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Abstract  The stem bark of Aquilaria yunnanensis ( Thymelaeaceae) is traditionally used to treat cough and asthma in folk

medicine. However its active components have not been reported. In the present study the chemical constituents of A. yunnanensis
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stem bark were isolated and identified and their inhibitory activities against nitric oxide ( NO) production in RAW264.7 cells induced
by lipopolysaccharide ( LPS) were evaluated to clarify the anti<inflammatory components in the stem bark of A. yunnanensis. A total of
22 compounds including a new norlignan ( +) 1  were isolated from the ethanolic extract of A. yunnanensis stem bark by column
chromatography high—performance liquid chromatography ( HPLC) recrystallization ete. Through chiral separation of () 4 (=) 4
and ( +) -1 were obtained. Based on electronic circular dichroism ( ECD) calculations the absolute configurations of ( =) - and ( +) —
1 were determined to be ( =) { 7R 8S 8°S) 4-0 1 3-dihydroxypropan2-yl) zhebeiresinol and ( +) { 7S 8R 8°R) 4-0{ 1 3-
dihydroxypropan-2-yl) zhebeiresinol. The known compounds included ( +) —zhebeiresinol ( 2) ( +) -syringaresinol ( 3) ( +) -
episyringaresinol (4) orcinol (5) orsellinic acid (6) methyl orsellinate (7) 3 4-dihydroxybenzoic acid ( 8) lecanoric acid ( 9)
barbatic acid (10) 78-hydroxy-8-sitosterol ( 11) B-sitosterol ( 12) stigmasterol ( 13) ergosterol peroxide ( 14) genkwanin ( 15)
pilloin (16) 5-hydroxy-3" 4° 7+rimethoxyflavone ( 17) (=) -epicatechin ( 18) ( —) -epicatechin gallate ( 19) tectorigenin 2-O-a—
L~hamnopyranoside ( 20) 2 3-dihydroxypropyl docosanoate ( 21) and 1-O-inolenoylglycerol ( 22) . According to the bioassay testing
results compounds 4 and 22 which inhibited NO production with ICy, values of ( 32.82+1.04) and ( 18.50+0.95) pmol+L"™'
respectively exhibited anti-inflammatory activities.
Key words  Thymelaeaceae; Aquilaria; Aquilaria yunnanensis; cough and asthma; anti<inflammatory activities
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Aquilaria yunnanensis S. C. Huang ( Shimadzu ) ; DRX-500 MHz. Avance Il
. 600 MHz. Ascend™ 800 MHz (
- Bruker T™S )
N . . ( ESI-MS) ( HR-ESI-MS)
N ; Agilent G6230 ( Agilent
2, ) ( EI-MS)
o ( ThermoFisher Scientific ) ; Agilent UPLC-
Q-TOF ( Agilent ) ; Agilent
N 1200 ( Agilent )
AR ( nitric oxide NO) : YMC—Pack SIL-06 (10.0
- NO mmX250 mm 5.0 pm; YMC ) ; Ultimate
. AQ-Cyq 7.8 mmX250 mm 5.0 pm;
o N ( ) ; Agilent Zorbax SB-C 4
(9.4 mmx250 mm 5.0 wm; Agilent );
( induced NO synthase iNOS) NO Agilent Zorbax SB-C , (4.6 mmx150 mm 5.0
o ( LPS) ( pm; Agilent ) ; Chiral CD-Ph (4.6
RAW264.7 ) mmX250 mm 5.0 pm; Shiseido ) ; 80~100.
. 200 ~300.300 ~ 400 (
), H ( ) ; Sephadex
LH-=20 ( GE Healthcare Bio-Sciences AB
N NO ) ( RP) Cy4 ( Fuji Silysia
. ) (TLC) (
22 (0 1 o ) 5% - ; N
1 N N (
V100 ( Applied Photophy- ) N N (
sics ) ; Jasco P-1020 ( Merck ) (
Jasco ) ; UV2401PC - ) o
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1 1~22
Fig.1 Structures of compounds 122

