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Abstract — Four chromone derivatives and one sesquiterpene glycoside were isolated from the #»-BuOH fraction of the leaves
of Ostericum koreanum. Based on spectral data analysis, the isolated compounds were identified as cimifugin (1), polymor-
pholide-1-O-B-D-glucoside (2), prim-glucosylangelicin (3), 5,7-dihydroxy-4-oxo-4H-chromene-2-carboxylic acid (4), and
dviaricatiacid (5). We revised several carbon chemical shifts for compound 3. Among these, compound 4 was isolated from
a plant source for the first time, and compounds 2, 3, and 5 were also isolated from O. koreanum for the first time.
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60 F,5,2F RP F,q, platesS AFE-SF31T}. Chromatographyol]
AREEE 7] Bl R Aol e 3 i8S extra
pure gradeE $HH SHSH AS AREIATE 7IEF Aok
analytical gradeE A8-51A T}

22| - 43t ZA A2 FL(0. koreanum)]
& 1.5 kgoll MeOH 20 LE 7I812L A 2014 15:U7} 33] &+
Z3 F o Hslar JA-g 40Col|A 79FE531] MeOH -2
178 g& AUt} Aojzl MeOH £ (175 gy 7ol &
EHA7|3L n-hexane, CHCl, ¥ n-BuOH®| =02 #83lal
73 55313 n-hexane %8 32 g, CHCL +9 13 ¢ ¥ »-
BuOH #8 80 g2 AT}l n-BuOH #8 60 g2 silica gel
(63~200 pun, 1 kg) column (9.5%50 cm)ell 3L CHClL;:MeOH
(5:1ye SviZ 834171 3 MeOH 100%= A|23toH,
o]2 TLC £41& E3lo] U 7)2] £8/(OLB-1~OLB-7)>-%
UEAth 23 OLB-3 (2.3 g)oll thale] RediSep® silica gel
column (24 gy& A3t CHCL:MeOH (29:1)2 &7 flash
chromatographyE AA3t3L 3HeHe 1 (840 mgys AUTH
8 OLB-5 (4.5 2)Z RediSep” silica gel column (80 g)S-
0]8-3}e benzene-EtOAc-MeOH (6:3:1)S &1 & 83A]A
Al 7] 9] #8)(OLB-5-1 ~ OLB-5-5)0. & LFr)th. 0|5 23]
OLB-5-1 (1.4 g)2 RediSep® C18 column (43 g)S ©]-&3}]
MeOH-H,0 (40:60)2.2 &ZA1A 33HE 2 (90 mg)E AU
t}. 3 OLB-5-2 (3.7 gy2 RediSep® C18 column (130 gy
0]4-51] MeOH-H,0 (40:60)°-2 8EA1# 315= 3 (980 mg)
< AAE 23 OLB-8 (15 g2 silica gel (63~200 um, 600 g)
column (6.5 x 50 cm)ell A3 CHCL-MeOH-H,0 (3:1:0.1)S &
]2 8ZA1A ] 72| 23 (OLB-8-1 ~ OLB-8-4)2. & U}
At} olE B8 = 138 OLB-8-3 (2.7 gl ko] RediSep®
silica gel column (80 gy ©]-8-31¢] EtOAc-MeOH-H,O (8:1:0.5)
< B2 §EAIA U] 7H¢] 5 (OLB-8-3-1~OLB-8-34)° &
THA] Uit 23] OLB-8-3-2 (1.7 )2 MeOHE WHE 3
A3t 3leHE 4 (340 me)E AU 2] OLB-8-3-3 (0.3 g)°l]
t3te] RediSep® silica gel column (24 gyS ©]-8-51¢] water
saturated EtOAc-MeOH (5:1)2 £1|2 £3A]7 I3E 5
(70 mg)— x:_/v\]:]‘

Cimifugin (1) — White powder; [a],> +42.9° (c 0.12, MeOH);
'H-NMR (CD;OD, 500 MHz) &: 6.46 (1H, s, H-8), 6.15 (1H, s,
H-3), 469 (IH, t, J=8.5 Hz, H-2'), 438 (2H, s, 11-CH,), 3.88
(3H, s, OCH,), 3.28 (2H, overlapped with CD;0D, m, H-3"),
126 (3H, s, CH,-5"), 120 (3H, s, CH,-6'); *C-NMR (CD,0D,
125 MHz): See Table I; ESI-MS m/z 305 [M-HJ.

