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Chemical constituents of monoterpenes in fruits of Gardenia jasminoides

ZUO Yue-ming, ZHANG Zhong-li, YANG Ya-qin, LUO Guang-ming, WANG Yan-yan

College of Pharmaceutical Sciences, Jiangxi University of Traditional Chinese Medicine, Nanchang 330006, China

Abstract: Objective To investigate the chemical constituents of monoterpenes in the fruits of Gardenia jasminoides. Methods
Various column chromatographies were used in the isolation and purification, and the physicochemical constant determination and
spectral analysis were adopted to identify the chemical structures of monoterpenes. Results Twelve monoterpenes were isolated from
G. jasminoides, such as jasminoside B (1), jasminoside G (2), jasminodiol (3), crocusatin-C (4), (75)-6-(hydroxymethyl)-1, 1, 5-
trimethylcyclohex-3-enone (5), bornyl-6-O-B-D-xylopyranosyl-p-D-glucopyranoside (6), (10R, 11R)-gardendiol (7), (10S, 11S)-
gardendiol (8), (55, 9S)-gardenate A (9), (SR, 9R)-gardenate A (10), jasminoside E (11), and 5, 6-dihydroxymethyl-1, 1-
dimethylcyclohex-4-enone (12). Conclusion Compounds 5, 6, 8, 10, and 12 are first isolated from this plant.

Key words: Gardenia jasminoides Ellis; monoterpenes; (75)-6-(hydroxymethyl)-1, 1, 5-trimethylcyclohex-3-enone; 5, 6-dihydroxymethyl-
1, 1-dimethylcyclohex-4-enone; (10S, 115)-gardendiol

M1 It # Rl (Ruacbieae) #E 18 HEHYIHE T
Gardenia jasminoides Ellis ¥4 e AR 5L, 723 [H
FH 2z A, IR DL 2y, I P i 2 gt
AT o K125 15 R AR A (R P 5 3
e ARSI BB R 2T AR 28D, IF RS
FOETE B HATRITRIA, ST, it i
R PUShIKREEAL . PUARRE S 2R, Xt
B 7B R Wt b, Ol 7 S T R A AR
T B, RREILF A o 2 PR, A
SEIONS HAL 2 By AT T R G ST,  IAE R 5K

Ut BHEA: 2012-11-09

80% LG oy B 24 3] 12 AR
Yy, 4y % € N jasminoside B (1), jasminoside G
(2). jasminodiol (3). (7R)-6-F%HI -1, 1, 5- = HI )&
IR C- 3-il Ccrocusatin-C, 4). (78)-6-F2H 4-1, 1,
5- = IR -390 [(7S)-6-hydroxymethyl-1, 1, 5-
bornyl-6-0-B-D-
xylopyranosyl-B-D-glucopyranoside (6)+ (10R, 11R)-
H& ¥ B [(10R, 11R)-gardendiol, 7]. (10S, 118)-kg
+EE [(10S, 115)-gardendiol, 8]. (55, 95)-gardenate
A (9). (5R,9R)-gardenate A (10). jasminoside E

trimethylcyclohex-3-enone , 5] -

HEWH: FEERHEEE “F 207 RHECERIEE (2011BAI04BO1); “IEHh 2k [ 45 (0 b 25 % MG 701917 R E IS (2X1021)
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(11). 5, 6- “FF -1, 1- F IR CL-4-J5 1 (5, 6-
dihydroxymethyl-1, 1-dimethylcyclohex-4-enone, 12).
AP 5. 6. 8. 10 Al 12 N B IR %R 4> B
(CEIR
1 X5

DTS500 T4 Ui CHf 24T 2546 THL
B AR ZA ] D Micromass ZabSpec =173 it
W . Waters 2695 Alliance Separations Module /5
HORAR AL (32 [E Waters 23 7] ); Inova—500 Fl
Bruker—400 B FAZMEILAR GG (i1 Bruker
A7]); Sephadex LH-20 (3£ GE A7)); #ZH
WA OISR G RIEEA L)) LC3000 AL
e RO A (AL BT R R AT B 2 7))
B (0 3% K4 Lichrospher Cg A (250 mm X 10
mm, 10 pm); FrHGHI A o4t

