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Study on sesquiterpenoids from Aquilaria sinensis
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Abstract: Objective To investigate the sesquiterpenoid constituents from Aquilaria sinensis. Methods The chemical constituents
were isolated and purified by various separation techniques such as silica gel, ODS, Sephadex LH-20, and preparative high-
performance liquid chromatography, and their structures were determined according to their physicochemical properties, MS, 1D, and
2D NMR. The antibacterial activity of the obtained compounds against methicillin-resistant Staphylococcus aureus was tested by
96-well plate microdilution method. Results Seven sesquiterpenoids were obtained from 95% ethanol aqueous extract of Aquilaria
sinensis and their structures were identified as (+)-4a,5-dimethyl-3-(prop-1-en-2yl)-octahydronaphthalene-2f3,8a-diol (1), baimuxinic
acid (2), baimuxinol (3), vetaspira-2(11),6-dien-14-al (4), baimuxinal (5), (—)-10-epi-y-eudesmol (6), and 9B-hydroxyl-a-agarofuran
(7). The minimum inhibitory concentration (MIC) of compound 1 against methicillin-resistant Staphylococcus aureus was 210 pmol/L.
Conclusion Compound 1 is a new compound named as 2f,8aa-dihydroxy-11-en-eremophilane, which has a good inhibitory effect
against methicillin-resistant Staphylococcus aureus.

Key words: Aquilaria sinensis (Lour.) Gilg; sesquiterpenoid; antibacterial activity; 2p,8aa-dihydroxy-11-en-eremophilane;
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B = Pl # N & A& B Y 3 KR #F Aquilaria
sinensis (Lour.) Gilg ¥ #4 TG FIAHS , B¢ - LT~ 224K
L) (A RRISD, HAMERE, iR, BA1TAE
i R, RS DRL, R TR E
PR T, AR, st BURZyE AL
KHVIEEAME. iR, P, PrEEZMiE
FABL, B S R ISR 2-(2- 2 2. 5E) (RS
VIR UTAEH 2 BB . AR A AT B OE
TUERWMN 2-Q-%K 3) O LEYIEH &
EANBE IS TE . ARSI ETT A TAE I BE ARG
FUTHE I 73— R —— % wi 2R o B AR
TEPE, MERIR CBEZEIUZE TP 3L B T 7 MEE
R EY), EEN (+)-4a,5- —HHE-3-(4- 2-
I )- )\ A 25 -2B,8a- — ¥ [(+)-4a,5-dimethyl-3-
(prop-1-en-2yl)-octahydronaphthalene-2f3,8a-diol, 1].
K & B ( baimuxinic acid, 2). H K& ¥
(baimuxinol, 3). vetaspira-2(11),6-dien-14-al (4).
FIARZEE (baimuxinal, 5). 10-F-y-#%HEE [(-)-10-
epi-y-eudesmol , 6] 9B- & % -o- UL A FE TR (9B-
hydroxyl-a-agarofuran, 7). HA k&4 1 A WL
BRIRE LAY, drdN 2B,8aa- R HE-11-4%-
T ALt I HLIHORHN 247 46 5 €00 881 67 3K B A AL 1)
FHIER -

1 {UEEHH

o T 2 e SO A (Shimadzu LC-20AT,
U 2% SPD-M20A D ; il 2% MY iy OB AH 1% A
(Shimadzu LC-6AD, il #% SPD-20A); Phenomenex
Luna Cyg ¥ (250 mm X 4.6 mm, 5pum, EEIFEZ ]
A#]D; Bruker DRX-400 AZ R 3LHR I BEAX ({2 [E A5
i A7) ) BUCHIR-124 Y Jig % 7% A (Bt -+ Buchi
2AH]); Infinite F50 BEARML (FE[H Tecan 2 7]):
ZF-20A 546 DY 22 A0 A (R 3R & A
FRAT]D; R AN RE AT o 1 e ;. (60~100.
200~300 H, #HHiEFA L) ) AA12s50 ODS #H
B CHA YMC A#]); Sephadex LH-20 (i 4
Pharmacia A @ ); B HPLC &7y itk afi4f, HfE.,
Pl R PSR A el COREETT RERHER}
HAHRAAD.