Polymorpholide-1-O-glucoside (2) — White powder;
[a]p?" -33.1° (¢ 0.12, MeOH); 'H-NMR (CD,0D, 500 MHz)
8: 6.56 (1H, d, J=11.5 Hz, H-8), 5.84 (2H, br d, /=11.0 Hz,
H-5, H-7), 4.69 (1H, d, /=8.0 Hz, H-1"), 4.16 (1H, d, /2.0 Hz,
H-1), 4.14 (1H, dd, ~12.0, 1.5 Hz, H-62), 4.00 (1H, dd, J=12.0,
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5.0 Hz, H-6'b), 3.70~3.58 (3H, m, H-3", 4", 5"), 3.51 (1H, dd,
J=9.0, 7.5 Hz, H-2"), 3.32 (1H, m, H-4a), 2.86 (3H, m, H-3,
4b, 10), 2.45 (1H, dd, /~13.5, 7.5 Hz, H-2a), 2.09 (3H, s, CH;-
14), 2.05 (1H, m, H-2b), 1.55 (6H, s, CH,-12, 13), 1.19 (3H, 5,
CH;-15); *C-NMR (CD,0D, 125 MHz) &: 139.88 (C-8), 130.51
(C-6), 128.43 (C-5), 126.82 (C-7), 105.66 (C-1"), 91.45 (C-1),
7820 (C-3", 77.66 (C-5), 75.43 (C-2'), 74.12 (C-11), 71.49
(C4'), 62.73 (C-6"), 52.53 (C-9), 50.42 (C-3), 44.12 (C-10),
35.63 (C-2), 31.94 (CH;-12), 30.67 (C-4), 28.40 (CH,-13), 27.62
(CH;-14), 19.66 (CH;-15); ESI-MS m/z 397 [M-HJ.
Prim-O-glucosylangelicain (3) — Pale yellow powder;
'H-NMR (CD,0D, 500 MHz) &: 636 (1H, s, H-3), 6.25 (1H, s,
H-8), 4.70 (1H, br t, J=9.0 Hz, H-2"), 4.71 (1H, d, /~15.0
Hz, H-11a), 4.55 (1H, d, /~15.0 Hz, H-11b), 4.38 (1H, d, /~8.0
Hz, H-1"), 3.83 (1H, br d, J=11.5 Hz, H-6"a), 3.63 (1H, dd,
J=11.5, 4.5 Hz, H-6"b), 3.35~3.23 (4H, m, H-2", 3", 4", 5"),
3.03 (2H, br d, /=9.0 Hz, H-3"), 1.23 (3H, s, CH;-5"), 1.17
(3H, s, CH,-6"); *C-NMR (CD,0D, 125 MHz): See Table I;
ESI-MS m/z 455 [M + H]", 477 [M+ Na]".
5,7-Dihydroxy-4-oxo-4H-chromene-3-carboxylic acid
(4) — White powder; 'H-NMR (DMSO-d,, 500 MHz) &: 12.85
(1H, s, 5-OH), 6.56 (1H, s, H-3), 6.48 (1H, d, J/=2.5 Hz, H-3),
6.17 (1H, d, J=2.5 Hz, H-6); *C-NMR (DMSO-d, 125 MHz):
See Table I; ESI-MS m/z 221 [M-HT, 176 [M-H-COOHT-.
Divaricatacid (5) — White powder; [a],? +13.5° (¢ 0.1,
MeOH); 'H-NMR (CD;0D, 500 MHz) &: 6.72 (1H, s, H-3),
6.63 (1H, s, H-8), 4.69 (1H, t, /=8.0 Hz, H-2"), 3.86 (3H, s,
OCH,), 3.27 (2H, d, J=8.0 Hz, H-3"), 1.22 (3H, s, 6-CH,), 1.16
(3H, s, 5-CH,); BC-NMR (CD,0D, 125 MHz): See Table I;
ESI-MS m/z 319 [M-HT, 275 [M-H-COOHT".
Polymorpholide-1-O-glucoside (2)2} prim-O-glucosylang-
elicain (3)2] T4 & &ol — < Y] el wgkon, 39}
= 29} 3& 7H7F 2 mg¥ FH 3] 2 M HCI (H,0/1,4-dioxane,
1:1) 1 mloll 30]32 90°ColA] 4417 713 & Wizk A A A
7RE RGNS AT sEeS =0 dAERTIL
EtOAcE 33] #8dto] We & 32 = %—% ThA] A 7}
27 FEAA AFES AU o] FFES Leysteine methyl
ester hydrochloride 1 mg2 $H3-3F= pyndme 300 plel] =o]3L
60CE 117k 7183t 3 o] 7] o-tolyisothiocyanate 10 pl=
7FskaL 60ColA] 1A1ZF WhgAIZITE. o] ¥E3-E-8 YMC-Triart
C-18 column (YMC Co. Ltd., Japan, 250x4.6 mm, 5 um)=
o]g-3}] MeCN-0.1% H,PO; (25:75y &7= 0.8 ml/min
£52 §FA7]3L 250 nm= 57831 Aglient 1260 infinity
HPLC system© 2 XS F3J3ldon, 35F3 A4E
H|wale] 1A Bo 5+ 315HE B D-glucose U2 8Hels)
A TH(ty: D-glucose 23.16 min).
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Prim-O-glucosylangelicain (3)2] &£ 728l — Zhao
7] Wil wieh olels} 1lo] ASISIeE SHEE 3 (00 me)
E 10 mloll EEA|7]3L, A7190 cellulase (Sigma #22178,
Cellulase from Aspergilus niger, 200 mg)S 3. magnetic
stirrerS- ©]-&3lo] wHksPAA] 35Tl 724]7F H]'f/\]ﬁli}
W&o EtOAc 20 mlE B3L 33] &g ¥ EtOAc 3
F=A7]3L RediSep® silica gel column (24 g)S O]%O}Oq
CHCL,-MeOH (29:1)% 81| 2 Teledyne IscoAl2] ComFlash®
of Zo] flash chromatographyES AA|SIY 7FE31E 3a
(13 mg)E Lt}

