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Phenolic Constituents from the Flowers of Synurus excelsus

Il Kyun Lee, Min Cheol Yang, Kyu Ha Lee, Sang Un Choi' and Kang Ro Lee*

Natural Products Laboratory, College of Pharmacy, Sungkyunkwan University Suwon 440-746, Korea
!Korea Research Institute of Chemical Technology, Daejeon 136-702, Korea

Abstract — Seven phenolic compounds, scopoletin (1), caffeic acid methyl ester (2), apigenin 7-O-a-L-thamnosyl-(1—6)-O-
a-D-glucoside (3), isorhamnetin 7-0-a-D-glucoside (4), isorhamnetin 3-O-a-D-glucoside (5), luteolin (6), and quercetin 3-
methyl ether (7) were isolated from the methanol extract of the flowers of S. excelsus. Their structures were established by
chemical and spectroscopic methods. The isolated compounds were tested for their cytotoxicity against four human cancer cell
lines in vitro using a SRB method. The compounds 4 and 7 showed moderate cytotoxicity with EDy, values ranging from 1.59

to 13.14 pg/ml.
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el BE3He 3k Compositae)e] Thd R (Z4EE )0, 3
el WFLEHR), ERELM), FEFIE)Y EA)
9 olx(FIR), Yl (&) SH oz AgHAT, oluY
& AMEle] B Hfur) S o8 Seimeleka
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AEE - X A ARE E581F (Synurus excelsus)
32 2004 8ol thrtelM AR ste] HES) HHT F
ANSSIAL, FE AaAthea oFsithet 124 (SKKU-
01-017)e]l BA=]o] Yt}

7217 & A2} — NMR Varian Unity-Inova-500
spectrophotometers: AH8-8151Th FAB-MS= VG70-VSEG
(VG Analytical, UK)E A8-3}%1 2, nitrobenzyl alcoholS
matrix @ AHE-3t1th LPLC4 columne Lobar®-A
Lichroprep Si 60 (Merck) column3Z Lobar®-A Lichroprep
RP-18 (Merck) columns AHE-8F3L pumps FMI (QSY-
0)S AH&-3tH . 38 HPLCE Gilson 306 pump<h
Apollo Silica 5Su (length:250 mm, I.D 10 mm), Econosil
RP C-18 10u (length:250 mm, LD 10 mm) column<
Shodex refractive index detecter®l] <1238} A}-2-s}4th.
Open column chromatography-&- silica gel- Kiesel gel 60
(70-230 mesh, Merck, ASTM)$} LiChroprep C-18
(particle size 40-63 um, Merck)& A3} 2, molecular
sieve column chromatography-8- packing =72 -2 Sephadex
LH-20 (Pharmacia)e AH8-3t5th. TLC plate= Kiesel gel
60 F,, precoated plate (Art.552, Merck)E& AF&-3t3A 3L
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TLC LAAIFS anis-aldehyde 10% H,S0,.2 AM8-313.00,
%% 4 column chromatography & &&= 15 A %E, 7]
B} AR 19 EE S5& 7 ARE skl

