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Isolation and identification of three new compounds from Zingiber
officinale (Ginger) peel
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(1. School of Pharmacy, Henan University of Chinese Medicine, Zhengzhou 450046, China; 2. School of Food
Engineering and Biotechnology, Guangdong Provincial Key Laboratory of Functional Substances in Medicinal Edible
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Abstract: Three new compounds were isolated from the n-butanol fraction of Zingiber officinale (Ginger)

peel by MCI Gel CHP-20, Sephadex LH-20, ODS and semipreparative high performance liquid chromatography.

Their structures were identified as dendranthemoside C (1), zingpyranoside E (2), zingpyranoside F (3) by 1D-NMR,
2D-NMR, HR-ESI-MS, circular dichroism (CD) and ECD calculation techniques.
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Figure 1 Structures of compounds 1-3

5.3 Hz, H-8)], | M&ERH EE(E 5 [0, 3.73 BH, s, 10-
OCH,)], 3 MK HIEEAES [6,4.72 (1H, d, J= 5.2 Hz,
H-9), 3.80 (1H, tt, J = 11.6, 4.6 Hz, H-4), 1.96 (1H, dqd,
J=13.6, 6.8, 3.8 Hz, H-2)], 2 M F LA (55 [d, 1.66
(1H, m, Ha-3), 1.40 (1H, m, Hb-3), 1.66 (1H, m, Ha-5),
1.40 (1H, m, Hb-5)], 3 ™MHIEZA(E 5 [J, 0.98 (3H, s, H-
11), 0.85 (3H, s, H-12), 0.81 (3H, d, J = 6.8 Hz, H-13)];
43HT°C NMR (CD,0D, 125 MHz) i (% 1) 454 HSQC
TEAF AL A VR AATE 14N IRAE 5, B3 1D IRIEE R
[0 175.0 (C-10)], 2 > XUEE % [0, 138.4 (C-7), 128.2 (C-
8)], 4 N EH sp® B ALK [0, 78.4 (C-1), 67.4 (C-4), 72.7
(C-9), 52.5 (10-OCH,)], 1 ™2k [6,. 40.6 (C-6)], 2 M.
H B % [0, 39.8 (C-3), 45.9 (C-5)], 1 ™R H J: B% [o,
35.5 (C-2)], 3 /™ H JE B [0, 25.7 (C-11), 25.1 (C-12),
16.4 (C-13)], L E &R HEM AL & 20 1 Rt el o AE
'H-'H COSY i (& 2) # 7] ). H-2/Ha-3, Ha-3/H-4, H-4/
Hb-5, H-7/H-8, H-8/H-9, H-2/H-13 A5 15 5, 4 &
HMBC i (&2) &R H-2 5 C-6 1 13-CH, #H2%; Ha-3
5 C-1.C-2.C-4 f C-5 #HK; Hb-5 5 C-1.C-3.C-4 Al
C-6 #17%; H-75 C-1.C-8 Al C-9 #15%; H-8 5 C-7.C-9 Fll
C-10 #119€; 10-OCH, 5 C-10 #1 2%, HEM bbb &9 5

