5b 

 
 
Compound 28 

 

To a solution of 22 (216.8 mg, 0.442 mmol) and Boc-Leu-D-Leu-D-Leu-OH (202.1 mg, 

0.442 mmol) in anhydrous DMF (2 mL), CH2Cl2 (4 mL), TBTU (156.2 mg, 0.486 mmol) 

and DIPEA (0.308 mL, 1.77 mmol) were added at 0℃, and the reaction mixture was 

stirred at rt for 15 h under Ar atmosphere. The solvent was evaporated and the residue 

was dissolved in AcOEt. The mixture was washed with 5% aqueous solution of KHSO4, 

saturated aqueous solution of NaHCO3 and brine. The mixture was dried with Na2SO4 

and evaporated. Column chromatography (n-hexane: AcOEt=2:1-1:2) gave 28 (0.2294 g, 
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0.247 mmol, 56%) as white solid. 
1H NMR (400 MHz, CD3OD): δ (ppm) 8.06 (1H, t, J = 1.6 Hz), 7.99 (1H, dd, J = 8.4, 1.2 

Hz), 7.92 (1H, dt, J = 8.0, 1.6 Hz), 7.75-7.68 (2H, m), 7.55 (1H, dt, J = 8.0, 1.2 Hz), 7.50 

(1H, td, J = 7.6, 1.6 Hz), 7.32 (1H, t, J = 7.6 Hz), 7.21 (1H, s), 7.13-7.06 (2H, m), 6.91-

6.89 (1H, m), 5.51 (2H, s), 4.34-4.22 (5H, m), 4.41-3.99 (1H, m), 3.88 (3H, s), 1.73-1.45 

(9H, m), 1.41 (9H, s), 1.32 (3H, d, J = 7.2 Hz), 0.97-0.83 (18H, m). 
13C{1H} NMR (100 MHz, CD3OD): δ (ppm) 174.7, 174.4, 171.9, 167.5, 150.2, 144.0, 

142.0, 137.3, 134.7, 133.1, 132.0, 131.3, 131.1, 130.9, 130.4, 129.7, 129.4, 127.9, 127.5, 

127.4, 126.0, 58.3, 55.0, 54.0, 53.2, 52.9, 50.8, 43.3, 42.0, 41.1, 40.9, 38.9, 28.8, 26.0, 

25.9, 25.9, 23.6, 23.4, 23.2, 22.4, 22.1, 21.6, 18.4, 18.1. 

HRMS (ESI-TOF, [M+Na]+): Calcd. for C49H67N7O11Na+, 952.4791. Found: 952.4762. 

 

Compound 5a 

 

 

To a solution of 28 (213.4 mg, 0.23 mmol) in MeOH / THF / distilled water = 3: 2: 1 (6 

mL), lithium hydroxide monohydrate (77.1 mg, 1.84 mmol) was added at room 

temperature and the mixture was stirred for 15 h. The reaction mixture was acidified to 

pH 3 with 5% aqueous solution of KHSO4 and extracted with AcOEt. The organic layer 

was washed with brine, dried over Na2SO4 and concentrated to afford the crude 

carboxylic acid 29 (211.1 mg, 0.23 mmol, 100%) as yellow amorphous. 

To a solution of the crude carboxylic acid 29 (0.2111 g, 0.23 mmol) in anhydrous CH2Cl2 

(2 mL), trifluoroacetic acid (3 mL) was added at 0℃ and the solution was warmed to 
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room temperature. After stirring for 4.5 h, CHCl3 was added to the reaction mixture and 

evaporated for 4 times. The crude peptide (0.1877 g, 0.23 mmol, 100%) was obtained as 

brown amorphous.  

To a solution of the crude peptide (187.7 mg, 0.23 mmol) in anhydrous DMF (5 mL), 

CH2Cl2 (3 mL) the solution was cooled to 0℃ and then HATU (97.1 mg, 0.25 mmol) was 

added. DIPEA (161 μL, 0.92 mmol) was added to the solution and the solution was 

warmed to room temperature. After stirring 48 h under Ar atmosphere, the reaction 

mixture was added with AcOEt and washed with 5% aqueous solution of KHSO4, 

saturated aqueous solution of NaHCO3 and brine, dried over anhydrous Na2SO4 and 

concentrated. The crude product was purified by column chromatography (n-hexane / 

AcOEt = 1: 3) to afford 5a (119.1 mg, 0.149 mmol, 65%) as yellow solid. 
1H NMR (400 MHz, DMSO-d6): δ (ppm) 8.90 (1H, d, J = 5.6 Hz), 8.44 (1H, d, J = 6.4 

Hz), 8.12 (1H, d, J = 7.2 Hz), 8.06-8.02 (2H, m), 7.93 (1H, s), 7.84-7.80 (2H, m), 7.61 

(1H, d, J = 8.0 Hz), 7.56 (1H, t, J = 8.0 Hz), 7.33-7.29 (2H, m), 7.22-7.16 (3H, m), 6.894 

(1H, d, J = 7.6 Hz), 6.51 (1H, s), 5.52 (1H, d, J = 16.8 Hz), 5.32 (1H, d, J = 16.8 Hz), 

4.33 (1H, dd, J = 12.8, 7.2 Hz), 4.20-4.00 (4H, m), 3.79 (1H, dd, J = 16.8, 5.6 Hz), 1.88-

1.51 (9H, m), 1.18 (3H, d, J = 7.6 Hz), 0.96-0.83 (18H, m). 
13C{1H} NMR (100 MHz, DMSO-d6): δ (ppm) 173.4, 172.6, 172.0, 171.7, 170.3, 169.8, 

167.0, 162.3, 148.1, 142.3, 139.8, 135.6, 133.9, 133.5, 131.9, 130.2, 129.0, 128.7, 128.1, 

127.1, 126.6, 124.8, 124.2, 59.7, 53.2, 52.1, 49.8, 47.9, 41.1, 35.7, 30.7, 24.5, 24.4, 24.2, 

23.2, 22.9, 22.4, 22.3, 21.2, 21.0, 20.8, 18.2, 14.0. 

HPLC (250 nm): tR 19.95 min, 90% purity. 

HRMS (ESI-TOF, [M+Na]+): Calcd. for C43H55N7O8Na+, 820.4004. Found: 820.4033. 

 
  



 S47 

5b 

 
In an NMR tube, the solution of 5a (20.3 mg, 0.025 mmol) in DMSO-d6 was irradiated 

with UV light (390 nm). After 20 min, evaporate the solution and the crude compound 

was column-chromatographed (CHCl3: MeOH= 40:1) to afford 5b (13.0 mg, 0.020 mmol, 

77 %) as yellow oil. 
1H NMR (400 MHz, DMSO-d6): δ (ppm) 10.27 (1H, s), 8.84 (1H, d, J = 7.2 Hz), 8.39-

8.36 (2H, m), 8.21 (1H, dd, J = 8.0, 3.2 Hz), 8.14 (2H, t, J = 7.2 Hz), 8.00-7.97 (2H, m), 

7.75 (1H, d, J = 6.4 Hz), 7.61 (1H, t, J = 7.6 Hz), 7.29 (1H, t, J = 8.0 Hz), 7.22 (1H, s), 

6.98 (1H, d, J = 8.0 Hz), 4.76 (1H, dd, J = 15.2, 8.8 Hz), 4.49-4.37 (3H, m), 4.28-4.21 

(1H, m), 3.86 (1H, dd, J = 15.2, 3.6 Hz), 1.73-1.28 (9H, m), 1.22 (3H, d, J = 7.2 Hz), 

0.98-0.74 (18H, m). 
13C{1H} NMR (100 MHz, DMSO-d6): δ (ppm) 171.9, 171.6, 171.6, 171.4, 167.1, 165.0, 

139.9, 139.3, 134.9, 134.3, 130.5, 130.0, 128.6, 127.5, 122.6, 118.2, 117.5, 67.4, 53.0, 

52.5, 50.8, 47.6, 29.8, 28.3, 25.2, 24.4, 24.2, 23.9, 23.2, 23.0, 22.6, 22.4, 22.0, 21.4, 18.3, 

13.9. 

HPLC (250 nm): tR 9.93 min, 93% purity. 

HRMS (ESI-TOF, [M+Na]+): Calcd. for C36H50N6O6Na+, 685.3684. Found: 685.3697. 
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Synthesis of 6a/ 6b 

 
 

Boc-Ala-D-Ala-OMe 

 
To a solution of H-D-Ala-OMe (349.1 mg, 2.50 mmol) and Boc-Ala-OH (473.1 mg, 

2.50 mmol) in anhydrous DMF (2 mL), CH2Cl2 (5 mL), TBTU (882.2 mg, 2.75 mmol) 

and DIPEA (1.742 mL, 10.00 mmol) were added at 0℃, and the reaction mixture was 

stirred at rt for 3 h under Ar atmosphere. The solvent was evaporated and the residue 

was diluted with AcOEt. The mixture was washed with 5% aqueous solution of KHSO4, 

saturated aqueous solution of NaHCO3 and brine. The mixture was dried with Na2SO4 

and evaporated. Column chromatography (n-hexane: Acetone=1:1-1:2) gave Boc-Ala-D-

Ala-OMe (0.5855 g, 2.13 mmol, 85%) as white solid. 
1H NMR (400 MHz, DMSO-d6): δ (ppm) 6.76 (1H, s), 5.01 (1H, s), 4.19 (1H, s), 3.73 

(3H, s), 1.79 (1H, s), 1.44 (9H, s), 1.40 (3H, d, J = 7.2 Hz), 1.35 (3H, d, J = 7.2 Hz). 
13C{1H} NMR (100 MHz, DMSO-d6): δ (ppm) 173.4, 172.3, 155.7, 80.4, 52.6, 50.1, 

48.1, 28.4, 18.4, 18.2, 14.3. 

NO2

N O

HN

O
H2N

COOMe

22

Boc-Ala-D-Ala-OH
TBTU, DIPEA

CH2Cl2
rt, 19 h

64% (2 steps)

LiOH·H2O

THF/H2O/MeOH
rt, 6 h, 100%

CH2Cl2
rt, 3 h

TFA HATU, DIPEA

DMF / CH2Cl2
rt,  48 h

33% (2 steps)
NH

NH

HN

HN

O

O

O

HN

O

N O

NO2

O

NH

NH

HN

BocHN

O

O

O

HN

O

N O

NO2

MeOOC

31

6a

NH

NH

HN

NHBoc

O

O

O

HN

O

N O

NO2

HOOC

32

Boc-Ala-OH
TBTU, DIPEA

DMF / CH2Cl2
rt, 4 h, 100%

NHBoc

NH
O

HN

O

N O

NO2

MeOOC

30

CH2Cl2
rt, 4 h

TFA

NH

NH

HN

NH2

O

O

O

HN

O

N O

NO2

HOOC

33

BocHN
H
N

O

COOMe



 S49 

Anal. Calcd. for C12H22N2O5: N: 10.21, C: 52.54, H: 8.08. Found: N: 10.28, C: 52.84, 

H: 7.77. 

Mp: 64-65oC. 

HRMS (ESI+, [M+Na]+): Calcd. For C12H22N2O5Na+: 297.1421, Found: 297.1417. 

 

Boc-Ala-D-Ala-OH 

 
To a solution of Boc-Ala-D-Ala-OMe (269.3 mg, 0.98 mmol) in MeOH / THF / distilled 

water = 3: 2: 1 (6 mL), lithium hydroxide monohydrate (118.1 mg, 2.81 mmol) was added 

at room temperature. After stirring for 14 h, the reaction mixture was acidified to pH 3 

with 5% aqueous solution of KHSO4 and extracted with AcOEt. The organic layer was 

washed with brine, dried over Na2SO4 and concentrated to afford crude Boc-Ala-D-Ala-

OH (202.1 mg, 0.78 mmol, 80%) as white amorphous. 

HRMS (ESI-, [M-H]-): Calcd. For C11H19N2O5-: 259.1299, Found: 259.1310. 

 

Compound 30 

 
To a solution of 22 (225.6 mg, 0.46 mmol) and Boc-Ala-OH (87.1 mg, 0.46 mmol) in 

anhydrous CH2Cl2 (5 mL), anhydrous DMF (1 mL), TBTU (162.2 mg, 0.51 mmol) and 

DIPEA (0.320 mL, 1.84 mmol) were added at 0℃, and the reaction mixture was stirred 

at rt for 4 h under Ar atmosphere. The solvent was evaporated and the residue was 

dissolved in AcOEt. The mixture was washed with 5% aqueous solution of KHSO4, 

saturated aqueous solution of NaHCO3 and brine. The mixture was dried with Na2SO4 
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and evaporated. Column chromatography (CHCl3: MeOH=9: 1) gave 30 (376.8 mg, 

0.57 mmol, 100 %) as white amorphous. 
1H NMR (400 MHz, MeOD): δ (ppm) 8.06 (1H, s), 8.01-7.99 (3H, m), 7.95-7.92 (1H, 

m), 7.76-7.69 (2H, m), 7.57 (1H, d, J = 8.0 Hz), 7.51 (1H, t, J = 7.6 Hz), 7.34 (1H, t, J = 

7.6 Hz), 7.21 (1H, s), 7.14-7.07 (2H, m), 6.93 (1H, d, J = 7.2 Hz), 5.55 (1H, d, J = 16.4 

Hz), 5.49 (1H, d, J = 16.4 Hz), 4.32-4.29 (2H, m), 4.22 (1H, d, J = 15.6 Hz), 4.03 (1H, 

d, J = 7.2 Hz), 3.88 (3H, s), 1.40 (9H, s), 1.33 (6H, m). 
13C{1H} NMR (100 MHz, MeOD): δ (ppm) 175.8, 174.9, 171.9, 167.5, 164.8, 158.1, 

150.2, 144.0, 141.8, 137.3, 134.7, 134.1, 133.1, 131.9, 131.3, 131.1, 130.8, 130.4, 

129.6, 129.4, 128.0, 127.5, 125.9, 80.8, 79.5, 52.8, 52.1, 50.5, 43.2, 38.9, 36.9, 31.6, 

28.7, 18.0. 

HRMS (ESI+, [M+Na]+): Calcd. For C34H39N5O9Na+: 684.2640, Found: 684.2655. 

 

Compound 31 

 
To a solution of 30 (0.3511 g, 0.53 mmol) in anhydrous CH2Cl2 (2 mL), trifluoroacetic 

acid (3.5 mL) was added at 0℃ and the solution was stirred at room temperature for 4 h. 

CHCl3 was added to the reaction mixture and the solvent was evaporated for 4 times. 

The crude amine was obtained as yellow amorphous, and was used in the next step 

without further purification.  

To a solution of crude amine (297.6 mg, 0.53 mmol) and Boc-Ala-D-Ala-OH (194.3 g, 

0.53 mmol) in anhydrous CH2Cl2 (3 mL), TBTU (187.2 mg, 0.58 mmol) and DIPEA 

(0.370 mL, 2.12 mmol) were added at 0℃, and the reaction mixture was stirred at rt for 

19 h under Ar atmosphere. The solvent was evaporated and the residue was dissolved in 
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AcOEt. The mixture was washed with 5% aqueous solution of KHSO4, saturated 

aqueous solution of NaHCO3 and brine. The mixture was dried with Na2SO4 and 

evaporated. Column chromatography (CHCl3: MeOH=50: 1- 20: 1) gave 31 (273.9 mg, 

0.34 mmol, 64% in two steps) as white yellow solid. 
1H NMR (400 MHz, MeOD): δ (ppm) 9.07 (1H, s), 8.99 (1H, d, J = 8.0 Hz), 7.93 (1H, 

d, J = 8.0 Hz), 7.75-7.67 (2H, m), 7.55 (1H, d, J = 8.0 Hz), 7.49 (1H, td, J = 8.0, 1.2 

Hz), 7.31 (1H, t, J = 8.0 Hz), 7.26 (1H, s), 7.10-7.05 (2H, m), 6.88 (1H, d, J = 6.8 Hz), 

5.56 (1H, d, J = 16.4 Hz), 5.48 (1H, d, J = 16.4 Hz), 4.39 (1H, d, J = 15.6 Hz), 4.32-

4.26 (1H, m), 4.21-4.17 (1H, m), 4.14-4.07 (2H, m), 4.02 (1H, dd, J = 14.4, 7.2 Hz), 

3.87 (3H, s), 1.43-1.41 (12H, m), 1.32 (3H, d, J = 7.2 Hz), 1.27 (3H, d, J = 7.2 Hz), 1.23 

(3H, d, J = 7.2 Hz). 
13C{1H} NMR (100 MHz, MeOD): δ (ppm) 174.7, 174.5, 173.6, 173.6, 171.6, 170.6, 

166.1, 148.8, 142.6, 140.5, 135.9, 133.3, 132.8, 130.5, 129.9, 129.6, 129.5, 128.9, 

127.9, 126.5, 126.0, 125.8, 124.5, 60.1, 51.4, 50.9, 50.4, 50.2, 49.5, 41.8, 37.5, 35.5, 

27.3, 19.4, 16.9, 16.4, 16.2, 16.0, 15.6, 13.1. 

HRMS (ESI+, [M+Na]+): Calcd. For C40H49N7O11Na+: 826.3382, Found: 826.3409. 

 

Compound 33 

 
To a solution of 31 (273.9 mg, 0.34 mmol) in MeOH / THF / distilled water = 3: 2: 1 (6 

mL), lithium hydroxide monohydrate (110.2 mg, 2.63 mmol) was added at room 

temperature. After stirring for 14 h, the reaction mixture was acidified to pH 3 with 5% 

aqueous solution of KHSO4 and the whole was extracted with AcOEt. The organic layer 

was washed with brine, dried over Na2SO4 and concentrated to afford crude acid 32 
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(268.9 mg, 0.34 mmol, 100%) as white solid. 

To a solution of the crude acid 32 (268.9 mg, 0.34 mmol) in anhydrous CH2Cl2 (1.5 

mL), trifluoroacetic acid (3 mL) was added at 0℃ and the solution was stirred at room 

temperature for 3 h under Ar atmosphere. CHCl3 was added to the reaction mixture and 

the solvent was evaporated for 4 times. The crude peptide 33 (257.7 mg, 0.37 mmol, 

100%) was obtained as brown solid.  
1H NMR (400 MHz, DMSO-d6): δ (ppm) 8.05-8.04 (1H, m), 7.99-7.90 (2H, m), 7.75-

7.67 (2H, m), 7.58-7.55 (1H, m), 7.49 (1H, t, J= 7.6 Hz), 7.35-7.31 (1H, m), 7.21 (1H, 

s), 7.13-7.04 (2H, m), 6.90 (1H, d, J= 8.0 Hz), 5.54 (1H, d, J= 16.4 Hz), 5.49 (1H, d, J= 

16.4 Hz), 4.40-4.23 (5H, m), 3.95 (2H, d, J= 6.8 Hz), 1.51 (3H, dd, J= 3.6, 2.0 Hz), 

1.41-1.32 (9H, m). 
13C{1H} NMR (100 MHz, DMSO-d6): δ (ppm) 174.9, 174.8, 174.5, 172.2, 171.5, 168.7, 

160.5, 150.3, 144.0, 141.6, 137.2, 134.7, 134.0, 133.1, 132.2, 131.9, 131.3, 131.0, 

130.4, 129.7, 129.3, 128.1, 127.4, 125.9, 52.1, 51.2, 50.7, 50.4, 43.2, 38.9, 17.8, 17.4, 

17.0, 14.0. 

HRMS (ESI-, [M-H]-): Calcd. For C34H38N7O9-: 688.2736, Found: 688.2751. 

