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Chemical constituents of n-butanol fraction from green walnut husks of Juglans
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Abstract: Objective To study the chemical constituents of the n-butanol part which extracted from green walnut husks of Juglans
mandshurica with antitumor activity. Methods The chemical constituents from 95% EtOH extract of green walnut husks of J.
mandshurica at room temperature were isolated and prepared by silica gel column, reversed-phase ODS, and pre-HPLC after n-butanol
extraction, and their structures were elucidated by a variety of spectral and spectroscopic techniques. Results Eight compounds were
isolated and identified as 4-hydroxy-4-(3'-hydroxyphenol) butanoic acid-4-O-B-D-glucopyranoside ethyl ester (1), 4-hydroxy-
4-(3'-hydroxyphenyl) butyric acid-4-O-B-D-glucopyranoside methyl ester (2), 1,4,8-trihydroxynaphthalene-1-O-B-D-glucopyranoside (3),
1,4,8-trihydroxy-3-naphthoic acid ethyl ester-1-O-B-D-glucopyranoside (4), (45)-4,5,8-trihydroxy-o-tetralone-4-O-B-D-
glucopyranoside (5), (45)-4,5,8-trihydroxy-o-tetralone-5-O-B-D-[6'-O-(3",4",5"-trihydroxybenzoyl)] glucopyranoside (6), (4S)-4-
hydroxy-a-tetralone-4-O-3-D-(6'-O-4"-hydroxylbenzoyl)-glucopyranoside (7), and (4S)-4,5-dihydroxy-o-tetralone-4-O-f3-D-(6'-O-
4"-hydroxylbenzoyl)-glucopyranoside (8). Conclusion Compound 1 named juglanoside P and compound 2 namded juglanoside Q
are both new compounds.
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MRk Juglans mandshurica Maxim. & SHBEE!
Wk VE TR, Ay — R AL SRR, A A LR
AL X U, 5 AR H R BB A R, U
BT OFEAR), HAE TG AIREE A5 RIT 8
1R AR, O R e P 24 AN AR I R 7T R
P HAREA RIFHITUMRERCR, RE B2 M
HR, CeRHAERE, ERAAA. RS
WIXFRRCITR T RG0 8, K EER R
AZEM =, IR B N T IR A R AL
Ty, ARSEIGN R T B AU — B IT R IR B
T, P EARE 8 MEE, e 4-Fadk-4-(3- 5
B KW T MR -4-0-B-D- 1t s ) % 8 H £ B5
[4-hydroxy-4-(3'-hydroxyphenol) butanoic acid-4-O-f3-
D-glucopyranose ethyl ester, 1] 4-F25E-4-(3'- 523K
M) T IR-4-O-B-D-Mit i i %) 9% 1 H e [4-hydroxy-
4-(3'-hydroxyphenyl)-butyric acid-4-O-B-D-glucopyra-
noside methyl ester, 2]\ 1,4,8-=F%£25-1-0-p-D-Iit
g 4 %) % 7 (1,4,8-trihydroxynaphthalene-1-O-B-D-
glucopyranoside, 3). 1,4,8- =2 KE-3-ZEH R 2. li8-
1-0-B-D- Wt W % % B 7 C 1,4,8-trihydroxy-3-
naphthalenecarboxylic acid-1-O-B-D-glucopyranoside
ethyl ester, 4). (45)-4,5,8 =¥ 3-o-IU5H Z5Hi-4-0-
B-D- ML MR A K [(4S5)-4,5,8-trihydroxy-a-tetralone-
4-0-B-D-glucopyranoside, 5] (45)-4,5,8- =¥ 3%E-0-
VU & 25 i -5-0-B-D-[6'-0-(3",4",5"- = ¥% 3k 7% H ik
F) mEomg o A b [(49)-4,5,8-trihydroxy-o-
tetralone-5-O-B-D-[6'-O-(3",4",5"-trihydroxybenzoyl)]
glucopyranoside , 6] (45)-4- ¥ % -o- VU & 25 i
4-0-B-D-(6'-0-4"- 5 5 7% Il Ik ) Wik 1o 28] 4 Mt
[(45)-4-hydroxy-a-tetralone-4-O-p-D-(6"-O-4"-hydro-
xylbenzoyl) glucopyranoside, 7] (45)-4,5- —F¥3%-a-
PUE2EMA 4-O-B-D-(6'-O-4"-F2 2K HITgE £L) nikmsg i
% BE A [(49)-4,5-dihydroxy-a-tetralone-4-O-B-D-
(6’-0-4"-hydroxylbenzoyl) glucopyranoside, 8]. ft&
Y1 R 2 S, ol dn 4 O EIR Y P A
BRI T Qo
1 XFS5HH