Table 1 'H (500 MHz) and "*C (125 MHz) NMR data of 1 in CD,0D

BRI IE 1Y (8E,9R)-ethyl-7-(3S,5R,6S)-3,6-dihydroxy-
1,1,5-trimethylcyclohexyl-9-hydroxybut-8-enoate 25 #4J 4
L, ANE Z A E TS LI C-10 RLiERE T — N H A
5, UL E P IS . LAY 1 NOESY #f (K2)
W, 7 1/F H-2/H-4, H-2/H-7 #1 H-7/H-9 [\ #5545 5, iF
i 1-OH.4-OH Il CH,-13 A7 TR~ [F ], B el i
AR RN (18% 2R*,48%) . C-9 [ HH #4733 & 1
b 2% 3 B 75 3% (B3LYP/6-311G(d, p), MeOH) 3k 73,
THE T (18*,2R* 45* OR*) I (1S*,2R* 4S*,95%) ¥ F
FA T NMR B4, 5K FH DP4-+73 41 R B (1%, 2R*,45%,
OR*) 7R fi i I AE € 100.00%, 4k 2, i i it 5 ECD
KL (18,2R,4S,9R) 11 %5 55 92 P & (18] 3) B A A1
7], H1 AT e AL & 1 40 # 84R (1S,2R,48,9R) .
R BTk, #E b &1 558 A (TE,9R)-methyl-7-
(1S,2R,4S) -1, 4-dihydroxy-2, 6, 6-trimethylcyclohexyl-9-
hydroxybut-8-enoate, i % A dendranthemoside C.
A2 NI PR, (o] —41.2 (c 0.12, MeOH);
HR-ESI-MS [M+Na]" m/z 591.204 8, #Eill 7 7+ A
C,,H,,0,,, AMFIE 4 10. "HNMR (CD,0D, 500 MHz)
B (R2) Bon A 1,3,4-“HACK R EE T [6, 7.16
(1H, d, J = 2.6 Hz, H-2"), 6.93 (1H, dd, J = 8.2, 2.0 Hz,
H-6'), 6.79 (1H, dd, J = 8.2, 1.8 Hz, H-5"), 7.15 (1H, d,
J =3.6 Hz, H-5"), 6.87 (1H, d, J = 1.8 Hz, H-2"), 6.74
(1H, d, J = 8.2 Hz, H-6")], 5 NM#E AKX F EHEAE 5 [0,
4.55 (1H, dd, J = 11.6, 2.2 Hz, H-1), 423 (1H, t, J =
2.7 Hz, H-3), 3.60 (1H, td, J = 12.1, 2.2 Hz, H-5), 3.41
(1H, td, J = 4.9, 3.0 Hz, H-6), 4.76 (1H, d, J = 3.0 Hz,
H-7], 2 M H A EAAE T [0, 3.91 (3H, s, 3'-OCH,),
3.68 (3H, s, 3"-OCH,)], 2 ™. H FL & 15 5 [J, 1.68
(1H, ddd, J = 13.9, 11.6, 2.7 Hz, Ha-2), 1.80 (1H, dd, J =
13.9, 2.6 Hz, Hb-2), 1.45 (1H, dd, J = 14.3, 2.7 Hz, Ha-4),
2.04 (1H, ddd, J = 14.3, 12.1, 2.7 Hz, Hb-4)] F1— 41§
EfE5 [6,4.90 (1H, d, J= 7.2 Hz, H-1"), 3.40~3.88
(6H, H-2"~6™")]. 43 #1"”°C NMR (CD,OD, 125 MHz)
B (3R 2) H45E HSQC IEHEMI 1L &4 2 H AF1E 27 A Bk
&%, B4 2 KRB 12 MKk [, 139.7 (C-1), 111.8

No. H (Jin Hz) C No. H (Jin Hz) C

1 78.4 8 5.78 (1H, dd, 15.7, 5.3) 128.2
1.96 (1H, dqd, 13.6, 6.8, 3.8) 35.5 9 472 (1H,d, 5.2) 72.7

3 1.66 (1H, m) 39.8 10 175.0
1.40 (1H, m)
3.80 (1H, tt, 11.6, 4.6) 67.4 10-OCH, 3.73 (3H, s) 52.5

5 1.66 (1H, m) 45.9 11 0.98 (3H, s) 25.7
1.40 (1H, m)

6 40.6 12 0.85 (3H, s) 25.1

7 5.83 (1H, d, 15.7) 138.4 13 0.81 (3H, d, 6.8) 16.4
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Figure 2 Key 'H-'H COSY HMBC and NOESY correlations of compounds 1-3
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Figure3 Experimental and calculated ECD spectra of compound 1

