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Abstract: Objective To investigat 2-(2-phenylethyl) chromone dimers from agarwood of Aquilaria filaria in Philippines and gastric
mucosal epithelial cell protective activity. Methods All compounds were isolated by using thin-layer chromatography, silica gel
column chromatography, semi-preparative HPLC and other chromatographic techniques. Their structures were elucidated based on
modern spectroscopic methods, including high-resolution mass spectrometry (HRMS), 1D and 2D nuclear magnetic resonance (NMR).
The isolates were evaluated for their protective effects on taurocholic acid (TCA) induced gastric mucosal GES-1 cell injury. Results
A total of four 2-(2-phenylethyl) chromone dimers were isolated from A. filaria, and identified as 6-methoxy-2-phenethyl-7-
(((55,6R,7S,8R)-5,6,7-trihydroxy-2-(2-hydroxyphenethyl)-4-oxo0-5,6,7,8-tetrahydro-4 H-chromen-8-yl)oxy)-4 H-chromen-4-one (1),
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6"-hydroxy-4'""-methoxy-crassin B (2), 3""-hydroxy-crassin G (3), 4’-demethoxyl-3"'-hydroxy-crassin G (4). Compared with the model

group, the survival rate of human gastric mucosal epithelial cells was increased by (11.41 + 2.45) % and (5.70 £ 2.20) % when the

concentration of compounds 1 and 4 was 25 umol/L, respectively. The positive control, sucralfate, increased cell viability by (12.93 +

1.23)%. Conclusion Compound 1 is a new compound, named aquifilarone M. Compounds 1—4 are isolated from A. filaria for the

first time. Both compounds 1 and 4 show protective activity of human gastric mucosal epithelial cells.

Keywords: Aquilaria filaria (Oken) Merr.; agarwood; 2-(2-phenylethyl)chromone dimer; aquifilarone M; gastric mucosal epithelial

cells; protective effect

UL N i & B ( Thymelaeaceae ) 7L & J&
Aquilaria Lam. B{3NTE & Gyrinops Gaertn fEY)3Z
B R DA SR ) & E BIR IR, T
R THRIE . Y. T 20 MW & 77 21,
TR EEY 21 M, BOUEEEY 9 Fh,
FES AT AR W E K, LRIRERERE. T
R TP mEEAX. MAEDE TR,
2-Q2- K L) BB 2 T ) T BERE Sy 2 — B, JF
HIXFRIE R BAT SRR PLmiB), iR es),
TR 891, o8] 4 A BT AR £ T AR T il AT
I 1O-TLAT (5 b OR AP 12155 22 A A= )T 18

HAT, 2UTUE Y A. filaria (Oken) Merr. N [ Br
W L2 ST ENREFEEYZ —, EES T EE
JEPUNE EARNEE LA FEER SR . S8 e 314,
2 PUERR T HETR, R JER, eGSR
SR FH TR S H IR ek S 05101 {SRUETZE
SRS 8 R BN B2 Je PE T 7~ 22 i v 5,8- k-
2-(2- K LI EEAR 6,7- - F2F-2-(2- F) BT
WP 2 U 0-1L17-19],) [ 5 8 43 0 (0.3 7, ) {5
AT A S R AR B BE P REHD. IS,
ARURBH X FE R 2 i m T R T R
C-6-O-C-7"HHMN 2-2-K LB (ol — Ak, H

