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HR-ESI-MS: High Resolution Electro Spray Ionization Mass Spectroscopy
1H-1H COSY: HH Correlation Spectroscopy
HMBC: Heteronuclear Multiple Bond Correlation
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1

Crossostephium chinense
Damnacanthus indicus var. intermedius

Equisetum sylvaticum



2

 (Crossostephium chinense) 
 (Damnacanthus indicus var. intermedius)  (Equisetum 

sylvaticum) 
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 (Asteraceae)  (Crossostephium) 
Crossostephium chinense

2 4

30 50 cm

950 2 70 360
 

(Artemisia maritima) santonin  
(Artemisia annua) artemisinin

pyrethrin
 (Tanacetum cinerariifolium) 

https://shiny-garden.com/post-26646/
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rutin

 [1] α

 [2]
 [3]

Reported compounds from C. chinense
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 3.50 kg n-Hexane
EtOAc 1-BuOH H2O n-Hexane 27.7 g EtOAc 67.3 g 1-BuOH 30.5 
g H2O 171.2 g  (Fig. 1)

Fig. 1  Extraction and fractionation of Crossostephium chinense

Air-dried Crossostephium
chinense aerial part

(3.50 kg)

Extracted with MeOH (10.0 L 3)

MeOH extract
Partitioned with n-Hexane

n-Hexane layer
(27.7 g)

MeOH layer
Concentrated
Suspended with H 2O
Partitioned with EtOAc

EtOAc layer
(67.3 g)

H2O layer

Partitioned with 1-BuOH

H2O layer
(171.2 g)

1-BuOH layer
(30.5 g)
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n-Hexane , EtOAc , 1-
BuOH H2O 1 Leishmania 

major  (Fig. 2)

Fig. 2  Screening results of fractions from C. chinense against L. major

EtOAc L. major EtOAc
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EtOAc 67.3 g Diaion HP-20 Silica gel ODS
HPLC 21  (1-21) (Chart 1)

 (Crossostephium chinense) EtOAc 3
 (1 3) (Fig. 3) NMR MS ECD

Fig. 3  New compounds 1 3 from EtOAc fraction of C. chinense
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1                                                      

Fig. 4  Structure and Physical data of Compound 1

Colorless amorphous powder
HR-ESI-MS (positive) m/z: 362.1961 [M+H]+
Calcd for C20H28O5N: 362.1962
[α] −97 (MeOH, c = 0.2)
IR(film) νmax 3411, 2943, 1762, 1710, 1633, 
1450, 1374, 1319, 1225, 1038
UV λmax (MeOH) nm (log ε); 205 (4.12)
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1 HR-ESI-MS C20H27O5N 8
 (Dragendorff‘s reagent) 

13C NMR (Table 1) 212.9, 177.0 173.4 ppm
3 125.2, 130.0 ppm 2

4 173.4, 66.6, 53.2, 
28.6 23.4 ppm proline  [4] 

13C NMR 11 2

5 3 1
proline 13C NMR

1
ψ-santonin gracilin (Fig. 5) 

2D-NMR (H-H COSY HSQC HMBC) (Fig. 6) ESI-
MS/MS (Fig. 7) COSY 2’ 3’ 4’ 5’

proline HMBC 5’
 (δH 2.58, dd-like, J = 9.0, 7.8 Hz; δH 2,99, ddd, J = 9.0, 7.5, 3.9 Hz) 13  (δC 

51.2 ppm) 2’  (δH 3.31, dd, J = 8.7, 4.6 Hz) 13 13  (δH 2.86, 
dd, J = 13.2, 5.1 Hz; δH 3.08, dd, J = 13.2, 5.7 Hz) 11  (δC 44.4 ppm) 12

 (δC 177.0 ppm) proline 13
6  (δH 4.80, d-quint, J = 11.2, 1.3 Hz) 9

 (δH 1.44, dt, J = 14.0, 5.1 Hz; δH 1.63, m) 13 COSY
gracilin ESI-MS/MS

proline  (m/z 128, [M – C14H17O3]+ (100)) proline
 (m/z 247, [M – C5H8O2N]+ (15))  (m/z 316, 

[M – CHO2]+ (12)) 1 1
gracilin 13 proline

Fig. 5  Structure of gracilin Fig. 6  COSY and HMBC correlations of 1
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Fig. 7  ESI-MS/MS spectrum (in-source CID fragmentation) of Compound 1

1 NOESY (Fig. 8) ECD  (Fig. 9) 

proline NOESY 6
8β  (δH 1.67, m) 11  (δH 2.73, dt-like, J = 12.1, 5.4 Hz) 14

β 7  
(δH 2.02, m) 9α  (δH 1.44, dt, J = 14.0, 5.1 Hz) NOESY
α 1 gracilin

1 ECD
 1 ECD 218 nm positive 295 nm

negative  (λmax (Δε): 218 (+4.62), 295 (−4.70), MeOH) gracilin
ECD  (λmax (Δε): 223 (+1.13), 294 (−1.70))  [5] proline

1% HCl 12 HPLC
L-proline 1 6S

7S 10R 11R 2’S
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Fig. 8  Key PS-NOESY correlations of Compound 1

Fig. 9  Experimental ECD spectrum of Compound 1 in MeOH

14

6 112

89

7
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2             

Fig. 10  Structure and Physical data of Compound 2

Colorless needles
HR-ESI-MS (positive) m/z: 378.1912 [M+H]+
Calcd for C20H28O6N: 378.1911
[α] −47 (MeOH, c = 0.46)
Mp: 210-214℃
IR(film) νmax 3248, 2980, 1758, 1711, 1625, 
1450, 1379, 1310, 1033
UV λmax (MeOH) nm (log ε); 204 (4.13)
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2 HR-ESI-MS C20H27O6N 8
MS

1
2 ESI-MS/MS  (Fig. 11)  (m/z 360, [M + 

H-H2O]+ (34))  (m/z 332, [M-COOH]+ (19)) proline
 (m/z 128, [M-C14H17O4]+ (100))  1

2 1 1H 13C NMR  (Table 2) 
 (δC 66.0 ppm) 

2 1

Fig. 11  ESI-MS/MS spectrum (in-source CID fragmentation) of Compound 2

2D NMR (H-H COSY, HSQC HMBC)  (Fig. 12)
HMBC 7  (δH 1.88, m) 8  (δC 66.0 ppm) 

6  (δC 77.9 ppm) 8  (δH 3.89, td, J = 10.8, 4.5 Hz) 6 11
8

2 NOESY (Fig. 13) ECD  (Fig. 14) 
NOESY 14  (δH 1.24, s) 6  

(δH 4.87, dquint-like, J = 11.4, 1.1 Hz) 6 11  (δH 3.01, m) 6 8
14 8 1

ECD  1
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proline
HPLC negative L-proline

2 6S 7R 8S 10R 11R 2’S

Fig. 12  Key COSY and HMBC correlations of Compound 2

Fig. 13  Key PS-NOESY correlations of Compound 2

Fig. 14  Experimental ECD spectrum of Compound 2
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3              

Fig. 15  Structure and physical data of Compound 3

White amorphous powder
HR-ESI-MS (positive) m/z : 539.1160 [M+Na] + (calcd for C25H24O12Na : 539.1163)
[α] −76.5 (MeOH, c = 0.2)
IR vmax (film) cm-1 : 3393, 2952, 2849, 1689, 1639, 1511, 1389, 1278, 1164, 1019, 465
UV λmax (CH3OH) nm (log ε) : 225 sh (3.92), 250 sh (3.62), 292 (3.66), 331 (3.75)
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3 HR-ESI-MS C25H24O12 13C NMR (Table 3) 
2  (δC 167.9, 161.6 ppm) δC 110.2 

ppm δC 151.5 ppm
1H NMR (Table 3) 9.5 Hz 15.9 Hz

δC 102.3 ppm δC 64.6 ppm δC 70 80 ppm

H-H COSY  (Fig. 16) 1’ 6’

7.3 Hz
HPLC

β D glucose
HMBC  (Fig. 16) 3, 4 2 δC 161.6 ppm 

δC 110.2 113.5 150.8 ppm 8 δC 113.5
151.5 ppm

7”, 8” δC 167.9 ppm
1H NMR

3,4

 (Fig. 17) [6, 7]
1’ 7 6’ 9’’ HMBC

3 Fig. 15

Fig. 16  Key COSY and HMBC correlations of Compound 3
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Fig. 17  13C NMR data of caffeic acid (Upper) ferulic acid (Left) 
and isoferulic acid (Right) 
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EtOAc 18  (4 21)  (Fig. 18)
2 : scopoletin (4) [8] scopolin (5) [9, 10] 5

chrysosplenol D (6) [11] 3-methyl quercetin (7) [12] luteolin (8) [13] cosmosin (9) [14]
quercetin-3-O-(6’’-O- -rhamnosyl)- -D-glucoside (10) [15] 5 4,5-di-O-
caffeoylquinic acid butyl ester(11) [16] 4,5-di-O-caffeoylquinic acid methyl ester (12) [17]
3,5-di-O-caffeoylquinic acid methyl ester 13 [18] 3,4,5-tri-O-caffeoylqunic acid methyl 
ester (14) [19] chlorogenic acid methyl ester (15) [20] 3 2,6-

dimethoxyl-4-hydroxymethyl-phenol 1-O-(6-O-caffeoyl)- -D-glucopyranoside (16) [21]
caffeic acid (17) [22] 3,4-dihydroxyl benzoic acid (18) [23] 1 tetrecentronside 
B (19) [24] 2 tianshic acid (20) [25]  tianshic methyl ether (21) [25] 

 9~14, 17~20 10

Fig. 18  Known compounds from EtOAc layer of C. chinense



21

               
NMR  (Table 4 and 5) 4 scopoletin [8]

5 scopolin [9, 10]  (Fig. 19-20)

Fig. 19 Structure and physical data of Compound 4
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Fig. 20 Structure and Physical data of Compound 5

Table 5  13C NMR and 1H NMR data (125 MHz and 500 MHz, DMSO -d6) 
1H13CPosition

s160.62
6.33, d, (9.4)d113.33
7.97, d, (9.4)d144.24

7.30, sd109.65
s145.96
s149.97

7.16, sd103.08
s112.34a
s148.98a

5.08, d, (5.7)d99.61’

d73.02’

3.15-3.80, m
d77.13’
d69.64’
d76.75’

4.58, m
overlapped with solventt60.66’

3.81, sq56.0-OCH3
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NMR  (Table 6 10) 6 chrysosplenol D [11]

7 3-methyl quercetin [12] 8 luteolin [13] 9 cosmosin [14]
10 quercetin-3-O-(6’’-O- -rhamnosyl)- -D-glucoside [15] 5

 (Fig. 21 25)

 
Fig. 21  Structure and Physical data of Compound 6
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Fig. 22  Structure and Physical data of Compound 7
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Fig. 23  Structure and Physical data of Compound 8
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Fig. 24 Structure and Physical data of Compound 9

Yellow amorphous powder
HR-ESI-MS (negative) m/z: 431.0983 [M-H]
Calcd for C21H19O10: 431.0973
[α]D

28 − 53.7 (c = 0.51, MeOH)
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Fig. 25  Structure and Physical data of Compound 10

Yellow amorphous powder
HR-ESI-MS (positive) m/z: 633.1429 [M+Na] +

Calcd for C27H30O16Na: 633.1426
[α]D

28 − 16.5 (c = 0.2, MeOH)
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NMR  (Table 11 15) 11 4,5-di-O-

caffeoylquinic acid butyl ester [16] 12 4,5-di-O-caffeoylquinic acid methyl ester 
[17] 13 3,5-di-O-caffeoylquinic acid methyl ester [18] 14 3,4,5-tri-O-
caffeoylqunic acid methyl ester [19] 15 chlorogenic acid methyl ester [20] 

