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Phenolic constituents of Ledum palustre and their anti-oxidant activity
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Abstract: Objective To study the chemical constituents of Ledum palustre. Methods Compounds were isolated from n-hexane
fraction in the ethanol extract from L. palustre by silica gel column chromatography and HPLC. The structures of the chemical
constituents were identified by analysis on their spectral data. Results Fourteen compounds were isolated from EtOAc fraction in the
ethanol extract from L. palustre and identified as resveratorol (1), moracin M (2), catechin (3), epicatechin (4), scopoletin (5), esculetin
(6), fraxetin (7), 5-hydroxy-2methoxybenzoic acid (8), fraxidin (9), 20,30-epoxy-5,7,3’,4'-tetrahydroxyflavan-(4-8)-epicatechin (10),
20,3a-epoxy-5,7,3',4'-tetrahydroxyflavan-(4p-8-catechin) (11), cleomiscosin A (12), cleomiscosin C (13), and isofraxoside (14).
Conclusion Compounds 1, 2, and 8—13 are obtained from the plants of Ledum L. for the first time. Compounds 3, 4, 6, 7, 10, and 11
had significant anti-oxidative activities.
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NHEBEFEE (resveratorol, 1), %% M (moracin
M, 2). JLE Z (catechin, 3). & JLE & (epicatechin,
4). Ex5 (scopoletin, 5). LM EE (esculetin,
6). ZE & (fraxetin, 7). 5-F83E-2-HA LK HR
( 5-hydroxy-2-methoxybenzoic acid, 8). Z& J¥ ¢
(fraxidin, 9) 2a,30-epoxy-5,7,3'4'-tetrahydroxyflavan-
(4p-8)-epicatechin  ( 10 ) . 2a,3a-epoxy-5,7,3"4'-
tetrahydroxyflavan-(4B-8-catechin) (11). RKFEZHE A
(cleomiscosin A, 12). R % C (cleomiscosin C,
13). RZE L (isofraxoside, 14). H1, L&D
1. 2. 8~13 AHXMLEBEY > ERE]. L
YR C (VO AFHTEXTE, SRH DPPH VEX L&
VAT PURAGIEYERT ST, a3 44 64 7. 10,
11 B A B3 P EAGTETE, ICsofH 73 8 59.9.57.9.
31.9. 484, 49.2. 50.2 pg/mL.
1 XFESHH

X-6 WS RIEA (B R AR R A
7] ); Bruker AV-600 R A% 1 4R 11X (42 [F Bruker
A7)); AUTOPOL V BUESEAX (EEETE R AFD;
JYT-10LN B 2 DR shas S MUk 4atlLe ;s il &
BOBAH A (HAHSZAF]D: HITACHI L-7100
%%, HITACHI L-3350 7~ Z 47 6K il 4%, GL
SCIRNCES Inc. Inertsil PREP-ODS (250 mm X 10
mm, 5 um) A1 PREP-Sil (250 mmX 10 mm, 5 um)
ANEEINRE s i) & E OB (5 (Waters 7))
Waters 2489 UV/Visible Detector 457N il 25 ,
XBridge Prep Cig (150 mmX 19 mm, 5 pum) 445
WA MO AERRNE SEEL T 6
(200~300 H): # 2GRN E 10 T R
72 A B Dy E 24 B BRI, A
WA o Hr

AL F 2B 20124927 H 9 HIE T W5 H BIA
XA, G R R R AR e A
4% Ledum palustre L., FrA< (LPL-20120709)
TRAF T 555508 IR K2R IR L %
2 RESESE

TR AL A 45 8.0 kg, WHE/EH 6 IRE
T2 UResh A RBORAENAF, IR 5.0 L K
LEET 45 CHHE 1 h 2BUKSE, HHE 3K, &R
WO, DERRDTE, KUTE TIRIRE 89.2 g, UEM
W4 %4 500 mL, i1 2.5 L /K4 805 K IE Cke
MEIR MR 1B T EEACHL 3 4k, A IFZEIORMk 4 2 e
JEE, 19IECEZEI) 38.8 g FEHIR LEEACELY)

