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Caffeoylquinic Acid Derivatives from Inula cappa
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Abstract ; The caffeoylquinic acid derivatives from the whole plant of Inula cappa were isolated by using a combination of
various chromatographic techniques including silica gel chromatography, Sephadex LH-20 chromatography and prepara-
tive HPLC. Their structures were identified by their physical-chemical properties and spectroscopic analysis. Eight com-
pounds were isolated and identified as 1,5-di-O-caffeoylquinic acid(1) ,1,3,5-tri-O- caffeoylquinic acid(2) ,methyl 3,
5-di-0O-caffeoyl- quinate(3) ,methyl 3 ,4-di-O-caffeoylquinate(4) , ethyl 3 ,4-di-O-caffeoylquinate (5) , ethyl 4,5-di- O-
caffcoylquinate (6) ,3,5-di-O-caffeoylquinic acid (7) ,3,4-di-O-caffeoylquinic acid (8). Compounds 1-3 were isolated

from this species for the first time. Compounds 4-6 were found from the genus firstly.
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Fig. 1 Chemical structure of compounds 1-8

HP /%] HP5973- MSD AU 5 %4 ; Agilent 1100 &5
WA AL (56 E ZHEE R A W) ) s BS-100A F 3
TR A (PG 23 A {7 ) s BUCHT B-490
e 25 RASCA i A 77 5 S (200 ~ 300 H ), BEIE
H(10 ~40 wm) G G(10 ~40 pum) 4 53 1%
AT 7= 0 % B BRI Sephadex LH-20 (40 ~ 70
wm) A Amersham Pharmacia Biotech AB /A &) ;% i
JAH Rp-18 3 2 68 3% Mz M2 AT 66,3135 FH & i (40 ~ 60
pm) B8 ] MERCK 2% @) AR 7 5 Bir A % 2 0 43
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(Buch. -Ham. ex D. Don) DC. {548
2 RBE5SSH

EHA T2 R 5 ke, 80% & 5 1] 9 H2 HL
2 U BRRLLS b kR, A IR UE R R v A, ok fi
ZAYHEL, FIE T B O WUE e 4s , 79 1E T B2
182g, 1E T 2RI £k e (200 ~ 300 H ) A5+,
P -2 1R T B FE BRI, )2 e e, 57
L BCARBLAY VR I, Ve 4 5 A9 3] 4 ASER 43 (Fr. 1~
Fr.4), H Fr.3(35.2 g) FR &R (200 ~ 300
H) @i, S 05- - kSR (9:1:0.1 ~7:3:0. 1) 6
JEVE A58 5 AUy (Fr.3.1 ~Fr.3.5) Fr.
3.1(300 mg) Je)5 2Rk A (10 ~40 pm) 21T, 735
FHSEG-HEE(100: 2 ) Fi A il k- B2 S Mg (7: 3) Uk
it ,Sephadex LH-20 ( B /%) , il #& HPLC ( B i5: 0. 1%
H,PO, =62:38) , 1554k 54 5 (13 mg), Fr.3.2
(450 mg) Sofm ZREAE (10 ~40 wm) 385, A7 9l k-
LR TE (3:7) Ve, #il 4 HPLC (FEE: 0. 1%
H,PO, =40:60) , 15354 7(20 mg) 2(17 mg) |
1(19 mg) A1 8(87 mg) . Fr.3.5(210 mg) Jo)5 2k

