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Abstract: Objective To study the chemical constituents from the herbs of Empetrum nigrum var. japonicum. Methods The
compounds were isolated and purified by silica gel, MCI gel, Sephadex LH-20 column chromatographies, semi-preparative HPLC, and
their structures were mainly elucidated on the basis of physicochemical characteristics and spectral analysis. Results Twelve
compounds were isolated from 95% EtOH extract of E. nigrum var. japonicum, and were identified as 3p-hydroxy-nigrum-21-en (1),
4'-hydroxy-a, B-dihydrochalcone-2'-O-B-D-glucopyranoside (2), 5-(2-phenylethyl)-3-hydroxyphenol-1-O-B-D-glucopyranoside (3),
2', 4'-dihydroxy-chalcone (4), 2'-methoxy-4'-hydroxy-a, B-dihydrochalcone (5), phenylpropionic acid (6), cinnamyl alcohol (7),
quercetin (8), (—)-epicatechin (9), quercetin-3-O-a-L-arabinoside (10), hyperoside (11), and 8-methoxyquercetin-3-glucoside (12),
respectively. Conclusion Compound 1 is a new triterpenoid and compound 2 is a new dihydrochalcone.
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FESE oy e 7 12 Me a8y, 43k 3B-F
Fe21-Hi-4+ 7 == =ik (3B-hydroxy-nigrum-21-en,
D). 4-Fdk-a, B-— %2 H Wil-2-0-B-D- 1l % Bl 1
( 4'-hydroxy-o, -dihydrochalcone-2'-O-f-D-gluco-
pyranoside, 2). 5-(2-2K £ %)-[A] 2K ) -1-0-B-D-
#i % BEF [5-(2-phenylethyl)-3-hydroxyphenol-1-O-
B-D-glucopyranoside, 3]+ 2', 4'- I H M (2,
4'-dihydroxy-chalcone, 4). 2'-F%JE-4-F2)-0, B-
A & H W (2'-methoxy-4-hydroxy-a, B-dihydro-
chalcone, 5). KA (phenylpropionic acid, 6).
WAERE (cinnamyl alcohol, 7). 7 3 (quercetin,
8). (-)-F& LA FE [(—)-epicatechin, 9]. #il ¥ #-3-0-
o-L- BT 7 14 8% ( quercetin-3-O-a-L-arabinoside ,
10). 4228kt (hyperoside, 11). 8-F4FEA Y %-
3-FIZREH (8-methoxyquercetin-3-glucoside, 12).
2t SciFinder s A, KIALED 1 0 1 ASFTHY
=ik, WAV 2 TASENI A, 2 fr 4
N 3B-FRE-21-M-45 25 ik (3B-hydroxy-nigrum-
21-en) Fl 4-§3k-0, B- S A FLH-2'-O-B-D-% % #i
1f (4'-hydroxy-o, B-dihydrochalcone-2'-O-B-D-gluco-
pyranoside). L&Y 3. 4. 6~12 N EHIRNA =
JE R o BT H
1 UE5HH
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LH-20 4 GE healthcare 42/,

RAbA @ A (R, A T 2011
8 IR B e AL bRty B E R B
S W) HE ) I 5 P Al AR 19T L % E O 2R b s e =
Empetrum nigrum L. var. japonicum K. Koch, FrA
(KIB-2011-P-457) {rA7 T EWIAHYIBE S a0 27

L5 PR ot PR R R ARG
2 RESSE

TR RIS = = 8 kg, B, H 95%4
fiE =R Pe M 48 h, FAE 80 C N[RIFFEE 2 X,
K3 h, SRS QIR i H 80% I
R 48 h 5 e 725 A3 IR, PR O A Tl T
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#1 L4418 "H/C-NMR (400/100 MHz, CDCl;) #{#E % HMBC. ROESY #%
Table 1 'H-NMR and *C-NMR (400/100 MHz, CDCl;) data, HMBC and ROESY correlations of compound 1

