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Coumarins from Angelica dahurica Leaves
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Abstract — Six compounds were isolated from the chloroform fraction of Angelica dahurica leaves. Based on spectral data
analysis, the isolated compounds were identified as imperatorin (1), scopoletin (2), hopeyhopin (3), angelol A (4), angelol I (5)
and angelol E (6). We revised some proton and carbon chemical shifts for compounds 5 and 6. Among these, compounds 4

and 6 were isolated for the first time from this plant.
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systemS ©]-8-5}4] RediSep® column® 2 334t} Gel
filtration Amersham Biosciences’l2] Sephadex LH20S-
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3 keoll MeOH 18 LE 71skal A2ollA 15747k 23] 5
T o3star g 40T 7eFs=3te] MeOH +
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HAEFA) 7|3l n-hexane, CHCL; ¥ n-BuOHS| =02 83}l
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8] 37 g& AT} Chloroform #8 27 g& silica gel (63-
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(9:1y& §vlZ §EA17 F TLC 248 T3] I3y 719
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(40 g)% ©]-&3lo] MeOH:H,O (60:40) &4 &nj = 7]
slo] slek= 1 (86 mgys LUTH 2 ADL-3 (154 g)S ODS
(150 pm, 200 g) column (4.8 x 50 cm)°ll A3 MeOH:H,0
(70:30y2 Sr=2 SEA1A L3 7] 3 (ADL-3-1~ADL-
37 YRt o] & 35 ADL-3-1 (450 mg)yS n-hexane/
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At £33 ADL-3-2-2 (6.5 g)2 RediSep® silica gel column
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column chromatography= AA| 1L oAl 7119 488 (ADL-3-
2-2-1~ADL-3-2-2-6)2 & L}FUT} 248 ADL-3-2-2-1 (1.8 g)
< silica gel (40~63 pm, 200 g) column (4.8 x 50 cm)ol] AL
n-hexane:EtOAc (2:D)E £3A1A 35HE 3 (94 mg)d 4
(144 mg)S AU} 253 ADL-3-2-2-5 (510 mg)2- Sephadex
LH20 (40 g) column (2 x 50 cm)ell Z3Z MeOH:H,0 (40:40)
=2 guj2 834 J] 1] 283 (ADL-3-2-2-5-1~ADL-
32254)0 2 ThA] Atk 488 ADL-3-2-2-5-2 (340 mg)S
o0 = CHCLMeOH (79:1Y2 ST silica gel (40~63 um,
80 g) column (2 x 50 cm) chromatographyS HHa- 1A 5}
313HE 5 (41 mg)9} 6 (83 mg)S AUTh.
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Imperatorin (1) — White needle; 'H-NMR (CDCl,, 500 MHz)
6: 7.75 (1H, d, J=9.5 Hz, H-4), 7.67 (1H, J=2.0 Hz, H-2"),
7.34 (1H, s, H-5), 6.79 (1H, d, J/=2.0 Hz, H-3"), 6.34 (1H,
J=9.5 Hz, H-3), 5.59 (1H, t, J/=7.0 Hz, H-2"), 498 (2H, d,
J=7.0 Hz, H-1"), 1.72 (3H, s, CH;-4"), 1.70 (3H, s, CH,-5");
BC-NMR (CDCl,, 125 MHz) §: see Table I; ESI-MS m/z:
270 [M+H]".

Scopoletin (2) - White neelde; 'H-NMR (CDCl,, 500 MHz)
8: 7.60 (1H, d, /9.4 Hz, H-4), 6.92 (1H, s, H-5), 6.85 (1H, s,
H-8), 6.27 (1H, d, J=9.4 Hz, H-4), 3.95 (3H, s, OCH,);
BC-NMR (CDCl,, 125 MHz) &: see Table I; ESI-MS m/z:
193 [M+H]".

Hopeyhopin (3) —White powder; 'H-NMR (CDCl,, 500 MHz)
o: 8.04 (1H, s, H-5), 7.70 (1H, 1H, d=9.4 Hz, H-4), 6.90
(1H, s, H-8), 632 (1H, d, ]=9.4 Hz, H-3), 4.04 (1H, s, H-2"),
4.03 (3H, s, OCH,), 1.55 (3H, s, CH,4"), 1.25 (3H, s, CH,-
5"; BC-NMR (CDCl,, 125 MHz) &: see Table 1; EI-MS m/z
(rel. int.): 274 [M]" (98.8), 204 (100), 189 (26.4), 175 (67.6),
160 (52.0), 89 (33.1).