RAW264. 7
; DMEM A. yun—
; ( Griess reagent) . nanensis ( No. YJ2024002)
( LPS) NG- - ( NG-mono— o
methyl-L-arginine L-NMMA) Sigma o 2
2024 4 2.1 1.8 kg
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20L  90% 60 C 3 B1.2.9), BI.2.2(15.8 mg)
1h . 7(8.5 mg) o BL.2.6(11.0 mg)
60 C 17(3.2 mg) » BI.2.7(32.7 mg)
(170.0 g) - 250 mL HPLC( AQ-C,, ; - 75125 2 mLe
. . min”") 16(3.4 mg t, =11.6
60 C min) \15( 1.8 mg ¢, =11.0 min) , B1.3(1.3 g)
(27.3 g A) . RP C,q ( - 10:90~100:0) 7
(21.1¢g B) . (64.5¢ C) (B1.3.1~B1.3.7) . B1.3.1(487.7 mg)
(52.5¢g D), 300 ~400 ( - 80:1~
(A) 100 ~ 200 30: 1) 4 (B1.3.1.1~B1.3.1.4) .
( - 1:0~0:1) B1.3.1.1(157.4 mg) H (
5 (Al1~AS5) . - 8:1) 5(9.0 mg) -
A2(4.7 g) (RP) Cy (= BL3.1.2(197.2 mg)
70 :30 ~ 100 : 0) 4 (A2.1~A2.4) 6(5.3 me) - Sephadex LH-=20
A2.1(2.0g)  300~400 ( ( MeOH) HPLC( AQ-C,,
- 20:1) .~ 40:60 2 mLemin)
12(33.6 mg) o A2.3(1.1¢g)  Sephadex LH20 2(1.6 mg 1,=6.7 min) .3(9.0 mg 1, =27.2
( MeOH) 4 (A23.1~ i) 4(4.5 mg ¢ =39. 1 min) .
A2.3.4) A2.3.1(36.0 mg) HPLC ( SB-C,q B21(3.7¢ RPC, Y
(O 4 mmx 230 mm - 85 2ml 90 - 100 1 0) 8 (B2.1.1~B2.1.8) .
min-") 13(2. Fmg 13 =5 Tmin) o gy 50291 6mg)  Sephadex LH-20( MeOH)
A2.3.2(17.1 mg) HPLC(YMC—Pick—SIL—% HPLC( AQC,, )
; - 70:30 2 mLemin"") .
14(11.9 mg 1, =9. 8 min) - 28:72 2 mLemin") ()4(3.4
A3(4.0g RPC, ( _ a0 mg i, = 17.0 min) HPLC( Chiral CD-Ph
80~ 100 : 0) 6 (A3.1~A3.6) . A3.3 - 40:60 I mL*min”")
(143. 1 mg) 21(10.0 (-)4(0.3 mg t; =21.7 min) (+) (0.8
mg) . Sephadex LH=20( MeOH) mg i, =25.8 min) . B2.1.3(1.4¢) Sephadex LH-
HPLC (SB-C,, 20( MeOH) 3 (B2.1.3.1~
9.4 mmx250 mm:  — 85:15 2 mLemin”) B2 1:3.3)0 B2 1.3.2(112.9 mg)  300~400
22(3.2 mg 1, = 18.7 min) . ( - 150
A3.4(82.4 mg)  Sephadex LH20( McOH) HPLC(AQCys - 30:70 2 mL-
HPLC( YMC—Pack-SIL-06 min”") 19(3.1 mg t;=8.4 min) .

- 60 :40 2 mLemin™")
11( 2.2 mg t,=10.2 min)

(B) 100~200
1:0~0:1)

TLC 8 (Bl.1~B1.3.B2. 1~
B2.2.B3.B4.B5) .
B1.1(0.1 g) 10
(39.5mg) » BI.2(0.9g) RP C, (
~ 10:90 ~ 100 : 0) 9 (BL.2.1~
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8(3.1 mg ¢, =11.0 min) .20( 3.5 mg ¢, = 18.9
min) . B2.1.4(193.2 mg)

9(12. 6 mg) ; (33.2 mg)
HPLC( AQC; ; - 35:65 2 mL-
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298 K Gaussian 09
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mol ! B3LYP/6-311+G™ 49.8 47.6) 1 o
. NMR ! 2
Boltzmann 99% ECD o (8:62.1x2) 1 (8¢
Boltzmann Gibbs o 84. 8) (=x)- (2)
B3LYP/6-311+G™ () -
. TD- o
DFT B3LYP/6-311+G™
( nm ) R. 1 (x)4 'HNMR "CNMR ( methanol -
2.3 RAW264.7 96 d, 500/125 MHz)
1 pgemL'LPS Table 1 'H-NMR and “"C-NMR data of compound ( +) -
( 50 pgeml.”) ( methanol-d, 500/125 MHz)
L-NMMA ° 1 - E—H 137.56C C
NO 570 nm o 2 6.74 s 104.3 CH
3+ 4 5-dimethylthiazol2-1) -5 3- 3 - 154.9 C
carboxymethoxyphenyl) 2+ 4-sulfophenyl) 2H-etrazo— j 474 d (_6. 2 ;3667 C(}:I
lium( MTS) 8 3.21 m 9.8 CH
NO = ( 9B 4.56 dd (9.7 6.8) 71.9 CH,
A570 - A570 nm) / A570 o 3(1 4.44 dd (_9. 7 2.0) SLo c
100% 1C,, Reed & Muench o 8 356 m 47.6 CH
3 98 4.33 dd (8.9 8.4) 71.3 CH,
(+)4 ESIMS m/s 9 4.13 dd (8.9 3.4)
1" 3 3.75 d(4.9) 62.1 CH,
377 M+Na *~ HR-ESI-MS m/z377.1209 M+Na * o 400 m 4.8 CH
( C;H,,NaO, 377.120 7) 3 5-0Me 3.87 s 56.7 CH,
C,,H,,0, 7; UV( MeOH) A, ( loge) : 305
(3.09) 274(3.40) 227(3.95) 206(4.53) nms, (£)4 'H-ZH COSY ( 2
()4 'HANMR "CNMR ( 1 2 :H,4"/H2"/H,3" HI/H-8/
2 6,6.74 (2H s) 6 (H,9) /H-8"/H,9", HMBC ( 2 3
(8. 154.9%x2 137.6 136.7 104.3x2) 5-OMe C3 C5 H6 C4 CH
1 1235- . H7 C-6 H8 (€4 H,9 CI°
1 (6. 181.0) 2 H,9 C-r ()4
8y 3.87 (6H s);68.,56.7x2 4 () - ; H2" C4 HMBC
(8:71.9 71.3 62.1x2) 3 (6. 84.8 c4 .