Norcimifugin (angelicain)® (3a) — White needle; [o],”
+4.4° (¢ 0.11, MeOH); 'H-NMR (CD;0D, 500 MHz) &: 6.36
(1H, s, H-8), 6.27 (1H, s, H-3), 4.76 (1H, t, J=8.5 Hz, H-2),
445 2H, s, 11-CH,), 3.11 (1H, d, /=9.5 Hz, H-3'a), 3.10 (1H,
d, /=85 Hz, H-3b), 127 3H, s, 5-CH,), 122 3H, s, 6-CH,);
3C-NMR (CD,OD, 125 MHz) §: 184.28 (C-4), 171.50 (C-2),
168.17 (C-5), 159.64 (C-7), 157.46 (C-9), 110.62 (C-6), 106.73
(C-3), 106.41 (C-10), 93.06 (C-2'), 90.03 (C-8), 72.32 (C-4",
61.38 (C-11), 27.31 (C-3"), 2531 (C-5), 25.25 (C-6').
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3HHE 1= NMR, MS 3 *12,5 52 TR} vlarsto]
cimifugin® 2 &7g3t39oH, 3}3HE 2= 'H- 3} PC-NMR<]
chemical shiftse} AFT Zhe] vjw g 7iEs|o] gk
T4 29 gl T A AFES #d'9%% EHZO}‘J%
polymorpholide-1-O-glucosideZ 5431 tt. 3= 3
"H-NMR spectrum®] 6,, 6.363} 6.25014] Z}z}+9] singlet©]
Yehtes 2125 E o] 31§hE°] chromoneAl €| 3Heh=
A & 5 A%eH, g, 4.700014 J=9.0 Hz2] broad triplet,
3.03914 J=9.0 Hz®] broad doublet ¥ ¢, 1.233} 1.2794]
Ueh= methylZ]ol] o3k 2H2Fo] singletE3) TE] 6,
4713} 4.55914 J=15.0 Hz2] doubleto] ZFz+ el BC-
NMR spectrum®] 6, 93.033} 27.20914] YER= signalE©]
HSQC spectrum=- ©]-8-3}o] 8218t A3} 'H-NMR spectrum
9] §,, 470014 YER= J=9.0 Hz®] broad triplet 2 6,,3.03
oA YEl= J=9.0 Hz2] broad doublet?} Z}Z} correlation
St o] 3}9H=-2 dihydrofuran ring®] &4 3H= chromone
Al 2] 33HE2 norcimifuging EHOZ 7IA L 52 &

