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Two new monoterpenoids of Zingiber officinale peel

GUO Yan', WANG Yan-zhi**, XU Zhi-pin*, LI Man-gian‘, ZHANG Xiao-juan',
LIU Yu-fei*, HU Xue-yu', FENG Wei-sheng"*

(1. School of Pharmacy, Henan University of Chinese Medicine, Zhengzhou 450046, China;
2. Co-construction Collaborative Innovation Center for Chinese Medicine and Respiratory Diseases by
Henan & Education Ministry of P. R. China, Zhengzhou 450046, China)

Abstract: The chemical constituents of Zingiber officinale peel were isolated and purified by various chro-
matographic separation techniques such as Diaion HP-20, MCI Gel CHP-20, Sephadex LH-20, ODS, silica gel and
semi-preparative HPLC. Seven terpenoids were identified by physicochemical properties and spectral data: (4R,6S)-
1- (hydroxymethyl)-5,5-dimethylbicyclo[3.1.1]hept-2-en-4-ol (1), 4-(hydroxymethyl)-1-isopropylcyclohex-2-ene-
3,4-diol (2), 3,5, 6-trihydroxy-7-megastigmen-9-one (3), 3-(3-hydroxybutyl)-2,4,4-trimethyl-2,5-cyclohexadien-1-
one (4), angelicoidenol (5), grasshopper ketone (6), and dihydrophaseic acid (7), in which compounds 1, 2 are new
compounds, named: (4R,6S)-1-(hydroxymethyl)-5,5-dimethylbicyclo[3.1.1]hept-2-en-4-o0l and 4-(hydroxymethyl)-
1-isopropylcyclohex-2-ene-3,4-diol, and compounds 3-7 were obtained from this plant for the first time.
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i 3E)-5,5- — H 3k IR [3.1.1] R -2- Ui -4- 1% (1) 4-(F%
FH L) -1- (5 1A 3%)-2- 45 -3,4- % (2). 3,5,6-trihydroxy-
7-megastigmen-9-one (3) . 3-(3-hydroxybutyl)-2,4,4-
trimethyl-2, 5-cyclohexadien-1-one (4) . angelicoidenol
(5) ~ grasshopper ketone (6) #1 dihydrophaseic acid (7).
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Figure 1  Structures of compounds 1-7
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a1 HEEWmRY. [« +40.5 (c 0.30,
CHCI,); HR-ESI-MS [M+Na]* m/z Jy 191.104 1 (Calcd.
191.104 3); IR Wy iz 45 M b &4 F2 4E (3 382 cm™) XY
Bt (1589 cm™); UV (MeOH) A, (log ¢): 203 (1.04) nm,
B &1 7 T RN CuHy O, AN ML A1 Sy 3. H
'H NMR % 2 7~ 2 A F R i 15 5 6, 0.83 (3H, s, H-
9). 6,,1.21 (3H, s, H-10), 3 H 3 it 715 5 9 2.23
(2H, m, H-3).4,, 3.90 (2H, m, H-8).4, 1.50 (1H, d, J =
8.2 Hz, H-7a). 4, 2.37 (1H, dd, J = 8.2, 6.6 Hz, H-7h),
2RI R 1155 6, 2.03 (1H, dd, J = 6.6, 2.1 Hz, H-
6).0y 5.56 (1H, m, H-2). 3C NMR i f1 DEPT i & 7%
10 MR A5 5, B 46 3 N ZE Mk o, 148.4 (C-1).J¢ 45.5 (C-
5).Jc 75.7 (C-4), 3 1~ H! 3 Bk o 65.3 (C-8)+ ¢ 39.1
(C-3)- 6c 41.1 (C-7), 24~ Ik H B 6. 120.8 (C-2). J¢
39.8 (C-6) 12 4~ H LBk 5 21.7 (C-10). 5. 19.1 (C-9).
254y AR B JIH M 3C NMR BE 804, w44k &4 1
N EY . &P 1 H-1H COSY i (&
2), \f W &L F 5, 5.56 (H-2) 5 6, 2.23 (H-3) 1A%, 5,
2.03 (H-6) 56, 2.37 (H-7b) (A%, HSQCIEH, 6, 5.56
(H-2) 5 6. 120.8 (C-2) #HK, 6,4 3.90 (H-8) 5 4. 65.3 (C-
8) %, 6, 1.50 (H-7a).d, 2.37 (H-7b) 5 6. 41.1 (C-7)
A%, 0, 2.03 (H-6) 5 J. 39.8 (C-6) #H15%, 6,4 2.23 (H-3)
5 6. 39.1 (C-3) #13%, 0, 1.21 (H-10) 5 6 21.7 (C-10)

