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Abstract: Objective To investigate the chemical constituents from cultivated “Qi-Nan” agarwood and their anti-inflammatory
activity. Methods Various chromatographic techniques, such as Sephadex LH-20 and silica gel were used for separation. Their
structures were elucidated based on mass spectrometry (MS), nuclear magnetic resonance (NMR) and other modern spectroscopic
methods. The anti-inflammatory activity of these compounds was screened by Griess method. Results Seventeen compounds were

isolated from ethanol extract of cultivated “Qi-Nan” agarwood, which were 2-[(4-methoxybenzoyloxy)methyl]chromone (1),
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2-(2-phenylethyl)chromone (2), 2-[2-(3-hydroxy-4-methoxyphenyl)ethyl]chromone (3), 2-[2-(3-methoxy-4-hydroxyphenyl)ethyl]
chromone (4), 2-[2-(4-methoxyphenyl)ethyl]chromone (5), 2-[2-(2-hydroxyphenyl)ethyl]lchromone (6), 2-[2-(4-hydroxyphenyl)
ethyl]chromone (7), 6-hydroxy-2-[2-(3-hydroxy-4-methoxyphenyl)ethyl]chromone (8), 6-methoxy-2-[2-(4-methoxyphenyl)ethyl]
chromone (9), (R)-2-[2-hydroxy-2-(4-hydroxyphenyl)ethyl]chromone (10), (S)-2-[2-hydroxy-2-(4-hydroxyphenyl)ethyl]chromone
(11), methyl 4-hydroxybenzoate (12), anethole (13), 7B-H-9(10)-ene-11,12-epoxy-8-oxoeremophilane (14), (55,7S,9S,105)-(—)-9-
hydroxy-selina-3,11-dien-14-al (15), B-elemen-9B-ol (16), squalene (17). Conclusion
compound 16 was identified from agarwood for the first time. /n vitro anti-inflammatory assay results showed that compound 8
inhibits the NO production in mouse mononuclear macrophages RAW264.7 induced by LPS with ICso value of (27.81 + 2.34)

Compound 1 was a new compound,

pumol/L.

Key words: cultivated “Qi-Nan” agarwood; Aquilaria sinensis (Lour.) Spreng; chromone; anti-inflammatory activity; 2-[(4-methoxy-

benzoyloxy)methyl]chromone; B-elemen-93-ol
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P, SEIREE AT M A TR A RO . AT AT
M CRBE 2 57 ARHE N TR = s A f
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73 9 O 2-[(4- ARk R F I AR R ) HH R ] £
( 2-[(4-methoxybenzoyloxy)methyl]chromone, 1)+

2-(2-FK L HE) R (2-(2-phenylethyl)chromone, 2)-
2-[2-(3- R Bk 4- W A R ) o FE BB C 2-
[2-(3-hydroxy-4-methoxyphenyl)ethyl]chromone, 3).
2-[2-(3- A HE4- R B R SR VB Bl (2-[2-(3-
methoxy-4-hydroxyphenyl)ethyl]chromone , 4 ) .

2-2-(4- W R 4 B 2-2-(4-
methoxyphenyl)ethyl]chromone, 5). 2-[2-(2-f23EK)
LR (2-[2-(2-hydroxyphenyl)ethyl]chromone,

6) . 2-2-(4-FBHEEFK)L FE A M (2-[2-4-
hydroxyphenyl)ethyl]chromone, 7). 6-F3&-2-[2-(3-
R R -4 OE R ) 4 BB ( 6-hydroxy-2-
[2-(3-hydroxy-4-methoxyphenyl)ethyl]chromone, 8)-
6- A 2L 2-[2-(4- S X)) 2 ) e i C6-
methoxy-2-[2-(4-methoxyphenyl)ethyl]chromone, 9) .
R)-2-[2- 2 2-4- R H )L BT (R
2-[2-hydroxy-2-(4-hydroxyphenyl)ethyl]chromone ,

10). (S)-2-[2-FKE-2-(4-F 58K SR B ((S)-2-
[2-hydroxy-2-(4-hydroxyphenyl)ethyl]chromone, 11).
4-F2FEIR R S (methyl 4-hydroxybenzoate, 12)
4-P5 15 3 % H Bk Canethole, 13) . 7B-H-9(10)-J-11,12-
W8-S L LB bE [7B-H-9(10)-ene-11,12-epoxy-
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Fig.1 Structures of compounds 1—17 from cultivated “Qi-Nan” agarwood

8-oxoeremophilane, 14]. (55,75,9S,105)-(—)-9-F2 -+
FhoE-3,11- - H#-14-B% [(55,75,95,108)-(—)-9-hydroxy-
selina-3,11-dien-14-al, 15]. p-#5 & J4i-9B- % ( B-elemen-
9B-ol, 16). fH& s (squalene, 17). HH, L&
1 e EY, HEY 16 HIREDTE R,
PLRIG MRS REWH, 1hav) 8 BAPLRIEN,
N H1¥ FZ (median inhibition concentration, ICsp)
58 (27.81£2.34) pmol/L.
1 =5

