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Abstract: Objective To investigate the 2-(2-phenylethyl)chromone constituents from Chenxiang (Aquilariae Lignum Resinatum)
and its gastroprotective effects. Methods The chemical constituents were isolated and purified by silica gel, and ODS column
chromatographies. Their structures were determined on the basis of their physicochemical properties and spectroscopic data. The
isolates were evaluated for their protective effects on taurocholic acid (TCA)-induced gastric mucosal GES-1 cell injury. Results
Five compounds were isolated from the ethyl acetate-soluble fraction of Aquilariae Lignum Resinatum and their structures were
identified as (5R,6S,75)-5,6,7-trihydroxyl-2-phenethyl-5,6,7,8-tetrahydro-4H-chromen-4-one (1), (6S,7S,85)-6,7,8-trihydroxyl-2-
(3-hydroxyl-4-methoxylphenylethyl)-5,6,7,8-tetrahydro-4 H-chromen-4-one (2), oxidoagarochromone C (3), rel-(1aR,2R,3R,7BR)-
1a,2,3,7B-tetrahydro-2,3-dihydroxy-5-[2-(4-methoxyphenyl) ethyl]-7H-oxireno[f] [1]benzopyran-7-one (4) and aquilarone J (5).
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Compounds 3—5 could significantly protect TCA-induced GES-1 cell injury, with increase of cell viabilities by (27.17+4.38)%,

(16.02+2.95)% and (14.84+2.86)%, respectively. Conclusion Compound 1 is a new compound named tetrahydrochromone N. Its

absolute configuration was determined by ECD calculation. Compounds 3—S5 significantly recovered the decreased GES-1 cell

viability induced by TCA injury, showing a significant protective effect of gastric mucosal epithelial cells.

Key words: Aquilariae Lignum Resinatum; Aquilaria sinensis (Lour.) Gilg; 2-(2-phenylethyl)chromone; tetrahydrochromone N;

aquilarone J; gastroprotective effect

DUE LA REY B RE Aquilaria sinensis
(Lour.) Gilg 3215 Ja LRI &AW R RIAMN, AA
WM ERS, TESAMERE R, T
[T = RN 52 L = B S e 1 st AN S T
G S D050, T I fe % . B o
MXIEWE IS, B R S, PR I R RV T
B IEL ARG SR 2 o U P R BRI PR RSy
SR 2-2-9K 25 e ), HAH
PLREL HUAC. HUE Bz, et B gsh i,
Uy AN ff TR 025 25 3R . DR Wi AR A
K, U CIEREI B R LB 2R AL B A TR
P8 JE R AR (FE 5.0 pg/mL B, AR
HANT3.62%) , N T BIRGUEIENE Sy, AT
FR VA IE LRI BEAT TR FE, 7 A 3|
5 2-2-FOHE)YOCEELEY, DHEEN
(5R,68,75)-5,6,7-=F23£-2-7K £, 5£-5,6,7.8- W A -4 H-t1
i -4- W [(5R.6S,75)-5,6,7-trihydroxy-2-phenethyl-
5,6,7,8-tetrahydro-4H-chromen-4-one, 1]. (6S,7S,8S)-
6,7,8- = Fadk-2-(3-F k-4-H & J)-5,6,7,8- U &-4 H-
475 -4-T  [(6S,7S,85)-6,7,8-trihydroxyl-2-(3-hydroxyl-
4-methoxylphenylethyl)-5,6,7,8-tetrahydro-4 H-chromen-
4-one, 2]. oxidoagarochromone C (3) . rel-(10R,2R,
3R,7BR)-10,2,3,7B-tetrahydro-2,3-dihydroxy-5-[2-(4-
methoxy-phenyl)ethyl]-7H-oxireno[f][ 1 |benzopyran-7-
one (4) . YIFLER ] (aquilarone J, 5) o Z5HJIL
Kl 1. Hrh a1 vEiead. et 3~5 1E
20 pmol/L VBT B AN R R P 48 5it A fi JIE 453 173 1)
GES-1 4 4Hs 7, FHARG R 05108 (27.17+
438) %. (16.024+2.95) %A (14.8442.86) %.
1 /5

Milli Q #4i/kHL (£ H Millipore AH]) 5 ekt
ZARAX (Hit: Buchi A#]) ; AVANCE NEO 400 %!
MR (& Bruker /A F]) ; Varian 500 1%
YR (£ Varian A7) 5 UH-5300 7445 4] I,
IR (HAHILATD 5 w0 -2 1 B
KATH TR A (HASEEAT]D 5 Jasco J-810
“ESETE (HA Jasco A7) 5 SQS10C &1 K 7%VA