120.0 g« IE T EEREHY) 86.6 g-

EUEE IS L BE A 39.8 g HEATREMCH: (B 4y
B, R IECRE-BEIR B8 (51 5). BEIR LB
BEER . F-H i (8 2D, WEEPEML, WA TLC
ST, EIFHIEEE F1~8. F3 (3.7 g) ZRER
FEERES S, FEOK-BER AR (73855,
g O ls-FlE (8 12) BREEVEML, 19 F3-1~3-6.
HF3-5 (1.2 g) SRERFEGIEN S, 1FECk-BER 4
B (8 :2F15:5), BAMRCERHEEEHENAS F3-5-1~
3-5-5, F3-5-3 (489.0 mg) £ A ROk 7 2545
&1 M2, F4 (10.0 g KRR GRESE, IE
Chi-BEFR 2BE (61 4. 4:6F18:2), BERZME.
BETR ClE-HlE (50 5) PElifS F4-1~4-10. F4-3
(207.7 mg) &AM EBBAH > SR EY) 8. F4-8
(2.2 ) SRERAF AN E, 1ECOkE-BERR Ol (6!
4812 1 8)\ W& LBe VAT F4-8-1~4-8-3, F4-8-2
(82.2 mg) L& JAHMBARZ> EAFEY) 3 Al 4. F4-6
(1.3 g) FRERAF AR, IECk-BEiR L8 (4 ¢
6 F12 : 8) Yelifs F4-6-1~4-6-2, F4-6-1(948.1 mg)
EBSTR LB S A& 5 (127.4 mg). F4-7
(2.3 g) SRS 5, ECOkk-BER Ol (5
5121 8). BAIR L ERUE AT F4-7-1~4-7-4. F4-7-3
(1.2 g) TEBSER Bav A AT R ysE (130.3 mg),
B3 U00E P30 AT IRAR S 8GR AR 7 B AL &) 6.
F4-9 (1.1 g) Sl &M /8, FEERI KRR B
Ve CHEE-/K 2 0 8—100%H %), 3 F4-9-1~4-9-7.
F4-9-3 (117.1 mg) &AM BOHAH S, BHEY
7. F4-9-4 (197.4 mg) &M 80 AR > B L&
Y110, F4-9-2 (134.7 mg) 4 H R RmiA 73 B 15
&9 11, F4-9-5 (190.4 mg) £ M & &M 2y
B9 EY 12, FA-5 (7482 mg) LRI (G5
B, IE CUe-BERR 2 FE (6 - 412 1 8Os F4-5-1~
4-5-3, F4-5-2 (437.0 mg) 2 [ M RmiA 7y 515
&7 M9, F5 (6.0 g) ARERMHMAIESE, 1E
ChE-BEEE 2le (55 /130 7). BERRZFg. Bk 2
Fe-HEE (5:5) YeMifs F5-1~5-6. F5-4 (1.7 @)
SREHE B RE 5, 1E CRe-BE R .05 (6 0 4 f13 ¢
7), B CWE-HEE (81 2) BHATVLMAS F5-4-1~
5-4-3, F5-4-2 (986.8 mg) L&A GG,
FH AT KOBE B P e 7S F5-4-2-1~5-4-2-8, F5-4-2-5
(72.6 mg) ERSIR CBRIEFPAT S &, /G
¥13 (13.6 mg). F8 (2.6 g) & HEErh H 45 ML
A9 14 (31.6 mg).
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3 ZHEE

wEW 1. REEH AR (HE, mp 246~
248 ‘C. 'H-NMR (600 MHz, DMSO-dj) 6: 9.54 (1H,
s, 4-OH), 9.18 (2H, s, 3', 5-OH), 7.38 (2H, d, J = 8.4
Hz, H-2, 6), 6.92 (1H, d, J = 16.2 Hz, H-0), 6.81 (1H,
d, J=16.2 Hz, H-B), 6.75 (2H, d, J = 7.8 Hz, H-3, 5),
6.37 (2H, s, H-2', 6), 6.11 (1H, s, H-4); “C-NMR
(150 MHz, DMSO-dy) &: 128.3 (C-1), 128.4 (C-2, 6),
116.0 (C-3, 5), 157.7 (C-4), 126.1 (C-a), 128.5 (C-P),
139.7 (C-1"), 104.7 (C-2', 6), 159.0 (C-3, 5'), 102.2
(C-4". bL 3 5 semkioa A —50, et
L/ BWSISE o) -3