LA 1260 43 B 2 v ROBAH (i A (L
Agilent A ] ); ZHEME 1260 - il £ 70 i OB €3
1 CEEZERFHEARARD; Cosmosil 5 Cis-
MS-IT 4354 (250 mm X 4.6 mm, 5 um, Nacalai tesque
/NF]); Chiralpak AD-H i (250 mm X 4.6 mm,
5 um, Daicel A#]); Bruker AV-500 2 S A% BN
(f#[E Bruker A &]); JiiG{X (Bruker amazon SL 73
") ZLAMEIEIC (Nicolet 380); UV-2550 4841,
WX (Shimadzu 22 7]); FEYGAX MCP 5100 (B 3A]
Anton Paar HRAFD; A% MOS-500 (V2

Biologic A ] ); CA-1111 RAHIKIEHEEE (-
15 BB AT IR A W) BSA-100A B H 23540 e ke
& (LWFHmYy AR s AR (HEE
Heidolph Laborota); Mettler Toledo ME204 } % Fll
DR [z —, WRE-FE 243 (R
AF]s B TS CRBERIDLA PR A 7 BT 1
#%)7); ELX-800 bR (EEFERAF); ikt
W G, FEIERER (200~300. 60~80 H) (F
AL T ) Sephadex LH-20 BER (42 Merck
AT NRPAZ B (RAW264.7) 13T
E Rk T400PE ;. DMEM R955E. Iash g (3%
B RBHEAFD; B2 (lipopolysaccharide,
LPS). Griess ikifll. #i 3 (A5 SLBZ4289). 1]
W35 (b5 RH107294). BT H R (LS
HO03A8J41034), MTT k7] (£[H Sigma AF]),
BRI ARUTEREM T 2020465 AR AT Ko E
FIRSEE 12 NA R L2 57 AARE, &hE#
7 AR 2B AT AE YDA AT T & W 9 L
B EAEY) NG HF R LE B A KE A sinensis
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(Lour.) Spreng, EiEfrA (RK220200517) fRfF T
Hh ] A RO R B B AR D AR T
2 RESESE

I AR (1777 @) HEE R 95%2
g (1.8 L) [RlAHEHL 3 Ik, ek ki 5128 (85.3
2o BlJEHHIRE FIUE R (s AT R R B, F
BB CBE RS (1002 0 1) Al 5 k-
HEERS (40 1 1-0: 1) ¥efit, 4 14 MRy (Fr.
1~14).Fr. 1(220.5 mg) £ i k-1 2 2.5 (1000 -
15300 : 1D ERAEELAASRMEY 17 (7.1 mg).
Fr. 2 (605.5 mg) £ Sephadex LH-20 &ttt (& A)i-
FEE 10 D PRBIRIF 4 Fr. 2.1~2.4, Fr. 2.3(146.1
mg) G E RO (PR AR A
- PIEH (500 0 1550 1 1) J¥EMIRS R4 Fr.
2.3.1~2.3.9 F{k A1 14(2.0 mg), Fr. 2.3.1(32.1 mg)
ZAT -5 5- A (501005151 0.01) FERAE
Ve, BEMLEM 13 (5.1 mg) F116 (1.3 mg).
Fr.3 (4.569 @) 7 &5 (RU-HEE 1 1D H
B EE-BE R 2.8 (40 @ 1525 ¢ 1) FERA e 315
&1 2 (8132 mg). Fr.4 (11.693 g) 43 ML HEK
FOCHED FAMEBE-BER OME (120 154 0 1) &
IEREVER R AYI 5 (10147 g) A7 (3.4 mg).
Fr. 5 (1.256 g) ZHbRAE (HEE P, 53095
Fr.5.1 F1 Fr. 5.2, Fr.5.1 (536.1 mg) 4> A& A
CHVEE D R RE B A € 3 [ o W - &1 - A
(5:5:05:5:04) 1M, B#2EtbEm 15 (2.0
mg), Fr. 5.2 (351.8 mg) ZREMRH: o [ k-5
i-SREE (5:3:055:3:0.15) [EHEIR
Fr.52.1~52.7, &% 4 (4.5mg) 16 (6.5mg),
Fr.5.2.2 (20.0 mg) &EMAE, Do imE-BEme 4.0

(8:1-4: 1) WEHBRENEY 1 (2.7 mg). Fr. 9
(8.407 g) ZHEEH: (FHO-TEE 1 D Wi, R5
B REIAEY 3 (3.645g). Fr. 10 (900.8 mg) 4>
MR CRAT-FEE 10D MR O
THEE-BEIR OB 2 0 1D PSR Fr. 10.1~10.8 A
&4 12 (1.8 mg), Fr. 10.4 (72.8 mg) & ¥ 4%
EABA R (Cis A, HIEE-ZK 13 0 7) 2y E4lifh
BREMAEY 9 (3.7 mg, ®R=29.0 min). JELL Fr. 11
(19.467 g) TR E 1A, K (B4 FH &5 AR S
HEERELAY 8 (6.389 g), Fr. 11 HIERE &
BERCRE CEAT-FEE 10 1) A k- B iR 2 s
(25 1 1—>6 : 1) WERAEHES, [2ms Fr. 1.1~
11.6, Fr. 11.5 (5832 mg) £ A1 kBt iz 2 Mg
(61 1-1 1D RIS ZSMNERIESY) (2.0
mg). BiJG, KA IERFEAE (E O k-SSR 3 07D
HIME TR IR 2 A 10 (0.6 mg, ®r=
7.7 min) 11 (0.4 mg, ®=R=28.2 min).
3 FHETE