2 (£) 4 2D NMR
Fig.2 Key 2D NMR correlations of compound ( +) 4
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2026 1 \ 51 1
ROESY ( 2) 'HANMR
( 1 ()4
H-6/H8  H-8/H-8" H8  H-
8 Cca-C4d B H-Z
« o ROESY
glaberide I 4-0-8-D-glucopyranoside b
(£)4
2
2
(£)4
2
(£)4
1
()1 (+) (-)4

a i -35°(¢ 0.03 MeOH) ; ECD( 0. 424 mmol
L' MeOH) A, (As):278( -0.24) 212( -3.31)
nme. (H4 a 3 +11°(c
0.08 MeOH) ; ECD ( 0.593 mmol * L”' MeOH) A,
(Ag) :274( +0. 14) 211( +2.44) nm.

ECD ( 3) (-)4 ECD
(7R 8S 8°S)-1  ECD ()4
ECD (7S 8R 8°R)4A  ECD
(-1 ()4
(=) 4{7R 8S 8°S) 4-0H1 3- 2- )
(+) 7S 8R 8°R) 401 3- 2-)
2 ESI-MS m/z 303 M+

Na * C,,H, O0,.'HNMR ( DMSO-d, 500
MHz) 8,:8.36 (1H s 4-OH) 6.63 (2H s H=2
6) 4.63 (1H d J=6.4 Hz HY) 4.48 (1H dd J=
9.5 6.8 Hz H9a) 4.35 (1H dd /=9.5 1.9 Hz
H9b) 4.20 (1H dd J=9.0 8.6 Hz H9"a) 3.93
(1H dd J=9.0 3.4 Hz H9b) 3.75 (6H s 3 5-
OMe) 3.58 (1H m H-8") 3.13 (1H m H-8); "C-
NMR ( DMSO-d, 125 MHz) §.:178.8 (C7") 147.9
(C35) 135.1 (C4) 130.0 (C-) 103.6 (C=2
6) 85.7(C4) 70.2(C9) 69.4(C9) 56.0(3
5-OMe) 47.6 (C-8") 45.8 (C-8) .
’ () -
beiresinol ECD Cotton

( ) zhe-

3 ESI-MS m/z 441 M+
108

3 (-)4 (94 ECD
85 8°5) 4 (+4)«7S 8R 8°R) 4 ECD
Fig.3  Experimental ECD spectra for ( =) 4 and ( +) - and
calculated ECD spectra for ( =) { 7R 8S 87S) 4 and ( +) { 7S
8R 8R) 4

() A7R

Na * Cp Hy Oy a3 +10° (¢ 0.2
MeOH) ,'H-NMR ( methanol-d, 500 MHz) §,: 6. 66
(4H s H2 2° 6 6°) 4.72 (2H d J=4.6 Hz HY
7) 4.27 (2H m H9a 97a) 3.88 (2H dd J=9.4
3.4 Hz H9b 9'b) 3.84 (12H s 3 3° 5 5-OMe)

3.14 (2H m H-8 87) ;" CNMR ( methanol-d, 125

MHz) 6§.:149.3 (C3 375 57) 136.2 (C4 4)
133.1 (CH 1) 104.5(C2 2" 6 67) 87.6 (CH
7) 72.8 (C9H 97 56.8 (3 3 5 5--OMe) 55.5
(C8 8., ’
(+) - ( +) -syringaresinol
4 ESI-MS m/z 417 M-
H - C,H, 0 a i) +6°(c 0.1 MeOH) .

"H-NMR ( CDCI, 500 MHz) &,:6.60 (2H s H=2
6) 6.58 (2H s H2" 6°) 4.85 (1H d J=5.2 Hz
H7) 4.41 (1H d J=7.1 Hz H) 4.13 (1H d
J=9.4 Hz H9'b) 3.90 (12H s 3 3" 5 5-OMe)

3.86 (1H m H9b) 3.83 (1H m H9"a) 3.33
(1IH m H9a) 3.31 (1H m H-8) 2.89 (1H m
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H-8) ; "CNMR ( CDCI, 125 MHz) §.:147.1 (C3
5) 147.0 (C3" 57) 134.4 (C-) 133.7 (C4)
132.2 (C47) 129.5(C-") 102.8 (C2 6) 102.3
(C2°67) 88.0(CY) 82.0(CH) 71.0 (C9)
69.7 (C9) 56.4 (3 3° 5 5-OMe) 54.6 ( C-8)
50.1 (C-8) 0
(+)-

5 EI-MS m/z 124 M °
(100) 123(57) 95( 16) C,H,0,.'HNMR
( methanol-d, 500 MHz) §,:6.11 (2H m H-l 5)
6.06 (1H t J=2.3 Hz H3) 2.17 (3H s H,6);"
CNMR ( methanol-d, 125 MHz) §.:159.3 (C=2 4)
141.1 (C-6) 108.5 (C- 5) 100.7 (C3) 21.6
(6-Me) o !