 

Compound 6a 

 
To a solution of 33 (315.9 mg, 0.46 mmol) in anhydrous DMF (6 mL), CH2Cl2 (2 mL) 

the solution was cooled to 0℃ and then HATU (192.1 mg, 0.50 mmol) was added. DIPEA 

(320 μL, 0.50 mmol) was added to the solution and the solution was warmed to room 

temperature. After stirring 48 h under Ar atmosphere, the reaction mixture was added with 

AcOEt and washed with 5% aqueous solution of KHSO4, saturated aqueous solution of 

NH

NH

HN

HN

O

O

O

HN

O

N O

NO2

O



 S53 

NaHCO3, brine, dried over anhydrous Na2SO4, and concentrated. The crude product was 

purified by column chromatography (CHCl3 / MeOH = 30: 1- 10:1) to afford 6a (100.0 

mg, 0.15 mmol, 33%) as white solid.  
1H NMR (400 MHz, DMSO-d6): δ (ppm) 8.57 (1H, d, J = 5.6 Hz), 8.41 (1H, s), 8.36 (1H, 

s), 8.12 (1H, s), 8.03 (2H, d, J = 4.8 Hz), 7.92 (1H, s), 7.84-7.71 (4H, m), 7.63 (1H, d, J 

= 7.6 Hz), 7.55 (1H, t, J = 8.0 Hz), 7.33 (1H, d, J = 7.2 Hz), 7.27-7.18 (2H, m), 7.07 (1H, 

s), 5.36 (2H, s), 4.57-3.91 (6H, m), 1.34-1.18 (12H, m). 
13C{1H} NMR (100 MHz, DMSO-d6): δ (ppm) 174.4, 173.5, 170.5, 166.1, 163.5, 156.7, 

148.8, 142.6, 140.4, 135.9, 133.3, 132.7, 131.7, 130.5, 129.9, 129.7, 129.4, 129.0, 128.2, 

128.0, 126.9, 126.1, 124.5, 79.39, 78.1, 51.4, 50.7, 49.2, 41.9, 37.5, 35.5, 30.3, 27.3, 16.6. 

HPLC (250 nm): tR 3.54 min, 90% purity. 

HRMS (ESI-TOF, [M+Na]+): Calcd. for C34H37N7O8Na+, 694.2596. Found: 694.2620. 

 

 

Compound 6b 

 
In an NMR tube, the solution of 6a (14.6 mg, 0.0217 mmol) in DMSO-d6 was photo-

irradiated with UV light (390 nm). After 30 min, the solution was evaporated and the 

crude compound was column-chromatographed (CHCl3: MeOH= 30:1- 9:1) to afford 6b 

(9.4 mg, 0.0175 mmol, 81%) as white solid. 
1H NMR (400 MHz, DMSO-d6): δ (ppm) 9.98 (1H, s), 8.96 (1H, d, J = 5.6 Hz), 8.72 (1H, 

s), 8.28 (1H, t, J = 6.4 Hz), 8.22 (2H, t, J = 8.0 Hz), 8.15 (1H, d, J = 8.0 Hz), 8.09 (2H, 

td, J = 8.4, 1.2 Hz), 7.95 (1H, s), 7.85 (1H, d, J = 8.8 Hz), 7.30 (1H, t, J = 8.0 Hz), 7.23 

(1H, s), 7.00 (1H, d, J = 8.0 Hz), 4.47 (1H, t, J = 8.4 Hz), 4.40-4.23 (4H, m), 4.10 (1H, t, 

J = 7.2 Hz), 1.37-1.13 (12H, m). 
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13C{1H} NMR (100 MHz, DMSO-d6): δ (ppm) 172.8, 172.7, 171.8, 171.5, 165.6, 164.1, 

139.9, 139.0, 134.4, 132.8, 131.7, 131.2, 128.5, 127.3, 127.1, 125.5, 122.3, 117.6, 50.2, 

49.2, 47.7, 35.8, 30.8, 29.0, 27.8, 25.3, 23.2, 22.4, 18.3, 18.1, 17.4, 16.8. 

HPLC (250 nm): tR 2.85 min, 94% purity. 

HRMS (ESI-TOF, [M+Na]+): Calcd. for C27H32N6O6Na+, 559.2276. Found: 559.2266. 

 

Synthesis of 7a/ 7b 

 

 

Boc-Gly-L-Leu-OMe 

 

To a solution of L-leucine methyl ester hydrochloride (622.2 mg, 3.425 mmol) and N-

(tert-butoxycarbonyl)-glycine (600.0 mg, 3.425 mmol) in anhydrous CH2Cl2 (15 mL) and 

DMF (5 mL), HATU (1.4324 g, 3.7675 mmol) was added at room temperature and the 

solution was cooled to 0℃. DIPEA (2.39 mL, 13.7 mmol) was added to the solution and 

the solution was warmed to room temperature. After stirring 3 h under Ar atmosphere, the 

reaction mixture was added with AcOEt and washed with 5% KHSO4, Na2CO3, brine, 
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dried over anhydrous Na2SO4 and concentrated. The crude product was purified by 

column chromatography (n-hexane / AcOEt = 1: 1) to afford Boc-Gly-L-Leu-OMe 

(1.0126 g, 3.349 mmol, 98%) as yellow oil. 
1H NMR (400 MHz, CDCl3): δ (ppm) 6.68 (1H, brs), 5.32 (1H, brs), 4.63-4.58 (1H, m), 

3.82-3.78 (2H, m), 3.70 (3H, s), 1.61-1.58 (2H, m) 1.55-1.51 (1H, m), 1.43 (9H, s), 0.91 

(6H, dd, J = 10.0, 5.6 Hz). 
13C{1H} NMR (100 MHz, CDCl3): δ (ppm) 173.4, 171.3, 160.5, 156.2, 60.5, 52.4, 50.7, 

44.4, 41.6, 28.4, 24.9, 22.9, 22.0, 21.2, 14.3. 

Anal. Calcd. for C14H26N2O5: N, 9.26; C, 55.61; H, 8.67. Found: N, 9.27; C, 55.77; H, 

8.59. 

HRMS (ESI-TOF, [M+Na]+): Calcd. for C14H26N2O5Na+, 325.1734. Found: 325.1744. 

 

Boc-Gly-L-Leu-OH 

 

To a solution of Boc-Gly-L-Leu-OMe (854.0 mg, 2.8243 mmol) in MeOH / THF / distilled 

water = 3: 2: 1 (12 mL), lithium hydroxide monohydrate (237.1 mg, 5.65 mmol) was 

added at room temperature. After stirring for 2 h, the reaction mixture was acidified by 

5% KHSO4 solution to pH 3 and extracted with AcOEt. The organic layer was washed 

with brine, dried over Na2SO4 and concentrated to afford Boc-Gly-L-Leu-OH (680.8 mg, 

2.361 mmol, 84%) as white solid. 
1H NMR (400 MHz, CD3OD): δ (ppm) 4.92 (2H, brs), 4.46 (1H, t, J = 6.8 Hz), 3.74 (2H, 

brs), 1.74-1.67 (1H, m), 1.65-1.60 (2H, m), 1.44 (9H, s), 0.94 (6H, dd, J = 8.4, 6.4 Hz). 
13C{1H} NMR (100 MHz, CD3OD): δ (ppm) 175.8, 172.2, 158.2, 80.7, 51.8, 44.4, 41.7, 

28.7, 25.8, 23.4, 21.9. 

Anal. Calcd. for C13H23N2O5: N, 9.72; C, 54.15; H, 8.39. Found: N, 9.59; C, 54.16; H, 

8.28. 

Mp: 136.7-137.2oC 

HRMS (ESI-TOF, [M-H]-): Calcd. for C13H23N2O5-, 287.1612. Found: 287.1634. 

 

N
H

O
BocHN

COOH



 S56 

Boc-D-Leu-L-Leu-OH 

 
To a solution of Boc-D-Leu-L-Leu-OMe (1.6566 g, 4.62 mmol) in MeOH / THF / distilled 

water = 3 : 2 : 1 (24 mL), Lithium hydroxide monohydrate (0.3882 mg, 9.25 mmol) was 

added at room temperature. After stirring for 2 h, the reaction mixture was acidified by 

5% KHSO4 solution to pH 3 and extracted with AcOEt. The organic layer was washed 

with brine, dried over Na2SO4 and concentrated to afford Boc-D-Leu-L-Leu-OH (1.5682 

g, 4.55 mmol, 98%) as white amorphous. 
1H NMR (400 MHz, CDCl3, 50 °C): δ (ppm) 6.90 (1H, brs), 5.19 (1H, brs), 4.62 (1H, d, 

J = 4.0 Hz), 4.31 (1H, brs), 1.78-1.45 (6H, m), 1.44 (1H, s), 0.97-0.94 (12H, m). 
13C{1H} NMR (100 MHz, CDCl3): δ (ppm) 175.5, 173.0, 171.4, 156.3, 80.7, 60.6, 52.8, 

50.9, 42.1, 41.7, 28.4, 24.9, 24.9, 23.0, 22.9, 22.2, 21.2, 14.3. 

Anal. Calcd. for C17H32N2O5: N, 8.13; C, 59.28; H, 9.36. Found: N, 8.18; C, 59.33; H, 

9.53. 

HRMS (ESI-TOF, [M-H]-): Calcd. for C17H31N2O5-, 343.2238. Found: 343.2259. 

 

Boc-D-Leu-L-Leu-L-Leu-OMe 

 
To a solution of Boc-D-Leu-L-Leu-OH (1.5466 g, 4.49 mmol) and L-leucine methyl ester 

hydrochloride (0.8156 g, 4.49 mmol) in anhydrous CH2Cl2 (45 mL), TBTU (1.59 g, 4.94 

mmol) was added at room temperature and the solution was cooled to 0℃. DIPEA (3.13 

mL, 17.97 mmol) was added to the solution and the solution was warmed to room 

temperature. After stirring 3.5 h under Ar atmosphere, the reaction mixture was washed 

with 5% KHSO4, saturated aqueous solution of Na2CO3, and brine, dried over anhydrous 

Na2SO4 and concentrated. The crude product was purified by column chromatography (n-
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hexane / AcOEt = 4: 1) to afford Boc-D-Leu-L-Leu-L-Leu-OMe (2.0320 g, 4.31 mmol, 

96%) as white solid. 
1H NMR (400 MHz, CDCl3): δ (ppm) (a mixture of rotamers) 6.90 (1H, s), 6.83 (1H, s), 

5.50-5.41 (0.3H, brm), 5.07 (0.7 H, brs), 4.54-4.49 (2H, m), 4.11 (1H, brs), 3.68 (2.7H, 

s), 3.65 (0.3H, s), 1.70-1.44 (9H, m), 1.40 (9H, s), 0.91-0.87 (18H, m). 
13C{1H} NMR (100 MHz, CDCl3): δ (ppm) 173.1, 172.9, 171.8, 155.6, 80.2, 53.5, 52.3, 

52.2, 51.6, 50.9, 50.9, 41.6, 41.2, 40.7, 28.4, 24.9, 24.8, 24.7, 23.0, 23.0, 22.9, 22.1, 21.9, 

21.7. 

Anal. Calcd. for C24H45N3O6: N, 8.91; C, 61.12; H, 9.62. Found: N, 8.91; C, 61.11; H, 

9.36. 

Mp: 172.2-173.3oC. 

HRMS (ESI-TOF, [M+Na]+): Calcd. for C24H45N3O6Na+: 494.3201. Found: 494.3191. 

 

Boc-Gly-L-Leu-D-Leu-L-Leu-L-Leu-OMe 

 
TFA (5 mL) was added to a solution of Boc-D-Leu-L-Leu-L-Leu-OMe (1.17 g, 2.48 mmol) 

in anhydrous CH2Cl2 (10 mL) at 0℃. The mixture was stirred for 30 min at 0℃, then 

warm to room temperature and was stirred another 1.5 h. The solvent was evaporated. 10% 

aqueous solution of Na2CO3 was added to the residue to adjust the pH to about 9, and the 

whole was extracted with EtOAc (20 mL × 3) and dried over Na2SO4. Evaporation of 

solvent gave the crude amine as white solid.  

To a solution of crude amine (0.8421 g, 2.27 mmol) and Boc-Gly-L-Leu-OH (0.6501 g, 

2.25 mmol) in anhydrous DMF (10 ml), TBTU (0.8012 g, 2.50 mmol) was added at room 

temperature and the solution was cooled to 0℃. DIPEA (1.58 mL, 9.07 mmol) was added 

to the solution and the solution was warmed to room temperature. After stirring 4 h under 

Ar atmosphere, the reaction mixture was washed with 5% KHSO4, saturated aqueous 

solution of NaHCO3, and brine. The solid then was filtered and washed by Et2O to afford 

Boc-Gly-L-Leu-D-Leu-L-Leu-L-Leu-OMe (1.4964 g, 2.33 mmol, 94%) as white solid. 
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1H NMR (400 MHz, CD3OD): δ (ppm) 4.46-4.39 (2H, m), 4.35-4.32 (1H, m), 4.26 (1H, 

t, J = 7.6 Hz), 3.72 (2H, s), 3.70 (3H, s), 1.80-1.55 (12H, m), 1.45 (9H, s), 0.98-0.90 (24H, 

m). 
13C{1H} NMR (100 MHz, CD3OD): δ (ppm) 175.1, 175.0, 174.9, 174.7, 172.7, 80.8, 54.0, 

53.7, 53.2, 52.2, 49.9, 44.9, 41.5, 41.3, 41.0, 28.7, 26.0, 25.9, 23.6, 23.3, 23.2. 

Mp: 230.2-231.5oC. 

HRMS (ESI-TOF, [M+Na]+): Calcd. for C32H59N5O8Na+, 664.4256. Found: 664.4256. 

 

Boc-Gly-L-Leu-D-Leu-L-Leu-L-Leu-OH 

To a solution of Boc-Gly-L-Leu-D-Leu-L-Leu-L-Leu-OMe (1.1051 g, 1.72 mmol) in 

MeOH / THF / distilled water = 3: 2: 1 (12 mL), lithium hydroxide monohydrate (144 

mg, 3.43 mmol) was added at room temperature. After stirring for 2 h, the reaction 

mixture was acidified by 5% KHSO4 solution to pH 3 and the white solid precipitated. 

The white solid was filtered and washed by brine and Et2O. The solid was dried to afford 

Boc-Gly-L-Leu-D-Leu-L-Leu-L-Leu-OH (0.9683 g, 1.54 mmol, 90%) as white solid. 

 

 

Compound 34 

 
To a solution of 11 (895.9 mg, 2.14 mmol) and Boc-Gly-OH (375.1 mg, 2.14 mmol) in 

anhydrous CH2Cl2 (15 mL) , EDCI·HCl (575.2 mg, 3.00 mmol), HOBt (404.3 mg, 2.99 

mmol) and NEt3 (0.89 mL, 6.43 mmol) were added at 0℃, and the reaction mixture was 

stirred for 30 min at 0oC then stirred at rt for another 15.5 h under Ar atmosphere. The 

solvent was evaporated and the residue was dissolved in AcOEt. The mixture was washed 

with 5% KHSO4, aqueous solution of Na2CO3 and brine. The mixture was dried with 
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Na2SO4 and evaporated. Column chromatography (n-hexane: AcOEt=1:2- 1:3) gave 34 

(1.1311 g, 1.96 mmol, 92%) as white amorphous. 
1H NMR (400 MHz, CDCl3): δ (ppm) 7.95-7.89 (3H, m), 7.76 (1H, dd, J = 9.4, 1.2 Hz), 

7.65 (1H, td, J = 7.2, 1.2 Hz), 7.57 (1H, dt, J = 12.0, 1.6 Hz), 7.42 (1H, td, J = 8.0, 1.2 

Hz), 7.30-7.26 (1H, m), 7.06 (1H, s), 7.05-7.02 (2H, m), 6.70-6.68 (1H, m), 5.55 (2H, t, 

J = 5.2 Hz), 5.53 (2H, s), 5.35 (1H, brs), 4.31 (2H, d, J = 6.0 Hz), 3.86 (3H, s), 3.81 (2H, 

d, J = 6.0 Hz), 1.42 (9H, s). 
13C{1H} NMR (100 MHz, CDCl3): δ (ppm) 171.2, 169.6, 169.4, 166.4, 156.1, 148.7, 

143.0, 140.0, 135.5, 133.7, 133.2, 132.3, 130.9, 130.2, 130.0, 129.7, 128.4, 128.2, 127.1, 

127.0, 126.8, 124.9, 80.2, 75.4, 60.4, 52.4, 50.5, 44.3, 42.9, 30.9, 28.3, 28.1, 21.0, 14.2.  

HRMS (ESI+, [M+Na]+): Calcd. For C30H32N6O8Na+: 599.2112, Found: 599.2096. 

 

Compound 35 

 
To a solution of 34 (1.0031 g, 1.734 mmol) in anhydrous CH2Cl2 (5 mL), trifluoroacetic 

acid (3 mL) was added at 0℃ and the solution was warmed to room temperature. After 

stirring for 2.5 h, saturated aqueous solution of Na2CO3 (15 mL) was added to the reaction 

mixture and the solution was extracted with AcOEt. The organic layer was washed with 

brine, dried over anhydrous Na2SO4 and concentrated. The compound 35 (0.7934 g, 1.67 

mmol, 96%) was obtained as yellow amorphous. 
1H NMR (400 MHz, CDCl3): δ (ppm) 8.06 (1H, t, J = 1.6 Hz), 7.98 (1H, dd, J = 8.0, 0.8 

Hz), 7.95 (1H, dt, J = 8.0, 1.6 Hz), 7.76 (1H, dd, J = 8.0, 0.4 Hz), 7.67 (1H, td, J = 7.6, 

1.2 Hz), 7.53 (1H, dt, J = 7.6, 1.6 Hz), 7.45 (2H, td, J = 8.0, 1.2 Hz), 7.28 (1H, t, J = 7.6 

Hz), 7.11 (1H, t, J = 7.6 Hz), 7.07 (1H, dt, J = 8.0, 1.6 Hz), 6.98 (1H, s), 6.82 (1H, dt, J 

= 7.6, 1.6 Hz), 5.56 (2H, s), 4.33 (2H, d, J = 6.0 Hz), 3.88 (3H, s), 3.36 (2H, s). 
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13C{1H} NMR (100 MHz, CDCl3): δ (ppm) 172.8, 169.8, 166.3, 148.7, 143.2, 140.5, 

135.7, 133.8, 133.2, 132.6, 131.1, 130.3, 130.1, 129.8, 129.8, 128.4, 128.2, 126.9, 126.6, 

126.5, 125.1, 60.5, 52.4, 50.9, 44.8, 42.4, 21.2, 14.3. 

HRMS (ESI+, [M+H]+): Calcd. For C25H25N4O6
+: 477.1769, Found: 477.1772. 