5  (Fig. 26 30)
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Fig. 26  Structure and Physical data of Compound 11

Colorless amorphous powder
HR-ESI-MS (positive) m/z: 573.1966 [M+H] +

Calcd for C29H33O12: 573.1967
[α]D

26 − 115 (c =0.1, MeOH)
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Fig. 27  Structure and Physical data of Compound 12

Colorless amorphous powder
HR-ESI-MS (positive) m/z: 553.1312 [M+Na] +

Calcd for C26H26O12Na: 553.1316
[α]D

28 − 174.1 (c = 0.94, MeOH)
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Fig. 28  Structure and Physical data of Compound 13

Colorless amorphous powder
HR-ESI-MS (positive) m/z: 553.1317 [M+Na] +

Calcd for C26H26O12Na: 553.1316
[α]D

28 − 94 (c = 0.89, MeOH)
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Fig. 29  Structure and Physical data of Compound 14

Colorless amorphous powder
HR-ESI-MS (positive) m/z: 715.1638 [M+Na] +

Calcd for C35H32O15Na: 715.1633
[α]D

28 − 196.6 (c = 0.73, MeOH)
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Fig. 30 Structure and Physical data of Compound 15

Colorless amorphous powder
HR-ESI-MS (positive) m/z: 391.1002 [M+Na] +

Calcd for C17H20O9Na: 391.1000
[α]D

28 − 51.8(c = 0.33, MeOH)
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NMR  (Table 16 18) 16 2,6-dimethoxyl-4-

hydroxymethyl-phenol 1-O-(6-O-caffeoyl)- -D-glucopyranoside [21] 17 caffeic acid 
[22]  18 3,4-dihydroxyl benzoic acid [23] 3  
(Fig. 31 33)

Fig. 31  Structure and Physical data of Compound 16

Colorless amorphous powder
HR-ESI-MS (positive) m/z: 531.1473 [M+Na] +

Calcd for C24H28O12Na: 531.1473
[α]D

28 − 90.2 (c = 0.76, MeOH)
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Fig. 32  Structure and Physical data of Compound 17
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Fig. 33 Structure and Physical data of Compound 18
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NMR  (Table 19) 19 tetrecentronside B 

[24] 1  (Fig. 34)

Fig. 34  Structure and Physical data of Compound 19

White amorphous powder
HR-ESI-MS (positive) m/z: 543.1836 [M+Na] +

Calcd for C26H32O11Na: 543.1837
[α]D

28 − 16.1 (c = 0.73, MeOH)
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NMR  (Table 20 and 21) 20 tianshic acid 

[25] 21 tianshic methyl ether [25] 2  (Fig. 35 
and 36)

Fig. 35  Structure and Physical data of Compound 20
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Fig. 36  Structure and Physical data of Compound 21
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 (C. chinense) EtOAc 3
 1  2 ψ-santonin

ψ-santonin

1-BuOH ψ-
santonin

1-BuOH 30.5 g Diaion HP-20 Silica gel ODS
HPLC 16  (22 - 37) 

(Chart 2)

 (C. chinense) 1-BuOH ψ-santonin 8
 (22 29)  (Fig. 37) 1D NMR (1H, 13C) 2D NMR (COSY, HSQC, HMBC, PS-

NOESY) MS ECD DFT
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Fig. 37  New compounds 22-29 from 1-BuOH layer of C. chinense
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22              

Fig. 38  Structure and physical data of Compound 22

White amorphous powder
HR-ESI-MS (positive) m/z: 367.1515 [M+Na] +
Calcd for C20H24O5Na: 367.1516
[α] −31.8 (MeOH, c = 0.11)
IR(film) νmax: 3132, 1765, 1710, 1644, 1267, 1225, 1144
UV λmax (CH3CN) nm (log ε): 192 (4.38), 216.5 sh (3.84)
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22 HR-ESI-MS C20H24O5

9
13C NMR  (Table 22) δC 166.9, 171.9 216.4 ppm

3 δC 116.2, 125.8, 128.1, 139.1, 141.1 160.1 ppm 3
6 4  ( δC 72.7

77.5 ppm 2 δC 116.2 ppm 1
) 4  ( 1 δC 125.8 ppm ) 4

 (δC 20.0, 20.5, 26.2 27.6 ppm) 3
EtOAc 2

1H NMR  (Table 22) 
 (δH 5.49, sept, J = 1.4 Hz) 7 2

 (δH 1.88, d, J = 1.4 Hz; δH 2.13, d, J = 1.4 Hz) 
senecioic acid  [26] 2 8  (δH 3.89, td, J 

= 10.5, 4.8 Hz)  22 8  (δH 4.81, m) 
senecioic acid senecioic acid

8
2D NMR  (Fig. 39) HMBC

14  (δH 1.21, s) 10  (δC 46.8 ppm) 1  (δC 216.4 ppm) 
2  (δH 2.34, m; δH 2.60, dd, J = 14.5, 1.6 Hz) 1 3  (δC 

30.3 ppm) 3  (δH 2.37, m; δH 2.75, m) 1 4  (δC 128.1 
ppm) 5  (δC 141.1 ppm) 1

22 COSY
6  (δH 5.68, d, J = 7.1 Hz) 9

22 Fig. 38

 

Fig. 39  Key COSY and HMBC correlations of Compound 22

22 NOESY
22 2 NMR

2 6 7 11.4 Hz
22 7.1 Hz 2  (δC 126.1 ppm) 

5  (δC 128.6 ppm) 2.5 ppm 22 4
 (δC 128.1 ppm) 5  (δC 141.1 ppm) 13 ppm
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2 6 15
22 22 2

6 NOESY  (Fig. 40) 6
15 7 14 3β 9β 8

Fig. 40  Key PS-NOESY correlations of Compound 22

22 DFT ECD
22 senecioic acid ECD

ECD
22 8 22a (Fig. 41) 

ECD  22  (Fig. 41) 230 
nm 300 nm  22 6R, 
7R, 8S, 10R

    
Fig. 41  Structure of Compound 22a (Left); Experimental and calculated ECD spectrum of 
22 and 22a in CH3CN (Right).
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23              

Fig. 42  Structure and physical data of Compound 23

White amorphous powder
HR-ESI-MS (positive) m/z: 367.1517 [M+Na] +
Calcd for C20H24O5Na: 367.1516
[α] −66.4 (MeOH, c = 0.14) 
IR (film) νmax: 3367, 1767, 1709, 1510, 1267
UV λmax (CH3CN) nm (log ε): 191.5 (4.30), 211.5 sh (4.01)



49

23 HR-ESI-MS 22
C20H24O5

13C NMR 22 NMR senecioic 
acid δC 168.6, 127.8, 139.5, 14.5 12.2 ppm

tiglic acid  [27]
23 22 senecioic acid tiglic acid

HMBC COSY  (Fig. 43) 
8 16 HMBC 500 MH tiglic acid

22 8  (δH 4.83, m) 

Fig. 43  Key COSY and HMBC correlations of Compound 23

23 NOESY
NOESY  (Fig. 44) 6  (δH 5.70, d, J = 7.2 

Hz) 7  (δH 3.34, overlapped) 15  (δH 2.00, d, J = 0.9 Hz) 
8 14  (δH 1.23, s) 9β  (δH 1.49, dd, J = 14.5, 2.2 Hz) 

22 18  (δH 
6.67, qq, J = 7.0, 1.4 Hz) 19  (δH 1.77, dq, J = 7.0, 1.4 Hz) 
18 20 tiglic acid

Fig. 44  Key PS-NOESY correlations of Compound 23

14

6

3

2

7

8
9

15

19

18



50

23 ECD  (Fig. 45) 22
 23 Fig. 42

Fig. 45  Experimental ECD spectra of 22 and 23
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24              

Fig. 46  Structure and physical data of Compound 24

White amorphous powder
HR-ESI-MS (positive) m/z: 359.1466 [M+Na] +
Calcd for C18H24O6Na: 359.1465
[α] −26.0 (MeOH, c = 0.11)
IR(film) νmax: 3026, 2929, 1715, 1652, 1446, 1244, 1144
UV λmax (CH3CN) nm (log ε): 192 (4.48)
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24 HR-ESI-MS C18H24O6
7

13C NMR δC 216.1, 168.4 172.2 ppm
3 δC 131.3, 134.9, 140.0 129.5 ppm 4

24 2 δC 129.5 
ppm 2 13C NMR

22, 23 δC 172.2 
ppm δC 21.1 ppm

δC 52.4 ppm 24
ψ-santonin

24 2D NMR  (Fig. 47) HMBC
 (δH 3.77, s) 12

8 16
HMBC 8  (δH 5.44, ddd, J = 11.1, 10.1, 4.7 Hz) 

COSY
6  (δH 4.90) 9  (δH 1.53, dd, J = 12.9, 11.1 Hz; δH 2.09, dd, J = 12.9, 

4.7 Hz) 24 Fig. 46

    
Fig. 47  Key COSY and HMBC correlations of Compound 24

24 NOESY  (Fig. 48)
6 7  (δH 2.64, t, J =10.1 Hz) 10.1 Hz

 22, 23 NOESY
6 14 8 8 9β 14

7 9α Fig. 46
24 octant  (Fig. 49) ECD  

(Fig. 50)  24 A Fig. 49
ECD 300 nm n π*

octant B octant
300 nm  24 ECD

ECD 300 nm
 24 6S, 7S, 8S, 10R
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Fig. 48  Key PS-NOESY correlations of Compound 24

Fig. 49  Application of rear octant rule to Compound 24

Fig. 50  Experimental and calculated ECD spectrum of Compound 24
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25              

Fig. 51  Structure and physical data of Compound 25

White amorphous powder
HR-ESI-MS (positive) m/z: 399.1782 [M+Na] +
Calcd for C21H28O6Na: 399.1778
[α] −24.1 (MeOH, c = 0.34)
IR(film) νmax: 3014, 2928, 1711, 1650, 1441, 1258, 1143
UV λmax (CH3CN) nm (log ε): 210 sh (4.20)
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25 HR-ESI-MS C21H28O6 8
13C NMR δC 216.0, 168.8 168.5 ppm

3 δC 129.3, 129.8, 131.2, 135.0, 138.9 140.1 ppm 3
6 24 δC 129.3 ppm 2

δC 52.4 ppm
δC 168.8, 129.8, 138.9, 14.5 12.2 ppm tiglic acid

25 24 tiglic acid
25 2D NMR  (Fig. 52) 

HMBC 500 MHz 700 MHz (Cryoprobe) NMR
700 MHz HMBC 8  (δH 5.44, ddd, J = 
11.0, 10.1, 4.6 Hz) 16  (δC 168.8 ppm) tiglic acid

Fig. 52  Key COSY and HMBC correlations of Compound 25

25 NOESY  (Fig. 
53) NOESY 6  (δH 4.90, br d, J = 10.1 Hz) 14  (δH 
1.40, s) 8 8 9β  (δH 2.15, dd, J =12.7, 4.6 Hz) 14

7  (δH 2.72, t, J = 10.1 Hz) 9α  (δH 1.51, dd, J = 
12.7, 10.1 Hz) 24

ECD  (Fig. 54) 220 nm 300 nm
25 6S, 7S, 8S, 10R
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Fig. 53  Key PS-NOESY correlations of Compound 25

Fig. 54  Experimental and calculated ECD spectrum of Compound 25
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26              