HAREE A B 5 B RE J@ 70 WV 7™ 22 T A v e AiE 1
DAFAEZE T, BoR P HL AT RE S s T A AL S )
H p 8 10-1, #E LC-MS 513, MIERER =L iiEF
> AR 3 4 S 2-Q-R AR (I AR (B D, 4y
% N 6-methoxy-2-phenethyl-7-(((5S,6R,7S,8R)-
5,6,7-trihydroxy-2-(2-hydroxyphenethyl)-4-0x0-5,6,
7,8-tetrahydro-4 H-chromen-8-yl)oxy)-4H-chromen-
4-one (1), 6"-hydroxy-4""-methoxy-crassin B (2).
3"-hydroxy-crassin G (3). 4'-demethoxyl-3""-hydroxy-
crassin G (4). HA &M 1 Atk &, wmahl
22U E M HLAE 25 pmol/L <5 T REME 1Y 3 2 ik
HER 515 GES-1 41 FI4i i 77
1 5

e 2% kA ({2 [E Heidolph Laborota); CA-1111
RURIR A HEI L (Bl BIAGES A BR A WD
Agilent Infinity 1260 7} T 284 = RGBAH B4 (36
Agilent A%]); Agilent Infinity 1260 I 2% 4%
WOAH i A (36 [ 2 A4S BB PR A A D
CosmosilSPFP i 4+ (250.0 mm X 10.0 mm, 5 pm,
Nacalai Tesque A 7] ); Cosmosil tNAP 34+ (250.0
mm X 10.0 mm, 5 pum, Nacalai Tesque A 7 ); Bruker
AmaZon SL i 4 ({# [ Bruker /A #]); Bruker AV

OCH;

- 4 R=0OCH,

1 FEEEFLNET 2-Q-FTH)BIW_REK
Fig.1 2-(2-Phenylethyl)chromone dimers from A. filaria in Philippines
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I 500 FxrEILHRP A (2 Bruker A ); MCP
5100 JE)6iX (BEHF] Anton Paar HRAF); MOS-
500 [ —f1if4X (3£E Biologic /4] ); Nicolet 380
RILT A4 (3£ Thermo A ]); BSA-100A %Y
AW ds (EBHF M AR s K%
K iz —, MR 240G (R AF);
Galaxy R S bt 7 48 (J<[E RS Biotech A F]);
ELX-800 Fgtriy CEEFERF AR #iF TIEG (-
RSO ARA R ET R A D) AR
(60~80- 200~300 H ). 2 EirER IR FIEER H
G SIEPEALT) )5 ODS (20~45 um, HA Fuji 2
F]); B Sephadex LH-20 (ZE[E Merck A F)); It
Ak G5 B 6 e i RHE A TR A R s (i g8 H i
CRREHER AR AT, L5 240105); A HERE
GErHEYI A T], 85 T29J11Q119991); DMEM %
7= (Gibco A 7], $85 C11995500BT); Jif 4 I i
(FEEAYRL, $95 24010702); DMSO (PHpfl
LA IRAT, #5 200428); GikEE (LiJE
AR AR AR, #t'5 S48143); GES-1 AH
S b B A M B R R R AR IR PR A ]

R R LY R TR AR O, E
s Ol R 2 Bt i A2 ) BRI 9T Bl L & WE A
FUBAE IR, AR B, SO, R
SRR 8 R R Y N2 JUE Aquilaria filaria
(Oken) Merr., fEiEFRAS (FLBS20200710) fR-A77E
I Ay AV R 5 B #i A= B AR T
2 REES59E

B TEA SR R2TTERS (817.02) MG
2 95% B (5.0L) [FIVRERE 5 K, IR KRYETS 2
BE (1804 ), LRI BT KRB FKF
Ja, WUHAMEE (3.50LX3). BERR AR (3.5LX
3) FIETEE (3.5LX3) #ATAEHL, RIS 4 iHiBEAH
7.4 g, BEER C.W6AH 81.7 ¢ FIIE T HEAH 85.2 g &R
LG FH G 0 R AR v, &0 0 HEE (100 ¢
1—-0 . 1) BEBNE, ¥ TLC 1 HPLC 7r#rks
MAFEAFH] 14 NS> (Fr. 1~14), Fr. 10 (19.26 g)
£ ODS A Fidid FEE- /K (40 © 60~100 : 0)
IR e, B Sk 46 /5 425 TLC A1 HPLC %
Mr& AR sy, 3798 21 M4 (Fr. 10-1~10-
21D, Fr. 10-8 (272.6 mg) &rEftEait (& 4h-HF
BE 651100 D ¥R 7 M (Fr. 10-8-1~
7); Fr. 10-8-4 (64.8 mg), % Sephadex LH-20 (H
B2) 153 3 MR Fr. 10-8-4-1~10-8-4-3, 10-8-4-2

