
 S1 

Supplementary Information 
 
 

 

Three-Dimensional Structure-Activity Relationship Study of 

Belactosin A and its Stereo- and Regioisomers: Development of 

Potent Proteasome Inhibitors by the Stereochemical 

Diversity-Oriented Strategy 
 
 

Keisuke Yoshida, Kazuya Yamaguchi, Akira Mizuno, Yuka Unno, Akira Asai, Takayuki 
Sone, Hideyoshi Yokosawa, Akira Matsuda, Mitsuhiro Arisawa, and Satoshi Shuto*  

 

 

 

Corresponding Author: Satoshi Shuto 
Faculty of Pharmaceutical Sciences, Hokkaido University, 
Kita-12, Nishi-6, Kita-ku, Sapporo 060-0812, Japan 
Tel & Fax: 81-11-706-3769 

E-mail: shu@pharm.hokudai.ac.jp 
 
 

 
Contents: Experimental details for the synthesis of the stereoisomers 6–9 (S2–S8), 1H NMR charts 
(S9–S17), 13C NMR charts (S18–S22), and HPLC charts and data (S23–S27) of the synthesized 

belactosin A (2), the stereo- and regioisomers 6–10, and the precursors 11–13). 
 

 



 S2 

Experimental 
 

 
 
(1S,2R)-1-[(2R)-2-(9-Fluorenylmethoxycarbonylamino)-3-butenyl]-2-hydroxymethylcyclopro

pane (ent-20). Yield 87%; [α]22
D

 –14.55 (c 0.95, MeOH); HRMS (EI) calcd for C23H25NO3: 363.1834 

(M+), found 363.1832 (M+).  
(1S,2R)-2-tert-Butoxycarbonylamino-1-[(2R)-2-(9-fluorenylmethoxycarbonylamino)-3-buteny

l]cyclopropane (ent-21). Yield 65%; [α]23
D

 +14.75 (c 1.05, CHCl3); HRMS (EI) calcd for C27H32N2O4: 

448.2362 (M+), found 448.2360 (M+). 

(1S,2R)-2-tert-Butoxycarbonylamino-1-[(2R)-2-(N-Cbz-L-alanyl)amino-3-butenyl]cyclopropa
ne (S1). Compound S1 (256 mg, 91%, white amorphous solid) was prepared from ent-21 (290 mg, 0.65 
mmol) as described for the synthesis of 23: [α]22

D
 +26.87 (c 1.02, CHCl3); 1H-NMR (400 MHz, CDCl3) 

δ 0.41 (1 H, m), 0.55 (1 H, m), 0.91 (1 H, m), 1.31 (1 H, m), 1.42-1.43 (12 H, m), 2.07 (2 H, m), 4.46 (1 

H, t, J = 7.2 Hz), 4.79 (2 H, br s), 5.08-5.21 (4 H, m), 5.84-5.89 (2 H, m), 7.25-7.35 (5 H, m), 9.08 (1 H, 
d, J = 9.2 Hz); 13C-NMR (100 MHz, CDCl3) δ 10.52, 16.25, 19.98, 28.36, 30.16, 36.12, 49.91, 50.86, 

66.50, 80.54, 114.54, 127.88, 128.00, 128.33, 136.61, 137.40, 155.40, 157.89, 172.09; HRMS (EI) calcd 
for C23H33N3O5: 431.2420 (M+), found 431.2422 (M+). 