AV-400 AU FRZHEILIRIC (Bruker A F]);
Q-TOF (ESD =4 #miiii (Waters AH]);
WRER (200~300 H) I E GRSl
R HEaRE A ODS (Rifg 50 um, Jba4t
PR EARARD;: 515-2414 %M Ak
WS (Waters 7)) T2 0 URH 1))

Rtaikal; KR A4l

AR T 2016457 AR A HFHREK AL
X, &EILHEZA R 250 R B EEN
AR EHEYIRZ MR Juglans Mandshurica Maxim H]
REEINR R, brA (20160711) {RAET BT
R 25 K5 R 240 5 B =
2 ERESE

WA R A ZH (10.0 kg) &4, LA
8 5 95% CLME=IIRIE 7 d, WEIEHR, i
EER 3, WIERGESENRE (6843 ). ZEMN
EEAMKSEE, WRIKH &R, BRR B X
IKYLFI)IE T B 22 IR AL, iR A5 2 1E T BEAEHUGH
PRE (148.0 g)o EEBM AR GG 5, Pl
S GE-HEE (1:0—0: 1) BREESRM, 753 5 N
f3 Fr. 1~5. Fr. 3 &k ODS A filk, HfiE-
K (10%- 40%- 60%-. 100%) BHEFEVLHL, K%
HPLC (HEE-7K 25 75) il %%, 4454 1 (5.2 mg)
A2 (7.6 mg); FEE& YoM £ HPLC (HEE-7K 35 1 65)
H4%, B4bEW 5 (44mg). 7 (3.9mg) A8 (5.1
mg). Fr. 4 1 & ODS A (i, FEE-7K (10%.
40%-~ 60%- 100%) BHEEGENL, F-il4 HPLC (H
BE-7K 20 : 80) fill &, 346EH 3 (6.5 mg) 14 (5.9
mg); FEFH % HPLC (HEE-/K 30 700 #1145,
B EY 6 (5.5mg).
3 ST

wEY 1. aERY) . HR-ESI-MS m/z:
409.388 2 [M+Na]", RILLAEY 1 FIAHX 77 &
N 386, 4 TN CisHasOso 'H-NMR (400 MHz,
CD;OD) i, 7EMKIAIX ¢ 6.83 (1H, s), 6.67 (1H,
dddd, J = 1.2, 2.3, 8.2, 10.6 Hz), 7.11 (1H, t, J = 7.7
Hz) 1 6.81 (1H, s) 4bn] BB WS RZRIA 1)+
55, f£ 0437 (1H, d, J=8.7 Hz) &b A4 %kl Ik
JRFAES, AR LA G S i LR N B A 2R
BC-NMR (100 MHz, CD;OD) i} DEPT i, &
NE 18 MRS S, A 1 AFEE, 4 MEFE, 10
ANKFIER 3 NZRR . 6 145.0 (C), 114.7 (CH), 158.4
(C), 115.4 (CH), 130.1 (CH) A1 119.0 (CH) ANZHf
FHIBRIES: § 103.9 (CH), 75.5 (CH), 77.8 (CH),
71.6 (CH), 78.1 (CH) 162.7 (CHy) N7 &k
WES. &4 1 1 'TH-NMR #1 PC-NMR 314
TS AN I8 WK 1. FR, HMBC (K 1) i
BR 2 M HEES 6 2.36 (2H, m), 2.14 (1H, m),
2.04 (1H, m), 1 M&EHRHE64.72 (1H, t, J=6.2
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F1 &4 175028 "H-NMR 1 “C-NMR 89#{#E (CD;0D)
Table 1 'H-NMR and *C-NMR data of compounds 1 and 2 (CD;0D)
N 1 2
AL o S¢ o Sc

