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Abstract: The 2-(2-phenylethyl)chromones were separated from agarwood of Aquilaria agallocha Roxb. and
their anti-KRAS mutant non-small cell lung cancer (NSCLC) activities were evaluated. 2-(2-Phenyethyl)chromones
in agarwood were separated and purified by silica gel, RP-18 reverse phase silica gel, MCI gel CH20P, Diol, and
semi preparative HPLC chromatography techniques, while the structures of the compounds were identified by
extensive spectroscopic analysis, such as 1D and 2D NMR and ESI-MS. The cell counting kit 8 (CCK-8) assay was

Wk H #1: 2024-03-27; 15181 H 1H: 2024-05-28.

FEETH: E R A RE S5 S A T E R 54 (82125037); 1175 44 I IR Hh 24 5 22 IR = )57 o0y (CXZX202225); Y1754 H s W R v &I (fh 2 K )
TiH (BE2018755); YLI5 44 =i H AR BB S Bl B -1l _EXTH (21KIB350004); g 3¢ B2 B K 2R K e 5k 4 —— BT H (NMUB2020028).

*JHAE & E-mail: caixueting@jsatem.com; fpbai.1982@126.com

DOI: 10.16438/j.0513-4870.2024-0281



-+ 2520 - Z5% %4k Acta Pharmaceutica Sinica 2024, 59(9): 2519-2528

used to screen the anti-tumor activity of the isolated monomeric compounds on three KRAS-mutant NSCLC cells.
The cell proliferation, cloning formation, adhesion ability, and cell cycle arrest activity of compound 8 were
analyzed. Molecular docking and Western blot experiments were used to study the mechanism of compound 8. The
in vivo anti-tumor activity of the compound 8 was evaluated by zebrafish cell derived xenograft (CDX) model.
Nineteen known 2-(2-phenylethyl)chromones were isolated from the ethyl acetate extract of agarwood. On A549
(KRAS G128S) cells, compounds 8, 10, and 19 showed good inhibitory activity, on H23 (KRAS G12C) cells,
compounds 7, 8, and 19 showed good inhibitory activity, and on H358 (KRAS G12C) cells, compounds 8, 10, and
16 showed good inhibitory activity. Compound 8 had the best inhibitory activity in all three cell lines. It effectively
inhibited cell proliferation, clone formation, adhesion ability, and arrested the H23 cell cycle at G2/M phase.
Compound 8 could also inhibit the expression of c-Met and its downstream signaling pathways, effectively
inhibiting tumor growth in zebrafish CDX model. In conclusion, among the nineteen known 2- (2-phenylethyl)
chromones, compound 8 had the best activity and significantly inhibited the proliferation of KRAS-mutant NSCLC
cells by arresting the cells in the G2/M phase.
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L& % 1: '"H NMR (500 MHz, CD,0OD) 4, 7.28~
7.26 (2H, m), 7.21~7.18 (3H, m), 6.07 (1H, s), 4.04
(1H, m), 3.99 (1H, m), 2.98~2.96 (2H, m), 2.88~2.85
(2H, m), 2.83 (1H, m), 2.78 (1H, m), 2.59~2.56 (2H,
m); ESIMS m/z 287 [M + H]".

1t & ¥ 2: 'H NMR (500 MHz, CD,OD) 4, 7.10
(2H, d, J = 8.5 Hz), 6.82 (2H, d, J = 8.6 Hz), 6.05 (1H,
s), 4.04 (1H, m), 3.99 (1H, m), 3.75 (3H, s), 2.92~2.78
(6H, m), 2.59~2.57 (2H, m); ESIMS m/z 317 [M + H]"»

L4 %1 3: '"H NMR (500 MHz, CD,0OD) §,, 7.26~
7.21 (5H, m), 6.12 (1H, s), 4.74 (1H, d, J = 4.0 Hz), 4.56
(1H, d, J = 7.3 Hz), 4.05~4.02 (2H, m), 3.02 (2H, m),
2.93 (2H, 2s); ESIMS m/z 319 [M + H] .

