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Chemical constituents in green walnut husks of Juglans regia
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Abstract: Objective To study the chemical constituents in green walnut husks of Juglans regia. Methods The chemical constituents
were separated and purified by silica gel column chromatography and HPLC. Their structures were determined on the basis of
spectroscopic analyses. Results Fifteen compounds were isolated and the structures were identified as epi-dihydrophaseic acid (1),
4-butoxy-5,8-dihydroxy-3,4-dihydronaphthalen-1-one (2), 4-ethoxy-5,8-dihydroxy-3,4-dihydronaphthalen-1-one (3), myricatomento-
genin (4), nodulisporone (5), 5,8-dihydroxy-4S-methoxy-p-tethalone (6), 5-hydroxy-4-methoxy-a-naphthalen-1-one (7), isosclerone
(8), 4,5,8-trihydroxy-1,2,3,4-tetrahydronaphthalene-1-one (9), 1-ethyl malate (10), 1-buthyl malate (11), succinic acid (12),
ethyl-O-B-D-glucopyranoside (13), la,20,4p-trihydroxy-1,2,3,4-tetrahydronaphthalene (14), and L-2-O-methyl-chiroinosicol (15).
Conclusion Compounds 5 and 10—14 are isolated from the green walnut husks of J. regia for the first time, and compounds 1, 4, and
15 are isolated from this plant for the first time.

Key words: green walnut husks of Juglans regia; naphthalenone; epi-dihydrophaseic acid; nodulisporone; 1-ethyl malate; L-2-O-

methyl-chiroinosicol
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32015 MEEW, 73 E R “EKEIR (epi-
dihydrophaseic acid, 1). 4- ] % J&-5,8- —F8 k-3 ,4-
T & - %5 Wi ( 4-butoxy-5,8-dihydroxy-3,4-dihydro
naphthalen-1-one, 2). 4-Z%3%-5,8- " F3E-3.4- 4
Z5M (4-ethoxy-5,8-dihydroxy-3,4-dihydronaphthalen-
l-one, 3). HEFMMFIFIC (myricatomentogenin,
4). Z 1l (nodulisporone, 5). 45-H%H3E-5,8-
TR A M (5,8-dihydroxy-4S-methoxy-
6) . 4- M5 JE -5- 0 Ok -a- DY & 25
(4-methoxy-5-hydroxy-a-naphtetralone, 7). BABEF
ZER (isosclerone, 8). 4,5,8-=¥#23E-1,2,3.4-JU5 -a-
25 (4,5,8-trihydroxy-1,2,3,4-naphthalene-a-one, 9)
SERR-1-F. 25 (1-ethyl malate, 10). EHR-1-
T (1-buthyl malate, 11)+ ] & (succinic acid,
12) . 5 % B 27 (ethyl-O-B-D-glucopyranoside, 13 )
lo,20,4B- — F& 3 -1234- DU & 2% ( 10,20,4p-
trihydroxy-1,2,3,4-tetrahydronaphthalene, 14). L-2-O-
- FPENUEE (L-2-O-methyl-chiroinosicol, 15).
Hrr, 4G9 5. 10~14 4 5 IR ZE Y or 51
), WEW1. 4. 15 HERNE AR5 21531
1 {FE5HH

X-6 WA REA (I R A PR A
F]); Bruker AV-600 AZREILHRIB G (A [E A v
2A#]); AUTOPOL V AU (SR IEEE R A F]D;
Agilent 6490 %! BSI Jiiif ¥ (3 EZHEL AT,
Waters Xevo QTOF Jii{ CGEEIRFFHIAFD;
2 e OB (AL CH A H S22 W] : HITACHI
L-7100 %%, HITACHI L-3350 /R Z Hr 6K I 2%
GL SCIRNCES Inc. Inertsil PREP-ODS 54K (i
(250 mm X 10 mm, 5 um); Waters & iAH &,
TEAX CGEETRARR I 2 7] s AT s HIE R 7 il v
LT =i (200~300 HD: 2 (G ik AR A
AT A, ATHLE A E 2 Bikn) )
ity AR A4l