1 175.5 175.9
2 236(m) 30.9 2.36 (m) 30.6
3 2.14 (m), 2.04 (m) 329  2.13 (m), 2.02 (m) 32.8
4 472(t,J=62Hz) 81.8 4.72(t,J=6.2Hz) 81.8
5 145.0 145.0
6  6.83(m) 1147 6.83 (m) 114.7
7 158.4 158.4
8  6.67(ddd,J=12,2.2,8.0 Hz) 1154 6.67 (ddd,J=2.2,2.4,7.7 Hz) 115.4
9  7.11(t,J=7.7Hz) 130.1  7.12(t,J=7.7 Hz) 130.1
10 6.81(m) 119.0 6.81 (m) 119.0
11 4.10(q,J=7.1Hz) 615 3.62(s) 52.1
12 122(t,J=7.1Hz) 14.5

1’ 437(d,J=7.6Hz) 103.9 4.38(d,J="7.6 Hz) 103.8
2" 324(dd,J=17.7,9.1 Hz) 75.5 3.24(dd,J=17.7,9.1 Hz) 75.5
3" 3.34(dd,J=10.0, 8.0 Hz) 78.1 3.34(dd,J=8.9,9.1 Hz) 78.2
4 325(t,J=9.5Hz) 71.6  325(t,J=9.5) 71.6
5" 3.14(ddd,J=9.5,5.7, 2.5 Hz) 77.8  3.14(ddd,J=9.5,5.7,2.5 Hz) 77.8
6'  3.53(dd,J=5.7,12.0Hz),3.69 (dd,/=2.5,12.0Hz)  62.7 3.53(dd,J=5.7,12.0 Hz),3.69 (dd,J=2.5,120Hz)  62.8
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Hz) 5 C-1 7Bt 6 175.5 BB MIE, LR asi) A
B A4-RETREWA B, HZMEES 1 4NCER
BUHHOR, Wi -CH,CH; tEEAE C-1 A8 L.
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PE b MG P FRRET C-4 R AL AT DU
i Mosher ERfRE, 1 CTEM B EREIEH R /KRS
FH TG 1a, RfFHE—H505 (R)-(—)-MTPA-CI
(S)-(+)-MTPA-C1 ¥, A= i HUAR =4 1b Fil 1e. 5
(R)-MTPA R4 1¢ FHELEL, (S)-MTPA B8 {L4))
1b (1) H-2 1 H-3 A% 4608%, H-6 A1 H-10 [7]53%
ke, MR I B AR P B AE ARk AT A
HisE C-4 ARG R (& 2) 1,
ZSCERBARDIIT LR B, LA 1 5 SCERRIE
(1] juglanoside H &5 #4#Hix HAYRAHFE], &1 R
HC1 M. HER ST 1 KI5EHR
4(R)-F2 - -4-(3"-F2 B K )) T IR -4-O-B-D- ik Fee 7] ]
PEE 2f5, WL 3. £ Scifinder MR EL &Y 1

+0.09

OH OH
-0.11
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COOCH,CHy—> COOCH,CH; —» COOCH,CH;
i 011 i
= OH OR
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Fig.2 AJ values (d5-Jg) obtained from mono-Mosher esters of compound 1
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NHEY, W NTANEE P.
WEY) 2: LT E TEH K« HR-ESI-MS m/z:
395.359 3 [M+Na]", £ILEW 2 I XT 7

OH
7
8 6
511
4 24 COOR
OH .
g6, 10
HO 1.0 1: R;=CH,CHj
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3 ka1 Fn2 B