E1 1kEW1~5 BN

Fig.1 Chemical structures of compounds 1—5
K s (HA YAMATO A7) ; MCO-18AIC %
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FEbRAX (3£ PerkinElmer A 7)) ; AE2000 {3 & &
s (2o Bl SRR R AR ; TDL-40C fi%
HERXKAFEEON (EFZERZE D s 4
RS ( LR AR EARAR, k5
S31371) ; 96 LA 25 cm? 4HMuE #7550 mL &
O 10 mL # & (3£ Corning AF]). DMEM
BRI (£55 11995500BT) « A W HHRAME R
IR (5 15140-122) . i Al TR 5 25200-072)
BIEHE gibco AF]; ik (Aladdin AF], &5
S121093) ; i 4 i iE ( Corning A &, %%
35-081-CV) ; CCKS8 7@ (H E b5 A F bl A4
BHEARARD ¢ HEEEARER (200~300 H) A&
RIS GFoss FER TG N T S T
77, ODS (40~63 pm, fE[E Merck AF]) . %
BB AT TEK CRE. A, BERR Ol &
by HEEERFIA TR E R B IR A R A, 3
JoHral. KAEEAK. GES-1 A B2 - Rz 40
W H L E AR A R A A

DUEZM T 201949 AR A EERE4, it
HORZ 252 e B G C B e NE B BHEY AR
A. sinensis (Lour.) Gilg &AM IRIIAM , FEbRA
(SY19101801) A7 T Ab 3 v = 24 K 2 Fh B 2580t 7



© 6210 °

FEB 20236F 108 H54% B 198 Chinese Traditional and Herbal Drugs 2023 October Vol. 54 No. 19

Bt FR 25 BRI FT A O
2 7k
21 REERESE

DUETRAN 10.0 kg, FHEEKIKH 100 L /)
95% ZFERIGHEEL (2 hX2 ¥K) , 80 L [ 70% 2.l
FIRFEEL (2 h X1 %O, €, A IR = ik i
RENZE 3.8 kg SRR E I ERKIEE,
WA R FIBE R B 2R, AEHUGRIKRAR 515 3
FIMEEE AL (80.9 g) FIEAIR L EEIHAL (1900 g) »
KA EEE (TCA) 7% GES-1 N B RE - K241
M, WSROI EAT TGRSR, 45 R IR IR
CERE R AT BAT B B ORI N 1B B b R 4 v
P (F£ 5.0 pg/mL B, AR ZN 73.62%) o B
1 ZBEERAT 750.0 g FHATEERAE /5y, F & H
Fe-HEE (100 - 10 © 1) BREEBEM, @il TLC fhiRe
FRor AR sy, 58] 18 MLy (Fr. A~R) &
UEEZH AT DL BRI b R 4R AR e R S, XS
% CBEEAL 18 MM AT TIE I, 4R E
7N, Wisr Fr. B Fr. C Al Fr. M B BFHTEM: .
I, EEEETERS Fr. B. Fr. C Al Fr. M T3

Fr. B (28.1 g) &RERH (IG5 5, A -
BEER .18 (20 0 10 : 1) BREEDEME, A2 7 M
4y Fr. B1~B7. Fr. B7 &hERAE G55, HIEC
Bi-BERR 2T (8 1 10 & 1) BREEVEML, B31k&Y
5 (4.0 mg) . Fr. C (86.0 g) &rERH: (a5,
R & W - (801 10 & 1) BhEueli, 145
B 4 MRS Fr. C1~C4. Fr. C2 LB 7
5, A-E B AR (1151 120) BRED
i, HE1EEY 3 (10.0mg) 14 (12.0mg) . Fr.
M (103 g) SRERFEEIES S, H & H - H
(1100 1 DEREEGEN, A2 5 N5 Fr. M1~
M5. Fr. M3 & ODS ik, HE-/K (40 :
60—100 : 00 BHEEBENL, 193] 7 MRS Fr. M3A~
M3G. Fr. M3C SERAE IS (& Be-FEE 25 0 1)
SEREEL, 5EUEAY 2 (2.6 mg) ; Fr. M3D &HRER
GBS, SR bR (20 11D SR,
ARELEY1 (1.3 mg) .
22 HAYI1HUHETE

ECD SEIa & 343K MR, GBI E
A B A . B SEAI A Chem 3D, i AE R fR/IMb
KIRBUL S IRIIE- G SRIG A Sybyl 2.0 K
PFHATRAR G R, EFRE<H/DEE+6 1)
% 21 RAE F Gaussian 8443 T % iz K FL