JEAE (10 ~40 pm) 2T, 73591 A7 i k- R ST (7
:3) AN - BEE-Z R LR (9:0.5:2) PEML , Sephadex
LH-20 ( FH ) AR AT (10 ~ 40 wm ) 28 (Al k-
LMRETR =7:3) 43214654 3(21 mg) , Fr.4(49.
7 g) ZREREATE (200 ~ 300 H) JZHr, S A5-H BEAS B2
Ve ARE T AR (Fr. 4.1 ~Fr.4.7), Fr.4.5
(240 mg) Y554t Sephadex LH-20 ( H ) , Sz AR i
FEEAT (B /K BR BE R ) , 8 4 HPLC (FEE: 0.
1% H,PO, /K =30:70) , 75334k 54) 6 (35 mg) . Fr.
4.6(195 mg) o )5 ZIEAHAERAH: (10 ~40 wm) JZ2HT,
A7-PWE- R T (8:2: 2) Ve, Sephadex LH-20
(HEE) | SOAH AR A S AT ( HH - 7K BE VB ) |, Seph-
adex LH-20 ( ifi: 7K 50:50) , #i ¢ HPLC ( B fi: 0.
1% H,PO, 7K =48:52) {3 F4L 54 4(20 mg) ,

3 GHEE

wEWM1 IRE AR ESI-MS m/z:515. 0[ M-
H] ;'H NMR(500 MHz,CD,0D)§:7.62(2H,d,J =
16.0 Hz,H-7",7"") ,7.09(2H,d,J =2.0 Hz, H-2',
2'"),6.99(2H,dd,J =8.1,2.0 Hz,H-6",6"") ,6.80
(2H,d,J=8.1 Hz,H-5",5""),6.35,6.32(4% 1H,d,
J=16.0 Hz, H-8',8""),5.43 (1H, m, H-5) ,4.31
(1H,m,H-3),3.82(1H,dd,J =8.5,2.9 Hz,H4),
2.62(1H,dd, J=12.1,3.0 Hz,H-6a),2.54 (1H,
dd,J=13.8,4.0 Hz,H-2a) ,2.43(1H,dd,J =13.8,
2.9 Hz,H-2b),2.07 (1H, m H-6b) ;" C NMR (125
MHz,CD,0D)8:178.0(C-7) ,168.6,168.0(C-9', C-
9'7),149.6 (C4',C4""),147.3,147.2 (C-7', C-
7'"),146.8 (C-3",C-3"),127.9,127.3 (C-1', C-
1'),123.0,123.1 (C-6", C6""), 116.4 ( C-5', C-
5'"),115.7,115.3 (C-8',C-8""), 115.4, (C=2', C-
2'") ,81.7(C-1),73.4(C4),71.8(C-5),69.8(C-
3),37.4(C6),36.0(C-2), L% dES CHk#
T 1,5-0- " HEBE R4S TR — B

wEW2 IRE AR ESI-MS m/z:677. 0[ M-
H] ;'H NMR (500 MHz, CD,0D) §:7.64,7.56,
7.51(#4 1H,d,J =16.0 Hz,H-7",7"",7""") ,7.07,
6.96,6.84 (4 1H,d,J =2.0 Hz, H2',2"",2"""),
6.97,6.83,6.64 (4 1H,dd, J=8.0,2.0 Hz,H-6',
6',6""),6.75,6.65,6.54(4 1H,d, ] =8.0 Hz, H-
5'.5".5"") 6.34,6.30,6.25 (4 1H,d,J =16.0
Hz,H-8',8'",8"""),5.44(1H, m,H-5),5.37(1H,d,
J=3.5,H3),3.99(1H,dd, J=8.4,3.9 Hz,H4),
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2.88(1H,d,J =16.8 Hz, H-2a),2.45(1H,dd,J =
16.8,3.5 Hz, H2b),2.55(1H,dd, J =13.9,3.4
Hz, H-6a),2.10 (1H,dd, J = 13.9,10.2 Hz, H-
6b) ;" C NMR (125 MHz, CD,0D) §:173.5(C-7),
167.3,167.2,166.5,(C9',9',9""")  148.3 (C-7",
7,7, 146.2, 146.0 (C4', 4", 4"""), 145.6,
145.4 (C-3",3",3"")  126.4, 126.3 (C-1", 1",
1'"),121.8,121.7 (C-6",6"",6"""), 115.2, 115. 1
(C5",5",5""), 113.7, 113.6 (C=2",2",2""),
114.3,114.2(C-8",8'",8'""),79.5(C-1),70.2(C-
5),71.0(C-3),70.7(C4),35.5(C-6),34.3(C-2)
R RS S SCRRARGE ™ B 1,3, 5-0-= 0 e 5L 4
TR—,

