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Phytochemical Constituents of Synurus excelsus

Jung Hwan Nam, Sang Zin Choi, and Kang Ro Lee*
College of Pharmacy, Sungkyunkwan University, Suwon 440-746, Korea

Abstract — Seven compounds, euscaphic acid (1), nepehinol (2), ursolic acid (3), phytol (4), B-amyrin (5), scopoletin (6), and
rutin (7) were isolated from the aerial parts of Synurus excelsus which has been used as Korean traditional medicine to treat
theumatic arthritis and dysmenorrhea. Their structures were established by chemical and spectroscopic methods. All com-

pounds were isolated for the first time from this plant.
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2 okz, otefe] BH o ALHO M. Synurus deltoides
25 sl B9l AAE Fo) A Bw?
vl 9o}, o] A EE Synurus 2 E gk 2
5 sleky ARddre oF € vt ok Az 52
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ahd ol 2] H o) tha 2183k A7l eAe
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7171 & AleF - &2 Gallenkamp melting point
apparatusS AM&-3le] SA3tHom 2xE BAA F3
}. NMRE Bruker AMX 5003 Varian UNITY INOVA-
500 spectrophotometer& AH8-3F31t}. EI Mass spectrums>
VG70-VSEQ mass spectrometer (VG Analytical, UK)E A}
23] 2451990}, LPLCE columne Lobar®-A Lichroprep
Si 60 (Merck) columns AH8-3+9332 pumps= DURAMAT
80 pump (Germany)S A3t} 318 HPLC= Knaver
preparative 2@ E4] detector= UVS} RI detectorE 5419
A3 column Econosil® silica 10 (10 x 205 mm)
g AA3ste] 2183t} Column packing§- silica gel-
Kiesel gel 60 (Merck)2 AM8-8F5157, Sephadex<= lipophilic
Sephadex LH-20 (Sigma)< AH&-3t51 2™, TLC plate=
Kiesel gel 60F,s, (MerckyS AH8-8lATh ¥4 A9k 10%
H,SO, (in EIOH)E AH&-3t1 2™ UV 254 nm, 365 nm
detections W3ttt 5=, #£8 % column chromato-
graphy& A9 15 A|9FE AA| §lo] ARSI WA
AJeke- 17 A9k AN AMESIAY S5 Aloke AR

=

SAI7H 28] 23T

122 305 g2 Ao, o]E n-hexane,
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chloroform (CHCL) % n-butanol (BuOH)Z &8 3}
n-hexane (88 g), chloroform (8 g) & n-butanol (62 g) ¥
SRRE IE 75 £EE%

stgtEe| 22| - n-Hexane £8 (88 ¢)S n-hexane:
EtOAc (10:1~0:1y& gradient % 8vl=3}d Si0, column
chromatographyE AAJsl] 771¢) £33 (HI~H7) 22 UF
Ao, H2 (8 g) ¥E& n-hexane:BtOAc (5:1)S &rl|& 3}
o Si0, column chromatographys A8l & )] A
g (H21-H23)S 92 ¥, 483 H21 (500 mg)S 100%
MeOHE &1 3] RP Lobar®-A column chromato-
graphy, Lobar®-A column chromatography (n-hexane:
EtOAc=2:1) ¥ Amine sep-pak (n-hexane:EtOAc =10:1)2
2 AAslo] Wal Baidol SghE 1 (5 me)yS ATk H33
3 (322 CHCl:MeOH (1:1) vl 2 3to] Sephadex
LH-20 column chromatographyS dAl3te] & 7)2] 488
(H331 ¥ H332)8 94& § &E3) H332 (1 998 P n-
hexane:EtOAc (5:1)& &= }o] Si0, column chromato-
graphyS 2Ajaked 5709) 483 (H3321~H3325)0.2 r
Ak, ©] F 2238 H3321 (300 mgye CHCL, (100%)E &
uf 2 3t SiO, column chromatography® 7 2| &kl =H A8
it SEE 2 (85 mg)E AT He B (17 92 n-
hexane:EtOAc (2:1)& &= lod SiO, column chromato-
graphyE HAIEH 6709 AR3 (H41~H46) L2 L}-1L,
o] T AF¥ H43 (500 mgyS CH,CL:MeOH (1:1)% &)
2 5} Sephadex LH-20 column chromatographys 2143}
of, OAl 5 7o &AFE (H431-H432)S At o5 &
-2 H431 (300 mg) S MeOH (90%)E &uj= 3}lo] RP
Lobar®-A column chromatography® “§A|5}0] wia) Rk}
shetE 3 35 me) & AT £E3F H4l (350 me)S
CH,C1,:MeOH (50:1)& &%= 3} SiO, column
chromatography & A A|8te] thA] A7je] 282 (H411~
H413)2.2 Wral, o5 4 E-8 H4LL (96 mg)e CHLCI,
(1009%)% &af£3}od Silica Lobar®A % MeOH (100%)E
4} 2 &k} RP Lobar®-A chromatography@ 4|3k} 3
A oil’d HgtE 4 S mgE AATH H6 8 5 9% n-
hexane:EtOAc (2:1)5 &= 3} SiO, column chromato-
graphyE AA|8t] AN 7He] 225 (H61~H66)O2 LIF
37, o]F AE H63 (220 mg)S n-hexane:EtOAc (4:1)S
£l 2 3}4] SiO, column chromatography= A #3}e] Wil
Y S EE 5 (12 mgE 4Tk CHCL 8 8 9%
CHCl;MeOH (30:1~10:D)& #= 8712 3l Sj0, column
chromatography & 2A13te] 570¢] 23] (C1~C5CF W
RNem. 2 F C2 w8 (1.2 992 vl CH,CL:MeOH (35:1)
< 8|2 3l SiO, column chromatographys A&k 2