Fig. 3 Structures of compounds 1 and 2
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gt dEE AL, A C-1 A7 B _E B A 3 ] R 2
RE T o, AEHIRILE 1. hEW 2 17t
ki C-4 B At 38 1 Mosher V28 2, A3 T
KLFEMAEY 1. HE 4 BoR1 AS BUAFRFE, 1
WwEY 2 511G 18 4 EAHE, B8R
o ALE Y 2 (1 "H- T BC-NMR #0815 S0k
I8 1) juglanoside H #HAD!, £ Scifinder ¥ Z i 5&
WED 2 LAY, 2 N Q, 45t
W 3,

OH

-0.12 ¢ +0.10
OR

OH
-0.12
+0.04
o COOCH; —» COOCH; —» COOCH;
o i
HO 0
HO&O
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Fig. 4 AJ values (d5-dy) obtained from mono-Mosher esters of compound 2

&Y 3. WO ERMAK. HR-ESI-MS m/z:
339.331 3 [M+H]", RBLEY 3 AHXS 2T &
N 338, TN CiHigOgs. 'H-NMR (400 MHz,
CD;0D) ¢: 6.71 (1H, d, J = 8.6 Hz, H-2), 7.23 (1H, d,
J = 8.6 Hz, H-3), 6.80 (1H, dd, J = 7.8, 1.2 Hz, H-6),
7.26 (1H, dd, J = 8.8, 7.8 Hz, H-7), 7.64 (1H, dd, J =
8.8, 1.2 Hz, H-8), 4.98 (1H, d, J = 7.8 Hz, H-1"), 3.53
(1H, dd, J = 9.0, 7.8 Hz, H-2'), 3.49 (1H, m, H-3"),
3.42 (1H, m, H-4"), 3.50 (1H, m, H-5"), 3.74 (1H, dd,
J=12.0, 5.8 Hz, H-6'), 3.94 (1H, dd, J = 12.0, 2.1 Hz,
H-6"); “C-NMR (100 MHz, CDCls) 6: 150.9 (C-1),
108.3 (C-2), 113.0 (C-3), 148.9 (C-4), 155.0 (C-5),
112.6 (C-6), 127.2 (C-7), 114.8 (C-8), 129.3 (C-9),
117.6 (C-10), 105.0 (C-1'), 75.2 (C-2'), 78.1 (C-3"),
71.5 (C-4"), 78.8 (C-5"), 62.6 (C-6"). L%l 5 ik
I R — B0, MO e A 3 O 1,4,8- =53
25-1-O-B-D- MR ] 25 B o

&y 4. 0K K. HR-ESI-MS m/z: 411.371 1
M+H]", RELEY) 4 (AR5 FFEN 410, 4
T3 C1oH»O010. 'H-NMR (400 MHz, CD;OD) 6:
7.71 (1H, s, H-2), 7.00 (1H, dd, J = 1.0, 7.7 Hz, H-5),
7.41 (1H, t, J= 7.7 Hz, H-6), 7.86 (1H, dd, J= 1.0, 7.7
Hz, H-7), 4.99 (1H, d, J = 7.6 Hz, H-1"), 3.53 (1H, m,
H-2), 3.54 (1H, m, H-3"), 3.43 (1H, m, H-4"), 3.45
(1H, m, H-5"), 3.98 (1H, dd, J = 2.1, 12.2 Hz, H-6'a),

