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Chemical constituents from active fraction in pericarps of Juglans mandshurica

ZHOU Yuan-yuan, LIU Zhao-xi, MENG Ying, JIANG Yan-qiu, YANG Bing-you
College of Pharmacy, Heilongjiang University of Traditional Chinese Medicine, Harbin 150040, China

Abstract: Objective To study the chemical constituents from the effective fraction in pericarps of Juglans mandshurica. Methods
The compounds were isolated and purified by various chromatographic methods, including silica gel, Sephadex LH-20, and preparative
high performance liquid chromatography. Their structures were elucidated by NMR and MS analyses. Results Fifteen compounds
were obtained and identified as kaempferol (1), oleanolic acid (2), chrysophanol (3), pinostrobin (4), (2S)-onysilin (5), juglanin B (6),
(S)-regiolone (7), chlorogenic acid (8), (45)-4-hydroxy-1-tetralone (9), (4S, 5S, 7R, 8R, 14R)-8, 11-dihydroxy-2, 4-cyclo-eudesmane
(10), 5-hydroxy-3, 7, 3', 4'-tetramethoxyflavone (11), (25)-5, 7, 4'-trihydroxy-dihydroflavonol (12), p-hydroxybenzonic acid (13),
p-methoxyphenylacetic acid (14), and 1, 4-dihydroxybenzene (15). Conclusion Compounds 8—15 are first isolated from the
pericarps of J. mandshurica and compounds 11, 12, 14, and 15 are obtained from the plants of Juglans L. for the first time.

Key words: pericarps of Juglans mandshurica Maxim; chlorogenic acid; (4S)-4-hydroxy-1-tetralone; 5-hydroxy-3, 7, 3/, 4'-tetrameth-
oxyflavone; (25)-5, 7, 4"-trihydroxy-dihydroflavonol; p-methoxyphenylacetic acid; 1, 4-dihydroxybenzene
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[(S)-regiolone, 7] ZkJ5if® (chlorogenic acid, 8).
(48)-4-F2E-1-DUEZEM [(4S)-4-hydroxy-1-tetralone,

HEE&WE: HEARFEEESEIIE (81202890); HhE{H L ERI2AIESRIIE (—2%5) (2013M530164); B EiLAH LE®RBImH
(LBH-Z13195); W3/RIEHHFAERHL A AA T H (2013RFQXJ052); B ITHHEEZ F A LRI H (B201103)
TEHERN: FEE (1980—), &, mI#dF:, W25 KR )5 2530 mbitot, B e BBV IR 25 K 2E p B 2 S i st T4

Tel: 18724628165 E-mail: zhouyuanyuan1998@163.com



- 2304 + XX

Chinese Traditional and Herbal Drugs

H45H E16 8201448 B

9]. (45, 58, 7R, 8R, 14R)-8, 11- " J52KE-2, 4-Fp kit
[(4S, 58, 7R, 8R, 14R)-8, 11-dihydroxy-2, 4-cyclo-
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Sephadex LH-20. |4 HPLC 25 T-B, M HBAL
BRI 4 (30 mg). 7 (18 mg). 9 (22
mg). 10 (28 mg), MR LEREAL T B 2if 13 5
&1 (20mg). 2 (10mg). 3 (15mg). 5 (14
mg). 6 (24 mg). 8 (22mg). 11 (19 mg). 12 (24
mg). 13 (32mg). 14 (24 mg). 15 (23 mg).
3 HMETE

WEY 1. BEOBAKR, HCI-Mg K R,
Molish N 2 FHYE; EI-MS m/z: 286 [M]", X4
TN 286, 'H-NMR (400 MHz, DMSO-ds) 6:
6.18 (1H, d, J = 2.0 Hz, H-6), 6.43 (1H, d, J=2.0 Hz,
H-8), 8.02 (2H, d, J = 9.0 Hz, H-2', 6'), 6.95 2H, d, J =

eudesmane, 10].