#5%, 6, 0.83 (H-9) 5 6, 19.1 (C-9) A%, it — L &
T C-HR A )E . HMBC i (K 2), 6, 3.90 (H-8)
5 5. 39.8 (C-6). 6 148.4 (C-1). 6. 120.8 (C-2) iz 2
AHG, 256 S5 1 1A 2= A B 48, o] BAHE T o 65.3 (C-
8) NIEA I LR IF 5 C-1 A%, H.C-1fiF C-65C-
2218, 6, 0.83 (H-9).6, 1.21 (H-10) ¥J 5 6. 75.7 (C-
4). 5. 45.5 (C-5)-J. 39.8 (C-6) iz F£AH I, nJ LA Wi
0c 19.1 (C-9).6 21.7 (C-10) Af —H %, i+ C-5 L H
C-5f7FC-65C-421a. §,2.23 (H-3) 56, 75.7 (C-4)-
5 45.5 (C-5).0, 148.4 (C-1).5. 120.8 (C-2) A i FEHH 5K,
Zx LR, RS AR LN EUR 3R OB B Oy
1.50 (H-72)6,, 2.37 (H-7b) 5 6 75.7 (C-4).J. 45.5 (C-
5).dc 39.8 (C-6) fAEAHRAS =, UL A M Ol i BeHh 38
W HIAFAE . S 1R A T PR B3 T B 20wy o, B
DL A7 AE P R 4t 42 8L, BY (4S,6R) 1 (4R,69), Ltk
AW 15 SRR IE 1) 5-hydroxynopol (1) 45 #4928, & Bl
HESMNAAET L L 1-(58 238) &k 1-(F ).
M4 5-hydroxynopol 14 T Jig Y6 18 ([a]5 —45.0) 51k
BN ([ody +40.5) NI H 2 5 B, HERHE &
)15 SR 7 5-hydroxynopol (it 4 5t /) Bk Iz . 45 b
BTk, &0 LI 4544 (4R,68)-1-(F% H %8)-5,5- —
FJE IR [3.1.1) PE-2- W -4- g, N &4

a2 AwmRY. [o, +108 (c 0.11,
MeOH); HR-ESI-MS [M+Na]* m/z Jy 209.114 3 (Calcd.
209.114 9); IR SR iz 45 0 b & #2 4E (3 355 cm™) AL
B (1682 cm™); UV (MeOH) 4,., (log €): 202 (1.13) nm,
BIAL &5 F 200N CooH 40,5, AEFIE N2, HHNMR
W R 2 L (5 5 0, 1.02 (3H, dd, J = 6.8, 3.9 Hz,
H-9). d, 1.02 (3H, dd, J = 6.8, 3.9 Hz, H-10), 3/ 1L H
{155 0, 1.64 (1H, m, H-5a).6,, 1.75 (1H, m, H-
5b). 6, 1.94 (1H, m, H-6a). 6, 2.19 (1H, m, H-6b). J,
3.39 (1H, d, J=11.1 Hz, H-7a).d, 3.51 (1H, d, J=11.1 Hz,
H-7b), 3ANK 3R 7155 0, 2.19 (1H, m, H-8).6,, 4.00
(1H, s, H-3).6,, 5.33 (1H, d, J = 1.2 Hz, H-2). 3C NMR
TE A DEPT 1 7R 10 Ml AS 5, BLHE 2 /N 2R 0K o 147.7
(C-1).5¢ 72.9 (C-4), 3L H K ik 5 29.1 (C-5)+J¢ 24.2
(C-6)+J¢ 67.4 (C-7), 3 /™MK H H: fik 5; 121.1 (C-2)~ J¢
68.7 (C-3).J. 35.8 (C-8) 12/~ F L ik 5. 21.7 (C-10).
Jc 21.6 (C-9). Zi& LR HE . tH A1 1°C NMR i i s,
AHENE 2 A — D REEY . EW2
'H-'H COSY i+ (Kl 2), 7] W42 % 6, 5.33 (H-2) 5 J,
4.00 (H-3) #15%, 6, 1.64 (H-5a) 5 6, 1.94 (H-6a) %
HSQC i 1, 6, 5.33 (H-2) 5 6. 121.1 (C-2) #H %, 4,
2.19 (H-8) 5 . 35.8 (C-8) #HK, 6, 3.39 (H-7a).4, 3.51
(H-7b) 5 o 67.4 (C-7) FHK, 5, 1.94 (H-6a). 5, 2.19 (H-
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Figure 2 'H-'H COSY () and key HMBC (H—C, — )
of compounds 1 and 2

