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Anti-inflammatory Chromones from Agarwood Produced Via Whole-Tree Agarwood-Inducing Technique

of Aquilaria sinensis
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ABSTRACT :OBJECTIVE To investigate the chromones and anti-inflammation effect of agarwood produced via whole-tree agar-
wood-inducing technique (Agar-Wit) from A. sinensis. METHODS The constituents were isolated and purified by chromatographic
technique and semi-preparation HPLC. RAW264. 7 cell model induced by lipopolysaccharide was used to evaluate the anti-inflammato-
ry activity of some compounds, and the secretion level of TNF-a was detected by ELISA. RESULTS A new 2-(2-phenylethyl )
chromone, (7'R)-2-[2-(7'-hydroxyphenyl) ethyl ] chromone (1), along with nine analogues (2 —10) were isolated from the agar-
wood produced by Agar-Wit, their structures were identified on the basis of physicochemical characteristics and spectroscopic data anal-
ysis as 6,7-dimethoxy-2-[ 2-(7'-hydroxyphenyl ) ethyl ] chromone (2), 6-hydroxy-2-[ 2-(7’-hydroxyphenyl ) ethyl ] chromone (3), 8-
chloro-6-hydroxy-2-(2-phenylethyl ) chromen-4-one (4), 8-chloro-6-hydroxy-2-[ 2-(4’-methoxyphenyl ) ethyl ] chromone (5), 8-chlo-
r0-6-hydroxy-2-[ 2-(3’-hydroxy-4'-methoxyphenyl ) ethyl | chromone (6), 7-hydroxy-6-methoxy-2-( 2-phenylethyl) chromone (7), 6-
hydroxy-7-dimethoxy-2-[ 2-(4'-hydroxyethyl ) | chromone (8), 6-hydroxy-2-[2-(3’-methoxy-4’-hydroxy) ethyl ] chromone (9), 6-hy-
droxy-2-[ 2-(3’-hydroxy-4'-methoxyphenyl ) ethyl ] chromone (10). The results showed that compounds 1, 4, 6, 9 significantly inhibi-
ted the release of TNF-a inflammatory factors in RAW264. 7 cells induced by LPS, with ICy, values of 13.30, 8.53, 7.72, and 10. 87
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pg + mL™" | respectively. CONCLUSION Compound 1 is a new compound. The crystal structure of compound 4 is reported for the

first time. Compounds 1, 4, 6, 9 show significant anti-inflammation activities.

KEY WORDS : Aquilaria sinensis; whole-tree agarwood-inducing technique; agarwood; chromone; anti-inflammation
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(334" - A AL ) SB[ B (4),8-5-6-%
Fe2-[2-(4-HEHIRIL) CH Bl (5),8-F-6-%%
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Bruker AV I 600 #%#f HE A (FHi 1 Bruker 2
) ; LTQ-Obitrap 5 43 #¥ 7 3 ( Thermo 23 ] )5
SCW ® X -5 R ke s A (LX) ;SCW ® -
531 A B 5 P230 LAt & AH (0
A 510 mm x250 mm,5 pm C,o b ( HA YMC
] ;0DS FRL(12 nm ~50 pm, HA YMC A F]) ;
Sephadex LH —20 %l ( 2€ E Pharmacia 2\ 7] ) 3 #: {6,
TEAEE (100 ~ 200,300 ~400 H ) Fii 2 385 f
(CF SreA ), B AR 35 O 23 #2174
B At TR A FRAF

