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Chemical Constituents of Chinese Agarwood Induced by Artificial Holing
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Abstract: In order to understand the chemical constituents of Chinese agarwood induced by artificial holing, eight
compounds were isolated from its ethyl acetate extract. On the basis of spectral data, they were identified as
5-hydroxy-7,4'-dimethoxyflavone (1), benzenepropanoic acid, 3-hydroxy-4-methoxy-methyl ester (2), zingerone
(3), p-methoxy phenylpropionic acid (4), n-dotriacontanol (5), (20R)-24-cthylcholest-4-en-3-one (6), ergosta-
4,6,8(14),22-tetraene-3-one (7), stigmasterol (8). Compounds 1, 2, and 4-8 were isolated from agarwood for the
first time. Compound 3 had inhibitory activities against to Staphylococcus aureus and Ralstonia solanacearum,
while compound 7 only to R. solanacearum.
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EELGE AR, LRSS A, SRR
PRI Z BRI E]. BI, EER, HEEH
A AR EAARERIE, BTN T4 &
FAR MR PR R RS B R AT R BN
N LT, TR UUE AL B
gy, AT H Z BRI L8 R 53 AL 2 7y
LR IEVERATIRAWETC, e 8E 17 8 MuG
Yo ASCHGEIZ LA S PIRIHEI . 73 B RS540 4 5E

1 BPRLFI 7 7%
1.1 Ak

NTATHTUEREG, 45 4 £ 1. T 2012
11 HREEEE, SR ERGRVREE R
A=W BOR B ST BT AR IE AR BT 7 51 25 8 RV AE )
NH KA [Aquilaria sinensis (Lour.) Gilg], ArA%m 5
N AW20121108, FrAr T FE T AR 272 g Bty
EVFARBE T

& Bt OR A OER (Staphylococcus aureus)
ATCC51650 FifF 44 24 it K6 36 e B s 081 555 A
B (Ralstonia solanacearum)t = 7 K22 W) B IR R
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Fig. 1 Agarwood induced by artificial holing (No. AW20121108)

1.2 B AR

Autospec-3000 J5i i1 ; Brucker AV-500 i 5
WA (TMS NI#A5); Rudolph Autopol I Jig Y6AX ;
CO, K5 774 (Sheldon Manufacturing Inc.); #{F LA
(RS AR AR BT &S ): HEAEE

J82(200~300 H, 60~80 H)FI#/ZZHTHERIR(GFas4,
8L T ), Sephadex LH-20 A1 RP-18 HERHE:
(Merck A ])o VUHEABEMEERMTT), g RIER
(R TAHRAR), HAbGR Ay EZE Tkl

1.3 WA B

WFTTRTTE YR AR 4.7 kg, H 95% L
I ERERE 3 K, BR 10 Lo J80% [HIY O/ 40
Bk, 193] ZBEHRE(510.0 g), ¥ ZEEHRE
B K SRR, KK R CBE. 1B T B &2
B3R, 3 ilikgifizE

¥ IR CEERE(310.0 g), ZRUHERE R
W, DLSUG-FEE D 0~0 @ DESEVERL, 753 10 4
443 (Fr.1~ Fr.10). Fr.1 (109.0 g)#1 Fr.2 (34.2 g){E i
AR BB AEE AL, HORs Fr. A Fr.2 &8 Frd,
AP R A i, [RIFEDASDT-FEE(L © 0~0 & 1)
BEEEGENL, £33 6 A4 7 (Fr.1-1~Fr. 1-9).

Fr.1-3 (6.5 g)%& ODS ik, DLFEE-KG3 @ 7~
10 : O)BE Ve, FHZ: Sephadex LH-20 i (&
Pi-FEE 10 1), FERE AR CH -
4531 7~0 D 103 FMHAEY 1 (4.0 mg)- 2 (7.0 mg)
A8 (21.0 mg). Fr.1-4 (16.8 g)Z& ODS :fait, LLH
7K (3 1 7~10 © O)BRJEBEML, F4 Sephadex LH-20
HEEEHE), 2 RE EMHEERE AT
BE1LE% 3 (10.0 mg). Fr.1-6 (4.0 )% ODS k{4
W, DUBEE-/K(1 : 1~1 : 4)BEEEBER, FE4E Sephadex
LH-20 A s (& G- FEE 10 1), B cE EHER
FE A& A2 AP 4 (19.0 mg). Fr.l-1(3.8g)
2 ODS i, DLHEE-/K ©1~1 D O)BREEBL,
FEE S ST AR R I A €8 (O e -0 177) S Sephadex
LH-20 H e HEOSEELEY) 5 (40.0 mg). Fr.1-2
(4.0 g)% ODS H:ta ik, DIFFEE-/K(1 1 1~1 : O)FRE
Veli, T2 Sephadex LH-20 A ail(GA-FHEE 1 :
1), FAIEAMGERAE O CAMEE-S7 7 3~8:2)
B2EMLEY 6 (150.0 mg) A1 7 (30.0 mg). L& Y45+
L 2.