(C-2"), 150.8 (C-3'), 147.1 (C-4"), 115.9 (C-5"), 119.5 (C-
6'), 134.6 (C-1"), 111.4 (C-2"), 148.7 (C-3"), 147.0 (C-
4"), 117.9 (C-5"), 120.6 (C-6")], 1 ALt [0, 75.0 (C-
1), 41.5 (C-2), 65.5 (C-3), 35.0 (C-4), 73.1 (C-5), 79.7
(C-6), 76.7 (C-7)] Fl—HWEM TR 1E 5 [J. 103.0 (C-1"),
74.9 (C-2"), 78.2 (C-3™), 71.3 (C-4"), 77.8 (C-5"), 62.5
(C-6™], LA b #¥s 5 k" 3E (1S,3R,5R,6R)-2-(4-
hydroxy-3-methoxyphenyl)-6-[1-hydroxy-2- (4-hydroxy-
3-methoxyphenyl)ethyl]-tetrahydropyran-4-ol-4"-O-f-D-
glucopyranoside fH 1, AN [A] 2 &b 7E T 6 & 4 2 1) H-7
(6, 4.76) F1C-7 (5. 76.7) ¥IIMEIH AL B, $eR L&) 2
(1 C-TAL e Y 2 %4 T —AF2dk. £ 'H-'H COSY
W (B 2) H H-1 1 H-2 A8 ¢, H-3 F1 H-2/H-4 #15¢, H-4
FITH-3/H-5#15%, H-5 FIl H-4/H-6 #1%, H-6 F11 H-5/H-7 A
K, H-7 F1 H-6/H-2"/H-6" 1 5%, i 454 HMBC i (K 2)

HILH-1 5 C-3.C-5.C-1"A1 C-2'H1 5%; Ha-2 55 C-1 ]
5%; Hb-4 5 C-3 195, H-7 5 C-6.C-1"H1 C-2"#{13%; H-1"
5 C-4"#12%; 3-OCH, 5 C-3'#15%; 3"-OCH, 55 C-3"#]
%, VL EAHAGE SWIE T & 2 P45k . @it
P2 7K g FIATT AR AN 9T &5 G o 25 5T 1 H-1" RS & 8 2K
(J="17.2 Hz) B @& PN p-D L. b1 H-1 AR &5 5
(J=11.6 Hz) 7] LAH € H-1 £ T B L8, #1454 NOESY
i (& 2) 71 H-1/H-5, H-3/H-6 /7 {E W] B AH 2%, 454 H-5
[R5 A8 20 (J = 12.1 Hz) HE W H-1 81 H-5 577 41 [F] 3
{7 F B 78 NOESY 3 (2) & WL H-1/H-3 5 H-3/H-5,
H-5/H-6 AR5 5, 455 H-3 & %8 (J= 2.7 Hz)
A2 2 SC R HE W H-3 A1 H-1.H-5 81 [ M &, 07 1-°F
Rt E . MR H-6 (J=4.9, 3.0 Hz) f1H-7 (J = 3.0 Hz)
AIHENT 6-OH Al 7-OH A7 TG AL . C-6 1 C-7 AR XS
AL ok & A UL U7 (B3LYP/6-311G(d,p),
MeOH) 345, 1+ T (15*3R* 5R* 6R*,TR*).(15* 3R*,
5R* ,6R*,75%)(15% 3R* 5R*,65* TR*) il (15* 3R* 5R*,
65*,75*) DY i #4784 ) NMR ¥4, K DP4+% #7 & B1L
(18*,3R*,5R* ,6R*,75*) .7 Hi 8t = IR ME R 100.00%, 4k
2, 8L it ECD &3 (1S,3R,5R,6R,7S) (H#a%h 55z
Mg (B 4) FEAMIE. 28 BT, Bt &2 04
N (18,3R,5R,6R,7S)-2-(4-hydroxy-3-methoxyphenyl)-
6-[1,2-dihydroxy-2-(4-hydroxy-3-methoxyphenyl)ethyl]-
tetrahydropyran-4-ol-4"-O-f-D-glucopyranoside, i1 4 N
zingpyranoside E.