(DFT) #ATHE— DR, K% B R
B3LYP fl 6-31G 44, A CPCM BifY, Figh
HBRRIA (6-31G, &) HHHAEMIZHK ECD B
W JE, @I AR AT R E A,
SpecDis AT LAY 1 BN S 1) ECD 154,
TR E M RIBIR G SRR T, R PR 2%
ZHeE 0 A BEE A AT A RS T E AR
RS KA R B S AE ) 1 SR AT
beist, DAERE A 1 HI4axsfy s,
3 ZEWEE

WEW 1. EEARIRY, [oly +12 (¢ 0.1,
MeOH) , UV Ane (nm): 250 (1.76) , 211 (1.99) .
HR-ESI-MS %5t 7375 706 303.122 7 [M+H]* (if
514 303.1229), 454 BC-NMR B¥EERIL &9 1
(19 F 2N CiiH1s0s. AN B RiZILEN &H
ek (3330 ecm™). FkHE (1656 cm™) M IT I
(1593, 1440 cm™") % HHeH]. 7£ 'H-NMR i,
KX HIL 1 HPRAR S EEES: ou7.23 (2H,
overlapped, H-3, 5, 7.17 (2H, overlapped, H-2', 6),
7.15 (1H, overlapped, H-4"); 1 NM&HEHIEES o
6.11 (1H, s, H-3); m=idgX I 3 MERRF G S
ou4.74 (1H, d, J = 3.2 Hz, H-5), 4.30 (1H, dt, J = 2.0,
8.0 Hz, H-7), 3.93 (1H, m, H-6); 3 MEHIEES o
2.98 (2H, m, H»-8"), 2.90 (2H, m, H-7"), 2.78 (2H, d,
J = 8.0 Hz, H>-8). £ BC-NMR i1, (KX HEL
11 A sp? ZLHIBRAES (P 1 ASRHREKR oc
181.7), @3 X ] W, 3 MEF IR H IS5 oc 73.6
(C-6), 67.0 (C-5), 65.8 (C-7); 3 NIHIEHIET oc
36.1 (C-8"), 34.0 (C-7"), 32.3 (C-8). DL F¥iEEH,
A1 RIIA 2-Q- 2K 2.5 &Y. ¥tk
A% 1 1 1D NMR i 5 CERiRE L &4
(5R,68,75)-5,6,7-trihydroxy-2-(4-hydroxy-3-methoxy-
phenethyl)-5,6,7,8-tetrahydrochromon! 1 # tL %%, &
P BB AR B N R RS M . A
FZETHE 1 DT 1 HRAIES, Hilil
HPARESAE 7 EKN ABX & 2415
5, [FBSE P EdE, ke 1T
1 ANHFEESEAT 1 AMEIE, 7F HMBC 3 Hra] DA EE 3
H-3 5 C-10, H-55 C-4, H-6 5 C-8/C-10, H-7 5
C-5, H-8 5 C-9, H-7'5 C-2/C-2, H-8'5 C-3,
H-2'5 C-4', PAK H-3"5 C-1"MEA -G Al X5 5
(K 2), R 'H-'H COSY i, M55 H-5 Al
H-6. H-6 Al H-7 LA K H-7 Al H-8 HIHIRAES, ik
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—AESE 7 BRI . £ 'H-NMR @/, H-5 5

H-6 Z W8 &% 8 Js6=3.2 Hz, H-6 5 H-7 Z[i{H
GHE Jo7=2.0 Hz, [FII7E NOESY i Ak W ¢ 2|
H-5 1 H-6 LA X H-6 1 H-7 ] NOE #5515 5, & W]
H-5. H-6 f#1H-7 7 TR0 @ik %y e &40 1 1 sk

4

<7 X HMBC — COSY

4% ECD 5114 ECD Kk (& 3) fiff H 4o fy 1Y
N (5R6S7S). L, & 1 MEMEE N
(5R,68,75)-5,6,7- =2 3£ -2-7% 2. 3£ -5,6,7,8- VU & -4 H-
tlfs-4-01, N1 AFEY, NS GEE N,
JENMR #dlE )8 Wk 1.