( orcinol)

6 ( ) ESI-MS
m/z 167 M-H ~ C4H,0,.' HNMR ( metha—
nol-d, 500 MHz) §,:6.18 (1H d J=2.3 Hz H-5)
6.12 (1H d J=2.3 Hz H3) 2.47 (3H s 6-
Me) ; ® CNMR ( methanol-d, 125 MHz) §.: 175.0

( +) -episyringaresinol .

(C7) 167.0 (C<) 163.7 (C=2) 145.3 ( C-6)
112.3 (C5) 105.4 (C-) 101.6 (C3) 24.3 (6-
Me) . !
(orsellinic acid) o
7 () ESIMS m/z

181 M-H ~ CoH,,0,."H-NMR ( methanol-
d, 500 MHz) &4:6.19 (1H d J=2.5 Hz H-5)
6.15(1H d J=2.5 H, H3) 3.88 (3H s 7-
OMe) 2.43 (3H s 6-Me) ;" CNMR ( methanol-d,
125 MHz) §.:173.4 (C4) 166.1 (C4) 163.8 ( C-
2) 144.5 (C-6) 112.4 (C=5) 105.7 (C4) 101.7
(C3) 52.1(7-0Me) 24.5 (6-Me) -
2 ( methyl
orsellinate)

8 ESI-MS m/z 153 M-
H ~ C,H,0,.'HNMR ( methanol-d, 500
MHz) 8,:7.42 (1H s H2) 7.40 (1H d J=2.2
Hz H-6) 6.78 (1H dd J=7.9 0.7 Hz H-5); "“C-
NMR ( methanol-d, 125 MHz) 8. 170.2 ( C3)

151.5(C4) 146.1(C3) 123.9(C-6) 123.1(C-
1) 117.7 (C2) 115.7 (C5) .
" 3 4- (3 4-di-

hydroxybenzoic acid) .

9 ESI-MS m/z 317 M-
H - C, H, 0,.'"HNMR ( DMSO-, 500
MHz) 6,:10.32 (1H s 2 2°-OH) 10.03 (1H s 4
4-0H) 6.60 (2H m H-5 5°) 6.20 (2H m H-3
39 2.35(3H s 6Me) 2.33 (3H s 6" Me); “C-
NMR ( DMSO-d, 125 MHz) §.:170.7 (C7") 167.2
(C7) 161.2 (C4) 160.1 (C=2) 158.9 (C=2)
152.3 (C4") 140.4 ( C-6) 139.5 (C-6) 116.7
(C4) 114.8 (C57) 109.9 (C-5) 108.3 (C-)
107.4 (C37) 100.5 (C3) 21.4 (6°Me) 21.0
(6-Me) , "

( lecanoric acid) o

10 ESIMS m/z 359 M-
H - C, H,, O,.'HNMR ( DMSO-d, 500
MHz) 8,:10.70 (1H s 2-OH) 6.68 (1H s H-5")
6.59 (1H s H-5) 3.85(3H s 4-OMe) 2.55 (3H
s 3-Me) 2.46 (3H s 3" Me) 1.99 (3H s 6-Me)
1.98 (3H s 6"-Me);"” CNMR ( DMSO-d, 125
MHz) 6.:173.2 (C77) 168.6 (C7) 161.3 ( C-
2) 161.1 (C=2) 159.4 (C4) 151.9 ( C4)
139.0 (C-6) 139.0 (C-6) 116.1 (C-1) 115.8
(€41 111.5(C=3") 110.1(C3) 107.1 (C5)
106.4 (C-5) 55.8 (4-OMe) 23.1 (3'Me) 22.8
(3Me) 9.1 (6 Me) 8.1 (6Me) .

» ( barbatic acid) o

11 ( ) o« —26°
(¢ 0.2 MeOH) ESI-MS m/z429 M-H ~
C,Hy0,. ' HINMR ( methanol-d, 500 MHz) §,:5.25
(IHt J=1.8 Hz H6) 3.72 (1H ddd J=8.2
2.0 2.0 Hz HY) 3.42 (1H m H3) 2.25 (1H
m H4) 2.21 (1H m H4) 2.05 (1H ddd J=
12.7 3.5 3.5 Hz H-12) 1.87 (3H m H4d 15
16) 1.81 (1H m H2) 1.70 (1H m H=25) 1.57
(1H m HA1) 1.52 (1H m H-1) 1.51 (1H m
H2) 1.44 (2H m H-8 15) 1.38 (2H m H-=0
22) 1.32 (1H m H=28) 1.30 (1H m H-16) 1.27
(1H m H28) 1.22 (2H m H23) 1.16 (1H m
H-2) 1.15 (1H m H-14) 1.10 (1H m HA7)
1.07 (3H s Hy-19) 1.06 (1H m H-) 1.05 (1H
m H22) 1.04 (1H m H-9) 0.96 (3H d J=6.6
Hz H,21) 0.95 (1H m H-24) 0.87 (3H t J=
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7.4 Hz H,29) 0.86 (3H d J=6.8 Hz H,27) 9) 50.2 (C24) 42.3 (C-3) 42.2 (C4) 40.5
0.84 (3H d J=6.8 Hz H,26) 0.73 (3H s H,- (C=20) 39.7 (C-2) 37.3 (C-1) 36.5 ( C-0)