Compound S2. Compound S2 (94 mg, 83%, white amorphous solid) was prepared from S1 (100 
mg, 231 µmol) as described for the synthesis of 11: [α]18

D
 +55.36 (c 1.02, CHCl3); 1H-NMR (500 MHz, 

DMSO-d6) δ –0.29 (1 H, dd, J = 5.1, 12.6 Hz), –0.15-0,09 (2 H, br s), –0.01 (3 H, t, J = 7.4 Hz), 0.08 (3 

H, d, J = 6.8 Hz), 0.32-0.37 (4 H, m), 0.49 (1 H, m), 0.63-0.71 (2 H, m), 1.05 (1 H, m), 1.56 (1 H, m), 
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2.81 (1 H, dd, J = 4.0, 7.4 Hz), 3.23 (1 H, m), 3.58 (1 H, m), 3.91 (1 H, m), 4.10-4.32(4 H, m), 5.01 (1 H, 

m), 6.46-6.53 (6 H, m), 7.41 (1 H, d, J = 8,6 Hz), 7.78 (1 H, d, J = 3.4 Hz); 13C-NMR (125 MHz, 
CDCl3) δ 10.16, 10.99, 15.95, 16.15, 19.60, 26.62, 29.33, 33.56, 36.02, 49.63, 51.18, 62.96, 66.73, 

70.08, 114.80, 128.13, 128.47, 128.58, 136.24, 137.17, 155.31, 168.52, 171.01, 172.41; HRMS (EI) 

calcd for C26H35N3O6: 485.2525 (M+), found 485.2527 (M+). 
Trans/D-Anti-Isomer (6).  Compound 6 (11 mg, 38%, white amorphous solid) was prepared 

from S2 (40 mg, 82 µmol) as described for the synthesis of 2: [α]17
D

 +3.80 (c 0.82, H2O); 1H-NMR (500 

MHz, D2O) δ 0.64 (1 H, m), 0.76 (1 H, m), 0.80-0.84 (4 H, m), 0.93 (3 H, d), 1.26 (1 H, m), 1.42 (1 H, 

m), 1.46 (3 H, d, J = 6.8 Hz), 1.52 (1 H, m), 1.86-1.98 (2 H, m), 2.43 (1 H, m), 3.79 (1 H, dd, J = 4.6, 
7.4 Hz), 4.10 (1 H, dd, J = 6.8, 14.3 Hz), 4.32 (1 H, t, J = 5.4 Hz), 4.81 (1 H, d, J = 4.0); 13C-NMR (125 
MHz, D2O) δ 10.86, 11.70, 15.95, 16.59, 17.10, 26.80, 28.86, 33.23, 34.40, 49.79, 55.38, 62.45, 71.26, 

170.63, 172.61, 173.20, 178.69; LRMS (FAB) m/z 370 [(M+H)+]; HRMS (FAB) calcd for C17H27N3O6: 
370.1978 [(M+H)+], found 370.1976 [(M+H)+]. 

 
 

 
 
(1R,2S)-1-[(2R)-2-(9-Fluorenylmethoxycarbonylamino)-3-butenyl]-2-hydroxymethylcyclopro

pane (S3). Compound S3 (182 mg, 84%, white amorphous solid) was prepared from 17 (280 mg, 590 
µmol) as described for the synthesis of 20: [α]21

D
 –11.65 (c 1.04, CHCl3); 1H-NMR (400 MHz, CDCl3) δ 

0.35 (1 H, m), 0.42 (1 H, m), 0.66 (1 H, br s), 0.91 (1 H, br s), 1.35 (1 H, m), 1.56 (1 H, br s), 1.64 (1 H, 
br s), 3.32 (1 H, br s), 3.52 (1 H, br s), 4.22-4.30 (2 H, m), 4.46 (2 H, m), 4.81 (1 H, br s), 5.15 (2 H, m), 
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5.83 (1 H, br s), 7.30-7.33 (2 H, m), 7.38-7.42 (2 H, m), 7.52-7.61 (2 H, m), 7.76-7.78 (2 H, m); 
13C-NMR (100 MHz, CDCl3) δ 9.63, 13.89, 21.08, 39.01, 47.25, 47.34, 53.73, 66.54, 66.70, 114.68, 

119.86, 124.90, 126.93, 127.57, 138.44, 141.23, 143.84, 155.96; HRMS (EI) calcd for C23H25NO3: 
363.1834 (M+), found 363.1834 (M+). 