2 RRENE

DI KR 300 g, 28 TR PE I, 155 25.5 g £5
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BE(100: 1 2 1: 1, V/V) BREEVR L, 193] 12 D415
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ZERE (200 ~ 300 H ) A3k, DA iliE-2 7R L BE
(2051 % 1:5) BEEEVR, RECS A4 4
(Fr. Al ~Fr. AS), Fr. A2 (0.58 g) i 5} Sephadex
LH —20 At — AR e-BE(3:7,V/V) 43 8 i
Wt [ E A RS W 2 (14.6 mg) 3
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mg) 4(15.0 mg) ,8(2.5 mg) }2 10(1.7 mg)
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CpH, Of , AEAIEE N 11, IR JERE7E P £ 3 310 1
1625 em ™' b @R A SR AR BRI, H-NMR (3%
1) X BN 1SR 55 6,6.26 (1H,s, H-
3) AR AR MG S 6, 7. 47 (1H,1,] =7.2
Hz,H-6),8.10 (1H,dd,J=1.8,7.8 Hz,H-5),7.78
(1H,1d,J=1.8,7.8 Hz,H-7) f17.56 (1H,dd, ] =
1.8,7.8 Hz,H-8) , LA & 55 1 4~ A, B, JLHE RGE A
5% 6,7.42 (2H,d,J =7.2 Hz, H2',6"),7.34
(2H,d,J=7.2 Hz,H-3",5") . Ak, &k s 14
HEAAR) = HIE T T{E S 64,517 (1H,1,] =6.6 Hz,
H-7") . MM X B 1 AU EESE S 6,3.09
(2H,dd,J =2.4,6.6 Hz,H-8") , Bit(F1)IHLE R
15 MRAES , 066 1 A H IL(5 5 5.45. 4,1 MER
IR B 5 8.72. 8,1 A = HUARHI BURAE 5 o
112.3,169. 7, F1 1 PNHRIE(EE 5,180. 7, LI J 2 4%
B (52 5. (158.3,145.1,135.6,129.7,129.0,
127.1,126.7,126.3,124.6,119.5) . 4+#7 1 (' H
I C-NMR i % 32, & 8 5 2-( 2-phenylethyl )
chromone* PR AR AL, IX SI7E T-3F H 4k €77,
C-8' Mk fif%, o 1 SRR BRI 8.72. 8.,
F CT BB n k3585 8l , 72 HMBC % 5, 5. 17
(1,J=6.6 Hz) 5 C-1",C2" I C-6" 1 50 & #2514
e C-7'fi, TG 1 RoH 1| AFrEmE+,
HWAREE [ o]) +82°(c 0.1, CHCL,) #EWr C-7"K
RAN, b, AL 1 B i e, f 4
M (7'R)-2-[ 2-(7'-hydroxyphenyl ) ethyl ] chromone

1 femlgy

Fig.1 Structure of compound 1

2 feed A EEEY
Fig. 2 X-Ray structure of compound 4
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F1 441" "H-F1"C-NMR %42 (600/150 MHz, CD,0D)
Tab.1 The 'H- and " C-NMR data of compound 1 (600/150
MHz, CD,0D)

No. ¢ 8y(J in Hz)
1 - -

2 169.7 -

3 112.3 6.26 (s)

4 180.7 -

5 126.3 8.10 (dd, 1.8, 7.8)
6 126.7 7.47 (1,7.2)

7 135.6 7.78 (1d, 1.8, 7.8)
8 119.5 7.56 (dd, 1.8, 7.8)
9 158.3 -

10 124.6 -

K 145.1 -

2/ 127.1 7.42 (d,7.2)

3/ 129.7 7.34 (1, 7.2)

4 129.0 7.27 (m)

5’ 129.7 7.34 (1, 7.2)

6’ 127. 1 7.42 (d,7.2)

7 72.8 5.17 (t, 6.6)

8’ 45.4 3.09 (dd, 2.4, 6.0)

&M 2 IR B AR R, A 133 ~ 136 C,
HRESIMS ] 15 A0 Xf 4 F Jii & 24 m/z 349.104 3
[M+Nal]" (i} % {4 C, Hy O5 Na, 349.105 2),
"H-NMR ( CD, OD, 600 MHz)§:7.45 (1H,s, H-5),
7.41(2H,d,J =7.2 Hz,H-2",6"),7.31(2H,d,J =
7.2 Hz,H-3',5"),7.28 (1H, m, H4") ,7. 11 (1H, s,
H-8),5.15(1H,t,J=6.0 Hz, H-7'),3.97 (3H, s,
OMe-6),3.91(3H,s,0Me-7) ,3.06(2H,dd, ] =2. 4,
6.0 Hz,H-8") ;" C-NMR(CD,0D, 150 MHz)§:168. 7
(C2),111.6(C-3),180(C4),104.9(C-5),149.6
(C-6),156.8 (C-7),101.3(C-8),154.7 (C9),
117.6(C-10) ,145.2(C-1"),127.1(C-2",6") ,130. 8
(C-3",5"),129.0(C4"),72.9(C-7") ,45.3(C-8"),
56.9 (OMe-6), 57.2 (OMe-7) ., Lk I ¥4 5 3¢
BRO10RIE 19 6, 7-— H 4 BE-2-[ 2- (7" - 32 HE 2R L)
AR (6, 7-dimethoxy-2-[ 2-(7'-hydroxyphenyl )
ethyl ] chromone ) $#i5 FeAx—2§