Fig. 55  Structure and physical data of Compound 26

White amorphous powder
HR-ESI-MS (positive) m/z: 399.1778 [M+Na] +
Calcd for C21H28O6Na: 399.1778
[α] −5.3 (MeOH, c = 0.15)
IR(film) νmax: 3022, 2929, 1714, 1658, 1446, 1160
UV λmax (CH3CN) nm (log ε): 213 sh (3.87); 192 (4.35)
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26 HR-ESI-MS C21H28O6 25
13C NMR 168.8, 129.3, 138.8, 16.1 20.8 ppm tiglic acid

angelic acid
26 25 tiglic acid angelic acid

HMBC COSY  (Fig. 56) NOESY
 (Fig. 57) ECD  (Fig. 58) 

 26 Fig. 55

Fig. 56  Key COSY and HMBC correlations of Compound 26

Fig. 57  Key PS-NOESY correlations of Compound 26
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Fig. 58  Experimental and calculated ECD spectrum of Compound 26
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27              

Fig. 59  Structure and physical data of Compound 27

White amorphous powder
HR-ESI-MS (positive) m/z: 442.1839 [M+Na] +
Calcd for C22H29O7NNa: 442.1836
[α] −58.6 (MeOH, c = 0.83)
IR(film) νmax: 3383, 2999, 1776, 1747, 1712, 1626, 
1403,1237,1139
UV λmax (CH3CN) nm (log ε): 192 (4.42)
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27 HR-ESI-MS C22H29O7N
9

Dragendorff’s TLC
27

13C NMR  (Table 27) δC 211.7, 176.7, 174.1 169.9 ppm
4 δC 126.6 127.9 ppm 2

4
13C NMR 5  (δC 77.5, 70.4, 66.9, 49.9 44.0 ppm) 3

 (δC 24.4, 20.9 19.2 ppm) EtOAc
2 proline  (δC 

174.1, 66.9, 29.2, 23.7 51.7 ppm)  (δC 169.9 20.9 ppm) 
27 2 8

HMBC 13  (δH 2.64, m; δH 3.05, m) 2’  (δC 66.9 ppm) 11
 (δC 44.0 ppm) 12  (δC 176.7 ppm) 5’  (δH 3.02, m) 13
 (δC 53.8 ppm) 3’  (δC 29.2 ppm) proline

2 8  (δH 5.12, td, J =11.2, 4.4 
Hz) 16 HMBC 8  
(Fig. 60)

Fig. 60  Key COSY and HMBC correlations of Compound 27

27 NOESY (Fig. 61) ECD  (Fig. 62) 
27 1% HCl

proline HPLC L-
proline NOESY 14  (δH 1.31, s) 

6  (δH 4.97, dq, J = 11.2, 1.3 Hz) 8 6 8 11
 (δH 2.95, ddd, J = 11.2, 5.9, 3.3 Hz) 8 9β 11 7

9α 2
27 ECD 2

27 6S, 7S, 10R, 11R, 2’S
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Fig. 61  Key PS-NOESY correlations of Compound 27

Fig. 62  Experimental ECD spectra of Compound 2 and 27 in CH3CN
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28, 29              

Fig. 63  Structure and physical data of Compound 28

White amorphous powder
HR-ESI-MS (positive) m/z: 384.1780 [M+Na] +
Calcd for C20H27O5NNa: 384.1781
[α] −56.1 (MeOH, c = 0.83)
IR(film) νmax: 3383, 2929, 1760, 1706, 1639, 
1406,1178
UV λmax (CH3CN) nm (log ε): 192 (4.23)
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Fig. 64  Structure and physical data of Compound 29

White amorphous powder
HR-ESI-MS (positive) m/z: 378.1912 [M+H] +
Calcd for C20H28O6N: 378.1911
[α] −131.3 (MeOH, c = 0.45)
IR(film) νmax: 3383, 2957, 1760, 1706, 1628,
1446, 1196
UV λmax (CH3CN) nm (log ε): 192 (4.31)
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28 HR-ESI-MS 1
C20H27O5N

13C NMR  (Table 28) δC 213.6, 177.9 174.3 ppm
3 δC 127.2 139.1 ppm 4 2

δC 23.9 19.2 ppm 2 1
NMR 1  (δC 

125.2 130.0 ppm) 6  (δH 4.80, d-quint, J = 11.8, 1.3 Hz) 28  
(δC 126.8 138.7 ppm) 6  (δH 5.67, d, J = 5.8 Hz) 

28 1 6

COSY HMBC  (Fig. 65)

NOESY ECD NOESY  (Fig. 66) 6  (δH 
5.56, d, J = 5.6 Hz) 15  (δH 1.87, s) 7  (δH 2.47, dd-like, J = 8.8, 5.6 Hz) 

13  (δH 2.98, dd, J =12.9, 6.6 Hz; 3.08, dd, J = 12.9, 6.6 Hz) 7
9α 8β  (δH 1.56, m) 14  (δH 1.12, s) 9β 11

 (δH 2.43, br t, J = 6.6 Hz) 6
ECD  (Fig. 67) 300 nm n π*

10 R 1, 2, 27
ECD 6S  1, 2, 27 230 nm

6R 28
28 6R, 7S, 10R, 11R, 2’S

29 HR-ESI-MS C20H27O6N 2

13C NMR 28
2 6

NOESY  (Fig. 66) 8  (δH 3.54, ddd, J = 10.8, 8.9, 3.3 Hz) 9β
 (δH 1.75, m) 14  (δH 1.12, s) 11  (δH 2.79, br t, J = 6.4 Hz) 

7  (δH 2.15, dd, J = 8.9, 5.8 Hz) 6  (δH 5.67, d, J = 5.8 Hz) 9α  (δH 
1.46, dd, J = 13.2, 10.8 Hz) Fig. 64
ECD  (Fig. 67) 300 nm 230 nm

29 6R, 7R, 10R, 11R, 2’S

Fig. 65  Key COSY and HMBC correlations of Compounds 28 and 29
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Fig. 66  Key PS-NOESY correlations of Compounds 28 and 29

Fig. 67  Experimental ECD spectra of Compound 1-2, 27-29 in CH3CN
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1-BuOH 8  (30 37)  (Fig. 68)
2 : boscialin 4′-O-glucoside (30) [28] turpinionoside A (31) 

[29] 3 : benzyl glucoside (32) [30], picein (33) [31] β-adenosine (34) [32]
3 : Apigenin 7-O-[α-L-rhamnopyranosyl-(1 6)-β-D-glucopyranoside] 

(35) [33], Apigenin 3-O-[α-L-rhamnopyranosyl-(1 6)-β-D-glucopyranoside] (36) [15] 
Narcissin (37) [12] 

Fig. 68  Known compounds from 1-BuOH layer of C. chinense
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NMR  (Table 30 and 31) 30 boscialin 4′-O-

glucoside [28] 31 turpinionoside A [29] 

Fig. 69  Structure and physical data of Compound 30

Colorless amorphous powder
HR-ESI-MS (positive) m/z: 411.1991 [M+Na] +
Calcd for C19H32O8Na: 411.1989
[α] −40 (MeOH, c = 0.12)
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Fig. 70  Structure and physical data of Compound 31

Colorless amorphous powder
HR-ESI-MS (positive) m/z: 413.2150 [M+Na] +
Calcd for C19H34O8Na: 413.2146
[α] −15.6 (MeOH, c = 0.09)
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NMR  (Table 32 34) 32 benzyl glucoside 

[30] 33 picein [31] 34 β-adenosine [32] 

Fig. 71  Structure and physical data of Compound 32

Colorless amorphous powder
HR-ESI-MS (positive) m/z: 293.0995 [M+Na] +
Calcd for C13H18O6Na: 293.0996
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Fig. 72  Structure and physical data of Compound 33

Colorless amorphous powder
HR-ESI-MS (positive) m/z: 321.0944 [M+Na] +
Calcd for C14H18O7Na: 321.0945
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Fig. 73  Structure and physical data of Compound 34

White solid
HR-ESI-MS (positive) m/z: 290.0860 [M+Na] +

Calcd for C10H13O4N5Na: 290.0860
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NMR  (Table 35 37) 35 apigenin 7-O-[α-

L-rhamnopyranosyl-(1 6)-β-D-glucopyranoside] [33] 36 apigenin 3-O-[α-L-
rhamnopyranosyl-(1 6)-β-D-glucopyranoside] [15] 37 narcissin [12] 

Fig. 74  Structure and physical data of Compound 35

Yellow amorphous powder
HR-ESI-MS (positive) m/z: 601.1528 [M+Na] +

Calcd for C27H30O14Na: 601.1528
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Fig. 75  Structure and physical data of Compound 36

Yellow amorphous powder
HR-ESI-MS (positive) m/z: 617.1475 [M+Na] +

Calcd for C27H30O15Na: 617.1477
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Fig. 76  Structure and physical data of Compound 37

Yellow amorphous powder
HR-ESI-MS (positive) m/z: 647.1588 [M+Na] +

Calcd for C28H32O16Na: 647.1583
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5 Leishmania major

  (Leishmaniasis) 
WHO 3 5
400-1200 100
WHO  Neglected Tropical Diseases, NTDs  

2021 2030  [34]

 [35, 36] Leishmania major (L. major) 
 [37]

 [38] 60 100
75%  [39]

Leishmania major

MTT assay

MTT assay MTT (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolinm bromide, yellow tetrazole) 

MTT succinate-
tetrazolium reductase ( ) 

Leishmania major MTT assay

96 well plate triplicate
Control DMSO positive control

miltefosine
DMSO well 1 μl

2.0×105 cells/99 μl Leishmania major M199 99 
μl 25 72 96 well plate

MTT (0.5 mg/ml) M199 100 μl over night
MTT DMSO 100 μl plate mixer

plate reader 540 nm

Leishmania major

 (%) = [1 – (Asample – Ablank) / (Acontrol – Ablank)] × 100
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Asample : 
Ablank : DMSO
Acontrol : DMSO

 (100, 
50, 25, 12.5, 6.25, 3.125 μg/ml) IC50  (Table 38)

1 2, 22 29 L. major
22 23 ψ-santonin
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ψ-santonin  (1 2, 22 29) L. major
A549

96 well plate triplicate
Control sample DMSO positive control

doxorubicin

DMSO well 1 μl
5.0×103 cells/99 μl A549 DMEM 99 μl
37 72 96 well plate MTT (0.5 

mg/ml) 100 μl 1.5 MTT
DMSO 100 μl plate mixer plate reader 540 nm 

sample A549
 (%) = [1 – (Asample – Ablank) / (Acontrol – Ablank)] × 100

Asample : 
Ablank : DMSO
Acontrol : DMSO

 ( )
IC50 ψ-santonin  (1-2, 22-29) 

 (6-8) doxorubicin



79

ψ-santonin  (1 2, 22 29) L. major A549

Vero 

Vero 

Vero 1962  Cercopithecus aethiops  
 [40] Vero

 [41, 42]

A549

22 23 L. major
 (Table 41)



80



81

 (Crossostephium chinense) EtOAc
3  (1 3) 18 1-BuOH 8

 (22 29) 8
ψ-santonin  (1 2, 22 29) L. major A549

Vero
ψ-santonin (1 2, 24 29) 22

23 L. major 7.4 8.2
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ψ-santonin

ψ-santonin α-santonin, β-santonin
α-santonin

ψ-santonin  (Fig. 77)

Fig. 77  plausible biosynthesis of ψ-santonin derivatives
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ψ-santonin L. major
22 23

ψ-santonin  (Fig. 78)

Fig. 78  structure-activity relationship of ψ-santonin

8
1 27 L. major  (4.72 ± 1.3 μM) 2 (66.1 ± 5.9 μM) 

2. 1 2 28 29 8

11, 13
1 Crossoseamines (1, 2, 28, 29) crossostenins (22-26) L-proline

6
1 22 23 24-26

2 ψ-santonin 6 3D 
conformation 3D conformation

1. Addition of L-proline may 
decrease the activities

1. Substitution of short chain fatty 
acid may increase the activities
2. Substitution of hydroxyl group 
may affect the activities