(1R,2S)-2-tert-Butoxycarbonylamino-1-[(2R)-2-(9-fluorenylmethoxycarbonylamino)-3-buteny
l]cyclopropane (S4). Compound S4 (86 mg, 30%, white amorphous solid) was prepared from S3 (230 
mg, 632 µmol) as described for the synthesis of 21: [α]21

D
 –3.42 (c 0.95, CHCl3); 1H-NMR (400 MHz, 

CDCl3) δ 0.50 (1 H, dd, J = 6.1, 12.3 Hz), 0.67 (1 H, m), 0.92 (1 H, br s), 1.41-1.47 (10 H, m), 1.78 (1 H, 

br s), 2.29 (1 H, br s), 4.10-4.39 (4 H, m), 4.79 (1 H, br s), 5.09 (1 H, d, J = 10.3 Hz), 5.17 (1 H, d, J = 
17.1 Hz), 5.86 (2 H, br s), 7.27-7.31 (2 H, m), 7.36-7.40 (2 H, m), 7.60-7.64 (2 H, m), 7.74-7.76 (2 H, 
m); 13C-NMR (100 MHz, CDCl3) δ 13.40, 17.58, 28.39, 29.19, 37.37, 47.37, 53.35, 66.57, 79.50, 114.57, 

119.82, 124.99, 126.92, 127.51, 137.79, 141,19, 143.91, 144.01, 155.96, 156.46; HRMS (EI) calcd for 
C27H32N2O4: 448.2362 (M+), found 448.2366 (M+). 

(1R,2S)-2-tert-Butoxycarbonylamino-1-[(2R)-2-(N-Cbz-L-alanyl)amino-3-butenyl]cyclopropa
ne (S5). Compound S5 (39 mg, 52%, white amorphous solid) was prepared from S4 (78 mg, 173 µmol) 
as described for the synthesis of 23: [α]22

D
 –29.83 (c 1.03, CHCl3); 1H-NMR (400 MHz, CDCl3) δ 0.47 

(1 H, m), 0.62 (1 H, m), 0.92 (1 H, m), 1.07 (1 H, br s), 1.42-1.45 (12 H, m), 1.98 (1 H, br s), 2.31 (1 H, 
br s), 4.38 (1 H, br s), 4.56 (1 H, br s), 4.93 (1 H, br s), 5.03-5.15 (4 H, m), 5.82 (1 H, m), 5.97 (1 H, br 
s), 7.29-7.34 (5 H, m), 7.53 (1 H, br s); 13C-NMR (100 MHz, CDCl3) δ 13.17, 17.39, 19.33, 28.39, 28.80, 

36.44, 50.57, 51.35, 66.72, 79.80, 114.48, 127.89, 127.94, 128.36, 136.29, 138.83, 156.64, 156.81, 
171.86; LRMS (EI) m/z 431 (M+); HRMS (EI) calcd for C23H33N3O5: 431.2420 (M+), found 431.2422 
(M+).  

Compound S6. Compound S6 (32 mg, 74%, white amorphous solid) was prepared from S5 (38 
mg, 89 µmol) as described for the synthesis of 11: [α]25

D
 +10.33 (c 1.00, CHCl3); 1H-NMR (400 MHz, 

CDCl3) δ 0.56 (1 H, m), 0.73 (1 H, m), 0.85 (1 H, br s), 0.93 (3 H, t, J = 7.3 Hz3), 1.00-1.06 (4 H, m), 