117

el &R (C21~C22)2. 2 Y7t olF &E-g 22
(500 mg)E CH,Cl;:MeOH (1:1)& 7|2 3}o] Sephadex
LH-20 column chromatography® A#|ske] 3 Faba) &
A 6 (15 mg)e 23k BuOH (62 g) ¥8-& CHCl,;MeOH
‘H,0 (9:3:03)% +& 8712 3] SiO, column chromato-
graphys AAJs1d 5709] £8 (BI~B5)OE Wrlen, B4
3 (6 g/& MeOH (100%)E &= 5}o] Sephadex LH-
20 column chromatography & A A|5te] 4719 AR
(B41~B44)S. 2 VT3 0% &3 B42 (400 mg) £35S
MeOH (40%)% vz 3}o} RP Lobar®-A chromatography
2 AA|elo] A 2k B2 7 (270 mgy2 LUt

3}8HE 1 — White powder, mp 266-269°; FAB-MS m/z
- 489 [M+H]"; "H-NMR (CDCl,, 500 MHz) &: 5.31 (1H,
s, H-12), 4.70 (1H, ddd, J=10.5, 4.0, 3.0 Hz, H-2B), 3.97
(1H, d, J=2.5 Hz, H-3p), 3.68 (1H, dt, J=13.0, 4.5 Hz, H-
1600, 3.50 (1H, s, H-18), 2.36 (1H, dt, J=13.5, 5.0 Hz, H-
15B), 1.88 (1H, dd, J=12.0, 5.0 Hz, H-1B), 1.74 (1H, t,
J=12.0 Hz, H-10), 1.64, 1.39, 1.25 (each 3H, s, H-27, 29,
24), 1.08 (3H, d, J=6.5 Hz, H-30), 1.07, 1.05, 0.89 (each
3H, s, H-26, 25, 23); "C-NMR (CDCl, 125 MHz) §
199.0 (C-28), 1422 (C-13), 1233 (C-12), 77.4 (C-3), 77.2
(C-19), 76.9 (C-2), 52.1 (C-18), 44.1 (C-5), 42.3 (C-17),
41.7 (C-9), 41.6 (C-14), 39.6 (C-1), 37.7 (C-20), 37.7 (C-
8), 37.6 (C-4), 37.5 (C-10), 37.0 (C-22), 32.9 (C-7), 31.1
(C-23), 28.2 (C-15), 25.9 (C-21), 25.6 (C-16), 24.4 (C-
27), 233 (C-11), 22.5 (C-24), 19.8 (C-6), 13.6 (C-26),
13.2 (C-30).