 

Compound 36 

 

To a solution of 35 (621.0 mg, 1.30 mmol) and Boc-Gly-L-Leu-D-Leu-L-Leu-L-Leu-OH 

(821.3 mg, 1.31 mmol) in anhydrous DMF (10 mL), TBTU (460.1 mg, 1.43 mmol) and 

DIPEA (0.91 mL, 5.22 mmol) were added at 0℃, and the reaction mixture was stirred at 

rt for 4.5 h under Ar atmosphere. The solvent was evaporated and the residue was 

dissolved in AcOEt. The mixture was washed with 5% KHSO4, aqueous solution of 

Na2CO3 and brine. The mixture was dried with Na2SO4 and evaporated. Column 

chromatography (n-hexane: AcOEt= 2: 1-1.5: 1) gave 36 (900.6 mg, 0.83 mmol, 64%) as 

yellow amorphous. 
1H NMR (400 MHz, DMSO-d6): δ (ppm) 8.18 (1H, d, J = 7.2 Hz), 8.14-8.09 (2H, m), 

8.03-7.99 (3H, m), 7.95-7.92 (1H, m), 7.87 (1H, dt, J = 8.0, 1.2 Hz), 7.81 (1H, d, J = 7.6 

Hz), 7.77-7.66 (2H, m), 7.56-7.52 (1H, m), 7.49 (1H, d, J = 7.6 Hz), 7.34 (1H, t, J = 8.0 

Hz), 7.22 (1H, s), 7.09 (1H, t, J = 7.6 Hz), 7.00 (2H, d, J = 7.2 Hz), 6.89 (1H, t, J = 5.6 

Hz), 5.39 (2H, s), 4.33-4.12 (6H, m), 3.83 (3H, s), 3.72-3.60 (2H, m), 3.54 (2H, d, J = 5.6 

Hz), 1.62-1.43 (12H, m), 1.36 (9H, s), 0.88-0.74 (24H, m). 
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13C{1H} NMR (100 MHz, CDCl3): δ (ppm) 172.3, 172.24, 172.19, 169.2, 169.0, 168.5, 

165.5, 162.3, 155.7, 148.1, 142.4, 140.6, 136.1, 133.8, 132.7, 131.8, 130.2, 129.3, 129.3, 

128.8, 128.5, 128.2, 126.2, 125.9, 125.5, 124.7, 78.1, 52.2, 51.6, 51.4, 51.2, 50.5, 43.3, 

42.1, 41.4, 41.1, 40.3, 40.1, 39.9, 39.7, 39.5, 39.3, 39.1, 38.9, 38.2, 38.0, 35.7, 30.7, 29.8, 

29.6, 28.3, 28.1, 24.2, 24.09, 24.06, 24.00, 23.2, 23.03, 22.95, 22.85, 22.73, 21.71, 21.6, 

21.5, 21.1, 13.9, 10.8. 

Anal. Calcd. for C56H79N9O13: N, 11.60; C, 61.92; H, 7.33. Found: N, 11.90; C, 61.58; H, 

7.40.  

HRMS (ESI-TOF, [M+Na]+): Calcd. for C56H79N9O13Na+, 1108.5690. Found: 

1108.5698. 

 

Compound 37 

 

To a solution of 36 (1.1051 g, 1.72 mmol) in MeOH / THF / distilled water = 16 mL: 4 

mL: 4 mL, lithium hydroxide monohydrate (188.3 mg, 4.48 mmol) was added at room 

temperature. The mixture was stirred for 2 h. The reaction mixture was acidified to pH 3 

with 5% aqueous solution of KHSO4 and the whole was extracted with AcOEt. The 

organic layer was washed with brine, dried over Na2SO4 and concentrated to afford 37 

(455.6 mg, 0.42 mmol, 77%) as yellow solid. 
1H NMR (400 MHz, CDCl3): δ (ppm) 8.19-8.08 (3H, m), 8.03-7.98 (3H, m), 7.95-7.91 

(1H, m), 7.86-7.80 (2H, m), 7.76-7.71 (2H, m), 7.55-7.51 (1H, m), 7.46 (1H, d, J = 7.6 
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Hz), 7.31 (1H, t, J = 7.6 Hz), 7.21 (1H, s), 7.09 (1H, t, J= 8.0 Hz), 7.01-6.98 (2H, m), 

6.87 (1H, t, J = 5.6 Hz), 5.39 (2H, s), 4.33-4.14 (6H, m), 3.72-3.55 (2H, m), 3.52 (2H, d, 

J = 10.8 Hz), 1.62-1.42 (12H, m), 1.36 (9H, s), 0.88-0.80 (24H, m). 
13C{1H} NMR (100 MHz, DMSO-d6): δ (ppm) 172.31, 172.25, 169.23, 169.17, 168.5, 

166.5, 148.1, 140.6, 135.9, 133.8, 131.9, 130.5, 130.4, 129.3, 128.8, 128.5, 128.0, 125.9, 

124.7, 51.2, 38.2, 28.1, 24.18, 24.12, 24.08, 24.03, 23.1, 23.0, 22.9, 22.8, 21.7, 21.6, 21.5, 

21.1. 

Anal. Calcd. for C55H77N9O13: N, 11.76; C, 61.61; H, 7.24. Found: N, 11.52; C, 61.34; H, 

7.38. 

HRMS (ESI-TOF, [M-H]-): Calcd. for C55H76N9O13-, 1070.5568. Found: 1070.5563. 

 

Compound 7a 

 

To a solution of 37 (95.0 mg, 0.089 mmol) in TFA (3 mL) at 0℃. The mixture was stirred 

for 2 h at 0℃. The solvent was then evaporated. 10% aqueous solution of Na2CO3 was 

added to the residue to adjust the pH to 9, and the whole was extracted with EtOAc (20 

mL x 3) and dried over Na2SO4. Evaporation of solvent gave the crude amine (95.4 mg, 

0.089 mmol, 100%) as yellow amorphous.  

To a solution of crude amine (83.6 mg, 0.086 mmol) in anhydrous DMF (15 mL), the 

solution was cooled to 0℃ and then HATU (36.0 mg, 0.098 mmol) was added. DIPEA 

(64 μL, 0.37 mmol) was added to the solution and the solution was warmed to room 
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temperature. After stirring 24 h under Ar atmosphere, the reaction mixture was added with 

AcOEt and washed with 5% aqueous solution of KHSO4, saturated aqueous solution of 

NaHCO3 and brine, dried over anhydrous Na2SO4 and concentrated. The crude product 

was purified by column chromatography (n-hexane / AcOEt = 1: 1) to afford 7a (34.7 mg, 

0.036 mmol, 42%) as yellow solid. 
1H NMR (400 MHz, CD3OD): δ (ppm) 7.99 (1H, d, J = 8.0 Hz), 7.88-7.87 (3H, m), 7.72 

(1H, s), 7.60 (1H, d, J = 8.0 Hz), 7.54-7.50 (1H, m), 7.37 (1H, t, J = 4.0 Hz), 7.21 (1H, 

s), 7.12 (1H, t, J = 7.6 Hz), 7.06 (1H, d, J = 8.0 Hz), 6.96 (1H, d, J = 8.0 Hz), 5.57 (1H, 

d, J = 16.4 Hz), 5.46 (1H, d, J = 16.4 Hz), 4.49-4.43 (2H, m), 4.38 (1H, d, J = 15.2 Hz), 

4.12-4.06 (3H, m), 3.98 (1H, t, J = 15.2 Hz), 3.87 (1H, d, J = 16.8 Hz), 3.64-3.57 (1H, 

m), 1.90 (1H, t, J = 10.4 Hz), 1.80-1.55 (11H, m), 1.00-0.90 (22H, m), 0.74 (3H, d, J = 

6.0 Hz). 
13C{1H} NMR (100 MHz, CD3OD): δ (ppm) 176.6, 176.0, 175.7, 172.0, 171.5, 171.1, 

169.1, 150.2, 144.3, 141.8, 137.3, 135.0, 134.2, 133.3, 133.0, 131.1, 130.4, 130.1, 129.64, 

129.56, 128.9, 128.2, 127.8, 127.6, 125.9, 55.0, 54.6, 53.7, 52.9, 52.0, 49.7, 49.4, 49.2, 

49.0, 48.8, 48.6, 48.4, 44.2, 43.6, 43.3, 42.3, 40.5, 39.8, 26.2, 26.1, 26.00, 25.98, 23.6, 

23.3, 23.0, 22.3, 22.2, 21.3, 21.0. 

Mp: 157.6-158.8 oC. 

HRMS (ESI-TOF, [M+Na]+): Calcd. for C50H67N9O10Na+: 976.4903. Found: 976.4903. 

 

7b 

 
In an NMR tube, a solution of 7a (20.0 mg, 0.0210 mmol) in DMSO-d6 was photo-
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irradiated with UV light (390 nm). After 20 min, the solution was evaporated and the 

crude was purified by column chromatography (n-hexane: AcOEt = 1:2-1:3, then CHCl3: 

MeOH= 19:1) to afford 7b (12.1 mg, 0.01477 mmol, 70%) as white solid. 
1H NMR (400 MHz, CD3OD): δ (ppm) 8.62 (1H, s), 8.12 (1H, d, J = 8.4 Hz), 8.02 (1H, 

d, J = 8.0 Hz), 7.75 (1H, d, J = 9.2 Hz), 7.64 (1H, t, J = 8.0 Hz), 7.33 (1H, t, J = 8.0 Hz), 

7.14-7.10 (2H, m), 4.75 (1H, d, J = 16.0 Hz), 4.49-4.45 (1H, m), 4.30 (1H, d, J = 16.0 

Hz), 4.25-4.16 (3H, m), 4.02 (2H, q, J = 14.4 Hz), 3.91 (1H, dd, J = 10.8, 4.0 Hz), 1.84-

1.38 (12H, m), 0.97-0.88 (20H, m), 0.78 (3H, d, J = 6.4 Hz), 0.60 (3H, d, J = 6.0 Hz). 
13C{1H} NMR (100 MHz, CD3OD): δ (ppm) 182.9, 178.6, 172.2, 171.7, 169.7, 168.5, 

165.0, 160.5, 153.4, 139.9, 139.2, 135.4, 134.2, 132.6, 128.7, 128.4, 125.9, 119.1, 116.4, 

69.7, 68.2, 66.3, 62.7, 58.2, 56.5, 56.0, 51.1, 47.1, 46.5, 42.4, 41.0, 36.9, 28.9, 27.9, 25.6, 

24.2, 24.1, 23.2, 23.00, 22.94, 21.8, 21.5, 21.1. 

HPLC (250 nm): tR 9.87 min, 98% purity. 

HRMS (ESI-TOF, [M+Na]+): Calcd. for C43H62N8O8Na+, 841.4583. Found: 841.4594. 
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NMR spectroscopy 
NMR measurements 
Two-dimensional NMR spectra of 2a, 2b, 3a, 3b, 4a, 5a, and 5b were recorded at 5-25 
mM in DMSO-d6 on a Bruker Avance III HD 800 or Avance III 500 spectrometer 
equipped with a cryogenic probe.  NMR spectra were recorded at 298 K, except for 2a 
spectra, which were recorded at 318 K.  Two-dimensional TOCSY experiments were 
performed using standard pulse sequences and phase cycling (mlevetgp) with a mixing 
time of 60 ms, and 1,024-2,048 × 512 complex points were recorded.  ROESY spectra 
were recorded using the previously reported pulse program and parameters 
(roesyadjsphpr) with a mixing time of 250 ms, and 2,048 × 1,024 complex points were 
recorded.  Two-dimensional DQF-COSY experiments were performed using standard 
pulse sequences and phase cycling (cosydfetgp.2), and 8,192-16,384 × 256 complex 
points were recorded.  Two-dimensional 1H-13C HSQC experiments were performed 
using standard pulse sequences and phase cycling (hsqcetgpsp), and 1,024 × 512 complex 
points were recorded for the 1H and 13C dimensions, respectively.  Two-dimensional 1H-
13C HMBC experiments were performed using standard pulse sequences and phase 
cycling (hmbcgplpndqf), and 2,048 × 2,048 complex points were recorded for the 1H and 
13C dimensions, respectively.  The inter-scan delays were set to 1.0 s in all two-
dimensional experiments.  All of the spectra were processed and analyzed by the 
Topspin 4.1 software (Bruker).  Chemical shifts of 1H NMR, HMBC, HSQC, ROESY, 
and TOCSY spectra are reported in p.p.m relative to 4,4-dimethyl-4-silapentane-1-
sulfonic acid as external standards. Assignment of 1H NMR was assisted by HMBC and 
HSQC spectrum as previously described.1 
 
NMR structure calculations 

The structures of 2a, 2b, 3a, 3b, 4a, 5a, and 5b were calculated by a simulated 
annealing protocol with the software XPLOR-NIH 2 using the distance restraints defined 
from the intensities of signals in their respective 2D ROESY NMR spectra. Topologies 
and parameters for the BZN and BZA were manually generated using bonds, angles, and 
charge values generated by CHARMM-GUI Ligand Reader and Modeler.3 The numbers 
of NOE distance restraints used for calculations were 84, 62, 68, 60, 82, 73, and 63 for 
2a, 2b, 3a, 3b, 4a, 5a, and 5b, respectively.  The NOEs were classified as strong, 
medium, and weak, and only the upper distance limits were set to allow greater 
conformational freedom. From 100 calculations, we selected the 10 lowest energy 
structures with no violations of the distance restraints >0.5 Å.  NOE and J values used 
for the calculations are summarized in Supplementary Tables.  Ring current shifts were 
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calculated based on the Johnson-Bovey equation.4 In the calculation, aromatic rings in 
BZN and BZA residues were treated as phenylalanine rings. 
  



 S67 

 
 
Figure S14. (a–d) 1H-13C HSQC spectrum of 2a recorded in DMSO-d6.  N-methyl, 
methyl, and Hα/N-methylene regions are enlarged in (b), (c), and (d) respectively.  (e) 
Chemical structure of 2a.  The resonance assignments are shown in (b-d) and 
summarized in Table S1.  
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Figure S15. 1H-13C HMBC spectrum of 2a recorded in DMSO-d6.  The resonance 
assignments are summarized in Table S1. 
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Figure S16. ROESY spectrum of 2a recorded in DMSO-d6.  Upfield aliphatic–
amide/aromatic, downfield aliphatic–amide/aromatic, amide/aromatic–amide/aromatic, 
downfield aliphatic–downfield aliphatic regions are enlarged in (b), (c), (d), and (e) 
respectively.  The resonance assignments are shown in (b-e), and the observed NOEs 
are summarized in Table S8.   
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Figure S17. (a–d) 1H-13C HSQC spectrum of 2b recorded in DMSO-d6.  N-methyl, 
methyl, and Hα/N-methylene regions are enlarged in (b), (c), and (d) respectively.  (e) 
Chemical structure of 2b.  The resonance assignments are shown in (b-d) and 
summarized in Table S2.  
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Figure S18. (a–d) 1H-13C HMBC spectrum of 2b recorded in DMSO-d6.  The resonance 
assignments are summarized in Table S2. 
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Figure S19. ROESY spectrum of 2b recorded in DMSO-d6.  Upfield aliphatic–
amide/aromatic, downfield aliphatic–amide/aromatic, amide/aromatic–amide/aromatic, 
downfield aliphatic–downfield aliphatic regions are enlarged in (b), (c), (d), and (e) 
respectively.  The resonance assignments are shown in (b-e), and the observed NOEs are 
summarized in Table S9.  
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Figure S20. (a–d) 1H-13C HSQC spectrum of 3a recorded in DMSO-d6.  N-methyl, 
methyl, and Hα/N-methylene regions are enlarged in (b), (c), and (d) respectively.  (e) 
Chemical structure of 3a.  The resonance assignments are shown in (b-d) and 
summarized in Table S3.  
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Figure S21. 1H-13C HMBC spectrum of 3a recorded in DMSO-d6.  The resonance 
assignments are summarized in Table S3. 
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Figure S22. ROESY spectrum of 3a recorded in DMSO-d6.  Upfield aliphatic–
amide/aromatic, downfield aliphatic–amide/aromatic, amide/aromatic–amide/aromatic, 
downfield aliphatic–downfield aliphatic regions are enlarged in (b), (c), (d), and (e) 
respectively.  The resonance assignments are shown in (b-e), and the observed NOEs 
are summarized in Table S10.   
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Figure S23. (a–d) 1H-13C HSQC spectrum of 3b recorded in DMSO-d6.  N-methyl, 
methyl, and Hα/N-methylene regions are enlarged in (b), (c), and (d) respectively.  (e) 
Chemical structure of 3b.  The resonance assignments are shown in (b-d) and 
summarized in Table S4.  
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Figure S24. 1H-13C HMBC spectrum of 3b recorded in DMSO-d6.  The resonance 
assignments are summarized in Table S4. 
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Figure S25. ROESY spectrum of 3b recorded in DMSO-d6.  Upfield aliphatic–
amide/aromatic, downfield aliphatic–amide/aromatic, amide/aromatic–amide/aromatic, 
downfield aliphatic–downfield aliphatic regions are enlarged in (b), (c), (d), and (e) 
respectively.  The resonance assignments are shown in (b-e), and the observed NOEs 
are summarized in Table S11.   
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Figure S26. (a–d) 1H-13C HSQC spectrum of 4a recorded in DMSO-d6.  N-methyl, 
methyl, and Hα/N-methylene regions are enlarged in (b), (c), and (d) respectively.  (e) 
Chemical structure of 4a.  The resonance assignments are shown in (b-d) and 
summarized in Table S5.  
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Figure S27. 1H-13C HMBC spectrum of 4a recorded in DMSO-d6.  The resonance 
assignments are summarized in Table S5. 
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Figure S28. ROESY spectrum of 4a recorded in DMSO-d6.  Upfield aliphatic–
amide/aromatic, downfield aliphatic–amide/aromatic, amide/aromatic–amide/aromatic, 
downfield aliphatic–downfield aliphatic regions are enlarged in (b), (c), (d), and (e) 
respectively.  The resonance assignments are shown in (b-e), and the observed NOEs are 
summarized in Table S12.   
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Figure S29. (a–d) 1H-13C HSQC spectrum of 5a recorded in DMSO-d6.  N-methyl, 
methyl, and Hα/N-methylene regions are enlarged in (b), (c), and (d) respectively.  (e) 
Chemical structure of 5a.  The resonance assignments are shown in (b-d) and 
summarized in Table S6.  
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Figure S30. (a–d) 1H-13C HMBC spectrum of 5a recorded in DMSO-d6.  The resonance 
assignments are summarized in Table S6. 
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Figure S31. ROESY spectrum of 5a recorded in DMSO-d6.  Upfield aliphatic–
amide/aromatic, downfield aliphatic–amide/aromatic, amide/aromatic–amide/aromatic, 
downfield aliphatic–downfield aliphatic regions are enlarged in (b), (c), (d), and (e) 
respectively.  The resonance assignments are shown in (b-e), and the observed NOEs 
are summarized in Table S13.   
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Figure S32. (a–d) 1H-13C HSQC spectrum of 5b recorded in DMSO-d6.  N-methyl, 
methyl, and Hα/N-methylene regions are enlarged in (b), (c), and (d) respectively.  (e) 
Chemical structure of 5b.  The resonance assignments are shown in (b-d) and 
summarized in Table S7.  
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Figure S33. (a–d) 1H-13C HMBC spectrum of 5b recorded in DMSO-d6.  The resonance 
assignments are summarized in Table S7. 
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Figure S34. ROESY spectrum of 5b recorded in DMSO-d6.  Upfield aliphatic–
amide/aromatic, downfield aliphatic–amide/aromatic, amide/aromatic–amide/aromatic, 
downfield aliphatic–downfield aliphatic regions are enlarged in (b), (c), (d), and (e) 
respectively.  The resonance assignments are shown in (b-e), and the observed NOEs 
are summarized in Table S14.   
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Table S1. Chemical shifts of 2a in DMSO-d6. 
 