a3 RE (AR K ; ESI-MS m/z:529.2[ M-
H] ,553.2[M +Na] *;'"H NMR(500 MHz,CD,0D)
5:7.62,7.55 (4 1H,d,J =16.1 Hz, H-7",7""),
7.07,7.02 (4% 1H,d,J =2.3 Hz, H2',2""),6.98
(2H,dd,J =8.4,2.3 Hz,H-6",6""),6.78 (2H,d, J
=8.4 Hz,H-5",5""),6.35,6.22( %4 1H,d,J =16. 1
Hz,H-8',8''),5.40 (1H, m,H-3),5.31 (1H, m, H-
5),3.98(1H,dd, J=8.0,3.5 Hz,H4),3.69(3H,
s,-OCH,),2.30 (2H, m,H-6),2. 19 (2H, m, H-2) ;
“C NMR(125 MHz,CD,0D)8:175.6(C-7),168.7,
167.9(C9',9'"),149.8,149.5(C4',4"") ,147.4,
147.1(C-7",7""),146.8 (C-3",3""),127.8,127.6
(C-1",1""),123.1,123.0(C-6",6""),116.5,116. 4
(C5',5""),115.3,115.1(C-8",8""),115.1,114.9
(C-2",2""),74.7(C-1),72.3(C-3),72.0(C4),
69.5(C-5),52.8(-0CH,) ,36.8(C-6),35.8(C-2),
AR S SRR E T B 3, 5-0- 0 B S 45
iR HH s — 3

a4 Hfak A ESI-MS m/z:529.2[ M-
H] ,553.0[M +Na]*;'H NMR (500 MHz, DMSO-
dg)5:9.39 (2H, brs,20H),9.28 (2H, brs,20H) ,
7.51,7.42(4 1H,d,J =16.0 Hz,H-7',7"") ,7. 04,
7.02(# 1H,d,J=2.0 Hz,H-2",2"") ,6.99,6. 97 ( %
1H,dd,J =8.0,2.0 Hz,H-6",6""),6.76,6.75 ( %
1H,d,J=8.0 Hz,H-5',5""),6.25,6.13( 4 1H,d,J
=16.0 Hz,H-8",8""),5.26(1H,m,H-3) ,4. 98 (1H,
dd,J=7.0,3.0 Hz,H4) ,4.15(1H, m,H-5) ,3.59
(3H, s,-OCH, ), 2.26-1.86 (4H, m, H2,6);" C
NMR ( 125 MHz, DMSO-d, ) 8:173.4 (C-7),165.9,
165.2(C-9',9"),148.6,148.5 (C4',4""), 145.7

(C-7",7""),145.8,145.7(C-3",3""),125.6,125.5
(C-1",1""),121.5,121.4(C-6",6""),115.8,115.0
(C5',5""),114.9,114.8 (C2",2""),113.9,113.5
(C-8',8""),73.4(C-1),72.4(C4),67.8(C-3),
65.4(C-5),52.0(-0CH,) ,37.7(C-2),36.3(C-6)
AR S SOk E T Y 3, 4-0- 0 MERE L 45
1% FH R — 2