WAL on d¢ (DEPT) HMBC (H—C) ROESY
1 1.62 (1H, m) 18.1, t C-2,3,10
1.55 (1H, m)
2 1.90 (1H, m) 36.0, t C-1,3,4,23
1.35 (1H, m)
3 3.75 (1H, brs) 73.1,d C-1,2,4,5,23 H-4, 10
4 1.28 (1H, m) 499, d H-3
5 37.2,s
6 1.36 (1H, m) 36.4,t C-5,7,24
1.20 (1H, m)
7 1.87 (1H, m) 19.3, t C-6, 8
1.39 (1H, m)
8 1.63 (1H, t,J= 5.1 Hz) 452,.d C-7,9, 10, 14, 25 25,27-CH,
9 35.6,s
10 1.56 (1H, t, J = 6.5 Hz) 50.6, d C-1,5,9 H-3
11 1.96 (1H, m) 34.4,t C-9, 12,25
1.30 (1H, m)
12 1.55 (1H, m) 31.2,t C-11, 13,27
1.45 (1H, m)
13 45.1,s
14 50.9, s
15 1.92 (1H, m) 35.7,t C-14, 16,26
1.31 (1H, m)
16 1.86 (1H, m) 28.0, C-15, 17
1.25 (1H, m)
17 1.39 (1H, m) 50.8,d C-13, 16, 28 26, 28-CH,
18 1.34 (1H, m) 36.3,d C-17, 19, 28
19 1.38 (1H, m) 36.7,t C-18, 20, 28
1.00 (1H, m)
20 2.02 (1H, m) 25.1,t C-18,19,21,22
1.84 (1H, m)
21 5.09 (1H, t,J=7.2 Hz) 125.4,d C-19, 20, 29, 30
22 1312, s
23 0.93 (3H, d,J=7.1 Hz) 11.7,q C-3,4,5 24-CH;
24 1.04 (3H, s) 16.7,q C-4,5,6,10 23-CH;
25 1.01 (3H, s) 29.3, q C-8,9, 10, 11 H-8
26 1.02 (3H, s) 22.6,q C-8,13,14, 15 H-17
27 0.79 (3H, s) 15.5,q C-12,13, 14,17 H-8
28 0.88 (3H, d, J = 6.4 Hz) 18.8,q C-17,18,19 H-17
29 1.69 (3H, s) 26.0,q C-21,22,30
30 1.60 (3H, s) 179, q C-21,22,29

1.69, LUK 2 AW HIFE 5y 0.88 (3H, d, J = 6.4 Hz)
F10.93 BH, d, J=7.1 Hz). 'H-NMR i (% 1) thit
BoRH 1 AMEER T o0 5.09 (1H, t, J= 7.2 Hz), #%
R T HAEAE 1A ZHUR IR, "H-NMR % &8
BRSO SEEFRE H0E J547 F o 3.75 (1H,
brs). HAE TS THES op 1.00~2.02, R
XU 7O R BT S . PC-NMR A

DEPT i8] (£ 1) BIRi%S &4 30 AN, 205l
h 8 AN, 10 MR, 7 MR (BFE 1A
RPN T 5S¢ 73.1, 1 DBEERFIEAL T oc
125.4), &4 5 k. PC-NMR 44 'H-NMR %
PRz EY A | A EA RIS =5 &5
5% E. nigrum L. O BRI =AW
nigrum-21-en-3-one™ff) NMR #45 b i, ZikydEs
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AL 2 AN X I AE T, nigrum-21-en-3-
one "I T ANIE (O¢ 212.9) ZEALAW 1 bl B e
T 1 AEERPEE (5¢ 73.1), $em C3 LS 1
PR SRR, MLAY 1 (1 HMBC 3% (R 1)
RIL, 0y3.75 5 C-1,2, 4,5 1 23-Me HH MK, £
XA R R T4 H-3. &4 1 1) ROESY i
% (£ 1) Fl nigrum-21-en-3-one 1 3EH AHLL,
LRt/ W B R N IVA I A =3 )L b NG I Ay
Y1 1) ROESY i+ R 23-Me 5 24-Me, H-8 5
25-Me 1 27-Me IAHIC AT, R WX L8 51~ A AH [R] HX
(B AT bk, AL %23 H-17 5 26-Me F 28-Me
(f) ROESY A2, bt 7iX 8 148 a-k)
M, tb&Y) 1 ¥ ROESY i K Hic i/x H-3 5 H-4
FH-10 HIAHE, KU H-3 BTk o 88, B,
AW 1 g m e (B 1D, JEash 3p-
FRRE-21-0 -0 e 2 =k .