&Y 2: AR R (HEE, mp 231~233 C,
'H-NMR (600 MHz, DMSO-d;) J: 9.61 (1H, s, 6-OH),
9.45 (2H, s, 3', 5'-OH), 7.38 (1H, d, J = 8.4 Hz, H-4),
7.08 (1H, s, H-7), 6.93 (1H, s, H-3), 6.74 (1H, dd, J =
8.4, 1.8 Hz, H-5), 6.68 (2H, d, J = 1.8 Hz, H-2', 6"),
6.21 (1H, d, J = 1.8 Hz, H-4"); “C-NMR (150 MHz,
DMSO-dg) d: 159.3 (C-3', 5'), 156.2 (C-7a), 155.7
(C-6), 154.4 (C-2), 132.1 (C-1'), 121.6 (C-4), 121.2
(C-3a), 112.9 (C-5), 103.0 (C-3), 102, 7 (C-2', 6'),
102.0 (C-4"), 97.9 (C-7)o VA LEu 5 CHRIfE LA
— 0, WA 2 NRTE M.

&Y 3: KAGHA (FEED, mp 172~
174 C. "H-NMR (600 MHz, DMSO-dj) : 6.70 (1H,
d, J =18 Hz, H-2'), 6.67 (1H, d, J = 7.8 Hz, H-6"),
6.58 (1H, d, J=7.8 Hz, H-5"), 5.87 (1H, d, J= 1.8 Hz,
H-6), 5.67 (1H, d, J = 1.8 Hz, H-8), 4.46 (1H, d, J =
7.2 Hz, H-2), 3.80 (1H, m, H-3), 2.63 (1H, dd, J =
16.1, 5.4 Hz, H-4a), 2.33 (1H, dd, J = 16.1, 8.1 Hz,
H-4b); C-NMR (150 MHz, DMSO-dy) d: 81.5 (C-2),
66.8 (C-3), 28.3 (C-4), 156.6 (C-5), 95.6 (C-6), 156.9
(C-7), 94.3 (C-8), 155.8 (C-9), 99.5 (C-10), 131.1
(C-1"), 115.0 (C-2), 145.3 (C-3', 4'), 115.5 (C-5'),
118.9 (C-6. LA F¥id 5 cikfig st A —5",
YKEWEY 3 NILKRER.

WEY 4: WEOKHAK (HED, mp 206~
208 ‘C. 'H-NMR (600 MHz, DMSO-d;) J: 6.87 (1H,
d, J = 1.8 Hz, H-2'), 6.65 (1H, d, J = 8.4 Hz, H-5"),
6.63 (1H, dd, J = 8.4, 1.8 Hz, H-6"), 5.87 (1H, d, J =
1.8 Hz, H-8), 5.70 (1H, d, J = 1.8 Hz, H-6), 4.71 (1H,
s, H-2), 3.98 (1H, m, H-3), 2.65 (1H, dd, J = 16.4, 4.5
Hz, H-4a), 2.45 (1H, dd, J = 16.4, 3.4 Hz, H-4b);

BC-.NMR (150 MHz, DMSO-d) 6: 78.5 (C-2), 65.4
(C-3), 282 (C-4), 156.2 (C-5), 95.5 (C-6), 156.7
(C-7), 94.5 (C-8), 157.0 (C-9), 99.0 (C-10), 131.1
(C-1"), 115.2 (C-2"), 145.0 (C-3"), 144.9 (C-4"), 115.4
(C-5"), 118.4 (C-6"). V¥ 5 cikipiastA—5",
HE LB 4 REILKE.