AW 3 R E AR, IS 122 ~ 123 °C, 5%
FHEE,"H-NMR (CD,0D,400 MHz)§:7.89(1H,d,
J=1.8 Hz,H-5),7.43(2H,d,J =7.2 Hz,H2",6"),
7.40(2H,m,H-7,8),7.33(2H,d,J =7.2 Hz,H-3",
5'),7.29(1H, m,H4") ,5.14(1H,t,J =6.0 Hz, H-
7'),3.05(2H,dd,J =2.4,6.0 Hz,H-8") ., C-NMR
(CD,0D, 100 MHz) §:169.0 ( C2),111.1(C-3),
180.5(C4),108.7(C-5),156.4 (C-6),124.5 ( C-
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7),120.5(C-8),152.1(C9),125.2(C-10),145(C-
1'),126.9 (C-2",6"),129.5(C-3",5"),128.8 ( C-
4'),72.7 (C7'),45.2 (C8"), U &5
BRL LT JHIE Y 6-7256-2-[ 2-(7"- R HEIRIE ) LA ] (4
filil  ( 6-hydroxy-2-[ 2-( 7’-hydroxyphenyl ) ethyl ]
chromone ) $4f 34—,

) 4 REE AR, 15 5 144 ~ 146 °C L, 5
T 5. H 2, H-NMR ( CD, 0D, 400 MHz) §:7.32
(1H,d,J=2.8 Hz,H-7),7.30(1H,d,J =2. 8 Hz,H-
5),7.23(2H,m,H4") ,7.20(2H,m,H-2",6") ,7. 10
(IH,m,H-3",5"),6.12(1H,s,H-3),3. 11 (2H, m,
H-7'),3.04 (2H, m, H-8") ,"* C-NMR ( CD, OD, 100
MHz) §:171.3(C-2),110.1 (C-3),179.7(C4),
108.3(C-5),156.5(C-6),124.4(C-7),124.6 (C-
8),147.4(C9),126.1(C-10),141.1(C-1"),129.6
(C2",6"),129.4(C-3",5"),127.5(C4"),33.9(C-
7'),36.9(C-8") . LA F&dls 5 Sk [ 12 ] 4B 19 8-
H6-F2F/2-(2- IR 2 H7E) 4 ( 8-chloro-6-hydroxy-
2-(2-phenylethyl ) chromen-4-one ) 5 —3%,

TER B b, Sl SN2 45 &, AR 2k &
P4 mEiR, £100 K F,%£0. 132 x 0.12 x 0.11
mm” (1) 8L & DO B AT AR, SR Mo Koo 4%
(A =0.154 184 nm) , DA /20 J5 UL, 7E 6. 888° <
20<146. 806° NITEE BT Bl 11 342 4>, Horpoh
SEATSS R 2 738 (R, =0.038 8) o At 55X
N €y H,; ClO, , AHX 7375t 300. 72, J& T84 7 d
ZS[ElEE 14, /a, fi iS40 a=1.646 64(2)nm, b =
1.646 64(2)nm,c =2.047 61 (4)nm,a =B =y =
90.00°,V =5.551 94 (17)nm’, Z =16, T = 100. 00
(10)K,D, =1.439 g -+ em’, p (Cu Ka) =2.504
mm ™' Fl F(000) =2 496.0, Final R, =0.054 4
[1>20(1)],wR,(F*) =0.133 5 [1 > 2¢(1)],fi-
nal R, =0.059 4,wR, (F*) =0.136 2(all data) , %
PG B B RS © R A7 T SRR & R B8
CCDC 1914716 (¥ 2) ,