18) ; " CNMR ( methanol-d, 125 MHz) §.. 144.1 31.9 (C2) 31.9 (C7) 31.9 (C8) 31.7 (C-

(C5) 127.5(C-6) 73.8(C7) 72.1(C3) 57.8
(CH4) 56.9 (CH7) 50.1 (C9) 47.3 (C=24)
44.0 (C-3) 42.6 (C4) 41.2 (C-8) 41.0 (C-
12) 38.2 (C-) 37.6 (C-0) 37.5 (C=20) 35.1
(C=22) 32.3 (C=2) 30.4 (C25) 29.7 (C-6)
27.4 (CHS5) 27.2 (C23) 24.2 (C=28) 22.3 (C-
11) 20.2 (C27) 19.5 (C-9) 19.4 (C=21 26)
12.3 (C-8 29) . '"HANMR  "CNMR
2D NMR

° B B
( 7B-hydroxy-B-sitosterol) o

12 ( ) ESI-MS m/z
437 M+Na * CroHsyO o § —24°(¢ 0.2
MeOH) ,'H-NMR ( CDCl, 500 MHz) §,:5.34 ( 1H
m H-6) 3.52 (1H m H3) 1.00 (3H s H,-9)
0.91 (3H d J=6.5Hz H,21) 0.84 (3H t J=7.6
Hz H,29) 0.83 (3H d J=6.6 Hz H,26) 0.81
(3H d J=6.8 Hz H,27) 0.67 (3H s H,-8);"
C-NMR ( CDCl, 125 MHz) &.:140.8 ( C-5) 121.7
(C6) 71.8 (C3) 56.8 (C-4) 56.1 ( C7)
50.1(C9) 45.8 (C4) 42.3 (C-3) 39.8 (C-
12) 37.3 (C24) 36.5(C-) 36.2 (C-0) 34.0
(C22) 31.9 (C-8) 31.9 (C=20) 31.7 (C)
29.2 (C-6) 28.9 (C2) 28.3 (C-l) 26.1 (C-
15) 24.3 (C23) 23.1(C=27) 21.1(C=28) 19.8
(CH9) 19.4 (C=21) 19.0 ( C25) 18.8 (C=29)
12.0 (C26) 11.9 ( C8) .

7 B- ( B-sitosterol) o

13 ESI-MS m/z 435 M+
Na * CryHyO a3 —48°(¢ 0.1 MeOH) .
"H-NMR ( CDCl, 500 MHz) &,:5.35 (1H dt J=
5.4 1.9 Hz HS) 5.15 (1H dd J=15.2 8.6 Hz
H=23) 5.01 (1H dd J=15.1 8.7 Hz H22) 3.52
(1H w J=11.1 4.7 Hz H3) 1.03~1.00 (6H m
H,21 18) 0.84 (3H d J=6.4 Hz H,29) 0.80
(6H dd J=8.2 6.8 Hz H,26 27) 0.70 (3H s
H,-19) ; "CNMR ( CDCl, 125 MHz) §.: 140.8 ( C-
5) 138.3 (C=22) 129.3 (C23) 121.7 ( C-6)
71.8 (C3) 56.9 (C-4) 56.0 (C47) 51.3 (C-
110

25) 28.9 (C-16) 25.4 (C-28) 24.4 (C-5) 21.2

(C21) 21.1(CH1) 21.1 (C=26) 19.4 ( C27)
19.0 (CH9) 12.3 (C-8) 12.1 ( C29),
18 .
( stigmas—
terol)
14 ESI-MS m/z 451 M+
Na * CxH,0, a3 -1° (¢ 0.3 MeOH) .

"H-NMR ( pyridine-d; 500 MHz) §,:6.52 (1H d
J=8.5 Hz HJ) 6.31 (1H d J=8.5 Hz H-6)
5.26 (1H dd J=15.3 7.7 Hz H23) 5.18 (1H
dd J=15.3 8.3 Hz H22) 4.37 (1H m H3)
2.45 (1H m H4) 2.27 (1H dd J=13.7 11.9
Hz H4) 2.16 (1H m H-1) 2.07 (1H m H=2)
1.99 (1H m H=20) 1.86 (1H m H=24) 1.84
(2Hm H2 12) 1.70 (1H m H-) 1.67 (1H m
H-16) 1.66 (1H m H-1) 1.64 (1H m H-14)
1.60 (1H m H9) 1.47 (1H m H-1) 1.45(1H
m H=25) 1.42 (1H m H-5) 1.31 (1H m H-
16) 1.13 (1H m H47) 1.12 (1H m H4S5) 1.11
(IH m H42) 1.02 (3H d J=6.6 Hz H,21)
0.95(3H d J=6.8 Hz H,28) 0.89 (3H s H,—
19) 0.86 (3H d J=6.7 Hz H26) 0.85 (3H d
J=6.8 Hz H27) 0.77 (3H s H-S8);" CNMR
( pyridine-d; 125 MHz) §,.:136.2 ( C-6) 136.0 ( C-
22) 132.3(C=23) 131.0(C) 82.3(C-5) 79.3
(C8) 65.9 (C3) 56.3 (CA7) 52.2 (C4)
51.9(C9) 44.7 (CH3) 43.1 (C24) 40.1 (C-
20) 39.6 (C-2) 38.3 (C4) 37.5(C-0) 35.5
(Cd) 33.4 (C25) 31.3 (C=2) 29.1 ( C6)
23.7 (CAS) 21.2 (C1) 21.1(C=21) 20.2 (C-
26) 19.9 (C27) 18.4 (C-9) 17.9 (C=28) 13.0
(C8) . 'HNMR  "C-NMR
2D NMR