T AT th B RTL R 25 R B g flt, T
FRUHIIF ST 3 %5 08 ARk Juglans regia L. ARJSHE
BT, BRAR (2014-IMO0D) fR-147 575515 /KK
FRIRT T
2 RBSSE

T A 10.0 kg, H 75%EE-7K (120.0 L)
BUESEI, EIRAT L) 6.0 L, K 5.0 L RE,
M IE e (18.0 L) BAIR ZHE (21.0 L) FIIE
THE (21.0 L) A2 3 K, ki Cke. B

tethalone ,

Sl IE T BRI A A A i, 4 A
FISAE 530.1. 160.9 A1 110.1 g.

BUE TEEAEY) 40.0 g, FHREERCHE GRS 55,
WU IE Ce-BEIR 45 (10 1), BERR LB FIEE R
CE-HEE (7 1 3) PeMiIFE TLC KA It a1 2]
41 8 (454.1 mg). 10 (370.3 mg) A HiAh 12 4
9 (F1~12). F1 (236.3 mg) H [ AH oAl 4
WA B CALBAH N HEE-7K 85 1 15, MAFE 4.0
mL/min) 733 4 N4> (F1-1~4), F1-2 (17.9 mg)
FHBCAH v OB 5185 53 B 24k CRBIAH A F - 7K
75 125, PRFGE 4.0 mL/min) B3LEY 2 (7.2
mg, (r=7.94min). 3 (8.9 mg, {=9.69 min), F2
(222.1 mg) H AH R i o & Ciish Al /i
BE-K 604, ABUAE 4.0 mL/min) 24L& 4
(12.6 mg, x=16.71 min) FIHAh 5 N5 (F2-1~
2-5), F2-1(83.7 mg) HI S AH iy BORAH (0% 43 25 (It
A HEE-K 5 05, AR 4.0 mL/min) 152
WEYS (2.6 mg, =944 min). 6 (10.3 mg, fRr=
8.42 min). F3 (130.5 mg) s AH A (i 43
B RN FEE-K 6 ¢ 4, AR 4.0 mL/min)
HBEMEM T (5.4mg, r=11.93 min). F6 (2454
mg) I RAH S SGEAR (B i 43 B5 G AR A H I -7K
55, KRR E 4.0 mL/min) 133 6 N5 (F6-1~
6), F6-1 (24.3 mg) ARG SOEAR (s 73 25 Gt
AN HERE-K 4 1 6, ABE 4.0 mL/min) 33
th&5% 9 (23 mg, r=11.93min). F11 (1.3 g) H
AT il 7 58, MR IE Ce-TR TR SR (406
Ao D YEBIFL TLC K&t EEeaY 1
(35.6 mg) M A 2 A4 (F11-1 M1 F11-2), F11-1
(476.2 mg) HIREMAE BB, KU IE Cbe-Bi
R Omg (307 /M0 D PEliJF4 TLC G It
35 5 N84y (F11-1-1~5), F11-1-2 (125.1 mg)
FH AR 0B (B 1% 7 25 CialiAe R I E-K 2 8,
AFRVLE 4.0 mL/min) S216AEY) 12 (2.3 mg, &=
8.34min), F11-2 (247.1 mg) J:BA I 2,
WU B 2. 056- TP B2 (1 2 0 A4 : DB, 4 TLC
A IF a1 El 3 AN (F11-2-1~3). Fl1-2-1
(120.1 mg) I SAH my 80BAH (1% 43 85 G sl AH 2 H
fE-/K 8 12, ABIiE 4.0 mL/min) 5581454 13
(5.0 mg, (r=17.03 min)  HAth 2 AN 73 (F11-2-1-1,
F11-2-1-2), F11-2-1-1 (101.3 mg) JH A oA (4,
W B CGRBIAN I EE-K 614, ABIHE 4.0
mL/min), fEHE5Y 1 (2.3 mg, r=6.78 min).
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14 (13.1 mg, (x=17.71 min). 15 (3.4 mg, K=
15.69 min),
3 HMETE