6b) 5 0. 24.2 (C-6) #1%, Jy, 1.64 (H-5a)-0y 1.75 (H-5b)
56, 29.1 (C-5) 1%, d,, 4.00 (H-3) 5 . 68.7 (C-3) #f]
5%, 0, 1.02 (H-10) 5 6. 21.7 (C-10) #H3%, d, 1.02 (H-9)
Y 65 21.6 (C-9) #HK, #E—BHfisE T C-H IR T8 .
HMBC i 1 (& 2), d, 2.19 (H-8) 5 o 24.2 (C-6). ¢
147.7 (C-1)d¢ 121.1 (C-2) A FEAH I, &5 A 1 S5 111
b2 7 B A8, W] LLHE M o 35.8 (C-8) 5 C-1 #H H.C-1
fIFC-65C-2200. 6, 1.02 (H-9).5, 1.02 (H-10) ¥y
55 0. 147.7 (C-1).J 35.8 (C-8) i FEAH I, AT LA
Jc 21.6 (C-9). 6. 21.7 (C-10) f —H X, £ T C-8 L.
3,4 3.39 (H-7a). 4, 3.51 (H-7b) 5 6. 72.9 (C-4).d. 29.1
(C-5).J¢ 68.7 (C-3) A imFEH I, 4h & ik JE 1 1 AL 244
P18, AT LAHEWT 0. 67.4 (C-7) MR F 3 IE 5 C-4
A H C-440i T C-55C-32 0. 4 LR EW LK
AR LRI 3R OMf v Be . A& 2 1) NOESY
it (1&3), 7] WL 3-OH 1 4-OH #H 5%, iiE 1 3-OH £11 4-
OH TE A, FH LAk A4 2 (A W SEAR K BB i 5 o 45
R, B 2 S5 R E O 4-(FF R ) -1- 37 AR ER
CL-2-0%5-3,4- I, NFILE .

SCIGER Sy

Bruker AVANCE III 500 %4 #% ff 3£ #% {X (TMS Py
#r); Bruker maxis HD B4 & 47 i [H] J53 3 (i [ A5 & o
22 #)); AB SCIEX Qtrap 5500 ¥ Jii B¢ I AX (3£ [ AB
SCIEX 72 #); Rudolph AP-1V A Jiig YA (35 [ &3 Kk
A); R EL I LC50 2 iy e il - VA € ik A (BRI B

Figure 3 Key NOESY (~—) of compound 2

b R A BR A 7]); Thermo Nicolet 1S 10 2L 4 #E 4%
(¥ 3730 KR 2y #r A 8 PR 24 F]); Thermo EVO0300 45
Ao 66 EETE (35 1 #4 A A]); Agilent 1260 Infinity
1T LC i RO AR i A (35 H 231 FHs A Al); YMC-
Pack ODS-A 1%+ (10 mmx250 mm, 5 pm, 12 um, H
& YMC 4 B4 #); Diaion HP-20.MCI Gel CHP-20 (H
A =3E 1k 2/ 7]); Sephadex LH-20 (Pharmacia Biotech
A ), GF254 FEJRHE E R (F B T ). e i 2k
A i Al R R DY AR 440 i A IRA 7)o

LR H T 2B M, 2018 £ 5 H = T4 )1
HE, &P EERFEWY B EEEZEN
FR} LB Y Z (Zingiber officinale Rosc.) )
T8 B TS 43, S 56 B R R AT AE BS630 J5 ], AR AR 5
JP20180603,
1 RS9 E

