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2-(2-Phenylethyl) chromones from the agarwood of Aquilaria crassna
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Abstract : In ordertostudy the chemical constituents of Aquilaria crassna ,nine 2-(2-phenylethyl) chromones were isolated by
various column chromatographic techniques from the agarwood of Aquilaria crassna ,and their structures were identified on the
basis of spectroscopic, datananalysis as 6-methoxy-2-[ 2-( 3’-hydroxy-4'-methoxyphenyl ) ethyl | chromone (1) ,5-hydroxy-6-
methoxy-2-[ 2-(3'~hydroxy-4'-methoxyphenyl ) ethyl ] chromone (2), tetrahydrochromone F (3), 6-methoxy-2-[ 2-(3'-me-
thoxy-4/~hydroxyphenyl ) ethyl ] chromone (4) ,6-methoxy-7-hydroxy-2-[ 2-(4'-methoxyphenyl ) ethyl ] chromone (5) ,6,7-di-
methoxy-2=[2=('3'-hydroxy-4'-methoxyphenyl ) ethyl ] chromone (6 ), 6, 7-dimethoxy-2-[ 2-( 4'-methoxyphenyl ) ethyl ]
chromone (7 ), 6-hydroxy-2-[ 2-( 4’-hydroxyphenyl ) ethyl ] chromone (8 ), 5-hydroxy-2-[ 2-( 2'-hydroxyphenyl ) ethyl ]
chromone (9). Compounds 2,3 and 5-9 were isolated from the agarwood of Aquilaria crassna for the first time. These com-
pounds were tested for cytotoxicity by MTT method. Among them ,compounds 1,2 and 4 showed weak cytotoxic activity.
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e 925 IO, BAT A7~k T b X a8 <
Wiy mT TR T ORE R , G0 R 28
E HRACAE R A2 SRE AN 2 g 450 Ui
TAEL I AR B S A A T & Tz A
KT GHE. M AETIEIE RS, - 2L, T
R SOK, R I i B A T U T I Aty o

YA R AR UL B L IR AE ) (Aquilaria crass-
na) ;PR32 Gy i B IR EEOR I —, F 8
AT RO E R S A5 A G
WFFE R, TR 14 A5 1356 P 0 35 3 L Ay 35 2 s T
2-(2- 2K 2 3%) ERAL A o AT 4L AT
PLIRYTA b 43 B M08 1 ARG A 2-(2- K O )
N B S/ R BUR )| EW-#: P 3 (I EE:P! 1]
TRl 2 A g o B, 2-(2- 2K 2 0k ) B i 254k
BV EZ . T 2-(2- K k) RIS WA
HAEE AL SR TS 2 R S, HAA 2R
B, PSS # BAT 2R . AR IRAIT ST 4k S8 4 ]
PLTIRULA HEA T4 2 A 9T, LUIBIAS 3 3 2 454
HE R AL G, A W TR IR UL B A S ) 2
FZEAY S RT RO IR 0 0 FOR| S 42 T R
Wl , o SRl T R LA 1) I B EAN SR S . B
AL AR 1 AU 2-(2-9K L) A 8 4y
Fidersia % 2-(2-2 £, 3 ) (LH, 53 51 hp 6-H S 3E-2-
[2-(3'-FAk4"-H A BEA L) & 0k [l (1), 5-%
BE-6-M 4 H-2-[ 2- (37 k4" - I UL RO ) £ 3K ]
{60 (2 ) . tetrahydrochromone F{3)<6-H 5 FL2-] 2-
(3'-H A4 R B AL ) 20 |0 (4) 6-FH 480 k-
T-$HE-2-[2-(4'-FAA LR EL) O BE ] A (5) .6,7-
TR AE2-[2- (3] -k 4 - TRAU AL ) 0L ] AR
(6).6,7-_ Hl gk-2-[2=(4"-F S B OR I8 ) £ 56 ] (1
M (7) 6-F2HE2-12-(4" 2RI ) 2K ] (i (8) |
S-FREE2-[2-(2'-RHORIE) B (0 (9) . FE T
PP f AL S a2 5
1 5P