Y ( ergosterol
peroxide) o

15 ESI-MS m/z 283 M-
H - C,, H, O,.'"HANMR ( DMSO-d, 500
MHz) 8,:12.95 (1H s 5-OH) 10.38 (1H s 4-
OH) 7.97 (2H m H=2" 6°) 6.92 (2H m H3"
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5) 6.84 (1H s H3) 6.76 (1H d J=2.3 Hz H-
8) 6.37 (IH d J=2.3 Hz H6) 3.86 (3H s 7-
OMe) ; ° CNMR ( DMSO-d, 125 MHz) §.: 182.0
(C<4) 165.2 (CT) 164.1 (C2) 161.3 ( C-8a)
161.2 (C47) 157.3 (C-5) 128.6 ( C=2" 6)
121.1 (C47) 116.0 (C3" 5) 104.7 ( C~4a)
103.0 (C3) 98.0 (C-6) 92.7 (C-8) 56.1 (7-
OMe) . %

( genkwanin) o

16 ESI-MS m/z 337 M+

Na * C,,H,0,.' HNMR ( pyridine-d; 500
MHz) §,:7.91 (1H d J=2.3 Hz H2") 7.59 (1H
dd J=8.5 2.3 Hz H6) 7.10 (1H d J=8.5 Hz
H-5) 7.02 (1H s H3) 6.61 (1H d J=2.2 Hz
H-6) 6.62 (1H d J=2.2 Hz H-8) 3.75(3H s 7-
OMe) 3.79 (3H s 4"-OMe) ;" CNMR ( pyridine—
d, 125 MHz) §.:182.2 (C4) 165.2 (CT) 164.1
(C2) 162.0 (C-5) 157.5 (C-8a) 151.4 (C4)
148.0 (C3") 123.9 (C-1") 123.0 (C-4a) 118.2
(C-67) 113.9(C=2") 111.5(C-5) 104.2 (CB)
98.0 (C-6) 92.2 (C-8) 55.3 (7-OMe) 55.2 (4—
OMe) . 'HNMR " C-NMR

2D NMR
2 pilloin.
17 ESI-MS m/z 329 M+
H* C,sH,;04.'HNMR ( CDCI, 500 MHz)
8,:12.79 (1H s 5-0H) 7.52 (1H dd J=8.5 2.1
Hz H6) 7.34 (1H d J=2.1 Hz H2) 6.98
(1H d J=8.5 Hz H5") 6.58 (1H s H3) 6.49
(1H d J=2.3Hz H-8) 6.37 (1H d J=2.3 Hz H-
6) 3.98 (3H s 7-OMe) 3.97 (3H s 3"-OMe)
3.89 (3H s 4"-OMe) ; "C-NMR ( CDCl, 125 MHz)

5.:182.4 (C4) 165.5 (CH) 164.0 (C2) 162.2
(CH5) 157.7 (C-8a) 152.3 (C4") 149.3 (C39)
123.8 (C4") 120.1 (C-67) 111.2 (C-5") 108.8
(C=27) 105.6 (C4a) 104.7 (C3) 98.1 ( C-6)
92.7 (C-8) 56.1 (5-OMe) 56.1 (4°-OMe) 55.8
(7-OMe) . 2

5- 34 7- ( 5-hydroxy-3~ 4~
7-rimethoxyflavone)

18 ESI-MS m/z 313 M+

Na * CsH,0, a1 -78°(c0.1 MeOH) .

"H-NMR ( methanol-d, 500 MHz) &,:6.96 (1H d

J=2.0Hz H2") 6.79 (1H dd J=8.1 2.0 Hz H-
6) 6.75(1H d J=8.1Hz H3") 5.93(1H d J=
2.7 Hz H-8) 5.90 (1H d J=2.7 Hz H-6) 4.81
(IHm H3) 4.17(1H m H2) 2.85(1H dd J=
16.7 4.6 Hz H4a) 2.72 (1H dd J=16.7 3.1
Hz H-4b) ;" CNMR ( methanol-d, 125 MHz) §,:
158.0 (C7) 157.7 (C-8a) 157.4 (C5) 146.0
(C57) 145.8 (C4) 132.3 (C4) 119.4 ( C-
27) 115.9 (C3°) 115.3 (C-67) 100.1 ( C4a)