22 [ 40 kg, 50% 75 7K £ BE I # Bl $ 33 1K,
%200 L2 h, 42 B ek = 94 4 BOMR 12 B IR, 7R 3
MUK B JE it €, b Diaion HP-20 J FLIR A g, 4K 7k
Ji 7K + 10%  30%  50%  70% . 95% <., I 6 J5£ I fit 75 %)
6 NYEML Sy . Hrh, 10% 20 7 & 2.1 2. s 2 BUE 15
10% £ 1R g 2H 4y, 38 3ok B e A € i, 6 BE R B (=&
e — ) 3699 2 5 N4 % (Fr.l~Fr.5). Fr.lidid
Sephadex LH-20 # & i, & FF 36 i (4 H ), 159 3
Fr.1-1~Fr.1-3. Fr.1-3: i 2 il 4 OHH 23 25 4l 415 3

Table 1 *H NMR (500 MHz in CD,0D ) and **C NMR ( 125 MHz in CD,0D ) spectral data of compounds 1 and 2

1

2

Position

S, Se S Se

1 148.4 147.7
2 5.56 (1H, m) 120.8 533 (1H, d, J = 1.2 Hz) 121.1
3 2.23 (2H, m) 39.1 4.00 (1H, s) 68.7
4 75.7 72.9
5 455 1.64 (1H, m), 1.75 (1H, m) 29.1
6 2.03 (1H, dd, J = 6.6, 2.1 Hz) 39.8 1.94 (1H, m), 2.19 (1H, m) 24.2
7 1.50 (1H, d, J = 8.2 Hz) 411 3.39 (1H, d, J = 11.1 Hz) 67.4

2.37 (1H, dd, J = 8.2, 6.6 Hz) 3.51 (1H, d, J = 11.1 Hz)

8 3.90 (2H, m) 65.3 2.19 (1H, m) 358
9 0.83 (3H, ) 19.1 1.02 (3H, dd, J = 6.8, 3.9 Hz) 216
10 1.21 (3H, s) 217 1.02 (3H, dd, J = 6.8, 3.9 Hz) 217




58 MeSE 22 B IR ASET B R R AL B ) - 487 -

&1 (15.3 mg). Fr.2 i 2f il 2% i AH 2 55 2l ik
254 &9 2 (45 mg).5 (2.4 mg). 6 (3.5 mg) Al 7
(2.3 mg). 30% ZH 43l ik MCIAE: (5 i (- /K) 3543
B 6 N2 (Fr.A~Fr.F)o Fr.D & RE R A (0, B 5 3
Ji (& b ) JL 19 % Fr.D-1~Fr.D-4. Fr.D-1i8
i Sephadex LH-20 #F 53, %5 F Be Jid (4 H E), 73 2
Fr.D-1-1~Fr.D-1-3. Fr.4-D-2 i i 2 i 4 W AH 43 2 4
115320154 3 (3.7 mg) A4 (2.8 mg).
2 HHERE

& W1 ¥R Y, [«]) +405 (c 0.30,
CHCI,); HR-ESI-MS [M+Na] * m/z: 191.104 1 (Calcd.
191.104 3), 43 F 7N CioH160,; IR (0pay) 3 3821 589,
992.932.912.894.844 cm?, UV (MeOH) /., (log ¢):
203 (1.04) nm. *H NMR (500 MHz, CD,0D) £13C NMR
(125 MHz, CD,0D) %45 1.3 1.

a2 ARy, [o] +10.8 (¢ 0.11, MeOH);
HR-ESI-MS [M+Na]* m/z: 209.114 3 (Calcd. 209.114 9),
73T 3N CioH103; IR (05) 3 3551 682.925.842.801.
770,723 cm?, UV (MeOH) A, (log ¢): 202 (1.13) nm.,
'H NMR (500 MHz, CD,0D) f1*C NMR (125 MHz,
CD;OD) ¥4 % 1.

&3 LEMIR, 5% T HEE, ESI-MS [M-H]*
m/z: 241, T& FF B - W Wi R 2 . *H NMR (500 MHz,
CD,OD) §, 7.19 (1H, d, J = 16.0 Hz, H-8), 6.20 (1H, d,
J =16.0 Hz, H-7), 3.78 (1H, m, H-3), 2.30 (3H, s, H-10),
1.65, 2.33 (2H, m, H-4), 1.59, 1.30 (2H, m, H-2), 1.21
(3H, s, H-12), 1.20 (3H, s, H-11), 0.98 (3H, s, H-13);
13C NMR (125 MHz, CD,0D) §.34.7 (C-1), 46.2 (C-2),
63.0 (C-3), 40.0 (C-4), 67.4 (C-5), 69.4 (C-6), 144.0 (C-7),
132.4 (C-8), 198.8 (C-9), 23.7 (C-10), 28.4 (C-11), 26.0
(C-12), 18.6 (C-13). LA I #¥is 5 MR & 11 3,5,6-
trihydroxy-7-megastigmen-9-one 3 A& — 3§ .