Bruker AV III 500 #% fif 4R I %1% ( Bruker) ;
Agilent 1250 43 B 24 25 80 AR €4 3% 4L ( Agilent 23
H]) ; COSMOSIL % #: (Cg,4. 6 mm x 250 mm, 1
mL/min) ;2155 5 0RO 435 (36 Agilent 23
H]), COSMOSIL i+ (Cg, 10 mm x 250 mm, 4
mL/min) ; CA-1111 YR AR PR B ( F 2 AL
AT AEETERER (60 ~80 H 200 ~300 H) #)Z
JEHTE AR R EE IS H (B VR T ) 5 BRI
Sephadex LH-20( Z£[E Merck /&) ; RP-18 ) (20

~45 pm, H A Fuji Silysia Chemical Ltd 23 &) ) ;
BP221S L 7R (12—, ALt B 2 A Al ) 5
T (Bruker amazon SL 3] ) 5 fighk 28 &AL ( g%
BAALER A FD) 5 22405 (UV-2550 Shimadzu) ; 21
HMGTE AL (Nicolet 380 3 [& FEEK K /K Thermo 2
H]) s HEYEAL MCP 5100 ( B 11 F1] Anton Paar 47 FR 24
Al S TAES (IR A R W B 7 s
J7) ; ELX-800 BEARAL (35 H 547 A | ) ;DMSO( Kt
TR AL A BRZA R ) s DX-2015 IRE 11§ 21 HL

(AEaT K i BL 2 AL RS A PR 2] ) 5 u P A A e 3
(MTT) P #h 7 PBSCAE stk & RL A 7)) 5 £h R
BT R ( BB AR AR W) 5 A8 P
P M5 4 A ( K-562) N E E 4i i (SGC-7901 ) ( AJIF
JE 4 M ( BEL<7402) AR S0 41 il ( Hela) (Hh =R}
B A A PR B AR MR ) o

SEHRRE AL 20144E 9 H T, &b E I A
P BB AR W BRI 9 B T A e, AR
TG A I B R (Aquilaria crassna Pierre ex Le-
comte) JLFFH . FRAS (No. 20140909 ) L A7 T Hh [ 4
iy Al BB BT AR MR RIS i
2 EBRENE

BT Hr IR UL A (2.2 k) & TS, M
95% L BEENARITR LI 3 Y (10 L x 3 ), F:iKk 3
h, G I BRI, ol e i 15 L B (296.0 g) o
BRI HCT 7K A L i, U] A5 AR Y
AUIhE LR CFERFNIE T B A2 3 1K, 4331 0 e vk
At B A AE AU (6.1 ) L OTR O BRAE LY
(191.6 g) FIE T BEAEMAYI (74.0 ¢) . LR OTEHE
B AR A A3, A -HTEE (1:0 ~0: 1) A
FEGEME A3 11 A3y (Fro 1 ~Fro11) . Fr.5(3.0
g) ZIEREAE (3, LA D5 -FEE(1:0 ~0: 1) A
BEVERS 153 10 Ay (Fr.5-1 ~ Fr.5-10) . Fr.5-3
(58.0 mg) £t Sephadex LH-20 (54 1) : FIEE =1:1) %k
WA 3, 75 3 3 AN A (Fr. 5-3-1 ~ Fr. 5-3-3)
Fr.5-3-1(35. 0 mg) 28 ik e A € 3%, L) S8 45- 1 e
(250: 1) HEEEH] S AP 8(1.3 mg) F19(3.0
mg) . Fr.5-3-3(10.2 mg) fdf FH2F- i & w2 S50 AH (5%
1, 28 ODS il & ( LNF-7K V2V =17: 83 586 Uk
JIt s i 4 mL/ming &G I % 0 254 nm) | 1R B A
¥ 3(0.8 mg,t; =10 min) , Fr.5-5(161.1 mg) £ 4k
JREHE (A3, DL k- A (30: 1) Sy e il , 4531 4
ANy (Fr.5-5-1 ~Fr.5-54), Fr.554(8.5 mg) %
ODS | £ +E (I EE-7K ViV =51+ 49 S84 B P ; Ui
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4 mL/min; K4 230 nm) S EIfLE 6 (1.
3 mg,t, =16 min), Fr.5-8(99.2 mg) £ hE AL
ik, LA T E- P A (5 1) S eI R, 75 3 4 S0y
(Fr.5-8-1 ~Fr. 5-84) , Fr.5-8-1(26.7 mg) £ & 4%
pn M ODS il £ #E (T EE-7K ViV =320 68 2545 i ik
JI 5 P 24 mL/min; KGE K :210 nm) 755 2(3. 1
mg,t, =24 min) . Fr.5-8-3(12.1 mg) £ ODS %
FECHEE-K ViV =60: 40 586 B2 PR ; T : 4 mL/
min; K7l P4 : 220 nm) , 13 2]4L 54 4 (3.5 mg, 1,
=15 min), Fr.5-10(132.4 mg) &Rk e FE 1, L
ATHTE- PR (20: 1) SRR, 4531 14 A6y (Fr.
5-10-1 ~ Fr. 5-10-14) , iy Fr. 5-10-12 Hfk &
¥15(4.1 mg), Fr.5-10-2(10.5 mg) £ ODS 7l %%
(CHE-7K ViV =38:62 &5 FEBE I ; ik : 4 mL/
min; Kzl P4 : 232 nm) G B4EA Y 1(1.5 mg, 1,
=31 min), Fr.5-10-9(5.2 mg) £ ODS | £+ (H
Fit-7K ViV =60:40 5545 B2 Y ; i 4 : 4 mL/min; £
M : 220 nm) 153 24659 7 (0.9 mg, 1, =13
min)
3 MR