1.4 HUEHTEHENR T E

K HIIEAC B IR Y B e L &4 1~8 X S,
aureus 74“” R solanacearum E‘JTFI]%'JﬁﬁO %ﬁﬁq:lz\ﬂ%
B AMNA)REFRIERE IR, 2 BIH & 5 B (1107~
1x10" cfumL "), FAMRZEIS1 AT T I B TR L
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Fig. 2 Structures of compounds 1-8

LS. aureus VEHERRD!

H ARG S 7
AL 20.0 mg mL™" [RESHIAB, B 25 nL T840
F(@=6 mm), FRAEFET, HHELAFETS S
aureus FFHR L. L 10 uL BRIR-R AR A 2(0.64 mg mL ™)

S BH XS I, BL 3 W KL (Dimethylsulfoxide,
DMSO) A XTI, A 3 K. 37 CRAEREE TR,
24 h JEMEEAER, Rk~ RO E ) B B2 A2(D),
KA ¢ KB AT B 2 T

Hi R. solanacearum TEMHEPR ¥ AR
A5 BN DMSO BLak 4 10.0 mg mL™" 1)
BES TR, BURE VAW 1.6 uL, LL 0.5 mg mL™" (5%
MR RIBERA.6 pLfEFHMEXTRE, LI DMSO 1E 4
PEXTHR, HEH 3 K. LI IEMS TR L.

2 SRR

2.1 G5 E

5-%FE-74-_HEEKE (5-Hydroxy-7,4'-
dimethoxyflavone, 1) B 05 R 45 5 (CHCL);
Cy-H 4055 ESI-MS m/z: 321 [M + Na]', 297 [M - H];
'H NMR (CDCls;, 500 MHz): 6 7.84 (2H, d, J = 9.0 Hz,
H-2', H-6"), 7.01 (2H, d, J = 9.0 Hz, H-3’, H-5"), 6.57
(1H, s, H-3), 6.48 (1H, d, J = 2.2 Hz, H-8), 6.36 (1H,
d, J=2.2 Hz, H-6), 3.89 (3H, s, 7-OCH3;), 3.88 (3H, s,
4"-OCHs); *C NMR (CDCls, 125MHz): 8 182.5 (C-4),
165.5 (C-7), 164.1 (C-2), 162.6 (C-5), 162.2 (C-4"),
157.7 (C-9), 128.1 (C-2/, C-6"), 123.6 (C-1"), 114.6

(C-3"), 114.5 (C-5"), 105.6 (C-10), 104.4 (C-3), 98.1
(C-6), 92.7 (C-8), 55.8 (7-OCHjs), 55.6 (4'-OCH3). LI
R ERE 5 SCER 614 E — L, S SRR A7 4
Ry TR

-REA-FEE-KABRFED (Benzene-
propanoic acid, 3-hydroxy-4-methoxy-methyl ester,
2) LR, € His04: ESI-MS m/z: 233 [M +
Na]", 209 [M - H]; '"H NMR (CDCls, 500 MHz): &
6.78 (1H, d, J= 1.7 Hz, H-2), 6.76 (1H, d, J = 8.2 Hz,
H-5), 6.67 (1H, d, J = 8.2, 1.7 Hz, H-6), 5.57 (1H, s,
3-OH), 3.86 (3H, s, 4-OCHj3), 3.67 (3H, s, 9-OCHj3),
2.86 (2H, t, J = 7.8 Hz, H-7a, H-7b), 2.59 (2H, t, J =
7.8 Hz, H-8a, H-8b); °C NMR (CDCL, 125 MHz): &
173.6 (C-9), 145.7 (C-3), 145.2 (C-4), 134.0 (C-1),
119.8 (C-6), 114.6 (C-2), 110.9 (C-5), 56.2 (4-OCH3),
51.7 (9-OCHs), 36.0 (C-8), 30.5 (C-7). LA %5 53¢
BR[7-8IHE—5, SN 3-Fdk-4- AL RN
LR