A S: R E G BR AR CHED, mp 202~
204 ‘C. "H-NMR (600 MHz, DMSO-d;) d: 7.91 (1H,
d, J = 9.6 Hz, H-4), 7.22 (1H, s, H-5), 6.78 (1H, s,
H-8), 6.20 (1H, d, J = 9.6 Hz, H-3), 3.82 (3H, s,
6-OMe); "C-NMR (150 MHz, DMSO-dy) J: 161.1
(C-2), 112.2 (C-3), 145.0 (C-4), 110.1 (C-5), 145.7
(C-6), 151.6 (C-7), 103.2 (C-8), 150.0 (C-9), 111.0
(C-10), 56.5 (6-OMe). LA b%¥s 5 STk I A —
2, WS EY s NEEE.

tEY) 6: A (HEE, mp 265~267 C.
'H-NMR (600 MHz, DMSO-dg) J: 7.85 (1H, d, J= 9.0
Hz, H-4), 6.96 (1H, s, H-5), 6.72 (3H, s, H-8), 6.15
(1H, d, J = 9.0 Hz, H-3); "“C-NMR (150 MHz,
DMSO-dq) d: 161.3 (C-2), 112.0 (C-3), 144.9 (C-4),
112.8 (C-5), 143.3 (C-6), 150.8 (C-7), 103.1 (C-8),
149.0 (C-9), 111.2 (C-10). LA L-Z 5 5CR s A
— 5, S E A 6 b g,

e 7. iR S (FEED, mp 201~
204 ‘C. 'H-NMR (600 MHz, DMSO-dj) 6: 7.88 (1H,
d, J=9.6 Hz, H-4), 6.79 (1H, s, H-5), 6.20 (1H, d, J =
9.6 Hz, H-3), 3.89 (3H, s, 6-OMe); “C-NMR (150
MHz, DMSO-dg) 6: 161.0 (C-2), 112.2 (C-3), 145.5
(C-4), 100.8 (C-5), 145.8 (C-6), 139.7 (C-7), 133.3
(C-8), 140.0 (C-9), 110.6 (C-10), 56.5 (6-OMe). Ll L
Mo 5 SRR R A SO, MR A T N

& 8: LaikY. 'H.NMR (600 MHz,
DMSO-dy) d: 12.52 (1H, brs, 7-OH), 9.86 (1H, s,
5-OH), 7.45 (I1H, d, J = 7.8 Hz, H-4), 7.43 (1H, s,
H-6), 6.84 (1H, d, J = 7.8 Hz, H-3), 3.81 (3H, s,
2-OMe); "“C-NMR (150 MHz, DMSO-dy) J: 122.1
(C-1), 147.7 (C-2), 115.5 (C-3), 123.9 (C-4), 151.6
(C-5), 113.2 (C-6), 167.7 (C-7), 56.0 (2-OMe). LA I
M 5ot A S, WS e A 8 N 5-
FREE2-H AR HR

e 9: LtitiRdsd (FEE, mp 170~
172 ‘C. 'H-NMR (600 MHz, DMSO-dj) 6: 7.93 (1H,
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d, J=9.6 Hz, H-4), 6.83 (1H, s, H-5), 6.36 (1H, d, J =
9.6 Hz, H-3), 3.82 (3H, s, 6-OMe), 3.77 (3H, s,
7-OMe); "C-NMR (150 MHz, DMSO-ds) J: 160.5
(C-2), 114.6 (C-3), 145.1 (C-4), 100.6 (C-5), 149.9
(C-6), 140.5 (C-7), 138.8 (C-8), 1138.7 (C-9), 114.8
(C-10), 60.8 (7-OMe), 56.3 (6-OMe). LA L-%i¥E 5
BRI IEIEA S, WA 9 AR E.