F& 9 2| - Az S F 20kgd] A E£E
2120 methanolZ 13] F23}3 47°CE 23] 23319}
298 7Y 535359 MeOH 9= 240 g2 U
MeOH Z&E9) AAFE 71844 HEAZ] F n-hexane ¥-
E & (40 g), chloroform 8 E (3 g), n-BuOH &&= (53
g)& 7+zt Adth ©]% chloroform #-8&(3 gy& chloro-
form : methanol (75:1-25:1)& A/N-E&E silica gel
column chromatographyE AA|5ted 57§¢] 278 (C1-C5)
oz Uyen, 2% C2 £2%3 (330 mg)E methylene
chloride: methanol (1:1)% £&80]|2 AME-3l¢] Sephadex
LH-20 column chromatography % Econosil® RP C-18
HPLC (40% MeOH)E A5l 3IFHE 1 (18 meye ¥
t}. C4 AEF (980 mg)S methylene chloride : methanol
(1:D)& AMNEE AE-3te] Sephadex LH-20 column
chromatography 2 Econosil® RP C-18 HPLC (40%
MeOH)Z A8l 33HE 2 26 mg)S AU} n-BuOH
(53 g) £33 methanol/ H,0 (30-60%)S /R8st
RP C-18 column chromatographyS AAI5H] 97lje] 472
(MBI-MB9)2.2 UF31om, 71 & MB7 &8 (5.0g)0&
methylene chloride: methanol (1:1) % 7§-8-v] & Sephadex
LH-20 column chromatographyE A A)dked 3719 489
(MB71-MB73)2.2 W9low, 71 5 MB93 (280 mg)<
Econosil® RP C-18 HPLC (65% MeOH)E A5t} 313
3 (26 mg)S LUt MBS (1.8 g)> methanol 90%S Z7H-&-
uj 2 &}ed Sephadex LH-20 column chromatography S &
st 37He] A8 (MBSI-MB83)SE WrileH, 1 5
MBS82 (780 mg)& methanol 50%E H/}-&wl 2 AL&-3hed
RP column chromatography % Econosil® RP C-18 HPLC
(65% MeOH)Z HA st SFE 4 Bmg)S AU,
MB822 (180 mg)< Econosil® RP C-18 HPLC (60%
MeOH)E A5t 313 5 20 mg)yS LUvh MB83 &
3 (100 mg)e Econosil® RP C-18 HPLC (60% MeOH)E
AAsl SFIE 6 (18 mg)S LU MBY 282 (600 mg)
methylene chloride:methanol (1:1)& Z7]-&wj2 AME-3}
Sephadex LH-20 column chromatography % Econosil®
RP C-18 HPLC (65% MeOH)E A A5t 3}13HE 7 (26
mg)S LA}

Compound 1 (scopoletin) — White powder; m.p.:203
~205°C; FAB-MS : m/z 215 [M+Na]"; 1H-NMR
(500 MHz, DMSO-dy) 6:7.90 (1H, d, J=9.5 Hz, H-4),
7.21 (1H, s, H-5), 6.78 (1H, s, H-8), 6.21 (1H, d,
J=9.5Hz, H-3), 3.81 (3H, s, —-OMe); "C-NMR
(125 MHz, DMSO-d6) §:161.4 (C-2), 151.9 (C-7), 1502
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(C-9), 145.9 (C-6), 145.2 (C-4), 112.4 (C-3), 111.2 (C-10),
110.3 (C-5), 103.5 (C-8), 56.7 (OCH,)

Compound 2 (caffeic acid methyl ester) — White
powder; m.p.: 146~ 148°C; FAB-MS :m/z 217 [M+Na]';
1H-NMR (500 MHz, CD,0D) §:7.55 (1H, d, J=15.5 Hz,
H-7), 7.04 (1H, d, J=2.0 Hz, H-2), 6.94 (1H, dd, J=8.0,
2.0 Hz, H-6), 6.79 (1H, d, J=8.0 Hz, H-5), 6.26 (1H, d,
J=15.5 Hz, H-8), 3.76 (3H, s, OCH,); *C-NMR
(125 MHz, CD30D) §:168.6 (C-9), 148.4 (C-4), 145.8
(C-3), 145.6 (C-7), 126.5 (C-1), 121.8 (C-6), 115.3 (C-5),
114.0 (C-2), 113.7 (C-8), 50.8 (COOCH;)