DIESM N RAGETERITEKBARA
AR AL, BT ARARR S 25 S b 25 R 2t =
= SE R 2R %5 8 A H B RHEY) ERE Aquilaria
sinensis (Lour.) Gilg & # fig A .

Z K B PR T AR T AR 4 B 00 AT BRI

[Methicillin-resistant Staphylococcus aureus(MRSA)]
R A ARARA, R PERRY 25 R B H M (=4
mg/L), H mecA FEEFMFHYE. RAZEIEKS
eI S FRiERN4: (Clinical and Laboratory Standards
Institute, CLSI) 7 I & P i M B2 AT 24 sk
5%, HAEMTESIE CLSIMO7-A9 Frifk, HIEbrdES
& CLSIM100-S24 kR
2 HiE
21 REEENE

WOUEZIM 2 kg BIR/NL, II 10 55 95%
CERIFEEE 3 IR, BIR 2 h, #GE, &R
W R R R, 7 EE 2 LK, el
SRR CBEREH 3 Ik, B ERIRGE R T, 15
FIBER B 160 g, MFRHL 100 g EATREIR FE
B, IEAHEERAE B2 5 (55 cmX 12 cm), G
Yi-BERR L BEREEVENG (100 © 0—60 : 40), JL75 %
10 N2 (Fr. 1~10) . 4% Fr. 1 48 Sephadex LH-20
i, &M E-FEE (101D WEhissksy 3
(89 mg). 414y Fr. 7 4 ODS JFisA: thil, 40%~80%
RS 9 N5 (Fr. 7-1~7-9), Hf Fr.7-2
2t Sephadex LH-20 A:ai, HIEE-/K (7 :13) Pt
BRMEY 4 (T mg). Fr. 7-6 2 PHPLC. “£4M&
M2 (2=254nm), HEE-7K (55 :45) ZEREL,
AR E 15 mLU/min, 5E4LAY)5 (30 mg, tr=
40.00 min), Fr. 7-7 % Sephadex LH-20 #1: {4 i, H
fE-7K (10 4) HEmAE2M0EY 2 (9 mg). Fr. 7-8
S % EE A OFOk-BR R 6 1 4) 15211k
&1 (141 mg). 443 Fr. 8 4 ODS JFik: i,
40%~60% H BE- /KR 2 9 M (Fro 8-1~
8-9), Hrf Fr. 8-8 42 PHPLC, &4MEMIZE (1=254
nm), FeMFIFHEE-K (57 43) ZEREVEM, AFR
= 15 mL/min, 15 21k-54 6(4.6 mg, t=235.50 min)
A7 (6 mg, tg=43.00 min).
2.2 RIMREDEMENE
221 HEEWRMAECH HE 2 RN 25 &5 6
AR SRR, FHIJCRK B B 1 mL EEFh
Z LB IRk, KR 6h, FIAHBIARFRAEEARE,
JF I 400 A b s 8 T Rk P 1% 10° efu/mL,
% H .
222 SEESHHZAMICH] RERISMAEYER,
HZ—HZ T (DMSO) BLHilpk 20 pg/ul, & H .
223 WRTTER R 96 FLARMEFBREI T
B 1~T7 Wi 24 4 B 0 5] 47 R B 04 BR Vs 12k o
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H 96 FLIRA AL W 4 h JEHCE, FRHESE 170
ANFFMEE S (20 pg/ul) 2 ub, ARIRXS A TAE
PR 25 10 fL, B-fLI L DMSO #h A AFIE 1 uL,
%5 11 FL9AUIN 1 ul DMSO xR, 55 12 FLAAY
TN LB BEafd (gt B2, ARG REFLINNAR N IR
(TR 99 ub, FF RIS PEAIBR LI, &R
P47 3 4L, BT 37 ClHERFRMAHEHERF 24 h
J&, FEEFRMXAE 600 nm I E B EE (A {H. %
R TR 2