wEWw1 [k (CH,OH) ; ESI-MS:m/z
365.1 [M + K] " ;43 ¥ C,yH, 053" H NMR (500
MHz,CD,0D) §,6.14 (1H,s, H-3) ,7:49(1Hyd, J
=3.1 Hz,H-5),7.37(1H,dd,J =3.1,9.2 Hz, H-
7),7.54(1H,d,J =9.2 Hz,H-8) ,6.68(1H,d, J =
2.1 Hz,H2"),6.80(1H,d,J £8.2 Hz/H-5.)6.63
(1H,dd,J =2.1,8.2 Hz,H-6')2.96(4H,m,H-7"/
8'),3.89(3H,s,6-0CH; ) ,3.80(3H,s,4’-OCH, ) ;
“C NMR (125 MHz,CD,0D) §.171.6(C-2),110.0
(C-3),180.4 (€4),1056 (C-5),158.6 (C-6),
124.9(C-7),120.8 (€-8),152.9(C9),111.7 (C-
10),134.1 (C-1"), 16.4 (C2"), 147.7 (C-3"),
147./6(C4"),112.8(C-5") ,120.6 (C-6") ,33.4( C-
7"),37:3 (€-8"),56.4 (6-0CH, ) ,55.3 (4'-OCH, ) ,
DA B 5 Sk 4 posos — 8 R, ik s
1 %% & 6-methoxy-2-[ 2-(3’-hydroxy<4'-methoxyphe-
nyl ) ethyl ] chromone [ 6-F1 & F£-2-[ 2-(3'- 3L 4'-F
SAGERIL) 23 [ ] .

wE&W 2 @ FE K (DMSO); ESI-MS: m/z
343.1 [M + H]*; 4+ C,yH, O, ;'H NMR (500
MHz,DMSO d,) 8,6.22(1H,s,H-3),7.04(1H,d,J
=9.0 Hz,H-7),7.45(1H,d,J =9. 1 Hz,H-8) ,6. 66
(1H,d,J=2.1 Hz,H2") ,6.80(1H,d,J =8.2 Hz,