&1 AEERIRY), (o] —21.2° (¢ 0.003 3,
MeOH); HR-ESI-MS m/z: 282.146 7 [M]"; 'H-NMR
(600 MHz, DMSO-ds) 6: 7.86 (1H, d, J = 16.0 Hz,
H-8), 6.40 (1H, d, J = 16.0 Hz, H-7), 5.66 (1H, brs,
H-10), 3.89 (1H, m, H-3), 3.61 (1H, d, J = 7.1 Hz,
H-12), 3.53 (1H, d, J = 7.1 Hz, H-12), 1.99 (3H, s,
H-15) 1.86 (1H, m H-2), 1.70 (1H, m, H-4), 1.61 (1H,
m, H-2), 1.54 (1H, m, H-4), 1.05 (3H, s, H-14), 0.89
(3H, s, H-13); ""C-NMR (150 MHz, DMSO-dg) &
167.5 (C-11), 149.6 (C-9), 135.5 (C-7), 129.9 (C-8),
118.7 (C-10), 86.2 (C-5), 82.0 (C-6), 75.8 (C-12), 64.3
(C-3), 48.5 (C-1), 46.0 (C-4), 44.4 (C-2), 21.3 (C-15),
20.0 (C-14), 16.6 (C-13). L& UL EE¥E &5 2% ik
B, %t &M R EH TR,

WEY 2. HRHOTLERHRAK (ZEAFLD,
mp 210~215 C, [o]h +1.1° (¢ 0.018, MeOH);
ESI-MS m/z: 250 [M]"; '"H-NMR (600 MHz, CDCl;)
d: 12.10 (1H, s, 8-OH), 8.20 (1H, s, 5-OH), 7.08 (1H,
d, J=9.0 Hz, H-6), 6.87 (1H, d, J = 9.0 Hz, H-7), 5.01
(1H, dd, J = 10.2, 4.4 Hz, H-4), 3.84 (1H, m, H-11),
3.64 (1H, m, H-11), 2.86 (1H, m, H-3), 2.62 (1H, s,
H-2), 2.53 (1H, m, H-2), 2.19 (1H, m, H-3), 1.71 (2H,
m, H-12), 1.47 (2H, m, H-13), 0.98 3H, t, J = 7.4 Hz,
H-14); “C-NMR (150 MHz, CDCls) 6: 203.0 (C-1),
156.8 (C-8), 147.7 (C-5), 127.0 (C-10), 124.3 (C-6),
118.7 (C-7), 114.9 (C-9), 76.8 (C-4), 68.1 (C-11), 35.6
(C-2), 31.9 (C-12), 27.2 (C-3), 19.3 (C-13), 13.8
(C-14). LL 3 5 scmkiE SaA 807, %eth
W) 2 o 4- T HE-5,8- R -3, 4- A - 25

WEY 3: WIETEEM AR (& T,
mp 224~245 C, [a]y +1.27° (¢ 0.055, MeOH);
ESI-MS m/z: 222 [M]"; 'H-NMR (600 MHz, CDCls)
d: 12.08 (1H, s, 8-OH), 8.21 (1H, s, 5-OH), 7.07 (1H,
d, J=9.0 Hz, H-6), 6.85 (1H, d, J = 9.0 Hz, H-7), 5.01
(1H, dd, J = 10.2, 4.4 Hz, H-4), 3.89 (1H, m, H-11),
3.67 (1H, m, H-11), 2.82 (1H, m, H-2), 2.59 (1H, m,
H-2), 2.51 (1H, m, H-3), 2.49 (1H, m, H-3), 1.36 (3H,
t,J=7.2 Hz, H-12); “C-NMR (150 MHz, CDCl;) 6
203.0 (C-1), 156.8 (C-8), 147.7 (C-5), 127.0 (C-10),
124.3 (C-6), 118.7 (C-7), 115.0 (C-9), 76.6 (C-4), 63.8

(C-11), 35.7 (C-2), 27.3 (C-3), 15.4 (C-12). VL %
5 CmriE A S, et 3 o 4-2 40k
5,8- FHE-3,4- A L5 .