HO—S
3" “on!

1 &1 %02 BsEH

Fig. 1 Chemical structures of compounds 1 and 2

59 2: IR A . mp 90~91 C; o]y —66.9°
(¢ 0.10, MeOH). IR il BoREEIE (3 439 cm™) A
BIE (1 648 cm ) FFAEW W% . HR-EI-MS m/z:
404.149 7 [M]" (iH571H 404.147 1), 25 H A 730k
C21Hp405. 7E "H-NMR % & (% 2) I35 ER T ou
7.22~~7.23 (4H, overlapped) F17.13 (1H, m) Z/R%>
FHAEE 1 ANREBURIRER, M5 ou 6.50
(1H, dd, J = 8.7, 2.2 Hz), 6.70 (1H, d, J= 2.2 Hz) #l
7.60 (1H, d, J = 8.7 Hz) #E 77+ &4 14> ABX
SHURHIZEIR . 75 "H-NMR % & (3% 2) ik fids
1 AL AP 55 (0u 3.40~5.01), A% 2
AN H IR TES (00 3.38 F112.96). 454 PC-NMR
R, AL A 2 e AR A A A
o 4659 2 1 HSQC i PR s 115 5 S itk
A S AE ROk . RIEL S 2 () 'H-"H COSY
S ANRET T 2 A OG,  HEM S5 R A ELE
1 ANSRER IR, 1 H-17~6"¥ '"H-"H COSY #H
K, HEMAL B4 2 WA AL A7 AE T /NG o 2 A B
LIRS LSS HMBC 3% B S0 10— R sz ik

EH 2 Ay N A AR ) A A E . A 2
f\) HMBC i &, 6, 6.70 (1H, d, J=2.2 Hz) 4 6¢
121.6 (C-1'), 160.2 (C-2'), 164.3 (C-4"), 110.9 (C-5")
FIERIEDR (6c 202.6) AHOC, R C-2'H1 4444k
T i 115 5 0y 5.01 (1H, d, J=7.1 Hz, H-1")
5 8¢ 160.2 (C-2") FH5%, b WH nEL e 7 46 B 3 0 e
C-2'f7. Pt Zeafie Taw 2 g, WE I,
sl 4-Fk-a, - & H§i-2'-0-B-D-1 %
B -

&Y 3. Ak K. 'TH-NMR (500 MHz,
CD;0D) §: 7.19 (2H, m, H-5', 7'), 7.12 (2H, m, H-4,
8'), 7.10 (1H, m, H-6"), 6.37 (1H, d, J = 1.2 Hz, H-6),
6.33 (1H, t, J = 1.4 Hz, H-2), 6.25 (1H, s, H-4), 4.73
(1H, d, J = 7.1 Hz, H-1"), 3.85 (1H, d, J = 11.9 Hz,
H-6"a), 3.66 (1H, dd, J = 11.9, 4.1 Hz, H-6"b), 3.39
(1H, m, H-3"), 3.38 (IH, m, H-2"), 3.36 (1H, m,
H-5"), 3.34 (1H, m, H-4"), 2.81 (2H, t, J = 7.3 Hz,
H-2'), 2.74 (2H, t, J = 7.0 Hz, H-1); "*C-NMR (100
MHz, CD;OD) &: 160.1 (C-1), 159.3 (C-3), 145.4
(C-5), 143.1 (C-3"), 129.5 (C-4', 8), 129.3 (C-5', 7,
126.9 (C-6"), 110.7 (C-4), 109.1 (C-6), 102.6 (C-2),
102.2 (C-17), 78.1 (C-5"), 77.9 (C-3"), 74.9 (C-2"),
71.3 (C-4"), 62.5 (C-6"), 39.2 (C-1"), 38.8 (C-2"). LA I
Ml 5 SCukaRaE 800, WA 3 o 5-2-0K
LIE)-18) 25— y-1-0-B-D- Bl