1.33 (1 H, m), 1.46 (3 H, d, J = 6.7 Hz), 1.62 (1 H, m), 1.97 (1 H, m), 2.09 (1 H, d, J = 14.5), 2.41 (1 H, 
br s), 3.49 (1 H, dd, J = 4.7, 7.3 Hz), 4.40 (1 H, m), 4.63 (1 H, d, J = 4.7 Hz), 4.85 (1 H, br s), 5.08-5.17 
(4 H, m), 5.74 (1 H, d, J = 7.7 Hz), 5.82 (1 H, m), 6.65 (1 H, s), 7.29-7.34 (5 H, m), 9.02 (1 H, d, J = 8.8 
Hz); 13C-NMR (100 MHz, CDCl3) δ 10.14, 11.15, 16.40, 16.41, 20.06, 26.86, 29.54, 33.75, 36.01, 49.58, 

50.57, 62.98, 66.56, 70.10, 114.31, 127.77, 127.82, 128.29, 136.50, 137.44, 155.44, 168.49, 170.78, 
171.85; HRMS (EI) calcd for C26H35N3O6: 485.2525 (M+), found 485.2525 (M+). 

Trans/D-Syn-Isomer (7). Compound 7 (17 mg, 70%, white amorphous solid) was prepared from 
S6 (32 mg, 65 µmol) as described for the synthesis of 2: [α]18

D
 +22.51 (c 0.82, H2O); 1H-NMR (500 

MHz, D2O) δ 0.66 (1 H, dd, J = 6.3, 13.2 Hz), 0.72 (1 H, m), 0.80-0.83 (4 H, m), 0.93 (3 H, d, J = 6.8 

Hz), 1.24 (1 H, m), 1.42-1.47 (4 H, m), 1.63 (1 H, m), 1.79 (1 H, m), 1.97 (1 H, m), 2.48 (1 H, m), 3.75 
(1 H, dd, J = 4.6, 7.4 Hz), 4.05 (1 H, dd, J = 6.8, 14.3 Hz), 4.19 (1 H, dd, J = 5.1, 8.6 Hz, 4.79 (1 H, d, J 
= 4.0); 13C-NMR (125 MHz, D2O) δ 10.83, 12.74, 15.98, 16.76, 17.15, 26.79, 28.85, 33.30, 35.46, 49.77, 
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55.83, 62.42, 71.38, 170.83, 172.22, 173.16, 178.90; LRMS (FAB) m/z 370 [(M+H)+]; HRMS (FAB) 

calcd for C17H27N3O6: 370.1978 [(M+H)+], found 370.1972 [(M+H)+]. 
 
 

 
 
 

(1S,2R)-1-[(2S)-2-(9-Fluorenylmethoxycarbonylamino)-3-butenyl]-2-hydroxymethylcyclopro
pane (ent-S3). Yield 80%; [α]24

D
 +11.91 (c 1.01, CHCl3); HRMS (EI) calcd for C23H25NO3: 363.1834 

(M+), found 363.1843 (M+). 

(1S,2R)-2-tert-Butoxycarbonylamino-1-[(2S)-2-(9-fluorenylmethoxycarbonylamino)-3-butenyl]cycl
opropane (ent-S4). Yield 72%; [α]23

D
 +3.44 (c 1.20, CHCl3); HRMS (EI) calcd for C27H32N2O4: 

448.2362 (M+), found 448.2371 (M+). 

 (1S,2R)-2-tert-Butoxycarbonylamino-1-[(2S)-2-(N-Cbz- 
L-alanyl)amino-3-butenyl]cyclopropane (S7). Compound S7 (47 mg, 81%, white amorphous solid) 
was prepared from ent-S4 (60 mg, 133 µmol) as described for the synthesis of 23: [α]23

D
 –9.76 (c 1.03, 

CHCl3); 1H-NMR (400 MHz, CDCl3) δ 0.47 (1 H, dd, J = 5.7, 12.8 Hz), 0.62 (1 H, m), 0.92 (1 H, m), 