WEY 4. AETEEHAR (BRIED, mp
147~148 “C, [a]s —11.3° (¢ 0.004, MeOH); ESI-MS
m/z: 342 [M+H]"; 'H-NMR (600 MHz, CDCl;)
6.91 (1H, d, J = 8.0 Hz, H-19), 6.84 (1H, d, J = 8.0
Hz, H-3), 6.64 (1H, dd, J = 8.0, 4.0 Hz, H-4), 6.53
(1H, d, J = 8.0 Hz, H-18), 5.50 (1H, d, J = 2.0 Hz,
H-6), 3.92 (1H, s, -OMe); “C-NMR (150 MHz,
CDCl3) d: 210.3 (C-9), 148.1 (C-5), 147.1 (C-4), 145.3
(C-3), 142.8 (C-17), 140.0 (C-16), 133.8 (C-15), 126.3
(C-14), 125.4 (C-1), 122.4 (C-2), 115.6 (C-6), 115.2
(C-18), 112.4 (C-19), 61.8 (C-8), 46.3 (C-10), 41.1
(C-13), 29.4 (C-16), 27.2 (C-12), 24.7 (C-17), 19.0
(C-11)0 VA -%od 5 3k g A 5, %utbs
Y4 W EHEFMTIC.

WEY 5: B EMARY), [a]D +1.76° (¢ 0.034,
MeOH); ESI-MS m/z: 215 [M]"; 'H-NMR (600 MHz,
CDCl3) 6: 8.61 (1H, s, -OH), 7.60 (1H, d, J = 9.0 Hz,
H-6), 7.31 (1H, d, J = 9.0 Hz, H-5), 7.10 (1H, d, J =
9.0 Hz, H-7), 5.01 (1H, dd, J = 10.2, 4.4 Hz, H-4),
3.89 (3H, m, -OMe), 2.94 (1H, m, H-2), 2.63 (1H, m,
H-2), 2.28 (1H, m, H-3a), 2.17 (1H, m, H-3b);
BC-NMR (150 MHz, CDCl3) d: 196.5 (C-1), 160.0
(C-8), 147.8 (C-10), 134.3 (C-6), 120.5 (C-9), 118.8
(C-7), 118.7 (C-5), 68.4 (C-4), 56.1 (C-11), 36.3
(C-2),31.3 (C-3). DA Xl 5 SCkap s 2 A — 5,
St s 2.