WA 4: BB CREE . 'H-NMR (500 MHz,
DMSO-dg) d: 13.40 (1H, s, 2-OH), 10.79 (1H, s,
4'-OH), 8.20 (1H, d, J = 8.9 Hz, H-6'), 7.98 (1H, d,
J=15.5 Hz, H-p), 7.88 (2H, m, H-3, 5), 7.80 (1H, d,
J=15.5 Hz, H-a), 7.44 (3H, m, H-2, 4, 6), 6.43 (1H,
dd, J = 8.8, 1.8 Hz, H-5), 6.30 (1H, d, J = 1.8 Hz,
H-3"); “C-NMR (125 MHz, DMSO-ds) &: 191.5
(C=0), 165.8 (C-2'), 165.2 (C-4"), 143.6 (C-B), 134.6
(C-1), 133.1 (C-6'), 130.6 (C-4), 128.9 (C-2, 6), 128.8
(C-3, 5), 121.3 (C-0), 113.0 (C-1"), 108.3 (C-5'), 102.6
(C-3"). LA ¥ 5 scikaiis — 807, #s et iy
40 2, 4- RS H

&) 5: BT () . "H-NMR (500 MHz,
CDCly) 6: 7.73 (1H, d, J = 8.2 Hz, H-6'), 6.49 (1H, d,
J=2.0 Hz, H-3'), 6.47 (1H, dd, J = 8.2, 2.0 Hz, H-5"),
7.24~7.25 (5H, overlapped, H-2~6), 3.45 (3H, s,
-OCH3), 3.41 (2H, t, J = 7.5 Hz, H-0), 2.89 (2H, t, J =
7.3 Hz, H-B); "C-NMR (100 MHz, CDCl;) 8: 201.0
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#=2 k&% 2 i "H/C-NMR (500/125 MHz, CD;0D) #{3#E#1 HMBC #H5%
Table 2 'H-NMR and *C-NMR (500/125 MHz, CD;0D) data and HMBC correlations of compound 2

{Z0A Sy dc (DEPT) HMBC (H—C)
1 142.9,s

2 7.22 (1H, overlapped) 129.5,d

3 7.23 (1H, overlapped) 129.4,d

4 7.13, (1H, m) 126.9,d C-2,3,5,6

5 7.23 (1H, overlapped) 129.4,d

6 7.22 (1H, overlapped) 129.5,d

o 3.38 (2H, t,J=7.8 Hz) 45.7,1 C-B,1,C=0

B 2.96 (2H,t,J="17.6 Hz) 31.6,t C-a, 1,2, 6,C=0
Iy 121.6,s

2' 160.2, s

3’ 6.70 (1H, d, J=2.2 Hz) 104.0, d C-1,2,4,5' C=0
4 164.3, s

5! 6.50 (1H, dd, J=8.7, 2.2 Hz) 110.9,d C-1,3, 4

6 7.60 (1H, d, J=8.7 Hz) 133.4,d C-2,4,5,C=0
1" 5.01 (1H, d,J=7.1 Hz) 102.5,d Cc-2,2",3"

2" 3.50 (1H, m) 74.8,d c-1",3"

3" 3.41 (1H, m) 78.1,d C-2", 4"