8.9 Hz, H-3', 5'), 12.48, 10.84, 10.12, 9.45 (% 1H, s,
-OH); "C-NMR (100 MHz, DMSO-dg) 6: 146.5 (C-2),
135.4 (C-3), 175.7 (C-4), 160.7 (C-5), 98.2 (C-6), 163.5
(C-7), 932 (C-8), 1562 (C-9), 103.1 (C-10), 121.3
(C-1"), 1293 (C-2, 6'), 115.2 (C-3', 5'), 159.2 (C-4"). LA
R Sk P, MR A 1 A

WA 2. TotaEPIREE i (YD, Liebermann-
Burchard J W FH %, Molish J 3. 52 % ; EI-MS m/z:
456 [M]", AR 2370 &h 456. 'TH-NMR (400 MHz,
CsDsN) 6: 3.42 (1H, dd, J = 13.3, 4.0 Hz, H-3), 5.58
(1H, brs, H-12), 0.96, 1.02, 1.09, 1.10, 1.10, 1.32, 1.39
(% 3H, s, H-23~27, 29, 30); "*C-NMR (100 MHz,
CsDsN) 0: 39.3 (C-1), 28.4 (C-2), 782 (C-3), 39.6
(C-4), 56.2 (C-5), 19.5 (C-6), 33.5 (C-7), 40.0 (C-8),
48.4 (C-9), 37.7 (C-10), 24.0 (C-11), 123.2 (C-12),
145.5 (C-13), 42.5 (C-14), 29.4 (C-15), 24.5 (C-16),
47.5 (C-17), 42.2 (C-18), 46.8 (C-19), 31.2 (C-20),
34.4 (C-21), 33.6 (C-22), 28.6 (C-23), 16.8 (C-24),
15.8 (C-25), 17.7 (C-26), 26.4 (C-27), 180.4 (C-28),
33.5 (C-29), 24.5 (C-30). LA %ds 55 Sk iE A
5, WA 2 N R R .

&Y 3. AR & (& FED,
FeCl3-K3[Fe(CN)g] 7l o ¥ (s EI-MS m/z: 254
[M]", AHX %> Tl 254. 'H-NMR (400 MHz,
CDCls) 8: 7.05 (1H, d, J = 1.0 Hz, H-2), 7.60 (1H, d,
J = 1.0 Hz, H-4), 7.78 (1H, dd, J = 8.0, 1.0 Hz, H-5),
7.63 (1H, t, J = 8.0 Hz, H-6), 7.25 (1H, dd, J = 8.0, 1.0
Hz, H-7), 12.01 (1H, s, 1-OH), 12.10 (1H, s, 8-OH),
2.45 (3H, s, 3-CH3); "“C-NMR (100 MHz, CDCL;)
162.6 (C-1), 124.6 (C-2), 149.5 (C-3), 121.4 (C-4),
124.6 (C-5), 136.7 (C-6), 119.6 (C-7), 162.5 (C-8),
192.8 (C-9), 182.2 (C-10), 133.4 (C-11), 115.6 (C-12),
113.5 (C-13), 133.6 (C-14), 22.5 (3-CH3). LA %
5 CmkiE A S, MRS 3 K.