FHN R = (A e — A pea) (A s — A weum)
3 #R
31 HHERE

WEY 1. wEEMRY, EHETK, GIET
HmE, R RS HLA . [a] +11.5°(
0.1 MeOH); HR-ESI-MS m/z: 261.184 7 [M+Na]"
(TF5HEE N 261185 4), th&W 1 M1 N
C1sH260,, AEFIE 9 3."H-NMR (400 MHz, CDCl,)
P R 3ANFFILAE S 0y 1.73 (3H, s). 0.91 (3H,
s) F10.81 (3H, d, J = 6.8 Hz), 1 MMEHMKFHES
5 0n 4.14 (1H, m) F1 1A K R 16 S0 715
5 0y 4.71 (2H, m). *C-NMR (100 MHz, CDCl3)
JLEIR 16 MRIE ¥, 5 DEPT135 WL e 3
ANZERR 3 AN L5 6 AN F IR RORT 3 A FRIE R
HAH 2 AMERES (Oc 149.3 fi1108.7) Al 2 Mg
AIRIES (0 75.2 F168.1), bR E5ds a7 45 4kl i%
AR S R ST e R A e

HMBC i (& 1) 7RI 2 20 FF 2L A K0
H-9 fZHIEFR T (0n 0.81) 7055 C-da (5c 41.9),
C-5 (0 32.8) fF1EAHZ; H-10 AL H AL T (04 0.93)
5 C-4 (6 22.3), C-4a (dc 41.9), C-5 (5¢ 32.8), C-8a
(0c75.2) fEEMFE; H-3 (04 1.51) 5 C-2 (5¢ 68.1)
Al C-4a (5 41.9) 174E HMBC #15%; H-la (o4 1.57)
5 C-3 (6¢ 36.9), H-1b (64 1.84) 5 C-4a (dc 41.9) #lI

C-8 (Jc 30.2) fFAIETFEMIG; UhAh H-8 (on 1.96 Al
1.50) 5 C-8a (Jc 75.2) #HIK, HHULAT LA E Sifarh
A.B BHAIEAR S T H-4 (64 1.61) 5 C-2 (6c
68.1) fArEAHIC, LRI EELA YN C-2.
FEN C-13 AR 55 (0 1.73) 74il5 2
ANWUEERRS 5 oc 149.3 A1108.7 LK C-3 (dc 36.9)
FZE, VLA SR AEAE 1N TR R 2 A H R
FABIEM C-3 fir. 'H-'H COSY ik Ay DLW 5%
F| H-1 1 H-2. H-3 il H-4 DL & H-13 (A%, Ik
VElE TACEIN 2 SrER A, 3 A MmN T
45K, NOESY 9 ny DLW %2 2] H-3 F1 H-10. H-10
A H-9 PL& H-2 A1 H-5 1) NOE AH2%, (HAZWEA
F| H-2 A1 H-3 ) NOE #H2¢, Ui H-3 A1 H-10. H-9
FESER—M, H-2 A H-5 JLE 5 —. HRHE 53
LS SCRRBAR O 6, 158 9 7 10 fir B
¥ Y, H-2 F1 H-3 43040 T o A1 B 8L, AT
Wi 2 MrFRdErE p it b, T R LR Bk
EYISCEREE, VI e Z A A Y A R T,

N (+)-4a,5- — I FE-3-(P -2- M5 3 )- )\ & 25-2,8a- —
fE  [(+)-4a,5-dimethyl-3-(prop-1-en-2yl)-octahydro-
naphthalene-2,8a-diol], 1% & 4 11 4 %6} ¥4 2R3k 75
HE— 2B IE AL A 1 32 HMBC M5 2 LK 2
Fime LA EEIEZ Scifinder ¥, A &K IIAHFIRIE,

BREWAEY LAY, @l 2B,8ac-—FaHE-11-
W-FelAkE . e H-NMR. ®C-NMR & 5 )9/8 W% 1.