Compound 3 (apigenin 7-O-a-L-rhamnosyl-(1—6)-
O-p-D-glucoside) — Yellow powder; m.p.: 186~190°C;
FAB-MS :m/z 601 [M+Na]"; 1H-NMR (500 MHz, DMSO-
d,) 5:7.85 (2H, d, J=8.0 Hz, H-2', H-6"), 6.94 (2H, d,
J=8.0 Hz, H-3', 5", 6.74 (1H, s, H-3), 6.62 (1H, d,
J=2.0 Hz, H-8), 6.50 (1H, d, J=2.0 Hz, H-6), 5.04 (1H,
d, J=7.5Hz, H-1"), 4.05 (1H, d, J=8.5 Hz, H-1"), 3.71
(1H, dd, J=10 Hz, 3.0 Hz), 3.69-3.63 (3H, m, H-2", 5",
4™), 3.34 - 3.54 (4H, m, H-6", 2™, 3™, 5™, 1.19 (3H, s,
H-6"); *C-NMR (125 MHz, DMSO-d;) &:182.8 (C-4),
165.6 (C-2), 163.5 (C-7), 161.7 (C-5), 157.7 (C-9), 128.5
(C-2, C-6)), 121.9 (C-1, 115.9 (C-5), 105.9 (C-10), 102.9
(C-3), 100.9 (C-1"), 100.4 (C-1"), 99.9 (C-6), 95.1 (C-8),
76.7 (C-3"), 76.0 (C-5"), 73.6 (C-2"), 72.9 (C-4"), 71.3
(C-3"™), 70.9 (C-2"), 70.0 (C-4"), 68.6 (C-5"), 66.3 (C-
6"), 15.7 (C-6™)

Compound 4 (isorhamnetin 7-O-B-D-glucoside) —
Yellow powder; m.p.: 147~ 150°C; FAB-MS : m/z 501
[M+Na]"; 1H-NMR (500 MHz, DMSO-d;) §:7.63 (1H, d,
J=2.0 Hz, H-2"), 7.60 (1H, dd, J=8.5, 2.0 Hz, H-6"), 7.32
(1H, d, J=8.5 Hz, H-5", 6.39 (1H, J=2.0 Hz, H-8), 6.21
(1H, d, J=2.0, H-6), 4.95 (1H, d, J=8.0 Hz, H-1")3.81
(3H, s, OCH,), 3.61-3.90 (5H, m, H-2", 3", 4", 5", 6");
BC.NMR (125 MHz, DMSO-d,) 5:178.5 (C-4), 161.9 (C-
7), 159.6 (C-5), 155.5 (C-9), 148.3 (C-3), 147.2 (C-4),
147.1 (C-2), 137.0 (C-3), 124.7 (C-6"), 120.8 (C-1'), 116.4
(C-5", 111.7 (C-2), 104.8 (C-10), 101.9 (C-1"), 99.5 (C-
6), 94.5 (C-8), 78.0 (C-5"), 76.5 (C-3"), 73.9 (C-2"), 70.4
(C-4", 61.3 (C-6"), 59.0 (OCH,)

Compound 5 (isorhamnetin 3-O-p-D-glucoside) —
Yellow powder; m.p.: 157 ~160°C; FAB-MS : m/z 501
[M+Na]"; 1H-NMR (500 MHz, DMSO-d) 5:7.85 (1H, d,
J=2.0 Hz, H-2", 7.69 (1H, dd, J=9.0, 2.0 Hz, H-6"), 6.99
(1H, d, J=9.0 Hz, H-5", 6.47 (1H, d, J=2.0 Hz, H-g),
6.19 (1H, d, J=2.0, H-6), 3.80 (3H, s, OCH,); "C-NMR
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(125 MHz, DMSO-d;) 6:178.5 (C-4), 165.1 (C-7), 161.8
(C-5), 157.0 (C-9), 155.7 (C-2), 150.5 (C-3"), 146.0 (C-4"),
138.5 (C-3), 124.6 (C-1%, 121.7 (C-6", 117.0 (C-2"), 116.9
(C-5"), 104.9 (C-10), 102.9 (C-1"), 99.3 (C-6), 94.6 (C-8),
77.9 (C-3"), 76.5 (C-5"), 73.9 (C-2"), 70.3 (C-4™), 61.3
(C-6"), 60.4 (OCH,)