1AW 3 8k 3 R, [a]p —26.4 (c 0.12,
MeOH); HR-ESI-MS [M+Na]” m/z 591.204 8, £l 5 1
N C,H,0,,, AMIAE N 10. 7E'H NMR (CD,0D,
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Table 2 'H (500 MHz) and "*C (125 MHz) NMR data of compounds 2, 3 in CD,0D
No. - 2 - 3
H (Jin Hz) C H (Jin Hz) C
1 455 (1H, dd, 11.6,2.2) 75.0 451 (1H, dd, 11.5,2.3) 752
2 1.68 (1H, ddd, 13.9, 11.6, 2.7) 415 1.71 (1H, ddd, 14.0, 11.5,2.7) 41.4
1.80 (1H, dd, 13.9, 2.6) 1.78 (1H, dd, 12.1, 2.0)
3 423 (1H,1,2.7) 65.5 423 (1H,1,2.7) 65.6
4 2.04 (1H, ddd, 14.3,12.1, 2.7) 35.0 2.04 (1H, ddd, 14.0, 12.2,2.7) 35.0
1.45 (1H, dd, 14.3,2.7) 1.45 (1H, dd, 13.8, 2.2)
5 3.60 (1H, td, 12.1,2.2) 73.1 3.60 (1H, td, 12.2, 2.3) 733
6 3.41 (1H, td, 4.9, 3.0) 79.7 3.40 (1H,td, 7.7, 3.9) 79.6
7 4.76 (1H, d, 3.0) 76.7 4.80 (1H, d, 7.7) 76.5
1’ 139.7 136.2
2! 7.16 (1H, d, 2.6) 111.8 7.07 (1H, d, 1.9) 110.8
3’ 150.8 149.0
4’ 147.1 147.4
5 6.79 (1H, dd, 8.2, 1.8) 115.9 6.77 (1H, d, 8.2) 115.9
6’ 6.93 (1H, dd, 8.2, 2.0) 119.5 6.82 (1H, dd, 8.2, 1.9) 119.6
1" 134.6 138.2
2" 6.87 (1H, d, 1.8) 111.4 6.97 (1H, d, 1.9) 112.6
3" 148.7 150.5
4" 147.0 146.8
50 7.15 (1H, d, 3.6) 117.9 7.13 (1H, d, 8.3) 1177
6" 6.74 (1H, d, 8.2) 120.6 6.91 (1H, dd, 8.2, 1.9) 120.6
1 490 (1H, d, 7.2) 103.0 489 (1H, d, 7.2) 102.9
o 3.49 (1H, m) 74.9 3.48 (1H, m) 74.9
3" 3.40 (1H, m) 78.2 3.39 (1H, m) 782
4m 3.40 (1H, m) 713 3.39 (1H, m) 71.4
5 3.49 (1H, m) 77.8 3.48 (1H, m) 77.9
6" 3.71 (1H, m) 62.5 3.68 (1H, m) 62.6
3.88 (1H, m) 3.87 (1H, m)
3"-OCH, 3.91 3H, s) 56.8 3.89 3H, 5) 56.5
3"-0CH 3.68 3H, 5) 56.2 3.70 (3H, 5) 56.4

Experimental ECD spectrum of 2
— = - Calculated ECD spectrun of (15,3R,5R,6R,75)-2
’ — = - Calculated ECD spectrun of (1R,3S,5S,6S,7R)-2
404 Experimental ECD spectrum of 3
= = - Calculated ECD spectrun of (15,3R,5R,6S5,75)-3
\ ~ = - Calculated ECD spectrun of (1R,3S,55,6R,7R)-3

60
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Figure 4 Experimental and calculated ECD spectra of compounds
2,3

500 MHz) i (3 2) f1°C NMR (CD,0D, 125 MHz) i
(R 2) B AL G P 2 dEH AHAL, 454 'H-'H COSY 1%
(&l 2) # H-1/H-2, H-2/H-3, H-3/H-4, H-4/H-5, H-5/H-6,
H-6/H-7, H-2"/H-6" [} 41 5% {5 5, LA & HMBC ¥ (/& 2)
f1 H-1/C-3, C-5, C-1', C-2"; H-2/C-1; H-4/C-3; H-7/C-6,
C-1", C-2"; H-1"/C-4"; 3'-OCH,/C-3'; 3"-OCH,/C-3" ]