Agnelol A (4)—White gum; [o],” (¢ 0.23, MeOH): -93.2°;
'H-NMR (CDCl,, 500 MHz) §: 7.55 (1H, d, J=9.4 Hz, H-4),
7.53 (1H, s, H-5), 6.67 (1H, s, H-8), 6.15 (1H, d, J=9.4 Hz,
H-3), 5.81 (1H, m, H-3"), 5.57 (1H, d, /~1.5 Hz, H-1"), 5.07
(1H, d, J=1.5 Hz, H-2'), 3.86 (3H, s, OCHy), 1.70 (3H, br t,
J=1.5 Hz, CH;-5"), 1.60 (3H, dd, J=7.0, 1.5 Hz, CH;-4"),
1.50 (3H, s, CHy4"), 1.18 (3H, s, CH,-5); *C-NMR (CDCl,,
125 MHz) &: see Table I; ESI-MS m/z: 377 [M+H]".

Angelol | (5)—White powder; [a],?' (¢ 027, MeOH): -107.2°;
"H-NMR (CDCly, 500 MHz) 3: 7.61 (1H, d, J=9.4 Hz, H-4),
7.60 (1H, s, H-5), 6.73 (1H, s, H-8), 6.22 (1H, d, J/=9.4 Hz,
H-3), 5.59 (1H, d, /~1.5 Hz, H-1), 5.09 (1H, d, J/~1.5 Hz,
H-2"), 3.90 (3H, s, OCH,), 2.05 (1H, dd, J=15.0, 7.0 Hz, H-
273, 1.92 (1H, dd, J=15.0, 7.0 Hz, H-2"b), 1.80 (1H, m, H-
3"), 1.54 (3H, s, CHy4"), 1.21 (CH,-5"), 0.70 (3H, d, J=6.5
Hz, CHy4"), 0.60 (3H, d, J=6.5 Hz, CH,-5"); *C-NMR
(CDCl,, 125 MHz) 6: see Table I; ESI-MS m/z: 377 [M-H].

Angelol E (6)— White gum; [a],*' (¢ 0.38, MeOH): 48.1°;
'H-NMR (CDCl,, 500 MHz) &: 7.61 (1H, d, J=9.5 Hz, H-4),
747 (1H, s, H-5), 6.77 (1H, s, H-8), 624 (1H, d, J=9.5 Hz,
H-3), 520 (1H, d, J/=9.0 Hz, H-2'), 5.16 (1H, d, /=9.0 Hz,
H-1'), 3.93 (3H, s, OCHj), 1.91 (1H, dd, J=17.5, 9.5 Hz, H-
27%), 1.50 (2H, m, H-2'b, H-3'), 1.38 (3H, s, CH,-4"), 1.21
(3H, s, CH,-5"), 0.70 (3H, d, J=6.5 Hz, CH;-4"), 0.61 (3H,
d, J=6.5 Hz, CH;-5"), BC.NMR (CDCl,, 125 MHz) &: see
Table I; ESI-MS m/z: 377 [M-H].
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Table I. *C-NMR chemical shifts of compounds 1-6”

Kor. J. Pharmacogn.

No 1 2 3 4 5 6 angelol E*V
2 160.49 161.46 159.90 161.43 161.34 161.00 160.92
3 114.56 113.39 114.57 112.63 113.02 113.51 125.99
4 144.34 143.31 143.17 143.71 143.61 143.38 143.31
5 113.13 107.42 131.31 126.39 126.32 129.00 113.59
6 125.80 144.00 123.23 126.50 126.32 125.93 128.23
7 148.50 150.21 161.99 158.97 158.97 160.39 160.42
8 131.54 103.16 99.84 98.23 98.48 99.07 99.14
9 143.70 149.64 158.66 154.92 155.16 155.43 155.51
10 116.39 111.47 112.71 111.62 111.89 112.05 112.13
I 193.38 67.24 67.52 70.10 73.37
2' 146.55 67.87 75.48 75.48 76.85 70.18
3/ 106.66 61.86 74.11 74.43 73.33 77.00
4 24.62 26.38 27.84 27.68 27.74
5’ 18.19 27.56 26.25 24.49 24.64