1t & ¥ 4: 'H NMR (500 MHz, CD,0OD) 6, 7.03
(2H, d, J = 8.4 Hz), 6.69 (2H, d, J = 8.4 Hz), 6.10 (1H,
s), 4.74 (1H, d, J = 4.0 Hz), 4.56 (1H, d, J = 7.5 Hz),
4.04~4.02 (2H, m), 2.94~2.88 (4H, m); ESIMS m/z
335 [M + HJ"

& ¥ 5: 'H NMR (500 MHz, CD,0OD) 6, 7.13

Table 1 Nineteen 2-(2-phenyethyl)chromones isolated from Aquilaria agallocha Roxb.

No. Name Reference
1 (6R,7R)-2-(2-Phenylethyl)-6,7-dihydroxy-6,7-dihydrochromone [8]
2 (6R,7R)-2-[2-(4'-Methoxyphenyl)ethyl]-6,7-dihydroxy-6,7-dihydrochromone [9]
3 (5S,6R,7R,8S)-2-(2-Phenylethyl)-5,6,7,8-tetrahydroxy-5,6,7,8-tetrahydrochromone [10]
4 (5S,6R,7R,8S5)-2-[2-(4'-Hydroxyphenyl)ethyl]-5,6,7,8-tetrahydroxy-5,6,7,8-tetrahydrochromone [11]
5 (5S,6R,7R,8S)-2-[2-(4'-Methoxyphenyl)ethyl]-5,6,7,8-tetrahydroxy-5,6,7,8-tetrahydrochromone [12]
6 (5S,6R,7R,85)-2-[2-(3'-Hydroxy-4"-methoxyphenyl)ethyl]-5,6,7,8-tetrahydroxy-5,6,7,8-tetrahydrochromone [11]
7 (58,6S,7S,8R)-2-[2-(3'-Hydroxy-4'"-methoxyphenyl)ethyl]-5,6,7,8-tetrahydroxy-5,6,7,8-tetrahydrochromone [11]
8 (58,6S,7S,8R)-2-[2-(3'-Hydroxy-4'-methoxyphenyl)ethyl]-5,6,7-trihydroxy-8-chloro-5,6,7,8-tetrahydrochromone [13]
9 2-(2-Phenylethyl)chromone [14]
10 6,7-Dihydroxy-2-(2-phenylethyl)chromone [15]
11 6,8-Dihydroxy-2-(2-phenylethyl)chromone [16]
12 4',6-Dihydroxy-2-(2-phenylethyl)chromone [16]
13 2',6-Dihydroxy-2-(2-phenylethyl)chromone [16]
14 6,8-Dihydroxy-4'-methoxy-2-(2-phenylethyl)chromone [17]
15 3',6-Dihydroxy-4'-methoxy-2-(2-phenylethyl)chromone [11]
16 3',6-Dihydroxy-4',7-dimethoxy-2-(2-phenylethyl)chromone [18]
17 4'7-Dihydroxy-3',6-dimethoxy-2-(2-phenylethyl)chromone [18]
18 4',6-Dihydroxy-3'-methoxy-2-(2-phenylethyl)chromone [19]
19 4',6-Dihydroxy-3',7-dimethoxy-2-(2-phenylethyl)chromone [11]
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(2H, d, J= 8.6 Hz), 6.82 (2H, d, J = 8.6 Hz), 6.10 (1H, s),
4.74 (1H, d, J= 4.0 Hz), 4.56 (1H, d, J = 7.4 Hz), 4.04~
4.02 (2H, m), 3.75 (3H, s), 2.98~2.94 (2H, m), 2.90~
2.87 (2H, m); ESIMS m/z 349 [M + H]'.