96.4 (C-6) 95.9 (C-8) 79.9 (C-3) 67.5(C=2)

29.3 (C4) . »
(-) - ( =) -epicatechin .
19 ESI-MS m/z 465 M+
Na * CpHgO, a3 -187°(c 0.1

MeOH) .'H-NMR ( methanol-d, 600 MHz) §,: 6. 94
(3H m H2" 3" 5") 6.80 (1H m H-6) 6.69
(1IH m H5) 5.96 (2H brs H6 8) 5.52 (1H
brs H3) 5.03 (1H brs H2) 2.99 (1H m H-
4a) 2.84 (1H m H-4b) ;" CNMR ( methanol-,
150 MHz) §.: 167.6 (CT") 157.9 (C) 157.3
(C8a) 146.3(C3"5") 146.0 (C3") 146.0 ( C-
4) 139.8 (C4" 131.5 (CA") 121.5 (C4")
119.4 (C-67) 116.0 (C-57) 115.1 (C=27) 110.2
(C2"6") 99.4 (C4da) 96.5 (C-6) 95.9 (C-8)
78.7 (C2) 70.0(C3) 26.9 (C4) .
24 ( _) _
( -) -epicatechin gallate .

20 ESI-MS m/z 415 M+
Na * CoHy,yO0, a 3 —3°(c0.1 MeOH) .
"H-NMR ( methanol-d, 500 MHz) §&,:7.58 (2H br
d J=8.7Hz H2" 6°) 6.79 (2H brd J=8.7 Hz
H3"5) 6.26 (1H brs H3) 5.20 (1H br s H-
1) 3.42(1H m H5") 3.38 (1H m H=2") 3.27
(IH t J=9.5 Hz H4") 3.10 (1H dd J=9.5 3.3
Hz H3") 1.18 (3H d J=6.2 Hz H;-6") ; "CNMR
( methanol—d, 125 MHz) §.:197.6 (C7) 163.9 ( C-
4) 163.9 (C4) 158.5 (C=2 6) 132.8 (C=2°
67) 132.7 (C4") 116.3 (C3° 57 109.3 ( C)
100.5 (C-1") 98.1 (C5) 95.8 (C3) 73.6 ( C-
4" 71.9 (C3") 71.6 (C=2") 70.8 (C-5") 18.0
(C-6") . 'HNMR “C-NMR