H-5'),6.60 (1H,dd, J =8.2,2.1 Hz, H-6'),2.89
(4H,m,H-7'/8"),3.82(3H,s,6-0CH, ) ,3.71 (3H,
s,4’-0CH;) ,12.70 (1H,s,5-OH) ,8.85 (1H,s,3'-
OH); "C NMR (125 MHz, DMSO d,) 8.171.8( C-
2),107.8(C-3),183.9(C4),148.8(C-5), 146. 8
(C6),119.2(C-7),106.6 (C-8),150.2 (C9),
112.7(C-10) ,132.8(C-1") ,116. 1 (CL") ,146.6( C-
3'),143.2(C4"),110.4(C-5"),120. 4(C-6"),31.7
(C-7"),35.6 (C-8'),57.0 (6-OCH; ), 56.1 (4'-
OCH,) . DA% 5 Se k> H s A S8 — B
&Y 2 %k 5-hydroxy“6-methoxy-2-[ 2-(3'-
hydroxy-4'-methoxyphenyl ) ethyl\] chromone [ 5-#% Jt-
6-HI A IE-2-[2-(3"- 58 Je4'-HE IR R) o 1 @
il ]

WwEW3 HOMA(CH,0H);[alh + 6(c
0.1,CH;0H) ; ESIEMS:m/z 729.1 [2M + H] ' ;4%
T CoH3 0, ;"H NMR (500 MHz,CD,0D) 8, 6. 11
(1H,s,H-3) ;4748 (1H,d,J =4.2 Hz,H-5),4.07
(1H,dd,J] =4.2,2.4 Hz,H-6),3.97(1H,dd,J =
3.5,2.4 Hz,H-7) ,4.52(1H,d,J =3.5 Hz,H=8),
7.12(2H,d,J] =8.7 Hz,H-2'/6") ,6.83(2H,d,] =
8.7 Hz,H-3'/5") ,2.94(2H, m,H-7") ,2.90 (2H, m,
H-8'),3.64 (3H, s, 5-OCH, ), 3.75 (3H, s, 4'-
OCH,); "C NMR (125 MHz,CD,0D) §. 171.4(C-
2),114.3(C-3),181.2(C4),74.6(C-5) ,67.9(C-
6),76.2(C-7),71.8(C-8),164.7(C9),121.9(C-
10),133.1(C-1"),130.4 (C-2'/6"),115.0 (C-3"/
5'),159.8(C4"),32.9(C-7"),36.5(C-8"),61.8
(5-OCH, ) ,55.6(4"-0CH,) , LA I ¥ 5 3k 4
E B —3 W, &Y 3 %54 tetrahydro-
chromone F,

&4 [ K (CH,OH); ESI-MS: m/z
327.1 [M + H]* ;4 F= C,yH, O, ;' H NMR (500
MHz,CD,0D) §,6.15(1H,s,H-3),7.50(1H,d,J
=3.1 Hz,H-5),7.38(1H,dd,J =9.2,3.1 Hz, H-
7),7.55(1H,d,J =9.2 Hz,H-8),6.76(1H,d,J =
2.0 Hz,H-2"),6.68(1H,d,/ =8.1 Hz,H-5") ,6. 64
(1H,dd,J =8.1,2.0 Hz,H-6") ,2.99(4H, m,H-7"/
8'),3.89(3H,s,6-0CH,),3.74 (3H,s,4'-OCH, ) ;
“C NMR (125 MHz,CD,0D) §.171.7(C-2),110. 1
(C-3),180.5(C4),105.6 (C-5),158.6 (C-6),
124.9(C-7),120.7(C-8),152.9(C9),125.0(C-
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10),132.7(C-1"),116.2(C-2"/6"),146.1 (C-3"),
148.9(C4"),113.1(C-5"),121.9(C-6"),33.7(C-
7'),37.4(C-8"),56.3(6-0CH,) ,56.3 (4'-OCH, ),
DA Bt 5 Skt R — B Rk, fes 4 %E
A 6-methoxy-2-[ 2-( 3’-methoxy-4’-hydroxyphenyl )
ethyl ] chromone [ 6-F1 48 F£-2-[ 2-(3'-H1 & k4" -F 35t
HEL) CHE] O],