MIRAE S, BRI 3 5 2 BA 58 A E 1T T 454
K 50 A1 2 M TR 7 150 52 Bl L R B-D- 7 % Bl
FR 4% H-1 FI#5 45 % (J = 11.5 Hz) NOESY i (K] 2)
H-1/H-5 [ B 5 AH 2 HE 0 H-1 F0 H-5 5 Wm0 41 15 3247 T
B 78, T H-3 5 H-1.H-5 L NOESY #2155, f4E S
H-3 [R5 &5 3 (J = 2.7 Hz), #EW H-3 62 PR
AH-VH-58AFM & . S5HED2 A FM &, RHEH-6
(J=17.7,3.9 Hz) A1 H-7 /) (J = 7.7 Hz) A #EWi 6-OH 1
7-OH A J- Ak AL . [FAE, SR & 7 1H B NMR
[ 75 1% [B3LYP/6-311G(d,p), MeOH] i i€ T C-6 Al C-7
AR R ALY (18% 3R*,5R*,65*,75%), #2% 100.00%, H:
IH5 ECD (K 4) ifi e H 4 4 8h (1S,3R,5R,6S,75)-
g B RTIR, B B 3 458 (18,3R,5R,68,7S)-2-
(4-hydroxy-3-methoxyphenyl) -6- [1, 2-dihydroxy-2- (4-
hydroxy-3-methoxyphenyl)ethyl] -tetrahydropyran-4-ol-4"-
O-B-D-glucopyranoside, i % A zingpyranoside F.

KIS

Triple TOF 6600 7 i 23 A €2 1 — i 53 ko 1 1k
FHAX (35[E AB SCIEX /A 71); LC-52 T - il 5% Y AH 2 1
A (1 2 B L B A BR A FD); Rudolph AP-IV
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R e Y6 A (32 E Rudolph 2 #]); Bruker AM-500 MHz #%
T 3t B 1% B 5 A% B 3k R A (TMS i 9 A, 18
Bruker A &); Thermo EVO300 48403 % & 11 . Thermo
Nicolet IS10 £L41 6 1% 4% (3% [H Thermo Scientific 24 );
RE-5210A B JjE #% 28 AL (L W o2 AE A 2% ) ); N-
1100 7 Jjig 4% 78 K A \EYEL4 CA-1116A BIAK I 4 15
W (R BRAL A3 A7 BR A 7]); Agilent 1260 Infinity 1T
LC HPLC (3 [H Agilent A 7); Ji& T8 1820C A 4l /K Hl
(R BE R K AL B 2 A PR A D)o

MCI J #H #F €2 3% 34 %L 1 ODS J #H #F: 0 3% 4 %)
(H A& =3% A 7]); Sephadex LH-20 A3 & i #4 Bl (¥ +
Parmacia Biotech 22 7]); IFAHRE i (i SHORL (5 50
6T 7); YMC-Pack ODS-A il #4 (250 mm x 20 mm;
10 pm); &R Al K 43 b AR (< DY AR 404825
FRAF.

LERET zMBY VPR, &R K%
HWHARECENLERZRBZFARERARENE (Z
offccinale Rosc.) WIAR ZE 40 J2, B3 FE R AF TR B HH B 24
KL R ELr B 5000 5, AR A5 BS631006.

1 RS SE

%57 40 kg, H1 50% £ B0 A4 [l 42 B 3 Ik, B3 IR
400 L, R W AGHE B G, 15 8] 2R E (5.40 kg). =
B eEKREE, 75 A e L8R CEAIE T Y
S5 R R BE B, A EUR R R 4 S AR IR A5 B A Tk
(0.22 kg)« L& L. T (1.20 kg)« IE T B (0.51 kg) F1K
(3.30 kg) #BA7 . IE T EEHALINE K #E S MCI
¥, i CBE/7K (0:100~95:5) B FE Ve, 79 7K . 10%-
30%+50%60%70%95% £ BF-EANE A

10% ZFEERA7 (18 g) - ODS K, H H /K (10:90~
100:0) Ff Ve, 15 2 LA 5) Fr.l~Fr.5, Fr.3 (3.6 g)
2t Sephadex LH-20, HI ¥ ¥t it 15 2 =>4 4) Fr.3.1~
Fr.3.3, Fr.3.2 (453.3 mg) % B HE (200~300 H),
FH S i - HUBE (10020~ 12 1) BREETLIE, 75 20+
41 4) Fr.3.2.1~Fr.3.2.10. Fr.3.2.7 (18.0 mg) & - %
R s (FR K, 45155, Jii%: 3 mL-min™) 155
A1 (3.2 mg, t, =25 min), Fr.3.2.2 (23.7 mg) £l
2 e RO 3 (P RE-JK, 25175, it : 3 mL-min™)
BEL &2 (6.5 mg, t, = 18 min) F{L &4 3 (4.2 mg,
tr =20 min).