WY 6: FEMARY, [0 —11.6° (¢ 0.072,
MeOH); ESI-MS m/z: 208 [M]"; 'H-NMR (600 MHz,
CDCl3) &: 12.08 (1H, s, 8-OH), 7.26 (1H, s, 5-OH),
7.10 (1H, d, J= 9.0 Hz, H-7), 7.08 (1H, d, J= 9.0 Hz,
H-6), 6.87 (1H, d, J = 9.0 Hz, H-7), 4.93 (1H, dd, J =
9.6, 4.2 Hz, H-4), 3.56 (1H, s, -OMe), 2.87 (1H, dt,
J=17.4,49 Hz, H-2), 2.57 (1H, ddd, J = 17.4, 12.8,
4.9 Hz, H-2), 2.49 (1H, ddt, J = 12.8, 4.7, 4.6 Hz,
H-3), 2.20 (1H, ddd, J = 12.8, 9.6, 4.1 Hz, H-3);
BC-NMR (150 MHz, CDCl;) d: 203.1 (C-1), 156.8
(C-8), 147.6 (C-5), 127.0 (C-6), 124.1 (C-10), 118.8
(C-7), 115.0 (C-9), 77.3 (C-4), 55.4 (-OCH;), 35.4
(C-2),26.5 (C-3). LA - #ds 55 SCikI i SeA — 5,
EENAEY 6 49 4(S)- A HE-5,8- —FRhk- - 25 .
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WEY 7 REOITETER A (B LB,
mp 110~112 C, [a]% +40° (¢ 0.02, MeOH);
ESI-MS m/z: 192 [M]"; 'H-NMR (600 MHz, CDCls)
g: 12.08 (1H, s, 8-OH), 7.60 (1H, dd, J = 7.8, 1.2 Hz,
H-8), 7.31 (1H, t, J = 7.8 Hz, H-7), 7.26 (1H, s,
5-OH), 7.10 (1H, dd, J = 7.8, 1.2 Hz, H-6), 5.01 (1H,
dd, J = 102, 4.3 Hz, H-4), 3.56 (3H, m, 4-OCH3),
2.84 (1H, ddd, J=164, 6.6, 4.1 Hz, H-2), 2.57 (1H,
m, H-2), 2.50 (1H, m, H-3), 2.17 (1H, ddd, J = 13.6,
10.4, 4.1 Hz, H-3); "“C-NMR (150 MHz, CDCl;) 6:
196.3 (C-1), 147.6 (C-5), 132.7 (C-9), 129.3 (C-7),
127.0 (C-6), 126.6 (C-10), 119.2 (C-8), 77.3 (C-4),
55.3 (-OCHj3), 35.8 (C-2), 27.0 (C-3). VAL E¥di 53
Rk IE A S, Yo th &Y 7 o 4-FAE S-SR
B-o-PUS- 250 .

WEY 8: RO EH AR (BiR LB,
mp 74~76 °C, [a]5 +15° (c 0.18, MeOH); ESI-MS
miz: 178 [M]"; 'H-NMR (600 MHz, CDCl;) 6: 12.40
(1H, s, 8-OH), 7.51 (1H, d, J = 8.6, 7.6 Hz, H-6), 7.02
(1H, d, J= 8.6 Hz, H-5), 6.90 (1H, d, J = 8.6 Hz, H-7),
4.90 (1H, dd, J = 7.2, 3.6 Hz, H-4), 3.01 (1H, dd, J =
8.4, 4.8 Hz, H-2a), 2.65 (1H, dd, J = 8.4, 4.8 Hz,
H-2b), 2.36 (1H, m, H-3a), 2.23 (1H, m, H-3b);
BC-NMR (150 MHz, CDCl;) d: 204.3 (C-1), 162.7
(C-8), 145.9 (C-10), 137.0 (C-6), 122.8 (C-9), 117.8
(C-5), 117.4 (C-7), 67.7 (C-4), 34.6 (C-2), 31.2 (C-3).
DL_E$eds 5 scmkoE A A 80, SRk 8 A
B ZE 0 .

WA 9: IRFEMIRY, [a]p +3.8° (¢ 0.06,
MeOH); ESI-MS m/z: 194 [M]"; "H-NMR (600 MHz,
CDCly) 8: 12.02 (1H, s, 8-OH), 9.25 (1H, brs, 5-OH),
7.10 (1H, d, J= 9.0 Hz, H-6), 6.75 (1H, d, J= 9.0 Hz,
H-7), (1H, dd, J = 9.6, 4.8 Hz, H-4), 2.88 (1H, m,
H-2a), 2.67 (1H, m, H-2b), 2.42 (1H, m, H-3a), 2.22
(1H, m, H-3b); "*C-NMR (150 MHz, CDCls) 6: 203.0
(C-1), 156.7 (C-8), 147.4 (C-5), 127.0 (C-6), 126.9
(C-10), 118.7 (C-7), 114.8 (C-9), 67.2 (C-4), 35.5
(C-2), 31.4 (C-3). LA %l 55 Sk g 3 A — 5,
BB E 9 4,5,8- = F3E-1,2,3 4- DS Z5-1-1