Compound 6 (luteolin) — Yellow powder;
m.p.:325~330°C; FAB-MS : m/z 326 [M+Na]; 1H-NMR
(500 MHz, DMSO-d,) 8:7.41 (1H, d, J=2.0 Hz, H-2"),
7.39 (1H, dd, J=8.5, 2.0 Hz, H-6"), 6.88 (lH, d,
J=8.5Hz, H-5", 643 (1H, d, J=2.0 Hz, H-8), 6.17 (1H,
d, J=2.0 Hz, H-6); >C-NMR (125 MHz, DMSO-d,) &:
175.8 (C-4), 163.8 (C-7), 160.7 (C-5), 156.1 (C-9), 147.6
(C-2), 146.7 (C-4), 145.0 (C-3"), 135.7 (C-3), 121.9 (C-1",
1199 (C-6), 115.6 (C-5), 115.0 (C-2, 103.0 (C-10), 98.1
(C-6), 933 (C-8)

Compound 7 (quercetin 3-methyl ether) - Yellow
powder; m.p.:282~285°C: FAB-MS :m/z 326 [M+Na]’;
1H-NMR (500 MHz, DMSO-d;) 3:7.54 (1H, d, J=2.0 Hz,
H-2"), 7.44 (1H, d, J=8.0 Hz, H-6'), 6.90 (1H, d,
J=8.0Hz), 6.39 (lH, d, J=2.0 Hz, H-8), 6.18 (1H, d,
J=2.0 Hz, H-6), 3.77 (3H, s, OCH,); *C-NMR
(125 MHz, DMSO-d;) 6:178.5 (C-4), 164.9 (C-7), 161.9
(C-5), 157.0 (C-9), 156.2 (C-2), 1494 (C-4), 1459 (C-3",
1383 (C-3), 121.5 (C-1'), 121.2 (C-6"), 116.4 (C-2), 116.1
(C-5, 104.8 (C-10), 99.2 (C-6), 94.2 (C-8), 60.3 (OCH,)

MESHAEYH - AEx54 24F& Sulforhodamine-B
(SRB) Bioassay W'4%& $-8-3l g3alsta7dolr]
g3t Aol AR-E A EFE AS49 (non small cell
lung carcinoma), SK-OV-3 (adenocarcinoma, ovay
malignant ascites), SK-MEL-2 (malignant melanoma,
metastasis to skin of thigh) ¥ HCT-15 (colon adeno-

carcinomay AME-sl] M ZEA AFS Y sigT)

g3t ¥ nE
SIRHE 12 34 Ede] E2ZH mpE 203~205°C
o], 10% H,SO,EtOHpIN gt Zo = walgeir}, 5t
= 19 +Z2& 'H-NMR, "C-NMR spectra 2 FAB-MS
AEE EA4] data®9} HIZ3LA scopoletin® 2 TEE
A3k
3 22 N Bl BFEN mps 146~148°C
°olm, 10% H,SOEOH)IM 2oz wAF e, 315HE
29] FZ%& FAB-MS, 'H-NMR, "C-NMR spectra A&
A wwslM S5HE 29] F2F caffeic acid methyl
ester® EA3s19 ).
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SHE 32 @A B EFEM mps 186~190°C
olH, 10% H,SO(EOH)oA =@ o2 WA L] o,
FAB-MS 2HE o)X molecular ion peak [M+Na]'7} m/z
601014 #Z=EY e, 'HNMR 2 "CNMR 2 EHA}
£F T3 flavonoid HFE=AZ 3% 'HNMR
spectrum | A} flavonoid A ring®] proton®] & 6.62 (1H, d,
J=2.0 Hz, H-8), 6.50 (1H, d, J=2.0 Hz, H-6)°1*] meta
coupling 3t Z+z} doublet®ZE WENSEA, B ring®| proton
2 §7.85 (2H, d, J=8.0 Hz, H-2, H-6"), 6.94 (2H, d,
J=8.0 Hz, H-3', 5|41 22z} ortho couplingd}e] doublet®-
2 YRS RIS =3 § 6.74 (1H, s, H-3)9] proton
o] singlet® 2 #Z =tk "C-NMRIAE % 27709
carbon peakE- ¥z 3G o, § 182.8 (C-4)M A= ketone
group®] EAE 1 & 4 T, glucoses} [6 1009 (C-
™, 76.7 (C-3"), 76.0 (C-5™), 73.6 (C-2"), 70.0 (C-4™),
66.3 (C-6M]°1 A1 el o1, rhamnose [§ 100.4 (C-1"),
72.9 (C-4™), 71.3 (C-3"), 70.9 (C-2™), 68.6 (C-5™), 15.7
(C-6M12 EAE FAslgom, E81'S E3) rutinosed]
o o] 7kt Tl B3 flavonoid aglycone?] apigenin®]
157} carbon& #AE & AUt o)) A=} FA A
792 284 3132 39 FZZ apigenin 7-0-0-L-
rhamnosyl-(1—>6)-0-B-D-glucosideE. 73 393, B3 A+2]
data'*'"¢} W] 3} apigenin 7-O-a-L-thamnosyl-(1—6)-
O-B-D-glucoside® 7+Z5 G310