a5 k(0B ESI-MS m/z. 543 [ M-
H] ;'H NMR (500 MHz, CD,0D)§:7.58,7.50 ( 4%
1H,d,J=16.0 Hz,H-7",7"") ,7.02,7.01 (4 1H,d,
J=2.0 Hz,H2",2""),6.89,6.86 (4% 1H,dd, J =
8.0,2.0 Hz,H-6",6""),6.74,6.71(4 1H,d,J =8.0
Hz,H-5",5""),6.25,6.20( 4 1H,d,J =16.0 Hz, H-
8.,8""),5.58(1H, m,H-3),5.09(1H,dd,J=9.0,
3.0 Hz,H4) ,4.36 (1H,m,H-5) ,4.15(3H,q, J =
7.0 Hz,-OCH,-),2.28-2.01 (4H, m, H2,6),1.24
(1H,t,J =7.0 Hz,-CH,);"” C NMR (125 MHz,
CD,0D) 8:174.9 (C-7),168.5,168.0 (C-9',9""),
149.0(C4",4") ,147.4,147.3(C-7",7"") ,146.5,
146.4 (C-3",3""),127.4 (C-1",1""),123.0 (C-6’,
6''),116.5,116.3(C-5',5""),115.6,115.5(C-=2",
2'"),114.8,(C-8",8""),75.8 (C-1),74.9(C4),
68.9(C-3),68.7(C-5) ,62.0(-0OCH,-),38.0(C-6),
38.9(C-2),14.3(-CH;) , iR ¥ds 5 3k dian
A& W S HAR—L, IR IR BE 5 Semk O 4R
1Y 3,4-0-Z0NHEBEREZE 77 IR W R 47 % L, 2 B0
bR 1 R ER A 25 57 2 A0, HA B e S A — 3k, RS
G YR 3,4-0- " HERE L4 TR LR

a6 KK ESI-MS m/z. 543 [ M-
H] ;'H NMR (500 MHz,CD,0D)§:7.58,7.51 (4%
1H,d,J=16.0 Hz,H-7',7"") ,7.03,7.00( 4 1H,d,
J=2.0 Hz,H2",2""),6.91,6.89 (4 1H,dd, J =
8.0,2.0 Hz,H-6",6""),6.76,6.74 (2H,d,J =8.0
Hz,H-5",5""),6.30,6.20( 4 1H,d,J =16.0 Hz, H-
8,8""),5.62(1H,m,H-5),5. 13(1H,m,H4) ,4.37
(1H,m,H3),4.13(2H, q,J = 7.0 Hz,-OCH,-),
2.29-2.10(4H,m,H-2,6),1.24(3H,t,J =7.0 Hz,-
CH,);"”C NMR (125 MHz,CD,0D)§:177.5(C-7),
169.0,168.5(C-9',9'"),148.9,148.7 (C4',4""),
149.6 (C-7",7""),147.9,147.7 (C-3",3""), 116.6
(C-5',5""),124.1,124.0(C-1",1""),123.6 (C-6",
6''),115.9 (C2",2""),115.5,115.4 (C-8',8""),
76.2(C-1),74.8(C4),69.8(C-5),69.2(C-3),
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62.8(C-8),39.9(C-6),39. 6(-OCH,-),38.5(C-2),
14.2(-CHy) . iR 53k ™ ik &4y 4
AR —E I R B S ScEk Y i i 4,5-0-—
WA P 3 4 7 PR Y R 2R AT X6 L, & BRBR T R R 43
AEFZAN, MBS A — 2, ISz e 5 ok
4,5-0-ZWNMERE L ZE TR O

wEWT IREOHAKESI-MS m/z:515.0[ M-
H] ;'H NMR (500 MHz,CD,0D)§:7.56,7.43 (4%
1H,d,J=16.3 Hz,H-7",7"") ,7.05,7.01 (% 1H,d,
J=2.0 Hz, H2",2""),6.95,6.94 (4 1H,dd, J =
8.1,2.0 Hz,H-6",6""),6.78(2H,d,J =8.1 Hz, H-
5',5),6.29,6.18 (4 1H,d,J =16.3 Hz,K H-8',
8''),5.44 (1H, m,H-3),5.41 (1H, m, H-5),3.96
(1H,dd, J=7.5,3.5 Hz,H4),2.24(2H,m,H-6) ,
2.17(2H, m,H-2) ;" C NMR (125 MHz, CD,0D)§:
176.0(C-7),168.1(C-9',C9'"),147.9,147.7 (C-
4' C4'") 147.1,147.0(C-7",C-7"") ,146.8,146.7
(C3",C3"),127.9,127.8 (C-1", C-1""), 123. 1,
123.0 (C-6", C-6""), 116.4, 116.2 (C5", C-5""),
115.7,115.6 (C2',C2""),115.2,115.1 (C-8’, C-
8'7),73.0(C-1),72.9(C-5),72.1(C-3),71.6(C-
4),35.7(C-2),36.9(C-6), bFR%E S CHkk
T 3,5-0- R T — 3

