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Hot-water Extract of Artemisia annua
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Abstract — Artemisia annua L. (Compositae) is an annual herb, which has been traditionally used as an antipyretic and hemo-
static agent with the herbal medicine name of Cheong Ho (75 i) in Korea and China. In this study, five di-caffeoylquinic acid
derivatives and a coumarin were determined from the hot-water extract of aerial parts of A. annua. The structures of isolates
were elucidated to be 1,3-di-O-caffeoylqunic acid (1), 3,4-di-O-caffeoylquinic acid (2), 3,5-di-O-caffeoylqiunic acid (3), 1,5-
di-O-caffeoylquinic acid (4) and 4,5-di-O-caffeoylquinic acid (5) and scopoletin (6). The presence of 1,5-di-O-caffeoylquinic
acid (4) is firstly reported from A. annua in the current study.
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Fig. 1. Chemical structures of compounds 1-6 from Artemisia annua.

HE X

>
i
b=l
——

18 4
0 oy H
4y
o

Aol AMEgE fERe] A= S Ui,
B, A A, A HEolaL 7} AlEe sl
A elA FYsi e ThEE gt &71E W
7} sl Aol AMgsldth SR EES 7HEE
sl ofgtuf| &f AJ ok Ao HEe % tHCUK18.Aa01-

AN

<

7171 % A9 — F244 HPLCE Waters Alliance HPLC
systems ARG OH £ PO F Luna C18(4.6%250
mm LD., 5 um; Phenomenex, USA)E A&-3l5th £34
HPLC= Gilson HPLC system2 AM8-319.27 HPLC AH
<2 Luna C18(21.2x250 mm 1D., 5 um; Phenomenex, USA)
< AM83I5ITE. NMR 2#EH2- AVANCE 500 spectrometer
(Bruker, Karlsruhe, Germany)g AH&-3}910m, 2 R-A 7]
= 6530 QTOF-MS spectrometer(Agilent Technologies,
USA)E AH&-815i T} gol4+= Milli-Q water purification
system(Millipore, Billerica, USA)E ©]-&3le] A|z3}om,
AYazvteag)y] @ HPLC 240 ARS-3F Sl oA
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HPLC 24 - }#28 HPLC =72 0.1% TFA(A) ¥
methanol(0.1% TFA, B)9] &3-S o] 83f] §EAI 7L
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BH-2-E2(30:70 — 60:40, v/v, <5 5.0 mL/min, £2]A] 7k
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Atk FEH o7 35HE 2(1.5 mg), 3(7.5 mg), 4(3.5 mg),
5(2.2 mg), 6(3.0 mg)yS SR }AT]
1,3-di-O-caffeoylquinic acid (1): pale yellow powder;
ESI-Q-TOF-MS m/z 515.1193 [M - HJ; 'H-NMR (500
MHz, CD,OD) & 749 (1H, d, /=159 Hz, H-7"), 7.47
(1H, d, J=15.9 Hz, H-7), 6.93 (1H, d, /2.1 Hz, H-2"),
6.82 (1H, d, J=2.1 Hz, H-2), 6.75 (1H, dd, J=8.2, 2.1
Hz, H-6"), 6.64 (1H, d, J=82 Hz, H-5"), 6.59 (1H, dd,
J=82, 2.1 Hz, H-6"), 6.51 (1H, d, /=8.2 Hz, H-5"), 6.19
(1H, d, =159 Hz, H-8"), 6.12 (1H, d, J=15.9 Hz, H-8),
538 (1H, brs, H-3), 423 (1H, ddd, J=11.2, 9.5, 44 Hz,
H-5), 3.63 (1H, dd, J=9.5, 3.6 Hz, H-4), 2.88 (1H, dd,
J=15.0, 44 Hz, H-6b), 2.52 (1H, brd, J=13.2 Hz, H-2a),
231 (IH, brd, J=15.6 Hz, H-2b), 1.85 (1H, dd, J=15.0,

ot
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11.2 Hz, H-6a) (o: peak overlapped); BC-NMR (125
MHz, CD,0D) § 174.59 (C-7), 168.83 (C-9"), 167.85 (C-
9'), 149.67 (C-4"), 149.28 (C-4"), 146.74 (C-3"), 146.50
(C-3"), 147.67 (C-7"), 147.14 (C-7), 12749 (C-1"), 127.44
(C-1), 122.92 (C-6"), 122.02 (C-6"), 116.07 (C-2"), 115.44
(C-2, 116.59 (C-5"), 116.57 (C-5"), 115.40 (C-8"), 115.19
(C-8"), 81.02 (C-1), 75.28 (C-4), 73.01 (C-3), 67.90 (C-5),
41.28 (C-6), 33.02 (C-2)