OCH, 56.38 56.68 56.03 56.14 56.22 55.85
1" 70.06 166.57 171.79 171.25 171.25

2" 119.68 127.12 42.71 4230 43.07
3" 139.68 137.49 25.17 25.11 25.17
4" 25.75 15.24 22.07 22.10 22.12
5" 18.05 20.24 22.05 22.01 22.12

YAll compounds were measured in CDCl,.

dnt # nE

3I3HE 1,2 2 3& NMR, MS 52| E4243= 3l
£518 18 )3} ¥ w3} imperatorin, scopoletin 2 hopeyhopin®
2 A3 F5HE 42 'H-NMR spectrum®] 6 7.559}
6.15914 YEl = J=9.4 Hz2] doublets, § 7.533} 6.67°114]
YEREE singletS 25 o] 32 6 TR0l 28]
7} EA) 8= simple coumarinY = & = A0 20 6, 5.579}
5.07914 YER= J=1.5 Hz] doublets, d,, 1.502+ 1.18114]
UehtE methylZ]ol] o8k ZF2F9] singlets3) 6, 7548,
74.11, 67.24, 27.56 2 26.38|14 UER= signals25E
o] 3}gHEN= g 7119 trihydroxyisopentyl’| 7} A &S &
4 UL, 6, 581014 LFERRE multiplet, 1.70914 VrEh=
methyl7]el] 2]+ J=1.5 Hz2] broad triplet®} 1.60°14 J=7.0,
1.5 Hz= YERR= methylell ©]F signals3} d,. 166.57, 137.49,
127.12, 2024 % 15240014 YERR= signats=5-El= angeloyl
717} EAS & 5 ATk E=T 6, 3.863) O 56.03004]
3t 7119] methoxyl”]2] EAE AT 5= AT o)de] 4
F=2 5 o] slgtE2 ¥ A2 angelol-type®] coumarin
Age] sFEAS & F AN X37)e] X9)A 5
AA37] 5t HSQC, HMBC 59 2~HEH B8 4

AleFAth. HMBC spectrum #2114 6, 3.86914 UERb=
methoxyl” ] 6, 158.979] signal?} cross peaks UYER 2=
methoxyl”]i= 79 f1x]e]l X|&=o] AS-E & UNL, §,
5.579014 YElvk= J=1.5 Hz®] doublet J. 158.97, 126.50
9 74.119] signal=3} cross peakE YEREZ isopentyl”] =
6 f1x|ol] A ghelo S-S & o AT HE3F 5, 5.07004
YERR=E J=1.5 Hz2] doublet d, 166.572 126.502] signal
E3} cross peaks YERNEZ angeloyl” |+ isopentyl2] 29
ARl 2|ghE] o] S & AUUTE. Trihydroxyiospentyl
719] AojullX]= AF= 32 'THNMRS: o83t 243 4
AT =, 589 nmellM SG 3 AF=9] Fho] -93.2°% 1}
ERE 2 isopentyl”7]9] 1 $1x]9] AuuljX|:= R-configurarion
e & 4= A2 134 23 proton2] coupling constant FHO]
J=1.5 HzZ YERJ}EZ o]E protons erythro= B $|3}3L
Ues & T dom=E 2He| A= S-configuration® =
& 5 AL o) o] AHE M SRHE 45 anglol AR
5350t 35S 59] 'TH-NMR spectrum= 24 6 7.613%
6.22914 J=9.4 HzZ YEL}= doublets, § 7.603} 6.73904]
e 22k singlet Z22] 37 6 3.90914 methoxyl”]ol] 2]
S} singletS AT 4= AATE B3 NMR spectra] 6y, 5.599}
5.09914 YERt= J=1.5 Hz®] doublets, 6,, 1.54%} 1.219114
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Fig. 1. Structures of compounds 1-6.