388 2 - White powder, mp 186° EI-MS m/z (rel.
int.) : 426 (M, 48), 411 (5), 296 (9), 218 (40), 207 (28),
189 (27), 71 (100); 'H-NMR (CDCl,, 500 MHz) &: 4.58
(1H, br. s, H-29), 3.20 (1H, dd, J=11.0, 5.5 Hz, H-3),
242 (1H, ddd, J=9.5, 9.5, 5.0 Hz, H-19), 1.68 (3H, br. s,
H-30), 1.05, 0.96 (each 3H, s, H-26, 27), 0.89 (6H, s, H-
23, 28), 0.85, 0.75 (each 3H, s, H-25, 24); “C-NMR
(CDCl,, 125 MHz) &: 151.1 (C-20), 109.5 (C-29), 79.2
(C-3), 55.5 (C-5), 50.7 (C-9, 18), 44.9 (C-19), 43.0 (C-
17), 41.7 (C-14), 41.3 (C-22), 40.2 (C-8), 383 (C-4), 37.1
(C-10), 36.9 (C-1), 34.8 (C-13), 34.0 (C-7), 30.1 (C-16),
28.9 (C-21), 27.8 (C-23), 27.5 (C-2), 27.2 (C-15), 25.4
(C-12, 28), 21.6 (C-11), 21.1 (C-30), 18.5 (C-6), 16.3 (C-
25), 15.8 (C-26), 15.6 (C-24), 14.3 (C-27).

5}8H8 3 — White powder, mp 279°; EI-MS m/z (rel.
int.) : 456 (M, 2), 248 (100), 207 (30), 204 (12), 203
(48), 189 (19); 'H-NMR (CDCI,, 500 MHz) &: 5.51 (1H,
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t, J=3.5 Hz, H-12), 3.47 (1H, dd, J=10.5, 4.0 Hz, H-3),
2.64 (1H, d, J=3.5 Hz, H-18), 1.28; 1.26, 1.11, 1.07 (each
3H, s, H-23, 27, 26, 24), 1.01 (3H, d, J=6.5 Hz, H-30),
0.97 (3H, d, J=6.5 Hz, H-29) 0.89 (3H, s, H-25); ’C-
NMR (CDCl,, 125 MHz) §: 180.2 (C-28), 139.6 (C-13),
126.0 (C-12), 78.5 (C-3), 56.1 (C-18), 53.9 (C-5), 47.0
(C-17), 42.3 (C-14), 39.7 (C-4), 39.3 (C-1), 37.6 (C-22),
34.5 (C-10), 33.5 (C-7), 29.1 (C-19), 29.1 (C-20), 29.0
(C-15), 26.5 (C-21), 24.2 (C-27), 24.1 (C-11), 24.1 (C-2),
24.0 (C-23, 30), 23.9 (C-16); 21.7 (C-29), 19.1 (C-6),
16.9 (C-24, 25) and 15.9 (C-26).

SlgtE 4 - Colorless oil; BI-MS m/z (rel. int)) : 296
M, 7), 278 (5), 123 (32), 81 (37), 71 (100), 57 (60); 'H-
NMR (CDCL, 500 MHz) &: 541 (1H, dg, J/=7.0, 1.5 Hz,
H-2), 4.11 (2H, d, J=7.0 Hz, H-1), 1.99 (2H, t, J=7.0 Hz,
H-4), 1.66 (3H, br. s, H-20), 1.00 = 1.66' (CH & CH,),
0.87 (6H, d, J=6.0 Hz, H-16, 17), 0.85 (3H, d, J=6.0 Hz,
H-18), 0.83 (3H, d, J=6.5 Hz, H-19); "C-NMR (CDCl,,
125 MHz) : 140.5 (C-3), 123.3 (C-2), 59.6 (C-1), 40.1
(C-4), 39.6 (C-5), 37.6 (C-9), 37.6 (C-6), 37.5 (C-8), 369
(C-10), 32.9 (C-11), 31.1 (C-7), 28.2 (C-15), 25.3 (C-12),
25.0 (C-13), 24.7 (C-14), 22.9 (C-19), 22.8 (C-20), 19.9
(C-18), 19.9 (C-16), 164 (C-17).