1.07 (1 H, br s), 1.42-1.45 (12 H, m), 1.98 (1 H, br s), 2.31 (1 H, br s), 4.38 (1 H, br s), 4.56 (1 H, br s), 
4.93 (1 H, br s), 5.03-5.15 (4 H, m), 5.82 (1 H, m), 5.97 (1 H, br s), 7.29-7.34 (5 H, m), 7.53 (1 H, br s); 
13C-NMR (100 MHz, CDCl3) δ 12.82, 17.50, 19.38, 28.47, 29.60, 36.70, 50.60, 51.23, 66.64, 79.88, 

114.12, 127.78, 127.82, 128.26, 136.35, 138.83, 155.63, 156.78, 171.95; HRMS (EI) calcd for 
C23H33N3O5: 431.2420 (M+), found 431.2424 (M+).  
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Compound 12. Compound 12 (35 mg, 71%, white amorphous solid) was prepared from S7 (46 
mg, 100 µmol) as described for the synthesis of 11: [α]23

D
 +42.52 (c 1.00, CHCl3); 1H-NMR (400 MHz, 

CDCl3) δ 0.61 (1 H, m), 0.74 (1 H, br s), 0.91-0.95 (4 H, m), 1.03 (3 H, d), 1.14 (1 H, m), 1.29 (1 H, m), 

1.40 (3 H, d, J = 6.9 Hz), 1.63 (1 H, m), 1.94-1.95 (2 H, m), 2.49 (1 H, br s), 3.57 (1 H, m), 4.37 (1 H, br 

s), 4.57 (2 H, m), 5.05-5.15 (4 H, m), 5.80 (2 H, m), 6.73 (1 H, br s), 7.19 (1 H, d, J = 7.5 Hz), 7.29-7.34 
(5 H, m); 13C-NMR (100 MHz, CDCl3) δ 11.04, 12.16, 16.30, 17.21, 19.14, 26.67, 29.20, 33.78, 36.56, 

50.40, 51.13, 62.73, 66.75, 70.53, 114.47, 127.89, 128.01, 128.40, 136.28, 138.36, 155.78, 168.87, 

169.66, 172.21; HRMS (EI) calcd for C26H35N3O6: 485.2525 (M+), found 485.2528 (M+). 
Trans/L-syn-Isomer (8). Compound 8 (21 mg, 60%, white amorphous solid) was prepared from 

12 (46 mg, 100 µmol) as described for the synthesis of 3: [α]17
D

 –24.46 (c 1.06, H2O); 1H-NMR (500 

MHz, D2O) δ 0.68 (1 H, dd, J = 6.0, 13.4 Hz), 0.75 (1 H, m), 0.83 (3 H, t, J = 7.4 Hz), 0.94 (3 H, d, J = 

6.3 Hz), 0.97 (1 H, m), 1.25 (1 H, m), 1.46 (1 H, m), 1.50 (3 H, d, J = 7.4 Hz), 1.61 (1 H, m), 1.80 (1 H, 
m), 1.97 (1 H, m), 2.50 (1 H, m), 3.75 (1 H, dd, J = 3.6, 7.3 Hz), 4.07 (1 H, q, J = 6.8 Hz), 4.16 (1 H, dd, 
J = 5.7, 8.0 Hz), 4.81 (1 H, d, J = 4.6); 13C-NMR (125 MHz, D2O) δ 10.85, 12.56, 15.99), 16.82, 16.98, 

26.81, 28.79, 33.33, 34.38, 49.63, 56.08, 62.45, 71.38, 170.63, 172.31, 173.15, 178.74; HRMS (FAB) 
calcd for C17H27N3O6: 370.1978 [(M+H)+], found 370.1979 [(M+H)+]. 