1. Hydrolysis of lactone ring may 
decrease the activities
2. The stereochemistry of C -6 may 
affect the activities

6

8

11
13
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 (Crossostephium chinense) 2008  

1. 
JASCO P-1030 ( ) 

2.  (NMR) 
Bruker AVANCE 600  (  1H NMR 600 MHz 13C NMR
150 MHz) Bruker AVANCE 500  (  1H NMR 500 MHz
13C NMR 125 MHz) JEOL JNM-ECP500  (   
1H NMR 500 MHz 13C NMR 125 MHz) D
internal lock signal  (TMS) 

δ  (ppm) 1H NMR Hz

3.  (MS)
HR-ESI-MS  (Thermo Fisher Scientific LTQ 
Orbitrap XL) 

4.  (IR) 
JASCO FT/IR-4600 ( ) 

5.  (UV) 
1 cm JASCO V-630 ( ) 

6.  (ECD) 
1 cm JASCO J-720 ( ) JASCO J-1500 ( )

7.  (ECD) DFT
22a Spartan’20 V1.1.2  

(Wavefunction, Inc., Irvine, CA, U.S.A.) Merck molecular force field 
(MMFF) 40 kcal/ml

Hartree–Fock (HF)/3-21G and 
ωB97XD/6-31G* Gaussian 16 (Revision A.03 by Gaussian) 
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CAM-B3LYP/aug-cc-pVDZ  (bandwidth sigma = 0.5 ev) ECD
ECD Boltzmann

ECD

24, 25, 26 ECD B3LYP/6-31G (d,p) M06-2X/6-31G 
(d,p) ECD Boltzmann

1 Diaion HP-20
Diaion HP-20 Diaion HP-20

2
70-230 mesh silica gel 60 (spherical) (

) 
Cosmosil 75C18-OPN (Nacalai Tesque) 

3
Inertsil ODS-3 (10×250 mm ) COSMOSIL πNAP 

(10×250 mm Nacalai Tesque) COSMOSIL HILIC (10×250 mm Nacalai Tesque) Mightysil 
RP-18 Aqua 250-10 (5 μm) (KANTO CHEMICAL CO. INC) RID-10A 
(Shimadzu)

2.5 ml/min 2.0 ml/min

4  (TLC)
TLC 0.25 mm silica gel 60 F254 (Merck) 

UV (254 nm) 10 %

5
Shodex NH2P-50 ( ) OR-2090 ( ) 

1 ml/min
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 (3.5 kg) 3  (10.0 L  3) 1.5 L
75 ml 95% MeOH Hexane 1.5 L Hexane

MeOH 1.5 L EtOAc 1-BuOH
1.5 L Hexane  (27.7 g) EtOAc  (67.3 g) 1-

BuOH  (30.5 g)  (171.2 g) 

EtOAc  (74.3 g) CHCl3 CHCl3 MeOH  CHCl3 (2 
L) CHCl3 MeOH (20 : 1, 2 L) (15 : 1, 2 L) (10 : 1, 2 L) (7 : 1, 2 L) (5 : 1, 2 L) (3 : 1, 2 L)
(2 : 1, 2 L) MeOH (2 L)   ( 6 cm× 35 cm)  

1-9

1-9 MeOH  
MeOH  (10 : 90, 600 ml) (20 : 80, 600 ml) (30 : 70, 600 ml) (40 : 60, 600 ml) (50 : 50, 

600 ml) (60 : 40, 600ml) (70 : 30, 600ml) (80 : 20, 600ml) (90 : 10, 600ml) MeOH (600 
ml) Acetone (600ml)   ( 3.6 cm× 18 
cm) 

4, 6
3-2 (1.19 g/5.25g) 

 Inertsil ODS-3 (10×250 mm) 30% 2.5 mL/min  
4 (186.6 mg) 

3-3 (1.93 g) 
 Inertsil ODS-3 (10×250 mm) 45% +0.1% TFA 2.5 mL/min  
6 (107.4 mg) 

7, 8, 11, 17, 18, 20, 21
4-1 (782 mg) 

 COSMOSIL NAP (10×250 mm) 35% 2.5 mL/min  
18 (19.4 mg) 17 (10.1 mg) 

4-3 (611 mg) 
Inertsil ODS-3 (10×250 mm) 40% 2.5 mL/min 7 

(50.3 mg) 8 (31.5 mg) 

4-4 (510 mg) 
 Inertsil ODS-3 (10×250 mm) 50% 2.5 mL/min  

11 (32.4 mg) 20 (73.1 mg) 21 (5.2 mg) 

3, 12, 13, 19
5-2 (1.29 g/2.29 g) 
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 Inertsil ODS-3 (10×250 mm) 35% 2.5 mL/min  
12 (41.3 mg) 13 (46.7 mg) 3 (3.8 mg) 

5-4 (481 mg) 
 COSMOSIL πNAP (10×250 mm) 38% 2.5 mL/min  

19 (14.5 mg) 

5, 9, 14, 15, 16
6-1 (626 mg) 

 COSMOSIL NAP (10×250 mm) 20% 2.5 mL/min  
5 (10.9 mg) 

6-2 (1.36 g) 
 COSMOSIL πNAP (10×250 mm) 20% 2.5 mL/min  

16 (15.1 mg) 15 (33.6 mg) 

6-3 (1.24 g) 
 Inertsil ODS-3 (10×250 mm) 40% 2.5 mL/min   

9(5.1 mg) 

6-5 (370 mg) 
 COSMOSIL πNAP (10×250 mm) 40% 2.5 mL/min  

14 (26.6 mg)

2, 10
7-3 (260 mg) 

 COSMOSI πNAP (10×250 mm) 15% 2.0 mL/min  
2 (20.6 mg) 

7-4 (983 mg) 
 COSMOSI NAP (10×250 mm) 50% 2.5 mL/min  

10 (23.1 mg) 

1
9-3 (630 mg) 

 Inertsil ODS-3 (10×250 mm) 18% 2.0 mL/min   
1 (20.1 mg) 

1, 2 proline
1 2 ( 0.2 mg) 1% HCl 12 EtOAc
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 (Cosmosil HILIC, 10 × 250 mm, CH3CN-H2O (4:1, v/v), : 0.7 ml/min) 
30  (negative) 

L-proline

3
3 (0.5 mg) 1M HCl 0.2 ml sonication 80 2

EtOAc 0.2 ml HPLC (Asahipak 
NH2P-50 4E, 4.6 × 250 mm, CH3CN-H2O (3:1, v/v), : 1 ml/min) 

glucose  (7.3 ) D-glucose

1-BuOH  (30.5 g) 27.3 g CHCl3 MeOH  CHCl3 MeOH 
(20 : 1, 2 L) (10 : 1, 2 L) (7 : 1, 2 L) (5 : 1, 2 L) (3 : 1, 2 L) (2 : 1, 2 L) (1 : 1, 2 L) MeOH 
(2 L)   ( 6 cm× 33 cm) 

1-8

1-8 MeOH  
MeOH  (10 : 90, 500 ml) (20 : 80, 500 ml) (30 : 70, 500 ml) (40 : 60, 500 ml) (50 : 50, 

500 ml) (60 : 40, 500ml) (70 : 30, 500ml) (80 : 20, 500ml) (90 : 10, 500ml) MeOH (500 
ml)   ( 3.6 cm× 15 cm) 

30, 31, 32, 33
2-1 (149 mg) 

 Cosmosil HILIC (10×250 mm) 95% 2.0 mL/min  
32 (1.9 mg) 33 (1.7 mg) 

2-2 (154 mg) 
 Inertsil ODS-3 (10×250 mm) 15% 2.0 mL/min  

30 (1.2 mg) 31 (0.9 mg) 

22, 23, 24, 25, 26, 35, 36, 
3-4 (182 mg) 

 Inertsil ODS-3 (10×250 mm) 25% 2.0 mL/min   
35(6.3 mg) 36 (1.1 mg) 

3-5 (85 mg) 
 Inertsil ODS-3 (10×250 mm) 50% 2.0 mL/min  

22 (1.1 mg) 23 (1.4 mg) 24 (1.0 mg) 

3-6 (64 mg) 
 Inertsil ODS-3 (10×250 mm) 53% 2.0 mL/min  

25 (4.7 mg) 26 (1.5 mg) 
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34, 37
4-2 (78 mg) 

 Inertsil ODS-3 (10×250 mm) 5% 2.0 mL/min  34 
(3.3 mg) 

4-6 (146 mg) 
 Inertsil ODS-3 (10×250 mm) 30% 2.0 mL/min  

37 (3.6 mg) 

27, 28, 29
5-3 (153 mg) 

 COSMOSI πNAP (10×250 mm) 15% 2.0 mL/min  
28 (5.4 mg)  29 (4.5 mg) 

5-4 (147 mg) 
 COSMOSI πNAP (10×250 mm) 20% 2.0 mL/min  

27 (18.7 mg) 

27, 28, 29 proline
1, 2 27, 28, 29 ( 0.2 mg) 1% HCl

12 EtOAc HPLC
30 L-proline
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 (Damnacanthus indicus 
var. intermedius) 
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 (Damnacanthus indicus var. intermedius)  (Rubiaceae)
 (Damnacanthus) 

 (Damnacanthus indicus var. indicus) 
1 ~ 1.5 m

5 8 cm
1 3 2 4 mm

 ( ) 
 ( ) 

TNF-α IL-1β  [43]
 [44, 45] 

https://makiron39.blog.fc2.com/blog-entry-989.html
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MeOH n-Hexane MeOH
MeOH EtOAc 1-

BuOH 1-BuOH
 (Fig. 79)

Fig. 79 Extraction and fractionation of D. indicus var. intermedius
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1-BuOH 30.1 g Diaion HP-20 Silica gel ODS
HPLC 18  (38 55)  (Chart 3)

1-BuOH
8  (38 – 45) (Fig. 80) 

 

Fig. 80  New Iridoid glucosides (38 45) from the aerial parts 
of D. indicus var. intermedius

R2R1

PropylMethyl-O38

PropylButyl-O39

ButylMethyl-O40

ButylButyl-O41

R

Propyl42

Butyl43

S-2-Methyl-Butyl44

R

Butyl45
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38 41             

Fig. 81 Structure and Physical data of Compound 38

Colorless amorphous powder
HR-ESI-MS (positive) m/z: 483.1473 [M+Na]+
Calcd for C20H28O12Na: 483.1473

: −14.7 (MeOH, c = 0.6)
IR vmax (film) cm-1 : 3391, 2942, 2360, 1707, 1633, 1051
UV λmax (CH3OH) nm (log ε) : 202 sh(4.22), 231 (4.01)

Table 42  13C NMR and 1H NMR data (125 MHz and 500 MHz, MeOD) 
1H13CPosition

5.07, d, (9.0)d101.51
7.66, d, (1.1)d155.53

s108.34
3.04, td, (7.1, 1.6)d42.65

4.81, md75.16
6.02, d, (1.5)d131.87

s146.38
2.64, t, (7.9)d46.49

4.81, m
4.94, br d, (14.5)t63.810

s169.511
3.75, sq52.011a

s176.012
2.42, q, (7.5)t28.412a
1.15, t, (7.5)q9.612b
4.73, d, (7.8)d100.81’

3.23-3.40, m

d75.62’
d78.13’
d71.74’
d78.75’

3.63, dd, (6.0, 11.8)
3.86, dd, (2.0, 11.8)t63.16’
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Fig. 82 Structure and Physical data of Compound 39

Colorless amorphous powder
HR-ESI-MS (positive) m/z: 525.1942 [M+Na]+
Calcd for C23H34O12Na: 525.1942