(41.4mg) 214 HPLC (5PEP #f, FIEE-/K 53 :
47) ZE B EE YA 2454 3(4.6 mg, (r=41.0 min)
F14 (3.0mg, ®R=45.0min). Fr.10-9 (213.9 mg)
SRR [E5-HEE (60 1 150 1) el
B 5 NP4y (Fr. 10-9-1~10-9-5), Fr. 10-9-3 (55.4
mg) 7E¥H#% HPLC (aNAP £, HEE- /K 68 © 32)
LR IA LA 1 (2.4 mg, R=32.0 min).
Fr.10-9-4 (58.4 mg) fEfHi|# HPLC (5PEP #%, H
ME-/K 55 1 45) FEREBEHAFEML S 2 (5.1 mg,
frr=47.5 min)-
3 HmEE

&Y 1: HEAREAK, [y +187.0 (c 0.10,
MeOH); UV MM (nm): 254 (4.78), 316 (4.79); ECD
(MeOH) Amax (Ae): 208 (+8.77), 250 (—32.94), 280 (+
43.23) nm; IR v (cm™Y): 3 419, 2 927, 1 596, 1 393,
1113, 719, 596, 473. HR-ESI-MS m/z: 635.188 8 [
[M+Na] 1575 71 (TH5HAE N C3sH3NaOom/z
635.188 8), #EWT 7+ N CasH3010, AEFIFER
20. 'H-NMR (500 MHz, DMSO-ds) ¥ (£ 1) #]
ML AR 2 NEIRRHER 55 [on 6.16
(1H, s, H-3), 6.12(1H, s, H-3")], 1 MHEIE [on3.84
(3H, s, 6"-OCH3)], 141 12-—HUREES [ou 6.72
(1H, d, J="7.8 Hz, H-3"), 6.95 (1H, t, J = 7.8 Hz, H-4"),
6.58 (1H, t, J= 7.8 Hz, H-5), 6.72 (1H, d, J = 7.8 Hz,
H-6"], 1 HHERIEES [0u7.20 (2H, d,J=7.4Hz,
H-2""/6""),7.24 (2H, d, J= 7.4 Hz,H-3""/5""),7.17 (1H,
t,J=7.4Hz H-4")], 2 HWLEFR TIES [0u2.57
(2H, m, H-7'), 2.56 (2H, m, H-8), 2.92 (2H, m, H-7""),
2.90 (2H, m, H-8"")], 1,2,4,5-TUBUARZE [0u 7.38 (1H,
s, H-5"), 7.70 (1H, s, H-8")], 4 /MK UH SR
HELR T [on4.58 (1H, d, J= 7.1 Hz, H-5), 3.65 (1H,
dd, J=9.0, 7.1 Hz, H-6), 3.78 (1H, dd, /= 9.0, 7.4 Hz,
H-7),5.71 (1H, d,J="7.4Hz, H-8)]. DEPTQ ¥ (%
D SBREY 15 35 MRET, A4 4 4 sp?
WS 2 DRI 1 AR, 4 spP
EIRHIER 13 A sp? IRHFIERRAD 11 NGk, DLk
BB HE R ZA AN 5,6,7,8- VU B HH (Unit A)
52.-F 23 @l (Unit B) R KM Bk,
'H-'H COSY & it&4 1 %A H-5/H-6/H-7/H-8.
H-3'/H-4'/H-5'/H-6' H»-7"/H»-8' Hy-7""/H,-8""l H-
2'"'/H-3""/H-4""/H-5""/H-6""% 5 MBEIR R (E2).
454 HMBC %9 H-3 2] C-10 (d¢ 121.6)/C-8' (J¢
32.8). H-8 F| C-9 (6c 157.8). H-5'F C-1'(5c 125.3)-
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£1 1L&% 15 '"H-NMR (500 MHz, DMSO-ds) 1 DEPTQ (125 MHz, DMSO-ds) #1E
Table 1 'H-NMR (500 MHz, DMSO-ds) and DEPTQ (125 MHz, DMSO-ds) data for compound 1
Unit A Unit B
AL B
oc OH oc OH
2 168.8, C 2" 167.8,C
3 112.9, CH 6.16 (s) 3" 109.0, CH 6.12 (s)
4 179.1,C 4" 175.9,C
5 68.7, CH 458 (d, J=7.1Hz) 5" 104.3, CH 7.38 ()
6 73.5,CH 3.65(dd, J=9.7,7.1 Hz) 6" 1474,C
7 72.0,CH 3.78 (dd, J=9.7, 7.4 Hz) 7" 153.7,C
8 77.4,CH 571(d,J=7.4H2z) 8" 103.4,C 7.70 (s)
9 157.8,C 9" 1515,C
10 121.6,C 10" 116.9,C
Iy 125.3,C 1 140.0,C
2! 155.1,C 2" 128.3, CH 7.20(d,J=7.4Hz)
3’ 114.9, CH 6.72 (d, J=7.8 Hz) 3 128.4, CH 7.25(t,J=7.4Hz)
4 127.4,CH 6.95 (t, J=7.8 Hz) 4" 126.2, CH 7.17 (t,J=7.4Hz2)
5 118.8, CH 6.58 (t,J=7.8 Hz) 5 128.4, CH 7.25(t,J=7.4Hz)
6 129.5, CH 6.71(d, J=7.8 Hz) 6" 128.3, CH 7.20 (d,J=7.4 H2)
7' 26.7, CH2 2.59 (m) 7" 32.1,CH2 2.94 (m)
8’ 32.8, CH2 2.57 (m) 8" 34.8, CH2 2.92 (m)
6"-OCHjs 55.8, CH3 3.83(s)