 
 

 
 
(1S,2S)-1-[(2S)-2-(9-Fluorenylmethoxycarbonylamino)-3-butenyl]-2-hydroxymethylcyclopro

pane (S8). Compound S8 (519 mg, 84%, white amorphous solid) was prepared from 18 (825 mg, 1.7 
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mmol) as described for the synthesis of 20: [α]21
D

 –1.34 (c 1.04, CHCl3); 1H-NMR (400 MHz, CDCl3) δ 

–0.06 (1 H, dd, J = 5.2, 10.3 Hz), 0.70 (1 H, m), 0.82 (1 H, m), 1.13 (1 H, m), 1.38 (1 H, m), 1.78 (1 H, 
m), 2.05 (1 H, br s), 3.26 (1 H, m), 3.96 (1 H, m), 4.20-4.24 (2 H, m), 4.40-4.51 (1 H, m), 5.11 (1 H, d, J 
= 10.3 Hz), 5.21 (1 H, d, J = 17.1 Hz), 5.79-5.81 (2 H, m), 7.29-7.33 (2 H, m), 7.38-7.42 (2 H, m), 
7.60-7.62 (2 H, m), 7.76-7.77 (2 H, m); 13C-NMR (100 MHz, CDCl3) δ 8.09, 13.09, 17.82, 24.19, 33.11, 

47.35, 54.30, 62.35, 66.16, 114.71, 119.79, 124.96, 126.88, 127.48, 138.41, 141.18, 143.85, 156.20; 
HRMS (EI) calcd for C23H25NO3: 363.1834 (M+), found 363.1832 (M+). 

(1S,2S)-2-tert-Butoxycarbonylamino-1-[(2S)-2-(9-fluorenylmethoxycarbonylamino)-3-butenyl
]cyclopropane (S9).  Compound S9 (373 mg, 33%, white amorphous solid) was prepared from S8 
(909 mg, 2.5 mmol) as described for the synthesis of 21: [α]23

D
 +14.75 (c 1.05, CHCl3); 1H-NMR (400 

MHz, CDCl3) δ 0.11 (1 H, dd, J = 4.9, 9.9 Hz), 0.90 (2 H, m), 1.26 (1 H, br s), 1.49 (9 H, s), 1.62 (1 H, 

br s), 2.65 (1 H, br s), 4.23-4.45 (4H, m), 4.80 (1 H, br s), 5.07 (1 H, d, J = 10.3 Hz), 5.18 (1 H, d, J = 
17.3 Hz), 5.79 (1 H, m), 6.26 (1 H, br s), 7.23-7.31 (2 H, m), 7.36-7.40 (2 H, m), 7.68-7.76 (4 H, m); 
13C-NMR (100 MHz, CDCl3) δ 11.46, 14.89, 27.58, 28.38, 31.56, 47.42, 53.45, 66.42, 79.88, 114.16, 

119.80, 125.24, 126.90, 127.49, 137.96, 141.23, 144.04, 144.12, 156.27, 157.10; HRMS (EI) calcd for 
C27H32N2O4: 448.2362 (M+), found 448.2352 (M+). 

(1S,2S)-2-tert-Butoxycarbonylamino-1-[(2S)-2-(N-Cbz-L-alanyl)amino-3-butenyl]cyclopropan
e (S10).  Compound S10 (269 mg, 76%, white amorphous solid) was prepared from S9 (370 mg, 0.82 
mmol) as described for the synthesis of 23: [α]23

D
 –20.67 (c 1.04, CHCl3); 1H-NMR (400 MHz, CDCl3) 

δ 0.41 (1 H, m), 0.55 (1 H, m), 0.91 (1 H, m), 1.31 (1 H, m), 1.42-1.43 (12 H, m), 2.07 (2 H, m), 4.46 (1 

H, t, J = 7.2 Hz), 4.79 (2 H, br s), 5.08-5.21 (4 H, m), 5.84-5.89 (2 H, m), 7.25-7.35 (5 H, m), 9.08 (1 H, 
d, J = 9.2 Hz); 13C-NMR (100 MHz, CDCl3) δ 10.71, 15.39, 19.96, 27.93, 28.33, 30.42, 50.66, 51.16, 

66.66, 80.30, 113.50, 127.83, 127.95, 128.25, 136.39, 138.38, 155.47, 157.20, 173.33; HRMS (EI) calcd 
for C23H33N3O5: 431.2420 (M+), found 431.2411 (M+).  