BEF 2544 2010 45 10 30 H VL FGAER T 2544
W, @IV B 25 KR 277 RE DO 2R % 8
K ERE 7 B YINE T Gardenia jasminoides
Ellis. T8RS brA (JZ220101021) fRA7
R AN Ve A WIE L LAY L D) RS T =5 N 1
S RPIWY (£ 7/ V7 N
2 RESSE

Be 7 TR 50 kg, #ifiE, H 6 fifE 80% 4
P[RR 3 Ik, BEIR 2 h, Pk iR AaSE ORI E
10 kg =H KRR, HRAAMEE &7 B
LTEFNIE T B4 0 A A 20 A i kS 58 125 g
FTBALEE 314 g+ BEIR LRI H 480 g AIIE
TTEEERATRE 800 go K IE T B AN G AR E
I3 AR (A 2 B, LAST - (100 & 10 :
D) BREEVEL, S IFAHRN 2y, 1E T BB ALAT 50
Wiy (ZFr. 1~50), SABALAT 35 N> (LFr. 1~
35). ZFr. 10~30 Hf573 S SEAEAT: (i A o 2% s 2L
WARAE s s alif, REMAY 1 (12 mg). 2
(10 mg)+ 6 (8 mg) Al 11 (7mg). LFr. 12~24
I3 REAT s SR AR C 1 A T 6 v SO A € 0% 2
alift, HEMHEY 3 (6mg). 4 (S5mg). 5 (6 mg).
7 (8mg). 8 (6mg). 9 (6mg). 10 (8 mg) A 12
(7Tmg)o
3 HHEE

WEY) 1. WHOMPIRY), FAB-MS m/z: 347
[M+H]". '"H-NMR (400 MHz, DMSO-dy) o: 6.17
(1H, s, H-4), 4.59 (1H, dd, J = 17.0, 1.5 Hz, H-10a),
4.16 (1H, dd, J = 17.0, 1.5 Hz, H-10b), 3.70 (2H, m,

H-7),2.62 (1H, d, J = 16.8 Hz, H-2a), 1.91 (1H, d, J =
16.8 Hz, H-2b), 2.00 (1H, t, J = 4.0 Hz, H-6), 1.06
(3H, s, H-8), 0.95 (3H, s, H-9), 420 (1H, d, J = 7.8
Hz, H-1"), 3.03 (1H, m, H-2'), 3.41 (1H, m, H-3"), 3.09
(1H, m, H-4"), 3.45 (1H, m, H-5'), 3.64, 4.14 (2H, m,
H-6"); *C-NMR (100 MHz, DMSO-dg) J: 35.0 (C-1),
48.6 (C-2), 198.6 (C-3), 122.9 (C-4), 161.7 (C-5), 48.8
(C-6), 60.5 (C-7), 26.7 (C-8), 28.6 (C-9), 69.3 (C-10),
102.7 (C-1'), 73.5 (C-2'), 76.6 (C-3"), 70.0 (C-4"), 77.0
(C-5"), 61.0 (C-6") LA - %¥c¥fs 5 scikahis—21, #%
KBAY) 1 4 jasminoside Bo

&Y 2: WOk Y), FAB-MS m/z: 347
[M+H]". '"H-NMR (400 MHz, DMSO-ds) 6: 6.15
(1H, s, H-4), 4.37 (1H, dd, J = 17.6, 1.40 Hz, H-10a),
4.12 (1H, dd, J = 17.6, 1.40 Hz, H-10b), 4.05 (1H, dd,
J=16.0, 6.4 Hz, H-7a), 3.88 (1H, dd, J = 16.0, 6.4 Hz,
H-7b), 2.62 (1H, d, J = 16.8 Hz, H-2a), 1.89 (1H, d,
J=16.8 Hz, H-2b), 2.19 (1H, t, J = 4.3 Hz, H-6), 1.06
(3H, s, H-8), 0.93 (3H, s, H-9), 4.20 (1H, d, J = 8.0
Hz, H-1'), 3.09 (1H, m, H-2"), 3.42 (1H, m, H-3"), 3.13
(1H, m, H-4"), 3.44 (1H, m, H-5"), 3.65, 4.13 (2H, m,
H-6"). Lh EX¥d 5 3cikafis —837, e aw
2 7y jasminoside G.

