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Abstract: Objective To study the chemical constituents of the whole herbs of Empetrum nigrum var. japonicum. Methods
Compounds were isolated from n-hexane fraction in the methanol extract from the whole herbs of E. nigrum var. japonicum by silica
gel column chromatography and HPLC. Their structures were identified by analysis on their spectral data. Results Twelve
compounds were isolated and identified as nigrum-3f,21,22-triol (1), 21,22-dihydroxynigrum-3-one (2), 21B-hydroxynigrum-22
(29)-en-3-one (3), acetyl epirfriedelanol (4), friedelin (5), epirfriedelanol (6), friedelanol (7), nigrum-21-en-3-one (8), uvaol (9),
24-methylenecycoartanol (10), B-amyrin (11), and ursonic acid (12). Conclusion Compounds 1—2 are new compounds named as
nigrumtriol A and nigrumone B. Compounds 3—7 and 9—11 are isolated from the plants for the first time.
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#z1 1441 7%02 8 NMR (CDCly) #iE
Table 1 NMR data of compounds 1 and 2 in CDCl,;

ek 1 -
e Oy dc Sn
1 17.9,1 1.65 (1H, m), 1.57 (1H, m) 24.0,t 2.12 (1H, m), 1.71 (1H, m)
2 359,t 1.91 (1H, m), 1.38 (1H, m) 42.2,t 2.44 (1H, m), 2.30 (1H, m)
3 72.9,d 3.75 (1H, brs) 213.2,s
4 49.7,d 1.30 (1H, brs) 58.5,d 2.25(1H, q,J = 6.5 Hz)
5 37.0,s 40.5, s
6 36.2,t 1.39 (1H, m), 1.24 (1H, m) 35.1,t 1.74 (1H, m), 1.40 (1H, m)
7 19.1,t 1.89 (1H, m), 1.42 (1H, m) 20.0, t 1.73 (1H, m), 1.36 (1H, m)
8 45.8,d 1.66 (1H, d, J=7.1 Hz) 45.2,d 1.70 (1H, m)
9 35.6,s 35.8,s
10 50.6,d 1.60 (1H, m) 49.3,d 2.00 (1H, m)
11 343t 1.97 (1H, m), 1.32 (1H, m) 34.6,t 1.96 (1H, m), 1.40 (1H, m)
12 31.1,t 1.59 (1H, m), 1.48 (1H, m) 31.1,t 1.59 (1H, m), 1.48 (1H, m)
13 45.0, s 45.8,s
14 50.8, s 50.5, s
15 35.4,t 1.92 (1H, m), 1.29 (1H, m) 36.1,t 1.27 (1H, m), 1.24 (1H, m)
16 27.9,1 1.87 (1H, m), 1.25 (1H, m) 27.9,t 1.84 (1H, m), 1.26 (1H, m)
17 50.7,d 1.29 (1H, m) 50.8,d 1.66 (1H, m)
18 36.1,d 1.30 (1H, m) 36.2,d 1.42 (1H, m)
19 33.2,t 0.97 (1H, m), 0.98 (1H, m) 33.2,t 1.38 (1H, m), 1.04 (1H, m)
20 28.5,t 1.39 (1H, m), 1.41 (1H, m) 28.5,t 2.02 (1H, m), 1.83 (1H, m)
21 78.7,d 3.35(1H, dd, J=4.8, 7.8 Hz) 78.7,d 3.35(1H, dd,J=17.8,4.2 Hz)
22 73.2,s 73.2,s
23 11.5,q 0.93 (3H,d,J=17.1 Hz) 69,q 0.90 (3H, d, J= 6.6 Hz)
24 16.5, q 1.05 (3H, s) 15.6,q 0.80 (3H, s)
25 29.1,q 1.02 (3H, s) 28.9,q 1.06 (3H, s)
26 22.5,q 1.03 (3H, s) 22.7,q 1.11 (3H, s)
27 154, q 0.81 (3H, s) 15.6, q 0.84 (3H, s)
28 18.5,q 0.90 (3H, d, J=6.2 Hz) 18.5,q 0.89 (3H, d, J=6.7 Hz)
29 26.6, q 1.22 (3H, s) 26.6, q 1.22 (3H, s)
30 23.3,q 1.17 3H, s) 233,q 1.17 (3H, s)
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Fig.1 Key HMBC and NOESY correlations of compound 1
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Fig.2 Key HMBC and NOESY correlations of compound 2
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&Y 3: AR (FEE, mp133.4~134.9
‘C, ESI-MS m/z: 442 [M]". 'H-NMR (600 MHz,
CDCl3) o: 4.94 (1H, brs, H-29a), 4.84 (1H, brs,
H-29b), 4.03 (1H, t, J = 6.6 Hz, H-21), 1.72 (3H, s,
H-30), 1.10 (3H, s, H-26), 1.05 (3H, s, H-25), 0.89
(3H, d, J = 5.8 Hz, H-28), 0.87 (3H, d, J = 6.7 Hz,
H-23), 0.83 (3H, s, H-24), 0.79 (3H, s, H-27);
BC.NMR (150 MHz, CDCly) &: 24.0 (C-1), 42.2
(C-2), 213.3 (C-3), 58.5 (C-4), 40.6 (C-5), 35.1 (C-6),
20.0 (C-7), 45.2 (C-8), 35.8 (C-9), 49.2 (C-10), 34.6
(C-11), 31.1 (C-12), 45.8 (C-13), 50.3 (C-14), 36.1
(C-15), 27.8 (C-16), 50.5 (C-17), 36.2 (C-18), 32.0
(C-19), 31.6 (C-20), 76.4 (C-21), 147.7 (C-22), 6.9
(C-23), 15.6 (C-24), 28.9 (C-25), 22.7 (C-26), 15.6
(C-27), 18.7 (C-28), 111.0 (C-29), 17.6 (C-30). LA L
e 5 ocirdioE — 80, Wt s 3 o8 218-5
BB L =522 (29)-J-3-H