wEWS IREMOHKAK(CH,OH) ; ESI-MS: m/z
653.4 [2M + H] " ;4375 C,yH,;05;'H NMR (500
MHz,CD,0D) 8,6.05(1H,s,H-3),7.43 (1H, s, H-
5).6.91(1H,s,H8),7.11(2H,d,J =8.6 Hz, H-
2'76"),6.81 (2H,d,J =8.6 Hz, H3'/5"),2.99
(2H,m,H-7"),2.93(2H, m,H-8"),3.94 (3H, s, 6-
OCH,) ,3.74(3H,s,4’-OCH,) ; "C NMR(125 MHz,
CD,0D) 5.170.7(C2),109.7(C-3),179.9(C4) ,
104.9(C-5),148.5(C-6),154.7 (C-7) ,104.0 ( C-
8),155.1(C-9),116.7(C-10),133.2(C-1") ,130. 4
(C2'76") ,114.9(C-3'/5"),159.7(C4") ,33.2(C-
7'),37.2(C-8"),56.6(6-0CH,) ,55.6 (4'-OCH, ) 4
D b Bcde -5 Sk R A BoE — B Nk, LA
5 % %€ A 6-methoxy-7-hydroxy-2-[ 2-( 4’-methoxyphe-
nyl) ethyl | chromone [ 6-H1 48 J&-7- 2 F3-2-[ 2-(4'-F
SAHRIL) A AR ]

wEW 6 (kK (CH,0H) 5 ESI-MS: m/z
379.2 [M + Nal*;4r+= C, H,, 0. H NMR (500
MHz,CD,0D) 8,6.10(1H,s, H3),7.45(1H, s, H-
5),7.14(1H,s,H8) ,6:68 (1H,d,J =2. 1 Hz, H-
2'),6.80(1H,d, J=8.2 Hz;H-5") ,6.63(1H,dd, J
=8.2,2.1 Hz,H-6').,2.95(4H, m,H-7'/8"),3.91
(3H,s,6-0CHy).,3.97 (3Hys,7-0CH, ) ,3. 80 (3H,
s,4-OGH,) ; "C NMR (125 MHz,CD,0D) §.170.9
(C2),110.0 (C-3),179.9 (C4),104.9 (C-5),
149. 4 (€6, 156:7 (C-7) ,101. 1 (C-8) , 154. 4 ( C-
9) 7. 4(C-10),134.3(C-1") ,116.4(C2") ,147.7
(C3'),147.6(C4") ,112.9(C-5') ,120.5 (C6") ,
33.5(C-7"),37.2(C-8") ,56.6 (6-OCH, ) ,57. 1 (7-
OCH,) ,56.4 (4'-0CH,) . DA ¥4 5 ek 4f3#
R —3 I, LG 6 %5E Hy 6,7-dimethoxy-
2-[2-( 3'-hydroxy-4'-methoxyphenyl ) ethyl ] chromone
[6,7-Z H 4 BL-2-[2-(3"- B B4/ -H A BL R AL ) &
FIEH]

waEW 7 JLEiik (CH,0H) ; ESI-MS: m/z

341.1 [M + H] " ;4 F3 C, Hy O, ;' H NMR (500
MHz,CD,0D) §,6.09 (1H,s,H-3),7.45(1H,s, H-
5),7.11 (1H,s,H-8),7.13 (2H,s, H2'/6") ,6. 82
(2H,m,H-3'/5"),3.02(2H, m,H-7") ,2.97 (2H,m,
H-8'),3.97(3H,s,6-0CH, ) ,3.91(3H,s,7-OCH, ) ,
3.74(3H,s,4’-0OCH;) ; "C NMR( 125 MHz,CD,0D)
5:170.9(C-2),110.1(C-3),179.9(C4) ,104. 8 ( C-
5),154.5(C-6),159.8 (C-7),130:4 (.C-8),156.7
(C9),117.3(C-10),133.2 (C-1"),130.5 (C-2"/
6'),114.9 (C-3'/5"), 149. 4(C4/),33.3 (C-7"),
37.2(C-8'),57.0(6-0CH;) ,56.6 (7-OCH, ) ,55.6
(4'-0CH,) o PAb%icdi 5 Semk 7 45 38 i e dls — 2k
HI, &8 7 5% R 6,7-dimethoxy-2-[ 2-(4'-me-
thoxyphenyl ) ethyl’] chromone [ 6,7-— F & 3£-2-[ 2-
(4"- AR HEAEL) AT AR ] .