Residue 
number 

Atom 
Chemical  

shift (ppm) 
1 C 175.5 
1 CA 54.7 
1 CB 43.9 
1 CG 27.5 
1 CD1 25.6 
1 CD2 25.5 
1 HN 7.95 
1 HA 4.44 
1 HB1 1.41 
1 HB2 1.48 
1 HG 1.43 
1 HD1 0.75 
1 HD2 0.77 
2 C 174.9 
2 CA 55.8 
2 CB 42.2 
2 CG 27.3 
2 CD1 24.9 
2 CD2 25.5 
2 HN 8.4 
2 HA 3.94 
2 HB1 1.36 
2 HB2 1.36 
2 HG 1.47 
2 HD1 0.71 
2 HD2 0.77 
3 C 174.8 
3 CA 54.1 
3 CB 42.8 
3 CG 27.2 
3 CD1 23.9 

Residue 
number 

Atom 
Chemical  
shift (ppm) 

3 CD2 26.1 
3 HN 8.13 
3 HA 4.09 
3 HB1 1.36 
3 HB2 1.46 
3 HG 1.4 
3 HD1 0.61 
3 HD2 0.62 
4 C 175.2 
4 CA 54.3 
4 CB 43.3 
4 CG 27.1 
4 CD1 24.7 
4 CD2 25.8 
4 HN 7.64 
4 HA 4.07 
4 HB1 1.37 
4 HB2 1.54 
4 HG 1.52 
4 HD1 0.71 
4 HD2 0.77 
5 CA 44.2 
5 CB 143.4 
5 CC1 130.1 
5 CC2 128 
5 CD1 145.3 
5 CD2 131.8 
5 CE2 127.1 
5 CF 173.1 
5 CH1 129.8 
5 CH2 130.5 
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Residue 
number 

Atom 
Chemical  
shift (ppm) 

5 CI2 133 
5 CJ2 131.5 
5 CO 52.7 
5 CP 151.3 
5 CQ1 134.9 
5 CQ2 132.2 
5 CR1 127.6 
5 CR2 136.8 
5 CS 131.4 
5 HN 8.11 
5 HA1 3.72 
5 HA2 3.82 
5 HC1 6.57 
5 HC2 6.76 
5 HD2 7 
5 HE2 7 
5 HH2 7.11 
5 HI2 7.06 
5 HJ2 7.51 
5 HO1 5.13 
5 HO2 5.27 
5 HQ2 7.47 
5 HR1 7.83 
5 HR2 7.62 
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Table S2. Chemical shifts of 2b in DMSO-d6. 
 
 

Residue 
number 

Atom 
Chemical  
shift (ppm) 

1 C 175.9 
1 CA 56.8 
1 CB 42.2 
1 CG 27.5 
1 CD1 25.9 
1 CD2 25.4 
1 HN 9.01 
1 HA 4.45 
1 HB1 1.69 
1 HB2 1.69 
1 HG 1.66 
1 HD1 0.96 
1 HD2 1.03 
2 C 174.5 
2 CA 55.4 
2 CB 42.9 
2 CG 27.4 
2 CD1 23.8 
2 CD2 26.4 
2 HN 8.93 
2 HA 4.09 
2 HB1 1.62 
2 HB2 1.62 
2 HG 1.78 
2 HD1 0.86 
2 HD2 0.96 
3 C 175 
3 CA 53.2 
3 CB 43.7 
3 CG 26.6 

Residue 
number 

Atom 
Chemical  
shift (ppm) 

3 CD1 25.6 
3 CD2 24.9 
3 HN 7.61 
3 HA 4.65 
3 HB1 1.27 
3 HB2 1.36 
3 HG 1.27 
3 HD1 0.37 
3 HD2 0.56 
4 C 176.2 
4 CA 55.6 
4 CB 43.5 
4 CG 27.8 
4 CD1 24.9 
4 CD2 26.1 
4 HN 8.36 
4 HA 4.36 
4 HB1 1.5 
4 HB2 1.67 
4 HG 1.71 
4 HD1 0.95 
4 HD2# 0.99 
5 C 169 
5 CA 44.4 
5 CB 143.1 
5 CC1 120.6 
5 CC2 125.1 
5 CD1 141.9 
5 CD2 131.8 
5 CE2 120.2 
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Residue 
number 

Atom 
Chemical  
shift (ppm) 

5 CF 166.8 
5 CG 135.7 
5 CH1 130.3 
5 CH2 134.7 
5 CI1 137.2 
5 CI2 132 
5 CJ2 133.5 
5 HN 8.43 
5 HA1 4.25 
5 HA2 4.51 
5 HC1 7.27 
5 HC2 7.03 
5 HD2 7.35 
5 HE1 9.56 
5 HE2 8.23 
5 HH1 8.91 
5 HH2 8.19 
5 HI2 7.72 
5 HJ2 8.36 
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Table S3. Chemical shifts of 3a in DMSO-d6. 
 
 

Residue 
number 

Atom 
Chemical  
shift (ppm) 

1 C 176.1 
1 CA 54.6 
1 CB 44.1 
1 CG 27.6 
1 CD1 25.3 
1 CD2 26 
1 HN 8.33 
1 HA 4.7 
1 HB1 1.58 
1 HB2 1.69 
1 HG 1.63 
1 HD1 0.94 
1 HD2 0.96 
2 CA 55.8 
2 CB 42.5 
2 CG 27.4 
2 CD1 25 
2 CD2 25.7 
2 HN 8.73 
2 HA 4.12 
2 HB1 1.56 
2 HB2 1.67 
2 HG 1.67 
2 HD1 0.9 
2 HD2 0.97 
3 CA 53.5 
3 CB 42.5 
3 CG 27.3 
3 CD1 26.4 
3 CD2 24.2 

Residue 
number 

Atom 
Chemical  
shift (ppm) 

3 HN 8.42 
3 HA 4.34 
3 HB1 1.51 
3 HB2 1.62 
3 HG 1.56 
3 HD1 0.81 
3 HD2 0.89 
4 C 175.5 
4 CA 52 
4 CB 21.1 
4 HN 7.82 
4 HA 4.13 
4 HB 1.26 
5 CA 44.2 
5 CB 143.7 
5 CC1 129.8 
5 CC2 128.8 
5 CD1 145.7 
5 CD2 132.2 
5 CE2 127.9 
5 CF 173 
5 CG 137.3 
5 CH1 130.4 
5 CH2 133.7 
5 CI1 138.9 
5 CI2 130.7 
5 CJ2 132.1 
5 CO 53.5 
5 CP 135.1 
5 CQ1 151.4 
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Residue 
number 

Atom 
Chemical  
shift (ppm) 

5 CQ2 132.4 
5 CR1 128 
5 CR2 137 
5 CS 131.7 
5 HN 8.17 
5 HA1 4.04 
5 HA2 4.04 
5 HC1 6.75 
5 HC2 7.01 
5 HD2 7.26 
5 HE2 7.31 
5 HH1 8.03 
5 HH2 7.36 
5 HI1 7.3 
5 HI2 7.29 
5 HJ2 7.88 
5 HO1 5.41 
5 HO2 5.41 
5 HQ2 7.67 
5 HR1 8.06 
5 HR2 7.81 
5 HS 7.59 
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Table S4. Chemical shifts of 3b in DMSO-d6. 
 
 

Residue 
number 

Atom 
Chemical  
shift (ppm) 

1 C 175.8 
1 CA 56.6 
1 CB 42.5 
1 CG 27.6 
1 CD1 25.9 
1 CD2 25.3 
1 HN 8.97 
1 HA 4.47 
1 HB1 1.69 
1 HB2 1.69 
1 HG 1.65 
1 HD1 0.96 
1 HD2 1.02 
2 C 174.6 
2 CA 55.1 
2 CB 42.9 
2 CG 27.5 
2 CD1 23.7 
2 CD2 26.5 
2 HN 8.94 
2 HA 4.16 
2 HB1 1.64 
2 HB2 1.64 
2 HG 1.75 
2 HD1 0.87 
2 HD2 0.96 
3 C 174.7 
3 CA 53.3 
3 CB 44 
3 CG 26.7 

Residue 
number 

Atom 
Chemical  
shift (ppm) 

3 CD1 25.6 
3 CD2 24.9 
3 HN 7.79 
3 HA 4.62 
3 HB1 1.34 
3 HB2 1.34 
3 HG 1.32 
3 HD1 0.45 
3 HD2 0.6 
4 C 176.4 
4 CA 52.5 
4 CB 21.1 
4 HN 8.4 
4 HA 4.37 
4 HB 1.35 
5 C 169 
5 CA 44.4 
5 CB 143 
5 CC1 120.7 
5 CC2 125.1 
5 CD1 142 
5 CD2 131.8 
5 CE2 120.3 
5 CF 166.9 
5 CG 135.8 
5 CH1 130.2 
5 CH2 134.6 
5 CI1 137.3 
5 CI2 132 
5 CJ2 133.5 
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Residue 
number 

Atom 
Chemical  
shift (ppm) 

5 HN 8.42 
5 HA1 4.25 
5 HA2 4.52 
5 HC1 7.26 
5 HC2 7.03 
5 HD2 7.35 
5 HE1 9.65 
5 HE2 8.22 
5 HH1 8.86 
5 HH2 8.18 
5 HI2 7.71 
5 HJ2 8.33 
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Table S5. Chemical shifts of 4a in DMSO-d6. 
 
 
Residue 
number 

Atom 
Chemical  
shift (ppm) 

1 CA 56 
1 CB 43 
1 CG 27.7 
1 CD1 24.7 
1 CD2 26.1 
1 HN 8.52 
1 HA 4.43 
1 HB1 1.63 
1 HB2 1.71 
1 HG 1.68 
1 HD1 0.91 
1 HD2 0.97 
2 CA 54.4 
2 CB 43.9 
2 CG 27.5 
2 CD1 24.5 
2 CD2 26.5 
2 HN 7.76 
2 HA 4.3 
2 HB1 1.47 
2 HB2 1.62 
2 HG 1.58 
2 HD1 0.9 
2 HD2 0.9 
3 C 175.1 
3 CA 55.5 
3 CB 43.2 
3 CG 27.2 
3 CD1 24.8 
3 CD2 26 

Residue 
number 

Atom 
Chemical  
shift (ppm) 

3 HN 7.93 
3 HA 4.14 
3 HB1 1.5 
3 HB2 1.6 
3 HG 1.67 
3 HD1 0.89 
3 HD2 0.89 
4 C 175.5 
4 CA 52.2 
4 CB 20 
4 HN 8.17 
4 HA 4.07 
4 HB 1.33 
5 C 169.2 
5 CA 44.6 
5 CB 143.9 
5 CC1 129 
5 CC2 128.2 
5 CD1 145.6 
5 CD2 132 
5 CE2 129.1 
5 CF 172.7 
5 CH1 130.5 
5 CH2 134.5 
5 CI2 131.1 
5 CJ2 131.9 
5 CO 53.8 
5 CP 135 
5 CQ1 151.4 
5 CQ2 132.6 
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Residue 
number 

Atom 
Chemical  
shift (ppm) 

5 CR1 128 
5 CR2 137 
5 CS 131.7 
5 HN 7.94 
5 HA1 4.11 
5 HA2 4.2 
5 HC1 7.08 
5 HC2 6.96 
5 HD2 7.14 
5 HE2 7.08 
5 HH1 7.91 
5 HH2 7.65 
5 HI2 7.43 
5 HJ2 7.85 
5 HO1 5.33 
5 HO2 5.5 
5 HQ2 7.73 
5 HR1 8.06 
5 HR2 7.78 
5 HS 7.58 
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Table S6. Chemical shifts of 5a in DMSO-d6. 
 

 
Residue 
number 

Atom 
Chemical  
shift (ppm) 

1 C 176.6 
1 CA 56.5 
1 CB 42.4 
1 CG 27.6 
1 CD1 25.5 
1 CD2 25.6 
1 HN 8.93 
1 HA 4.37 
1 HB1 1.66 
1 HB2 1.71 
1 HG 1.67 
1 HD1 0.94 
1 HD2 1 
2 C 175.8 
2 CA 55.3 
2 CB 43.1 
2 CG 27.4 
2 CD1 24 
2 CD2 26.4 
2 HN 8.48 
2 HA 4.13 
2 HB1 1.58 
2 HB2 1.58 
2 HG 1.76 
2 HD1 0.9 
2 HD2 0.96 
3 C 174.9 
3 CA 55.3 
3 CB 42.5 
3 CG 27.7 

Residue 
number 

Atom 
Chemical  
shift (ppm) 

3 CD1 24.5 
3 CD2 26.1 
3 HN 8.16 
3 HA 4.17 
3 HB1 1.72 
3 HB2 1.9 
3 HG 1.76 
3 HD1 0.89 
3 HD2 0.96 
4 C 174.9 
4 CA 51.2 
4 CB 21.4 
4 HN 7.36 
4 HA 4.23 
4 HB 1.23 
5 C 170.2 
5 CA 44.4 
5 CB 143 
5 CC1 129.8 
5 CC2 127.9 
5 CD1 145.4 
5 CD2 132.3 
5 CE2 127.4 
5 CF 173 
5 CG 136.7 
5 CH1 131.4 
5 CH2 133.3 
5 CI1 138.8 
5 CI2 130.4 
5 CJ2 131.7 



 S99 

Residue 
number 

Atom 
Chemical  
shift (ppm) 

5 CO 53.1 
5 CP 135.1 
5 CQ1 151.3 
5 CQ2 131.9 
5 CR1 128 
5 CR2 137.1 
5 CS 131.6 
5 HN 8.08 
5 HA1 3.84 
5 HA2 4.11 
5 HC1 6.56 
5 HC2 6.94 
5 HD2 7.25 
5 HE2 7.35 
5 HH1 7.97 
5 HH2 7.22 
5 HI2 7.25 
5 HJ2 7.88 
5 HO1 5.37 
5 HO2 5.56 
5 HQ2 7.66 
5 HR1 8.08 
5 HR2 7.87 
5 HS 7.6 
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Table S7. Chemical shifts of 5b in DMSO-d6. 
 
 
Residue 
number 

Atom 
Chemical  
shift (ppm) 

1 C 175.1 
1 CA 56.3 
1 CB 43.2 
1 CG 27.6 
1 CD1 25.3 
1 CD2 25.9 
1 HN 8.88 
1 HA 4.48 
1 HB1 1.6 
1 HB2 1.73 
1 HG 1.73 
1 HD1 0.97 
1 HD2 1 
2 C 174.8 
2 CA 54 
2 CB 44 
2 CG 27.4 
2 CD1 24.6 
2 CD2 26.4 
2 HN 8.41 
2 HA 4.45 
2 HB1 1.51 
2 HB2 1.71 
2 HG 1.6 
2 HD1 0.88 
2 HD2 0.91 
3 C 174.6 
3 CA 55.7 
3 CB 44.1 
3 CG 27.2 

Residue 
number 

Atom 
Chemical  
shift (ppm) 

3 CD1 25.3 
3 CD2 26 
3 HN 7.8 
3 HA 4.3 
3 HB1 1.61 
3 HB2 1.7 
3 HG 1.65 
3 HD1 0.79 
3 HD2 0.88 
4 C 174.8 
4 CA 50.9 
4 CB 21.6 
4 HN 8.16 
4 HA 4.49 
4 HB 1.27 
5 C 170.3 
5 CA 44.7 
5 CB 143.1 
5 CC1 121.4 
5 CC2 125.8 
5 CD1 142.5 
5 CD2 131.8 
5 CE2 120.7 
5 CF 168.2 
5 CG 137.5 
5 CH1 130.8 
5 CH2 133.8 
5 CI1 138.1 
5 CI2 131.8 
5 CJ2 133.2 
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Residue 
number 

Atom 
Chemical  
shift (ppm) 

5 HN 8.25 
5 HA1 3.91 
5 HA2 4.8 
5 HC1 7.27 
5 HC2 7.02 
5 HD2 7.34 
5 HE1 10.3 
5 HE2 8.2 
5 HH1 8.41 
5 HH2 8.03 
5 HI2 7.66 
5 HJ2 8.04 
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Table S8. NOE summary of 2a in DMSO-d6. 

 
F1 F2  

Res. 
No. 

Atom 
name 

Res. 
No. 

Atom 
name 

Distance 
(Å) 

1 HA 2 HN 1.8-2.7 
2 HB 2 HN 1.8-2.7 
4 HA 5 HN 1.8-2.7 
5 HC2 5 HD2 1.8-2.7 
5 HQ2 5 HR2 1.8-2.7 
5 HS 5 HR2 1.8-2.7 
1 HB1 1 HA 1.8-3.5 
1 HD1 1 HA 1.8-3.5 
1 HD2 1 HA 1.8-3.5 
2 HA 3 HN 1.8-3.5 
2 HB# 2 HA 1.8-3.5 
2 HD1 2 HA 1.8-3.5 
2 HD2 2 HA 1.8-3.5 
2 HG 2 HN 1.8-3.5 
3 HD1 3 HA 1.8-3.5 
3 HD2 3 HA 1.8-3.5 
4 HB1 4 HA 1.8-3.5 
4 HD1 4 HA 1.8-3.5 
4 HG 4 HN 1.8-3.5 
4 HG 4 HA 1.8-3.5 
5 HA1 5 HN 1.8-3.5 
5 HA1 5 HC2 1.8-3.5 
5 HC1 5 HQ2 1.8-3.5 
5 HO1 5 HE2 1.8-3.5 
5 HO2 5 HE2 1.8-3.5 
1 HA 1 HN 1.8-5.0 
1 HB1 1 HN 1.8-5.0 
1 HB2 1 HN 1.8-5.0 
1 HB2 1 HA 1.8-5.0 

F1 F2  
Res. 
No. 

Atom 
name 

Res. 
No. 

Atom 
name 

Distance 
(Å) 

1 HD1 1 HN 1.8-5.0 
1 HD2 1 HN 1.8-5.0 
2 HA 2 HN 1.8-5.0 
2 HA 4 HN 1.8-5.0 
2 HD1 2 HN 1.8-5.0 
2 HD2 2 HN 1.8-5.0 
2 HD2 3 HN 1.8-5.0 
2 HG 2 HA 1.8-5.0 
3 HA 3 HN 1.8-5.0 
3 HA 4 HN 1.8-5.0 
3 HB1 3 HN 1.8-5.0 
3 HB1 3 HA 1.8-5.0 
3 HB2 3 HN 1.8-5.0 
3 HB2 3 HA 1.8-5.0 
3 HD2 3 HN 1.8-5.0 
3 HD2 5 HR2 1.8-5.0 
3 HG 3 HN 1.8-5.0 
3 HG 3 HA 1.8-5.0 
4 HA 4 HN 1.8-5.0 
4 HB1 4 HN 1.8-5.0 
4 HB1 5 HC1 1.8-5.0 
4 HB2 4 HN 1.8-5.0 
4 HB2 4 HA 1.8-5.0 
4 HD1 5 HN 1.8-5.0 
4 HD1 4 HN 1.8-5.0 
4 HD1 5 HC1 1.8-5.0 
4 HD1 5 HI2 1.8-5.0 
4 HD1 5 HJ2 1.8-5.0 
4 HD1 5 HR2 1.8-5.0 
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F1 F2  
Res. 
No. 

Atom 
name 

Res. 
No. 

Atom 
name 

Distance 
(Å) 

4 HD2 5 HN 1.8-5.0 
4 HD2 4 HN 1.8-5.0 
4 HD2 5 HC1 1.8-5.0 
4 HD2 5 HI2 1.8-5.0 
4 HD2 5 HJ2 1.8-5.0 
4 HD2 4 HA 1.8-5.0 
4 HG 5 HC1 1.8-5.0 
4 HN 3 HN 1.8-5.0 
5 HA1 5 HC1 1.8-5.0 
5 HA2 5 HN 1.8-5.0 
5 HA2 5 HC1 1.8-5.0 
5 HA2 5 HC2 1.8-5.0 
5 HC1 5 HN 1.8-5.0 
5 HC1 5 HH1 1.8-5.0 
5 HC2 5 HN 1.8-5.0 
5 HE2 5 HQ2 1.8-5.0 
5 HH1 1 HN 1.8-5.0 
5 HI2 5 HJ2 1.8-5.0 
5 HJ2 1 HN 1.8-5.0 
5 HO1 5 HQ2 1.8-5.0 
5 HO1 5 HC1 1.8-5.0 
5 HO2 5 HQ2 1.8-5.0 
5 HO2 5 HC1 1.8-5.0 
5 HQ2 5 HR1 1.8-5.0 
5 HR2 5 HR1 1.8-5.0 
5 HS 5 HR1 1.8-5.0 
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Table S9. NOE summary of 2b in DMSO-d6. 