~™\ HMBC
— 'Hm-'HCOSY
»"% ROESY
2 KEWM1HXE 2D NMR ES
Fig.2 Key 2D NMR correlations of compound 1

H-6'%] C-7' (5c26.7) I FEAH S, ROSEY i &+ H-
3'/H-8'. H-6'/H-7'f] NOE Z8i, B 1,2- HUCH
55 5,6,7,8-VUE i Jr Brdid W 2 8iE 4z, UnitA
SERE AHPOMIF]. BR2: Unit A #0555, F
T/ 1D NMR #5545 AHL AL, 6"
OCH3 2| C-6" (6c 147.4)iZFEAHIAF 5 F H-5"/6"-
OCH; ) NOE R, ffig C-6"# H IR (A
2. @it asr+, L& HMBC H H-8
C-7"(6c 153.7) (PR IC R Unit A 55 Unit B 5
JCIEIT BB C-8-0-C-7"% Rz, HoPm g A 1.

WA 1 AR R 2585 8 & 40 NOE 2L
N E « H-5/H-6 (J="7.1 Hz). H-6/H-7 3.J=9.7 Hz)-

H-7/H-8 (J = 7.4 Hz) HMBEEHEEERWFLL E 4 NS
JRFH4 T EH L8 . 7F ROESY i+, H-5/H-7
A1 H-6/H-8 ff] NOE # ik — i€ H-5/H-7 AT
P EM, T H-6/H-8 40 F 53— (E2). fb&
)1 [f) Cotton 2N [208 (+8.77), 252 (—34.91), 280
(+43.22) nm]5 4'-demethoxyl-3""-hydroxy-crassin G
[212 (+18.85), 251 (—28.88), 276 (+38.6) nm] [K]—
;e RPAEW 1 LTS AR, A
5S,6R,7S,8R. Zi b, &M 1 KgiwmE 1 s,
Htiw 2 N2 PUET Mo

