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Abstract: Objective To study the chemical constituents from the green walnut husks of Juglans mandshurica. Methods The
chemical constituents from the green walnut husks of J. mandshurica were isolated and purified by repeated silica gel, Sephadex
LH-20 column chromatography and ODS column chromatography, and their structures were identified by NMR spectral analysis.
Results A total of 14 compounds were isolated from the green walnut husks of J. mandshurica, and identified as apigenin (1), tricin
(2), eupatilin (3), 3,7,8,3'-tetrahydroxy-4'-methoxyflavone (4), 3,5-dihydroxy-7-methoxy-3',4-methylenedioxyflavone (5), taxifolin (6),
quercetin-3-0-(6"-galloyl)-B-D-galactopyranoside (7), quercetin-3-O-(4"-O-acetyl)-a-L-rhamnopyranoside (8), engeletin (9),
isoengeletin  (10), kaempferol-3-O-B-D-glucopyranoside (11), quercetin-3-O-B-D-glucuronide (12), quercetin-3-O-B-D-
glucopyranoside (13), and myricetin-3-O-f-D-glucuronide (14). Conclusion Compounds 1—10, 12, and 14 are isolated from the
green walnut husks of J. mandshurica for the first time.
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IR XM, 35 QLARPRZGFM) didsk, It
R R, PP, BAAMEEM. 1B, bRSE
DI, TR TR T BRI AKRIA L
2. B, RS, HRTEE R PR
o ZEE AR, IR IR TR . SRS
AR A A SRR, SEIOIE ] IX — Rl o) BOS
FARA R AR M T BRI . N T R Rk
R A PR BR I 25 80 o it AR SR X5 M
KA B AT TS, 2 ES1R 3] 14 MLE,
A4 N AR (apigenin, 1), Ef5 % (tricin,
2). BE2HE (eupatilin, 3). 3,7,8,3-=FKE-4'-
FEJETERR (3,7,8,3 "tetrahydroxy-4'-methoxyflavone,
4). 3,5- FRHE-7- WU AR -3 4 B AR S B
(3,5-dihydroxy-7-methoxy-3',4"-methylenedioxyflavone ,
5). EHEMAE (taxilfolin, 6). Ml & &-3-0-(6"-1% £
T 3)-B-D-F: FLBEH  [quercetin-3-0-(6"-galloyl)-
B-D-galactopyranoside, 7]+ i & -3-0-(4"-0- £, 1%
FE)-a-L- 5t 2= # 7 [quercetin-3-0-(4"-O-acetyl)-a-L-
rhamnopyranoside, 8] AT (engeletin, 9). 5
AL H (isoengeletin, 10D+ 111Z51%)-3-O-B-D-M R ]
EIWEE (kaempferol-3-O-B-D-glucopyranoside, 11).
Wit Sz 2 -3-0-B-D-81 % WEREBR - (quercetin-3-0-B-D-
glucuronide, 12). Hf B 25 -3-O-B-D- itk Wi 4] %) B £
(quercetin-3-0-B-D-glucopyranoside, 13). #H 2 -3-
O-B-D- #i % Wi B B H ( myricetin-3-O-B-D-
glucuronide, 14). fLEY) 1~10. 12, 14 HE XM
H A B H
1 UE5HH

NE-1101 R 2 RAX CHAZR B &
)5 AV-400 U P AZREILRACGEE Bruker 22 7]);
Q-TOF (ESD) &7 #iHiil. 515-2414 255
R RO (1 (& [ Waters /A ) ); Sephadex LH-20
(Pharmacia A #)); FEEMERER (200~300 H) #l
W Z ISR (F B e L)) Ak A ODS
(SSCODS-7515-12A); Hoover capillary ¥ il & X
(Z£[H Philadelphia A F]); Atlantis Pre T3 (250 mm X
19 mm, 10 pm) il &5 3% 4 (& [E Waters A7) );
F T2 25 U Bl R i Al s o358 i ali

BRARZM T 201747 AR B EHRE K A 1L
X, Z@REILHEZRFL 7 ERH B EEN
FHEREHEIAZ K Juglans mandshurica Maxim. 1]
KRB B, BrA (20170715 {RA7T 2 eiL
e 2 R 240 2 O =