111
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2D NMR 2 NO (x5 n=3)
25 20-0d~- Table 2 Inhibitory effects on NO production by compounds from
( iriflophenone 2-0-a-Lthamnopyranoside) the stem bark of Aquilaria yunnanensis (x+s n=3) -
NO
21 ESI-MS m/z 437 M+ JmeleL % oL
Na * C,sH,,0,.'HNMR ( CDCl, 500 MHz) L-NMMA( ) 100 69.88+0.76  44.601.00
8,421 (1H dd J=11.7 4.6 Hz Hd"a) 4.15 50 53.13£0.65
25 34. 18+0. 87
(1H dd J=11.7 6.1 Hz H-"b) 3.93 (1H m H- s 17.00s0. 98
27) 3.70 (1H dd J=11.4 4.0 Hz H3"b) 3.60 6.25 7.400.78
(1H dd J=11.4 5.8 Hz H3"a) 2.35 (2H t J= (-4 30 ~11.6422.69 -
~ 5 (+)1 50 ~12.55+1.31 -
7.5 Hz H,2) 0.88 (3H t J=6.9 Hz H,22); "C- < 17 esan 06 )
NMR ( CDCl, 125 MHz) §.:70.3 ( C-1) 65.2 ( C- 3 50 19. 13£2.05 -
2) 63.3 (C7) 34.2 (C3) 31.9 (C2) 29.7 4 50 7381145 32.821.04
(C20) 29.4 (C4~197) 24.9 (C3) 22.7 (C- » 39212
N 12.5 15.24+1. 85
21) 14.1 (C22), 6.25 7.25£2.16
23— (2 3-di- 5 50 6.66+1.78 -
hydroxypropyl docosanoate) o : 28 _12' ;i(l) Zj :
22 ESIMS m/z 375 M+ 4 o 15, 0720. 86 _
Na * C, H,,0,.'HNMR ( methanol-d, 500 9 50 -10. 37£2. 00 -
MHz) 8,:5.42~5.26 (6H m H9 10 12 13 15 10 Z‘;) ;‘fzziij -
16) 4.14 (1H dd J=11.4 4.4 Hz H-"a) 4.05 |, o | 5041 34 _
(1IH dd J=11.4 6.3 Hz H4’b) 0.98 (3H t J= 12 50 20. 69+3. 26 -
7.5 Hz H,-8) ;" CANMR ( methanol-d, 125 MHz) 13 30 10.491.36 B
: 14 50 52.70+2.26 -
80:175.5 (C-1) 132.7(C9) 131.1(C-16) 129.2 s 03010
(C-5) 129.2 (CHO0) 128.9 (CH2) 128.2 ( C- 15 50 23.40£2.79 -
13) 71.1 (C=2°) 66.5 (C-1°) 64.1 (C3") 34.9 16 30 22.61x1.87 B
17 0 8.27+2.38 -
(C2) 30.2-30.8 (C4567) 28.1(C8) 26.5 . " e i
(Cd1) 26.0 (C-4) 23.7 (C3) 21.5 (C47) 19 50 27.4220. 54 -
14.6 (C-8) . 27 20 50 6. 60£0. 83 -
, 21 50 ~13.11£1.72 -
1-0- ( 1-0inolenoylglycerol) . 22 50" 100. 14£0.33  18.50+0.95
4 25 63.31£1.99
LPS RAW264. 7 12.5 32.67+2. 65
NO 6.25 12.72+3. 60
3.125 4.33+1.85
(2. (- (4) T
1-0- (22) NO
1Cs (32.82+1.04) .(18.50+0.95) » Trigonostemon xyphophylloides
pmol «L.”; LNMMA  ICy, (44.60%  ( Croiz.) L. K. DaietT. L. Wu (+) -
1. 00) wmol*L™"; 50 pmol+L™ o XI'Y
50% o F % Isatis tincioria L.
5 (+)- H,0,
2 SH-SY5Y °
o * Ancis— WANG Y C o Smilax nantoensis T.
irocladus tectorius ( Lour.) Merr. Koyama (+) -
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100 pmol * L™ J. 2014 26( 1) : 64.
11— - ( DPPH) 14 LOPESTIB COELHO R G YOSHIDA N C et al. Radical-
scavenging activity of orsellinates J . Chem Pharm Bull 2008
88.20% = 0.35% C S6(11): 1551.
84.99%=+5. 56%; 2.66+0.21 15 SILVAHAMTF AIRES AL SOARES CLR et al. Barhatic
( butylated hydroxy anisole BHA) 0.73+ acid from Cladia aggregata ( lichen) : cytotoxicity and in vitro
3 . schistosomicidal evaluation and ultrastructural analysis against
0.04. WU XY Oresi— adult worms of Schistosoma mansoni ] . Toxicol In Vitro 2020
trophe rupifraga Bunge 65: 104771.
1-0- 16 ~ZHANG X GEOFFROY P MIESCH M et al. Gram-scale
BV2 NO chromatographic purification of B-sitosterol:  synthesis and
characterization of B-sitosterol oxides J . Steroids 2005 70
IC,, 8.51 wmol*L™", (13): 886.
N 17 . (m 7.
33 2007 19( B8) :237.
’ 18 KIMYS LIXF KANGK H et al. Stigmasterol isolated from
° marine microalgae Navicula incerta induces apoptosis in human
hepatoma HepG2 cells J . BMB Rep 2014 47(8): 433.
19 .
J. 2023 45(7) :94.
20 .
° I 2019 50( 23) : 5690.
21 I
1 . 52(1) 2013 36( 4) : 563.
M . : 1999: 290. 22 J. 2015 38(2):315.
2 M . 23 . I
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4 BOONPIYATHADA T CELEBI S Z SATITSUKSANOA P et 25 HARA H ISE Y MORIMOTO N et al. Laxative effect of
al. Immunologic mechanisms in asthma J . Semin Immunol agarwood leaves and its mechanism ] . Biosci Biotechnol
2019 46: 101333. Biochem 2008 72(2): 335.
5 . 26 YANG H JIANG B HOU A J et al. Colebroside A a new
J. 2017 33(5) : 581. diglucoside of fatty acid ester of glycerin from Clerodendrum
6 ZHOU B D REN J LIU X C et al. Theoretical and colebrookianum ] . ] Asian Nat Prod Res 2000 2(3): 177.
experimental study of the absolute configuration of helical 27  ZHAN Z] YUE J M. New glyceroglycolipid and ceramide from
structure of ( 2R 3S) -rubiginone A, analog J . Tetrahedron Premna microphylla ] . Lipids 2003 38(12): 1299.
2013 69(3): 1189. 28 .
7 . 7. I 2013 21(2) : 184.
2016 11( 12) : 2785. 29 .
8 QIUK QIU H XIE Y et al. Chiral resolution of furofuran I 2013 24(3) :591.
lignans and their derivatives from the stems of Dendrobium “Sonia” 30 XIYF BAIM ZHANG X et al. Insight into tetrahydrofuran
J . Chin J Nat Med 2024 22(10): 937. lignans from Isatis indigotica Fortune with neuroprotective and
9 ] . acetylcholinesterase inhibitor activity ] Phytochemistry
2012 35(1):62. 2023 208: 113609.
10 . J. 31 WANGYC WANGHMD LIUSL etal. Metabolites from
2012 18( 20) : 61. Smilax nantoensis with antioxidant activity J . Chem Nat
11 Compd 2024 60(2): 320.
Epicoccum sp. J . 32 WU XY XIONGJ LIU X H et al. Chemical constituents of the
2009 21( 6) :916. rare cliff plant Oresitrophe rupifraga and their antineuroinflammatory
12 LIXF JINHZ YANG M et al. A new methyl orsellinate activity J . Chem Biodivers 2016 13(8): 1030.
glycoside from the aerial parts of Rhododendron primulaeflorum 33
J . Chin J Nat Med 2008 6(5): 336. J. 2023 32( 1) : 100.
13

113