A 1: AERA . UV AT (nm): 205 (4.92),
262 (4.53); IRvy> (cm™): 2959, 2921, 1630, 1611,
1387, 1350, 760; 'H-NMR F1 3C-NMR % W% 1.

oy HR-ESI-MS m/z 333.073 8 [M—+
Na]® (i+518 333.073 3, CisH1aNaOs"), 1A
Ci1sH140s, AHEAE RN 12, dAMERE R, ZE
YIAFAE s e R LB (1630 em™), ANEH
FRIEERI S . TH-NMR 3% (% 1) FER 141 1,4
THREARE FES [ou 8.07 2H, d, J = 7.7 Hz,
H-2',6'), 6.96 (2H, d, J= 7.7 Hz, H-3", 5")], 1 MIF
WG AE R T15 5 [ou 6.48 (1H, s, H-3)], 141
1,2- —HURER R 7155 [on 8.20 (1H, d, J = 8.0

1 154189 'H-NMR (500 MHz, CDCl3) #1 3C-NMR (125 MHz, CDCl3) (i
Table1 'H-NMR (500 MHz, CDCls) and 3C-NMR (125 MHz, CDCl3) data of compound 1

720 oc on {7/3A oc on

2 163.2,C 1 121.4,C
3 110.1, CH 6.48 (s) 2/ 1322,CH 807 (d,J=7.7 Hz)
4 178.9, C 3/ 114.1,CH  6.96(d,J=7.7 Hz)
5 126.0, CH 8.20 (d,J = 8.0 Hz) 4 164.2, C
6 125.6, CH 7.42 (dd, J = 8.0, 7.5 Hz) 5 114.1,CH  6.96(d,J=7.7 Hz)
7 134.1, CH 7.68 (dd, J=8.4,7.5 Hz) 6’ 132.2, CH 8.07 (d, J=7.7 Hz)
8 118.2, CH 7.47 (d, J=8.4 Hz) 7' 165.4,C
9 156.5,C 8’ 61.9,CH:  5.25(s)

10 124.4,C 4-OCH;3 557 3.88 (s)
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Hz, H-5), 7.42 (1H, dd, J = 8.0, 7.5 Hz, H-6), 7.68
(1H, dd, J= 8.4, 7.5 Hz, H-7), 7.47 (1H, d, J = 8.4 Hz,
H-8)], 1 NESFH [on 5.25 (2H, s, H-8)] A1 1
ANFSEIE [0 3.88 (3H, s, 4-OCH3)]. &1 (1)
BC-NMR Rz &90A 18 ANl 1, 454 DEPT
135 J HSQC & my LA iz A W5 742k

9 AMNRHEE, 1 AMEREHEAN 1 MHAERE G D,
a1 KRR 5 2-[2-(4-H A HE) 2K 28R R
(5) AL, RULEY 1 B EA C-2 fiER BRI
I EZAN 1,4 ZHURIRIR, AR 2 e T & 1
Z 1 AMEEIRIE (O 165.4, C-7') F1 1 ANEHE W H
- (6c 61.9, C-8), Tk £-1,2-XFH. 7 HMBC
i b, H-85 C-2 (6c163.2). C-3 (4c110.1) Kyt
FEMFXESH H-3 5 C-2. C-8'HmfEtxE5%E
M C-8'5 C-2 E#; H-8'5 C-7THIZEMHKESE
B C-8'5 C-7'JERkfgte; H-2'Ff1 H-6'5 C-7'. C-4
(dc 164.2) HIEFEFKIES, M 4-OCHs 5 C-4'1y

LREMR G SR C-7'5 C-1EH DL C-4' 1 4
R (B 2). Ak, &9 1 1) ROESY i
4'-OCH; Y H-3'#11 H-5' ) NOE (S 3t — 2D 1 e
ARENT C-4 LA ILEY 117 2D NMR {55,
Fe W HAh S5 ) A B 2-[2-(4-H AR IR K 2R R
—3, HEMIWE 1 FoR, frdoh 2-[(4-HEEER
B RS2 ) H 2 1 (i . AR B A A U0 & 00 3 B4y
2-[2-(4-H L) K 2B Bl (5) mIRe a1 11
BifE, H C-7TH AL, A5 KL Baeyer-
Villiger %40 MIE LAY 101 (B 3D,

HMBC /~ X\
le) '/\ o N\ .
1/ W 'H-HCOSY
OCH
\/o : ROESY #77°%

2 k&Y 1 E9XEE 2D NMR BXES
Fig.2 Key 2D NMR correlations of compound 1

Baeyer-Villiger
rL {2 i
OCH;