: −18.3 (MeOH, c = 0.18)
IR vmax (film) cm-1 : 3380, 2959, 2360, 1705, 1630, 1051
UV λmax (CH3OH) nm (log ε) : 202 sh(4.03), 233 (3.93)

Table 43  13C NMR and 1H NMR data (125 MHz and 500 MHz, MeOD) 
1H13CPosition

5.05, d, (9.0)d101.51
7.63, d, (1.2)d155.43

s108.54
3.02, td, (7.5, 1.6)d42.65

4.79, md75.16
6.00, d, (1.6)d131.87

s146.38
2.62, t, (7.8)d46.49

4.79, m
4.94, br d, (14.9)t63.810

s169.111
4.14, ddd, (13.2, 6.7, 2.2)t65.311a

1.66, quint, (7.5)t32.111b
1.43, sext, (7.5)t20.511c

0.95, t, (7.5)q14.211d
s176.012

2.40, q, (7.6)t28.412a
1.13, t, (7.6)q9.612b
4.71, d, (7.9)d100.81’

3.20-3.38, m

d75.62’
d78.13’
d71.74’
d78.85’

3.62, dd, (5.9, 12.0)
3.83, dd, (1.7, 12.0)t63.16’
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Fig. 83  Structure and Physical data of Compound 40

Colorless amorphous powder
HR-ESI-MS (positive) m/z: 497.1629 [M+Na]+
Calcd for C21H30O12Na: 497.1629

: −7.1 (MeOH, c = 0.31)
IR vmax (film) cm-1 : 3396, 2934, 2360, 1702, 1633, 1077
UV λmax (CH3OH) nm (log ε) : 205 sh(4.22), 232 (3.95)
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Fig. 84 Structure and Physical data of Compound 41

Colorless amorphous powder
HR-ESI-MS (positive) m/z: 539.2100 [M+Na]+
Calcd for C24H36O12Na: 539.2099

: −5.9 (MeOH, c = 0.37)
IR vmax (film) cm-1 : 3396, 2962, 2360, 1692, 1632, 1076
UV λmax (CH3OH) nm (log ε) : 200 sh(3.88), 234 (3.92)
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38 HR-ESI-MS C20H28O12 7

1H NMR  (Table 42) olefinic 2  (δH 6.02, 
d, J = 1.5 Hz; δH 7.66, d, J = 1.1 Hz) 2  (δH 3.75, s; δH 1.15, t, 
J = 7.5 Hz)  (δH 4.73, d, J = 7.8 Hz) 

38 13C NMR HSQC
13C NMR 2  (δC 169.5, 176.0 

ppm) 4  (δC 155.5, 146.3, 131.8, 108.3 ppm) 
2  (δC 101.5, 100.8 ppm) 

38 2
daphylloside (46) 

[46] 
38 2D NMR  (Fig. 85) COSY

1 7
HMBC 38

Fig. 81
NOESY  (Fig. 86) 5 6 9

46  (β ) 1
1 9  (J = 8.5 Hz) α

Fig. 
81 5, 9 β

ECD

39 HR-ESI-MS C23H34O12 38 NMR
1-BuOH

38
40 41 1-BuOH
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Fig. 85  Key COSY and HMBC correlations of Compounds 38 41

Fig. 86  Key PS-NOESY correlations of Compound 38

38 39

40 41
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42 44             

Fig. 87  Structure and Physical data of Compound 42

Colorless amorphous powder
HR-ESI-MS (positive) m/z: 451.1211 [M+Na]+
Calcd for C19H24O11Na: 451.1211

: −120.5 (MeOH, c = 1.07)
IR vmax (film) cm-1 : 3389, 2942, 2361, 1739, 1658, 1058
UV λmax (CH3OH) nm (log ε) : 201 (3.85), 233 (3.67) 

Table 46  13C NMR and 1H NMR data (125 MHz and 500 MHz, MeOD) 
1H13CPosition

5.98, d, (1.4)d93.41
7.33, d, (2.1)d150.43

s106.34
3.70, t, (6.3)d37.55

5.59, d-quint, (6.7, 1.6)d86.46
5.75, quint, (1.6)d129.07

s144.58
3.20-3.42, md45.49

4.82, dq, (14.4, 1.2)
4.70, dq, (14.4, 0.9)t62.910

s172.711
s175.712

2.42, q, (7.5)t28.312a
1.15, t, (7.5)q9.512b
4.71, d, (7.4)d100.11’

3.20-3.42, m

d74.72’
d78.53’
d71.74’
d78.05’

3.69, d-like, (12.0)
3.94, dd, (2.1, 12.0)t62.06’
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Fig. 88  Structure and Physical data of Compound 43

Colorless amorphous powder
HR-ESI-MS (positive) m/z: 465.1366 [M+Na]+
Calcd for C20H26O11Na: 465.1367

: −134.8 (MeOH, c = 0.7)
IR vmax (film) cm-1 : 3396, 2966, 2361, 1739, 1658, 1072
UV λmax (CH3OH) nm (log ε) : 201 (3.77), 234 (3.67) 
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Fig. 89  Structure and Physical data of Compound 44

Colorless amorphous powder
HR-ESI-MS (positive) m/z: 479.1531 [M+Na]+
Calcd for C21H28O11Na: 479.1524

: −110.6 (MeOH, c = 0.7)
IR vmax (film) cm-1 : 3396, 2968, 2360, 1742, 1658, 1055
UV λmax (CH3OH) nm (log ε) : 202 (3.85), 233 (3.72) 

Table 48  13C NMR and 1H NMR data (125 MHz and 500 MHz, MeOD) 
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42 HR-ESI-MS C19H24O11 8

13C NMR  (Table 46) 2  (δC 172.7, 
175.7 ppm) 4  (δC 150.4, 144.5, 129.0, 106.3 ppm) 

 (δC 100.1 ppm) 42
3

asperuloside (48) [47] 
1H 13C NMR

42 asperuloside
NOESY  (Fig. 91) NOESY

5 6 9 asperuloside
β 1 9  (J = 1.4 Hz) asperuloside 

(J = 1.5 Hz) 1 α

43 MS C20H26O11 1D NMR (Table 47) 
42

13C NMR  (δC 174.9, 36.9, 19.5, 14.1 ppm) 
42 43

Fig. 88

44 43 MS C21H28O11
1H NMR  (Table 48) 6  (δH 2.42, sext, J = 6.7 

Hz)  (δH 1.15, d, J = 7.0 Hz) 
HMBC  (Fig. 90)  

(δH 1.15, d, J = 7.0 Hz) 12 2-
2-

HPLC S 44 Fig. 89
 42 – 44 asperuloside 

(48) 
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Fig. 90  Key COSY and HMBC correlations of Compounds 42 44

Fig. 91  Key PS-NOESY correlations of Compound 42

6

9

5

10

1
5.98, d, (1.4)

42

43 44
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45             

Fig. 92  Structure and Physical data of Compound 45

Colorless amorphous powder
HR-ESI-MS (positive) m/z: 497.1635 [M+Na]+
Calcd for C21H30O12Na: 497.1629

: −32.3 (MeOH, c = 0.31)
IR vmax (film) cm-1 : 3396, 2967, 2361, 1747, 1627, 1056
UV λmax (CH3OH) nm (log ε) : 205 (4.03), 231sh (3.53) 

Table 49  13C NMR and 1H NMR data (125 MHz and 500 MHz, MeOD) 
1H13CPosition

5.10, d, (6.1)d96.91
4.99, d, (3.6)d98.73

3.23, dd, (3.7, 10.6)d44.64
3.34-3.40, md37.85

5.37, d-like, (6.7)d88.06
5.95, quint, (1.6)d126.47

s152.48
3.01, dd, (6.2, 9.1)d46.59
4.96, br d, (15.6)

4.73, dq, (15.6, 0.9)t62.710

s177.311
s175.212

2.37, t, (7.3)t36.912a
1.66, sext, (7.3)t19.612b

0.95, t, (7.4)q14.112c
3.51, sq56.63-OCH3

4.67, d, (7.7)d99.81’
3.18, dd, (7.8, 9.1)d75.12’

3.25-3.40, m
d78.43’
d71.74’
d78.25’

3.84, dd, (1.0, 12.5)
3.63, dd, (5.7, 11.9)t62.96’
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45 HR-ESI-MS C21H30O12 7
 13C NMR  (Table 49) 2  (δC 177.3, 175.2 ppm) 1

 (δC 152.4, 126.4 ppm) 42 44
1 45

42
 (δC 98.7, 44.6 ppm) 2

 (δC 98.7 ppm) 
42

3, 4
COSY HMBC  (Fig. 93) COSY

3 7 1
HMBC  (δH 3.51, s) 3

 (δC 98.7 ppm) 
NOESY  (Fig. 94) 

4 5 6 9 β
3 5 1 3

1 α 45
V3 iridoid (49) [48] 

45 Fig. 92

Fig. 93  Key COSY and HMBC correlations of Compounds 45

Fig. 94  Key PS-NOESY correlations of Compounds 45
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 (D. indicus var. intermedius) 1-BuOH 10
 (46 55) NMR

5  daphylloside (46) [46], officinaloside G (47) [49], asperuloside 
(48) [47], V3 iridoid (49) [48] eucomoside A (50) [50]; 2 : syringaresinol 
mono-β-D-glucoside (51) [51]  (7S,8R,8’R)-4,4’,9-trihydroxy-3,3’,5,5’-tetramethoxy-7,9’-
epoxylignan-7’-one 4-O-β-D-glucopyranoside (52) [52]; 1 : 
hedanthroside B (53) [53]; 2 : (S)-butyl 5-oxopyrrolidine-2-carboxylate (54) 
[54] n-Butyl-α-D-fructofuranoside (55) [55] 

Fig. 95  Known compounds from the 1-BuOH layer of D. indicus var. intermedius
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NMR 46 daphylloside 47

officinaloside G, 48 asperuloside, 49 V3 iridoid 50  eucomoside 
A

Fig. 96  Structure and physical data of Compound 46

Colorless amorphous powder
HR-ESI-MS (positive) m/z: 469.1312 [M+Na]+
Calcd for C19H26O12Na: 469.1316
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Fig. 97  Structure and physical data of Compound 47

Colorless amorphous powder
HR-ESI-MS (positive) m/z: 511.1787 [M+Na]+
Calcd for C22H32O12Na: 511.1786

Table 51  13C NMR and 1H NMR data (125 MHz and 500 MHz, MeOD) 
1H13CPosition

5.04, d, (9.0)d101.41
7.63, d, (1.4)d155.43

s108.54
3.01, td, (7.2, 1.4)d42.65

4.80, md75.16
6.01, d, (1.6)d132.07

s146.18
2.62, t, (8.0)d46.49

4.80, m
4.93, d, (14.4)t63.910

s169.111
4.14, ddd, (2.4, 6.7, 13.2)t65.311a

1.67, quint, (7.2)t32.111b
1.47, sext, (7.4)t20.511c

0.95, t, (7.4)q14.311d
s172.712

2.07, sq20.912a
4.70, d, (8.0)d100.71’

3.20-3.38, m

d75.62’
d78.03’
d71.74’
d78.75’

3.84, dd, (1.6, 12.0)
3.60, dd, (5.9, 12.0)t63.16’
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Fig. 98  Structure and physical data of Compound 48

Colorless amorphous powder
HR-ESI-MS (positive) m/z: 437.1057 [M+Na]+
Calcd for C18H22O11Na: 437.1054