2 RESESE

AT HE AR (10.0 kg) & 2483w, LA
8 f5 i 95% LRE N EIRIFIE 7d, WA, Bk
BEESE 3K, WURIRARENRE (695.5¢). BE
&S MK B, & Wb, BERR 08 KoK
FIIIE T B2 B, HAR 1320 1E T RER ARG AL
BE (1893 g). EZELARERAEEIE (200~300
H) 48, & Fk-FEE (100 1 0—0: 100D FHEDE
i, TLC #&&IER 7 NME (Fr.1~7). Fr. 1 B4
2 IKEER A R o B, SR - FEE (100 © 120 ¢
D BREERL, EEEAEY 1 (8.8 mg). 3 (7.2
mg) 15 (6.5mg). Fr.2 SREHAAIE, —&H k-
FEE (50 0 110 1) BREEGENL, BRMAEY 2 (3.9
mg). 4 (6.5mg). 6 (7.3 mg). Fr.3 LRERH: il
B, TEHE-FHEE (5010 1) BEEETLA,
2 Sephadex LH-20 fF il (FHEE-/K 3 1 1), il 4%
HPLC (HEE-7K 65 & 35) 0 B3 254 8(6.7 mg,
R=12.58 min). 9 (3.8 mg, (x=15.23 min). 10 (4.3
mg, fR=15.38 min) A1 11 (5.6 mg, r=15.31 min).
Fr. 5 %4 ODS a3, HEE-7K (40 @ 60—80 & 20)
BEEEVEL, 2% HPLC (FFEE-/K 50 & 50) 4r 75
LAY T (3.9 mg, (r=21.54min). 12 (5.0 mg,
R=18.56 min). 13 (4.5mg, r=26.12 min) 1 14
(5.1 mg, %x=16.21 min).
3 ST

&Y 1. WHE AR K. HR-ESI-MS m/z:
271243 2 [M+H]", HX4FHRERN 270, 75T
4 CisHgOs. 'H-NMR (400 MHz, DMSO-dg) J: 6.17
(1H, brs, H-6), 6.49 (1H, brs, H-8), 6.75 (1H, s, H-3),
6.91 (1H, d, J = 8.2 Hz, H-3', 5'), 7.95 (2H, d, J = 8.2
Hz, H-2', 6"); “C-NMR (100 MHz, DMSO-dq) 6: 94.0
(C-8), 98.8 (C-6), 102.4 (C-3), 103.7 (C-10), 115.8
(C-3', 5", 121.0 (C-1"), 128.4 (C-2’, 6"), 157.5 (C-9),
161.0 (C-4"), 161.7 (C-5), 163.9 (C-7), 164.2 (C-2),
181.7 (C-4). VUKl 5 Sk 2 A — 5, %
ENEW 1 NEHER,

e 2. B AL (E), mp 291~292
‘C. HR-ESI-MS m/z: 331.292 1 [M+H]", X451
N 330, 4> 72N C7H1407. 'H-NMR (400 MHz,
DMSO-ds) 6: 3.86 (6H, s, 3', 5'-OCHj3), 6.22 (1H, d,
J =2.0 Hz, H-6), 6.54 (1H, d, J = 2.0 Hz, H-8), 6.94
(1H, s, H-3), 7.33 (2H, s, H-2, 6'), 9.34 (1H, s,
4-0OH), 10.81 (1H, s, 7-OH), 12.95 (1H, s, 5-OH);
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BC-NMR (100 MHz, DMSO-dy) 8: 56.7 (3', 5-OCHs),
94.5 (C-8), 98.7 (C-6), 103.5 (C-3), 103.7 (C-10),
104.6 (C-2', 6", 120.3 (C-1"), 139.2 (C-4"), 148.1
(C-3',5"), 160.5 (C-9), 161.1 (C-5), 163.7 (C-7), 164.2
(C-2), 181.3 (C-4). VA ¥t 5 cikapi s A —,
s e 2 NETE R