3 LEY 1 ATRMNEYERIERE
Fig. 3 The proposed biosynthesis pathway of compound 1

W& 2: BEEIIRY). ESI-MS m/z 273.3 [M+
Na]*, 772 C17H1402; 'TH-NMR (500 MHz, CD;0D)
d: 8.04 (1H, d, J = 8.0 Hz, H-5), 7.72 (1H, dd, J = 8.4,
7.0 Hz, H-7), 7.51 (1H, d, J = 8.4 Hz, H-8), 7.41 (1H,
dd, J = 8.0, 7.0 Hz, H-6), 7.32 (2H, m, H-2', 6'), 7.23
(3H, m, H-3'~5"), 6.12 (I1H, s, H-3), 3.04 (2H, m,
H-7), 2.96 (2H, m, H-8'); *C-NMR (125 MHz,
CD;0D) ¢: 171.6 (C-2), 110.7 (C-3), 180.5 (C-4),
126.1 (C-5), 126.5 (C-6), 135.4 (C-7), 119.2 (C-8),
158.0 (C-9), 124.3 (C-10), 141.2 (C-1"), 129.6 (C-2',
6'), 129.4 (C-3', 5"), 127.5 (C-4'), 33.9 (C-7"), 37.0
(C-8")o VL H¥E 5 ikfoE A — 50, #heih s
Wy 2 h 2-QQ-2K 2.3 Bl

a3 wE s s (PR . ESI-MS m/z
297.3 [M+H]", 73N CisHi0s; 'H-NMR (500
MHz, CDCL3) §: 8.17 (1H, d, J = 8.0 Hz, H-5), 7.65
(1H, dd, J= 8.4, 7.0 Hz, H-7), 7.44 (1H, d, J = 8.4 Hz,
H-8), 7.37 (1H, dd, J = 8.0, 7.0 Hz, H-6), 6.79 (1H, d,
J=2.0 Hz, H-2"), 6.75 (1H, d, J = 8.2 Hz, H-5"), 6.65

(1H, dd, J= 8.2, 2.0 Hz, H-6'), 6.14 (1H, s, H-3), 3.85
(3H, s, 4-OCHs), 2.96 (2H, m, H-7'), 2.88 (2H, m,
H-8"); BC-NMR (125 MHz, CDCls) 6: 168.6 (C-2),
110.2 (C-3), 178.4 (C-4), 125.6 (C-5), 125.0 (C-6),
133.5 (C-7), 117.8 (C-8), 156.4 (C-9), 123.6 (C-10),
132.9 (C-1'), 114.4 (C-2), 145.7 (C-3'), 145.2 (C-4"),
110.8 (C-5'), 119.6 (C-6'), 32.3 (C-7"), 36.2 (C-8'),
55.9 (4'-OCH3). LA 3 5 SCHRHE — 201, e
&Y 3 7 2-[2-(3-F23E-4- A FLIK) £ BE il
&Y 4: otk i (FEE . ESI-MS m/z 297.3
[M+H]", 273 CisHicOs; 'H-NMR (500 MHz,
CDCls) 6: 8.17 (1H, d, J = 8.0 Hz, H-5), 7.64 (1H, dd,
J =84, 72 Hz, H-7), 743 (1H, d, J = 8.4 Hz, H-8),
7.37 (1H, dd, J = 8.0, 7.2 Hz, H-6), 6.83 (1H, d, J =
8.0 Hz, H-5), 6.69 (1H, brd, J = 8.0 Hz, H-6'), 6.67
(1H, brs, H-2"), 6.15 (1H, s, H-3), 3.80 (3H, s,
3'-OCH3), 2.98 (2H, m, H-7'), 2.89 (2H, m, H-8');
BC-NMR (125 MHz, CDCl3) d: 168.6 (C-2), 110.1
(C-3), 1783 (C-4), 125.6 (C-5), 125.0 (C-6), 133.5
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(C-7), 117.7 (C-8), 156.4 (C-9), 123.6 (C-10), 131.5
(C-1"), 110.8 (C-2'), 146.5 (C-3"), 144.2 (C-4), 114.5
(C-5"), 120.8 (C-6'), 32.7 (C-7'), 36.4 (C-8'), 55.8
(3'-OCH3). LA FHRE 5 Sl — 20, #E s
Y 4 N 2-[2-(3- A JE-4-FR 2L 0K) 258 i

A S: ot (FEE . ESI-MS m/z 303.3
[M+Na]*, %13 CisHis03: 'H-NMR (500 MHz,
CDCls) 6: 8.16 (1H, d, J = 7.9 Hz, H-5), 7.63 (1H, dd,
J =84, 72 Hz, H-7), 742 (1H, d, J = 8.4 Hz, H-8),
7.41 (1H, dd, J = 7.9, 7.2 Hz, H-6), 7.10 (2H, d, J =
8.6 Hz, H-2', 6), 6.81 (2H, d, J = 8.6 Hz, H-3', 5),
6.12 (1H, s, H-3), 3.76 (3H, s, 4-OCH3), 2.99 (2H, m,
H-7'), 2.88 (2H, m, H-8'); *C-NMR (125 MHz,
CDCls) 8: 168.4 (C-2), 110.1 (C-3), 178.1 (C-4), 125.5
(C-5), 124.8 (C-6), 133.4 (C-7), 117.7 (C-8), 156.3
(C-9), 123.6 (C-10), 131.6 (C-1"), 129.1 (C-2', 6),
113.9 (C-3', 5'), 158.1 (C-4"), 32.0 (C-7'), 36.2 (C-8),
55.1 (4'-OCHz). LA FEdE 5 SCifhoE — 202, e b
EYD SN 2-[2-(4- TR LR K € i