&Y 4. EERIRG B (BERR LBR), mp
282.2~284.0 ‘C, ESI-MS m/z: 470 [M]". 'H-NMR
(600 MHz, CDCl3) 6: 4.90 (1H, d, J = 2.4 Hz, H-3) 6:
2.05 (3H, s, -OAc), 1.18 (3H, s, H-28), 1.01 (3H, s,
H-27), 1.00 (6H, s, H-29, 30), 0.95 (3H, s, H-26), 0.93
(3H, s, H-25), 0.87 (3H, s, H-24), 0.82 (3H, d, J = 7.0
Hz, H-23); “C-NMR (150 MHz, CDCl;) &: 16.3
(C-1), 32.8 (C-2), 74.6 (C-3), 48.1 (C-4), 36.1 (C-5),
41.7 (C-6), 17.7 (C-7), 53.2 (C-8), 37.9 (C-9), 61.0
(C-10), 35.6 (C-11), 30.6 (C-12), 38.4 (C-13), 39.3
(C-14), 32.2 (C-15), 36.1 (C-16), 30.0 (C-17), 42.8
(C-18), 35.4 (C-19), 28.2 (C-20), 32.3 (C-21), 39.7

(C-22), 11.3 (C-23), 15.8 (C-24), 18.3 (C-25), 18.7
(C-26), 20.1 (C-27), 31.8 (C-28), 35.0 (C-29), 32.1
(C-30), 170.9 (OCOCH3;), 21.4 (OCOCH;). DL F¥dE 5
SCRRIRTE ), MOS A 4 N R AR