#777"X NOESY

2 &1/ EE HMBC. 'H-'H COSY #1 NOESY
Fig.2 Key HMBC, 'H-'H COSY and NOESY correlations of compound 1

—Exp. for1
- - -Calcd. for (55,6R,7R)
== Calcd. for (5R,6S,7S)

Ag/(M-em™)

200 250 300 350 400
A/nm

3 &Y 1 KL ECD #iHE ECD Eif

Fig. 3 Experimental and calculated ECD spectra of
compound 1

WED 2: WIHEOMIRY); ESI-MS m/z: 331.12

[M-+H—H0]", 4 F 3N CisH07. 'H-NMR

(400 MHz, CDsOD) 6: 6.79 (1H, d, J = 8.0 Hz, H-5"),

6.66 (1H, d, J = 2.0 Hz, H-2'), 6.61 (1H, dd, J = 8.0,

2.0 Hz, H-6"), 6.07 (1H, s, H-3), 4.80 (1H, d, J = 4.0
Hz, H-8), 4.20 (1H, m, H-6), 4.11 (1H, dd, J = 4.0, 2.4
Hz, H-7), 3.80 (3H, s, 4-OCH3), 2.87 (4H, m, H»-7',
H»-8"), 2.73 (1H, dd, J = 17.2, 5.2 Hz, H-5), 2.51 (1H,
dd, J = 17.2, 8.8 Hz, H-5); 3C-NMR (100 MHz,
CD;0D) 6: 181.3 (C-4), 171.3 (C-2), 159.4 (C-9),
147.7 (C-3', 4'), 133.9 (C-1"), 122.2 (C-10), 120.6
(C-6"), 116.4 (C-2"), 113.3 (C-3), 112.8 (C-5"), 75.1
(C-7), 712 (C-8), 66.0 (C-6), 36.5 (C-8), 33.3
(C-7", 26.0 (C-5). LA EHHR S SCHikfRE —E 0,
WS ELEY) 2 N (6S,75,85)-6,7,8- =3 -2-(3-%¢
He-4-HEEHE)-5,6,7,8- VU A -4 H- 0 )5 -4-T o

&) 3: I TEE TR A s ESI-MS m/z: 329.10
[M+H]", 4T3R5 CisHi606. 'H-NMR (500 MHz,
CDCly) 6: 6.77 (1H, d, J = 7.5 Hz, H-5"), 6.74 (1H, d,
J=22Hz H-=2'), 6.62 (1H, dd, J = 7.5, 2.2 Hz, H-6"),
6.14 (1H, s, H-3), 5.79 (1H, s, 3'-OH), 4.34 (1H, d, J =
3.0 Hz, H-5), 3.96 (1H, d, J = 3.0 Hz, H-7), 3.85 (3H,

F1 HEY 1 PRI REEMREHIE (400/100 MHz, CD;0D)
Table 1 'H-and *C-NMR data of compound 1 (400/100 MHz, CD3OD)

720 ou dc s Ou dc
2 170.8 Iy 141.2
3 6.11 (1H, s) 113.9 2! 7.17 (1H, overlapped) 129.5
4 181.7 3 7.23 (1H, overlapped) 129.6
5 4.74 (1H,d, J=3.2 Hz) 67.0 4 7.15 (1H, overlapped) 127.5
6 3.93 (1H, m) 73.6 5! 7.23 (1H, overlapped) 129.6
7 4.30 (1H, dt, J= 2.0, 8.0 Hz) 65.8 6’ 7.17 (1H, overlapped) 129.5
8 2.78 (2H, d, J= 8.0 Hz) 323 7' 2.99 (2H, m) 34.0
9 165.9 8’ 2.89 (2H, m) 36.1

10 121.2
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s, 4-OCH3), 3.82 (1H, d, J = 3.0 Hz, H-6), 3.47 (1H,
d, J= 3.0 Hz, H-8), 2.87 (2H, m, H»-7’), 2.82 (2H, m,
H>-8"); BBC-NMR (125 MHz, CDCl;) d: 177.8 (C-4),
168.4 (C-2), 161.3 (C-9), 145.8 (C-3"), 145.5 (C-4"),
132.5 (C-1"), 120.8 (C-10), 119.8 (C-6"), 114.5 (C-2",
114.2 (C-3), 111.0 (C-5"), 56.1 (4'-OCH3), 48.8 (C-7),
47.9 (C-8), 47.0 (C-5), 46.6 (C-6), 35.5 (C-8"), 32.3
(C-7)o VA EHE 5 SR RaE — 200, HUE et &
¥ 3 4 oxidoagarochromone C.