& 2. wEOH K. [a]f +23.0 (c 0.10,
MeOH); UV AMOM (nm):276 (4.96), 335 (4.77); ECD
(MeOH) Amax (Ag): 211 (410.87), 227 (+16.20), 237
(+8.52),251 (—28.88), 288 (+7.12) nm. HR-ESI-MS
m/z 665.199 3 [M+Na]" (iFHAE N C36H34NaO1 m/z
665.199 3), 4313 C36H34011. 'H-NMR (500 MHz,
CDs0D) d: 7.22 (1H, d, J= 2.6 Hz, H-7"), 7.04 (1H, d,
J=2.6 Hz, H-5"), 7.02 (2H, d, J = 8.5 Hz, H-2"", 6"),
6.81 (2H, d, J = 8.4 Hz, H-2', 6'), 6.70 (2H, d, J = 8.5
Hz, H-3"", 5"), 6.68 (2H, d, J = 8.4 Hz, H-3', 5'), 5.47
(1H,d,J=7.3 Hz, H-8) ,4.78 (1H, d, J= 7.0 Hz, H-5),
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4.04 (1H, dd, J=9.7, 7.3 Hz, H-7), 3.83 (1H, dd, J =
9.7, 7.0 Hz, H-6), 3.67 (3H, s, 4-OCH3), 3.67 (3H, s,
4"-OCH3), 2.88~2.93 (4H, m, Ho-7"", 8'"), 2.48~2.51
(2H, m, H»-7'), 2.65 (1H, m, H-8'a), 2.54 (1H, m, H-
8'b); 13C-NMR (125 MHz, CD;OD) 6: 171.9 (C-2),
114.4 (C-3), 182.0 (C-4), 70.4 (C-5), 74.9 (C-6), 73.7
(C-7),79.6 (C-8), 160.4 (C-9), 122.5 (C-10), 132.7 (C-
1), 130.2 (C-2', 6'), 114.9 (C-3', 5"), 159.7 (C-4"),
32.7 (C-7), 36.6 (C-8"), 171.4 (C-2"), 109.8 (C-3"),
180.3 (C-4"), 101.9 (C-5"), 157.6 (C-6"), 111.1 (C-
7, 150.7 (C-8"), 143.0 (C-9"), 126.2 (C-10"),
133.2 (C-1""), 130.4 (C-2"", 6""), 114.9 (C-3"", 5""),
159.7 (C-4""), 33.0 (C-7""), 36.9 (C-8'"), 55.6 (4', 4"-
OCHs). A EHR 5 2% kb SRk E & 4L
PEHEAR 22, Wt &9 2 N 6"-hydroxy-4""-
methoxy-crassin B.