e s: Jotakt il (BSER CBED, mp 265.1~
267.6 ‘C, ESI-MS m/z: 426 [M]". 'H-NMR (600
MHz, CDCly) 6: 2.38 (1H, m, H-2a), 2.30 (1H, m,
H-2b), 2.24 (1H, m, H-4), 1.18 (3H, s, H-28), 1.05
(3H, s, H-27), 1.00 (3H, s, H-29), 1.01 (3H, s, H-26),
0.95 (3H, s, H-30), 0.88 (3H, d, J = 7.2 Hz, H-23),
0.87 (3H, s, H-25), 0.73 (3H, s, H-24); *C-NMR (150
MHz, CDCl;) d: 22.3 (C-1), 41.6 (C-2), 213.3 (C-3),
58.2 (C-4), 42.2 (C-5), 41.3 (C-6), 18.3 (C-7), 53.1
(C-8), 37.5 (C-9), 59.5 (C-10), 35.6 (C-11), 30.5
(C-12), 39.7 (C-13), 38.3 (C-14), 32.8 (C-15), 36.0
(C-16), 30.0 (C-17), 42.8 (C-18), 35.4 (C-19), 28.2
(C-20), 32.4 (C-21), 39.3 (C-22), 6.8 (C-23), 14.7
(C-24), 18.0 (C-25), 20.3 (C-26), 18.7 (C-27), 32.1
(C-28), 31.8 (C-29), 35.0 (C-30). LA %3k 5 kK
B, WS EAAY) 5 AR,

e e6: Tt ikgsdn (B, mp267.5~
270.8 ‘C, ESI-MS m/z: 428 [M] . 'H-NMR (600
MHz, CDCls) 6: 3.73 (1H, brs, H-3), 0.86 (3H, s,
H-24), 0.93 (3H, d, J = 7.6 Hz, H-23), 0.94 (3H, s,
H-25), 0.96 (3H, s, H-30), 0.99 (3H, s, H-26), 0.99
(3H, s, H-29), 1.00 (3H, s, H-27), 1.17 (3H, s, H-28);
BC.NMR (150 MHz, CDCly) d: 164 (C-1), 35.2
(C-2), 72.8 (C-3), 49.2 (C-4), 37.8 (C-5), 41.7 (C-6),
17.6 (C-7), 53.2 (C-8), 37.1 (C-9), 61.4 (C-10), 35.3
(C-11), 30.7 (C-12), 38.4 (C-13), 39.7 (C-14), 32.3
(C-15), 36.1 (C-16), 30.0 (C-17), 42.8 (C-18), 35.6
(C-19), 28.2 (C-20), 32.8 (C-21), 39.3 (C-22), 11.6
(C-23), 15.8 (C-24), 18.3 (C-25), 18.7 (C-26), 20.1
(C-27), 31.8 (C-28), 35.0 (C-29), 32.1 (C-30). L L%k
SchkRaE s, WA 6 NERAREE.

WEY 7. TOEREG CAMBE-TRR 0D,
mp 287.3~289.6 ‘C, ESI-MS m/z: 428 [M] .
'H-NMR (600 MHz, CDCl;) d: 3.34 (1H, td, J = 10.8,
4.8 Hz, H-3), 0.77 (3H, s, H-24), 0.81 (3H, s, H-25),
0.89 (3H, d, J = 6.7 Hz, H-23), 0.94 (3H, s, H-30),
0.99 (3H, s, H-29), 0.98 (3H, s, H-26), 1.01 (3H, s,
H-27), 1.17 (3H, s, H-28); "“C-NMR (150 MHz,
CDCl3) 0: 19.6 (C-1), 36.7 (C-2), 72.2 (C-3), 53.0
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(C-4), 38.1 (C-5), 41.4 (C-6), 17.8 (C-7), 53.2 (C-8),
37.0 (C-9), 60.1 (C-10), 35.5 (C-11), 30.6 (C-12), 38.3
(C-13), 39.7 (C-14), 32.4 (C-15), 36.1 (C-16), 30.0
(C-17), 42.8 (C-18), 35.3 (C-19), 28.2 (C-20), 32.8
(C-21), 39.3 (C-22), 9.9 (C-23), 14.6 (C-24), 18.2
(C-25), 18.7 (C-26), 20.2 (C-27), 31.8 (C-28), 35.0
(C-29), 32.1 (C-30). VA E¥df 5 scikapis —zx™),
MU e B T NARKERE .