&9 10 GRS (BEER 288, mp
195~197 °C.'H-NMR (600 MHz, DMSO-d) 6: 7.06
(1H, s, H-2'E), 7.00 (1H, s, H-2'B), 6.99 (1H, d, J =
7.8 Hz, H-6'E), 6.84 (1H, d, J = 8.4 Hz, H-6'B), 6.74
(1H, d, J = 8.4 Hz, H-5'B), 6.73 (1H, d, J = 7.8 Hz,
H-5'E), 5.99 (1H, s, H-6D), 5.91 (1H, s, H-6A), 5.86
(1H, s, H-8A), 4.80 (1H, s, H-2F), 4.30 (1H, d, J= 1.8
Hz, H-4C), 4.10 (1H, brs, H-3F), 3.84 (1H, brs,
H-3C), 2.77 (1H, dd, J = 16.2, 4.2 Hz, H-4Fa), 2.57
(1H, d, J = 16.2 Hz, H-4Fb); "“C-NMR (150 MHz,
DMSO-dq) 6: 98.9 (C-2C), 66.6 (C-3C), 28.1 (C-4C),
156.5 (C-5A), 96.8 (C-6A), 157.0 (C-7A), 94.9
(C-8A), 153.3 (C-9A), 103.0 (C-10A), 131.3 (C-1'B),
115.3 (C-2'B), 145.1 (C-3'B), 145.8 (C-4'B), 115.5
(C-5'B), 118.3 (C-6'B), 79.7 (C-2F), 64.9 (C-3F), 29.8
(C-4F), 1553 (C-5D), 94.9 (C-6D), 150.8 (C-7D),
106.0 (C-8D), 151.6 (C-9D), 101.5 (C-10D), 130.5
(C-1'E), 115.1 (C-2'E), 144.9 (C-3'E), 144.7 (C-4'E),
115.1 (C-5'E), 119.2 (C-6'E). LA b %#f 5 SC k4R B 5
AR5, W% N EY 10 A 2a,3a-epoxy-
5,7,3"4'-tetrahydroxyflavan-(4p-8)-epicatechin. %%
K 1.

10 11

1 L&Y 10 F1 11 BL5HE
Fig.1 Structure of compounds 10 and 11

&Y 11 AEPEREE S (BSRRZEE), mp
191~193 ‘C.'H-NMR (600 MHz, DMSO-d¢) J: 6.98
(1H, s, H-2'B), 6.84 (1H, s, H-2'E), 6.83 (1H, d, J =
8.0 Hz, H-6'B), 6.79 (1H, d, J = 8.0 Hz, H-5'E), 6.74
(1H, d, J = 8.0 Hz, H-6'E), 6.72 (1H, d, J = 8.0 Hz,

H-5'B), 5.98 (1H, s, H-6D), 5.88 (1H, s, H-6A), 5.85
(1H, s, H-8A), 4.55 (1H, d, J = 7.8 Hz, H-2F), 4.20
(1H, d, J = 2.4 Hz, H-4C), 3.84 (1H, m, H-3F), 3.83
(1H, brs, H-3C), 2.73 (I1H, dd, J = 16.2, 6.0 Hz,
H-4Fa), 2.42 (1H, dd, J = 16.2, 9.0 Hz, H-4Fb); “C-
NMR (150 MHz, DMSO-d¢) 6: 99.0 (C-2C), 66.5
(C-3C), 282 (C-4C), 1533 (C-5A), 95.0 (C-6A),
157.0 (C-7A), 96.7 (C-8A), 154.8 (C-9A), 102.9
(C-10A), 131.2 (C-1'B), 115.6 (C-2'B), 144.7 (C-3'B),
145.4 (C-4'B), 115.7 (C-5'B), 118.2 (C-6'B), 82.5
(C-2F), 66.8 (C-3F), 29.4 (C-4F), 156.4 (C-5D), 94.9
(C-6D), 151.0 (C-7D), 105.8 (C-8D), 151.1 (C-9D),
102.1 (C-10D), 130.1 (C-1'E), 115.1 (C-2'E), 145.1
(C-3'E), 145.8 (C-4'E), 115.1 (C-5'E), 119.2 (C-6'E).

L E S 5 sckoE A — 5, M e E Y
11 & 20,30-epoxy-5,7,3",4"-tetrahydroxyflavan-(4p-
8-catechin), 454 WL 1.