4" 3.40 (1H, m) 71.1,d C-3",5", 6"

5" 3.47 (1H, m) 78.2,d C-4", 6"

6" 3.92 (1H,d,J=8.1 Hz), 3.71 (1H, dd, J= 8.1, 3.7 Hz) 62.5,1 Cc-4", 5"

C=0 202.6, s

(C=0), 162.2 (C-2), 161.5 (C-4'), 141.6 (C-1), 133.0
(C-6'), 1284 (C-2, 6), 128.3 (C-3, 5), 125.9 (C-4), 119.9
(C-17), 108.1 (C-5"), 99.1 (C-3'), 554 (-OCH), 45.1
(C-B), 30.8 (C-a)o LA K5 Scikdiiss—5, ek
SEWEY 5 N 2- -4 H -0, B- A A HL .

WEY 6: FItlRIRY . "H-NMR (400 MHz,
CDCly) 8: 7.30 (2H, m, H-2', 6), 7.22 (3H, m, H-3'~
5'),2.97 2H, t, J = 7.8 Hz, H-2), 2.69 (2H, t, J = 7.8
Hz, H-3); “C-NMR (100 MHz, CDCls) d: 178.2
(C-1), 140.3 (C-1"), 128.4 (C-3', 5'), 1283 (C-2, 6'),
126.3 (C-4"), 35.6 (C-2), 30.6 (C-3). LA _EXd 15 Ciik
g5, MO 6 IIRINIR.

e 7. KEMeRY . 'TH-NMR (400 MHz,
CDCls) 6: 7.39 (2H, d, J = 7.3 Hz, H-3', 5'), 7.32 (2H,
t,J=17.5 Hz, H-2', 6), 7.26 (1H, t, J = 7.4 Hz, H-4),
6.64 (1H, d, J = 15.9 Hz, H-3), 6.37 (1H, dt, J = 15.9,
4.6 Hz, H-2), 4.33 (2H, d, J= 4.6 Hz, H-1); “C-NMR
(100 MHz, CDCly) d: 136.6 (C-1'), 130.1 (C-3', 5),
129.2 (C-4'), 127.7 (C-2', 6"), 1312 (C-3), 128.5
(C-2), 63.6 (C-1). LA ¥t 5 scmpdmis —=", W
B T A AR

&Y 8: K. 'H-NMR (500 MHz,
CD;0D) &: 7.72 (1H, s, H-2"), 7.62 (1H, d, J = 7.9 Hz,
H-6'), 6.87 (1H, d, J = 8.2 Hz, H-5), 6.36 (1H, s,
H-8), 6.18 (1H, s, H-6); "“C-NMR (100 MHz,
CD;OD) &: 177.0 (C-4), 165.0 (C-7), 162.0 (C-5),
157.9 (C-9), 148.3 (C-4"), 147.7 (C-2), 145.8 (C-3",
137.0 (C-3), 123.9 (C-1'), 121.6 (C-6'), 116.0 (C-5,
115.8 (C-2'), 104.4 (C-10), 99.1 (C-6), 94.4 (C-8). LA I
$offe 5 ScikasE 5, M A 8 it & .