3,4-di-O-caffeoylquinic acid (2): pale yellow powder;
ESI-Q-TOF-MS m/z 515.1187 [M - HJ; 'H-NMR (500
MHz, CD,0OD) & 7.56 (IH, d, J=15.7 Hz, H-7"), 7.55
(IH, d, J=15.8 Hz, H-7"), 7.03 (IH, d, J/=2.0 Hz, H-2"),
7.02 (1H, d, J=2.0 Hz, H-2"), 6.92 (1H, dd, J=8.2, 2.0
Hz, H-6"), 6.88 (1H, dd, J=8.2, 2.0 Hz, H-6"), 6.76 d (1H,
J=82 Hz, H-5"), 6.73 (1H, d, J=8.2 Hz, H-5"), 6.28 (1H,
d, J=15.7 Hz, H-8'), 6.26 (1H, d, J/~15.8 Hz, H-8"), 5.63
(1H, brs, H-3), 5.02 (1H, brs, H-4), 433 (1H, brs, H-5),
219 - 231 (4H, o, H-2a, 2b, 6a and 6b) (o: peak
overlapped); "C-NMR (125 MHz, CD,0D) & 17833 (C-
7), 168.56 (C-9'), 168.48 (C-9"), 149.62 (C-4"), 149.60 (C-
4"), 146.80 (C-3"), 146.80 (C-3"), 147.37 (C-7'), 14733
(C-7"), 127.81 (C-1"), 127.74 (C-1"), 123.20 (C-6'), 123.09
(C-6"), 11525 (C-2), 115.02 (C-2"), 116.5 (C-5"), 116.48
(C-5"), 115.16 (C-8), 11497 (C-8"), 75.38 (C-1), 76.18
(C-4), 70.16 (C-3), 66.18 (C-5), 41.97 (C-6), 37.06 (C-2)

3,5-di-O-caffeoylquinic acid (3): pale yellow powder;
ESI-Q-TOF-MS m/z 515.1193 [M - HJ; 'H-NMR (500
MHz, CD,0OD) & 7.62 (IH, d, J=16.0 Hz, H-7), 7.58
(1H, d, /=159 Hz, H-7"), 7.07 (2H, o, H-2', H-2"), 6.98
(IH, dd, J=8.2, 2.0 Hz, H-6"), 6.96 (1H, dd, J=8.2, 2.0
Hz, H-6"), 6.78 (1H, d, J=82 Hz, H-5"), 6.77 (1H, d,
J=8.2 Hz, H-5"), 6.35 (1H, d, /~16.0 Hz, H-8'), 6.27 (1H,
d, /=159 Hz, H-8"), 543 (1H, brs, H-5), 539 (1H, brs,
H-3), 3.98 (1H, brs, H-4), 2.21 - 2.31(4H, o, H-2a, 2b, 6a
and 6b) (o: peak overlapped); BC-NMR (125 MHz,
CD;OD) & 177.33 (C-7), 168.85 (C-9"), 16836 (C-9"),
149.59 (C-4"), 149.50 (C-4"), 147.27 (C-7"), 147.04 (C-7"),
146.79 (C-3"), 146.79 (C-3"), 127.95 (C-1'), 127.83 (C-1"),
123.04 (C-6'), 122.96 (C-6"), 116.48 (C-5"), 116.48 (C-5"),
115.62 (C-2"), 115.28 (C-2"), 115.17 (C-8'), 115.14 (C-8"),
74.65 (C-1), 72.56 (C-3), 72.15 (C-5), 70.62 (C-4), 37.63
(C-6), 36.01 (C-2)

1,5-di-O-caffeoylquinic acid (4): pale yellow powder;
ESI-Q-TOF-MS m/z 515.1194 [M - HJ; 'H-NMR (500
MHz, CD,OD) & 7.58 (I1H, d, J=15.8 Hz, H-7"), 7.58
(1H, d, J=15.8 Hz, H-7'), 7.06 (1H, d, /=22 Hz, H-2"),
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7.06 (1H, d, /=22 Hz, H-2"), 697 (1H, dd, J=8.1, 2.2
Hz, H-6"), 6.96 (1H, dd, J=8.2, 2.2 Hz, H-6"), 6.78 (1H,
d, /=82 Hz, H-5"), 6.78 (1H, d, J=8.1 Hz, H-5"), 6.30
(1H, d, J=15.8 Hz, H-8"), 6.27 (1H, d, J=15.8 Hz, H-8"),
539 (1H, ddd, J=8.1, 8.1, 3.8 Hz, H-5), 429 (1H, q,
J=4.4 Hz, H-3), 3.78 (1H, dd, J=8.1, 3.3 Hz), 2.57 (IH,
dd, J=13.6, 4.0 Hz, H-2a), 2.45 (1H, o, H-2b and 6a) 2.06
(1H, dd, J = 13.7, 89 Hz H-6b) (o: peak overlapped);
BC-NMR (125 MHz, CD,0D) d 174.72 (C-7), 168.62 (C-
9", 168.02 (C-9"), 149.64 (C-4"), 149.60 (C-4"), 147.48
(C-3"), 147.28 (C-7"), 147.28 (C-3"), 146.81 (C-7"), 127.82
(C-1"), 127.82 (C-1"), 123.07 (C-6'), 123.00 (C-6"), 116.50
(C-5, 116.48 (C-5"), 115.30 (C-2), 115.26 (C-2"), 115.18
(C-8"), 115.15 (C-8"), 81.01 (C-1), 72.84 (C-4), 71.58 (C-
5), 69.44 (C-3), 36.92 (C-6), 35.67 (C-2)