2 EW2IMERKBRITENL

FHAEY 2 (K21 me) ALEYI3 (K4 1 mg),
435141 2 mol-L™" HCI (3 mL) 7£ 90 °C T UK fi# 2.5 h.
FRGWE 2 TR T8 )5 I H,0 (1 mL), I &
B2 ZBEAE 3 UK, BRIk 1 mL. 2R 2162 Wi T, 13
T 0; KB WY T A0 . 7R IR 48 J5 /K 2 R &

L-F O 20 s R R £ (1 mg) AT IE (1 mL) 7£ 60 °C
KW T In# 1.5 by BN 28 H R S EURR R (20 uL)
76 60 °C/K ¥ T hn# 1.5 ho % HU D-7 % 9% . L- % &
WA o AT A R IO AT AR AL 3R o KK A A3 B 1 it
WA AT A VDRI S AT A DI AT T e T o VRS A BT
%44 : TripleTOF 6600 UPLC/MS (AB SCIEX); Agilent
Eclipse XDS-C18 (3.5 um, 3.0 mm x 150 mm); %5 &
Vet 0~28 min, 35% H B 7K VA W HE iR 40 °C, Ji id
0.3 mL-min™; Jii i 2% {1 IE & P B X 4l
i T A5 & s v AT AR B AR B T )0 5T G A,
T 8 T 4GB0 2 T A 3 HR I BB 45 4 B
N D-H b .
3 EMEE

EWIBEBLE RN K, 5T HE, (o)
-17.9 (¢ 0.11, MeOH); IR (MeOH) v__ 3 377.2 925.
1737.1260.1212.1 033 cm™; UV (MeOH) 4_,_(log &):
206.0 (2.23) nm; HR-ESI-MS m/z 295.151 1 [M+Na] ",
THEAE N 295.151 6. "H NMR A1 °C NMR ##5 W% 1.

&2 LRy, 5% T W, (o] -41.2
(¢ 0.12, MeOH); IR (MeOH) v, 3 202.1 6701 435,
1201.1 1371 072 cm™; UV (MeOH) A, (log £): 207.0
(2.35) nm; HR-ESI-MS m/z 591.204 4 [M+Na]", it &1&
A591.204 8, '"HNMR f °C NMR %4 3% 2.

&Y 3 9% 5 R, 5 ¥ T W BE, [o]f) —26.4
(¢ 0.12, MeOH); IR (MeOH) v, 3 3511 674.1 516+
120111321 070 cm™; UV (MeOH) /. (log &): 208.0
(2.65) nm; HR-ESI-MS m/z 591.205 2 [M+Na]", it 514
N591.204 8. 'H NMR A1 °C NMR %4 W3 2.
4 ECDiItE

&Y 1~3 K45t K ALY f2 i@ 3T (TDDFT ECD)
559 ECD AR B E . B AW R
F A Gaussview 6.0.16 F A+ H1 ] MMFF94s 14 7, fi H
10 keal'mol ' I REE W T RIL R . AHEZR HERILH
FI 548 H Gaussian 16 #3471 46 B3LYP/6-31G(d,p),
A JE (I B AE B3LYP/6-31G(d,p) 7KF T LLH I N &
FBEAT ECD 5, 4R J5 7F SpecDis1701 # £ Fh %} ECD
THHEREITIE.

1 Bmk: T2 0 SR B R B T SRR S
HHE A EEANR SRS F WS 5 i, RS s
6 BOHE AL B T 22 B AR R R AR T SC EE A R RS B

FUZE RS E & 75 B LR 2 o
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