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Abstract: Using ligustrazine as the leading compound, we designed and synthesized ten novel ligustrazine
derivatives, whose structures were determined by 'H NMR, *CNMR and MS. Inhibitory effects of the new
compounds on the proliferation of A549, A549/DDP and HBE cells were detected by MTT assay. The
inhibitory activity of the synthesized compounds on migration and invasion of A549 cells were evaluated through
scratch assay and transwell assay. Mechanism of the inhibition on migration and invasion was investigated by
Western blotting.  In addition, the cell cycle was analyzed with flow cytometry. The results showed that, both
compounds Z8 and Z10 have an anti-proliferative activity, and the potencies of inhibition of tumor-cell migration
and invasion were attributed to the down-regulation of MMP-2 and MMP-9. The compounds Z8 and Z10 could
also enhance G2/M arrest in A549 cell asrevealed by cell cycle analysis.
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Figure2 The design of ligustrazine derivatives
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Reagents and conditions: (a) H20,, HOAc, 94 °C, 12 h; (b) Ac,0, 130°C, 5 h; (c) 20% NaOH, r.t., 12 h; (d) MnO,, 78°C, 10 h; (¢
morpholine, benzene, 110 C, 10 h; (f) the corresponding aldehyde, reflux, 8 h; (g) ligustrazine aldehyde NaOH, EtOH, 1 h.

Schemel Synthetic route of target compounds

Table1l Structure and physical property of target compounds
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Compd. R1 Rz Rs Ra X Yield/% mp/°‘C Character
Z1 H OCHs H H C 61.2 160.2-161.7 Yellow crystal
z2 H H CHs H C 63.8 168.2-169.7 Yellow crystal
Z3 H H H H C 60.9 197.5-198.1 Light yellow crystal
Z4 H Cl H H C 40.9 205.4-206.5 Yellow crystal
Z5 H Br H H C 60.9 205.5-206.5 Light yellow crystal
Z6 H N(CH3). H H C 53.2 209.7-210.8 Dark red crystal
z7 OCHs H OCHs H C 65.4 197.9-199.2 Light yellow crystal
Z8 OCHs OCHs OCHs H C 58.7 205.4-206.5 Yellow crystal
Z9 CH3 CH3 - CH3 N 453 210.4-211.4 Light yellow crystal
Z10 CHs CHs - CHs N 50.6 198.4-199.2 Yellow crystal
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Table2

Spectral data of target compounds

Compd.

'H NMR, C NMR, ESI-MS

Z1

Z2

Z3

z4

Z5

Z6

z7

Z8

Z9

Z10

H NMR (300 MHz, CDCl3) 6 7.62 (t, = 3.0 Hz,1H, Py-CH=), 7.58—7.55 (m, 3H, Ar-CH= and ArH), 6.96 (d, J= 8.7 Hz, 2H, ArH), 3.85 (s,
3H, OCH), 3.37-3.31 (m, 2H, CH»), 3.04-2.98 (M, 2H, CHy), 2.65 (s, 3H, CHa), 2.53 (s, 3H, CHa), 2,51 (s, 3H, CH3): °C NMR (75 MHz,
CDCl3) d: 195.66, 159.69, 150.04, 148.92, 148.15, 144.67, 142.47, 134.44, 133.22, 131.69, 127.62, 124.55, 113.29, 54.35, 26.25, 25.53, 20.82,
20.78, 20.23; ESI-MS for CzH2oN20z: miz 335.25 [M+H] "

'H NMR (300 MHz, CDCl3) 6: 7.57 (t, J = 3.0 Hz, 1H, Py-CH=), 7.50 (t, J= 3.0 Hz, 1H, Ar-CH=), 7.35 (d, J=7.8 Hz, 2H, ArH), 7.26 (t, J =
7.5Hz, 1H, ArH), 7.12 (d, J= 7.5 Hz, 1H, ArH), 3.31-3.25 (m, 2H, CH), 3.02-2.96 (m, 2H, CH,), 2.58 (s, 3H, CH3), 2.46 (s, 3H, CH3), 2.44
(s, 3H, CH3), 2.32 (s, 3H, CH3); **C NMR (75 MHz, CDCls) 6: 196.77, 151.17, 150.10, 149.17, 14553, 143.11, 138.32, 137.57, 135.77,
134.39, 131.64, 130.31, 128.62, 127.90, 125.95, 27.31, 26.64, 21.86, 21.79, 21.46, 21.24; ESI-MS for C,;H2:N,0: mvz 319.26 [M+H]".

'H NMR (300 MHz, CDCl3) 6: 7.66 (t, J = 3.0 Hz, 1H, Py-CH=), 7.63—7.60 (m, 3H, Ar-CH= and ArH), 7.47-7.38 (m, 3H, ArH), 3.40-3.34
(m, 2H, CHy), 3.11-3.05 (m, 2H, CH>), 2.67 (s, 3H, CH3), 2.54 (s, 3H, CH3), 2.52 (s, 3H, CH3); °C NMR (75 MHz, CDCls) 5: 196.87, 151.23,
150.20, 149.22, 145.53, 143.06, 137.79, 135.83, 134.23, 130.85, 129.46, 128.77, 126.16, 27.30, 26.63, 21.91, 21.83, 21.29; ESI-MS for
CooH20N20: m/z 305.30 [M+H] *,

1H NMR (300 MHz, CDCl3) 5: 7.66 (t, J = 3.0 Hz, 1H, Py-CH=), 7.57 (d, J = 7.8 Hz, 2H, ArH), 7.52 (t, J = 3.0 Hz, 1H, Ar-CH=), 7.46 (d, J =
8.4 Hz, ArH,) 3.41-3.35 (m, 2H, CH), 3.05-2.99 (m, 2H, CH>), 2.67 (s, 3H, CH3), 2.55 (s, 3H, CH3), 2.53 (s, 3H, CH3); BC NMR (75 MHz,
CDCl3) d: 196.55, 151.21, 150.21, 149.30, 145.45, 142.75, 138.38, 134.69, 132.75, 132.09, 131.99, 126.34, 123.80, 27.24, 26.56, 21.84, 21.81,
21.19; ESI-MS for CoH19BrN2O: vz 383.18 [M+H]".