Table I. >°C NMR chemical shifts for compounds 1, 3-5 and prim-O-glucosylangelicain

Carbon 1° 3 prim-O-glucosylangelicain®™!" 4° 5°
2 168.48 167.72 104.88 161.03 156.93
3 109.21 108.27 107.04 108.61 114.99
4 179.52 183.97 181.95 183.42 179.93
5 166.87 157.28 166.48 161.60 156.93
6 118.12 110.61 155.69 98.97 118.85
7 160.89 168.04 166.28 164.82 167.77
8 94.37 90.08 91.57 94.32 94.88
9 156.89 159.46 157.44 157.86 161.03
10 112.18 106.45 109.24 104.63 113.07
11 62.11 67.34 65.33 162.96 164.18
2! 92.54 93.03 88.82 92.75
3’ 28.74 27.28 25.90 28.74
4’ 72.12 72.29 70.04 72.21
5 25.37 25.27 24.82 25.41
6 25.44 25.30 25.72 25.34

OCH, 60.94 61.04

Glucosyl

1 104.07 102.48
2 74.92 73.37
3 77.89 76.53
4 71.47 70.04
5 78.10 77.03
6 62.68 61.12

9CD,0D, "DMSO0-d
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3. R;=H, Ry=glucose
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Fig. 1. Structures of compounds 1-5.

4= AATEY EEZE NMRE] 6, 4.38914 LER = J=8.0 Hz2)
doublet?} 5. 104.07°14 YERIE signlaZH-E] 3155 3&
gk 7ie] o] AgEo] lom o] Aot 91X= HMBC
spectrum 418 0|83t 1T = UATE = 6, 4.38001A]
et 3¢] anomeric proton®] . 65.6614 UERb=
CH,0¢] €t2=¢} correlation S22 F-2 119 ]|l Agts]
o AL & & Uk A, FA Ve 7]AR 7F A
chemical shifts %to] & A2} Fol Agsle] e Fh} 2=
g2th=s e gelsta A3 assignmentS 913 DQF-
COSY, HSQC % HMBC 412 &3] B ©4x9] chemical
shiftsS A4 4= AT} Table P14 BE A*H Kozawa
S'Mo] B 73} carbon chemical shifts = 2, 3, 6, 10:H €4:9]
chemical shifts7} oc 104.88, 107.04 2 155.699014 z}=2F v
ERA R A2} 5-& HSQCSF HMBC spectraS 141310 015
€k4x9] chemical shiftss J- 167.72, 108.27, 110.61 & 106.45%
AR F AUk oo AE Foeld e 3%
prim-O-glucosylangelicain® 2 574} t}. 313HE 42] 'H-
NMR spectrums ' §,, 12.85914] YEF}= singlet, 6.56
of| 4] JER= singlet, 22|31 6, 6.485} 6.17°14 J=2.5 Hz
©] doublete] 7} YEh = A €]l thE peake RIS
A= o]= 2, 5 W 7H X877} EA03= chromone
AGe] ez F9EA. 3 'TH-NMR spectrum©i] 4]
methoxyl group, methylene group, methyl group 52| ¥
718 ER1T & gilemg 2 Ad e olgde tE
Hs717F g g Zog FPHAL? BC-NMR
spectrum®l|A] = methoxyl, methylene 2 methyl group 5l
O] gt signal> 1 4= YIAth. EAES 18] flsto
negative mode® =73+ ESI-MS spectrum®] m/z 221 [M-
HJ 1 quassi molecular ion peakE 1t 4= 9l om, &