HEWS RE AR ;ESI-MS m/z:515. 0[ M-
H] ;'H NMR (500 MHz, CD,0D)§8:7.60,7.53 (4%
1H,d,J=16.0 Hz,H-7',7"") ,7.03,7.00( 4 1H,d,
J=2.0 Hz,H2",2""),6.93,6.90 (% 1H,dd, J =
8.1,2.0 Hz,H-6",6""),6.75,6.73(4 1H,d,J =8. 1
Hz,H-5",5""),6.29,6.18 (4 1H,d,J =16.0 Hz, H-
8,8"),5.62(1H, m,H-3),5. 11 (1H,dd, J=9.1,
3.5 Hz,H4),4.37(1H,m,H-5),2.32(1H, m, H-
6a),2.26 (2H, m, H2),2.17 (1H, m, H-6b) ;" C
NMR ( 125 MHz, CD,0D) 6. 176.8 (C-7), 168.5,
168.2 (C9', C9'), 149.7 (C4', C4""), 147.7,
147.6(C-7",C-7""),146.8 (C-3",C-3"") ,127.7 (C-
1',C-1""),123.1,123.0(C-6",C-6"") ,116.5,116. 4
(C5",C-5""),115.3,115.2 (C2",C-2""), 114.8,
114.7(C-8",C-8""),76.1(C-1),75.8(C4),69.4
(C-5),69.0(C-3),39.4(C-2),38.4(C-6), k¥
P 5 SCHR RS 1 3, 4-0-nnEBERL Zs TR — 3L,

4 g
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A A TR Y X g T IE R (6, 2.0 ~
3.5) HBEE A o LG 1 oh AT IS 3 1Y
FF{EE2.62(1H,dd, J=12.1,3.0 Hz,H-6a),
2.54(1H,dd,J =13.8,4.0 Hz,H-2a) ,2.43(1H,dd,
J=13.8,2.9 Hz,H-2b) ,2.07(1H,m H-6b) | X F,
A1 R 1-0-WiHEBE LR A il 25 7 R
KA EY . H4 T %46 H-3 F1 H-5, 38 % DO
FIEMIE R NI, XA BRI OH-4 il , 1L H4
WWE HIAE 8,3.7 ~4. 1 Z[a]; 24 OH4 figfb)5, H4
SRS RS 6, 1.0 ~ 1.6, b5 8 b T
H4 HELTE 8,5 11,1659 8 nlfiaE g 4-0-mn: fik
SEIU I i e 3 2 TR 2 Ak A . H-3 (5K H-
S)m TN S H2(8 H-6) #1 H4 {45, — K2
FIEE B, XHEABRLR) OH-3 (5 OH-5) 3
i, H H-3 (5% H-5) 385 1 ITE 8, 4.0 ~4.6 Z[a];
24 OH-3 (=% OH-5) figfb)5 , H-3 (5 H-5) &g
B8 1.0 ~ 1.6 0 g AR T ol dot i 45 3 iR
8, (B SEAMART 19 H-5 /1 6 4.37 (R0 R3] T 6,
5.41,1 H4 /8, 5. 11 S s 17 6 3.96, £
AW T A8 43BN ZAE 3,5-F13,4(4,5) -0
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e B3 A FE BT B L, HA R HSS R RRARA
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