a4 [ RG i (& F 5D, HCI-Mg
Wy RS RHYE: EI-MS m/z: 270 [M], A7 i
4 270. 'H-NMR (400 MHz, CDCl3) §: 2.84 (1H, dd,
J =172, 12.8 Hz, H-3), 3.08 (1H, dd, J = 17.2, 2.8
Hz, H-3), 3.82 (3H, s, 7-OCH3), 5.45 (1H, dd, J =
12.8, 2.8 Hz, H-2), 6.06 (1H, s, H-6), 6.08 (1H, s,
H-8), 7.42~7.46 (5H, m, Ar-H), 12.06 (1H, s, 5-OH);
BC-NMR (100 MHz, CDClL;) d: 79.0 (C-2), 43.6
(C-3), 195.6 (C-4), 164.2 (C-5), 95.4 (C-6), 168.2
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(C-7), 94.1 (C-8), 162.6 (C-9), 103.4 (C-10), 138.3
(C-1'), 126.4 (C-2', 6"), 128.6 (C-3', 4', 5", LA ¥
5k AE A, MRS 4 TR .
EY 5. FOERG W (FED, ShIR-58
RN 240, Molish NP EI-MS m/z: 274
[M]", AHX 2> 7 JiE Sl 274. '"H-NMR (400 MHz,
DMSO-dg) d: 5.60 (1H, dd, J = 13.2, 3.2 Hz, H-2),
3.37 (1H, dd, J = 17.2, 13.2 Hz, H-3), 2.85 (1H, dd,
J =172, 3.2 Hz, H-3), 6.14 (1H, s, H-8), 7.40~7.52
(5H, m, H-2'~6"), 11.92 (1H, s, 5-OH), 3.63 (3H, s,
6-OCHj3), 3.86 (3H, s, 7-OCH3); *C-NMR (100 MHz,
DMSO-dg) d: 79.0 (C-2), 42.6 (C-3), 197.8 (C-4),
154.2 (C-5), 130.2 (C-6), 159.8 (C-7), 92.7 (C-8),
158.5 (C-9), 102.8 (C-10), 138.8 (C-1"), 127.2 (C-2/,
6), 129.3 (C-3, 5'), 130.1 (C-4"), 60.5 (6-OCHs), 56.5
(7-OCHy)o LA E%#s 55 S e A — 5, %
EMEY S R (28)-5-Fdk-6, 7- — WAL S0 .
W 6: LEEHRE T (& F kD) EI-MS
miz: 328 [M]", HIX4r 7 5ihh 328, "H-NMR (400
MHz, DMSO-d¢) 6: 6.76 (1H, d, J = 2.0 Hz, H-5),
2.86 (1H, dd, J = 2.0, 14.8 Hz, H-7a), 2.45 (1H, dd,
J=2.0, 14.8 Hz, H-7b), 1.95 (1H, m, H-8a), 1.63 (1H,
m, H-8b), 1.82 (1H, m, H-9a), 1.42 (1H, m, H-9b),
1.75 (1H, m, H-10a), 1.55 (1H, m, H-10b), 4.02 (1H,
brt, J = 9.8 Hz, H-11), 2.23 (1H, dd, J = 2.8, 13.8 Hz,
H-12a), 1.72 (1H, dd, J = 2.8, 13.8 Hz, H-12b), 2.90
(1H, dd, J = 2.4, 17.7 Hz, H-13a), 2.81 (1H, dd, J =
2.4, 17.7 Hz, H-13b), 7.05 (1H, dd, J = 7.2, 2.4 Hz,
H-15), 6.84 (1H, d, J=7.2 Hz, H-16), 7.22 (1H, d, J =
2.4 Hz, H-18), 6.75 (1H, d, J = 2.0 Hz, H-19), 3.85
(3H, s, 4-OCH3); "“C-NMR (100 MHz, DMSO-d;) -
125.4 (C-1), 125.6 (C-2), 140.0 (C-3), 148.1 (C-4), 111.4
(C-5), 130.8 (C-6), 30.3 (C-7), 26.2 (C-8), 22.4 (C-9),
39.7 (C-10), 67.5 (C-11), 34.4 (C-12), 26.8 (C-13), 130.6
(C-14), 129.2 (C-15), 1163 (C-16), 151.1 (C-17), 133.5
(C-18), 125.2 (C-19), 55.5 (4-OCH3). L L% 15 ik
A, M E A 6 A HIEET B.
&M 1: AEKAR; ELMS m/z 1772 [M—
H], AHX 4 7 sl 178. 'H-NMR (400 MHz,
DMSO-dg) d: 2.74 (2H, m, H-2), 2.20 (1H, m, H-3a),
2.00 (1H, m, H-3b), 4.76 (1H, m, H-4), 7.06 (1H, d,
J = 8.0 Hz, H-5), 7.53 (1H, t, J = 8.0, 8.4 Hz, H-6),
6.83 (1H, d, J = 8.4 Hz, H-7), 5.60 (1H, s, 4-OH),

12.42 (1H, s, 8-OH); *C-NMR (100 MHz, DMSO-ds)
5 205.5 (C-1), 35.5 (C-2), 31.8 (C-3), 66.6 (C-4),
117.8 (C-5), 137.0 (C-6), 116.1 (C-7), 162.0 (C-8),
149.4 (C-4a), 115.3 (C-8a). LA _bE#dis 55 SRR iE 5
A, SRS T e eI R 25 .