Table 52  13C NMR and 1H NMR data (125 MHz and 500 MHz, MeOD) 
1H13CPosition

5.98, d, (1.5)d93.41
7.33, d, (1.2)d150.43

s106.34
3.70, t, (6.4)d37.65

5.59, d-quint, (6.7, 1.5)d86.56
5.75, quint, (1.5)d129.17

s144.48
3.20- 3.42, md45.49

4.80, dq, (14.3, 1.3)
4.69, dq, (14.3, 1.3)t62.910

s172.411
s172.712

2.10, sq20.812a
4.71, d, (7.9)d100.11’

3.20- 3.42, m

d74.22’
d78.53’
d71.74’
d78.05’

3.94, dd, (2.1, 12.1)
3.69, dd, (6.7, 12.1)t62.16’
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Fig. 99  Structure and physical data of Compound 49

Colorless amorphous powder
HR-ESI-MS (positive) m/z: 469.1318 [M+Na]+
Calcd for C19H26O12Na: 469.1316

Table 53  13C NMR and 1H NMR data (125 MHz and 500 MHz, MeOD) 
1H13CPosition

5.11, d, (6.1)d96.91
4.99, d, (3.5)d98.73

3.51, sq56.63-OCH3
3.24, dd, (3.5, 10.5)d44.64

3.35-3.41, md37.85
5.37, d-like, (6.6)d88.06
5.98, quint, (1.4)d126.47

s152.28
3.02, dd, (6.1, 8.1)d46.59
4.95, br d, (15.6)
4.73, br d, (15.6)t62.910

s177.311
s172.712

2.10, sq20.912a
4.68, d, (7.9)d99.71’

3.18, dd, (7.9, 9.3)d75.02’
d78.43’

3.26-3.41, md71.74’
d78.25’

3.85, dd, (1.2, 11.9)
3.64, dd, (5.2, 11.9)t62.96’
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Fig. 100  Structure and physical data of Compound 50

Colorless amorphous powder
HR-ESI-MS (positive) m/z: 437.1063 [M+Na]+
Calcd for C18H22O11Na: 437.1054

Table 54  13C NMR and 1H NMR data (125 MHz and 500 MHz, MeOD) 
1H13CPosition

5.54, d, (1.9)d93.01
5.32, d, (2.5)d96.73

3.18, dd, (2.5, 12.4)d39.14
3.61, md36.25

5.58, d-like, (8.0)d88.46
5.88, quint, (1.7)d130.17

s144.98
3.17, md46.39

4.73, dq, (14.7, 1.4)
4.66, dq, (14.7, 0.9)t62.010

s180.511
s172.312

2.07, sq20.712a
4.92, d, (7.4)d99.41’

3.41, dd, (7.5, 9.4)d80.12’
d76.03’ 3.56, t, (9.0)
d71.24’ 3.37, m
d79.55’ 3.37, m

3.67, dd, (4.3, 11.5)
3.87, dd, (1.0, 11.5)t62.76’
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NMR 51 syringaresinol mono-β-D-glucoside 52  

(7S,8R,8’R)-4,4’,9-trihydroxy-3,3’,5,5’-tetramethoxy-7,9’-epoxylignan-7’-one 4-O-β-D-
glucopyranoside

Fig. 101  Structure and physical data of Compound 51

White amorphous powder
HR-ESI-MS (positive) m/z: 603.2053 [M+Na]+
Calcd for C28H36O13Na: 603.2048
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Fig. 102  Structure and physical data of Compound 52

White amorphous powder
HR-ESI-MS (positive) m/z: 603.2053 [M+Na]+
Calcd for C28H36O13Na: 603.2048
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NMR 53 hedanthroside B

Fig. 103  Structure and physical data of Compound 53

Yellow amorphous powder
HR-ESI-MS (positive) m/z: 617.1482 [M+Na]+
Calcd for C27H30O15Na: 617.1482
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NMR 54 (S)-butyl 5-oxopyrrolidine-2-

carboxylate  55 n-butyl-α-D-fructofuranoside  

Fig. 104  Structure and physical data of Compound 54

Colorless amorphous powder
HR-ESI-MS (positive) m/z: 186.1122 [M+H]+

Calcd for C9H16O3N: 186.1125
: −23.0 (MeOH, c = 0.2)
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Fig. 105  Structure and physical data of Compound 55

Colorless amorphous powder
HR-ESI-MS (positive) m/z: 259.1159 [M+Na]+
Calcd for C10H20O6Na: 259.1152
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 (D. indicus var. intermedius) 
5  (46 50), 2  (51

52) 1  (53) 2  (54 55) 
8  (38 45) 
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 (D. indicus var. intermedius) 8

irido-alkaloid

 (Fig. 106) [56]
1-BuOH butyryl-CoA

1-BuOH artifact

Fig. 106  The plausible biosynthesis of iridoid glucosides

Chloroplast Cytoplasm
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 (Damnacanthus indicus var. intermedius) 2007 7

1. 
JASCO P-1030 ( ) 

2.  (NMR) 
Bruker AVANCE 600  (   1H NMR 600 MHz 13C NMR
150 MHz) Bruker AVANCE 500  (   1H NMR 500 MHz
13C NMR 125 MHz) JEOL JNM-ECP500  (   
1H NMR 500 MHz 13C NMR 125 MHz) D
internal lock signal  (TMS) 

δ  (ppm) 1H NMR Hz

3.  (MS)
HR-ESI-MS  (Thermo Fisher Scientific LTQ 
Orbitrap XL) 

4.  (IR) 
JASCO FT/IR-4600 ( ) 

5.  (UV) 
1 cm JASCO V-630 ( ) 

1 Diaion HP-20
Diaion HP-20 Diaion HP-20

2
70-230 mesh silica gel 60 (spherical) (

) 
Cosmosil 75C18-OPN (Nacalai Tesque) 
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3
Inertsil ODS-3 (10×250 mm ) COSMOSIL πNAP 

(10×250 mm Nacalai Tesque) COSMOSIL HILIC (10×250 mm Nacalai Tesque) 
RID-10A (Shimadzu)

2.5 ml/min 2.0 ml/min

4  (TLC)
TLC 0.25 mm silica gel 60 F254 (Merck) 

UV (254 nm) 10 %

5
Shodex NH2P-50 ( ) OR-2090 ( ) 

1 ml/min

 (Damnacanthus indicus var. intermedius) 2.3 kg
MeOH (18 L × 2) 3 277 g 90% 
MeOH (1 L) n-Hexane n-Hexane  (31.4 g) 
MeOH H2O (1 L) EtOAc (1 L) 

EtOAc  (12.2 g ) H2O 1-BuOH (1 L) 1-BuOH  (60.0 g) 
H2O  (173.0 g) 

1-BuOH  (30.1 g) CHCl3 MeOH  CHCl3 MeOH (20 : 
1, 2 L) (10 : 1, 2 L) (7 : 1, 2 L) (5 : 1, 2 L) (3 : 1, 2 L) (2 : 1, 2 L) (1 : 1, 2 L) MeOH (2 
L)   ( 6 cm× 33 cm) 
1-8

1-8 MeOH  
MeOH  (10 : 90, 600 ml) (20 : 80, 600 ml) (30 : 70, 600 ml) (40 : 60, 600 ml) (50 : 50, 

600 ml) (60 : 40, 600ml) (70 : 30, 600ml) (80 : 20, 600ml) (90 : 10, 600ml) MeOH (600 
ml) Acetone (600ml)   ( 3.6 cm× 15 
cm) 

51, 54
1-3 (95.9 mg) 

 Inertsil ODS-3 (10×250 mm) 35% 2.0 mL/min  
51 (6.2 mg) 54 (2.0 mg) 

48, 49, 50, 55
2-2 (111.0 mg) 
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 Inertsil ODS-3 (10×250 mm) 10% 2.5 mL/min  
48 (10.3 mg), 49 (10.6 mg), 50 (4.2 mg) 55 (5.3 mg) 

43, 43, 45
2-4 (197.2 mg) 

 Inertsil ODS-3 (10×250 mm) 25% 2.5 mL/min  
43 (34.9 mg), 44 (7.0 mg) 45 (3.1 mg) 

40, 47
2-5 (78.2 mg) 

 Inertsil ODS-3 (10×250 mm) 40% 2.5 mL/min  
40 (3.1 mg) 47 (14.3 mg) 

39, 41
2-6 (35.9 mg) 

 Inertsil ODS-3 (10×250 mm) 40% 2.5 mL/min  
39 (1.7 mg) 41 (3.7 mg) 

42, 46
3-2 (324.1 mg) 

 Inertsil ODS-3 (10×250 mm) 20% 2.0 mL/min  
42 (64.2 mg) 46 (46.3 mg) 

38, 52
3-4 (305.1 mg) 

 Inertsil ODS-3 (10×250 mm) 20% 2.0 mL/min  
38 (6.0 mg) 52 (8.9 mg) 

53
5-6 (304.4 mg) 

 Inertsil ODS-3 (10×250 mm) 20% 2.0 mL/min  
53 (5.4 mg) 

38 45
HPLC

D-glucose
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 (Equisetum sylvaticum) 
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 (Equisetum sylvaticum)  (Equisetaceae)  (Equisetum) 
30 60 cm

10 18

 [57]

 [58]  [59]  
[60] 

1-BuOH

https://www.botanic.jp/plants-ha/fusugi.htm
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 (Equisetum sylvaticum) 10.0 kg MeOH (30.0 L) 
6 L n-Hexane (6 L) MeOH

EtOAc (6 L) 1-BuOH (6 L) 
1-BuOH  (Fig. 107)

Fig. 107  Extraction and fractionation of Equisetum sylvaticum



127

1-BuOH 127.8 g Diaion HP-20 Silica gel ODS
HPLC 37  (56 92)  (Chart 4)

 (Equisetum sylvaticum) 1-BuOH
4 56 59 (Fig. 108) 

Fig. 108 New compounds from 1-BuOH layer of E. sylvaticum
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56- 57             

Fig. 109 Structure and physical data of Compound 56

Colorless amorphous powder
HR-ESI-MS (positive) m/z: 409.1832 [M+Na] +
Calcd for C19H30O8Na: 409.1833

−28.4 (EtOH, c = 0.37)
IR νmax(film) cm-1: 3351, 2958, 2931, 1710, 1667, 1368, 1075
UV λmax (MeOH) nm (log ε); 202 (4.13), 243 (3.95)
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Fig. 110  Structure and physical data of Compound 57

Colorless amorphous powder
HR-ESI-MS (positive) m/z: 407.1679 [M+Na] +
Calcd for C19H28O8Na: 407.1676

−29.2 (EtOH, c = 0.25)
IR νmax(film) cm-1: 3366, 2932, 2879, 1709, 1679, 1076
UV λmax (MeOH) nm (log ε); 202 (4.08), 264 sh (3.67)
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56 HR-ESI-MS C19H30O8

5  (IR)  (3351
1710 1667 cm-1) 2

1H-NMR  (Table 60) 4  (δH 1.19 1.29 1.75 2.17)
3  (δH 1.89, dd, J = 13.8, 12.8 Hz, H-2ax; δH 2.21, dd, J = 12.8, 5.3 Hz, H-
2 eq; δH 2.47, m, H-7a; δH 2.54, m, H-7b; δH 2.62, t, J = 7.9 Hz, H-8) 1

 (δH 4.59, dd, J = 13.8, 5.3 Hz, H-3) 
 (δH 4.57, d, J = 7.8 Hz, H-1′)  (δH 3.26 3.41, m)

13C NMR  (Table 60) 19 DEPT HSQC
2  (δC 200.9 209.0 ppm) 1  (δC 130.8 166.7 

ppm) 56 1
megastigmane

61 [61] 
56 2D NMR  (Fig. 111) HMBC

3  (δH 4.59)  (δC 105.5) 
megastigmane 2  (δH 1.89 and 

2.21) 13  (δH 1.75) 4  (δC 200.9) 4

56 56 1 3
β-

glucosidase
 (3S)-3-hydroxy-4-oxo-β-

ionone [62] 

