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[ Abstract | Objective: To separate the chemical compositions of root of Cynara scolymus and identify the
structures of the monomer compounds. Method: 90% and 60% ethanol extracts were respectively used to extract
root of C. scolymus and obtained the ethanol extraction of this plant, then they were extracted for 3 times with
petroleum ether, ethyl acetate, and n-butanol to get three different polarity extractions. The extractions were dried
to get three liquidum extractum. The ethyl acetate liquidum extractum were isolated and purified with repeated
silica gel column chromatography, D-101 macroporous adsorption resin, ODS reversed phase column
chromatography, hydroxypropyl sephadex column chromatography, high performance liquid chromatography, high-
performance preparative liquid chromatography, and continuous recrystallization. The structures were identified on
the basis of spectral data and physicochemical properties. Result: 11 Compounds were isolated from root of C.

scolymus and their structures were identified as ethyl caffeate (1), 5-methoxyfurfural (2), vanillic acid (3),
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protocatechuic aldehyde (4), 5-O-caffeoyl quinic acid methyl ester (5), apigenin (6), luteolin (7), luteolin-7-
0-B-D-glucoside (8), cynarine (9) cynarine methyl ester (10) and B-sitosterol (11). Conclusion: Compounds

2, 3, and 4 were isolated from Cynara for the first time and compounds 1, 5§, and 10 were isolated from root of

C. scolymus for the first time.
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3% ,100 ~200 H fEEEHEARE 200 ~300 H fE R A,
SR A e-F 2 (100: 0 ~ 100: 5 ~100: 10 ~
100:20 ~0: 100 ) A6 B2 38 i, 1) 2 8335 & I A R
o AFE] 1~ 18 AL AR Byl 2 60735 2 W3 125 2%
RIUFH I3 4 ~16 53 4 ~T 5 A8 ~16 &
It B, 43 il i a e AE €845, 200 ~ 300 H fiF e
FE,300 ~400 H kR EEHE, — & H BE-H B2 (100:0 ~
0:100) #p BEGEIL , 43 5 & I A [R] 41 43, FL 3] 40 40
g7 X EEA 4 5 B 48 0 RE AT, ODS AT 8 3% R W
HEAT A0 43, B S 38 2k v RO AR A3 B R & A 21 4y R AT
G3AT IR L HE— AP IR G S 1Y 4 B A A B R RO
AH ) 8 B A X G 358 1 %) 53 B BE AL AT 20 A3 ik AT i — 2P
GYES A3 0 AR A B TR PR G o WA -
JOT T 3K FH B AR R A W AT 2 BE R 5 A5 B L AH X 43
T, B A% R 3 PR XL A W AT A5 R S
BAMNA HRREEY 9(1 016 mg) , k& 10
(23.5 mg) ,fLEY 11(30 mg) , A B 13 2L 59
1(20 mg) , L& 2(9.1 mg) b5 3(13.7 mg),
L&Y 4(12.5 mg) LG 5(13.2 mg) , L&) 6
(10 mg) ,fLEW 7(9.6 mg) L5 W) 8(12.3 mg) .
3 LT

EaEw 1 WEOAm AR (HE), ESI-MS m/z
209 [M +H] " A%} 50 F 5 & 208, H-NMR ( DMSO-
d,,600 MHz) 6:7.47 (1H,d,J =16.0 Hz, H-7),
7.05(1H,d,J=2.0 Hz,H-2),7.00(1H,dd,J =8.0,
2.0 Hz,H-6),6.76 (1H,d,J =8.5 Hz,H-5),6.26
(1H,d,J=16.0 Hz,H-8),5.73(1H,s,4-0H) ,5.71
(1H,s,3-0H) ,4.15(2H,q,J =7.5 Hz,H-1") ,1.24
(3H,t,J =7.2 Hz,H-2"); “C-NMR (DMSO-d,, 150
MHz) 6:167.5(C-9),149.4 (C4),146.5(C-7),
146.0(C-3),126.4 (C-1),123.3(C-6),116,7 (C-
5), 115.8(C2), 115.0(C-8),60.6(C-1"),15.2
(C2") o AR a5 3cmi [ 10 ] A — 3, %4k
B4 E S UMMERR £ T (ethyl caffeate) , S 1 UM 1%
ER7/ L e G