a4 JotitR, %% T HEE, ESI-MS [M+H]*
m/z: 209, T A [ - W B iR (4 . *H NMR (500 MHz,
CD,OD) 6, 6.95 (1H, d, J = 9.8 Hz, H-3), 6.16 (1H, d,
J=9.8 Hz, H-2), 3.83 (1H, m, H-9), 2.61, 2.40 (2H, m, H-
7), 1.90 (3H, s, H-13), 1.60 (2H, m, H-8), 1.29 (6H, s, H-
11,12),1.24 (3H,d, J=6.3 Hz, H-10); *C NMR (125 MHz,
CD,OD) ¢, 187.1 (C-1), 124.6 (C-2), 158.7 (C-3), 40.8
(C-4), 164.1 (C-5), 130.9 (C-6), 26.5 (C-7), 37.3 (C-8),
67.4 (C-9), 21.9 (C-10), 24.5 (C-11), 24.7 (C-12), 10.1
(C-13). DL ¥ 5 ST EkM4k & 1 3-(3-hydroxybutyl)-
2,4,4-trimethyl-2,5-cyclohexadien-1-one JE4s — 5 .

EYSs  wEBEE, 5% T PEE, ESI-MS [M-H]*
m/z: 169, 15 7 - Wi R 2 1 . *H NMR (500 MHz,

CD,OD) 4, 3.83 (1H, m, H-5), 3.75 (1H, m, H-2), 1.65,
2.25 (2H, m, H-3), 1.30 (1H, s, H-4), 1.30, 1.65 (2H, m,
H-6), 1.07 (3H, s, H-10), 0.89 (6H, s, H-8,9): 3C NMR
(125 MHz, CD,OD) 6, 51.4 (C-1), 76.4 (C-2), 36.7
(C-3), 53.7 (C-4), 75.9 (C-5), 39.1 (C-6), 48.0 (C-7),
21.7 (C-8), 20.1 (C-9), 13.1 (C-10). Lk I ¥(¥i 5 ik
i1 1) angelicoidenol JE A — L,

wEMe  wEEkEAE, 5T P, ESI-MS [M-H]*
m/z: 223, 15 B - WG R 2 . *H NMR (500 MHz,
CD,OD) 4, 5.81 (1H, s, H-8), 4.20 (1H, m, H-3), 2.18,
2.21 (2H, m, H-4), 1.90, 2.18 (2H, m, H-2), 1.35 (9H, s,
H-10,11,12), 1.14 (3H, s, H-13); ®C NMR (125 MHz,
CD,OD) d¢ 37.0 (C-1), 50.0 (C-2), 64.4 (C-3), 49.7
(C-4), 72.4 (C-5), 120.0 (C-6), 211.5 (C-7), 101.1 (C-8),
200.9 (C-9), 26.5 (C-10), 29.3 (C-11), 32.3 (C-12), 30.8
(C-13). DL R #¥s 5 SC BRI JE (1) grasshopper ketone
N

e Bl 5T Pz, ESI-MS [M-H]*
m/z: 281, 15 7 B - R B R W £ . *H NMR (500 MHz,
CD,0D) 4, 7.98 (1H, d, J = 16.0 Hz, H-4), 6.52 (1H, d,
J =16.0 Hz, H-5), 5.75 (3H, s, H-2), 4.10 (1H, m, H-9),
3.69, 3.79 (2H, m, H-12), 2.08 (3H, s, H-15), 1.72, 2.03
(2H, m, H-8), 1.62 (2H, m, H-10), 1.13 (3H, s, H-14), 0.92
(3H, s, H-13); 3C NMR (CD,OD, 125 MHz) J. 169.6
(C-1), 119.2 (C-2), 151.5 (C-3), 131.8 (C-4), 135.2 (C-5),
83.2 (C-6), 87.8 (C-7), 46.0 (C-8), 66.0 (C-9), 4.5 (C-10),
49.4 (C-11), 77.3 (C-12), 16.4 (C-13), 19.7 (C-14), 21.3
(C-15). LA b ## 5 SCmRIO4 IE 1) dihydrophaseic acid
BAR—3
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