SIRHE 42 3 Ede]l EFEX mp e 147~150°C
°]H, 10% H,SO,EOH)N A =& o3 k5] 9] o n
FAB-MS 23 E & o] A ¢] molecular ion peak [M+Na] 7}
m/z 501, 'H-NMR, "C-NMR 2H EHA 8 & 2334
flavonoid F+EA 2 4 sttt 'H-NMR spectrum®] 4]
flavonoid A ring proton § 6.39 (1H, J=2.0 Hz, H-8),
6.21 (1H, d, J=2.0, H-6)°X] meta couplingd}s] z}z}
doublet® 2 JEF O™, B ring®] proton § 7.32 (1H, d,
J=8.5 Hz, H-5"P|*] ortho couplingd}] doublet®Z el
o} 3 § 7.63 (1H, d, J=2.0 Hz, H-2'), 7.60 (1H, dd,
J=8.5, 2.0 Hz, H-6"), 7.32 (1H, d, J=8.5 Hz, H-5'%7} ortho
2 meta coupling® 2. 213 doublet?} doublet of doublet®.
2 Yettoh B3 § 3.81 (3H, s, OCHy)o A1 £ methoxy
groupe] ¥elo] 7Fs8k%ith “C-NMR spectrumo] A& D-
glucose”}F & 101.9 (C-1"), 78.0 (C-5"), 76.5 (C-3"), 73.9
(C-2"), 704 (C-4"), 613 (C-6"PIA Hzo] Fon, 1 9
aromatic fieldoll4] isorhamnetin €] carbong #&e 4
Aem'39 5 59.0 (OCH,)I%E methoxyl groupe] T2Hs]
Ack. oo Al5e} BH A7E EaiA SIS 49 7
ZE isorhamnetin 7-O-B-D-glucoside®. 43193, T34
] data®*V9} W] 25} jsorhamnetin 7-O-B-D-glucoside 2
TZE A
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P 58 = Bubde] B2 mpie 157~160°C
o], 10% H,SO, (BOHPIA =@do 2 wisoict. H-
NMR spectrumollX} flavonoid A ring® proton & 6.47 (1H,
d, J=2.0Hz, H-8), 6.19 (1H, d, J=2.0, H-6)& A Z meta
couplingdt] Ztzt doubleteZ VRS ™, B ring®] proton
el & 6.99 (1H, d, J=9.0 Hz, H-5")- ortho coupling®- =
doublete. 2 Vel o™, § 7.85 (1H, d, /=2.0 Hz, H-2),
7.69 (1H, dd, J=19.0, 2.0 Hz, H-6"), 6.99 (1H, d,
J=9.0 Hz, H-5'V} ortho & meta coupling®Z <13l doublet
7} doublet of doublet & VEFSETE HESH § 3.80 3H, s,

H,CO

x

HO O (8]

Rha( 1=~ 6)Glu—()

Kor. J. Pharmacogn.