&8 Jufuk K (CH,OH) ; ESI-MS: m/z
305.2 [M_+ Na]*;2F= C,H,0,;'H NMR (500
MHz,CD,0D) &4 6.07 (1H,s,H-3),7.24(1H,d,J
=3.0 Hz,H-5),7.19(1H,dd,J =9.0,3.0 Hz, H-
7),7.47(1H,d,J =9.0 Hz,H-8),7.01(2H,d,J =
8.5.Hz, H-2'/6") ,6.64 (2H,d, J = 8.5 Hz, H-3"/
5'),2.87 (4H,s, H7'/8"); “C NMR (125 MHz,
CD,0D) §,169.0(C-2),110.0(C-3),177.2(C4),
104.9(C-5),149.4(C-6),156.7(C-7),101. 1 (C-
8),154.4(C9),117.4(C-10) ,134.3(C-1"),116. 4
(C2"),147.7(C-3"),147.6(C4"),112.9(C-5"),
120.5(C-6"),33.5(C-7"),37.2(C-8") , VI ¥y
SCHRT SR R B I, LS4 8 SE5E 6-hy-
droxy-2-[ 2-(4'-hydroxyphenyl ) ethyl ] chromone [ 6-3%&-
2-[2-(4'- B ERTE) S A ] .

W& kK (DMSO d,) ; ESI-MS: m/z
283.3 [M + H]*;%F= C,,H,0,;'H NMR (500
MHz, DMSO-d,) &, 6.24(1H,s,H-3) ,6.69(1H,t,J]
=8.0 Hz,H6),7.6(1H,dd,J =8.0,8.3 Hz, H-
7),7.07(1H,d,J =8.3 Hz,H-8),6.78 (1H,d, ] =
7.4 Hz,H-3"),7.03(1H,t,J =7.4 Hz,H4') ,6.78
(1H,t,J=7.4 Hz,H-5"),7.02(1H,d,J =7.4 Hz,
H-6"),2.95(4H,m,H-7"/8") ,12.65(1H,s,5-0H) ,
9.43(1H,s,6-0OH); “C NMR (125 MHz, DMSO-d, )
8. 181.1(C2),117.6(C-3),192.5(C4) , 169. 40
(C5),128.4(C-6),139.4 (C-7),145.3(C-8),
165.80(C-9),119.32(C-10),135.38(C-1") ,164.71
(C-2"),116.8(C-3"),124.5(C4"),120.2(C-5"),
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137.0(C-6"),36.6 (C-7'),43.1(C-8") . DL %4z
530k R R — S, 1&A%9J§zﬁﬁ

5- hydroxy—2 [ 2-( 2’-hydroxyphenyl ) ethyl ] chromone

S-FEHE-2-[2-(2-FHIREE) L3 | (A ] o

OCH;

OCH; OCH; OH
0O
O '
H;CO H;CO

HCO (¢}

IR;=H, R,=O0H
2R;=O0H,R,=0OH

OCH; OH
()
OH
H;CO’ HO'

5R,=OH, R,=H
6 R, =OCHj,, R, = OH
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Fig. 1 Chemical structures of compounds 1-9
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Table 1 1Cy,values for cytotoxicity of compounds 1-9
sznfjﬁd K562 BEL-7402 SGC-7901 HeLa
1 61.31 + 0.92 28.53 + 0.36 17.63 + 0.70 49.42 £ 0.59
2 11.83 + 0.15 25.02 = 0.09 29.29 + 0.34 44.11 £ 0.35
4 14.96 + 0.13 - -
LR EEZE Doxorubicin 7.93 = 0.66 6.47 + 0.37 3.62 = 0.20 6.29 + 0.18

TE " FORBEA T E(pg/mL) o

Note: “-” indicates no activity. ( pug/mL).
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