WEY 3: RIEEM K. [a]p +67.0 (c 0.10,
MeOH); UV AM™ (nm): 260 (3.91), 281 (3.96), 315
(3.75); ECD (MeOH) Amax (A€): 213 (+15.08), 232 (+
22.77), 249 (-12.85), 276 (+41.52) nm. HR-ESI-MS
m/z 633.173 1 [M~+Na]* (iFEAE N C3sH30NaO1g, m/z
633.173 1), 573\ C35H30010. 'H-NMR (500 MHz,
DMSO-ds) 6: 7.34 (1H, s, H-5"), 7.08 (1H, s, H-8"),
7.03~7.05 (3H, m, H-3'~5"), 6.95 (2H, m, H-2', 6'),
6.73 (1H, d,J=8.2 Hz, H-5""), 6.64 (1H, d,J=2.1 Hz,
H-2""), 6.56 (1H, dd, J= 8.2, 2.1 Hz, H-6""), 6.13 (1H,
s, H-3"), 5.98 (1H, s, H-3), 5.32 (1H, brs, H-5), 4.73
(1H, d, J=3.5 Hz, H-7), 4.42 (1H, d, J = 3.5 Hz, H-6),
4.36 (1H, brs, H-8), 3.66 (3H, s, 4""-OCH3), 2.81~2.86
(4H, m, Ha-7"", 8'""), 2.69~2.78 (4H, m, H»-7', 8'):
13C-NMR (125 MHz, DMSO-ds) d: 168.3 (C-2), 113.1
(C-3), 176.2 (C-4), 70.6 (C-5), 68.1 (C-6), 79.3 (C-7),
64.8 (C-8), 163.6 (C-9), 115.7 (C-10), 139.7 (C-1"),
128.2 (C-3', 5), 128.1 (C-2', 6'), 126.0 (C-4"), 31.4 (C-
7", 34.1 (C-8"), 169.0 (C-2"), 109.0 (C-3"), 175.8 (C-
4, 116.7 (C-5"), 144.6 (C-6"), 152.1 (C-7"), 112.1 (C-
8"), 152.2 (C-9"), 119.8 (C-10"), 132.5 (C-1""), 115.7
(C-2"), 147.1 (C-3"), 147.4 (C-4"), 112.2 (C-5""),
118.7 (C-6""), 55.6 (4""-OCH3), 31.6 (C-7""), 35.0 (C-
8" LA AR SRS B A — 32, WA
3 4 3"-hydroxy-crassin G

WEY 4: BEEH K. [a]f +123.0 (c 0.10,
MeOH); UV A" (nm): 231 (4.39), 277 (4.69), 316

max

(3.91); ECD (MeOH) Amax (Ag): 212 (+-18.85), 233 (+
30.62), 251 (-8.23),276 (+38.6) nm. HR-ESI-MS m/z
663.183 8 [M+Na]" (i &N CisHpNaOn m/z
663.1837), 43 ¥ 3 C3H32011. 'H-NMR (500 MHz,
DMSO-ds) d: 7.36 (1H, s, H-5"), 7.10 (1H, s, H-8"),
6.84 (2H, d, J = 8.4 Hz, H-2', 6'), 6.72 (1H, d, J= 8.2
Hz, H-5""), 6.65 (2H, d, J= 8.4 Hz, H-3', 5"), 6.64 (1H,
brs, H-2""), 6.54 (1H, dd, J= 8.2, 2.1 Hz, H-6""), 6.11
(1H, s, H-3"), 5.94 (1H, s, H-3), 5.33 (1H, brs, H-5),
4.74 (1H, d, J= 3.3 Hz, H-7), 443 (1H, d, J = 3.3 Hz,
H-6), 4.39 (1H, s, H-8), 3.66 (3H, s, 4-OCHs), 3.67
(3H, s, 4"-OCH3), 2.81~2.86 (4H, m, H,-7", 8'"),
2.66~2.71 (4H, m, H,-7', 8); 3C-NMR (125 MHz,
DMSO-ds) 6: 168.4 (C-2), 113.6 (C-3), 176.2 (C-4),
70.1 (C-5), 64.8 (C-6), 79.3 (C-7), 68.1 (C-8), 163.6 (C-
9), 115.7 (C-10), 131.5 (C-1'), 129.3 (C-2', 6"), 129.3
(C-3', 5'), 157.6 (C-4"), 30.8 (C-7"), 34.6 (C-8'), 169.0
(C-2"), 109.0 (C-3"), 175.8 (C-4""), 115.7 (C-5"), 144.7
(C-6"), 152.1 (C-7"), 112.2 (C-8"), 152.4 (C-9""), 119.8
(C-10"), 132.5(C-1""), 113.1 (C-2""), 146.1 (C-3""),
146.4 (C-4"), 113.6 (C-5""), 118.7 (C-6""), 54.9 (3"
OCH3), 55.6 (4"-OCH3), 31.4 (C-7""), 35.0 (C-8"").
P $diE 5 2% SCik b S iRE b A YR I A —
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% GES-1 41i87E & 10%05 4 i DMEM A3
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