Y S IREE AR, 1 5138 ~ 141 °C L, 5
T4 47 W B2, H-NMR ( CD, 0D, 400 MHz) 8:7. 33
(1H,d,J=2.4 Hz,H-5),7.31(1H,d,J =2.4 Hz,H-
7),7.20(2H,d,J =8.8 Hz,H-2",6"),6.82(2H,d,
J=8.8 Hz,H-3",5") ,6. 11 (1H,s,H-3),3.70(3H,
s, OMe4'), 3.03 (4H, m, H-7", 8')."” C-NMR
(CD,0D,100 MHz) §:171.3(C-2),110.1(C-3),
179.7(C4),108.3(C-5),156.2(C-6),124.3 (C-
7),124.5(C-8),147.5(C-9),126.1(C-10),133. 1
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(C-1"),130.4(C-2",6"),115(C-3",5"),159. 8 ( C-
4'),33.1(C-7"),37.1(C-8") ,56.6(OMe4") , VL I
HelE 5 SR 15 4 IE 1Y 8-5(-6-52 hk-2-[ 2-(4'-H1 &
FAR L) 2 3 ] @ ( 8-chloro-6-hydroxy-2-[ 2-(4'-
methoxyphenyl ) ethyl ] chromone ) 54— 2 .

G 6 IRAF IR, T 11 147 ~ 149 °C, 5
F-HIpE, ' H-NMR (CD,0D,400 MHz)§8:7.20(1H,d,
J=2.4 Hz,H-7),7.18 (1H,d,J =2.4 Hz,H-5),
6.79(1H,d,J=8.4 Hz,H-5") ,6.68(1H,d,J=1.8
Hz,H-2"),6.63 (1H,dd,J =1.8,8.4 Hz, H6"),
6.05(1H,s,H-3),3.70 (3H, s,4’-OMe ) ,” C-NMR
(CD,0D,100 MHz)6§:171.2(C-2),110(C-3),179. 8
(C4),108.2(C-5),157.0(C-6),126.3 (C-7),
124.5(C-8),147.3(C9),126.3(C-10),134. 1 (C-
1'),116.4 (C-2"),147.7 (C-3"), 147.6 (C4'"),
112.9(C-5"),120.6 (C-6"),33.3(C-7"),37. 1 (C-
8'),56.4(OMe4") . LA %4l 5 SCHR [ 13 ] 4R 1& 1)
8-GO k-2-[ 2-(3' k4 - S BLIOR AL ) 23k | (8
fiiil ( 8-chloro-6-hydroxy-2-[ 2-( 3'-hydroxy<4'-methoxy-
phenyl ) ethyl ] chromone ) £ — 2 .

WG T R EFTRGR, S 50123 ~ 125 C,
S T & 5 EE,' H-NMR ( CDCI,, 600 MHz) §8:
7.19 ~7.30(5H,m,H-2",3",4",5",6"),7.53(1H,s,
H-8),6.95(1H,s,H-5),6.09 (1H,s, H-3),3.97
(3H,s,0Me-6),3.04(2H,t,J =7.2 Hz,H-8'),2.90
(2H,t,J = 7.2 Hz, H-7") ;" C-NMR ( CDCl,, 150
MHz) §:168.0 (C-2),109.4 (C-3),177.9(C4),
104.4(C-5),145.4(C-6),151.5(C-7),102. 8 (C-
8),152.9(C9),117.0(C-10),139.9(C-1"),128. 8
(C-3",C5"),128.4(C-2",C-6"),126.7(C4"),56.6
(6-OMe) ,32.1(C-7"),36.3(C-8"), LI &GS
BRL 14 JHGE Y 7-F2 H-6-H A Bk-2- (2R 5L 2 38 (1
B [ 7-hydroxy-6-methoxy-2-( 2-phenylethyl ) chromone ]
Bl —2.