Compound 13. Compound 13 (24 mg, 71%, white amorphous solid) was prepared from S15 (29 
mg, 69 µmol) as described for the synthesis of 11: [α]24

D
 –0.52 (c 1.01, CHCl3); 1H-NMR (400 MHz, 

CDCl3) δ 0.26 (1 H, dd, J = 5.7, 10.5 Hz), 0.88-1.04 (8 H, m), 1.18 (1 H, m), 1.29 (1 H, m), 1.41 (3 H, d, 

J = 6.9 Hz), 1.62 (1 H, m), 1.84 (1 H, m), 1.96 (1 H, m), 2.80 (1 H, br s), 3.62 (1 H, dd, J = 4.5, 7.7 Hz), 

4.34-4.43 (2 H, m), 4.65 (1 H, d, J = 4.5 Hz), 5.05-5.18 (4 H, m), 5.66 (1 H, br s, NH), 5.77 (1 H, m), 
6.99 (2 H, br s), 7.29-7.36 (5 H, m); 13C-NMR (100 MHz, CDCl3) δ 11.13, 11.47, 14.56, 16.44, 19.20, 

26.80, 27.08, 31.97, 33.71, 50.62, 51.62, 63.00, 66.82, 70.73, 115.11, 127.79, 127.86, 128.32, 136.26, 

137.27, 155.68, 168.96, 170.10, 172.07; HRMS (EI) calcd for C26H35N3O6: 485.2525 (M+), found 
485.2529 (M+). 

Cis/L-anti-Isomer (9). Compound 9 (20 mg, 49%, white amorphous solid) was prepared from 13 
(55 mg, 113 µmol) as described for the synthesis of 2: [α]20

D
 –149.21 (c 1.02, H2O); 1H-NMR (500 MHz, 

D2O) δ 0.40 (1 H, dd, J = 5.7, 10.8 Hz), 0.82 (3 H, t, J = 7.4 Hz), 0.94 (3 H, d, J = 6.8 Hz), 0.98-1.06 (2 

H, m), 1.25 (1 H, m), 1.43-1.52 (5 H, m), 1.80 (1 H, m), 1.97 (1 H, m), 2.68 (1 H, m), 3.79 (1 H, dd, J = 
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4.0, 7.4 Hz), 4.03 (1 H, q, J = 6.8 Hz), 4.16 (1 H, dd, J = 5.1, 8.9 Hz), 4.86 (1 H, d, J = 4.6); 13C-NMR 
(125 MHz, D2O) δ 10.85, 10.92, 14.70, 15.97, 16.99, 26.82, 28.79, 30.17, 33.31, 49.60, 56.17, 62.65, 

71.32, 170.58, 173.04, 173.12, 178.69; LRMS (FAB) m/z 370 [(M+H)+]; HRMS (FAB) calcd for 
C17H27N3O6: 370.1978 [(M+H)+], found 370.1976 [(M+H)+]. 
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Table S1. HPLC Analysis Data of Compounds.a 

 

Compound eluent detection tR purity 

 

 2 A 210 nm 9.3 min >98% 

 6 A 210 nm 10.0 min >98% 

 7  A 210 nm 10.9 min >98% 

 8  A 210 nm 9.4 min >98% 

 9  A 210 nm 8.5 min >98% 

10  A 210 nm 7.6 min >98% 

11  B 256 nm 9.7 min >98% 

12  B 256 nm 8.0 min >98% 

13  B 256 nm 9.2 min >98% 

 
aColumn, Kanto Mightysil RP-18 GP250-4.6 (5 µm); eluent, A 

(aqueous 10% CH3OH containing 0.1% TFA, 1.0 mL/min) or B 
(aqueous 55% CH3CN, 1.0 mL/min); room temperature. 
 