OCH,)dll 4= methoxyl group®] ERlo] stk Be-
NMR spectrum®| A= D-glucose”} § 102.9 (C-1"), 77.9
(C-3"), 76.5 (C-5"), 73.9 (C-2"), 70.3 (C-4"), 61.3 (C-6")
oA o] Hglem, 1 9} isorhamnetin®] carbond 2
& 4 qlom, 1 §60.4 (OCH,)* = methoxy group®l
HFEc). o] zkEst B A7PPE B SE
58] 12 E isorhamnetin 3-O-B-D-glucoside® 78 3tA 3,
2312 9] data®* ¢} W] 3ted isorhamnetin 3-O-B-D-
glucosideZ 7325 A3t

SRE 62 =T EAte] EFEN mpe 288~292°C

[¢]

HO \

OCH;

HO

Fig. 1. Structures of compounds 1-7 isolated from the flowers of Symurus excelsus.
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Table L Cytotoxicity of compounds 1~7

EDy, values'

Cancer cell lines

Compounds— s SK-OV.3 SK-MEL2 HCTI3
1 >300  >300  >300  >300
2 12.16 985 1863 2251
3 >300  >300  >300  >300
4 10.23 571 1.64 1.59
5 26.28 18.44 572 3.07
6 13.52 760 1176 1417
7 13.14 5.02 3.67 1.81

"EDy, value of compounds against each cancer cell line,
which was defined as a concentration (ug/m/) that caused
50% inhibition of cell growth in vitro

°olH, 10% H,SO,(EtOH)IA] =@o 2 wba=gict, 51
5 69 +ZE FAB-MS 2¥E, 'H-.NMR, “C-NMR 2
HEHRNTE E§1x) 0%} vlwsld 57,3 4tetra hydroxy
flavone (luteolin)®.2 FZZ 33Tt

SRS 72 =3 Eate] BEH2H mpi 282~285°C
o, 10% H,SO,EtOH)IA @oz wa=Qict, s}
B 79 #2E FAB-MS 2¥E¥, 'H.NMR, PC-NMR £
HeFAFE £1705} v)@3le] quercetin 3-methyl ether
o7 725 .

SFYH LORFH £ 739 A SRES 25

ZE 31900, 3HE 2, 4~ 78 B 4B A
g 2T He g3Eet. 2% 35HE el 459
SHETF [A549 BIAMEHUF), SK-OV-3 (FAUF), SK-
MEL-2 (#3Z45), HCT-15 (FAEER)E o8-8 A=
=4 7245, 3FE 45 SK-MEL2 (I 1F5%F) &
HCT-15 (A% EDg ko) 242 1.59, 1.64 pg/mi=
2 NEELE YEIR S, 79 H$% EDygtol z+
7} 3.67 pg/m/2 1.81 pg/miE JERFTHTable I).

2 B

E583 29 MeOH FEE9] chloroform ¥ BuOH &
o 2RH F 739 phenolic SITEES &2 FA|5H
olatsid g 9 7)) BHA wpyom P28 FHal
t}. 31RHE 12 7-hydroxy-6-methoxy coumarin (scopoetin),
3H3HE 22 caffeic acid methyl ester, 3F3HE 32 apigenin
7-0-a-L-rhamnosyl-(1—6)-0-B-D-glucoside, 3}+3H& 4
isorhamnetin 7-O-B-D-glucoside, 3+ 3& 52 isorhamnetin
3-0-B-D-glucoside, 8}3HE 6 5,7,3',4'-tetra hydroxy
flavone (luteolin), 3+FE 72 quercetin 3-methyl ether® 2
Q1 FG3IAAt. oFF BRHE 2, 4~7S 2 A EME AS

185

E At} A549 (H]AM EHYF), SK-OV-3 (F49F),
SK-MEL-2 ({¥%5%5) 2 HCT-15 FAAZET)s 459
human tumor cellsel] th3t AlHAH HEF2 A3 a5
AMsle) B A3} 3138 4= SK-MEL2 (I 5-5%F) &
HCT-15 EFESF 1l EDgatel ZH2t 1.59, 1.64 pg/mi= -
T3 AZEAS JERRLH, 78] B4 EDgel 44
3.67 pgmiE 1.81 pg/mi= e (Table I).

At Al
B o] A" 7)7] & NMRS Algadsy 357]

719 B EEY E-g WIEOH, FABMSE ¥7129
SJeiTa AAZY AT MARRS] Eeo] ZAEEUL
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