) 8 IR BT ([ K, 5 25 132 ~ 135 C,'H-
NMR ( CDCl;, 600 MHz) 6:7.48 (1H,s, H-5),7.02
(2H,dd,J =8.4,2.4 Hz,H-2",6"),6.68 (2H, dd,
J=8.4,2.4 Hz,H-3",5"),6.67(1H,s,H-8),6.08
(1H,s,H-3),3.95(3H,s,0Me-7),3.05(2H,t,J =
7.2 Hz,H-8"),2.89 (2H,t,J =7.2 Hz,H-7") " C-
NMR ( CDCl,, 150 MHz) §:168.8 (C-2),109.8 ( C-
3),178.2(C4),105.1(C-5),145.7(C-6),153.2
(C-7),99.2(C-8),151.8(C9),116.9 (C-10),
133.4(C-1"),130.1 (C-2",6"),115.7 (C-3",5"),
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155.8(C4"),32.3(C-7"),36.8(C-8"),56.4 ( OMe-
7)o VA RS SCHRL 1S JHRIE RY 6-F85-7-HT 48 Jk-
2-[2-(4"- %I 2 £) ] @& (6-hydroxy-7-methoxy-2-
(2-(4'-hydroxyethyl) ] chromone ) $#E—3%,

a9 IR e A, 15 5 128 ~ 130 C, i
T4 47 W Bz, H-NMR ( CD, OD,400 MHz) §:7. 45
(1H,d,J=8.8 Hz,H-8),7.36(1H,d,J =2. 8 Hz,H-
5),7.23(1H,dd,J =8.8,2.8 Hz,H-7) ,6.74 (1H,
d,/=1.6 Hz,H-2") ,6.68(1H,d,J=8.0 Hz,H-5") ,
6.63(1H,dd,J=8.0,2.0 Hz,H-6') ,6.09(1H,s, H-
3),3.73 (3H, s, OMe-3") ," C-NMR ( CD, OD, 100
MHz) §:171.5(C-2),109.8 (C-3),180.6 (C4),
108.7(C-5),156.4(C-6),120.5(C-7),124.5(C-
8),152.0(C-9),125. 1(C-10),132.8(C-1") ,113. 1
(C2"),148.9(C-3"),146.3(C4"),116.2(C-5"),
121.9(C-6"),33.8(C-7"),7.4(C-8") ,56.3(OMe-3") ,
DL EE 5 SRR 16 ] 418 i1 [ 6- 58 He-2-[ 2-(3'-HT 4R
B4 FREERIE) LIk ] A | (6-hydroxy-2-[2-(3'-me-
thoxy-4'-hydroxy ) ethyl | chromone ) 2(4j5—3( ,

A 10 : IR (A, 5 45 135 ~ 137 °C . H-
NMR (CD,0D,600 MHz)68:7.46(1H,d,J=9.0 Hz,
H-8),7.36(1H,d,J=3.0 Hz,H-5),7.23(1H, dd,
J=9.0,3.0 Hz,H-7),6.80(1H,d, J =8.4 Hz, H-
5'),6.68(1H,d,J=2.4 Hz,H-2"),6.62 (1H, dd,
J=8.42 4 Hz,H-6') .6.09(1H,s,H-3) ,3.79(3H,
s, OMe4'), 2.94 (4H, brs, H-7', 8')."” C-NMR
(CD,0D,150 MHz) §:171.4(C-2),109.7 (C-3),
180.6(C4),108.7(C-5),156.5(C-6),124.5(C-
7),120.5(C-8),152(C-9),125.1(C-10) ,134. 1 (C-
1), 112.8 (C2'), 147.6 (C3'), 147.6 (C4'),
116.4(C-5"),120.5(C-6"),33.4(C-7"),37.3 (C-
8'),56.4(O0Me4") . DL b %l 5 3CHRL 15 JHRIE#Y
6-F2 H-2-[ 2-( 3" He4"- A LR L ) & | (8

£2 A1, 4,6,9 3 RAW264. 7 AR EE. n=3,x s

( 6-hydroxy-2-[ 2-( 3'-hydroxy-4’-methoxyphenyl ) eth-
yl ] chromone ) 45 —3% .