& ¥ 6: 'H NMR (500 MHz, CD,OD) 4, 6.80
(1H, d, J = 8.2 Hz), 6.68 (1H, d, J = 2.1 Hz), 6.64 (1H,
dd, J=8.2,2.1 Hz), 6.11 (1H, s), 4.74 (1H, d, J = 3.9 Hz),
4.56 (1H, d, J = 7.4 Hz), 4.04 (1H, dd, J = 7.5, 2.3 Hz),
4.01 (1H, dd, J = 4.0, 2.2 Hz), 3.80 (3H, s), 2.92~2.85
(4H, m); "C NMR (125 MHz, CD,0D) 4, 33.1 (t), 36.5
(1), 56.4 (q), 66.7 (d), 70.1 (d), 72.4 (d), 74.0 (d), 112.9
(d), 114.1 (d), 116.4 (d), 120.6 (d), 121.7 (s), 134.1 (s),
147.6 (s), 147.7 (s), 1654 (s), 171.4 (s), 182.0 (s);
ESIMS m/z 365 [M + H]'»

& % 7: 'H NMR (500 MHz, CD,0OD) 6, 6.81
(1H, d, J = 8.1 Hz), 6.68 (1H, d, J = 2.1 Hz), 6.63 (1H,
dd, J=38.1,2.1 Hz), 6.13 (1H, s), 4.81 (1H, d, J = 4.0 Hz),
4.60 (1H, d, J = 4.6 Hz), 4.03 (1H, dd, J = 4.1, 2.0 Hz),
3.95 (1H, dd, J = 5.0, 1.5 Hz), 3.80 (3H, s), 2.92~2.86
(4H, m); "C NMR (125 MHz, CD,0D) 4§, 33.1 (t), 36.5
(1), 56.4 (q), 65.9 (d), 69.1 (d), 71.3 (d), 75.7 (d), 112.9
(d), 114.1 (d), 116.4 (d), 120.6 (d), 122.2 (s), 134.0 (s),
147.6 (s), 147.7 (s), 164.4 (s), 171.7 (s), 182.0 (s);
ESIMS m/z 365 [M + H] .

14 ¥ 8: 'H NMR (500 MHz, CD,OD) 4, 6.80
(1H, d, J = 8.2 Hz), 6.67 (1H, d, J = 2.1 Hz), 6.63 (1H,
dd, J=8.2,2.1 Hz), 6.12 (1H, s), 4.86 (1H, d, J = 7.4 Hz),
4.76 (1H, d, J = 4.3 Hz), 4.21 (1H, dd, J = 7.4, 2.3 Hz),
4.03 (1H, dd, J = 4.3, 2.3 Hz), 3.79 (3H, s), 2.92~2.86
(4H, m); “C NMR (125 MHz, CD,0OD) ¢, 33.2 (t), 36.4
(1), 56.4 (q), 58.1 (d), 66.4 (d), 73.5 (d), 73.6 (d), 112.9
(d), 114.3 (d), 116.4 (d), 120.6 (d), 122.8 (s), 133.8 (s),
147.6 (s), 147.7 (s), 161.1 (s), 171.4 (s), 181.4 (s);
ESIMS m/z 383 [M + H]"»

49 9: 'H NMR (500 MHz, DMSO-d,) 3, 7.39
(1H,t,J=4.7 Hz), 7.31~7.26 (4H, m), 7.24~7.18 (4H, m),
6.17 (1H, s), 3.08~2.97 (4H, m); *C NMR (125 MHz,
DMSO-d,) 6. 32.0 (t), 34.8 (t), 109.4 (d), 114.0 (d),
118.9 (d), 124.4 (s), 125.0 (d), 126.2 (d), 128.3 (2C, d),
128.4 (2C, d), 140.1 (s), 145.6 (s), 146.6 (s), 168.2 (s),
177.0 (s); ESIMS m/z 251 [M + H]".