a2 HEaEumRYy (HEE) . ESI-MS m/z
127 [M + H]", M %4 7 B & 126,'H-NMR
(CD,0D, 600 MHz) 6:9.45 (1H, s, CHO), 7.31
(1H,d,J =5.8 Hz,H-3) ,6.51(1H,d,J =5. 8 Hz, H-
4),4.53 (3H, s, OCH, ); "C-NMR ( CD,0D, 150
MHz)§:180.3(CHO,d) 164.1(C-5,s),154.8(C-2,
s), 125.3(C-3,d),111.8(C4,d),58.5(OCH,,
q) o DA RS EE 5 SR [ 11 ] AR — 3, e &
YE N S-HE SRR (S-methoxyfurfural ) , 24 15 ¥
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a3 AEs &S (HE) . ESI-MS m/z 169
[M+HI]", M X4 7 i & 168, H-NMR ( CD,0D,
600 MHz) §:9.69 (1H,s,4-OH) ,7.88 (1H,d,J =
8.7 Hz,H-6),7.30 (1H,s,H-2),6,74 (1H,d, J =
8.7 Hz, H-5), 3.77 (3H, s,-OCH, ); "C-NMR
(CD,0D,150 MHz)§:170.9( COOH) ,153.5(C-4),
149.5(C-3),126.1(C-6),123.6 (C-1),116.7 ( C-
2),114.6(C-5),57.2( OCH, ) ., L4 I I R H 4 55 5C
BROI2 JREAR — 3, iZ A G W) % 8 0 3 # R (vanillic
acid) , i B WM IZ @ A W) vh o B 15 3

a4 REOKHK(HE), ESI-MS m/z
139 [M + H]", M %4 7 B & 138.'H-NMR
(CD,0D, 600 MHz) 6:9.69 (1H, s, CHO), 7.31
(1H,d,J=2.0 Hz,H-2),7.30(1H,dd,J =2.0,8.0
Hz,H-6),6.91 (1H,d,J =8.0 Hz, H-5); "C-NMR
(CD,0D,150 MHz) 6:194.0(CHO) ,154.6(C-4),
147.0(C-3),132.0(C-1),127.3(C-6),116.7 ( C-
2),115.7(C-5) o Ph b i dds 5 Scmik [ 13 ] A —
Lz A & W % E N R L AS B ( protocatechuic
aldehyde) , i B IR MiZ @AW h o3 2515 21

EaEw s WwEAmK(HE), ESI-MS m/z
369 [M + H]", # X 4 ¥ i & 368, H-NMR
(CD,0D,600 MHz) §:7.43(1H,d,J =15.6 Hz, H-
7),6.95(1H,d,J =1.8 Hz, H2'),6.85(1H, dd,
J=8.4,2.0 Hz, H-6") ,6.69(1H,d,J =8.4 Hz, H-
5'), 6.12(1H,d,J=15.6 Hz,H-8'),5. 18 (1H,m,
H-5),4.04 (1H,ddd,J =13.3,3.6,3.0 Hz, H-3),
3.63(3H,s,0CH,),3.51 (1H,dd,J =2.4,7.2 Hz,
H4),1.89 ~ 2.04 (4H, m, H2, 6); “"C-NMR
(CD,0D,150 MHz) 6:176.3(C-7),169.2(C-9"),
150.6 (C-4"), 148.1(C-7"),147.7 (C-3"),128.5
(C-6"), 128.5(C-1"),117.4(C-5"),116.0(C-=2"),
115.9(C-8"), 74.1 (C-1),73.0(C-5), 72.2(C-
4),64.9(C-3),53.8(0OCH,),38.9(C-2),38.6(C-
6) o LAt 5 oCmk [ 14 1 A 30,z &Y
YE R 5-0-mn W P E-ZE T R B R (5-0-caffeoyl
quinic acid methyl ester) , b B X M\ iZHE W) F 70 B
(GES