&) 3: IR EIIRY) , EI-MS m/z: 184 [M]".
'H-NMR (400 MHz, DMSO-d¢) &: 5.97 (1H, s, H-4),
4.27 (1H, dd, J = 17.0, 1.60 Hz, H-10a), 4.02 (1H, dd,
J = 17.0, 1.60 Hz, H-10b), 3.66 (2H, m, H-7), 2.61
(1H, d, J = 16.8 Hz, H-2a), 1.88 (1H, d, J = 16.8 Hz,
H-2b), 1.94 (1H, t, J = 4.0 Hz, H-6), 1.06 (3H, s, H-8),
0.93 (3H, s, H-9); "*C-NMR (100 MHz, DMSO-dj) 6
35.0 (C-1), 48.7 (C-2), 198.5 (C-3), 121.7 (C-4), 166.5
(C-5), 48.8 (C-6), 60.7 (C-7), 26.8 (C-8), 28.63 (C-9),
63.0 (C-10). Lh_E¥od 5 scmrdian 809, ket
&%) 3 4 jasminodiol.

E) 4: R E A CREE, EI-MS m/z: 168
[M]". 'H-NMR (400 MHz, DMSO-dy) J: 5.79 (1H, s,
H-4), 3.61, 3.50 (2H, m, H-7), 2.82 (1H, d, J = 16.8
Hz, H-2a), 2.01 (1H, d, J = 16.8 Hz, H-2b), 2.49 (1H,
m, H-6), 1.92 (3H, d, J = 1.6 Hz, H-10), 1.01 (3H, s,
H-8), 0.90 (3H, s, H-9); *C-NMR (100 MHz, DMSO-
ds) 8: 38.9 (C-1), 49.7 (C-2), 197.8 (C-3), 126.6 (C-4),
164.4 (C-5), 45.5 (C-6), 64.5 (C-7), 23.5 (C-8), 24.9
(C-9), 19.5 (C-10), PA_E%dhs 5 Sciikap g —2,
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KB 4 (TR)-6-F2F3E-1, 1, 5- = HEIf -

WA S R EE R CHEED, EI-MS m/z: 168
[M]". '"H-NMR (400 MHz, DMSO-dj) 6: 5.80 (1H, s,
H-4), 3.70 (2H, d, J = 4.0 Hz, H-7a, 7b), 2.56 (1H, d,
J = 16.8 Hz, H-2a), 1.84 (1H, d, J = 16.8 Hz, H-2b),
1.98 (3H, d, J= 0.8 Hz, H-10), 1.93 (1H, t, J = 4.0 Hz,
H-6), 1.06 (3H, s, H-8), 0.94 (3H, s, H-9); "C-NMR
(100 MHz, DMSO-dg) 6: 34.9 (C-1), 48.3 (C-2), 198.5
(C-3), 126.0 (C-4), 162.4 (C-5), 52.8 (C-6), 59.9
(C-7), 26.7 (C-8), 28.8 (C-9), 23.6 (C-10). L5154 4
Lt B H-7. C-6 F1 C-7 FERNMEL, I
MR A —5, 454 HSQC Ml HMBC i &tk
G5 G 4 TR Rk (7S)-6-F2 -1, 1,
5- = LR C-3-J i

& 6. Jothfilfk (HHEE), FAB-MS m/z: 449
[M+H]". 'H-NMR (400 MHz, DMSO-ds) o: 4.57
(1H, d, J = 7.8 Hz, H-1"), 438 (1H, d, J = 8.0 Hz,
H-1'), 4.27 (1H, brs, H-2), 3.89 (1H, dd, J = 12.0, 2.0
Hz, H-6'a), 3.80 (1H, dd, J = 11.6, 5.6 Hz, H-5"b),
3.64 (1H, ddd, J = 10.6, 9.2, 5.5 Hz, H-4"), 3.48 (1H,
ddd, J = 9.5, 5.5, 2.0 Hz, H-5'), 3.43 (1H, t, J = 9.2
Hz, H-3"), 3.40 (1H, dd, J = 9.2, 9.2 Hz, H-3"), 3.36
(1H, dd, J = 9.5, 9.2 Hz, H-4), 3.20 (1H, dd, J = 11.6,
10.6 Hz, H-5"a), 3.18 (1H, dd, J = 9.2, 7.6 Hz, H-2"),
3.13 (1H, dd, J = 9.2, 8.1 Hz, H-2'), 3.05 (1H, m,
H-6a), 2.96 (1H, m, H-3b), 1.65 (1H, m, H-5b), 1.63
(3H, s, H-10), 1.56 (1H, m, H-4), 1.28 (1H, m, H-6b),
1.25 (1H, m, H-5a), 1.17 (1H, m, H-3a), 1.14 (3H, s,
H-8), 0.98 (3H, s, H-9); *C-NMR (100 MHz, DMSO-
de) J: 48.6 (C-1), 76.5 (C-2), 38.5 (C-3), 40.1 (C-4),
39.3 (C-5), 39.1 (C-6), 34.8 (C-7), 28.1 (C-8), 29.8
(C-9), 19.2 (C-10), 100.3 (C-1'), 74.1 (C-2'), 76.8
(C-3"), 70.0 (C-4'), 76.5 (C-5"), 67.0 (C-6"), 104.2 (C-
1), 74.0 (C-2"), 76.5 (C-3"), 69.9 (C-4"), 63.0 (C-5").
PA_E¥ode 5 scmkapiE — 83, e am 6
bornyl-6-0-B-D-xylopyranosyl-p-D-glucopyranoside .