57 HR-ESI-MS C19H28O8

 56 1
1D NMR  (Table 61) 56 1

trans proton  (δH 6.26, d, J = 16.7 Hz, H-8; δH 7.34, d, J = 
16.7 Hz, H-7) carbon  (δC 141.7 135.7) HMBC  (Fig. 
111) 7  (δH 7.34) 5  (δC 131.0) 8  (δC 135.7) 9

 (δC 200.1) 8  (δH 6.26) 6  (δC 160.1) 
7 8 56

β-glucosidase D-glucose 3
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Fig. 111  Key COSY and HMBC correlations of Compound 56 and 57
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58             

Fig. 112  Structure and physical data of Compound 58

Colorless amorphous powder
HR-ESI-MS (positive) m/z: 475.2300 [M+Na] +
Calcd for C24H36O8Na: 475.2302

: +33.8 (EtOH, c = 0.87)
IR(film) νmax 3366, 2938, 2868, 1709, 1658, 1373, 1053, 1076
UV λmax (MeOH) nm (log ε); 201 (4.09), 233 (3.95)
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58 HR-ESI-MS C24H36O8

7
1H NMR  (Table 62) 

2  (δH 5.85, dd, J = 15.4, 9.6 Hz, H-7; δH 6.14, d, J = 15.4 Hz, 
H-8) trans

trans 3 4
singlet triplet proton 1 4

2
13C NMR (Table 62) HSQC  (δC 

202.6, 211.2) 2  (δC 166.5, 126.0, 127.7, 137.1, 135.6, 
136.9) 6  (δC 63.6, 63.1) 2

1
 58 α-carotenoid

HMBC COSY
(Fig. 113) HMBC 4  (δH 5.87) 6  (δC 58.0)
2  (δC 48.6) 17  (δC 24.0) 7  (δH 5.85) 6  
(δC 58.0) 5  (δC 166.5) α-ionone

trans 8  (δH 6.14) 18  
(δH 4.48 4.52) 10 triplet  (δH 5.71) 

Fig. 112 10 11  (δH 
2.49) 12  (δH 2.63) COSY 14  (δH 2.14) 13  
(δC 211.2) 12  (δC 44.0) HMBC α-apo-13-carotenoid

18 1’ HMBC

 58 6 9
9 NOESY

 (Fig. 113) 11 18 8 10
NOE 9 Z 6

ECD 244 nm
 ((λmax (Δε): 244 (+5.49), 214 (+4.76))  [63] 6

R

Fig. 113  Key COSY, HMBC and NOESY correlations of compound 58
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59             

Fig. 114  Structure and physical data of Compound 59

Colorless amorphous powder
HR-ESI-MS (positive) m/z: 421.1467 [M+Na] +
Calcd for C19H26O9Na: 421.1469

: −1.43 (EtOH, c = 0.41)
IR (film) νmax: 3346, 2931, 2875, 1709, 1511, 1129, 1029
UV λmax (MeOH) nm (log ε): 202 (4.13), 228 sh (3.70), 283 (3.38)
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59 HR-ESI-MS C19H26O9

7
1H NMR  (Table 63) ABX coupling system

 (δH 6.80, d, J = 8.2 Hz, H-5; δH 6.66, d, J = 2.2 Hz, H-2 and δH 6.62, dd, J = 8.2, 
2.2 Hz, H-6) 1,3,4-

13C NMR  (Table 63) HSQC 1  (δC 
209.8) 6  (δC 113.1, 116.6, 120.6, 135.6, 147.62, 147.55) 3

 (δC 30.1, 45.1, 45.9) 1  (δC 72.8) 1
 (δC 71.2) 

 (δC 62.7, 72.0, 75.2, 79.9, 81.0, 99.6) 
13C NMR 1  (δC 56.7)  (δH 3.81) 

 (δC 147.55 147.62) HMBC
HMBC

2
 (Fig. 115) 3-hydroxy-4-methoxy-phenylethanol 3  (δC 147.6) 4  

(δC 147.4) 0.2 ppm  [64] 3-methoxy-4-hydroxy-phenylethanol 3
 (δC 148.8) 4  (δC 145.9) 2.9 ppm  [33] 

59 4

HMBC  (Fig. 116) 7 1 2 8 9
8 1 7 9 10 9 11

12 59 11,12-dihydroxy-
7-(3-hydroxy-4-methoxyphenyl)-9-hexanon

1 HMBC
12  (δH 3.92) 1’ HMBC

11  (δH 4.02, dddd, J = 10.2, 6.7, 5.6, 2.7 Hz) 12
 (δH 3.436, dd, J = 11.8, 10.2 Hz) 11 12

axial-axial coupling 2’
 (δC 81.0) 11 β-axial cuneataside A

cycloclinacosideA2 NMR  (δC 80.6 for 11β-H and δC 73.5 for 11α-H) 
[65, 66] 59

Fig. 114

59 NOESY  (Fig. 117) 
11 2’ 12-eq 2’ 4’ 12-ax 1’ 1’

5’ 3’
D-glucose 59 11S,1′R,2′R, 3′R,4′S,5′S
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Fig. 115  Comparison of 13C-NMR data of related compounds

Fig. 116  Key COSY and HMBC correlations of Compound 59

Fig. 117  Key PS-NOESY correlations of Compound 59
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 (Equisetum sylvaticum) 1-BuOH 33
 (60 92) NMR  (Fig. 118)

9 β-ionone-3-O-β-D-glucoside (60) [67], icariside B6 (61) [6
1], (6R,9S)-3-oxo-α-ionol-9-O-β-D-glucopyranoside (62) [68], 5β,6α-dihydroxy-3β-(β-D-glu
copyranosyloxy)-7-megastigmen-9-one (63) [69], pisumionoside (64) [70], actinidioionosi
de (65) [71], icariside B2 (66) [72], (9S)-4-oxo-β-ionol β-D-glucopyranoside (67) [73, 7
4], (9R)-4-oxo-β-ionol β-D-glucopyranoside (68) [74]; 16 : diosmetin (69)
 [75], chrysoriol (70) [76], apigenin (71) [77, 78], acacetin (72) [79], quercetin 3-O-β-D
-glucoside (73) [15], 7-O-β-D-glucoside-5-O-methylapigenin (74) [80], 5 O methyl th
ermopsoside (75) [80, 81], apigenin 5-O-β-D-glucopyranoside (76) [82], kaempferol 3-
O-β-D-glucopyranoside (77) [83], apigenin 4′-O-β-D-glucopyranoside (78) [84], kaempfer
ol-7-O-glucose-3-O-acetylglucoside (79) [85], kaempferol-7-O-glucosyl-3-O-glucopyranosi
de (80) [85], luteolin-5-O-glucopyranoside (81) [85], kaempferol 3-O-β-sophoroside (82)
 [86], isoorientin (83) [87], 2S-eriodictyol-5-O-β-D-glucopyranoside (84) [88]; 

2 : 24-epi-makisterone A (85) [89], 5-dehydroxy palythoalones A (86) [90]; 
3 : 7S,8R-erythro-7,9,9’-trihydroxy-3,3′-dimethoxy-8-O-4′-neoliganan-4-O-β-D-gluco

pyranoside (87) [91], 7S,8R-4,7,9’-trihydroxy-3,3′-dimethoxy-8-O-4′-neoliganan-9′-O-β-D-g
lucopyranoside (88) [91], 7S,8R-urolignoside (89) [92]; 3 : methyl-R-2-p
yrrolidinone-5-carboxylate (90) [93], 2-ethyl-3-methyl-maleimide N-β-D-glucoside (91) [9
4], onitin-15-O-β-D-glucopyranoside (92) [95].

Fig. 118  Known compounds (60 92) isolated from E. sylvaticum

R6R5R4R3R2R1
OMeOHOHHOHH69
OHOMeOHHOHH70
OHHOHHOHH71

OMeHOHHOHH72
OHOHOHHOHOGlc73
OHHOGlcHOMeH74
OHOMeOGlcHOMeH75
OHHOHHOGlcH76
OHHOHHOHOGlc77

OGlcHOHHOHH78
OHHOGlcHOHOGlcAc79
OHHOGlcHOHOGlc80
OHOHOHHOGlcH81
OHHOHHOHOGlc-Glc82
OHOHOHGlcOHH83

R2R1

OHMe85
CH2OHH86

GlcAc: Glc-6-acetate OGlc-Glc: Glc (2-1’) Glc Glc: (C6-C1’) Glc
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1-BuOH megastigmane 9  (60 68) 

Fig. 119  Structure and physical data of Compound 60

Colorless amorphous powder
HR-ESI-MS (positive) m/z: 393.1884 [M+Na] +
Calcd for C19H30O7Na: 393.1884
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Fig. 120  Structure and physical data of Compound 61

Colorless amorphous powder
HR-ESI-MS (positive) m/z: 395.2036 [M+Na] +
Calcd for C19H32O7Na: 395.2036
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Fig. 121  Structure and physical data of Compound 62

Colorless amorphous powder
HR-ESI-MS (positive) m/z: 393.1880 [M+Na] +
Calcd for C19H30O7Na: 393.1884
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Fig. 122  Structure and physical data of Compound 63

Colorless amorphous powder
HR-ESI-MS (positive) m/z: 427.1941 [M+Na] +
Calcd for C19H32O9Na: 427.1939



143

Fig. 123  Structure and physical data of Compound 64

Table 68  13C NMR and 1H NMR data (125 MHz and 500 MHz, MeOD) 
1H13CPosition

s39.71
1.99, ddd, (13.3, 3.6, 1.9)
1.75, dd-like, (13.3, 1.9)t42.02

4.25, quint, (3.6)d75.43
2.01, m

1.95, dd, (14.4, 3.6)t37.64

s76.45
s81.16

7.51, d, (16.4)d132.17
6.39, d, (16.4)d152.98

s201.39
2.35, sq27.110
0.90, sq28.311
1.34, sq28.112
1.15, sq27.313

4.46, d, (7.7)d102.01’

3.21-3.42, m

d75.42’
d78.43’
d71.84’
d78.35’

3.90, dd, (11.2, 1.2)
3.70, dd, (11.2, 5.4)t62.96’
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Fig. 124  Structure and physical data of Compound 65

Colorless amorphous powder
HR-ESI-MS (positive) m/z: 429.2093 [M+Na] +
Calcd for C19H34O9Na: 429.2095
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Fig. 125  Structure and physical data of Compound 66

Colorless amorphous powder
HR-ESI-MS (positive) m/z: 409.1832 [M+Na] +
Calcd for C19H30O8Na: 409.1833

: 28.7 (EtOH, c=0.32)
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Fig. 126  Structure and physical data of Compound 67

Colorless amorphous powder
HR-ESI-MS (positive) m/z: 393.1882 [M+Na] +
Calcd for C19H30O7Na: 393.1884

: 77.6 (MeOH, c=0.55)
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Fig. 127  Structure and physical data of Compound 68

Colorless amorphous powder
HR-ESI-MS (positive) m/z: 393.1881 [M+Na] +
Calcd for C19H30O7Na: 393.1884

: 2.9 (MeOH, c=0.52)
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1-BuOH flavonoid 16  (69 84) 