E1 &Y 1NEEMEE HMBC HHXER
Fig. 1 Structure and key HMBC correlations of compound 1

x£1 %A 18 'H-NMR 1 *C-NMR #3& (400/100 MHz, CDCl5)
Table 1 H-NMR and **C-NMR spectral data of compound 1 (400/100 MHz, CDCl5)

DA dc Sy DA dc O
1 35.6 1.84 (1H, m), 1.57 (1H, m) 8 30.2 1.96 (1H, m), 1.50 (1H, m)
2 68.1 4.14 (1H, m) 8a 75.2
3 36.9 1.51 (1H, m) 9 15.1 0.81 (3H, d, J = 6.8 Hz)
4 223 1.61 (1H, m), 1.49 (1H, m) 10 15.4 0.93 (3H, s)
4a 419 11 149.3
5 328 1.86 (1H, overlapped) 12 108.7 4.71 (2H, m)
6 36.1 1.46 (2H, m) 13 208 1.73 (3H, 5)
7 29.9 1.48 (2H, m)
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AW 2: WHEOMRY) (& F 5. ESI-MS
m/z: 275.200 7 [M+Na]*, 5T 3 A CisH203, A
FMEA 4. "H-NMR (400 MHz, CDCl5) 6: 6.90 (1H, t,
J = 3.8 Hz, H-3), 1.22 (3H, s, H-13), 1.20 (3H, s,
H-12), 0.94 (3H, d, J = 6.8 Hz, H-14); *C-NMR (100
MHz, CDCls) &: 45.7 (C-1), 138.1 (C-2), 148.8 (C-3),
26.3 (C-4), 34.0 (C-5), 38.3 (C-6), 25.8 (C-7), 52.0
(C-8), 23.3 (C-9), 28.3 (C-10), 72.0 (C-11), 27.8
(C-12), 27.9 (C-13), 15.3 (C-14), 171.6 (C-15). LA L
P ROR S oCEkE — =, et a2 N
KREW

AW 3: WEEMIRY) (& H ), ESI-MS
miz: 277.108 4 [M+K]*, 7+ T3 A CisHae0,, A
AN 3. 'H-NMR (400 MHz, CDCls) d: 4.12 (2H,
m, H-14), 2.34 (2H, d, J = 4.6 Hz, H-6), 2.19 (1H, m,
H-4), 1.98 (2H, m, H-1), 1.84 (5H, m, H-2, 3, 7), 1.71
(4H, m, H-8, 9), 1.36 (3H, s, H-12), 1.28 (3H, s,
H-13), 1.13 (3H, s, H-15); *C-NMR (100 MHz,
CDCly) §: 37.4 (C-1), 22.4 (C-2), 27.2 (C-3), 34.6
(C-4), 84.6 (C-5), 32.7 (C-6), 43.9 (C-7), 24.2 (C-8),
34.2 (C-9), 36.8 (C-10), 81.5 (C-11), 30.5 (C-12), 22.9
(C-13), 65.3 (C-14), 21.9 (C-15). DA Likit#d 5
mRROE — 2, WA 3 N AR,

WEY 4: HEIEEMWRY (&L, 5%HK
TR CEE AR B IR . ESI-MS m/z: 257.26
[M+K]", 3TN CisHpO, ANHAIER 5.
'H-NMR (400 MHz, CDCly) &: 9.34 (1H, s, H-14),
6.65 (1H, t, J = 3.7 Hz, H-7), 2.03~2.34 (8H, m, H-1,
3,8, 9), 1.60 (6H, s, H-12, 13), 0.94 (3H, d, J = 6.8
Hz, H-15); C-NMR (100 MHz, CDCls) d: 24.0
(C-1), 137.6 (C-2), 26.1 (C-3), 29.4 (C-4), 45.9 (C-5),
124.2 (C-6), 151.9 (C-7), 36.7 (C-8), 37.3 (C-9), 35.1
(C-10), 148.4 (C-11), 22.9 (C-12), 22.1 (C-13), 194.9
(C-14),15.0 (C-15). LA_EJ il Hod 5 sciikgiis — 50,
% B LAY 4 N vetaspira-2(11),6-dien-14-al .