3.77 (1H, dd, J = 5.5, 12.2 Hz, H-6'b), 4.45 (1H, dq,
J = 3.6, 17.7 Hz, H-2"), 142 (1H, t, J = 7.2 Hz,
H-3"); C-NMR (400 MHz, CD;OD) &: 148.1 (C-1),
109.9 (C-2), 105.6 (C-3), 155.1 (C-4), 116.1 (C-5),
128.8 (C-6), 116.1 (C-7), 158.1 (C-8), 120.1 (C-9),
131.2 (C-10), 105.5 (C-1'), 78.8 (C-2'), 75.0 (C-3"),
71.4 (C-4"), 78.3 (C-5'), 62.3 (C-6a), 171.9 (C-1"),
62.6 (C-2"), 14.4 (C-3")o VA H¥s 5 Sk A i i £
5, MEEREY 4 4 1,4,8- =325
W& 2,185 - 1-O-B-D-MH Wi 81 4 B

tEY 5. HETERMAK. HR-ESI-MS m/z:
357.116 8 [M+H]", RUMLAED S FIAHXS 41 &
N 356, 7 THN CieHyO9. 'H-NMR (400 MHz,
CD;OD) &: 3.21 (1H, ddd, J = 18.0, 13.8, 4.8 Hz,
H-2a), 2.53 (1H, dt, J = 18.0, 3.8 Hz, H-2b), 2.18 (1H,
tdd, J = 13.8, 3.8, 3.0 Hz, H-3a), 2.48 (1H, m, H-3b),
5.42 (1H, t, J = 3.0 Hz, H-4), 7.10 (1H, d, J = 9.1 Hz,
H-6), 6.83 (1H, d, J = 9.1 Hz, H-7), 4.52 (1H, d, J =
7.8 Hz, H-1'), 3.16 (1H, dd, J = 8.9, 7.8 Hz, H-2),
3.31 (1H, m, H-3"), 3.31 (1H, m, H-4"), 3.32 (1H, m,
H-5'), 3.70 (1H, dd, J = 12.1, 4.8 Hz, H-6'a), 3.92 (1H,
dd, J = 12.1, 1.8 Hz, H-6'b); “C-NMR (100 MHz,
CD;0D) 8: 207.0 (C-1), 34.2 (C-2), 29.8 (C-3), 69.3
(C-4), 148.5 (C-5), 127.2 (C-6), 119.8 (C-7), 157.4
(C-8), 116.9 (C-9), 127.6 (C-10), 103.5 (C-1"), 75.4
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(C-2"), 78.3 (C-3"), 71.8 (C-4'), 78.0 (C-5'), 62.9
(C-6")o LA Hde 5 SCmk b i it ot — 5, e
a5 N (45)-4,5,8 =¥ 3E-0-TU S Z5HR-4-0-B-D-
EL et ] 22 R T

G 6: W T E K K « HR-ESI-MS m/z:
509.139 5 [M+H]", KIWED 4 X4 TR E
9508, 4 FRA CrsHpgOr3. 'H-NMR (400 MHz,
CD;0D) §: 2.51 (1H, dd, J = 17.8, 3.5 Hz, H-2a), 3.04
(1H, ddd, J = 17.8, 11.8, 6.5 Hz, H-2b), 2.14 (1H, m,
H-3), 5.34 (1H, t, J = 3.2 Hz, H-4), 7.43 (1H, d, J =
9.2 Hz, H-6), 6.78 (1H, d, J= 9.2 Hz, H-7), 4.79 (1H,
d, J=17.7 Hz, H-1'), 3.54 (1H, t, J = 8.0 Hz, H-2"),
3.52 (1H, m, H-3'), 3.45 (1H, m, H-4"), 3.69 (1H, td,
J=17.8,1.9 Hz, H-5"), 4.44 (1H, dd, J = 11.6, 6.8 Hz,
H-6'a), 4.55 (1H, dd, J = 11.6, 2.1 Hz, H-6'b), 7.08
(2H, s, H-2", 6”); “C-NMR (100 MHz, CD;OD) &:
206.0 (C-1), 33.7 (C-2), 30.1 (C-3), 61.2 (C-4), 148.7
(C-5), 129.0 (C-6), 119.5 (C-7), 159.6 (C-8), 116.0
(C-9), 135.1 (C-10), 104.7 (C-1'), 75.2 (C-2), 77.8
(C-3"), 71.8 (C-4"), 75.6 (C-5), 64.5 (C-6'), 121.0
(C-17), 1103 (C-2"), 146.8 (C-3"), 1402 (C-4"),
146.7 (C-5"), 110.3 (C-6"), 168.2 (C-7"). 1L &M 6 11
'H- 1 PC-NMR ¥ 5 SCiik o ot — 2™, i
KEEY 6 N (45)-4,5,8- =K -o- VU A 25 -5-
O-B-D-[6"-0-(3",4",5"- = 32 HE 7 W IR 3L )] 1it e 7 45
BEEF