WwEM 4. AEBELERKHAK; ESI-MS m/z
331.12 [M+H]", 73X AN CisHisOs. 'H-NMR
(500 MHz, DMSO-ds) o: 7.16 (2H, d, J = 8.5 Hz,
H-2', 6'), 6.85 (2H, d, J = 8.5 Hz, H-3', 5'), 6.25 (1H,
s, H-3),4.37 (1H, d, /= 7.0 Hz, H-8), 3.97 (1H, d, J =
7.0 Hz, H-7), 3.89 (1H, d, J = 1.0 Hz, H-5), 3.74 (1H,
d, J = 1.0 Hz, H-6), 3.71 (3H, s, 4-OCH3), 2.89 (4H,
m, Hx-7', 8'); BC-NMR (125 MHz, DMSO-ds) 6:
180.0 (C-4), 169.2 (C-2), 159.1 (C-9), 157.7 (C-4"),
131.6 (C-1"), 129.2 (C-2', 6"), 120.4 (C-10), 113.8 (C-3/,
5", 113.6 (C-3), 70.5 (C-7), 68.2 (C-8), 55.5 (4'-OCH3),
55.0 (C-6), 49.2 (C-5), 34.1 (C-8"), 30.9 (C-7"). LA L%k
P 5 CER B — BT, M ENEY) 4 N rel-
(1aR,2R,3R,7BR)-10,2,3,7B-tetrahydro-2,3-dihydroxy-
5-[2-(4-methoxyphenyl)ethyl]-7H-oxireno[f]  [1]
benzopyran-7-one.

a5 W ELK AR ESI-MS m/z
357.13 [IM+H]", 73X A CaH20s. 'H-NMR
(500 MHz, CDCl3) ¢: 7.10 (2H, d, J = 8.5 Hz, H-2',
6'), 6.83 (2H, d, J = 8.5 Hz, H-3', 5'), 6.43 (1H, s,
H-8), 5.98 (1H, s, H-3), 3.94 (3H, s, 7-OCH3), 3.90
(3H, s, 6-OCH3), 3.79 (3H, s, 4-OCH3), 2.98 (2H, m,
H,-7"), 2.86 (2H, m, H»-8'); C-NMR (125 MHz,
CDCl) 0: 182.8 (C-4), 169.2 (C-2), 158.8 (C-7), 158.5
(C-4"), 153.7 (C-9), 153.2 (C-5), 132.6 (C-6), 131.6
(C-1"), 129.4 (C-2', 6), 114.2 (C-3', 5, 108.5 (C-3),
106.1 (C-10), 90.5 (C-8), 61.0 (6-OCHs), 56.4
(7-OCH3), 55.4 (4’-OCH3), 36.4 (C-8"), 32.3 (C-7").
DA Helfe 5 SCikakaE — 20, MU et & 5 et
AR T
4 EYREMNE

K AR R 15 5 GES-1 #5473 BB X} 7y 2545 31
) 2-(2-4 L Fk) (Ll B AR AL S EAT B R OR3P0
PEGR GRS, O BRI GES-1 40, 4% 4341

4X10* AN/mL HZFERFT 96 fLiRk, #:fL 100
uL, BT 37 C. 5% CO, #7577 24 h il
WiEE S, WEAEHH., BAHMPTE AR EY)
4, 6 MEFL. 24 h JEWBURFRM, & XTI
NN GEAREFRHE 100 pL/AL, BEAHH S 1.5
mmol/L A-fHEZ ) DMEM & 24853:3E 100 pL/
fL, DiFE AR EA A 1.5 mmol/L A= BEAH R 1)
BRI &R N 20 umol/L, 100 pL/FL45 24,
B R4 24 ho K CCK-8 7 &k i 4 o vl
PE, W5E 450 nm AEWIEEE (4) fH, THEANE L
()24 PR TS 5 R 236

MAOAFTE R = (A 5m—A 2:)/(A 51— A 55c)

418 = (S0 2 2 FRAT375 28 — A TR 26 20 FR 7375 26 ) A
T A A7 2

fb AW 3~5 1E 20 pmol/L ¥R & REAS [F) A2 & 184
5% TCA #4751 GES-1 4 A Aeis 7, AEXSAEY
ARG e S (27.17£438) %. (16.02+
2.95) %A1 (14.84+2.86) %, HA RIFHEEE L
M RV 1
5 g

AL LE B ia FRERAE (il . A ODS Mt
WEDPOIERR, SRR, PO EOE %
TEFARSS U M =R AT, o 2 % e
T 5AMMEEY (~5) , thEY 1~4 HIUA 2-2-
I, (LEW S5 N 2-(2-2% 58 i
¥, HAb & 1 NEie &Y. EvEm RS R
N, WEY 3~5 BA RIFIE R LA Ry
WEPE, fE 20 umol/L WRFE R FIREEEGRA- R IH IR
1 GES-1 A2 /7, ARSI A A7
FRORERE (27.17+438) %. (16.02+£2.95) %F
(14.84+2.86) %. VA EZERFEE TUIEHEMIF K
g5 RUTELENRIR _LIRYT B A Bt T Rl
WA, IR RRIATEZRNE, G
SRS %,

RBAR FHGHHERRGEENBA R

SE R
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