WwEy 9: LK. "HINMR (400 MHz,
CD;0D) &: 4.78 (1H, brs, H-2), 4.15 (1H, brs, H-3),
2.73 (1H, dd, J = 16.7, 2.8 Hz, H-4a), 2.87 (1H, dd,
J=16.7, 4.3 Hz, H-4b), 5.95 (1H, d, J = 2.0 Hz, H-6),
5.90 (1H, d, J = 2.0 Hz, H-8), 6.99 (1H, s, H-2), 6.78
(1H, d, J = 7.9 Hz, H-5"), 6.82 (1H, d, J = 7.9 Hz,
H-6"); "*C-NMR (100 MHz, CD;0D) &: 157.8 (C-7),
157.3 (C-5), 157.2 (C-9), 145.7 (C-3), 145.5 (C-4"),
132.1 (C-1'), 119.4 (C-6"), 115.9 (C-5"), 115.2 (C-2),
100.0 (C-10), 96.3 (C-8), 95.8 (C-6), 79.6 (C-2), 67.3
(C-3),29.1 (C-4). VL - %edhs 5 scipaiis—51, %
BB ()-RILKE.
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R 10: kK. '"H-NMR (400 MHz,
CD;0D) 6: 7.75 (1H, d, J = 1.6 Hz, H-2'), 7.55 (1H,
dd, J = 8.4, 1.6 Hz, H-6'), 6.87 (1H, d, J = 8.4 Hz,
H-5"), 6.37 (1H, d, J= 1.5 Hz, H-8), 6.18 (1H, d, /= 1.5
Hz, H-6), 5.16 (1H, d,J= 6.6 Hz, H-1"); "*C-NMR (100
MHz, CD;0D) &: 179.5 (C-4), 166.1 (C-7), 161.4 (C-5),
158.7 (C-9), 1584 (C-2), 150.0 (C-4"), 146.0 (C-3"),
135.7 (C-3), 123.1 (C-6'), 122.9 (C-1)), 117.5 (C-5"),
116.2 (C-2'), 105.6 (C-1"), 104.7 (C-10), 100.0 (C-6),
94.8 (C-8), 74.2 (C-3"), 72.9 (C-2"), 68.6 (C-4"), 67.0
(C-5")o LA Xl 5 cmpaias 5, ety
10 it #2-3-O-a-L-BTRA TR -

&y 11: ¥ K. 'HINMR (400 MHz,
DMSO-dq) &: 7.64 (1H, d, J = 8.4 Hz, H-6), 7.51 (1H,
s, H-2'), 6.81 (1H, d, J = 8.4 Hz, H-5"), 6.39 (1H, s,
H-8), 6.18 (1H, s, H-6), 5.36 (1H, d, J = 7.6 Hz,
H-1"), 3.14~3.63 (6H, m, H-2"~6"); *C-NMR (100
MHz, DMSO-d¢) &: 177.5 (C-4), 1642 (C-7), 161.3
(C-5), 156.3 (C-9), 156.2 (C-2), 148.5 (C-4"), 144.9
(C-3"), 133.5 (C-3), 122.0 (C-6'), 121.1 (C-1), 116.0
(C-2'), 115.2 (C-5"), 104.1 (C-10), 103.9 (C-1"), 98.7
(C-6), 93.6 (C-8), 75.9 (C-5"), 73.2 (C-3"), 712
(C-2"), 68.0 (C-4"), 60.2 (C-6")o VL b3k 55 STk 4R
B8, WA 11 S

E 12: @Ok AK. '"HANMR (400 MHz,
CD;0D) d: 7.79 (1H, s, H-2'), 7.67 (1H, d, J = 8.0 Hz,
H-6"), 6.89 (1H, d, J = 8.4 Hz, H-5"), 6.26 (1H, s,
H-6), 3.90 (3H, s, -OCH3), 5.28 (1H, m, Glc-H-1"),
3.23~3.90 (6H, m, Gle-H-2"~6"); “C-NMR (100
MHz, CD;0OD) &: 179.7 (C-4), 158.6 (C-7), 157.9
(C-2), 156.6 (C-5), 150.1 (C-4'), 149.5 (C-9), 145.9
(C-3"), 135.7 (C-3), 129.1 (C-8), 123.0 (C-6'), 122.9
(C-1"), 117.7 (C-5"), 116.1 (C-2'), 105.6 (C-1"), 105.3
(C-10), 100.1 (C-6), 77.3 (C-5"), 77.2 (C-3"), 75.1
(C-2"), 70.0 (C-4"), 62.0 (-OCH3), 61.9 (C-6"). LA_L-
Mol 55 scmitoE 80, Mt 12 8-
A M I -3 AT BT
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