159

H 15
O
HO
HOpo
2
OCH; O
AW
HO o
(0] COOH

3k m/z 176914 YER= fragment ion> COOH7} Eoi%]
A TS0zl Ao g FHEH o] BC-NMR spectrum®]
dp 162.9691 4] YJER}= carbonylol] 9]¢t signalZ2%= &1
T AL o]= 2 1Al carboxylic acid7} X 8= o] 32
< & F A o] AE FA P v|wste SiHE 4
5,7-dihydroxy-4-oxo-4H-chromene-3-carboxylic acidZ 57
stk sl3HE 5= 'H-NMR spectrum 2§, 6.363}
62791141 Z}2F] singleto] WAL, 6, 46914 J=8.0 Hz=
YER = triplett 3.279014 U= J=8.0 Hz2] doublet,
0y 1228} 1160014 Yeh= Z212+¢] singlet 22132 6, 3.86
o] A] LJER}= methoyl7]ol 2] 3t singlet 5-2] signal 52
A& 5 Qe m, o]& 9)of thE 'H-NMR signal> 3o} &
I SISt ol 6, 4.50 F-2ollA LERR= CH,00014 &2l
Sh= signale] §ltke A2 A|9sHA cimifugin®] 'H-NMR
spectrumZ} B9~ FFAFERS: & = 2112, BC-NMR spectrum
2] 6, 50914 7010l = OCH U CH,0°1 2]t Bk signal
Eo] YehA] &3 §,. 25 F-2Zol = F 712 methylZ| & A
9]5kal T2 methyl7]ell o3+ B4 signal Fo} B < 1
Atk e ESI-MS spectrum®] m/z 319 [M-H] oA quassi
molecular ion peakS &1 4= UL, &J7]o|A4 COOH7}
2w A AAE fragment ion®] m/z 275914 YEREZ o]
sRtEol| = dlke] COOH7}F EA418HH, HMBC spectrum®
dy, 636914 e = 31 9] proton©] 6, 113.07 (C-3), 156.93
(C-2) 2 164.18 (COOH)$} correlationdH= 21& &Hold 4=
AL EE COOHE| XA = 2¥ e & 5 Ut ©]
23t A3 B DI0S v wale] 3HE 55 divaricatacid
2 53T 2 ATA EElslal 25 TS svHE
Eo] Ao &t A= cimifugin (1) thelixe 44
T7F @A o] Fo)A] <l&d A AA| 2D olET A
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7RIS ALY A 552 oA T thdet 4o
B %3, 5,7-Dihydroxy-4-oxo-4H-chromene-3-carboxylic
acid (4)= Liu 50| o] sIRHES 93¢ 5 NO A4 Al
gadol] Fate] BT} Polymorpholide-1-O-glucoside (2),
prim-O-glucosylangelicain (3) % divaricatacid (5)2] &/l
A3 A= BEA R 0= glaq

4 =

=l AL = ZdZH(Ostericum koreanum)®] E&
Qloll e RS Bel7] 213 AlSE s A7 dFE <
Z= % n-BuOH 7HA £38]9] A4S Lot 27] 98t
Aol 243192, 7+ & chromatographyS A A]8kaL
59 shetes ffslalan, o] 5ol tisled NMR, MS 59]
FAWNS o] 8-31] 1 7%= cimifugin (1), polymorpholide-1-
O-glucoside (2), prim-O-glucosylangelicain (3), 5,7-dihydroxy-4-
oxo-4H-chromene-3-carboxylic acid (4) 2 divaricatacid (5)=
FAEATE o] 5 FFHE F cimifugin (1S ALJFF ZE 3

FE2 o] AENNE AgoE FEE Ao, 5.7-
dihydroxy-4-oxo-4H-chromene-3-carboxylic acid (4} 2]=<]
T Ao Ee Aeo=m e AUk 53] prim-
O-glucosylangelicain 3y 7%= a4 5k 2 ol A13)
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o] 2o} o]&L ATt EelE SRHEE & cimifugin
(1S A3 =52 DA A A7t gle Aol nE
o]0 &4 A7t 28 AoRE AZEM, carotane”l
sesquiterpenoid$! polymorpholide-1-O-glucoside (2), chromone
walo] o $Jx]9l] carboxylic acid’} X13=]o] A& 5,7-dihy-
droxy-4-oxo-4H-chromene-3-carboxylic acid (4)2} divaricatacid
()= A EoNX =EA BAEE RO E 4H 3 Umbelliferae)
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Aztech
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