&Y 8: AT A, ESI-MS m/z: 426 [M]'.
'H-NMR (600 MHz, CDCls) d: 5.10 (1H, m, H-21),
0.79 (3H, s, H-24), 0.83 (3H, s, H-27), 0.89 (3H, d, J =
6.6 Hz, H-23), 0.90 (3H, d, J = 6.6 Hz, H-28), 1.05
(3H, s, H-25), 1.10 (3H, s, H-26), 1.60 (3H, s, H-30),
1.68 (3H, s, H-29); “C-NMR (150 MHz, CDCl;) ¢:
24.0 (C-1), 42.2 (C-2), 213.2 (C-3), 58.5 (C-4), 40.5
(C-5), 35.2 (C-6), 20.0 (C-7), 45.2 (C-8), 35.8 (C-9),
49.2 (C-10), 34.6 (C-11), 31.1 (C-12), 45.8 (C-13),
50.5 (C-14), 36.1 (C-15), 27.8 (C-16), 50.6 (C-17),
36.1 (C-18), 36.5 (C-19), 25.0 (C-20), 125.2 (C-21),
131.0 (C-22), 6.9 (C-23), 15.6 (C-24), 28.9 (C-25),
22.7 (C-26), 15.6 (C-27), 18.6 (C-28), 25.7 (C-29),
17.7 (C-30). LA %t 5 scmrdiE — 2, dk e
WA 8 N =2 = il-21-)-3- .

&Y 9: FEKA, ESI-MS m/z: 442 [M]'.
'H-NMR (600 MHz, CDCl;) &: 5.13 (1H, t, J = 3.6
Hz, H-12), 3.53 (1H, d, J = 11.2 Hz, H-28a), 3.23 (1H,
dd, J = 11.3, 4.9 Hz, H-3), 3.21 (1H, d, J = 11.2 Hz,
H-28b), 1.11 (3H, s, H-27), 1.00 (3H, s, H-26), 1.00
(3H, s, H-23), 0.95 (3H, s, H-25), 0.95 (3H, d, J= 6.1
Hz, H-30), 0.82 (3H, d, J = 5.9 Hz, H-29), 0.80 (3H, s,
H-24); “C-NMR (150 MHz, CDCL;) 6: 38.8 (C-1),
26.0 (C-2), 79.0 (C-3), 38.0 (C-4), 55.2 (C-5), 18.3
(C-6), 32.8 (C-7), 40.0 (C-8), 47.7 (C-9), 36.9 (C-10),
23.3 (C-11), 125.1 (C-12), 138.7 (C-13), 42.1 (C-14),
28.1 (C-15), 23.3 (C-16), 35.2 (C-17), 54.0 (C-18),
39.4 (C-19), 39.4 (C-20), 30.6 (C-21), 30.6 (C-22),
27.3 (C-23), 15.6 (C-24), 15.7 (C-25), 17.4 (C-26),
23.4(C-27), 70.0 (C-28), 16.8 (C-29), 21.3 (C-30). LA E
Kol 5 ocEkIE Y, M A 9 AR .

& 10: AR K, ESI-MS m/z: 440 [M] .
'H-NMR (600 MHz, CDCl3) &: 0.34 (1H, d, J = 4.0
Hz, H-19a), 0.55 (1H, d, J = 4.0 Hz, H-19b), 0.81 (3H,
s, H-30), 0.90 (3H, s, H-28), 0.90 (3H, d, J = 6.2 Hz,