4 LEYHmKENE

RSN BT 98 T 1 T 325 R FH /DS BB A% B 0 24 i
Raw264. 7 #R7 BLARIN T : Raw264. 7 4101 5
10% FBS [ DMEM R 3% F 37 °C 5% CO, 5546
HRRLER IR, AR 1 x 1074 - mL~" 200 pl -
FL7 R T 96 LA R, 43 B AE N R4 LPS
B 2 A e, PR (50,25,12.5 pg -
mL ") FIHE, BT 37 C 5% CO, ks FA46 bk
BE24 h J5 . BRES IR HRAABRAN, 44100 50 i AKE R
ZARY LT R E A 1 ug - mL~" LPS, k421,
77 24 ho WSO L 4Af R 55 EIR AR YE ELISA i
F Ve VLRI TNF-o /K-, 9K J5 45143 3 A
10 wL (5 mg - mL™") MTT 4228555 4 h, 3% BiE
43510 150 L DMSO, $& 4% 10 min, SR I b5 [ AE
570 nm ZbN OD {8,

PLRIGTESGE R (R 2) W], 52 A i, LPS 41
f) OD {H . 2% T & (P < 0.001) , R B LPS 5 311
RAW264. 7 41l B 18 34 58 & AE 980 ) o AH EE LPS
4,465 1,4,6,9 11 OD {8 I 2 B4 (P <0.001,
P <0.01,P <0.05) , BRI RAEM) KAz THE 1C,,
(B304 13.30,8.53,7. 72 F110. 87 pg - mL ™",

XJ TNF-o $ 35145 (3¢ 3) W1, AH 1 LPS 41,
k&Y 1, 4, 6, 9 ¥ B ERFM TNF-a 1)K
(P <0.001,P<0.01, P<0.05),

5 3 &

ARSI R FH A b 4 1% HR B AR 25 T R 155
HARFEIE AT E 3 81538 10 N2 69 .
Hp A& 1 ey, B AGE LG 4 5 5
PREEH 5 T A 166 W 34 8 O GE IR T b A

Tab. 2 Inhibitory activity of compounds 1, 4, 6, 9 on NO production in RAW264. 7 cells induced by LPS. n=3,x +s

Compounds Pes ml.”! 1Cs0
50 12.5 /pg + mL~1
1 1.44 0. 432 1.95 +0.20%) 2.22 +0.43%) 13.30
4 1.01 +0.25" 1.50 +0. 241 1.76 +0.20") 8.53
6 0.68 0. 191 1.71 £0. 07" 2.00 +0.23") 7.72
9 0.75 0. 06" 1..00 £0. 09" 1.31 +0.07" 10. 87
Black 2.21 £0.30
LPS 2.93 +0.521

L HZ L, VP <0.001; 5 LPS e, DP <0.001, 2P <0.01, 3P <0.05
Note: )P <0.001, vs Black; VP <0.001, 2P <0.01, 3P <0.05, vs LPS
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R3I AW, 4,6, 93 LPS ¥ F 6 /MR E % 4 M 0
TNF-o #1H[1Efl. n=3,x s

Tab. 3
RAW264.7 cells induced by LPS. n=3,x +s

Inhibitory effect of compounds 1, 4, 6, 9 on TNF-«a in

p/pg - mL™!
Compounds
50 25 12.5
1 33.24 +4.312)  49.71 £2.04%)  71.18 +4.35%)
4 10.00 £2.521)  39.12 £2.442) 56,47 £2.03%)
6 3.82+1.121)  45.88+3.72)  60.59 +5.523)
9 2.35+0.65")  11.76 £1.541)  40.00 =1.262)
LPS 80. 15 +5.791)

5 LIPS I, P <0.001, 2P <0.01, P <0.05
Note: P <0.001, 2P <0.01, P <0.05, vs LPS

H 2 ~10 ¥ NTUAE 140 8 r s Rk (b A 1,
4,6, 9 A L EAMEH LPS i 5 RAW264. 7 4 iU ity 4
i SO, ) s 3004 TNF-oc B8 50 Wb K, & 3470 S
T o ARSZI0 A 30 (A 1) il SO VP A R 3 3 (A oA Ji
BHE =S TF AR AE T IR K
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