Z W B (Zingerone, 3) oc IR
C11H1405; ESI-MS m/z: 217 [M + Na]", 193 [M - HJ ;
'H NMR (CDCL, 500 MHz): § 6.75 (1H, d, J = 8.0 Hz,
H-5), 6.74 (1H, d, J = 2.0 Hz, H-2), 6.65 (1H, dd, J =
8.0, 2.0 Hz, H-6), 3.85 (3H, s, 3-OCH3), 2.80 (2H, m,
H-7), 2.71 (2H, m, H-8), 2.13 (3H, s, CH;CO); *C
NMR (CDCls, 125MHz): & 208.3 (C-9), 145.7 (C-4),
145.1 (C-3), 134.4 (C-1), 119.8 (C-6), 114.6 (C-2),
110.8 (C-5), 56.1 (3-OCHj), 45.4 (C-8), 30.2 (C-10),
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29.3 (C-7) VA R3S oCmR[714R1E — 38, Se N2
T .

XN (p-Methoxy phenylpropionic
acid, 4) il 4; CgH 2035 ESI-MS m/z: 203
[M + Na]", 179 [M - H]'; "H NMR (CDCls, 500 MHz):
8 7.13 (2H, d, J = 8.6 Hz, H-2, H-6), 6.84 (2H, d, J =
8.6 Hz, H-3, H-5), 3.78 (3H, s, 4-OCHj), 2.90 (2H, t,
J =178 Hz, H-7), 2.64 (2H, t, J = 7.8 Hz, H-8); "°C
NMR (CDCl;, 125MHz): & 178.8 (C-9), 158.2 (C-4),
132.4 (C-1), 129.3 (C-2, C-6), 114.0 (C-3, C-5), 55.4
(4-OCHs), 36.0 (C-8), 29.9 (C-7). LL_E¥¥E 5 CHR[9]
I —5, %w AR IR R .

IE=+_"%%EEE (n-Dotriacontanol, 5) =KE)
[ {A; Cy3Hyg0; ESI-MS m/z: 363 [M + Na]', 339 [M -
HJ; 'H NMR (CDCls, 500 MHz): & 3.63 (2H, t, J =
6.7 Hz, H-1), 1.56 (2H, m, H-2), 1.25 (40H, s,
H-3~22), 0.87 (3H, t, J = 6.9 Hz, H-23); *C NMR
(CDCl;, 125MHz): & 63.2 (C-1), 33.0 (C-2), 32.1
(C-21), 29.9 (C-4~20), 25.9 (C-3), 22.8 (C-22), 14.3
(C-23). HILA EHE 5 5CHR[10)4R0E — 5, $E N IE
=+ R,

(20R)-24-Ethylcholest-4-en-3-one (6) M
iR (CHCLs); CaoHugO: ESI-MS m/z: 435 [M + Na]',
411 [M - HJ; “C NMR (CDCls, 125MHz): & 199.9
(C-3), 172.0 (C-5), 123.9 (C-4), 56.1 (C-14), 56.0 (C-17),
53.9 (C-9), 45.9 (C-24), 42.5 (C-13), 39.7 (C-12), 38.7
(C-10), 36.2 (C-8), 35.8 (C-1), 35.7 (C-20), 34.1 (C-6),
34.0 (C-2), 33.1 (C-7), 32.2 (C-22), 29.2 (C-25), 283
(C-16), 26.1 (C-28), 24.3 (C-15), 232 (C-23), 21.1
(C-11), 20.0 (C-27), 19.1 (C-21), 18.8 (C-26), 17.5
(C-19), 12.1 (C-18, C-29). Lh_F-%ih 50wk 11 HRiE—
H, %5 N(20R)-24-ethylcholest-4-en-3-one.