&Y 10: LEHIRY, [o]y +10° (¢ 0.004,
MeOH): ESI-MS m/z: 162 [M]"; "H-NMR (600 MHz,
CDCls) 6: 4.48 (1H, dd, J = 6.1, 4.3 Hz, H-3), 4.23
(2H, q, J = 7.2 Hz, H-1"), 2.64 (2H, m, H-2), 1.23 (3H,

t,J =72 Hz, H-2"); C-NMR (150 MHz, CDCl;)
175.0 (C-4), 172.7 (C-1), 66.5 (C-1'), 61.8 (C-3), 37.9
(C-2), 13.6 (C-2"). LAt b5 cpkdpos s A5,
YA 10 3 RR-1- 2 LK.

WY 11 FERAR CFED, mp 161 C, [a])
+13° (¢ 0.009, MeOH): ESI-MS m/z: 176 [M]';
'H-NMR (600 MHz, DMSO-d¢) J: 4.51 (1H, t, J= 5.6
Hz, H-3), 4.26 (2H, t, J = 5.6 Hz, H-1"), 2.91 (2H, m,
H-2), 2.68 (2H, m, H-2'), 1.28 (2H, m, H-3") 1.28 (3H,
m, H-4"); *C-NMR (150 MHz, DMSO-d) 6: 177.2
(C-4), 172.2 (C-1), 64.7 (C-1), 30.6 (C-3), 28.9 (C-2),
19.7 (C-2'), 13.8 (C-4'). S ki, %efbsr
W R R R-1-5 ] TG

HEW 12: AEERIRES & (¥, mp 235 C,
ESI-MS m/zz 118 [M]" : 'H-NMR (600 MHz,
DMSO-d) 6: 2.50 (2H, m, H-2, 3); "“C-NMR (150
MHz, DMSO-dg) J: 173.6 (C-1), 29.2 (C-2, 3). LI I
Kot ks R A S, KoEtka i 12 T
—R.

&M 13: HEAR (FEE), mp75~77 C,
ESI-MS m/z: 178 [M]"; 'H-NMR (600 MHz,
DMSO-de) : 4.95 (1H, d, J = 4.8 Hz, 4-OH), 4.90
(1H, d, J = 4.8 Hz, 3-OH), 4.86 (1H, d, J = 5.6 Hz,
2-OH), 4.47 (1H, t, J = 6.0 Hz, 6-OH), 4.10 (1H, d,
J =178 Hz, H-1), 3.79 (1H, m, H-7a), 3.62 (1H, m,
H-6a), 3.45 (1H, m, H-6b), 3.41 (1H, m, H-7b), 3.09
(1H, m, H-5), 3.04 (2H, m, H-2, 4), 3.02 (1H, m, H-3),
1.12 (3H, t, J = 7.4 Hz, H-8); “C-NMR (150 MHz,
DMSO-dg) d: 103.1 (C-1), 77.3 (C-2), 77.2 (C-3), 73.9
(C-4), 70.6 (C-5), 64.3 (C-6), 61.6 (C-7), 15.6 (C-8).
L_E St 5 scmriE e A 50, Ktk s 13
A A

WA 14 3RO, [0]5 +22.5° (¢ 0.125,
MeOH); ESI-MS m/z: 203[M]"; 'H-NMR (600 MHz,
CDCl3) 6: 7.30 (1H, d, J = 8.8 Hz, H-8), 7.28 (1H, d,
J=8.8 Hz, H-5), 7.18 (2H, m, H-6, 7), 4.98 (1H, t, J =
4.3 Hz, H-4), 4.10 (1H, d, J = 6.4 Hz, H-1), 3.83 (1H,
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