&) 8: K AR, FeCly R MBHYE; EI-MS
miz: 353 [M—H], AX4 70 354, 'H-NMR
(400 MHz, CD;0D) ¢: 2.0~2.3 (4H, m, H-2, 6), 3.72
(1H, dd, J=2.8, 8.4 Hz, H-4), 4.16 (1H, m, H-3), 5.35
(1H, ddd, J = 10.1, 8.4, 4.4 Hz, H-5), 6.25 (1H, d, J =
16.0 Hz, H-8'), 6.77 (1H, d, J = 8.4 Hz, H-5"), 6.94
(1H, dd, J = 1.2, 8.4 Hz, H-6'), 7.04 (1H, d, J = 1.2
Hz, H-2"), 7.53 (1H, d, J = 16.0 Hz, H-7"); “C-NMR
(100 MHz, CD;0D) &: 75.8 (C-1), 38.2 (C-2), 72.3
(C-3), 71.0 (C-4), 67.5 (C-5), 37.8 (C-6), 175.6 (C-7),
127.8 (C-1"), 115.3 (C-2'), 147.0 (C-3'), 149.8 (C-4),
116.3 (C-5'), 122.6 (C-6'), 146.8 (C-7'), 114.8 (C-8'),
168.2 (C-9"). LA ¥t 5 ek s A —5", il
RENEY 8 NG RIR

WEY 9: B AR Y) (=& %E); EI-MS
miz: 185 [M+Na]", HIX 4784 162, 'H-NMR
(400 MHz, CDCL3) &: 2.53 (1H, ddd, J = 17.8, 9.6, 4.8
Hz, H-2), 2.86 (1H, ddd, J = 17.8, 7.5, 4.6 Hz, H-2),
2.15 (1H, m, H-3), 2.37 (1H, m, H-3), 4.95 (1H, dd,
J=18.1,3.9 Hz, H-4), 7.52 (1H, m, H-5, 6), 7.38 (1H,
m, H-7), 7.98 (1H, brd, J = 7.8 Hz, H-8); "C-NMR
(100 MHz, CDCLy) 6: 197.8 (C-1), 35.2 (C-2), 32.3
(C-3), 67.7 (C-4), 126.9 (C-5), 134.2 (C-6), 127.3
(C-7), 128.5 (C-8), 130.8 (C-9), 145.5 (C-10). LA F-%k
¥ 5 ScER RS A 5, MR AY 9 N
(48)-4-F2 - 1- DU S 251

A 10: ToeTE e 45 CFRIEE D ; EI-MS m/z:
238 [M+H]", MIX> TR EHN 237, "H-NMR (400
MHz, CsDsN) 6: 1.72 (1H, m, H-1a), 0.80 (1H, m,
H-1b), 1.14 (1H, m, H-2), 0.79 (1H, m, H-3a), 0.38
(1H, t, J = 3.9 Hz, H-3b), 0.96 (1H, dd, J = 2.1, 13.4
Hz, H-5), 1.72 (1H, m, H-6a), 1.08 (1H, m, H-6b),
1.37 (1H, td, J = 4.0, 10.4 Hz, H-7), 4.00 (1H, td, J =
5.0, 10.4 Hz, H-8), 1.85 (1H, dd, J = 5.0, 11.4 Hz,
H-9a), 1.18 (1H, t, J = 11.4 Hz, H-9b), 1.23 (1H, s,
H-12), 1.23 (1H, s, H-13), 0.92 (1H, s, H-14), 1.06
(1H, s, H-15); "*C-NMR (100 MHz, CsDsN) &: 44.4
(C-1), 26.8 (C-2), 33.7 (C-3), 26.4 (C-4), 55.2 (C-5),
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24.0 (C-6), 54.3 (C-7), 69.8 (C-8), 46.3 (C-9), 52.4
(C-10), 75.5 (C-11), 302 (C-12), 24.2 (C-13), 20.5
(C-14), 18.6 (C-15). _F¥udfs 5 Scipdfo A — 25,
B G 10 Jy (48, 5S, TR, 8R, 14R)-8, 11- %
5E-2, 4-FRKEM