th&W 6: HEKAK. ESI-MS m/z 289.3 [M+
Na]*, 4372\ C17H1403; "H-NMR (500 MHz, CDCl3)
5: 8.07 (1H, d, J = 8.0 Hz, H-5), 7.61 (1H, dd, J = 8.4,
7.0 Hz, H-7), 7.40 (1H, d, J = 8.4 Hz, H-8), 7.32 (1H,
dd, J = 8.0, 7.0 Hz, H-6), 6.99 (1H, d, J = 8.3 Hz,
H-6"), 6.97 (1H, dd, J= 8.0, 7.4 Hz, H-4"), 6.73 (1H, d,
J=8.0 Hz, H-3'), 6.32 (1H, dd, J = 8.3, 7.4 Hz, H-5),
6.13 (1H, s, H-3), 2.99 (2H, m, H-7), 2.93 (2H, m,
H-8'); 3C-NMR (125 MHz, CDCl3) &: 170.4 (C-2),
109.5 (C-3), 179.3 (C-4), 125.2 (C-5), 124.9 (C-6),
133.6 (C-7), 117.8 (C-8), 156.5 (C-9), 123.1 (C-10),
126.0 (C-1'), 154.7 (C-2"), 114.9 (C-3"), 127.6 (C-4),
119.5 (C-5"), 129.8 (C-6"), 27.8 (C-7"), 34.2 (C-8"). LA
R HE S SCERIOE — 20, BE LS 6 S 2-[2-(2-
FRILIR) L FE B

a7 ABTEERE k. ESI-MS m/z 267.3
[M+H]", 273 Ci7Hi403; 'H-NMR (500 MHz,
CDCls) 6: 8.18 (1H, d, J = 8.0 Hz, H-5), 7.66 (1H, dd,
J =83, 7.0 Hz, H-7), 7.44 (1H, d, J = 8.3 Hz, H-8),
7.39 (1H, dd, J = 8.0, 7.0 Hz, H-6), 7.05 2H, d, J =
8.4 Hz, H-2', 6'), 6.77 (2H, d, J = 8.4 Hz, H-3', 5'),
6.13 (1H, s, H-3), 2.99 (2H, m, H-7'), 2.90 (2H, m,
H-8"); BC-NMR (125 MHz, CDCl3) 0: 168.8 (C-2),
110.2 (C-3), 178.6 (C-4), 125.7 (C-5), 125.0 (C-6),

133.6 (C-7), 117.8 (C-8), 156.5 (C-9), 123.6 (C-10),
131.5 (C-1), 129.4 (C-2'), 115.5 (C-3"), 154.5 (C-4"),
115.5 (C-5"), 129.4 (C-6'), 32.1 (C-7'), 36.4 (C-8"). LA
T HE S SRR IE — B0, Bt A T N 2-[2-(4-
FRFIR) L HE) B .

th&59) 8: HEMA. ESI-MS m/z 3353 [M+
Na]*, 7313 CisHi60s; 'H-NMR (500 MHz, DMSO-de)
5:9.91 (1H, s, 6-OH), 8.79 (1H, s, 3'-OH), 7.44 (1H,
d, J=9.0 Hz, H-8), 7.22 (1H, d, J = 1.8 Hz, H-5), 7.15
(1H, dd, J=9.0, 1.8 Hz, H-7), 6.74 (1H, d, J= 8.1 Hz,
H-5"), 6.62 (1H, d, J = 2.2 Hz, H-2'), 6.55 (1H, dd, J =
8.1, 2.2 Hz, H-6'), 6.06 (1H, s, H-3), 3.66 (3H, s,
4'-OCH3), 2.85 (2H, m, H-7"), 2.83 (2H, m, H-8');
13C-NMR (125 MHz, DMSO-ds) J: 168.8 (C-2), 108.8
(C-3), 176.9 (C-4), 107.6 (C-5), 154.7 (C-6), 122.9
(C-7), 119.6 (C-8), 149.7 (C-9), 124.0 (C-10), 132.9
(C-1"), 115.7 (C-2"), 146.5 (C-3"), 146.2 (C-4), 112.4
(C-5"), 118.8 (C-6'), 31.9 (C-7"), 35.4 (C-8'), 55.6
(4-OCH3). LA FEHE 5 o — 803, e &
V) 8 N 6-25E-2-[2-(3-F4 3E-4-H A IK) £ 2 | (il