£ & %1 10: '"H NMR (500 MHz, CD,0OD) 4, 7.33
(1H, s), 7.25 (2H, dd, J = 8.1, 3.0 Hz), 7.20 (1H, d, J =
7.2 Hz), 7.20~7.15 (2H, m), 6.87 (1H, s), 6.02 (1H, s),
3.06~3.03 (2H, m), 2.97~2.93 (2H, m); *C NMR (125 MHz,

CD,0D) 6, 34.1 (1), 37.0 (1), 103.7 (d), 108.7 (d), 109.5 (d),
117.1 (s), 127.4 (d), 129.4 (2C, d), 129.5 (2C, d), 141.4 (s),
146.0 (s), 153.9 (s), 154.3 (s), 170.3 (s), 180.1 (s);
ESIMS m/z 283 [M + H] .

b4 %) 11: '"H NMR (500 MHz, CD,0D) 6, 7.27~
7.22 (4H, m), 7.16 (1H, ddd, J = 6.84, 2.4, 1.8 Hz), 6.85
(1H, d, J = 2.8 Hz), 6.74 (1H, d, J = 2.8 Hz), 6.06 (1H,
s), 3.11~3.08 (2H, m), 3.02~2.99 (2H, m); "C NMR
(125 MHz, CD,0D) §.. 34.0 (t), 37.0 (), 99.1 (d), 109.7
(2C, d), 125.8 (s), 127.4 (d), 129.47 (2C, d), 129.54 (2C,
d), 141.4 (s), 149.0 (s), 156.4 (s), 170.7 (s), 180.7 (s);
ESIMS m/z 283 [M + H]'.

b4 ¥ 12: 'H NMR (500 MHz, CD,0OD) 4§, 7.45
(1H, d, J = 9.0 Hz), 7.36 (1H, d, J = 3.0 Hz), 7.23 (1H,
dd, J=9.1, 3.0 Hz), 7.02 (2H, d, J = 8.5 Hz), 6.67 (2H,
d, J = 8.5 Hz), 6.08 (1H, s), 2.98~2.92 (4H, m); ESIMS
m/z 283 [M +H]'.

tk % ¥ 13: 'H NMR (500 MHz, CD,0OD) 4, 7.43
(1H, d, J = 9.1 Hz), 7.36 (1H, d, J = 3.0 Hz), 7.22 (1H,
dd, J=9.1, 3.0 Hz), 7.01 (1H, d, J = 7.5 Hz), 7.00 (1H,
dd, J = 6.7, 1.6 Hz), 6.74 (1H, d, J = 7.8 Hz), 6.69 (1H,
td, J = 7.5, 0.9 Hz), 6.06 (1H, s), 3.05~3.02 (2H, m),
2.97~2.94 (2H, m); "C NMR (125 MHz, CD,0OD) 6.
29.2 (t), 35.5 (t), 108.6 (d), 109.5 (d), 115.9 (d), 120.5
(2C, d), 124.4 (d), 125.1 (s), 127.4 (s), 128.7 (d), 131.2
(d), 152.1 (s), 156.3 (s), 156.5 (s), 172.1 (s), 180.7 (s);
ESIMS m/z 283 [M + H] .

1. 4 %) 14: '"H NMR (500 MHz, CD,OD) 6, 7.13
(2H, d, J = 8.6 Hz), 6.84 (1H, d, J = 2.8 Hz), 6.81 (2H,
d, J = 8.6 Hz), 6.74 (1H, d, J = 2.8 Hz), 6.04 (1H, s),
3.73 (3H, s), 3.05~3.02 (2H, m), 2.98~2.95 (2H, m);
“C NMR (125 MHz, CD,0D) 6. 33.2 (t), 37.3 (1), 55.6 (q),
98.9 (d), 109.68 (d), 109.74 (d), 114.9 (2C, d), 125.8 (s),
130.4 (2C, d), 133.4 (s), 142.2 (s), 149.1 (s), 156.4 (s),
160.0 (s), 172.0 (s), 180.0 (s); ESIMS m/z 313 [M + H] .