&) 12: KR CHEE, mp 242~244 C.
'H-NMR (600 MHz, DMSO-dg) J: 7.95 (1H, d, J= 9.6
Hz, H-4), 7.01 (1H, s, H-2"), 6.90 (1H, s, H-5), 6.86
(1H, d, J = 7.2 Hz, H-6'), 6.80 (1H, d, J = 7.2 Hz,
H-5'), 6.33 (1H, d, J = 9.6 Hz, H-3), 497 (1H, d, J =
8.4 Hz, H-7"), 4.31 (1H, m, H-8'), 3.77, 3.76 (% 3H, s,
2XOMe), 3.64 (1H, m, H-9'a), 3.37 (1H, m, H-9'b);
BC-NMR (150 MHz, DMSO-dg) d: 160.5 (C-2), 113.7
(C-3), 145.7 (C-4), 101.2 (C-5), 1452 (C-6), 137.6
(C-7), 132.2 (C-8), 138.5 (C-9), 111.7 (C-10), 127.2
(C-1"), 112.5 (C-2'), 148.1 (C-3"), 147.8 (C-4"), 115.9
(C-5), 1213 (C-6"), 76.7 (C-7"), 78.3 (C-8'), 60.3
(C-9"), 56.3, 56.2 (2X OMe). LA_I-¥¥E 5 Sk iE 3t
A, SR AW 12 ARKFEK A

A 13: [ R (FEE, mp 251~253 C,
'H-NMR (600 MHz, CsDsN) d: 7.75 (1H, d, J = 9.6
Hz, H-4), 7.20 (2H, s, H-2', 6'), 6.74 (1H, s, H-5), 6.45
(1H, d, J = 9.6 Hz, H-3), 5.61 (1H, d, J = 7.8 Hz,
H-7'), 4.52 (1H, brd, J = 7.8 Hz, H-8"), 4.34 (1H, d,
J = 132 Hz, H-9'a), 3.94 (1H, brd, J = 13.2 Hz,
H-9'b), 3.81 (3H, s, OMe), 3.78 (6H, s, 2 X OMe); °C-
NMR (150 MHz, CsDsN) d: 160.6 (C-2), 113.7 (C-3),
144.3 (C-4), 100.9 (C-5), 146.3 (C-6), 138.3 (C-7),
132.9 (C-8), 139.2 (C-9), 111.8 (C-10), 126.3 (C-1'),
106.2 (C-2', 6'), 149.1 (C-3', 5"), 138.2 (C-4"), 77.7
(C-7", 79.8 (C-8), 60.6 (C-9), 56.1, 56.1, 56.0
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(3XOMe). bL -¥d 5 i A—5,
EUAW 3 NRRFEE C,

&) 14: AR R CHEE, mp 262~263 C.
'H-NMR (600 MHz, DMSO-dg) J: 7.90 (1H, d, J= 9.6
Hz, H-4), 7.05 (1H, s, H-5), 6.23 (1H, d, J = 9.6 Hz,
H-3), 494 (1H, d, J = 7.8 Hz, H-1'), 3.82 (3H, s,
6-OMe); "“C-NMR (150 MHz, DMSO-dy) J: 160.6
(C-2), 112.6 (C-3), 145.1 (C-4), 115.3 (C-5), 145.8
(C-6), 132.0 (C-7), 1442 (C-8), 143.1 (C-9), 110.5
(C-10), 1043 (C-1"), 74.3 (C-2'), 76.6 (C-3'), 70.0
(C-4"), 77.7 (C-5"), 61.2 (C-6"), 56.5 (6-OMe). LA %
a5 kR iE A Y, WA 14 NF
BT
4 MENFEERR

LA Ve ABHPERTIE, KA DPPH v:U S5tk &4
BT PRSI, 45K, Ve 10 1Cs EHN
433 pg/mL, LAY 3. 4. 6. 7. 10, 11 AR
BT AR, ICs {H 73 7 59.9.57.9.31.9.48.4,
49.2. 50.2 pg/mL.
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