F£5-4,6,8(14),22-10%%-3-F [Ergosta-4,6,8(14),
F 5 A (CHCls); CagHyoO;

22-tetraene-3-one, 7]

R ACAY) 3 AN T X G (0 B RR T SO R A 1 ) £

ESI-MS m/z: 415 [M + Na]", 391 [M - H]; >C NMR
(CDCls, 125MHz): § 199.7 (C-3), 164.6 (C-5), 135.1
(C-22), 134.2 (C-7), 132.7 (C-23), 124.6 (C-6), 124.5
(C-8), 123.1 (C-4), 55.8 (C-17), 44.4 (C-9), 44.1
(C-13), 43.0 (C-24), 39.4 (C-20), 36.9 (C-10), 35.7
(C-15), 34.3 (C-1), 342 (C-12), 33.2 (C-25), 27.9
(C-16), 25.5 (C-11), 21.4 (C-21), 19.8 (C-26, C-27),
19.1 (C-2, C-18), 17.8 (C-28), 16.8 (C-19). LA %k
EICRRI120E — L, %8 N5 #1-4,6,8(14),22- VY-
3-fifd .

T8 (Stigmasterol, 8) FHELEAA; CyoHugO;
ESI-MS m/z: 435 [M + Na]", 411 [M - H]; >C NMR
(CDCls, 125MHz): & 140.9 (C-5), 138.5 (C-22), 129.4
(C-23), 121.9 (C-6), 71.9 (C-3), 57.0 (C-14), 56.1
(C-17), 51.4 (C-24), 50.3 (C-9), 42.4 (C-4), 423
(C-13), 40.7 (C-20), 39.8 (C-12), 37.4 (C-1), 36.6
(C-10), 32.0 (C-8, C-25), 31.8 (C-7), 29.9 (C-2), 29.1
(C-16), 24.5 (C-15), 21.2 (C-11, C-28), 21.4 (C-21),
19.5 (C-19), 19.2 (C-26), 19.1 (C-29), 12.4 (C-27),
12.2 (C-18). LA - #d 5 SCR[13)4RIE—3, SxN
.

2.3 PLETEE

FAUELC A SRR HOZI & 1 &0 1~8 P s
P, SERFZH], LAWY 3 X4 (0 A Bk B A A
R B A TEIE R A T SO R Fl s
HIHEWEHGER 1), 2185, 150z 58
W32 2 7K P (P<0.01)

3 e
AT RTHRIE 7 7 A TR 2K

SEBRAELHEN 2-2- K Iy RS, A
YT N TAT IR TA AT — DT, A5 8

Table 1 Antibacterial activities of compounds 3 and 7 against Staphylococcus aureus and Ralstonia solanacearum

e #1174 B 4% Inhibition diameter (mm)
Compound SO EIRE S. aureus JHEEFEAGRE R. Solanacearum
3 11.200.10" 7.82+0.09"
7 - 8.02+0.09"
DMSO 6.00+0.01 6.00+0.01
iz £ #3 % & Kanamycin sulfate 21.80+0.21 32.98+0.25

", P<0.01.
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SE 8 MLEY, HAP AR | NI EY) 5-
FRRE-T 4T HHEIL I (1), 3 MERMEITELS
Y. 3-FRFE-4- WA BEOR TR LR (2). 22l
(3). MHEIIEANER @), | NMEHEMIE=T
ZhilE SR 3 ANEAEREY): (20R)-24-ethyl-
cholest-4-en-3-one (6) 7% ffi-4,6,8(14), 22- VU Jfi-3-1
(7). SHEE (8). W HUREIEVERE, 4R ERL
B 3 5K 4 €0 R A B B R R R R T A K
HIHIVERT s AW 7 R LT Rl B AR A A
EH.

FATHT WX R G F I AARE W T AT T 4%
BT, 45 BRI IR A YAE AR E R T8
R ARz, H 5-33E-74- —HRAEREE 1)2A
ARFEMT A EE SIS R 2 1 R
FTAPE P BE2 7T mg (b &Y 1, HEENH
I A LI 7 B 15 0 ARG, DR T A
R B I IR A SE RS o 4SOk IE, DU
EIARRHIH 5 &R EYAEAE, Hh 2 (3)
W LA O g B r R s sk, SRS
YITE ARE R 7. RSLEIAIH o
fi, HGHEE @) AAE Pig#RE" " [,
E= ke ) M ARE F B Eles,
Rk, N TATRYUE S AEDETEN S R ke
FAE—E M ZERN . KRR RFEE T IEMEL
SRAEYIEE, NN T EFRIUE IR R K&
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