8t8rE 5 — White powder, mp 193° EI-MS m/z (rel.
int) : 426 (M*, 7), 411 (2), 218 (100), 203 (25), 189 (5),
175 (5), 135 (8), 123 (16), 121 (19), 107 (8); 'H-NMR
(CDCl,, 500 MHz) &: 5.23 (1H, t, J=4.0 Hz H-12), 3.23
(1H, m), 1.12, 0.96 and 0.94 (each 3H, s, H-27, 26, 23,
25). 0.86 (6H, s, H-29, 30), 0.81 and 0.79 (each 3H, s,
H-28, 24); "C-NMR (CDCl,, 125 MHz) : 1384 (C-13),
122.4 (C-12), 78.5 (C-3), 55.5 (C-5), 47.6 (C-9), 47.4 (C-
18), 47.3 (C-19), 41.5 (C-14), 39.6 (C-4, 8), 38.8 (C-1),
38.6 (C-10), 36.9 (C-22), 33.17 (C-21), 30.6 (C-29), 30.4
(C-7), 28.0 (C-17), 27.5 (C-20), 26.7 (C-28), 25.2 (C-23),
24.1 (C-2), 23.1 (C-16), 22.9 (C-15), 22.8 (C-27), 20.3
(C-30), 18.3 (C-11), 16.6 (C-6), 16.4 (C-26), 15.1 (C-25),
14.8 (C-24).

SlEHE 6 — Yellow powder, mp 202 ; EI-MS m/z : 192
[M]"; 'H-NMR (CDCl,, 500 MHz) &: 6.29 (1H, d, J=
9.5 Hz H-3), 7.62 (1H, d, J=9.5 Hz H-4), 6.86 (1H, s, H-
5), 6.27 (1H, s, H-8), 3.82 (3H, s, OMe); >’C-NMR
(CDCl;, 125 MHz) : 161.6 (C-2), 113.7 (C-3), 1434 (C-
4), 111.7 (C-4a), 113.7 (C-5), 149.9 (C-6), 144.2 (C-7),
103.4 (C-8), 150.5 (C-8a), 56.6 (C-9, OMe).
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8}gI8 7 - Yellow powder, mp 211°; FAB-MS my/z :
611 [M+H]"; '"H-NMR (CD,0D, 500 MHz) &: 1.13 (3H,
d, J=6.0 Hz, H-6"), 4.35 (1H, d, J=2.0 Hz, H-1"), 5.31
(1H, d, J=7.5 Hz, H-1"), 6.22 (1H, d, J=2.0 Hz, H-6),
6.40 (1H, d, J=2.0 Hz, H-8), 6.89 (1H, d, J=8.5 Hz, H-
5Y, 7.63 (1H, dd, J=2.0, 8.5 Hz, H-6), 7.65 (1H, d, J=
2.0 Hz, H-2); PC-NMR (CD,OD, 125 MHz) §: 156.7
(C-2), 133.5 (C-3), 177.6 (C-4), 161.5 (C-5), 100.1 (C-6),
164.8 (C-7), 93.8 (C-8), 156.8 (C-9), 103.8 (C-10), 121.8
(C-1), 115.5 (C-2), 145.0 (C-3), 148.8 (C-4", 116.5 (C-
5), 121.3 (C-6)), 101.4 (Gle-1), 74.2 (Glc-2), 76.6 (Glc-3),
70.1 (Gic-4), 76.1 (Glc-5), 67.1 (Gle-6), 101.0 (Rha-1),
70.5 (Rha-2), 70.7 (Rha-3), 72.0 (Rha-4), 68.4 (Rha-5),
17.8 (Rha-6).

[N

73 E

3E 1& B BEYALOZ mp 2662680 I 10%
H,S0,°] 242 ¥ x gt Pseudomolecular ion
(IM+H]") peak7} 48904 Lyt FAB-MS ¢ 'H- ¥ “C-
NMR spectral dataE 53 ©] &S] BA2 C,0H,505
2 43190 |28y ExslnE 72 A4 F jle
™, IR spectrumA] 3429 (OH), 1714cm™ (CO)E 1S
4 932, 'H-NMR spectrum 2. Z5-E] §0.89, 1.05, 1.07
(each 3H, s, H-23, 25, 26), 1.08 (3H, d, J=6.5 Hz, H-30),
1.25, 1.64 (each 2H, s, H-24, 27)°14] 6712] methyl group
S BT = YA, F 719) oxygenated protone] signal
< §3.97 (1H, d, J=2.5 Hz, H-3), 470 (1H, ddd, J=10.5,
40, 3.0 Hz, H-2) oA #2s o 3o, §531 (1H, s,
H-12)141%= olefinic protong 1 5= Ak "C-NMR
spectrum®] A Ve 3= 30702 carbon peak %, 67H €]
methyl peak (8 13.2, 13.6, 22.5, 24.4, 25.9, 31.1), 370 <]
oxygenated carbon®l 876.9 (C-2), 774 (C-3) & 199.0 (C-
28)S #FT F AUk ode] AEEZRY FPE 1
2,3,19-trihydroxyurs-12-en-28-oic acid (euscaphic acid)=
F25 3489, 7189 FRYS vasl) 728 A
A3