a7 HOTERM A, HR-ESI-MS m/z:
445.026 2 [M+H]", RKHLEY 3 FIAHX 77 &
N 444, 5T N CrHasOge 'H-NMR (400 MHz,
CD;0D) §: 2.88 (1H, ddd, J = 4.6, 9.0, 17.5 Hz,
H-2a), 2.42 (1H, ddd, J = 4.6, 6.5, 17.5 Hz, H-2b),
2.34 (1H, dddd, J=2.2, 4.6, 9.0, 13.4 Hz, H-3a), 2.29
(IH, dddd, J = 3.8, 4.5, 6.5, 13.4 Hz, H-3b), 4.99 (1H,
dd, J = 3.6, 6.5 Hz, H-4), 7.66 (1H, brd, J = 7.7 Hz,
H-5), 7.52 (1H, dt, J = 1.2, 7.7 Hz, H-6), 7.43 (1H, dt,
J=12,7.7Hz, H-7), 7.95 (1H, dd, J = 1.2, 7.6 Hz,
H-8), 4.43 (1H, d, J = 7.6 Hz, H-1"), 3.35 (1H, m,
H-2'), 3.36 (2H, dd, J = 2.2, 7.0 Hz, H-3', 4'), 3.62
(1H, m, H-5"), 4.66 (1H, dd, J = 2.2, 11.8 Hz, H-6'a),
447 (1H, dd, J=7.2, 11.8 Hz, H-6'b), 7.96 (1H, d, J =
8.7 Hz, H-2"), 6.84 (2H, d, J = 8.7 Hz, H-3", 5"), 7.95
(1H, d, J = 8.8 Hz, H-6"); "*C-NMR (100 MHz,
CD;0D) §: 200.1 (C-1), 35.6 (C-2), 31.2 (C-3), 75.8

(C-4), 130.1 (C-5), 134.7 (C-6), 129.5 (C-7), 127.9

(C-8), 132.8 (C-9), 143.9 (C-10), 103.7 (C-1"), 75.2

(C-29, 78.1 (C-3"), 72.2 (C-4"), 754 (C-5"), 65.2

(C-6", 122.2 (C-1"), 132.9 (C-2"), 116.3 (C-3"), 163.8

(C-4M),116.3 (C-5"), 132.9 (C- 6”) 167.9 (C-7"). LAl
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(1H, d, J = 7.8 Hz, H-1"), 3.22 (1H, m, H-2'), 3.39

(2H, m, H-3', 4'), 3.66 (1H, m, H-5"), 4.63 (1H, dd, J =

2.2, 11.6 Hz, H-6'a), 4.43 (1H, dd, J = 6.8, 11.6 Hz,

H-6'b), 7.96 (1H, dt, J = 2.6, 8.8 Hz, H-2", 6"), 6.85

(2H, dt, J = 2.6, 8.8 Hz, H-3", 5"); "C-NMR (100

MHz, CD;0D) ¢: 200.9 (C-1), 33.8 (C-2), 30.1 (C-3),

69.9 (C-4), 157.1 (C-5), 122.0 (C-6), 130.5 (C-7),

118.8 (C-8), 134.4 (C-9), 129.6 (C-10), 103.8 (C-1"),

75.3 (C-2"), 78.1 (C-3"), 72.0 (C-4"), 75.7 (C-5"), 65.1

(C-6"), 121.9 (C-1"), 133.1 (C-2"), 116.2 (C-3"), 163.5

(C-4M), 116.0 (C-5"), 133.1 (C- 6”) 168.1 (C-7"). LAl
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