4,5-di-O-caffeoylquinic acid (5): pale yellow powder;
ESI-Q-TOF-MS m/z 515.1193 [M - H]; 'H-NMR (500
MHz, CD,0D) & 7.59 (1H, d, J=15.8 Hz, H-7"), 7.50
(1H, d, J=15.9 Hz, H-7"), 7.01 (1H, brs, H-2"), 6.98 (1H,
brs, H-2"), 6.88 (2H, o, H-6, H-6"), 6.73 (1H, d, /=83
Hz, H-5"), 6.72 (1H, d, J=8.1 Hz, H-5"), 6.27 (1H, d,
J=15.8 Hz, H-8"), 6.18 (1H, d, J=15.9 Hz, H-8'), 5.66
(1H, brs, H-5), 5.12 (1H, brd, J=6.1 Hz, H-4), 441 (1H,
brs, H-3), 2.17 - 231 (4H, o, H-2a, 2b, 6a and 6b) (o:
peak overlapped); "C-NMR (125 MHz, CD,0D) & 175.21
(C-7), 168.55 (C-9"), 168.40 (C-9), 149.65 (C-4"), 149.63
(C-4"), 147.71 (C-7"), 147.56 (C-7"), 146.75 (C-3"), 146.73
(C-3"), 127.73 (C-1"), 127.72 (C-2"), 127.65 (C-1"), 123.10
(C-6"), 123.10 (C-6"), 116.48 (C-5"), 116.48 (C-5"), 115.21
(C-2), 11477 (C-8), 114.77 (C-8"), 76.25 (C-1), 76.19
(C-4), 70.16 (C-3), 69.04 (C-5), 39.39 (C-6), 38.68 (C-2)

Scopoletin  (6): yellow powder; ESI-Q-TOF-MS m/z
191.0343 [M - HJ; 'H-NMR (500 MHz, CD,0D) & 7.86
(1H, d, /=94 Hz, H-4), 7.12 (1H, s, H-5), 6.77 (1H, s,
H-8), 6.21 (1H, d, /9.4 Hz, H-3), 3.91 (3H, s, 6-OCH,);
BC-NMR (125 MHz, CD,0D) & 164.04 (C-2), 152.93 (C-
9), 151.45 (C-7), 147.09 (C-6), 146.09 (C-4), 112.63 (C-
3), 112.57 (C-10), 109.99 (C-5), 103.98 (C-8), 56.84 (6-
OCH,)
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Fig. 2. HPLC analyses

50% HE2 2 o] HFFEr)t 20 mgmLo] FA 343
% HPLCell Z-8319th. HPLC ¥4 3} A&-2] 2ol th
2 Ao 1-6 el HATt BE AR daEA 4
EHI USRI & Ao, 53] 1, 3, 6 3 3
Fohs HTe BE 9] JEE ARA o s 5
glo] A== UTKFig. 2). PDAR 43 7t 9139 UV &
2 EYe] AL 1-5 RS 200-220 nm 22| 3L 320
330 nmollA FLE e FFIHE AT 3o o5
o] AR Mgk L2US FESIATh Tk 6 A
204, 227, 296, 341 nmelX EolFl FFSHE Holal 2l
o] ol= MFE AEAT tigh TS AR E W &
FZH " (scopoletin)d Aoz} Z3Ack(Fig. 3). ¥ HPLC
A A 1-6 o] M GEFEE g Soldi
olg} FetEglon olof| 16 AES FHEIA AHaAR
B E o] 83t JEEEE ST

of hot-water extracts of Artemisia annua.

SIEHE 1-69] PXEM - yANFEH 2 94 4
FnfEIH IS 0|83l NERAA FEHOE
T8 AT 652 wElsIith. e 19 79 negative ESI-
Q-TOF-MS9A m/z 515.1193 [M-HJ¢] X2 Faf 722
S C,H,,0,% 4380tk 'HNMR 2=HEHNA mans
TEZ A T A ole A3l A3 FA 2SE
s, 747(1H, d, =159 Hz, H-7), 6.12(1H, d, J=15.9
Hz, H-8) 749(1H, d, J=159 Hz, H-7"), 6.19(1H, d,
J=15.9 Hz, H-8")], -+ 7He] WAl zz]e] 1,34 |8 & §,,
6.82(1H, d, J=2.1 Hz, H-2), 6.59(1H, dd, /=82, 2.1 Hz,
H-6), 6.51(1H, d, J=82 Hz, H-5") ¥ 6.93(1H, d, J=2.1
Hz, H-2"), 6.75(1H, dd, J=8.2, 2.1 Hz, H-6"), 6.64(1H, d,
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