&Y 9: TEikY). ESI-MS m/z 333.3 [M+
Na]*, 2373 Ci9H1504; 'H-NMR (500 MHz, CDCl5)
6:7.57 (1H, d, J = 2.5 Hz, H-5), 7.39 (1H, d, J = 9.4
Hz, H-8), 7.24 (1H, dd, J = 9.4, 2.5 Hz, H-7), 7.13
(2H, d, J = 8.5 Hz, H-2', 6'), 6.85 (2H, d, J = 8.5 Hz,
H-3', 5), 6.15 (1H, s, H-3), 3.91 (3H, s, 6-OCH3),
3.80 (3H, s, 4-OCH3), 3.02 (2H, m, H-7"), 2.92 (2H,
m, H-8'); 3C-NMR (125 MHz, CDCls) d: 168.3 (C-2),
109.5 (C-3), 178.3 (C-4), 104.9 (C-5), 151.4 (C-6),
123.6 (C-7), 119.3 (C-8), 156.8 (C-9), 124.3 (C-10),
131.8 (C-1"), 129.3 (C-2', 6'), 114.1 (C-3', 5'), 158.3
(C-4"), 32.2 (C-7'), 36.4 (C-8"), 55.3 (4-OCH3), 56.0
(6-OCHs). LA EH 53kl — 20, #Ei S
)9 Hy 6-HI A JE-2-[2-(4- A JL 2K 2 3L [ o Bl

A 10 A1 11: — XSRS, 459 10
(K EEBE G E N [aly +28.6 (¢ 0.7, MeOH), k&4 11
(K EEBE G N [a]s —27.2 (¢ 0.7, MeOH). k&4 10
A #RFEE AR AR UV AN (nm): 208 (3.42),
221 (3.47), 285 (3.01); ESI-MS m/z 283.3 [M+H]",
73 F 3 Ci7H1404; 'H-NMR (500 MHz, CDs;OD) 6
8.09 (1H, dd, J = 8.0 Hz, H-5), 7.77 (1H, dd, J = 8.4,
7.2 Hz, H-7), 7.56 (1H, d, J = 8.4 Hz, H-8), 7.46 (1H,
dd, J = 8.0, 7.2 Hz, H-6), 7.23 (2H, d, J = 8.5 Hz,
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H-2', 6), 6.75 (2H, d, J = 8.5 Hz, H-3', 5'), 6.24 (1H,
s, H-3), 3.87 (3H, s, 6-OCH3), 5.08 (1H, dd, J = 8.2,
5.5 Hz, H-7"), 3.10 (1H, dd, J = 14.3, 8.2 Hz, H-8'a),
3.04 (1H, dd, J = 14.3, 5.5 Hz, H-8'b); '3C-NMR (125
MHz, CD;OD) d: 169.7 (C-2), 112.0 (C-3), 180.6
(C-4), 126.1 (C-5), 126.5 (C-6), 135.4 (C-7), 119.3
(C-8), 158.1 (C-9), 124.4 (C-10), 135.6 (C-1"), 128.2
(C-2', 6), 116.2 (C-3, 5"), 158.2 (C-4"), 72.4 (C-7),
452 (C-8"). DL EHdl 5ormkikid —#s), whE s
Y110 A 11 PP ISE RN 2-[2-F8 2E-2-(4- 12 1 R) 4
FEEE . BTEY 10 1S ERF 5 A1 Cotton
RN [Amax (A€): 236 (+3.56). 271 (+1.09) nm]
5 (R)-6- F 4 B -2-[2-F8 3L -2-(3- A L -4- R LK) &
FEVEER {[0] +16.3; Amax (A&): 241 (+2.96),
280 (+1.62) nm}—%(, AN (R)-2-[2-5%
Fe-2-(4-F2 3R O Bl . [FIEE, LAY 11 e
JEFEFFS A Cotton 2N, [Amax (Ae): 233 (—2.56).
266 (-1.09) nm] 5 (S)-6-F & FE-2-[2-F8%-2-(3-
A 3 -4- 12 308 ) 2 R 1 T 1 {[0]7) —22.3; Amax
(Ag): 241 (—2.96). 280 (—1.62) nm}—%(, #iE
HEERN(S)-2-[2-FFE-2-(4-F2 L 58 2 FE L RS,

&M 12: EETCE K. ESI-MS m/z 153.1
[IM+H]", 4 F3 CsHsOs3; 'H-NMR (500 MHz,
CDCls) d: 8.06 (2H, d, J = 8.5 Hz, H-2, 6), 6.95 (2H,
d, J = 85 Hz, H-3, 5), 3.88 (3H, s, 7-OCH3);
BC-NMR (125 MHz, CDCl3) d: 122.5 (C-1), 131.7
(C-2, 6), 115.7 (C-3, 5), 161.8 (C-4), 160.5 (C-7), 53.0
(7-OCHa). VA E##E 5 CikdiiE — 807, e is
Y12 4 4- 32 FE R R H B

AW 13: FETEE R . ESI-MS m/z 149.1
[M+H]*, 7R CioH0; 'H-NMR (500 MHz,
CDCls) 8: 7.26 (2H, d, J = 8.6 Hz, H-2, 6), 6.83 (2H,
d, J=8.6 Hz, H-3, 5), 6.35 (1H, d, J = 15.9 Hz, H-1"),
6.09 (1H, dq, J = 15.9, 6.6 Hz, H-2), 3.88 (3H, s,
4-OCHs), 1.86 (3H, d, J = 6.6 Hz, H-3"); *C-NMR
(125 MHz, CDCL) d: 130.8 (C-1), 126.9 (C-2, 6),
113.9 (C-3, 5), 158.6 (C-4), 130.4 (C-1"), 123.5 (C-2"),
18.3 (C-3"), 55.3 (4-OCH3). LA ¥l 5 ik s —
U8, FEAL AN 13 N 4-T M5 K