&) 3: KA. HR-ESI-MS m/z: 345314 1
[M-+H]", #5572 344, 70 F RN CisHi6070
'H-NMR (400 MHz, DMSO-ds) 6: 3.75 (3H, s,
4-OCH;), 3.84 (3H, s, 3'-OCHs3), 3.88 (3H, s,
6-OCH3), 6.61 (1H, s, H-3), 6.92 (1H, s, H-8), 7.08
(1H, d, J = 8.7 Hz, H-5), 7.51 (1H, d, J = 1.8 Hz,
H-2'), 7.60 (1H, dd, J = 8.7, 1.8 Hz, H-6'), 9.70 (1H, s,
7-OH), 12.92 (1H, s, 5-OH); "C-NMR (100 MHz,
DMSO-dg) : 56.3 (4-OCH3), 56.5 (3'-OCH3), 60.6
(6-OCH3), 94.5 (C-8), 103.9 (C-3), 104.9 (C-10),
109.6 (C-2"), 112.2 (C-5"), 120.1 (C-6"), 123.3 (C-1"),
131.7 (C-6), 149.8 (C-3"), 152.7 (C-4'), 152.7 (C-9),
153.4 (C-5), 158.1 (C-7), 163.8 (C-2), 182.3 (C-4). LA
RS SRR E A -, Wt A 3 A

&) 4: HERAR . HR-ESI-MS m/z: 317.058 2
[M+H]", FXH T8 316, 20 73 CieH12070
'H-NMR (400 MHz, DMSO-ds) J: 3.86 (3H, s,
4'-OCHs), 6.94 (1H, d, J = 8.8 Hz, H-6), 7.04 (1H, d,
J = 8.6 Hz, H-5"), 7.45 (1H, d, J = 8.8 Hz, H-5), 7.73
(1H, d, J = 8.6, 2.0 Hz, H-6"), 7.74 (1H, d, J = 2.0 Hz,
H-2"); "“C-NMR (100 MHz, DMSO-ds) &: 55.6
(4-OCHs), 113.7 (C-6), 114.5 (C-2'), 115.4 (C-5, 10),
117.5 (C-5"), 119.6 (C-6'), 124.5 (C-1"), 132.6 (C-8),
137.4 (C-3), 144.4 (C-2), 145.8 (C-9), 146.3 (C-3"),
149.4 (C-4"), 149.5 (C-7), 172.3 (C-4). VL ¥ 53¢
BRIRE R A 3, WS =AY 4 8 3,7,8,3- 105
a4 AT .

& 5. FkK. HR-ESI-MS m/z: 329.062 3
[M-+H]", #XH 57 i &2 328, 4 F 2N C7H 12070
'H-NMR (400 MHz, CDCl;) 6: 3.88 (3H, s, 7-OCHj),
6.06 (2H, s, H-3', 4-OCH,0), 6.35 (1H, d, J= 2.2 Hz,
H-6), 6.52 (1H, d, J = 2.2 Hz, H-8), 6.96 (1H, d, J =
8.2 Hz, H-5"), 7.75 (1H, d, J = 1.8 Hz, H-2'), 7.84 (1H,
dd, J = 8.2, 1.8 Hz, H-6'); "*C-NMR (100 MHz,
CDCly) d: 55.7 (7-OCHj), 92.5 (C-8), 98.2 (C-6),
101.8 (-OCH,0-), 103.7 (C-10), 107.7 (C-2"), 108.4

(C-5"), 122.7 (C-6"), 124.5 (C-1"), 136.1 (C-3), 145.1
(C-2), 148.5 (C-3"), 149.5 (C-4"), 156.7 (C-9), 160.7
(C-5), 165.5 (C-7), 175.5 (C-4). LA b $cds 5 SC ki iE
HA—F, WA 5 N 3,5- I T-HR
HE-31 4 F AR SRR

&Y 6: ¥ HE Gk K. HR-ESI-MS m/z
305251 1 [M+H]", XD TRER 304, 70T
N CisH1,07. 'H-NMR (400 MHz, DMSO-d;) d: 4.52
(1H, dd, J = 11.0, 6.0 Hz, H-3), 4.95 (1H, d, J = 11.0
Hz, H-2), 5.79 (1H, d, J = 6.0 Hz, 3-OH), 5.85 (1H, d,
J =2.0 Hz, H-6), 5.92 (1H, d, J = 2.0 Hz, H-8), 6.72
(1H, d, J = 8.2 Hz, H-5"), 6.75 (1H, dd, J = 8.2, 1.8
Hz, H-6"), 6.87 (1H, d, J = 1.8 Hz, H-2"), 8.99 (1H, s,
4-OH), 9.03 (1H, s, 3'-OH), 10.81 (1H, s, 7-OH),
11.87 (1H, s, 5-OH); “C-NMR (100 MHz, DMSO-d;)
5: 71.7 (C-3), 83.1 (C-2), 94.8 (C-8), 95.9 (C-6), 100.6
(C-10), 115.0 (C-5"), 115.3 (C-2"), 119.7 (C-6"), 128.0
(C-1), 144.6 (C-3"), 145.8 (C-4"), 162.9 (C-9), 163.2
(C-5), 166.4 (C-7), 197.8 (C-4). LL_FHk 5 kAR
HA—FP, WA 6 NIEIEI K.