WEW 7: O AA CFEE, EI-MS m/z: 198
[M]". "H-NMR (400 MHz, DMSO-dq) d: 5.72 (1H, m,
H-7), 422 (2H, m, H-1), 4.03 (2H, m, H-10), 3.56
(2H, m, H-11), 2.84 (1H, m, H-9), 2.62 (1H, dd, J =
16.8, 9.0 Hz, H-6a), 2.08 (1H, d, J = 16.8 Hz, H-6b),
2.02 (1H, m, H-4), 1.52 (1H, m, H-5); "*C-NMR (100

MHz, DMSO-dg) d: 66.5 (C-1), 171.4 (C-3), 29.3
(C-4), 29.2 (C-5), 38.2 (C-6), 126.7 (C-7), 141.6
(C-8), 34.5 (C-9), 59.2 (C-10), 49.5 (C-11). LA %
5 SCRRIGE I o R 8, WS A T T A
(10R, 11R)-#a T J%.

G 8: we A CHEL, EI-MS m/z: 198
[M]". 'H-NMR (400 MHz, DMSO-d;) é: 5.71 (1H, m,
H-7), 4.42 (1H, dd, J = 10.8, 5.2 Hz, H-1a), 4.02 (1H,
t, J = 10.8 Hz, H-1b), 3.57 (2H, m, H-10), 3.38 (2H,
m, H-11), 3.32 (1H, m, H-9), 2.32 (1H, dd, J = 16.8,
9.0 Hz, H-6a), 2.07 (1H, d, J = 16.8 Hz, H-6b), 1.57
(1H, m, H-4), 1.40 (1H, m, H-5); “C-NMR (100
MHz, DMSO-ds) 0: 66.5 (C-1), 172.9 (C-3), 34.5
(C-4), 34.2 (C-5), 37.0 (C-6), 127.4 (C-7), 143.6
(C-8), 38.96 (C-9), 59.5 (C-10), 59.1 (C-11). LA L3
W SEW 7 LLxt, B 10 A1 11 A7 A S A R
KAk 4t, HAbHE A —%", 454 HSQC A
HMBC i #1453 L& 8 MALE1) 7 11 73 54
& (108, 11.5)-45 1 7.

WEW 9: W thalllfd CHEL, EI-MS m/z: 258
[M]". 'H-NMR (400 MHz, DMSO-d) 6: 5.73 (1H, d,
J=1.6 Hz, H-7), 4.05 (2H, d, J = 16.4 Hz, H-10), 3.98
(1H, dd, J = 14.8, 3.6 Hz, H-3b), 3.88 (1H, dd, J =
14.8, 7.2 Hz, H-3a), 3.64 (3H, s, 11-COOCH3), 3.51
(3H, s, 1-COOCH3), 3.50 (1H, m, H-9), 2.87 (1H, m,
H-5), 2.66 (1H, ddd, J = 14.8, 7.2, 3.6 Hz, H-4), 2.48
(1H, m, H-6a), 2.38 (1H, m, H-6b); "*C-NMR (100
MHz, DMSO-dg) d: 170.8 (C-1), 64.3 (C-3), 49.4
(C-4), 41.4 (C-5), 37.2 (C-6), 127.1 (C-7), 141.5
(C-8), 51.1 (C-9), 59.1 (C-10), 172.6 (C-11), 51.92
(11-COOCHj), 51.11 (1-COOCH3). LA EXdi 53k
s, WA 9 (58, 9S)-gardenate A