 

F1 F2  
Res. 
No. 

Atom 
name 

Res. 
No. 

Atom 
name 

Distance 
(Å) 

1 HA 2 HN 1.8-2.7 
1 HB# 1 HN 1.8-2.7 
3 HA 4 HN 1.8-2.7 
4 HA 5 HN 1.8-2.7 
5 HA1 5 HA2 1.8-2.7 
5 HC1 5 HE1 1.8-2.7 
5 HC2 5 HD2 1.8-2.7 
5 HH1 5 HE1 1.8-2.7 
5 HJ2 1 HN 1.8-2.7 
1 HB# 1 HA 1.8-3.5 
1 HD1 1 HA 1.8-3.5 
1 HD2 1 HA 1.8-3.5 
2 HB# 2 HN 1.8-3.5 
2 HD1 2 HA 1.8-3.5 
3 HB1 5 HH1 1.8-3.5 
3 HB1 3 HA 1.8-3.5 
3 HB2 5 HH1 1.8-3.5 
3 HD2 3 HA 1.8-3.5 
3 HG 3 HA 1.8-3.5 
4 HD1 4 HA 1.8-3.5 
5 HC1 5 HN 1.8-3.5 
5 HD2 5 HE2 1.8-3.5 
5 HI2 5 HJ2 1.8-3.5 
5 HI2 5 HH2 1.8-3.5 
1 HA 1 HN 1.8-5.0 
2 HA 2 HN 1.8-5.0 
2 HA 3 HN 1.8-5.0 
2 HB# 3 HN 1.8-5.0 
2 HB# 2 HA 1.8-5.0 

F1 F2  
Res. 
No. 

Atom 
name 

Res. 
No. 

Atom 
name 

Distance 
(Å) 

2 HD2 2 HA 1.8-5.0 
2 HG 2 HN 1.8-5.0 
2 HG 2 HA 1.8-5.0 
3 HA 3 HN 1.8-5.0 
3 HB1 3 HN 1.8-5.0 
3 HB1 4 HN 1.8-5.0 
3 HB1 5 HE1 1.8-5.0 
3 HB2 3 HN 1.8-5.0 
3 HB2 5 HE1 1.8-5.0 
3 HB2 3 HA 1.8-5.0 
3 HD1 3 HA 1.8-5.0 
3 HG 5 HC1 1.8-5.0 
3 HG 5 HN 1.8-5.0 
3 HN 2 HN 1.8-5.0 
4 HA 4 HN 1.8-5.0 
4 HB1 4 HN 1.8-5.0 
4 HB1 5 HN 1.8-5.0 
4 HB1 4 HA 1.8-5.0 
4 HB2 4 HN 1.8-5.0 
4 HB2 5 HN 1.8-5.0 
4 HB2 4 HA 1.8-5.0 
4 HD1 4 HN 1.8-5.0 
4 HD1 5 HN 1.8-5.0 
4 HD2 4 HN 1.8-5.0 
4 HD2 5 HN 1.8-5.0 
4 HD2 4 HA 1.8-5.0 
4 HG 4 HN 1.8-5.0 
4 HG 5 HN 1.8-5.0 
4 HG 4 HA 1.8-5.0 
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F1 F2  
Res. 
No. 

Atom 
name 

Res. 
No. 

Atom 
name 

Distance 
(Å) 

5 HA1 5 HN 1.8-5.0 
5 HA1 5 HC2 1.8-5.0 
5 HA2 5 HN 1.8-5.0 
5 HA2 5 HC2 1.8-5.0 
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Table S10. NOE summary of 3a in DMSO-d6. 

 

F1 F2  
Res. 
No. 

Atom 
name 

Res. 
No. 

Atom 
name 

Distance 
(Å) 

1 HA 2 HN 1.8-2.7 
2 HB1 2 HN 1.8-2.7 
2 HD1 2 HA 1.8-2.7 
3 HD1 3 HA 1.8-2.7 
4 HB 4 HA 1.8-2.7 
5 HC2 5 HD2 1.8-2.7 
5 HQ2 5 HR2 1.8-2.7 
5 HS 5 HR2 1.8-2.7 
1 HD1 1 HA 1.8-3.5 
1 HD2 1 HA 1.8-3.5 
2 HA 2 HN 1.8-3.5 
2 HA 3 HN 1.8-3.5 
2 HB1 2 HA 1.8-3.5 
2 HB2 2 HN 1.8-3.5 
2 HD2 2 HA 1.8-3.5 
2 HG 2 HA 1.8-3.5 
4 HA 5 HN 1.8-3.5 
5 HA# 5 HN 1.8-3.5 
5 HA# 5 HC2 1.8-3.5 
5 HI2 5 HH2 1.8-3.5 
5 HO# 5 HQ2 1.8-3.5 
5 HO# 5 HE2 1.8-3.5 
5 HS 5 HR1 1.8-3.5 
1 HA 1 HN 1.8-5.0 
1 HB1 1 HN 1.8-5.0 
1 HB1 1 HA 1.8-5.0 
1 HB2 1 HN 1.8-5.0 
1 HB2 1 HA 1.8-5.0 
1 HG 1 HA 1.8-5.0 

F1 F2  
Res. 
No. 

Atom 
name 

Res. 
No. 

Atom 
name 

Distance 
(Å) 

2 HB2 2 HA 1.8-5.0 
2 HD1 2 HN 1.8-5.0 
2 HD2 2 HN 1.8-5.0 
3 HA 3 HN 1.8-5.0 
3 HA 4 HN 1.8-5.0 
3 HB1 3 HN 1.8-5.0 
3 HB1 3 HA 1.8-5.0 
3 HB1 5 HH1 1.8-5.0 
3 HB2 3 HN 1.8-5.0 
3 HB2 3 HA 1.8-5.0 
3 HB2 5 HJ2 1.8-5.0 
3 HB2 4 HN 1.8-5.0 
3 HD1 3 HN 1.8-5.0 
3 HD1 5 HH1 1.8-5.0 
3 HD1 4 HN 1.8-5.0 
3 HD1 5 HQ2 1.8-5.0 
3 HD2 3 HN 1.8-5.0 
3 HG 3 HA 1.8-5.0 
4 HA 4 HN 1.8-5.0 
4 HB 4 HN 1.8-5.0 
4 HB 1 HN 1.8-5.0 
4 HB 5 HN 1.8-5.0 
4 HB 5 HH1 1.8-5.0 
4 HB 5 HJ2 1.8-5.0 
4 HB 5 HQ2 1.8-5.0 
4 HB 5 HC1 1.8-5.0 
4 HN 3 HN 1.8-5.0 
5 HA# 5 HC1 1.8-5.0 
5 HC1 5 HN 1.8-5.0 
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F1 F2  
Res. 
No. 

Atom 
name 

Res. 
No. 

Atom 
name 

Distance 
(Å) 

5 HC1 5 HH1 1.8-5.0 
5 HC1 5 HQ2 1.8-5.0 
5 HC2 5 HN 1.8-5.0 
5 HE2 5 HQ2 1.8-5.0 
5 HH1 1 HN 1.8-5.0 
5 HJ2 1 HN 1.8-5.0 
5 HO# 5 HD2 1.8-5.0 
5 HO# 5 HH1 1.8-5.0 
5 HO# 5 HR2 1.8-5.0 
5 HO# 5 HC1 1.8-5.0 
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Table S11. NOE summary of 3b in DMSO-d6. 

 

F1 F2  
Res. 
No. 

Atom 
name 

Res. 
No. 

Atom 
name 

Distance 
(Å) 

1 HA 2 HN 1.8-2.7 
1 HB# 1 HN 1.8-2.7 
1 HN 5 HJ2 1.8-2.7 
3 HA 4 HN 1.8-2.7 
4 HB 4 HN 1.8-2.7 
4 HN 4 HA 1.8-2.7 
5 HA1 5 HA2 1.8-2.7 
5 HC1 5 HE1 1.8-2.7 
5 HC2 5 HD2 1.8-2.7 
5 HE1 5 HH1 1.8-2.7 
5 HJ2 5 HI2 1.8-2.7 
1 HD2 1 HA 1.8-3.5 
2 HD1 2 HA 1.8-3.5 
3 HA 3 HD2 1.8-3.5 
3 HB# 5 HH1 1.8-3.5 
4 HA 4 HB 1.8-3.5 
4 HA 5 HN 1.8-3.5 
5 HC1 5 HN 1.8-3.5 
5 HD2 5 HE2 1.8-3.5 
5 HH2 5 HI2 1.8-3.5 
1 HA 1 HN 1.8-5.0 
1 HA 3 HN 1.8-5.0 
1 HA 1 HB# 1.8-5.0 
1 HD1 1 HA 1.8-5.0 
1 HD2 2 HN 1.8-5.0 
2 HA 3 HN 1.8-5.0 
2 HA 2 HN 1.8-5.0 
2 HA 2 HG 1.8-5.0 
2 HA 2 HB# 1.8-5.0 

F1 F2  
Res. 
No. 

Atom 
name 

Res. 
No. 

Atom 
name 

Distance 
(Å) 

2 HB# 2 HN 1.8-5.0 
2 HB# 3 HN 1.8-5.0 
2 HD1 2 HN 1.8-5.0 
2 HD2 2 HN 1.8-5.0 
2 HD2 2 HA 1.8-5.0 
2 HG 2 HN 1.8-5.0 
2 HN 3 HN 1.8-5.0 
3 HA 3 HN 1.8-5.0 
3 HA 3 HD1 1.8-5.0 
3 HA 3 HG 1.8-5.0 
3 HB# 3 HN 1.8-5.0 
3 HB# 3 HA 1.8-5.0 
3 HB# 5 HC1 1.8-5.0 
3 HB# 5 HE1 1.8-5.0 
3 HD1 4 HN 1.8-5.0 
3 HD1 3 HN 1.8-5.0 
3 HD1 5 HH1 1.8-5.0 
3 HD1 5 HE1 1.8-5.0 
3 HD2 4 HN 1.8-5.0 
3 HD2 3 HN 1.8-5.0 
3 HD2 5 HH1 1.8-5.0 
3 HD2 5 HE1 1.8-5.0 
3 HN 4 HN 1.8-5.0 
5 HA1 5 HC2 1.8-5.0 
5 HA2 5 HN 1.8-5.0 
5 HA2 5 HC2 1.8-5.0 
5 HC1 5 HA2 1.8-5.0 
5 HC1 4 HA 1.8-5.0 
5 HC1 5 HA1 1.8-5.0 
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F1 F2  
Res. 
No. 

Atom 
name 

Res. 
No. 

Atom 
name 

Distance 
(Å) 

5 HE1 5 HE2 1.8-5.0 
5 HE1 5 HH2 1.8-5.0 
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Table S12. NOE summary of 4a in DMSO-d6. 

 
F1 F2  

Res. 
No. 

Atom 
name 

Res. 
No. 

Atom 
name 

Distance 
(Å) 

1 HD1 1 HA 1.8-2.7 
2 HD2 2 HA 1.8-2.7 
5 HC2 5 HD2 1.8-2.7 
5 HI2 5 HH2 1.8-2.7 
5 HI2 5 HJ2 1.8-2.7 
5 HS 5 HR2 1.8-2.7 
1 HB2 1 HA 1.8-3.5 
1 HB2 1 HN 1.8-3.5 
1 HG 1 HN 1.8-3.5 
2 HD1 2 HA 1.8-3.5 
3 HD1 3 HA 1.8-3.5 
4 HB 4 HN 1.8-3.5 
4 HB 4 HA 1.8-3.5 
5 HA1 5 HC2 1.8-3.5 
5 HJ2 1 HN 1.8-3.5 
5 HO1 5 HO2 1.8-3.5 
5 HS 5 HR1 1.8-3.5 
1 HA 1 HN 1.8-5.0 
1 HA 2 HN 1.8-5.0 
1 HB1 1 HA 1.8-5.0 
1 HB1 1 HN 1.8-5.0 
1 HD1 1 HN 1.8-5.0 
1 HD1 5 HJ2 1.8-5.0 
1 HD2 1 HA 1.8-5.0 
1 HD2 1 HN 1.8-5.0 
1 HD2 5 HJ2 1.8-5.0 
1 HG 1 HA 1.8-5.0 
2 HA 2 HN 1.8-5.0 
2 HA 3 HN 1.8-5.0 

F1 F2  
Res. 
No. 

Atom 
name 

Res. 
No. 

Atom 
name 

Distance 
(Å) 

2 HB1 2 HA 1.8-5.0 
2 HB1 2 HN 1.8-5.0 
2 HB2 2 HA 1.8-5.0 
2 HB2 2 HN 1.8-5.0 
2 HD1 2 HN 1.8-5.0 
2 HG 2 HA 1.8-5.0 
2 HN 1 HN 1.8-5.0 
3 HA 4 HN 1.8-5.0 
3 HA 3 HN 1.8-5.0 
3 HB1 3 HN 1.8-5.0 
3 HB1 3 HA 1.8-5.0 
3 HB1 4 HN 1.8-5.0 
3 HB2 3 HA 1.8-5.0 
3 HB2 4 HN 1.8-5.0 
3 HB2 3 HN 1.8-5.0 
3 HD1 3 HN 1.8-5.0 
3 HD1 5 HD2 1.8-5.0 
3 HD1 4 HN 1.8-5.0 
3 HD1 5 HE2 1.8-5.0 
3 HD1 5 HC2 1.8-5.0 
3 HD2 3 HA 1.8-5.0 
3 HG 3 HA 1.8-5.0 
3 HN 3 HG 1.8-5.0 
4 HA 4 HN 1.8-5.0 
4 HA 5 HN 1.8-5.0 
4 HB 3 HN 1.8-5.0 
4 HB 5 HC2 1.8-5.0 
4 HB 5 HE2 1.8-5.0 
4 HB 5 HR2 1.8-5.0 
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F1 F2  
Res. 
No. 

Atom 
name 

Res. 
No. 

Atom 
name 

Distance 
(Å) 

4 HB 5 HJ2 1.8-5.0 
4 HB 1 HN 1.8-5.0 
5 HA1 5 HN 1.8-5.0 
5 HA1 5 HC1 1.8-5.0 
5 HA2 5 HN 1.8-5.0 
5 HA2 5 HC1 1.8-5.0 
5 HA2 5 HC2 1.8-5.0 
5 HC1 5 HR2 1.8-5.0 
5 HC1 5 HH1 1.8-5.0 
5 HC2 5 HN 1.8-5.0 
5 HD2 5 HH2 1.8-5.0 
5 HE2 5 HH2 1.8-5.0 
5 HE2 5 HQ2 1.8-5.0 
5 HE2 5 HO1 1.8-5.0 
5 HE2 5 HO2 1.8-5.0 
5 HH1 1 HN 1.8-5.0 
5 HN 4 HN 1.8-5.0 
5 HO1 5 HQ2 1.8-5.0 
5 HO1 5 HR2 1.8-5.0 
5 HO1 5 HH1 1.8-5.0 
5 HO2 5 HR2 1.8-5.0 
5 HO2 5 HH1 1.8-5.0 
5 HO2 5 HQ2 1.8-5.0 
5 HR2 5 HR1 1.8-5.0 
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Table S13. NOE summary of 5a in DMSO-d6. 

 

F1 F2  
Res. 
No. 

Atom 
name 

Res. 
No. 

Atom 
name 

Distance 
(Å) 

3 HB2 5 HH1 1.8-2.7 
5 HA1 5 HA2 1.8-2.7 
5 HC2 5 HD2 1.8-2.7 
5 HH1 1 HN 1.8-2.7 
5 HJ2 1 HN 1.8-2.7 
5 HQ2 5 HR2 1.8-2.7 
5 HS 5 HR2 1.8-2.7 
5 HS 5 HR1 1.8-2.7 
1 HA 1 HN 1.8-3.5 
1 HA 2 HN 1.8-3.5 
1 HB1 1 HN 1.8-3.5 
1 HB2 1 HN 1.8-3.5 
1 HD1 1 HA 1.8-3.5 
1 HD2 1 HA 1.8-3.5 
1 HG 1 HN 1.8-3.5 
2 HB# 2 HA 1.8-3.5 
2 HD1 2 HA 1.8-3.5 
3 HB2 3 HN 1.8-3.5 
3 HD1 3 HA 1.8-3.5 
4 HA 5 HN 1.8-3.5 
4 HB 4 HA 1.8-3.5 
4 HB 4 HN 1.8-3.5 
5 HC1 5 HH1 1.8-3.5 
5 HC1 5 HQ2 1.8-3.5 
5 HI2 5 HJ2 1.8-3.5 
1 HB1 1 HA 1.8-5.0 
1 HB2 1 HA 1.8-5.0 
1 HD1 1 HN 1.8-5.0 
1 HD2 2 HN 1.8-5.0 

F1 F2  
Res. 
No. 

Atom 
name 

Res. 
No. 

Atom 
name 

Distance 
(Å) 

2 HA 2 HN 1.8-5.0 
2 HA 3 HN 1.8-5.0 
2 HB# 3 HN 1.8-5.0 
2 HB# 2 HN 1.8-5.0 
2 HD1 2 HN 1.8-5.0 
2 HD2 2 HA 1.8-5.0 
2 HD2 2 HN 1.8-5.0 
2 HG 2 HA 1.8-5.0 
2 HG 2 HN 1.8-5.0 
2 HN 1 HN 1.8-5.0 
3 HA 3 HN 1.8-5.0 
3 HA 4 HN 1.8-5.0 
3 HB1 3 HN 1.8-5.0 
3 HB2 3 HA 1.8-5.0 
3 HD1 3 HN 1.8-5.0 
3 HD1 5 HQ2 1.8-5.0 
3 HD2 3 HA 1.8-5.0 
3 HD2 5 HH1 1.8-5.0 
3 HD2 3 HN 1.8-5.0 
3 HD2 5 HQ2 1.8-5.0 
3 HN 2 HN 1.8-5.0 
4 HA 4 HN 1.8-5.0 
4 HB 5 HC1 1.8-5.0 
4 HB 5 HN 1.8-5.0 
4 HB 1 HN 1.8-5.0 
4 HN 3 HN 1.8-5.0 
4 HN 5 HN 1.8-5.0 
5 HA1 5 HN 1.8-5.0 
5 HA1 5 HC2 1.8-5.0 
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F1 F2  
Res. 
No. 

Atom 
name 

Res. 
No. 

Atom 
name 

Distance 
(Å) 

5 HA1 5 HC1 1.8-5.0 
5 HA2 5 HN 1.8-5.0 
5 HA2 5 HC2 1.8-5.0 
5 HA2 5 HC1 1.8-5.0 
5 HC1 5 HN 1.8-5.0 
5 HC2 5 HN 1.8-5.0 
5 HE2 5 HQ2 1.8-5.0 
5 HH2 5 HQ2 1.8-5.0 
5 HO1 5 HQ2 1.8-5.0 
5 HO1 5 HE2 1.8-5.0 
5 HO1 5 HC1 1.8-5.0 
5 HO1 5 HO2 1.8-5.0 
5 HO2 5 HQ2 1.8-5.0 
5 HO2 5 HE2 1.8-5.0 
5 HO2 5 HC1 1.8-5.0 
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Table S14. NOE summary of 5b in DMSO-d6. 

 

F1 F2  
Res. 
No. 