b4 P 15: '"H NMR (500 MHz, DMSO-d,) J,, 9.95
(1H, s), 8.83 (1H, s), 7.49 (1H, d, J = 9.2 Hz), 7.26 (1H,
d, J=3.0 Hz), 7.20 (1H, dd, J = 9.1, 3.0 Hz), 6.80 (1H,
d, J = 8.4 Hz), 6.66 (1H, d, J = 2.1 Hz), 6.61 (1H, dd,
J=282,2.1Hz), 6.11 (1H, s), 3.71 (3H, s), 2.90~2.84
(4H, m); C NMR (125 MHz, DMSO-d,) d. 31.4 (t),
35.1 (t), 55.6 (q), 107.5 (d), 108.6 (d), 112.2 (d), 115.7
(d), 118.7 (d), 119.5 (d), 122.7 (d), 124.0 (s), 132.6 (s),
146.1 (s), 146.3 (s), 149.6 (s), 154.6 (s), 168.5 (s), 176.7
(s); ESIMS m/z 313 [M + H]".
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1t % %) 16: '"H NMR (500 MHz, CD,OD) 6, 7.34
(1H, s), 7.10 (1H, s), 6.80 (1H, d, J = 8.2 Hz), 6.68 (1H,
d, J=2.1 Hz), 6.63 (1H, dd, J = 8.2, 2.1 Hz), 6.05 (1H,
s), 3.99 (3H, s), 3.79 (3H, s), 2.94 (4H, m); ESIMS m/z
343 [M +HJ".

£ &% 17: '"H NMR (500 MHz, CD,0D) 4, 7.30
(1H, s), 6.91 (1H, s), 6.80 (1H, d, J = 8.2 Hz), 6.66 (1H,
d, J=2.1 Hz), 6.60 (1H, dd, J = 8.2, 2.1 Hz), 6.04 (1H,
s), 3.85 (3H, s), 3.71 (3H, s), 2.85 (4H, s); ESIMS m/z
343 [M +H]'.

b4 %) 18: '"H NMR (500 MHz, DMSO-d,) 6, 9.96
(1H, s), 8.74 (1H, s), 7.49 (1H, d, J = 9.0 Hz), 7.27 (1H,
d, J= 3.0 Hz), 7.20 (1H, dd, J = 9.0, 3.0 Hz), 6.80 (1H,
d, J = 1.6 Hz), 6.66 (1H, d, J = 8.0 Hz), 6.62 (1H, dd,
J=28.0, 1.6 Hz), 6.12 (1H, s), 3.68 (3H, s), 2.92~2.86
(4H, m); "C NMR (125 MHz, DMSO-d,) J. 31.8 (1),
35.3 (1), 55.5 (q), 107.5 (d), 108.7 (d), 112.5 (d), 115.3
(d), 119.4 (d), 120.4 (d), 122.7 (d), 124.0 (s), 130.8 (s),
144.8 (s), 147.4 (s), 149.6 (s), 154.6 (s), 168.6 (s), 176.7
(s); ESIMS m/z 313 [M + H] .

£ 4 ¥ 19: '"H NMR (500 MHz, CDCL,) 6, 7.66
(1H, s), 6.85 (1H, s), 6.84 (1H, d, J = 8.1 Hz), 6.70 (1H,
dd, J=8.1, 1.9 Hz), 6.67 (1H, d, J = 1.9 Hz), 6.12 (1H,
s), 4.00 (3H, s), 3.82 (3H, s), 2.99~2.96 (2H, m), 2.98~
2.84 (2H, m); "C NMR (125 MHz, CDCL,) 6. 33.1 (1),
36.6 (1), 56.0 (q), 56.6 (q), 99.2 (d), 108.4 (d), 109.4 (d),
111.0 (d), 114.6 (d), 117.8 (s), 121.0 (d), 131.9 (s), 144.1
(s), 144.4 (d), 146.6 (s), 152.0 (s), 152.2 (s), 168.0 (s),
177.9 (s); ESIMS m/z 343 [M + H]".
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Figure 1 The effects of nineteen 2-(2-phenylethyl)chromones
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