Fig. 128  Structure and physical data of Compound 69
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Fig. 129  Structure and physical data of Compound 70
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Fig. 130  Structure and physical data of Compound 71
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Fig. 131  Structure and physical data of Compound 72
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Fig. 132  Structure and physical data of Compound 73
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Fig. 133  Structure and physical data of Compound 74
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Fig. 134  Structure and physical data of Compound 75
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Fig. 135  Structure and physical data of Compound 76
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Fig. 136  Structure and physical data of Compound 77
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Fig. 137  Structure and physical data of Compound 78
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Fig. 138  Structure and physical data of Compound 79
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Fig. 139  Structure and physical data of Compound 80
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Table 84  13C NMR and 1H NMR data (125 MHz and 500 MHz, DMSO-d6) 
1H13CPosition

s156.02
s133.53
s177.64
s160.85

6.44, d, (2.1)d99.46
s162.87

6.79, d, (2.1)d94.58
s156.89
s105.710
s120.81’

8.06, d, (9.0)d131.02’, 6’
6.90, d, (9.0)d115.23’, 5’

s160.14’
5.48, d, (7.6)d100.71’’

3.35-3.97, m

d74.22’’
d76.43’’
d69.94’’
d77.65’’
t60.86’’

5.07, d, (5.1)d99.71’’’

3.35-3.97, m

d73.12’’’
d76.43’’’
d69.64’’’
d77.25’’’
t60.66’’’
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Fig. 140  Structure and physical data of Compound 81
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Fig. 141  Structure and physical data of Compound 82
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Fig. 142  Structure and physical data of Compound 83
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Fig. 143  Structure and physical data of Compound 84
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1-BuOH steroid 2  (85 86) 

Fig. 144  Structure and physical data of Compound 85

Fig. 145  Structure and physical data of Compound 86

Colorless amorphous powder
HR-ESI-MS (positive) m/z: 517.3132 [M+Na] +
Calcd for C28H46O7Na: 517.3136

: 2.3 (MeOH, c=0.53)

Colorless amorphous powder
HR-ESI-MS (positive) m/z: 517.3130 [M+Na] +
Calcd for C28H46O7Na: 517.3136

: 36.9 (MeOH, c=0.94)
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1-BuOH lignan 3  (87 89) 

Fig. 146  Structure and physical data of Compound 87
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Fig. 147  Structure and physical data of Compound 88

Colorless amorphous powder
HR-ESI-MS (positive) m/z: 563.2103 [M+Na] +
Calcd for C26H36O12Na: 563.2098

:  (MeOH, c=1.09)
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Fig. 148  Structure and physical data of Compound 89

Colorless amorphous powder
HR-ESI-MS (positive) m/z: 545.1993 [M+Na] +
Calcd for C26H34O11Na: 545.1993
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1-BuOH 3  (90 92) 

Fig. 149  Structure and physical data of Compound 90

Colorless amorphous powder
HR-ESI-MS (positive) m/z: 166.0471 [M+Na] +
Calcd for C6H9O3NNa: 166.0475

: 8.4 (MeOH, c=0.64)
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Fig. 150  Structure and physical data of Compound 91

Colorless amorphous powder
HR-ESI-MS (positive) m/z: 324.1055 [M+Na] +
Calcd for C13H19O7NNa: 324.1054
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Fig. 151  Structure and physical data of Compound 92

Colorless amorphous powder
HR-ESI-MS (positive) m/z: 433.1832 [M+Na] +
Calcd for C21H30O8Na: 433.1833
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 (Equisetum sylvaticum) 
4  (56 59) 9  (60 68)

16  (69 84) 2  (85 86) 3  (87 89) 
3  (90 92) 
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megastigmane 3
2  (GGPP) tail-to-

tail 40

 
[96] 3 megastigmane  
(Fig. 152)

LCY-E

CHYB
CHYE

Lycopene

Lutein

α-Carotene

Oxidative cleavage

Isomerization

Compound 58

[O]
Glycosylation

LCY-B
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Fig. 152  Plausible biosynthesis of Compounds 56 58
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 (Equisetum sylvaticum) 2019 12 Anguo Jufu Zhongxue Material 
Co., Ltd ( ) 

1. 
JASCO P-1030 ( ) 

2.  (NMR) 
Bruker AVANCE 600  (  1H NMR 600 MHz 13C NMR
150 MHz) Bruker AVANCE 500  (   1H NMR 500 MHz
13C NMR 125 MHz) JEOL JNM-ECP500  (   
1H NMR 500 MHz 13C NMR 125 MHz) D
internal lock signal  (TMS) 

δ  (ppm) 1H NMR Hz

3.  (MS)
HR-ESI-MS  (Thermo Fisher Scientific LTQ 
Orbitrap XL) 

4.  (IR) 
JASCO FT/IR-4600 ( ) 

5.  (UV) 
1 cm JASCO V-630 ( ) 

1 Diaion HP-20
Diaion HP-20 Diaion HP-20

2
70-230 mesh silica gel 60 (spherical) (

) 
Cosmosil 75C18-OPN (Nacalai Tesque) 
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3
Inertsil ODS-3 (10×250 mm ) COSMOSIL πNAP 

(10×250 mm Nacalai Tesque) COSMOSIL HILIC (10×250 mm Nacalai Tesque) 
RID-10A (Shimadzu)

2.5 ml/min 2.0 ml/min

4  (TLC)
TLC 0.25 mm silica gel 60 F254 (Merck) 

UV (254 nm) 10 %

5
Shodex NH2P-50 ( ) OR-2090 ( ) 

1 ml/min

10.0 kg MeOH (15 L  3) n-Hexane (6 L) 1-
BuOH (6 L) EtOAc (6 L) H2O (6 L) 1-BuOH  
(127.8 g) CHCl3 MeOH CHCl3 MeOH (20 : 1, 2 L) (15 : 1, 2 L) (1 : 1, 
2 L) (7 : 1, 2 L) (5 : 1, 2 L) (3 : 1, 2 L) (2 : 1, 2 L) (1 : 1, 2 L) MeOH (2 L) 

 ( 8 cm× 50 cm) 1-9

1-9 MeOH
MeOH  (10 : 90, 600 ml) (20 : 80, 600 ml) (30 : 70, 600 ml) (40 : 60, 600 ml) (50 : 50, 

600 ml) (60 : 40, 600ml) (70 : 30, 600ml) (80 : 20, 600ml) (90 : 10, 600ml) MeOH (600 
ml) Acetone (600ml)   ( 3.6 cm× 15 
cm) 

90
1-1 (0.56 g) 

 Inertsil ODS-3 (10×250 mm) 6% 2.0 mL/min  
90 (33.6 mg) 

69, 70, 71
1-5 (0.21 g) 

 Inertsil ODS-3 (10×250 mm) 50% 2.0 mL/min  
69 (10.0 mg) 70 (5.8 mg) 71 (33.0 mg) 

72
1-6 (0.22 g) 

 Inertsil ODS-3 (10×250 mm) 60% 2.0 mL/min  
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72 (6.6 mg) 

56, 57, 59
3-2 (0.18 g) 

 Inertsil ODS-3 (10×250 mm) 20% 2.0 mL/min  
56 (4.1 mg) 57 (3.7 mg) 59 (4.2 mg) 

59
59 (0.2 mg) 1M HCl  (200 ml) 90 2

EtOAc
HPLC injection D-glucose

56 - 57
56 (3.1 mg) 100 mM acetate buffer (pH 5.0) 10 mg β-

glucosidase 37 4  (
56a) PTLC NMR MS
57 (2.2 mg) 

56a
(3S)-3-hydroxy-4-oxo-7,8-dihydro-β-ionone (56a): colorless amorphous powder;   -
27.2° (c=0.18, EtOH); 1H-NMR (CD3OD) δH: 1.19 (3H, s, H-11), 1.28 (3H, s, H-12), 1.77 (3H, 
s, H-13), 1.77 (1H, br t, J=13.2 Hz, H-2ax), 2.04 (1H, dd, J=12.6, 5.5 Hz, H-2eq), 2.17 (3H, 
s, H-10), 2.45 (1H, br dt, J=13.3, 8.2 Hz, H-7a), 2.55 (br dt, J=13.3, 8.2 Hz, H-7b), 2.66 (2H, 
dd, J=8.5, 7.7 Hz, H2-8), 4.29 (1H, dd, J=14.0, 5.5 Hz, H-3);  13C-NMR (CD3OD) δC:  11.9 
(C-13), 25.1 (C-7), 25.7 (C-12), 29.79 and 29.82 (C-10 and 11), 39.0 (C-1), 43.0 (C-8), 47.1 
(C-2), 70.5 (C-3), 130.3 (C-5), 165.9 (C-6), 201.4 (C-4), 209.7 (C-9); HR-ESI-MS (positive-
ion mode) m/z: 247.1307 [M+Na]+ (Calcd for C13H20O3Na: 247.1305).

 57a
(3S)-3-hydroxy-4-oxo-β-ionone (57a): colorless amorphous powder;   -27.3° (c=0.02, 
EtOH); 1H-NMR (CD3OD) δH: 1.18 (3H, s, H-11), 1.36 (3H, s, H-12), 1.83 (3H, d, J=1.1 Hz, 
H-13), 1.88 (1H, t-like, J=13.2 Hz, H-2ax), 2.10 (1H, dd, J=12.7, 5.5 Hz, H-2eq), 2.36 (3H, s, 
H-10), 4.39 (1H, dd, J=13.9, 5.5 Hz, H-3), 6.25 (1H, d, J=16.6 Hz, H-8), 7.33 (1H, dq, J=16.6, 
1.1 Hz, H-7); HR-ESI-MS (positive-ion mode) m/z: 245.1150 [M+Na]+ (Calcd for C13H18O3Na: 
245.1148).

 60, 61
3-3 (0.26 g) 

 Inertsil ODS-3 (10×250 mm) 30% 2.0 mL/min  
60 (28.7 mg) 61 (47.3 mg) 

58
3-4 (0.20 g) 
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 Inertsil ODS-3 (10×250 mm) 45% 2.0 mL/min  
58 (8.7 mg) 

63, 64, 91
4-2 (1.13 g) 

 Inertsil ODS-3 (10×250 mm) 15% 2.0 mL/min  
63 (150.1 mg) 64 (4.1 mg) 91 (24.8 mg)

62, 66, 67, 68, 92
4-3 (0.77 g) 

 Inertsil ODS-3 (10×250 mm) 25% 2.0 mL/min  
62 (61.6 mg) 66 (3.2 mg) 67 (5.5 mg) 68 (5.2 mg) 92 (7.6 
mg) 

74, 75
4-5 (0.35 g) 

 Inertsil ODS-3 (10×250 mm) 35% 2.0 mL/min  
74 (15.4 mg) 75 (9.2 mg) 

65
5-2 (1.21 g) 

 Inertsil ODS-3 (10×250 mm) 45% 2.0 mL/min  
65 (24.3 mg) 

73
5-3 (1.48 g) 

 Inertsil ODS-3 (10×250 mm) 25% 2.0 mL/min  
73 (9.8 mg) 

76, 77, 85, 86
5-5 (1.32 g) 

 COSMOSIL πNAP (10×250 mm) 25% 2.0 mL/min  
76 (74.1 mg) 77 (31.0 mg) 85 (9.4 mg) 86 (16.4 mg) 

79, 84, 87, 88, 89
6-4 (0.69 g) 

 Inertsil ODS-3 (10×250 mm) 20% 2.0 mL/min  
79 (14.7 mg) 84 (7.1 mg) 87 (24.9 mg) 88 (10.9 mg) 89 
(9.7 mg) 

78
6-6 (0.86 g) 
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 Inertsil ODS-3 (10×250 mm) 50% 2.0 mL/min  
78 (1.1 mg) 

80
7-3 (0.61 g) 

80 (6.4 mg) 

81, 82, 83
4-2 (1.13 g) 

 COSMOSIL πNAP (10×250 mm) 20% 2.0 mL/min  
81 (49.0 mg) 82 (17.1 mg) 83 (5.8 mg) 

56 59
HPLC

D-glucose
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