& 14 EEMRY. [a]y —16.1 (¢ 0.1,
MeOH): ESI-MS m/z 2353 [M+H]", 2 TR
Ci5H2,02; 'H-NMR (500 MHz, CDCls) 6: 5.74 (1H, s,
H-9), 2.61 (1H, d, J= 4.3 Hz, H-12a), 2.55 (1H, d, J =

4.3 Hz, H-12b), 2.45 (1H, dd, J = 13.7, 4.7 Hz, H-7),
2.44 (1H, overlapped, H-1a), 2.09 (1H, m, H-1b), 2.08
(1H, dd, J =14.0, 4.7 Hz, H-6a), 1.98 (1H, m, H-2a),
1.84 (1H, m, H-4), 1.61 (1H, m, H-3a), 1.52 (1H, dd,
J = 14.0, 13.7 Hz, H-6b), 1.51 (1H, m, H-3b), 1.44
(3H, s, H-13), 1.25 (1H, m, H-2b), 1.08 (3H, s, H-14),
0.94 (3H, d, J = 6.7 Hz, H-15); 3C-NMR (125 MHz,
CDCl;) d: 33.0 (C-1), 29.5 (C-2), 30.4 (C-3), 38.6
(C-4), 40.3 (C-5), 34.3 (C-6), 47.5 (C-7), 198.5 (C-8),
122.9 (C-9), 172.2 (C-10), 56.2 (C-11), 51.2 (C-12),
21.2 (C-13),20.8 (C-14), 16.2 (C-15). LA E¥¥E 5
BRIRIE — 00, WA 14 8 TB-H-9(10)-)-
11,12- 4 -8- S S L 555 bt

EY 15 LOMRY . [y —87.2 (¢ 0.1,
MeOH): ESI-MS m/z 2353 [M+H]", 4T =
C15H2202; 1H-NI\/IR (500 MHZ, CDC13) 0:9.43 (IH, S,
H-14), 6.75 (1H, m, H-3), 4.73 (2H, m, H-12), 3.43
(1H, dd, J = 11.3, 4.7 Hz, H-9), 2.74 (1H, m, H-6a),
2.43 (2H, m, H-2), 2.15 (2H, m, H-5, 7), 2.06 (1H, dt,
J=12.7,4.0 Hz, H-1a), 1.87 (1H, m, H-8a), 1.75 (3H,
s, H-13), 1.55 (1H, m, H-8b), 1.24 (1H, m, H-1b), 1.03
(1H, m, H-6b), 0.80 (3H, s, H-15); 3C-NMR (125
MHz, CDCl;) d: 31.7 (C-1), 24.1 (C-2), 153.0 (C-3),
141.8 (C-4), 41.8 (C-5), 26.0 (C-6), 43.5 (C-7), 35.3
(C-8), 77.5 (C-9), 37.7 (C-10), 149.0 (C-11), 109.2
(C-12), 21.0 (C-13), 194.6 (C-14), 10.5 (C-15). VAL
iS5 SCmkRoE — 80, MELEY 15 A
(55,78,95,108)-(—)-9-F2 - 1 J5e-3,11- - Jfi- 141 .

&Y 16: TLEHIRY. [aly +14.1 (¢ 0.1,
MeOH); ESI-MS m/z 2214 [M+H]", 7 1=
Ci5H240; 'H-NMR (500MHz, CDCls) d: 5.73 (1H, dd,
J =175, 10.8 Hz, H-1), 522 (1H, d, J = 10.8 Hz,
H-2a), 5.09 (1H, d, J = 17.5 Hz, H-2b), 4.84 (1H, s,
H-3a), 4.75 (1H, s, H-12a), 4.74 (1H, s, H-12b), 4.64
(1H, s, H-3b), 3.43 (1H, dd, J = 11.6, 4.1 Hz, H-9),
2.09 (1H, m, H-7), 2.07 (1H, dd, J = 8.9, 7.3 Hz, H-5),
1.89 (1H, dt, J = 12.6, 3.7 Hz, H-8a), 1.76 (3H, s,
H-13), 1.72 (3H, s, H-15), 1.58 (2H, m, H-6), 1.46
(1H, td, J= 12.6, 11.6 Hz, H-8b), 0.97 (3H, s, H-14);
BC-NMR (125 MHz, CDCl;) d: 146.8 (C-1), 115.0
(C-2), 112.8 (C-3), 146.0 (C-4), 51.4 (C-5), 32.0
(C-6), 42.6 (C-7), 32.7 (C-8), 74.7 (C-9), 46.5 (C-10),
149.0 (C-11), 108.8 (C-12), 20.9 (C-13), 9.3 (C-14),
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24.6 (C-15). VA EER 5 CfdiE — 22, et
EY 16 1 B-Hid I75-9B-BE .