ka6 EEKHAK(PE) ., ESI-MS m/z 271
(M +H] ", MX4>F Bt & 270, H-NMR ( DMSO-d, ,
600 MHz) :7.70 (2H,d,J =7.8 Hz, H2',6"),
6.93(2H,d,J =7.8 Hz, H3',5'),6.37(1H,d,]J =
1.8 Hz, H-8),6.36(1H,s,H-3), 6.21 (1H,d,J =
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1.8 Hz, H-6); "C-NMR ( DMSO-d,, 150 MHz) §: Hz,H-5), 3.64 (1H,dd,J =3.6, 9.6 Hz, H4),

182.9(C4),165.1(C-2),163.9(C-7),162.2(C-
4'y,157.9 (C9),157.4(C-5),129.5(2C, C-2',
6'),121.8 (C-1"),117.2(2C, C-3",5"),104.5 ( C-
3),100.8 (C-10), 100.5(C-6),95.7 (C-8), LI I
WIS EE S50k 15 ] A — 30, Ik G W e N T
K (apigenin) .

a7 EEs &S (HE) . ESI-MS m/z 287
[M+H]" AN 47 Fi it 286, H-NMR ( DMSO-d,,
600 MHz) §:12.98 (1H,s,5-OH),10.84 (1H, s
7-OH),9.87 (1H,s,4-0H),9.39 (1H, s, 3-0OH),
7.43(1H,dd,J =8.2,1.8 Hz,H-6') ,6.92(1H,d,
J=2.4 Hz,H-2"),6.90 (1H,d,J =2.4 Hz,H-5"),
6.68(1H,s,H-3),6.45(1H,d,J =2.0 Hz, H-8),
6.19(1H,d, J=2.0 Hz,H-6) ; "C-NMR ( DMSO-d, ,
150 MHz) §:182.6 (C-4),165.1(C-7),164.8 ( C-
2),162.4(C-5),150.6(C9), 122.4(C-1"),114.3
(C-2"),158.2(C-3"),146.7(C-4") ,117.0(C-5") ,
119.9(C-6"),104.6 (C-10),103.7(C-3),99. 8 (C-
6),94.8(C-8), LA LI %E S Clk[ 15 ] A —
Bz E Y % AR R EE (luteolin)

a8 WAk AK(HE), ESI-MS m/z 449
[M+H] " A4 it 448" H-NMR (DMSO-d,,
600 MHz) §:12.49 (1H,s,5-0H) ,10.70 (1H, s, 4-
OH),9.39(1H,s,3-0H),7.67 (1H,s, H-2) ,7.54
(1H,d,J=8.6 Hz,H-6") ,7.53(1H,d,J =8.6 Hz,
H-5"),7.67 (1H,s,H-8),6.41 (1H,s, H-6),6. 19
(1H,s,H-3) ;"C-NMR(DMSO-d, ,150 MHz)§:163.7
(€C2),101.2(C-3),176.8(C4),161.6(C-5),99.2
(C-6),164.9(C-7),94.3(C-8),157.9(C-9) ,104.0
(C-10),122.9(C-1"), 116.0(C-2"),145.9(C-3"),
148.9(C4") ,116.6(C-5") ,120.9(C-6") ,99.2 (C-
17),74.7 (C2"),79.3 (C-3"),69.4 (C-4"), 75.0
(C-5"),64.0(C-6") . LA 93t B ¥ 5 SCik [ 16 ] 2
A% G W 28 KRR -T-0-B-D H b
F (luteolin-7-0-B-D-glucoside ) ,