S3E 2% WA BEubabo 24 mpE 186°°] 3 10%
H,50,01 Zalo= uhalgQirt, Exjo]2 (M) peak’} 426
oA e EI-MSSF 'H- 2@ PC-NMR spectral dataS %
& o] e EAL CyH, 0,2 FH3TE o|EF
B 223t s 602 AZE 4 91, IR spectrum®] 4]
3344 cm™ (OH)YE 918 5 2t 'H-NMR spectrum®-
ZHE §0.75, 0.85 (each 3H, s, H-24, 25), 0.89 (6H, s,
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Fig. 1. Structures of compounds 1-7.

H-23, 28), 0.96, 1.05 (each 3H, s, H-27, 26), 1.68 (3H,
br. s, H-30)14 7712 methyl group2 &2 & AN,
5242 (1H, ddd, J=9.5, 9.5, 5.0 Hz)°l| Al = H-192] proton
S B S 90, §3.20 (1H, dd, J=11.0, 5.5Hz, H-
3)914% oxygenated protond ¥ = Uit} PC-NMR
spectrum®| A1 = Z 3071 9] carbon peak”} H.$ 4L, 771 €]
methyl peak (8 14.3, 15.6, 15.8, 16.3, 21.1, 25.4, 27.8)7}
Ao §79.2 (C-3IME 79 oxygenated carbon
S HEFE F AUt ol AE2REH FHPE 2= 3-
hydroxylup-20(29)-ene (nepehinol) 2.2 %25 F4 315,
7129 #3192 vl 25 9 AN
SHEHE 32 WA BP0 ZA mpE 279°°1 2 10%
H,50,0 2o 2 waEQit) Bajol2 (M) peak?} 456
o)A veRd EI-MSSF 'H- @ “C-NMR spectral dataZ %
3 o] FEL] AL C,H,0.0% F43I o2
B B¥slre 72 A7k = 9lom | IR spectrunelld 2932
em! (CH)Z 818 4= 1%tk 'H-NMR spectrum® 25
B §0.89 (3H, s, H-25), 0.97 (3H, d, J=6.5 Hz, H-29),

1.01 (3H, d, J=6.5 Hz, H-30), 1.07, 1.11, 1.26, 1.28 (each
3H, s, H-24, 26, 27, 2314 7712] methyl groups #28H
2 L, §3.47 (1H, dd, J=10.5, 4.0 Hz, H-3)° A =
oxygenated proton®] signal& HZE F UYL, §5.51
(1H, t, J=3.5 Hz, H-12)°1X1+ olefinic protons ¥ 4=
Atk PC-NMR spectrumel A & 3071 9] carbon peak”t
13, 7709 methyl peak (8169, 16.9, 21.7, 24.0, 24.0,
24.2, 26.5)7F AZHAAUY. §78.5 (C-3)° = 171
oxygenated carbon® FZSE 4= IS, §180.2 (C-28)M14
= carboxyl carbonS ERIE & YT oY AEENE
3}3HE 3 3-hydroxyurs-12-en-28-oic acid (ursolic acid)%
F2E FHEYI 7R BRe maste] 7122 89
Tkt