WEP17: EEHIRY) . ESI-MS m/z 411.7 M+
H]*, 4F3 C3oHso; 'H-NMR (500MHz, CDCl3) 6:
5.11 (6H, m, H-3, 7, 11, 14, 18, 22), 2.02 (20H, m,
H-4, 5, 8,9, 12, 13, 16, 17, 20, 21), 1.68 (6H, s, H-1,
24), 1.60 (18H, s, H-2', ¢, 10, 15, 19', 23');
3BC-NMR (125 MHz, CDCls) 6: 17.7 (C-1, 24), 131.3
(C-2, 23), 124.4 (C-3, 22), 26.8 (C-4, 21), 39.8 (C-5,
20), 134.9 (C-6, 19), 124.2 (C-7, 18), 26.7 (C-8, 17),
39.7 (C-9, 16), 135.1 (C-10, 15), 124.3 (C-11, 14),
28.3 (C-12, 13), 25.7 (C-2', 23'), 16.0 (C-6', 19"), 16.1
(C-107, 15", LA EEE 5 CRHiE — 3022, et
AT N ER .

4 FRTEMENE
4.1 HAREIEH

KH MTT R A9 1~9. 12~17 X/ R
B E W GE B RAW264.7 1) 40 ffg 75 3% PR 23,
RAW264.7 40} 10% FBS i) DMEM 195 T
37 C. 5% CO, ¥ 74 i}l 75 . dliffidi 1< 10°
ANmL EFhT 96 LI HFE 24 h J5, I 100 pL
AL AR (100 pmol/L), BT 37 C.5% CO,
YHHREE FRA AR 72 h 5, AIERALAER I 15
uL JREIKE N 5 mg/mL () MTT W, 37 C&%AF
TR 4 h EWGE BIEW, FEFLIA 100 uL
DMSO 75k, T EEFRX 490 nm P Tl e B
LR (4D fH, SR TAT 3 W AR
THELGH AR A i

MFIFR=1—4 9m/Ao
Ao N A (100 pL 575200 MRIERE, A 50 A5RKH (100
L AL A OB

SR TR, L EAEWITE 100 pmol/L #FE
A B YN g
4.2 HP#IBEZ ¥E (lipopolysaccharide, LPS) £S5
NREBIZE R RAW264.7 =4 NO HY5E M

7 LPS 53/ B AZ B RN RAW264.7 15
A, KA Griess A MAEY 1~9. 12~17 it
RAEPERSST, RAW264.7 400 & 10% FBS (1)
DMEM £78 T 37 “C. 5% CO, 3546 o ks
7t AL 1 X 10° AN/mL #0096 LR 135577 24 h
J&i s N 50 uL REAL A V0 (A &P FE R 100
50, 25, 12.5. 6.25 umol/L), #Z:K53% 1h 5, M
A 50 uL LPS, BT 37 C. 5% CO k57246 h

IiEE 24 h J5, B 100 pL THH9 96 fLk, Z )51
FEFLIA 100 uL (40 mg/mL) Griess W7, {RZIJE
THEARX 540 nm A T E &AL 4, FRALSLLE
AT 3 R F% A 5 NO #ii1)#% 5 J5 #]H GraphPad
Prism #fFACBEECHE, RGMLAEMXAT LPS 5%
RAW264.7 7“4 NO [0l [ (median inhibition
concentration, ICso)o

PN ZE = (42— A1)/(A2— Ao)
Ao AT EXT IR (50 pL #5377 +50 L J5 7800 FIR6RE,
A1 REIAE (50 pL AW/ Z59)+50 uL IEZ 0D BB EE,
A2 9 LPS 34 (50 uL ¥R +50 uL AR 0D Mok

SEIG AR R BN, (LAY 8 A LPS i 5/
B A% ELVESE i RAW264.7 P24 NO 3R PE, 1Cs
N (27.81+£2.34) pmol/L. BHH: X IE M fe 2 Fnns|
W51 1Cs0 {H 2399 M (12.46£0.24) (35.40+1.34)
pmol/L. HAthfb &4 WAt R iE T
5 i1t

ARG RITE T EEE T 17 M
a0, WEW 1 NEEY), BERAEE 16 &
WALV EEYT R &Y 8 B —2 Ptk
W, ICso fHoAN (27.81+2.34) pumol/L. HFFRALHT
SR 5T 30 ] = T A A € IR BEAZ TG AR )
2-(2- K LB BRT AL 2-(2-7K L) Bl Ak
HEYEE 12, REAFRMITE S EEMNEYE
IR, T IEYTE B 2-(2- 2K 3 B 1 e B A% 4
K2 H R B Bl P A B U 5 B A B T AL,
AT ARG AR E R S E AT 1~7 M
10~11 A A RHZITCHRURE 2-(2-28 238 Bl fiT &
Yy, B RS A RUTE S A AR R
AN, EHIT SO A AR DA BOE L 43 B 2 R
MAT T 77 AT RR, =3
EVEESRHR A —EZER, BT &EaA
[F) BB SS9, GC-MS /it RE L&) 2
A5 ZAMEUIE R FEH T, AR S
3 M8 RIS A DA I L8y, AL
A FIF GC-MS Fl LC-MS 73 1 F- 423 T A O RFE 14
By, eI A AT S AR AR bR A,
AU G BRI SR R AR

RBAR AL ERARAEFE TR
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