Yeh= methyl?]ol] €13 singletE3} o, 7548, 7443, 67.52, t}. 3R o] SIRHES St 49h= thEA] 6, 2.059F 1.92
27.84 2 26.2591 UYEh b= €49 signalE 2 -E ©] 315t ol zFzt Yehd= J=15.0, 7.0 Hz2] doublet of doublets,
E= 33HE 49 22 angelol-type®] SEUS & T AU 1809114 YEFS= multiplet, 0.703} 0.60914 Yeh= ZH2e



118

methyl7]el ©]gt J=6.5 Hz®] doubletE3} o, 171.79, 42.71,
2517, 22.07 & 2205914 U= ©49] signals Z5-E
angleloyl”] 7} oFd isovalerylZ]7} X 8k=]o] S-S & 4 3
2D HMBC spectrum %412 5314 isovaleryl”]2] X3k
ARNE g = AAT. =, 9, 5.09904 J=1.5 HzS]
doublet® 2 YFERR= signale] 6, 171.79, 12632014 LER =
Bk signal&3} cross peakE YEMIEZE isovaleryl’| =
trihydroxyiospentyl”]©] 2 ]X|ol] X|$k=]of U5-S &
AT}, Trihydroxyisopentyl”]2] At X]= 589 nmellA] &
A3 Agreo] gro] —107.2°% YERAL, 133} 2641€] protone©]
'H-NMR spectrum®] & 5.599} 5.099114 J=1.5 Hz2] doublet
02 JEREZ F proton erythro] WIS 31 2
o Ao u R o] IFHEE IR, 259 AIXE 7=

S o 7 UL oPde] Az} F MG vlwste] s}
& 55 alngelol 12 F733190om o] zpgoA] 19|
7121€ 313} 65 BF4e] chemical shifts7F HFAR S-S &L
H-= 2t 3HHE 62 'H-NMR spectrums 9 § 7.613
624914 J=9.5 Hz= YFER-h= doublets, 6 7473} 6.77°1141
el = 721219 singlet 28] 3 § 3.90914] methoxyl7]el] <]
St singletS 218 4= AATE NMR spectra®] 6,, 5.203}
5.160014 YER= J=9.0 Hz®] doublets, J;, 1.38%} 1.21011A]
el K= methyl7]ol] 23t singletE3} J,. 76.85, 73.33, 70.10,
27.68 2 244904 Y B9 signaled} TR ),
191904 2+ Yehd= J=17.5, 9.5 Hz] doublet of doublets,
150914 YeR= 5 71€] proton©ll ©]8F multiplet, J;, 0.705}
0.61914 LYERR= ZF2ke] methyl7]of] 213t 6.5 Hz2] doublet
E3} 6, 171.25, 42.30, 25.11, 22.10 & 22,0194 Yehh=
EhA9] signalEsS RIS A=dl o= sehE 59 1
ZAEH WS- FARES & 5 e o|27Y o] sgtE2
3I3HE- 59] stereoisomer® 4313 3HH, Kozawa 52
trihydroxyisopentyl” 2] 13} 2212] proton®] 'H NMR specturm
] §5.15~5.20014 WERS A3 acyl groupe] 281 #1x]of ]
353, F proton threo form S 2 B ]S W TSI TEY
o] 3132 'H NMR specturm®] 6 520914 21 proton®]
6 5.16°14 1H2] proton®] 2+ J=9.0 Hz2] doublet® 2 1}
EFEZ threo formPS ERIE 4= 03, HMBC spectrum
9] 5, 5.20014 YER= 28 proton®] J- 171.25, 125.93
73.33014 U= h4h9] signalE3) cross peakES LFER
B2 isovaleryl”]:= 291 x| x|&k=]o] 9SS ER1E 4
ARATH. HE7E, 589 nmellA] S 3 A138=0] Fro] 48.1°%
YeR o2 2 trihydroxyisopentyl”’] 1¥2] Hjuix]&= R-
configuration®)& & <= UL, olol] whe} 2 2] Arhulx]=
R-configurarion® 2 A4 4= 1A} o|ife] Axs w32
I} v wale] 313HE 62 angelol EZ 43It o] 3ldE =
T2E AAshs A F329] 3z 6H Ao
chemical shifts7} ¥Ho] = A& ER181aL o] & vl=19t
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