H-21), 0.97 (6H, s, H-18, 29), 1.01 (3H, d, J = 6.8 Hz,
H-27), 1.02 (3H, d, J = 6.8 Hz, H-26), 3.27 (1H, dd,
J=14.8,9.0 Hz, H-3), 4.68 (1H, brs, H-31a), 4.73 (1H,
brs, H-31b); *C-NMR (150 MHz, CDCls) &: 32.0
(C-1), 30.4 (C-2), 78.9 (C-3), 40.5 (C-4), 47.2 (C-5),
21.2 (C-6), 28.2 (C-7), 48.2 (C-8), 20.0 (C-9), 26.0
(C-10), 26.1 (C-11), 35.6 (C-12), 45.4 (C-13), 48.8
(C-14), 33.0 (C-15), 26.5 (C-16), 52.3 (C-17), 18.1
(C-18), 29.9 (C-19), 36.2 (C-20), 18.4 (C-21), 35.0
(C-22), 31.4 (C-23), 156.9 (C-24), 33.8 (C-25), 21.9
(C-26), 22.0 (C-27), 19.4 (C-28), 25.5 (C-29), 14.1
(C-30), 106.0 (C-31). LA %4 5 ek — x5,
WU SEAL S 10 Ay 24- 38 TP IEFRR R IE RS

&M 11: AEKER, ESI-MS m/z: 426 [M]'s
'H-NMR (600 MHz, CDCl3) &: 5.18 (1H, t, J = 3.5
Hz, H-12), 3.21 (1H, dd, J = 11.0, 4.7 Hz, H-3), 1.11
(3H, s, H-27), 0.96 (3H, s, H-26), 0.93 (3H, s, H-25),
0.87 (6H, s, H-29, 30), 0.83 (3H, s, H-28), 0.79 (3H, s,
H-23); "C-NMR (150 MHz, CDCl;) &: 38.6 (C-1),
27.2 (C-2), 79.1 (C-3), 38.8 (C-4), 55.2 (C-5), 18.4
(C-6), 32.6 (C-7), 39.8 (C-8), 47.6 (C-9), 37.0 (C-10),
23.4 (C-11), 121.6 (C-12), 145.1 (C-13), 41.7 (C-14),
26.1 (C-15), 26.8 (C-16), 32.6 (C-17), 47.2 (C-18),
46.8 (C-19), 31.1 (C-20), 34.7 (C-21), 37.1 (C-22),
28.1 (C-23), 15.5 (C-24), 15.6 (C-25), 16.8 (C-26),
26.0 (C-27), 28.4 (C-28), 33.3 (C-29), 23.6 (C-30). LA
¥ S ScEkaE 8, s e A 11K B-
A R o

&Y 12: ABFER, ESI-MS m/z: 456 [M] s
'H-NMR (600 MHz, CDCly) &: 5.32 (1H, t, J = 3.7
Hz, H-12), 3.22 (1H, dd, J = 11.1, 4.8 Hz, H-3), 1.08
(3H, s, H-27), 0.99 (3H, s, H-23), 0.95 3H, d, J= 6.1
Hz, H-30), 0.93 (3H, s, H-25), 0.86 (3H, d, J = 6.6 Hz,
H-29), 0.79 (3H, s, H-24), 0.77 (3H, s, H-26); *C-
NMR (150 MHz, CDCls) 8: 38.6 (C-1), 27.2 (C-2),
79.0 (C-3), 38.8 (C-4), 55.2 (C-5), 18.3 (C-6), 33.0
(C-7), 39.5 (C-8), 47.5 (C-9), 37.0 (C-10), 23.3
(C-11), 125.9 (C-12), 137.9 (C-13), 42.0 (C-14), 28.0
(C-15), 24.2 (C-16), 47.9 (C-17), 52.7 (C-18), 37.1
(C-19), 38.8 (C-20), 36.7 (C-22), 30.6 (C-21), 28.1
(C-23), 15.6 (C-24), 15.5 (C-25), 17.1 (C-26), 23.6
(C-27), 180.1 (C-28), 17.0 (C-29), 21.2 (C-30). LA E¥%
o 5ockE— 8, WS A 12 NRERIR
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