&Y 7. kA . HR-ESI-MS m/z: 639.115 4
[M+Na]", X5 FHREZ 616, 4 FRA
CasHp4016. 'H-NMR (400 MHz, DMSO-dg) J: 3.25~
3.68 (6H, m, H-2"~6"), 538 (1H, d, J = 8.2 Hz,
H-1"), 6.20 (1H, d, J = 2.2 Hz, H-6), 6.38 (1H, d, J =
2.2 Hz, H-8), 6.83 (1H, d, J = 8.8 Hz, H-5"), 6.84 (2H,
brs, H-2"", 6'"), 7.54 (1H, d, J = 1.5 Hz, H-2), 7.67
(1H, dd, J = 8.8, 1.5 Hz, H-6'); *C-NMR (100 MHz,
DMSO-dq) d: 62.0 (C-6"), 67.6 (C-4"), 71.4 (C-2"),
72.6 (C-5"), 72.7 (C-3"), 93.8 (C-8), 98.7 (C-6), 102.1
(C-1"), 103.8 (C-10), 108.5 (C-6"", 2", 115.3 (C-2"),
115.6 (C-5), 119.1 (C-1'"), 120.7 (C-1"), 121.8 (C-6"),
133.6 (C-3), 138.8 (C-4""), 144.8 (C-3"), 145.8 (C-3"",
5, 148.9 (C-4"), 156.6 (C-9, 2), 161.4 (C-5), 164.5
(C-7), 165.9 (C-7""), 177.3 (C-4). VA bE#¥E 5 Rk
EHA Y, W EAY T iR E-3-0-(6"-
B T BEEE)-B-D-FFLHEH -

&Y 8: &3l k. HR-ESI-MS m/z:
513.115 7 [M+Na]", #HXf 4> F B2 490, 4313
N C3H2015. 'H-NMR (400 MHz, Methanol-dy) o:
0.79 (3H, d, J = 6.2 Hz, H-6"), 2.03 (3H, s, -COCH3),
3.25~4.83 (4H, m, H-2"~5"), 549 (1H, d, J = 1.6
Hz, H-1"), 6.17 (1H, d, J = 2.0 Hz, H-6), 6.36 (1H, d,
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J =2.0 Hz, H-8), 6.87 (1H, d, J = 8.6 Hz, H-5"), 7.25
(1H, dd, J = 8.6, 1.6 Hz, H-6'), 7.30 (1H, d, J = 1.6
Hz, H-2"); "*C-NMR (100 MHz, Methanol-d,) J: 16.3
(C-6"), 19.3 (-COCHj3), 68.3 (C-5"), 68.5 (C-3"), 70.5
(C-2"), 73.4 (C-4"), 93.6 (C-8), 98.8 (C-6), 101.2
(C-1"), 104.8 (C-10), 114.7 (C-2"), 115.6 (C-5"), 121.0
(C-6"), 121.5 (C-1"), 134.4 (C-3), 144.9 (C-3'), 148.5
(C-4"), 157.3 (C-2), 158.3 (C-9), 161.9 (C-5), 164.6
(C-7), 171.4 (C = 0), 178.2 (C-4). LA_- % 5 iRk
ERA-F, WA 8 M K-3-0-
(4"-0- L3 )-0-L- R ZERETT