E 4= FA 9o 2 10% H,S0,0 Aoz
A |G r). 2oL (M) peakr} 296914 LR EI-MS
9} 'H- 2@ “C-NMR spectral dataZ %8} o] 31529 wA}
28 C,H,0= 435 th H-NMR spectrum®] olefinic
methine& § 5.41 (1H, dg, J=7.0, 1.5 Hz, H-2)°l1A],
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oxygenated methylene2 §4.11 (2H, d, J=7.0 Hz, H-1)°l}4]
#2434 At "C-NMR spectrumol A & & 2070 2]
carbon peak’} R, 2 FolA olefinic carbon §123.3
(C-2) ¥ 140.5 (C-3), oxygenated methylene<> §59.6 (C-
1), 571¢] methyl peak= § 16.4 (C-17), 199 (C-16), 19.9
(C-18), 22.8 (C-20), 22.9 (C-19p1X #Z=UT}. o|ide] =}
E2RY 3E 4= mrans-phytolE T2F FHIIRAL 7]
29 28V vwsle] 725 9 T4

FFE 5= WA BaAo 24 mpE 193°9] 2 10%
H,50.0 2oz BT Exjo]& (M) peak’} 426
A YERt EI-MS$} 'H- 2 PC-NMR spectral dataS &
3 o] 3gEe] B C,H0Z F4351th 'H-NMR
spectrum 2 255 §0.79, 0.81 (each 3H, s, H-24, 28),
0.86, 0.89 (6H, s, H-30, 29), 0.92, 0.94, 0.96, 1.12 (each
3H, s, H-25, 23, 26, 2714 870<] methyl groups &3
T AR, §523 (1H, t, J=4.0 Hz H-12)*) A = olefinic
protonrs A2 = 91%le™| §3.23 (1H, mpPIAE carbinol
protonS &3 £ 912t "C-NMR spectrumel A& 87)
2] methyl peak (814.8, 15.1, 16.4, 20.3, 22.8, 25.2, 26.7,
30.6), 2709} olefinic carbon (8 122.4, 138.4) 2 171¢]
oxygenated carbon (8 78.5, C-3)%5 & 3070 %] carbon peak
£ #2Y 5 Ayt o] AHZHE compound 5 3-
hydroxyolean-12-ene (B-amyrin) .2 728 FHIAAL 7]
&2 #3172 vlazsle] 725 F9 TR

33 E 62 FA B o 2 mpE 202°0| 3 10%
H,50, 9% =@ oz Wa=gict. Hajol& (M") peak
7F 19214 YERt EI-MS2H 'H- 2 PC-NMR spectral data
g B3 o] g3kge AL C,HOE F835Iuth IR
spectrum®l| A4} 3329 (OH), 1711 (C=0), 1609, 1508 cm™
(aromatic C=C)& #&8 %= At} 'H-NMR spectrum®]
86 6.29 (1H, d, J=9.5 Hz, H-3), 7.62 (1H, d, J=9.5 Hz, H-
4)llA coumarin®] H-3 2 4] AP A peakE #2T -
AN, 53.82 (1H, s, OMe)IX methoxyl groups 2
AUk PC-NMR spectrumoll X ZF 10719] carbon peak
BRIBIAIL, 61442 (C-7NX 1714] oxygenated carbon
! §56.6°14 methoxyl groupe] SAE &g 4 AT
olde] AE2HE FRME 62 7-hydroxy-6-methoxycoumarin
(scopoletin) O & T2E AL 71& 308 v
ste] F2E g1 43T

S3HE 72 A RO ZA mpE 211°° 32 10%
H,S0,° Ao 2 BAE AT IR spectrum® A& 3350
(OH), 1654 (C=0), 1605, 1507 cm™ (aromatic C=C) 5|
A 73E FeUE B2 4 900k 'HNMR spectrum®]
A= 86.89 (1H, d, J=8.5 Hz, H-5), 7.63 (1H, dd, J=2.0,

=R (VY
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8.5 Hz, H-6") 2 7.65 (1H, d, J=2.0 Hz, H-2"yol A
flavonoid®] B ring2] protonE 3 §6.22 (1H, d, J=2.0 Hz,
H-6) 2 6.40 (1H, d, J=2.0 Hz, H-8) ¢l A ring®] proton
2 #Fe 5 ATk E=3, 7 $29] §531 (1H, d, J=
7.5 Hz, H-1")< glucose2] anomeric proton®] B2 &-& 3t
I YLL & 5 U, §4.359 singlet signak> rhamnose
o] anomeric proton®.Z FZ o™, §1.13 BH, d, J=
6.0 Hz, H-6") rhamnose®] methyl”] 2 34 &3]t} B
NMR spectrumelld] Fo25E 7|08k= & 12704 carbon
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