&Y 5 HRFEAMRY (ZEFED, 5%
- B0 (0. ESI-MS m/z: 495.561 1 [2M+
Na]*, 707 3A CisHzuO0,r AMIHIE A 4. 'H-NMR
(400 MHz, CDClI;) d: 9.85 (1H, s, H-15), 6.65 (1H, t,
J = 3.8 Hz, H-3), 1.22 (6H, s, H-12, 13), 0.94 (3H, d,
J = 6.8 Hz, H-14), 1.94 (1H, m, H-7); *C-NMR (100
MHz, CDCly) &: 38.4 (C-1), 152.5 (C-2), 140.1 (C-3),
26.6 (C-4), 34.8 (C-5), 39.2 (C-6), 26.4 (C-7), 52.0

(C-8), 245 (C-9), 28.4 (C-10), 72.0 (C-11), 27.9
(C-12), 28.0 (C-13), 15.4 (C-14), 195.2 (C-15). LA L
P BOR S ockoE — 2, e 5 N A
REWE

WEY) 6: R Ry (& H 5T . ESI-MS
m/z: 261.183 9 [M+K]", 73 TN CisHp0, AL
AN 3. 'H-NMR (400 MHz, CDCls) §: 2.93 (1H,
m, H-7), 2.88 (1H, m, H-6a), 2.12 (1H, m, H-6b), 1.92
(1H, m, H-8a), 1.76 (2H, m, H-3), 1.75 (2H, m, H-2),
1.66 (1H, m, H-8b), 1.38 (1H, m, H-1a), 1.29 (3H, s,
H-13), 1.21 (3H, s, H-12), 1.09 (3H, s, H-15), 1.06
(1H, m, H-1b), 1.05 (3H, s, H-14), 1.04 (2H, m, H-9);
BC-NMR (100 MHz, CDCly) &: 39.3 (C-1), 19.6
(C-2), 32.8 (C-3), 125.3 (C-4), 135.1 (C-5), 25.3
(C-6), 44.1 (C-7), 22.7 (C-8), 38.9 (C-9), 34.6 (C-10),
745 (C-11), 27.9 (C-12), 29.6 (C-13), 26.1 (C-14),
18.8 (C-15). LA Lyl i 5 scmkahiss— 5%, %
ENEY 6 N 10-F-y-FEH BT

WEY 7. WOy (&P e . ESI-MS
m/z: 259.169 4 [M+K]", 43 FiLN CisH40, A
MPEA 4. 'H-NMR (400 MHz, CDCly) 6: 4.47 (1H,
m, H-9), 2.66 (2H, m, H-8), 2.17 (1H, m, H-6a), 2.03
(2H, m, H-3), 2.02 (1H, m, H-7), 1.79 (1H, m, H-2a),
1.62 (1H, m, H-6b), 1.47 (2H, m, H-1), 1.32 (3H, s,
H-13), 1.22 (1H, m, H-2b), 1.20 (3H, s, H-14), 0.81
(3H, s, H-15); *C-NMR (100 MHz, CDCls) §: 28.2
(C-1), 23.6 (C-2), 123.7 (C-3), 135.2 (C-4), 84.5
(C-5), 33.5 (C-6), 46.5 (C-7), 32.8 (C-8), 73.4 (C-9),
46.5 (C-10), 80.8 (C-11), 22.9 (C-12), 29.3 (C-13),
19.4 (C-14), 23.4 (C-15). LA byt %ds 5 sCiikdi s
— M0, S E A T 9 BRI - YU .
32 HIEEM

X} 53 B M 1) T AMGE AT AR AT i B 4R
PERR G2 AT A ER B RE RN, S5 R B G
V1M 4 BA— 2 eEfEA, 2 Mueam ik
PR WE (MIC) 435120 210, 420 umol/L, Atk
EIAE SIS R BE O N AR BRI H A R H
4 g

AR SIS R () s 2 i A 27 B o3 S U
PEHHAT T JERBLT 7 MEEdiRib a9, H
L&) 1L E Y. LAY 1 X 24 4 56 7
2 BR B A B AR A o

ARSI NI R IL A B EE T 4 Bl B8 34 (1)
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