AW 10: R B 4 CFREED, EI-MS m/z: 258
[M]". 'H-NMR (400 MHz, DMSO-dq) d: 5.73 (1H, d,
J = 1.6 Hz, H-7), 4.81 (2H, brs, H-10), 4.36 (1H, dd,
J=11.2,3.8 Hz, H-3b), 4.30 (1H, dd, J=11.2, 7.0 Hz,
H-3a), 3.67 (3H, s, 11-COOCH;), 3.57 (3H, s, 1-
COOCH3), 3.68 (1H, m, H-9), 3.17 (1H, m, H-5), 3.05
(1H, ddd, J = 11.2, 7.0, 3.8 Hz, H-4), 2.65 (1H, m,
H-6a), 2.56 (1H, m, H-6b); "C-NMR (100 MHz,
DMSO-dg) 8: 172.6 (C-1), 66.4 (C-3), 58.5 (C-4), 48.2
(C-5), 37.6 (C-6), 127.1 (C-7), 143.7 (C-8), 59.1
(C-9), 61.9 (C-10), 173.9 (C-11), 52.0 (11-COOCHj3),
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51.8 (1-COOCH,). LA FE#E 51659 9 LLXT, B 4.
519 AR SN, HoAt Bed A 51,
454y HSQC il HMBC i % 2 b &4 10 k&4 9
1Al SRR (SR, 9R)-gardenate A

G 11 RO URIREE, FAB-MS m/z: 331
[M+H]". 'H-NMR (400 MHz, DMSO-dy) o: 4.48
(1H, d, J = 11.2 Hz, H-7a), 4.00 (1H, d, J = 11.2 Hz,
H-7b), 2.40 (1H, dd, J = 17.2, 5.6 Hz, H-3a), 1.92
(1H, dd, J=17.2, 9.2 Hz, H-3b), 1.78 (1H, dd, J =
12.4, 5.6 Hz, H-2a), 1.36 (1H, t, J = 12.4 Hz, H-2b),
1.65 (3H, s, H-10), 1.15 (3H, s, H-8), 1.02 (3H, s,
H-9), 4.28 (1H, d, J = 8.0 Hz, H-1"), 2.92 (1H, m,
H-2'), 3.15 (1H, m, H-3'), 3.10 (1H, m, H-4"), 3.02
(1H, m, H-5"), 3.67, 3.45 (2H, m, H-6"); "*C-NMR
(100 MHz, DMSO-dg) &: 35.0 (C-1), 44.8 (C-2), 37.2
(C-3), 171.1 (C-4), 129.0 (C-5), 135.4 (C-6), 70.0
(C-7), 28.38 (C-8), 29.0 (C-9), 20.8 (C-10), 100.8
(C-1'), 73.5 (C-2), 76.7 (C-3'), 70.0 (C-4), 76.8
(C-5), 61.0 (C-6"). LA ¥t 55 Scimkaiis— s,
K25 11 4 jasminoside E.

AW 12: AR, EI-MS m/z: 184 [M]".
'H-NMR (400 MHz, DMSO-dg) d: 4.90 (1H, d, J =
10.8 Hz, H-7a), 4.83 (1H, d, J = 10.8 Hz, H-7b), 4.86
(1H, d, J = 10.4 Hz, H-8a), 3.90 (1H, d, J = 10.4 Hz,
H-8b), 2.39 (1H, dd, J = 15.6, 4.0 Hz, H-3a), 1.83
(1H, dd, J = 15.6, 4.0 Hz, H-3b), 1.73 (1H, dd, J =
10.8, 8.8 Hz, H-2a), 1.46 (1H, dd, J = 10.8, 4.0 Hz,
H-2b), 1.15 (3H, s, H-9), 1.13 (3H, s, H-10); >*C-NMR
(100 MHz, DMSO-dq) d: 33.7 (C-1), 46.4 (C-2), 29.6
(C-3), 173.4 (C-4), 121.5 (C-5), 168.4 (C-6), 69.2
(C-7), 63.4 (C-8), 27.8 (C-9, 10). LI F¥¥E Htb &9
11 Foott, 1 AR, 2 1A RIS, b

BRI A8, WO A 12 0 5, 6- FARIE-L,
1= L3R 4475
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