Atom 
name 

Res. 
No. 

Atom 
name 

Distance  
(Å) 

1 HN 2 HN 1.8-2.7 
1 HN 5 HJ2 1.8-2.7 
2 HN 1 HA 1.8-2.7 
5 HA1 5 HA2 1.8-2.7 
5 HC1 5 HE1 1.8-2.7 
5 HC2 5 HD2 1.8-2.7 
5 HE1 5 HH1 1.8-2.7 
5 HI2 5 HJ2 1.8-2.7 
1 HB2 1 HN 1.8-3.5 
1 HB2 1 HA 1.8-3.5 
1 HD1 1 HA 1.8-3.5 
1 HG 1 HN 1.8-3.5 
2 HD2 2 HA 1.8-3.5 
2 HN 3 HN 1.8-3.5 
3 HA 4 HN 1.8-3.5 
3 HB2 3 HN 1.8-3.5 
3 HD1 3 HA 1.8-3.5 
4 HA 5 HN 1.8-3.5 
4 HB 4 HA 1.8-3.5 
1 HA 1 HN 1.8-5.0 
1 HB1 1 HN 1.8-5.0 
1 HB1 1 HA 1.8-5.0 
1 HD1 1 HN 1.8-5.0 
1 HD2 1 HN 1.8-5.0 
1 HD2 1 HA 1.8-5.0 
1 HD2 2 HN 1.8-5.0 
2 HA 3 HN 1.8-5.0 
2 HA 2 HN 1.8-5.0 
2 HB1 2 HN 1.8-5.0 

F1 F2  
Res. 
No. 

Atom 
name 

Res. 
No. 

Atom 
name 

Distance 
(Å) 

2 HB1 3 HN 1.8-5.0 
2 HB1 2 HA 1.8-5.0 
2 HB2 2 HN 1.8-5.0 
2 HB2 2 HA 1.8-5.0 
2 HG 2 HN 1.8-5.0 
2 HG 2 HA 1.8-5.0 
3 HA 3 HN 1.8-5.0 
3 HB1 4 HN 1.8-5.0 
3 HB1 3 HN 1.8-5.0 
3 HB1 3 HA 1.8-5.0 
3 HB2 4 HN 1.8-5.0 
3 HB2 3 HA 1.8-5.0 
3 HD1 3 HN 1.8-5.0 
3 HD1 5 HH1 1.8-5.0 
3 HD1 4 HN 1.8-5.0 
3 HD2 3 HN 1.8-5.0 
3 HD2 5 HH1 1.8-5.0 
3 HD2 3 HA 1.8-5.0 
3 HD2 4 HN 1.8-5.0 
3 HG 3 HN 1.8-5.0 
3 HN 4 HN 1.8-5.0 
4 HA 4 HN 1.8-5.0 
4 HB 4 HN 1.8-5.0 
4 HB 5 HN 1.8-5.0 
5 HA1 5 HN 1.8-5.0 
5 HA1 5 HC2 1.8-5.0 
5 HA1 5 HC1 1.8-5.0 
5 HA2 5 HN 1.8-5.0 
5 HA2 5 HC1 1.8-5.0 
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F1 F2  
Res. 
No. 

Atom 
name 

Res. 
No. 

Atom 
name 

Distance 
(Å) 

5 HA2 5 HC2 1.8-5.0 
5 HC1 5 HN 1.8-5.0 
5 HD2 5 HE2 1.8-5.0 
5 HE1 5 HE2 1.8-5.0 
5 HE1 5 HJ2 1.8-5.0 
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Table S15. 3JHNCH coupling values of 2a 

 
Res. 
No. 

Res. 
name 

J (Hz) fmin(°) fmax(°) 

1 Leu 14.6 -150 -90 
2 D-Leu 6.7 50 110 
3 Leu 14.2 -150 -90 
4 Leu 10 -150 -90 

 
 
 
Table S16. 3JHNCH coupling values of 2b 

 
Res. 
No. 

Res. 
name 

J (Hz) fmin(°) fmax(°) 

1 Leu 6.5 -108 -48 
2 D-Leu 7.5 55 115 
3 Leu 10.1 -150 -90 
4 Leu 7.5 -115 -55 

 
 
 
Table S17. 3JHNCH coupling values of 3a 

 
Res. 
No. 

Res. 
name 

J (Hz) fmin(°) fmax(°) 

1 Leu (broadening) 
2 D-Leu 5.8 42 102 
3 Leu 6.4 -107 -47 
4 Ala (broadening) 
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Table S18. 3JHNCH coupling values of 3b 

 
Res. 
No. 

Res. 
name 

J (Hz) fmin(°) fmax(°) 

1 Leu 5.9 -104 -44 
2 D-Leu 7.9 58 118 
3 Leu 9.7 -138 -78 
4 Ala 7 -51 -111 

 
 
 
Table S19. 3JHNCH coupling values of 4a 

 
Res. 
No. 

Res. 
name 

J (Hz) fmin(°) fmax(°) 

1 Leu 7.8 -117 -57 
2 Leu 12 -150 -90 
3 Leu (broadening) 
4 Ala 6.7 -110 -50 

 
 
 
Table S20. 3JHNCH coupling values of 5a 

 
Res. 
No. 

Res. 
name 

J (Hz) fmin(°) fmax(°) 

1 Leu 5 -96 -36 
2 D-Leu 7 51 111 
3 D-Leu 7.4 54 114 
4 Ala 7.9 -118 -58 

 
 
 
 
Table S21. 3JHNCH coupling values of 5b 
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Res. 
No. 

Res. 
name 

J (Hz) fmin(°) fmax(°) 

1 Leu 6.9 -111 -51 
2 D-Leu 9.0 69 129 
3 Leu 6.3 46 106 
4 Leu 8.6 -125 -65 
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Measurement of physiochemical properties 

Solubility assay: The solubility test was performed using 0.1 M phosphate buffer (pH 6.4). Solutions 

of the compounds were prepared by diluting 10 mM DMSO stock solution 2 μL:165 μL in test fluid 

and mixed at 37 °C for 4 h by rotation at 1000 rpm. The mixed solution was loaded into a 96-well 

MultiScreen Filter Plate (product number MSSLBPC10, PCF for use in aqueous solubility assay, 

polycarbonate membrane 0.4 μm; Millipore, Bedford, Massachusetts), and filtration was performed 

by centrifugation. The filtrates were analyzed by high-performance liquid chromatography (HPLC)-

UV (245 nm) or liquid chromatography tandem mass spectrometry (LC-MS/MS). The solubility was 

determined by comparing the peak area of the filtrate with that of a 100 μM standard solution. When 

the peak area of the filtrate was larger than that of the standard solution, the concentration was 

described as >100 μM. Two technical replicates were performed.  

LC-MS/MS (LC: Nexera X2 (LC-30AD), MS/MS: LCMS8060 (Shimadzu)) data were obtained 

under the following conditions: A (0.1% formic acid /acetonitrile), B (0.1% formic acid /water). LC-

MS/MS Column：CAPCELLPAK C18 MGIII 3 µm 2.0 mmID × 35 mm (Osaka Soda), 50°C, flow 

rate 1.0 mL/min. In some experiments, the LC-MS/MS analysis was conducted by QTRAP5500+ 

and LC30AD (Shimadzu). Data was obtained under the following conditions: A (0.1% formic acid 

/acetonitrile), B (0.1% formic acid /water). Column: InertSustain C18HP 3 µm 2.1 mmID × 100 mm 

(GL Sciences), Duration time is 4 min, flow rate 1.0 mL/min. 

 

PAMPA: In order to determine the passive membrane diffusion rates, PAMPA assay was performed 

with a Corning Gentest Pre-coated PAMPA Plate System. The acceptor plate was prepared by adding 

200 μL of 0.1 M phosphate buffer (pH 7.4) supplemented with 5% DMSO to each well, and then 300 

μL of a solution of 1 μM test compounds in 0.1 M phosphate buffer (pH 6.4) with 5% DMSO was 

added to the donor wells. The acceptor plate was then placed on top of the donor plate and incubated 

at 37 °C for 4 h without agitation. After the incubation, the plates were separated and the solutions 

from each well of both the acceptor plate and the donor plate were transferred to 96-well plates and 

mixed with acetonitrile. The final concentrations of compounds in the donor and acceptor wells, as 

well as the concentrations of the initial donor solutions, were analyzed using LC−MS/MS. The 

permeability of the compounds was calculated as described previously.5,6 Antipyrine (100 or 1 μM), 

metoprolol (500 or 1 μM), and sulfasalazine (500 or 1 μM) were used as reference compounds. The 

permeabilities of antipyrine, metoprolol, and sulfasalazine were 15.4 ± 2.7, 1.9 ± 0.5, and 0.055 ± 

0.0058 × 10 −6 cm/s, respectively. Two technical replicates were performed. 
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Human plasma stability assay: Loss of the parent compound over time was evaluated by 

LC−MS/MS. After 3 min of preincubation of human plasma (Sigma-Aldrich), 100 μM test compound 

was added to it (final concentration: 1 μM); the amount at time zero was used as a reference.  

The mixture was incubated at 37 °C for 60 min with rotation at 1000 rpm. An aliquot of 25 μL of the 

incubation mixture was added to 250 μL of chilled acetonitrile/internal standard (IS, 

methyltestosterone 1 μM). After centrifugation at 15000 × g for 10 min at 4 oC, the supernatants were 

analyzed by LC−MS/MS. Human plasma stability was calculated as the percent unchanged residual 

compound (%) from the peak area ratio of the 60-minute sample, taking the peak area ratio of the 0-

minute sample as 100%. Two technical replicates were performed.  

 

Photostability assay: Loss of the parent compound over time was evaluated by LC−MS/MS. 

Photostability was calculated as the remaining rate (%) after 0.5 h /1 h of static placement in a 

transparent Eppendorf tube under a fluorescent ceiling light. Two technical replicates were performed. 

 

 

 

 

REST simulation 

Replica exchange with solute tempering (REST) simulation was performed on Desmond (Maestro 

version 19-2). A custom solvent box was created for chloroform. The system initially contained 

solvents in cubic boxes with at least 10Å gap between the solute and the periodic boundaries.  

1a and 1b: 30 ns in CHCl3, eight replicas at different temperatures (T = 300 - 651.5 or 695.1 K) were 

used in the simulation, and the centroid structures of the largest cluster are shown. 
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1H and 13C{1H} NMR spectra 

9 (CDCl3, 24 °C) 
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Current Data Parameters
NAME     20220422 wang p57 carbon
EXPNO                 1
PROCNO                1

F2 - Acquisition Parameters
Date_          20220422
Time              13.30
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                 1664
DS                    4
SWH           23980.814 Hz
FIDRES         0.365918 Hz
AQ            1.3664256 sec
RG               1625.5
DW               20.850 usec
DE                 6.50 usec
TE                297.6 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1

======== CHANNEL f1 ========
NUC1                13C
P1                 8.50 usec
PL1               -4.00 dB
PL1W        70.66722107 W
SFO1        100.6228298 MHz

======== CHANNEL f2 ========
CPDPRG[2        waltz16
NUC2                 1H
PCPD2             80.00 usec
PL2               -5.40 dB
PL12              10.80 dB
PL13              13.00 dB
PL2W        23.42892075 W
PL12W        0.56202066 W
PL13W        0.33865094 W
SFO2        400.1316005 MHz

F2 - Processing parameters
SI                32768
SF          100.6127778 MHz
WDW                  EM
SSB      0
LB                 1.00 Hz
GB       0
PC                 1.40

Image File

20220422 wang p57 carbon

*
**

*

* = ethyl acetate
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Boc-BZN-OMe (CDCl3, 24 °C) 
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Current Data Parameters
NAME     20220518 wang p67 carbon
EXPNO                 1
PROCNO                1

F2 - Acquisition Parameters
Date_          20220518
Time              14.02
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                 1132
DS                    4
SWH           23980.814 Hz
FIDRES         0.365918 Hz
AQ            1.3664256 sec
RG               1149.4
DW               20.850 usec
DE                 6.50 usec
TE                297.7 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1

======== CHANNEL f1 ========
NUC1                13C
P1                 8.50 usec
PL1               -4.00 dB
PL1W        70.66722107 W
SFO1        100.6228298 MHz

======== CHANNEL f2 ========
CPDPRG[2        waltz16
NUC2                 1H
PCPD2             80.00 usec
PL2               -5.40 dB
PL12              10.80 dB
PL13              13.00 dB
PL2W        23.42892075 W
PL12W        0.56202066 W
PL13W        0.33865094 W
SFO2        400.1316005 MHz

F2 - Processing parameters
SI                32768
SF          100.6127566 MHz
WDW                  no
SSB      0
LB       0 Hz
GB       0
PC                 1.40

Image File

20220518 wang p67 carbon
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Boc-BZA-OMe (CDCl3, 24 °C) 
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8 (CDCl3, 24 °C) 
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2a (CDCl3, 24 °C)  
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2b (1H-NMR: DMSO-d6, 24 °C, 13C-NMR: CDCl3, 24 °C)  
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3a (DMSO-d6, 24 °C)  
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Current Data Parameters
NAME     20220822 wang p84 dmso
EXPNO                 1
PROCNO                1

F2 - Acquisition Parameters
Date_          20220822
Time              20.04
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG            zg30
TD                65536
SOLVENT            DMSO
NS                   16
DS                    2
SWH            8278.146 Hz
FIDRES         0.126314 Hz
AQ            3.9583745 sec
RG                 90.5
DW               60.400 usec
DE                 6.00 usec
TE                297.0 K
D1           1.00000000 sec
TD0                   1

======== CHANNEL f1 ========
NUC1                 1H
P1                13.00 usec
PL1               -5.40 dB
PL1W        23.42892075 W
SFO1        400.1324710 MHz

F2 - Processing parameters
SI                32768
SF          400.1300025 MHz
WDW                  no
SSB      0
LB       0 Hz
GB       0
PC                 1.00

Image File

20220822 wang p84 dmso
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Current Data Parameters
NAME     20220822 wang p84 dmso
EXPNO                14
PROCNO                1

F2 - Acquisition Parameters
Date_          20220823
Time               9.30
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG          zgpg30
TD                65536
SOLVENT            DMSO
NS                 8189
DS                    4
SWH           23980.814 Hz
FIDRES         0.365918 Hz
AQ            1.3664256 sec
RG               1625.5
DW               20.850 usec
DE                 6.50 usec
TE                298.2 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1

======== CHANNEL f1 ========
NUC1                13C
P1                 8.50 usec
PL1               -4.00 dB
PL1W        70.66722107 W
SFO1        100.6228298 MHz

======== CHANNEL f2 ========
CPDPRG[2        waltz16
NUC2                 1H
PCPD2             80.00 usec
PL2               -5.40 dB
PL12              10.80 dB
PL13              13.00 dB
PL2W        23.42892075 W
PL12W        0.56202066 W
PL13W        0.33865094 W
SFO2        400.1316005 MHz

F2 - Processing parameters
SI                32768
SF          100.6128193 MHz
WDW                  EM
SSB      0
LB                 1.00 Hz
GB       0
PC                 1.40

Image File

20220822 wang p84 dmso carbon
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3b (DMSO-d6, 24 °C) 
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Current Data Parameters
NAME     20220901 wang p85
EXPNO                 1
PROCNO                1

F2 - Acquisition Parameters
Date_          20220901
Time              20.47
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG            zg30
TD                65536
SOLVENT            DMSO
NS                   16
DS                    2
SWH            8278.146 Hz
FIDRES         0.126314 Hz
AQ            3.9583745 sec
RG                161.3
DW               60.400 usec
DE                 6.00 usec
TE                296.8 K
D1           1.00000000 sec
TD0                   1

======== CHANNEL f1 ========
NUC1                 1H
P1                13.00 usec
PL1               -5.40 dB
PL1W        23.42892075 W
SFO1        400.1324710 MHz

F2 - Processing parameters
SI                32768
SF          400.1300025 MHz
WDW                  no
SSB      0
LB       0 Hz
GB       0
PC                 1.00

Image File

20220901 wang p85
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Current Data Parameters
NAME     20220901 wang p85
EXPNO                14
PROCNO                1

F2 - Acquisition Parameters
Date_          20220902
Time              10.29
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG          zgpg30
TD                65536
SOLVENT            DMSO
NS                 8646
DS                    4
SWH           23980.814 Hz
FIDRES         0.365918 Hz
AQ            1.3664256 sec
RG               1149.4
DW               20.850 usec
DE                 6.50 usec
TE                297.9 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1

======== CHANNEL f1 ========
NUC1                13C
P1                 8.50 usec
PL1               -4.00 dB
PL1W        70.66722107 W
SFO1        100.6228298 MHz

======== CHANNEL f2 ========
CPDPRG[2        waltz16
NUC2                 1H
PCPD2             80.00 usec
PL2               -5.40 dB
PL12              10.80 dB
PL13              13.00 dB
PL2W        23.42892075 W
PL12W        0.56202066 W
PL13W        0.33865094 W
SFO2        400.1316005 MHz

F2 - Processing parameters
SI                32768
SF          100.6128193 MHz
WDW                  EM
SSB      0
LB                 1.00 Hz
GB       0
PC                 1.40

Image File

20220901 wang p85 dmso NOE
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4a (DMSO-d6, 24 °C) 
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Current Data Parameters
NAME     20221214 wang p134 dmso
EXPNO                 2
PROCNO                1

F2 - Acquisition Parameters
Date_          20221214
Time              17.16
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG            zg30
TD                65536
SOLVENT            DMSO
NS                   16
DS                    2
SWH            8278.146 Hz
FIDRES         0.126314 Hz
AQ            3.9583745 sec
RG                 71.8
DW               60.400 usec
DE                 6.00 usec
TE                296.4 K
D1           1.00000000 sec
TD0                   1

======== CHANNEL f1 ========
NUC1                 1H
P1                13.00 usec
PL1               -5.40 dB
PL1W        23.42892075 W
SFO1        400.1324710 MHz

F2 - Processing parameters
SI                32768
SF          400.1300025 MHz
WDW                  no
SSB      0
LB       0 Hz
GB       0
PC                 1.00

Image File

20221214 wang p134 dmso
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Current Data Parameters
NAME     20221215 wang p134 dmso
EXPNO                15
PROCNO                1

F2 - Acquisition Parameters
Date_          20221216
Time               8.48
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG          zgpg30
TD                65536
SOLVENT            DMSO
NS                 7106
DS                    4
SWH           23980.814 Hz
FIDRES         0.365918 Hz
AQ            1.3664256 sec
RG               1290.2
DW               20.850 usec
DE                 6.50 usec
TE                297.5 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1

======== CHANNEL f1 ========
NUC1                13C
P1                 8.50 usec
PL1               -4.00 dB
PL1W        70.66722107 W
SFO1        100.6228298 MHz

======== CHANNEL f2 ========
CPDPRG[2        waltz16
NUC2                 1H
PCPD2             80.00 usec
PL2               -5.40 dB
PL12              10.80 dB
PL13              13.00 dB
PL2W        23.42892075 W
PL12W        0.56202066 W
PL13W        0.33865094 W
SFO2        400.1316005 MHz

F2 - Processing parameters
SI                32768
SF          100.6128193 MHz
WDW                  EM
SSB      0
LB                 1.00 Hz
GB       0
PC                 1.40

Image File

20221215 wang p134 dmso carbon
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4b (DMSO-d6, 24 °C) 
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Current Data Parameters
NAME     20230110 wang p135 dmso
EXPNO                 1
PROCNO                1

F2 - Acquisition Parameters
Date_          20230110
Time              16.25
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG            zg30
TD                65536
SOLVENT            DMSO
NS                   16
DS                    2
SWH            8278.146 Hz
FIDRES         0.126314 Hz
AQ            3.9583745 sec
RG                  128
DW               60.400 usec
DE                 6.00 usec
TE                296.4 K
D1           1.00000000 sec
TD0                   1