&9 AR (HE), ESI-MS m/z 517
[M+H] " MX4F & 516, H-NMR ( DMSO-d, ,
600 MHz)§:7.44,7.49(1H,each,d,J =15.9 Hz, H-
7',7"),7.01,7.06 (1H, each, d,J =2.0 Hz, H-2",
2"), 6.72,6.80(1H,each,dd,J=2.0,8.0 Hz,H-6",
6"),6.71,6.78 (1H, each,d,J =8.0 Hz,H-5",5"),
6.22,6.24 (1 H, each,d,J=8.0 Hz,H-8",8"),5.23
(1H, m,H-3),4.10 (1H, ddd, J =4.4,9.6, 11.2

1.92 ~2.51(4H, m,H-2,H-6) ; "C-NMR ( DMSO-d, ,
150 MHz) §:173.7 (C-7),166.5,167.2 (C-9', C-
9"), 149.6,149.6(C-4",C-4") ,146.7,146.7(C-7",
C-7"),146.4,146.4 (C-3',C-3"),126.6,126.7 ( C-
1',C-1"), 122.5,122.6 (C-6",C-6"),116.9,117.0
(C-5", C-5"), 115.9, 115.9 (C=2", C2"), 115.3
115.3(C-8',C-8"), 80.3(C-1),72.0(C-4),71.0
(C-3),68.5(C-5),41.0(C-6),35.2(C2), VI F¥
TR 5 SCHR (5 ] HE A — 3, %Ak & W 5 R I i
% ( cynarine) ,

L& 10 FhL kY (W EE) . ESI-MS
m/z 531 [ M + H] ", #H %} 2» ¥ B & 530, H-NMR

(DMSO-d,,600 MHz)6:7.43,7.50 (1H,each,d,J =
15.9 Hz,H-7',7") ,7.00,7. 06 (1H, each, d,J=2.0
Hz,H-2",2"),6.78,6.79(1H,each,dd,J=2.0,8.0
Hz,H-6',6"),6.77,6.77(1H, each, d, J=8.0 Hz,
H-5",5"),6.14, 6.27(1H,each,d,J =8.0 Hz,H-8',
8"),5.15(1H,m ,H-3) ,4. 11 (1H,ddd,J =4.4,9.6,
11.2 Hz, H-5),3.86 (1H,dd, J =3.6,9.6 Hz, H-
4) ,3.60(3H,s,0CH,),1.98 ~2.22(4H,m,H-2, H-
6) ;"C-NMR ( DMSO-d, , 150 MHz) §:174.7(C-7),
166.3,167.0 (C-9', C-9"),149.3,149.6 (C4’, C-
4"),146.6,146.7 (C-7',C-7") ,145.9,146.4 ( C-3',
C3"), 126.3,126.6 (C-1",C-1"),122.2,122. 4 (C-
6',C-6"),116.8,116.9 (C-5',C-5"),115.6,115.8
(C2",C2"),114.6, 114.6 (C-8',C-8"),78.0 ( C-
1),73.4(C4),72.0 (C-3),67.5(C-5),52.9
(OCH;),41.0(C-6), 35.4(C-2) . DA E ¥ i i
5OCHRES ] H A — B, 1%k & W) % Sy T i R TR R
(cynarine methyl ester) , H H IR M\ iz ¥ 55 5
GEI

& 11 LA RE & (P ), ESI-MS
m/z 415[ M + H] ", X 5 7 i &t 414, mp 145 ~
147 °C ,iZAk & W) £ R T -V B 2 S 1oy 5% FH I 5 5 %
MR B-4% S A 2 RO [A) R O & e b A 2, RE(E
AR TR) EL 7 o B — B A5 55 00 R B-4% S B IR &
Wit S48 TR, BEZEY N B-A H B
(B-sitosterol )
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