G 9: R AR K. HR-ESI-MS m/z:
433392 1 [M—H], X TFiER 434, 13
9 Cy1H2,019. 'H-NMR (400 MHz, DMSO-d;) 6: 1.06
(1H, d, J = 6.2 Hz, H-6"), 3.12~3.94 (4H, m, H-2"~
5"), 4.48 (1H, brs, H-1"), 4.76 (1H, d, J = 10.3 Hz,
H-3), 5.26 (1H, d, J = 10.3 Hz, H-2), 5.84 (1H, d, J =
2.0 Hz, H-6), 5.91 (1H, d, J = 2.0 Hz, H-8), 6.79 (2H,
d, J=8.4 Hz, H-3", 5'), 7.34 (2H, d, J = 8.4 Hz, H-2',
6'), 9.65 (1H, s, 4-OH), 10.87 (1H, s, 7-OH), 11.84
(1H, s, 5-OH); “C-NMR (100 MHz, DMSO-d) &
174 (C-6"), 69.2 (C-5"), 70.3 (C-2"), 70.4 (C-3"),
71.7 (C-4"), 75.8 (C-3), 81.2 (C-2), 95.3 (C-8), 96.0
(C-6), 100.5 (C-1"), 100.9 (C-10), 115.3 (C-3', 5"),
126.4 (C-1'), 129.3 (C-2', 6), 157.7 (C-4), 162.3
(C-9), 163.6 (C-5), 167.3 (C-7), 194.9 (C-4). LA ¥
o5 kB A -5, WA 9 N
e

&Y 10: %Ak K. HR-ESI-MS m/z:
433.392 4 [M—H] , MXFHEE 434, 77
4 C21H2019. "H-NMR (400 MHz, DMSO-dj) &: 0.78
(1H, d, J = 6.2 Hz, H-6"), 2.30~3.47 (4H, m, H-2"~
5"), 416 (1H, d, J = 2.2 Hz, H-3), 4.72 (1H, brs,
H-1"), 5.63 (1H, d, J = 2.2 Hz, H-2), 5.93 (1H, d, J =
2.0 Hz, H-6), 5.96 (1H, d, J = 2.0 Hz, H-8), 6.77 (2H,
d, J=8.8 Hz, H-3', 5'), 7.26 (2H, d, J = 8.8 Hz, H-2/,
6'), 9.47 (1H, s, 4-OH), 10.96 (1H, s, 7-OH), 11.77
(1H, s, 5-OH); “C-NMR (100 MHz, DMSO-d)
17.5 (C-6"), 68.8 (C-5"), 70.4 (C-2"), 70.4 (C-3"),
71.5 (C-4"), 73.3 (C-3), 80.1 (C-2), 95.4 (C-8), 96.5
(C-6), 100.1 (C-1"), 100.6 (C-10), 115.1 (C-3', 5"),
125.9 (C-1'), 127.5 (C-2', 6'), 157.4 (C-5), 162.8
(C-9), 164.1 (C-4"), 167.4 (C-7), 192.7 (C-4). DAL %

a5 ki A -, WS R EY 10 NF
WAL .

& 11: wETEEH AR . HR-ESI-MS m/z:
471.102 4 [M+Na]", X5 F )i &2 448, 77
N CaHyOp. 'H-NMR (400 MHz, DMSO-ds) 6
3.09~3.61 (6H, m, H-2"~6"), 5.43 (1H, d, J = 8.0
Hz, H-1"), 6.20 (1H, d, J = 1.7 Hz, H-6), 6.43 (1H, d,
J = 1.7 Hz, H-8), 6.87 (2H, d, J = 8.8 Hz, H-3', 5'),
8.02 (2H, d, J = 8.8 Hz, H-2', ¢), 10.17 (1H, s,
4-OH), 10.88 (1H, s, 7-OH), 12.63 (1H, s, 5-OH);
BC-NMR (100 MHz, DMSO-dg) d: 70.3 (C-6"), 70.5
(C-4"), 74.1 (C-2"), 76.7 (C-5"), 77.8 (C-3"), 94.5
(C-8), 99.4 (C-6), 101.1 (C-1"), 103.7 (C-10), 115.6
(C-3', 5", 121.6 (C-1"), 131.5 (C-2’, 6"), 133.2 (C-3),
156.2 (C-2), 156.8 (C-9), 160.5 (C-4"), 161.2 (C-5),
164.8 (C-7), 177.5 (C-4). LA % 5 CkifiE LA
— B S E A 11 R0 22 -3-0-B-D- it
G