AW 11: R AK; EI-MS m/z: 381 [M+Nal,
W HA 2> Tt 358, '"H-NMR (400 MHz,
CDCl3) 6: 6.35 (1H, d, J = 2.0 Hz, H-6), 6.76 (1H, d,
J=2.0 Hz, H-8), 7.68 (1H, d, J = 2.0 Hz, H-2"), 7.16
(1H, d, J= 9.0 Hz, H-5"), 7.75 (1H, dd, J = 9.0, 2.0 Hz,
H-6'), 3.82, 3.85, 3.85, 3.87 (% 3H, s, 4 X-OCHj), 12.63
(1H, s, 5-OH); “C-NMR (100 MHz, CsDsN) &: 155.3
(C-2), 138.5 (C-3), 178.2 (C-4), 156.5 (C-5), 97.6 (C-6),
165.1 (C-7), 92.2 (C-8), 160.8 (C-9), 105.5 (C-10), 120.4
(C-17), 111.0 (C-2), 1482 (C-3"), 151.5 (C-4'), 111.4
(C-5%), 122.6 (C-6'), 55.3, 56.2, 563, 59.5 (3, 7, 3/,
4'-OCHa). DA 3l 5 scikapos s A —5, diow
& 11 g 55425623, 7, 3, 4-DY FR AR L 5

AW 12: BHEEHA; BI-MS m/z: 272 [M],
FARE > T4 272 "H-NMR (400 MHz, DMSO-dp)
d:5.42 (1H, d, J = 10.2 Hz, H-2), 3.16 (1H, m, H-30),
2.75 (1H, m, H-3p), 5.96 (2H, brs, H-6, 8), 7.42 (2H,
d, J= 8.8 Hz, H-2', 6'), 6.73 (2H, d, J = 8.8 Hz, H-3',
5'); PC-NMR (100 MHz, CDCl;) d: 79.8 (C-2), 43.5
(C-3), 197.6 (C-4), 165.4 (C-5), 96.8 (C-6), 167.5
(C-7), 95.9 (C-8), 164.9 (C-9), 103.8 (C-10), 130.8
(C-1"), 129.2 (C-2', 6'), 116.8 (C-3, 5"), 158.6 (C-4").
4 CD w1 EdE [CD (nm, loge, MeOH): 303
(—8.32) 335 (+4.97)], nJ LA b S5 2 A2
R S AL, DA R3OS SCikaRE S A — 5,
WEAW 2 Ny (28)-5, 7, 4'- = F2 K AT .

G 13: Bl (FEE; EI-MS m/z: 137.2
[M—H], #5575k 138. '"H-NMR (400 MHz,
CD;0D) 6: 7.91 (2H, d, J = 8.0 Hz, H-2, 6), 6.79 (2H,
d, J=8.0 Hz, H-3, 5); "“C-NMR (100 MHz, CD;0D)
5: 123.3 (C-1), 129.8 (C-2, 6), 116.3 (C-3, 5), 163.2
(C-4),170.7 (C-7) LA %t 5 3cikapisieA—a,
W E AL B 13 AR IR R

& 14: AR (FED; EI-MS m/z:
166 [M]", A3 1 ik 166. '"H-NMR (400 MHz,
CDCl3) &: 3.56 (2H, s, H-2), 7.12 (2H, dd, J = 8.7, 1.8
Hz, H-2', 6'), 6.75 (2H, dd, J = 8.7, 1.8 Hz, H-3', 5),
3.68 (3H, s, -OCH3); "“C-NMR (100 MHz, CDCL) §:

173.3 (C-1). LA 3 5 scpkipos HEA —80™, i

BENEY) 14 X AR LR
& 15: AEEIREs & (=& T ; EI-MS

miz: 110 [M]", A%t 754 110, 'H-NMR (400

MHz, CD;0D) &: 6.65 (4H, s, H-2, 3, 5, 6); “C-NMR

(100 MHz, CD;0D) §: 115.5 (C-2, 3, 5, 6), 149.6

(C-1, 4). LA 3 5 ek 2aA 80", de

WA 1S X 2R .
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