======== CHANNEL f1 ========
NUC1                 1H
P1                13.00 usec
PL1               -5.40 dB
PL1W        23.42892075 W
SFO1        400.1324710 MHz

F2 - Processing parameters
SI                32768
SF          400.1300027 MHz
WDW                  no
SSB      0
LB       0 Hz
GB       0
PC                 1.00

Image File

20230110 wang p135 dmso
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Current Data Parameters
NAME     20230119 wang p135 carbon
EXPNO                 1
PROCNO                1

F2 - Acquisition Parameters
Date_          20230120
Time               9.33
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG          zgpg30
TD                65536
SOLVENT            DMSO
NS                13356
DS                    4
SWH           23980.814 Hz
FIDRES         0.365918 Hz
AQ            1.3664256 sec
RG               1290.2
DW               20.850 usec
DE                 6.50 usec
TE                297.4 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1

======== CHANNEL f1 ========
NUC1                13C
P1                 8.50 usec
PL1               -4.00 dB
PL1W        70.66722107 W
SFO1        100.6228298 MHz

======== CHANNEL f2 ========
CPDPRG[2        waltz16
NUC2                 1H
PCPD2             80.00 usec
PL2               -5.40 dB
PL12              10.80 dB
PL13              13.00 dB
PL2W        23.42892075 W
PL12W        0.56202066 W
PL13W        0.33865094 W
SFO2        400.1316005 MHz

F2 - Processing parameters
SI                32768
SF          100.6128163 MHz
WDW                  no
SSB      0
LB       0 Hz
GB       0
PC                 1.40

Image File

20230119 wang p135 carbon
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5a (DMSO-d6, 24 °C) 
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Current Data Parameters
NAME     20221207 wang p125 dmso
EXPNO                 1
PROCNO                1

F2 - Acquisition Parameters
Date_          20221207
Time              17.33
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG            zg30
TD                65536
SOLVENT            DMSO
NS                   16
DS                    2
SWH            8278.146 Hz
FIDRES         0.126314 Hz
AQ            3.9583745 sec
RG                 71.8
DW               60.400 usec
DE                 6.00 usec
TE                296.5 K
D1           1.00000000 sec
TD0                   1

======== CHANNEL f1 ========
NUC1                 1H
P1                13.00 usec
PL1               -5.40 dB
PL1W        23.42892075 W
SFO1        400.1324710 MHz

F2 - Processing parameters
SI                32768
SF          400.1300025 MHz
WDW                  no
SSB      0
LB       0 Hz
GB       0
PC                 1.00

Image File

20221207 wang p125 dmso
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Current Data Parameters
NAME     20221207 wang p125 dmso
EXPNO                15
PROCNO                1

F2 - Acquisition Parameters
Date_          20221208
Time               8.54
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG          zgpg30
TD                65536
SOLVENT            DMSO
NS                 6526
DS                    4
SWH           23980.814 Hz
FIDRES         0.365918 Hz
AQ            1.3664256 sec
RG               5792.6
DW               20.850 usec
DE                 6.50 usec
TE                297.3 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1

======== CHANNEL f1 ========
NUC1                13C
P1                 8.50 usec
PL1               -4.00 dB
PL1W        70.66722107 W
SFO1        100.6228298 MHz

======== CHANNEL f2 ========
CPDPRG[2        waltz16
NUC2                 1H
PCPD2             80.00 usec
PL2               -5.40 dB
PL12              10.80 dB
PL13              13.00 dB
PL2W        23.42892075 W
PL12W        0.56202066 W
PL13W        0.33865094 W
SFO2        400.1316005 MHz

F2 - Processing parameters
SI                32768
SF          100.6128146 MHz
WDW                  EM
SSB      0
LB                 1.00 Hz
GB       0
PC                 1.40

Image File

20221207 wang p125 dmso noe
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5b (DMSO-d6, 24 °C) 

 

 

 

11 10 9 8 7 6 5 4 3 2 1 ppm

0
.
7
4

0
.
7
5

0
.
8
2

0
.
8
3

0
.
8
5

0
.
8
6

0
.
8
7

0
.
8
7

0
.
8
8

0
.
8
9

0
.
9
1

0
.
9
3

0
.
9
5

0
.
9
6

1
.
2
1

1
.
2
3

1
.
2
8

1
.
5
4

1
.
5
5

1
.
5
5

1
.
5
7

1
.
5
8

1
.
6
0

1
.
6
2

1
.
6
3

1
.
6
4

1
.
6
5

1
.
6
6

1
.
6
7

1
.
6
8

1
.
6
9

3
.
8
7

4
.
2
4

4
.
2
6

4
.
4
0

4
.
4
2

4
.
4
3

4
.
4
5

6
.
9
7

6
.
9
8

7
.
2
7

7
.
2
9

7
.
3
1

7
.
5
9

7
.
6
1

7
.
6
3

7
.
7
5

7
.
7
6

7
.
9
8

7
.
9
8

8
.
0
0

8
.
0
0

8
.
1
4

8
.
3
6

8
.
3
9

8
.
8
3

8
.
8
5

1
0
.
2
7

3.
44

11
.4

6
7.

44
4.

28
13

.8
7

1.
03

0.
40

1.
46

3.
24

0.
93

1.
15

0.
98

1.
21

1.
28

0.
74

1.
04

2.
17

1.
87

1.
20

2.
16

1.
03

1.
00

Current Data Parameters
NAME     20230110 wang p126 dmso
EXPNO                 1
PROCNO                1

F2 - Acquisition Parameters
Date_          20230110
Time              16.17
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG            zg30
TD                65536
SOLVENT            DMSO
NS                   16
DS                    2
SWH            8278.146 Hz
FIDRES         0.126314 Hz
AQ            3.9583745 sec
RG                161.3
DW               60.400 usec
DE                 6.00 usec
TE                296.5 K
D1           1.00000000 sec
TD0                   1

======== CHANNEL f1 ========
NUC1                 1H
P1                13.00 usec
PL1               -5.40 dB
PL1W        23.42892075 W
SFO1        400.1324710 MHz

F2 - Processing parameters
SI                32768
SF          400.1300027 MHz
WDW                  no
SSB      0
LB       0 Hz
GB       0
PC                 1.00

Image File

20230110 wang p126 dmso
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Current Data Parameters
NAME     20230112 wang p126 2d
EXPNO                14
PROCNO                1

F2 - Acquisition Parameters
Date_          20230113
Time              10.08
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG          zgpg30
TD                65536
SOLVENT            DMSO
NS                 8551
DS                    4
SWH           23980.814 Hz
FIDRES         0.365918 Hz
AQ            1.3664256 sec
RG               1625.5
DW               20.850 usec
DE                 6.50 usec
TE                297.4 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1

======== CHANNEL f1 ========
NUC1                13C
P1                 8.50 usec
PL1               -4.00 dB
PL1W        70.66722107 W
SFO1        100.6228298 MHz

======== CHANNEL f2 ========
CPDPRG[2        waltz16
NUC2                 1H
PCPD2             80.00 usec
PL2               -5.40 dB
PL12              10.80 dB
PL13              13.00 dB
PL2W        23.42892075 W
PL12W        0.56202066 W
PL13W        0.33865094 W
SFO2        400.1316005 MHz

F2 - Processing parameters
SI                32768
SF          100.6128193 MHz
WDW                  EM
SSB      0
LB                 1.00 Hz
GB       0
PC                 1.40

Image File

20230112 wang p126 dmso noe
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6a (DMSO-d6, 24 °C) 
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Current Data Parameters
NAME     20220928 wang p99
EXPNO                20
PROCNO                1

F2 - Acquisition Parameters
Date_          20220928
Time              20.54
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG            zg30
TD                65536
SOLVENT            DMSO
NS                   16
DS                    2
SWH            8278.146 Hz
FIDRES         0.126314 Hz
AQ            3.9583745 sec
RG                  128
DW               60.400 usec
DE                 6.50 usec
TE                297.1 K
D1           1.00000000 sec
TD0                   1

======== CHANNEL f1 ========
NUC1                 1H
P1                13.00 usec
PL1               -5.40 dB
PL1W        23.42892075 W
SFO1        400.1324710 MHz

F2 - Processing parameters
SI                32768
SF          400.1300000 MHz
WDW                  EM
SSB      0
LB                 0.30 Hz
GB       0
PC                 1.00

Image File

20220928 wang p99
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Current Data Parameters
NAME     20220928 wang p99
EXPNO                14
PROCNO                1

F2 - Acquisition Parameters
Date_          20220929
Time               9.28
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG          zgpg30
TD                65536
SOLVENT            DMSO
NS                 7740
DS                    4
SWH           23980.814 Hz
FIDRES         0.365918 Hz
AQ            1.3664256 sec
RG               1149.4
DW               20.850 usec
DE                 6.50 usec
TE                298.1 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1

======== CHANNEL f1 ========
NUC1                13C
P1                 8.50 usec
PL1               -4.00 dB
PL1W        70.66722107 W
SFO1        100.6228298 MHz

======== CHANNEL f2 ========
CPDPRG[2        waltz16
NUC2                 1H
PCPD2             80.00 usec
PL2               -5.40 dB
PL12              10.80 dB
PL13              13.00 dB
PL2W        23.42892075 W
PL12W        0.56202066 W
PL13W        0.33865094 W
SFO2        400.1316005 MHz

F2 - Processing parameters
SI                32768
SF          100.6128193 MHz
WDW                  EM
SSB      0
LB                 1.00 Hz
GB       0
PC                 1.40

Image File

20220928 wang p99 carbon
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6b (DMSO-d6, 24 °C) 
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Current Data Parameters
NAME     20221121 wang p100 dmso
EXPNO                 2
PROCNO                1

F2 - Acquisition Parameters
Date_          20221121
Time              13.34
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG            zg30
TD                65536
SOLVENT            DMSO
NS                   16
DS                    2
SWH            8278.146 Hz
FIDRES         0.126314 Hz
AQ            3.9583745 sec
RG                322.5
DW               60.400 usec
DE                 6.00 usec
TE                297.2 K
D1           1.00000000 sec
TD0                   1

======== CHANNEL f1 ========
NUC1                 1H
P1                13.00 usec
PL1               -5.40 dB
PL1W        23.42892075 W
SFO1        400.1324710 MHz

F2 - Processing parameters
SI                32768
SF          400.1300025 MHz
WDW                  no
SSB      0
LB       0 Hz
GB       0
PC                 1.00

Image File

20221121 wang p100 dmso
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Current Data Parameters
NAME     20221121 wang p100 2D
EXPNO                16
PROCNO                1

F2 - Acquisition Parameters
Date_          20221122
Time               8.31
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG          zgpg30
TD                65536
SOLVENT            DMSO
NS                 5471
DS                    4
SWH           23980.814 Hz
FIDRES         0.365918 Hz
AQ            1.3664256 sec
RG               1290.2
DW               20.850 usec
DE                 6.50 usec
TE                297.2 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1

======== CHANNEL f1 ========
NUC1                13C
P1                 8.50 usec
PL1               -4.00 dB
PL1W        70.66722107 W
SFO1        100.6228298 MHz

======== CHANNEL f2 ========
CPDPRG[2        waltz16
NUC2                 1H
PCPD2             80.00 usec
PL2               -5.40 dB
PL12              10.80 dB
PL13              13.00 dB
PL2W        23.42892075 W
PL12W        0.56202066 W
PL13W        0.33865094 W
SFO2        400.1316005 MHz

F2 - Processing parameters
SI                32768
SF          100.6128193 MHz
WDW                  EM
SSB      0
LB                 1.00 Hz
GB       0
PC                 1.40

Image File

20221121 wang p100 carbon
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7a (MeOD, 24°C) 
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Current Data Parameters
NAME     20220531 wang p75 meod
EXPNO                 1
PROCNO                1

F2 - Acquisition Parameters
Date_          20220531
Time              21.11
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG            zg30
TD                65536
SOLVENT            MeOD
NS                   16
DS                    2
SWH            8278.146 Hz
FIDRES         0.126314 Hz
AQ            3.9583745 sec
RG                  114
DW               60.400 usec
DE                 6.00 usec
TE                296.5 K
D1           1.00000000 sec
TD0                   1

======== CHANNEL f1 ========
NUC1                 1H
P1                13.00 usec
PL1               -5.40 dB
PL1W        23.42892075 W
SFO1        400.1324710 MHz

F2 - Processing parameters
SI                32768
SF          400.1300072 MHz
WDW                  no
SSB      0
LB       0 Hz
GB       0
PC                 1.00

Image File

20220531 wang p75 meod
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Current Data Parameters
NAME     20220531 wang p75 meod
EXPNO                15
PROCNO                1

F2 - Acquisition Parameters
Date_          20220601
Time               9.20
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG          zgpg30
TD                65536
SOLVENT            MeOD
NS                 7344
DS                    4
SWH           23980.814 Hz
FIDRES         0.365918 Hz
AQ            1.3664256 sec
RG               1290.2
DW               20.850 usec
DE                 6.50 usec
TE                297.0 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1

======== CHANNEL f1 ========
NUC1                13C
P1                 8.50 usec
PL1               -4.00 dB
PL1W        70.66722107 W
SFO1        100.6228298 MHz

======== CHANNEL f2 ========
CPDPRG[2        waltz16
NUC2                 1H
PCPD2             80.00 usec
PL2               -5.40 dB
PL12              10.80 dB
PL13              13.00 dB
PL2W        23.42892075 W
PL12W        0.56202066 W
PL13W        0.33865094 W
SFO2        400.1316005 MHz

F2 - Processing parameters
SI                32768
SF          100.6126272 MHz
WDW                  EM
SSB      0
LB                 1.00 Hz
GB       0
PC                 1.40

Image File

20220531 wang p75 meod carbon
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7b (DMSO-d6, 24 °C) 
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Current Data Parameters
NAME     20220629 wang p76 dmso
EXPNO                 1
PROCNO                1

F2 - Acquisition Parameters
Date_          20220629
Time              17.24
INSTRUM           spect
PROBHD   5 mm PABBO BB-
PULPROG            zg30
TD                65536
SOLVENT            DMSO
NS                   16
DS                    2
SWH            8278.146 Hz
FIDRES         0.126314 Hz
AQ            3.9583745 sec
RG                  181
DW               60.400 usec
DE                 6.00 usec
TE                297.1 K
D1           1.00000000 sec
TD0                   1

======== CHANNEL f1 ========
NUC1                 1H
P1                13.00 usec
PL1               -5.40 dB
PL1W        23.42892075 W
SFO1        400.1324710 MHz

F2 - Processing parameters
SI                32768
SF          400.1300029 MHz
WDW                  no
SSB      0
LB       0 Hz
GB       0
PC                 1.00

Image File

20220629 wang p76 dmso
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HPLC charts 
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㺡㺼㺎㺞処⌮⏝分ᯒ㺪㺅㺐㺷: 20220825-70-30-wash

㺚㺛㺡㺯(㺡㺼㺎㺞収㞟): Sys 1
㺏㺪㺽㺶㺗㺎㺚㺌㺻(㺡㺼㺎㺞): otani
㺙㺻㺪㺽㺷名: p84-cALDLLBA3
ὀ入回数: 1 of 1

㺚㺶㺎㺛㺼: 0014
㺨㺼㺐㺏㺷: 1
㺨㺼㺐㺏㺷㺞㺐㺪㺽: UNK
ὀ入㔞: 20.0 ul

㺙㺻㺪㺽㺷㺘㺰㺻㺢:  

㺖㺹㺭㺢㺞㺐㺪㺽: Chromaster 㺟㺊㺻㺦㺷 : 1
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㺡㺼㺎㺞処⌮⏝分ᯒ㺪㺅㺐㺷: 20220825-70-30-wash
㺰㺝㺍㺢㺼作成⪅:  
㺬㺽㺻㺪㺽1(㺰㺐㺻): 5110

㺬㺽㺻㺪㺽1 ⁐㞳ᾮA: H2O 㺬㺽㺻㺪㺽1 ⁐㞳ᾮB: CH3CN
㺬㺽㺻㺪㺽1 ⁐㞳ᾮC:  㺬㺽㺻㺪㺽1 ⁐㞳ᾮD:  

分ᯒ㺪㺅㺐㺷㺘㺰㺻㺢:  

㺖㺹㺭㺢㺞㺐㺪㺽: Chromaster 㺟㺊㺻㺦㺷 : 1
㺩㺽㺎㺖定㔞: 㠃✚
定㔞ィ⟬方ἲ: 㠃✚%

NO RT 㠃✚ ⃰度1 BC

1 4.960 1207      0.042 BB
2 6.450 392      0.014 BB
3 6.820 2069      0.072 BB
4 8.407 1107      0.039 BB
5 8.963 42720      1.491 BB
6 9.903 784      0.027 BB
7 11.137 36327      1.268 BB
8 12.083 2713608     94.712 BB
9 14.197 772      0.027 BB
10 15.340 2476      0.086 BB
11 17.550 445      0.016 BB
12 18.397 930      0.032 BB
13 19.177 1391      0.049 BB
14 19.777 60891      2.125 BB

2865119    100.000

㺸㺬㺽㺎㺢㺩㺽㺎㺖の判定㺸㺫㺼㺷: 0
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Chromaster: otani 㺚㺶㺎㺛㺼: 0019 㺸㺬㺽㺎㺢名: p85 㺚㺛㺡㺯: Sys 1

㺫㺽㺎㺚㺼␒号:  1 / 3

Chromaster 㺚㺛㺡㺯 㺭㺦㺎㺚㺼㺊 㺸㺬㺽㺎㺢

分ᯒ日時: 2022/08/26 15:01 作成日時: 2022/09/09 09:57
処⌮日時: 2022/08/26 15:28

㺡㺼㺎㺞㺨㺽㺛名: C:\WIN32APP\CHROMASTER\otani\DATA\0019\
㺡㺼㺎㺞処⌮⏝分ᯒ㺪㺅㺐㺷: 20220825-70-30-wash

㺚㺛㺡㺯(㺡㺼㺎㺞収㞟): Sys 1
㺏㺪㺽㺶㺗㺎㺚㺌㺻(㺡㺼㺎㺞): otani
㺙㺻㺪㺽㺷名: p85
ὀ入回数: 1 of 1

㺚㺶㺎㺛㺼: 0019
㺨㺼㺐㺏㺷: 1
㺨㺼㺐㺏㺷㺞㺐㺪㺽: UNK
ὀ入㔞: 20.0 ul

㺙㺻㺪㺽㺷㺘㺰㺻㺢:  

㺖㺹㺭㺢㺞㺐㺪㺽: Chromaster 㺟㺊㺻㺦㺷 : 1
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㺡㺼㺎㺞処⌮⏝分ᯒ㺪㺅㺐㺷: 20220825-70-30-wash
㺰㺝㺍㺢㺼作成⪅:  
㺬㺽㺻㺪㺽1(㺰㺐㺻): 5110

㺬㺽㺻㺪㺽1 ⁐㞳ᾮA: H2O 㺬㺽㺻㺪㺽1 ⁐㞳ᾮB: CH3CN
㺬㺽㺻㺪㺽1 ⁐㞳ᾮC:  㺬㺽㺻㺪㺽1 ⁐㞳ᾮD:  

分ᯒ㺪㺅㺐㺷㺘㺰㺻㺢:  