&Y 12: FEEOFAK . HR-ESI-MS m/z: 479.072 1
[M+H]", WA 7 s 478, TN
C5H5013. 'H-NMR (400 MHz, DMSO-ds+D,0) 6:
3.28~3.62 (4H, m, H-2"~5"), 5.48 (1H, d, J = 7.6
Hz, H-17"), 6.18 (1H, d, J = 2.2 Hz, H-6), 6.40 (1H, d,
J =22 Hz, H-8), 6.87 (1H, d, J = 8.0 Hz, H-5), 7.62
(1H, d, J = 2.2 Hz, H-2"), 7.64 (1H, dd, J = 8.0, 2.2
Hz, H-6"); "*C-NMR (100 MHz, DMSO-ds+D,0) &:
71.5 (C-4"), 74.3 (C-2"), 74.8 (C-5"), 76.3 (C-3"),
93.6 (C-8), 99.0 (C-6), 103.1 (C-1"), 104.1 (C-10),
115.1 (C-2'), 118.1 (C-5"), 121.2 (C-1"), 122.9 (C-6"),
134.5 (C-3), 144.8 (C-3"), 149.3 (C-4'), 155.8 (C-2),
157.9 (C-9), 160.4 (C-5), 165.6 (C-7), 170.9 (C-6"),
178.1 (C-4). VL ¥ 5 scmrifoE A 5, i
YA 12 i F-3-0-B-D-H 4 BERE IR

&Y 13: RIE AR K. HR-ESI-MS miz:
487.102 3 [M+Na]", HEMFNT 77 RN 464, 7
TR A C21H012. 'H-NMR (400 MHz, DMSO-dj) 6:
3.12~4.02 Y B-D-Mik Wi i %5 W5 b o o 2= A1 L Ath 5T
5.47 (1H, d, J = 7.5 Hz, H-1"), 622 (1H, d, J = 1.8
Hz, H-6), 6.37 (1H, d, J = 1.8 Hz, H-8), 6.76 (1H, d,
J= 8.4 Hz, H-5"), 7.52 (1H, d, J = 2.2 Hz, H-2'), 7.70
(1H, dd, J = 8.4, 2.2 Hz, H-6'), 9.22 (1H, s, 3’-OH),
9.55 (1H, s, 4-OH), 10.81 (1H, brs, 7-OH), 12.62 (1H,
s, 5-OH); "“C-NMR (100 MHz, DMSO-ds) &: 60.9
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(C-6"), 69.1 (C-4"), 73.7 (C-2"), 76.3 (C-3"), 77.6
(C-5"), 92.9 (C-8), 98.1 (C-6), 100.2 (C-1"), 103.4
(C-10), 114.7 (C-5"), 115.7 (C-2"), 120.4 (C-1"), 121.6
(C-6"), 132.6 (C-3), 144.4 (C-3"), 148.2 (C-4"), 155.6
(C-2), 155.8 (C-9), 160.8 (C-5), 163.7 (C-7), 177.3
(C-4). DA EXodE 5 scikpis A — 5, ke ib
E W13 T K -3-0-B-D- M R 3 AT RE T
&9 14: B KK . HR-ESI-MS m/z: 517.071 1
[M+Nal", MX o FRERL 494, 2 FRN
C,1H 150140 'H-NMR (400 MHz, DMSO-ds+D,0) &
3.25~3.44 (4H, m, H-2"~5"), 5.51 (1H, d, J = 7.6
Hz, H-1"), 6.21 (1H, d, J = 2.2 Hz, H-6), 6.35 (1H, d,
J=2.2Hz H-8),7.21 (2H, s, H-2', 6'); >C-NMR (100
MHz, DMSO-ds+D,0) d: 71.5 (C-4"), 73.5 (C-2"),
76.0 (C-5"), 77.4 (C-3"), 93.6 (C-8), 98.6 (C-6'), 101.6
(C-1"), 103.6 (C-10), 108.7 (C-2', 6'), 119.3 (C-1"),
1332 (C-3), 136.4 (C-4), 1455 (C-3', 5'), 156.1
(C-9), 156.9 (C-2), 161.4 (C-5), 164.5 (C-7), 170.2
(C-6"), 177.5 (C-4). VA_EHidi 5 CkapiE FA—5,
WS EA G 14 IV 2R -3-0-B-D-Hi & HEIE TR
Sk
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