㺖㺹㺭㺢㺞㺐㺪㺽: Chromaster 㺟㺊㺻㺦㺷 : 1
㺩㺽㺎㺖定㔞: 㠃✚
定㔞ィ⟬方ἲ: 㠃✚%

NO RT 㠃✚ ⃰度1 BC

1 4.370 10492      0.428 BB
2 5.017 169      0.007 BB
3 6.950 6134      0.250 BB
4 8.653 2989      0.122 BV
5 8.987 2277764     92.836 VV
6 9.950 48222      1.965 TBB
7 12.000 8559      0.349 BB
8 13.990 77836      3.172 BB
9 14.740 297      0.012 BB
10 20.720 21072      0.859 BB

2453534    100.000

㺸㺬㺽㺎㺢㺩㺽㺎㺖の判定㺸㺫㺼㺷: 0
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Chromaster: Otani 㺚㺶㺎㺛㺼: 0028 㺸㺬㺽㺎㺢名: modified 㺚㺛㺡㺯: Sys 1

㺫㺽㺎㺚㺼␒号:  1 / 3

Chromaster 㺚㺛㺡㺯 㺭㺦㺎㺚㺼㺊 㺸㺬㺽㺎㺢

分ᯒ日᫬: 2023/01/17 15:07 作成日᫬: 2023/01/17 15:52
処⌮日᫬: 2023/01/17 15:51

㺡㺼㺎㺞㺨㺽㺛名: C:\WIN32APP\CHROMASTER\Otani\DATA\0028\
㺡㺼㺎㺞処⌮⏝分ᯒ㺪㺅㺐㺷: MeCN50-25min-254nm-230116

㺚㺛㺡㺯(㺡㺼㺎㺞収㞟): Sys 1
㺏㺪㺽㺶㺗㺎㺚㺌㺻(㺡㺼㺎㺞): Otani
㺙㺻㺪㺽㺷名: p134-wang
ὀ入回数: 1 of 1

㺚㺶㺎㺛㺼: 0028
㺨㺼㺐㺏㺷: 1
㺨㺼㺐㺏㺷㺞㺐㺪㺽: UNK
ὀ入㔞: 10.0 ul

㺙㺻㺪㺽㺷㺘㺰㺻㺢:  

㺖㺹㺭㺢㺞㺐㺪㺽: Chromaster 㺟㺊㺻㺦㺷 : 1
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㺡㺼㺎㺞処⌮⏝分ᯒ㺪㺅㺐㺷: MeCN50-25min-254nm-230116
㺰㺝㺍㺢㺼作成⪅:  
㺬㺽㺻㺪㺽1(㺰㺐㺻): 5110

㺬㺽㺻㺪㺽1 ⁐㞳ᾮA: CH3CN 㺬㺽㺻㺪㺽1 ⁐㞳ᾮB: H2O
㺬㺽㺻㺪㺽1 ⁐㞳ᾮC:  㺬㺽㺻㺪㺽1 ⁐㞳ᾮD:  

分ᯒ㺪㺅㺐㺷㺘㺰㺻㺢:  

㺖㺹㺭㺢㺞㺐㺪㺽: Chromaster 㺟㺊㺻㺦㺷 : 1
㺩㺽㺎㺖定㔞: 㠃✚
定㔞ィ⟬方ἲ: 㠃✚%

NO RT 㠃✚ ⃰度1 BC

1 2.290 12237      0.377 BB
2 2.810 2418      0.075 BB
3 3.460 1729      0.053 BB
4 4.123 1561      0.048 BB
5 4.767 270      0.008 BB
6 5.023 284      0.009 BB
7 5.890 1669      0.051 BB
8 6.670 64190      1.979 BB
9 7.917 11326      0.349 BB
10 8.457 92748      2.859 BB
11 9.833 2762      0.085 BB
12 10.920 538      0.017 BB
13 15.900 2902103     89.456 BB
14 18.757 77885      2.401 BB
15 19.947 52251      1.611 BB
16 21.620 20201      0.623 BB

3244172    100.000

㺸㺬㺽㺎㺢㺩㺽㺎㺖の判定㺸㺫㺼㺷: 0

Chromaster: Otani 㺚㺶㺎㺛㺼: 0024 㺸㺬㺽㺎㺢名: modified 㺚㺛㺡㺯: Sys 1

㺫㺽㺎㺚㺼␒号:  1 / 3

Chromaster 㺚㺛㺡㺯 㺭㺦㺎㺚㺼㺊 㺸㺬㺽㺎㺢

分ᯒ日᫬: 2023/01/16 15:57 作成日᫬: 2023/01/16 16:29
処⌮日᫬: 2023/01/16 16:28

㺡㺼㺎㺞㺨㺽㺛名: C:\WIN32APP\CHROMASTER\Otani\DATA\0024\
㺡㺼㺎㺞処⌮⏝分ᯒ㺪㺅㺐㺷: MeCN50-25min-254nm-230116

㺚㺛㺡㺯(㺡㺼㺎㺞収㞟): Sys 1
㺏㺪㺽㺶㺗㺎㺚㺌㺻(㺡㺼㺎㺞): Otani
㺙㺻㺪㺽㺷名: p125-wang
ὀ入回数: 1 of 1

㺚㺶㺎㺛㺼: 0024
㺨㺼㺐㺏㺷: 1
㺨㺼㺐㺏㺷㺞㺐㺪㺽: UNK
ὀ入㔞: 10.0 ul

㺙㺻㺪㺽㺷㺘㺰㺻㺢:  

㺖㺹㺭㺢㺞㺐㺪㺽: Chromaster 㺟㺊㺻㺦㺷 : 1
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㺡㺼㺎㺞処⌮⏝分ᯒ㺪㺅㺐㺷: MeCN50-25min-254nm-230116
㺰㺝㺍㺢㺼作成⪅:  
㺬㺽㺻㺪㺽1(㺰㺐㺻): 5110

㺬㺽㺻㺪㺽1 ⁐㞳ᾮA: CH3CN 㺬㺽㺻㺪㺽1 ⁐㞳ᾮB: H2O
㺬㺽㺻㺪㺽1 ⁐㞳ᾮC:  㺬㺽㺻㺪㺽1 ⁐㞳ᾮD:  

分ᯒ㺪㺅㺐㺷㺘㺰㺻㺢:  

㺖㺹㺭㺢㺞㺐㺪㺽: Chromaster 㺟㺊㺻㺦㺷 : 1
㺩㺽㺎㺖定㔞: 㠃✚
定㔞ィ⟬方ἲ: 㠃✚%

NO RT 㠃✚ ⃰度1 BC

1 0.693 1811      0.083 BB
2 2.480 837      0.038 BB
3 2.717 1981      0.091 BB
4 4.067 366      0.017 BB
5 5.270 1820      0.083 BB
6 6.567 14602      0.668 BB
7 7.760 4905      0.224 BB
8 8.447 3933      0.180 BB
9 9.503 2402      0.110 BB
10 10.107 69724      3.187 BB
11 10.890 650      0.030 BB
12 14.977 10548      0.482 BB
13 17.880 97067      4.437 BB
14 18.987 26156      1.196 BV
15 19.953 1950809     89.175 VB

2187611    100.000

㺸㺬㺽㺎㺢㺩㺽㺎㺖の判定㺸㺫㺼㺷: 0
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Chromaster: Otani 㺚㺶㺎㺛㺼: 0027 㺸㺬㺽㺎㺢名: modified 㺚㺛㺡㺯: Sys 1

㺫㺽㺎㺚㺼␒号:  1 / 3

Chromaster 㺚㺛㺡㺯 㺭㺦㺎㺚㺼㺊 㺸㺬㺽㺎㺢

分ᯒ日᫬: 2023/01/16 18:03 作成日᫬: 2023/01/16 18:24
処⌮日᫬: 2023/01/16 18:24

㺡㺼㺎㺞㺨㺽㺛名: C:\WIN32APP\CHROMASTER\Otani\DATA\0027\
㺡㺼㺎㺞処⌮⏝分ᯒ㺪㺅㺐㺷: MeCN50-25min-254nm-230116

㺚㺛㺡㺯(㺡㺼㺎㺞収㞟): Sys 1
㺏㺪㺽㺶㺗㺎㺚㺌㺻(㺡㺼㺎㺞): Otani
㺙㺻㺪㺽㺷名: p126-NH-wang
ὀ入回数: 1 of 1

㺚㺶㺎㺛㺼: 0027
㺨㺼㺐㺏㺷: 1
㺨㺼㺐㺏㺷㺞㺐㺪㺽: UNK
ὀ入㔞: 10.0 ul

㺙㺻㺪㺽㺷㺘㺰㺻㺢:  

㺖㺹㺭㺢㺞㺐㺪㺽: Chromaster 㺟㺊㺻㺦㺷 : 1
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㺡㺼㺎㺞処⌮⏝分ᯒ㺪㺅㺐㺷: MeCN50-25min-254nm-230116
㺰㺝㺍㺢㺼作成⪅:  
㺬㺽㺻㺪㺽1(㺰㺐㺻): 5110

㺬㺽㺻㺪㺽1 ⁐㞳ᾮA: CH3CN 㺬㺽㺻㺪㺽1 ⁐㞳ᾮB: H2O
㺬㺽㺻㺪㺽1 ⁐㞳ᾮC:  㺬㺽㺻㺪㺽1 ⁐㞳ᾮD:  

分ᯒ㺪㺅㺐㺷㺘㺰㺻㺢:  

㺖㺹㺭㺢㺞㺐㺪㺽: Chromaster 㺟㺊㺻㺦㺷 : 1
㺩㺽㺎㺖定㔞: 㠃✚
定㔞ィ⟬方ἲ: 㠃✚%

NO RT 㠃✚ ⃰度1 BC

1 2.537 4540      0.169 BB
2 2.927 299      0.011 BB
3 3.407 7882      0.293 BB
4 3.733 1148      0.043 BB
5 4.710 955      0.036 BB
6 5.687 381      0.014 BB
7 6.327 1211      0.045 BB
8 6.967 2573      0.096 BB
9 7.653 116457      4.327 BB
10 8.467 8920      0.331 BB
11 9.347 54209      2.014 BV
12 9.927 2490260     92.533 VB
13 11.980 352      0.013 BB
14 12.980 254      0.009 BB
15 14.460 261      0.010 BB
16 16.123 1060      0.039 BB
17 18.350 458      0.017 BB

2691220    100.000

㺸㺬㺽㺎㺢㺩㺽㺎㺖の判定㺸㺫㺼㺷: 0

Chromaster: Otani 㺚㺶㺎㺛㺼: 0017 㺸㺬㺽㺎㺢ྡ: original 㺚㺛㺡㺯: Sys 1

㺫㺽㺎㺚㺼␒号:  1 / 2

Chromaster 㺚㺛㺡㺯 㺭㺦㺎㺚㺼㺊 㺸㺬㺽㺎㺢

分ᯒ᪥᫬: 2022/10/12 12:41 作ᡂ᪥᫬: 2022/10/12 12:58
処⌮᪥᫬: 2022/10/12 12:56

㺡㺼㺎㺞㺨㺽㺛ྡ: C:\WIN32APP\CHROMASTER\Otani\DATA\0017\
㺡㺼㺎㺞処⌮⏝分ᯒ㺪㺅㺐㺷: MeCN50-15min-250nm-221007

㺚㺛㺡㺯(㺡㺼㺎㺞収㞟): Sys 1
㺏㺪㺽㺶㺗㺎㺚㺌㺻(㺡㺼㺎㺞): Otani
㺙㺻㺪㺽㺷ྡ: p99-2-wang
ὀ入ᅇᩘ: 1 of 1

㺚㺶㺎㺛㺼: 0017
㺨㺼㺐㺏㺷: 1
㺨㺼㺐㺏㺷㺞㺐㺪㺽: UNK
ὀ入㔞: 10.0 ul

㺙㺻㺪㺽㺷㺘㺰㺻㺢:  

㺖㺹㺭㺢㺞㺐㺪㺽: Chromaster 㺟㺊㺻㺦㺷 : 1
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㺡㺼㺎㺞処⌮⏝分ᯒ㺪㺅㺐㺷: MeCN50-15min-250nm-221007
㺰㺝㺍㺢㺼作ᡂ⪅:  
㺬㺽㺻㺪㺽1(㺰㺐㺻): 5110

㺬㺽㺻㺪㺽1 ⁐㞳ᾮA: H2O 㺬㺽㺻㺪㺽1 ⁐㞳ᾮB: CH3CN
㺬㺽㺻㺪㺽1 ⁐㞳ᾮC:  㺬㺽㺻㺪㺽1 ⁐㞳ᾮD:  

分ᯒ㺪㺅㺐㺷㺘㺰㺻㺢:  

㺖㺹㺭㺢㺞㺐㺪㺽: Chromaster 㺟㺊㺻㺦㺷 : 1
㺩㺽㺎㺖ᐃ㔞: 㠃✚
ᐃ㔞ィ⟬᪉ἲ: 㠃✚%

NO RT 㠃✚ ⃰ᗘ1 BC

1 2.157 2318      0.067 BV
2 2.240 3665      0.106 VB
3 2.690 4774      0.137 BV
4 2.817 58484      1.684 VV
5 3.070 9586      0.276 VV
6 3.247 62763      1.807 VV
7 3.543 3120809     89.869 VV
8 3.917 5745      0.165 TBB
9 4.157 522      0.015 TBV
10 4.473 53696      1.546 TVB
11 4.873 42222      1.216 TBV
12 5.117 5071      0.146 TVB
13 5.527 13953      0.402 TBV
14 5.763 7658      0.221 TVB
15 6.217 43241      1.245 TBV
16 6.460 11806      0.340 TVV
17 6.763 15400      0.443 TVB
18 7.083 224      0.006 BB
19 7.677 8845      0.255 BB
20 8.027 1146      0.033 BB
21 8.537 283      0.008 BB
22 9.663 222      0.006 BB
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Chromaster: Otani 㺚㺶㺎㺛㺼: 0013 㺸㺬㺽㺎㺢名: original 㺚㺛㺡㺯: Sys 1

㺫㺽㺎㺚㺼␒号:  1 / 1

Chromaster 㺚㺛㺡㺯 㺭㺦㺎㺚㺼㺊 㺸㺬㺽㺎㺢

分ᯒ᪥᫬: 2022/10/07 14:13 作ᡂ᪥᫬: 2022/10/07 14:30
処⌮᪥᫬: 2022/10/07 14:28

㺡㺼㺎㺞㺨㺽㺛名: C:\WIN32APP\CHROMASTER\Otani\DATA\0013\
㺡㺼㺎㺞処⌮⏝分ᯒ㺪㺅㺐㺷: MeCN50-15min-250nm-221007

㺚㺛㺡㺯(㺡㺼㺎㺞収㞟): Sys 1
㺏㺪㺽㺶㺗㺎㺚㺌㺻(㺡㺼㺎㺞): Otani
㺙㺻㺪㺽㺷名: p100-Wang
ὀ入ᅇᩘ: 1 of 1

㺚㺶㺎㺛㺼: 0013
㺨㺼㺐㺏㺷: 1
㺨㺼㺐㺏㺷㺞㺐㺪㺽: UNK
ὀ入㔞: 10.0 ul

㺙㺻㺪㺽㺷㺘㺰㺻㺢:  

㺖㺹㺭㺢㺞㺐㺪㺽: Chromaster 㺟㺊㺻㺦㺷 : 1
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㺡㺼㺎㺞処⌮⏝分ᯒ㺪㺅㺐㺷: MeCN50-15min-250nm-221007
㺰㺝㺍㺢㺼作ᡂ⪅:  
㺬㺽㺻㺪㺽1(㺰㺐㺻): 5110

㺬㺽㺻㺪㺽1 ⁐㞳ᾮA: H2O 㺬㺽㺻㺪㺽1 ⁐㞳ᾮB: CH3CN
㺬㺽㺻㺪㺽1 ⁐㞳ᾮC:  㺬㺽㺻㺪㺽1 ⁐㞳ᾮD:  

分ᯒ㺪㺅㺐㺷㺘㺰㺻㺢:  

㺖㺹㺭㺢㺞㺐㺪㺽: Chromaster 㺟㺊㺻㺦㺷 : 1
㺩㺽㺎㺖ᐃ㔞: 㠃✚
ᐃ㔞ィ⟬᪉ἲ: 㠃✚%

NO RT 㠃✚ ⃰ᗘ1 BC

1 1.903 16457      2.459 BV
2 2.850 631540     94.379 VV
3 3.183 1571      0.235 TBV
4 3.293 2055      0.307 TVB
5 3.503 1410      0.211 TBV
6 3.677 5377      0.804 TVB
7 4.060 239      0.036 BB
8 4.663 9269      1.385 BB
9 7.510 1229      0.184 BB

669147    100.000

㺸㺬㺽㺎㺢㺩㺽㺎㺖の判ᐃ㺸㺫㺼㺷: 0
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Chromaster: otani 㺚㺶㺎㺛㺼: 0013 㺸㺬㺽㺎㺢名: P76 㺚㺛㺡㺯: Sys 1

㺫㺽㺎㺚㺼␒号:  1 / 3

Chromaster 㺚㺛㺡㺯 㺭㺦㺎㺚㺼㺊 㺸㺬㺽㺎㺢

分ᯒ日時: 2022/08/25 10:52 作成日時: 2022/08/25 14:47
処⌮日時: 2022/08/25 11:21

㺡㺼㺎㺞㺨㺽㺛名: C:\WIN32APP\CHROMASTER\otani\DATA\0013\
㺡㺼㺎㺞処⌮⏝分ᯒ㺪㺅㺐㺷: 20220825-70-30-wash

㺚㺛㺡㺯(㺡㺼㺎㺞収㞟): Sys 1
㺏㺪㺽㺶㺗㺎㺚㺌㺻(㺡㺼㺎㺞): otani
㺙㺻㺪㺽㺷名: p76
ὀ入回数: 1 of 1

㺚㺶㺎㺛㺼: 0013
㺨㺼㺐㺏㺷: 1
㺨㺼㺐㺏㺷㺞㺐㺪㺽: UNK
ὀ入㔞: 20.0 ul

㺙㺻㺪㺽㺷㺘㺰㺻㺢:  

㺖㺹㺭㺢㺞㺐㺪㺽: Chromaster 㺟㺊㺻㺦㺷 : 1
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㺡㺼㺎㺞処⌮⏝分ᯒ㺪㺅㺐㺷: 20220825-70-30-wash
㺰㺝㺍㺢㺼作成⪅:  
㺬㺽㺻㺪㺽1(㺰㺐㺻): 5110

㺬㺽㺻㺪㺽1 ⁐㞳ᾮA: H2O 㺬㺽㺻㺪㺽1 ⁐㞳ᾮB: CH3CN
㺬㺽㺻㺪㺽1 ⁐㞳ᾮC:  㺬㺽㺻㺪㺽1 ⁐㞳ᾮD:  

分ᯒ㺪㺅㺐㺷㺘㺰㺻㺢:  

㺖㺹㺭㺢㺞㺐㺪㺽: Chromaster 㺟㺊㺻㺦㺷 : 1
㺩㺽㺎㺖定㔞: 㠃✚
定㔞ィ⟬方ἲ: 㠃✚%

NO RT 㠃✚ ⃰度1 BC

1 4.450 3135      0.271 BV
2 4.560 6551      0.567 VB
3 5.257 1583      0.137 BB
4 6.440 8488      0.734 BB
5 7.253 542      0.047 BB
6 8.463 193      0.017 BB
7 9.530 1585      0.137 BV
8 9.873 1128745     97.659 VB
9 10.667 1277      0.111 BB
10 12.513 513      0.044 BB
11 13.747 583      0.050 BB
12 15.330 922      0.080 BB
13 15.930 677      0.059 BB
14 17.110 998      0.086 BB

1155792    100.000

㺸㺬㺽㺎㺢㺩㺽㺎㺖の判定㺸㺫㺼㺷: 0
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