'H NMR (300 MHz, CDCl3) 6: 7.56 (t, J = 3.0 Hz, 1H, Py-CH=), 7.45-7.42 (m, 3H, Ar-CH=and ArH), 7.31 (d, J = 8.7 Hz, 2H, ArH),
3.31-3.25 (m, 2H, CHy), 2.97-2.91 (m, 2H, CH,), 2.57 (5, 3H, CHs), 2.45 (s, 3H, CH3), 2.43 (s, 3H, CH2):*C NMR (75 MHz, CDCl3) &:
196.57, 151.28, 150.27, 149.24, 145.41, 142.72, 138.23, 135.38, 134.29, 132.68, 131.89, 129.02, 126.36, 27.24, 26.54, 21.90, 21.81, 21.25;
ESI-MS for ngngCINZO: m/z 339.28 [M+H] .

H NMR (300 MHz, CDCly) 8 7.60-7.57 (m, 2H, Py-CH= and Ar-CH=), 7.53 (d, J= 8.7 Hz, 2H, ArH), 6.71 (d, J = 8.8 Hz, 2H, ArH), 3.40—
3.24 (m, 2H, CHy), 3.03 (s, 6H, NCH3x2), 3.01-2.97 (m, 2H, CH,), 2.65 (s, 3H, CHs), 2.53 (s, 3H, CH3), 2,50 (s, 3H, CHs): °C NMR (75
MHz, CDClI3) d: 196.36, 151.04, 150.88, 149.63, 149.03 145.97, 144.39, 135.60, 133.00, 132.94, 124.63, 123.79, 111.82, 40.07, 27.33, 26.72,
21.86, 21.82, 21.34; ESI-MS for CHzsN30: mvz 348.25 [M+H]".

H NMR (300 MHz, CDCl3) 5: 7.65 (t, J = 3.0 Hz, 1H, Py-CH=), 7.51 (t, J = 3.0 Hz, 1H, Ar-CH=), 6.76 (d, J = 2.3 Hz, 2H, ArH), 6.50 (t, J =
2.2 Hz, 1H, ArH), 3.83 (s, 6H, OCH3x2), 3.39-3.33 (m, 2H, CH), 3.10-3.04 (m, 2H, CH>), 2.66 (s, 3H, CH3), 2.54 (s, 3H, CH3), 2.52 (s, 3H,
CHa); **C NMR (75 MHz, CDCl3) 6: 196.80, 160.79, 151.26, 150.23, 149.22, 145.48, 142.98, 138.21, 137.57, 134.23, 126.22, 108.74, 101.79,
55.41, 27.29, 26.65, 21.92, 21.81, 21.29; ESI-MS for CyH24N203: miz 365.21 [M+H]".

'H NMR (300 MHz, CDCl3) 6: 7.66 (t, J = 3.0 Hz, 1H, Py-CH=), 7.53 (t, J= 3.0 Hz, 1H, Ar-CH=), 6.87 (s, 2H, ArH), 3.92 (s, 6H, OCH 3x2),
3.91 (s, 3H, OCH3), 3.43-3.37 (m, 2H, CH»), 3.13-3.07 (m, 2H, CHy), 2.67 (s, 3H, CHs), 2.54 (5, 3H, CHs), 2.53 (s, 3H, CHs): °C NMR (75
MHz, CDClI3) d: 196.61, 153.23, 151.25, 150.21, 149.19, 145.51, 143.03, 139.56, 136.88, 134.47, 131.38, 126.07, 108.17, 61.00, 56.22, 56.13,
27.31, 26.56, 21.92, 21.80, 21.29; ESI-MS for CpsHsN204: nVz 395.20 [M+H] ",

H NMR (300 MHz, CDCl3) &: 7.67 (s, 2H, =CHx2), 3.33 (s, 4H, CH,x2), 2.67 (s, 6H, CH3x2), 2.54 (s, 6H, CHax2), 2.52 (s, 6H, CHyx2):
13C NMR (75 MHz, CDCl3) 6: 197.37, 151.29, 150.23, 149.22, 145.52, 143.52, 126.46, 27.39, 21.90, 21.78, 21.28; ESI-MS for CpHx4N,4O:
m/z 349.23 [M+H]".

H NMR (300 MHz, CDCl3) &: 7.76 (s, 2H, =CHx2), 3.16-3.11 (m, 4H, CH,x2), 2.57 (s, 6H, CH3x2), 251 (s, 6H, CHax2), 2.50 (s, 6H,
CHyx2), 1.81-1.72 (M, 2H, CH); *C NMR (75 MHz, CDCl3) 5: 190.75, 150.63, 150.02, 148.66, 145.84, 141.12, 130.06, 28.37, 22.25, 21.83,

21.69, 21.38; ESI-MS for CpoHz6N4O: miz 363.23 [M+H]".

Table 3 The inhibitory activities of compounds anti-proliferation
induced by A549, A549/DDP and HBE. n=3, X+s. The anti-
proliferative activities of compounds against al the tested cell

lines were determined using the MTT assay, cisplatin (DDP) was
taken as the positive control.  The results were expressed as the
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Figure3 Anti-migration effect of compounds on A549 cells via scratch assay. Representative images of A549 cells were treated with
vehicle, 3 pmol-L™* DPP, 100 pmol-L™* TMP, 10 umol -L ™ curcumin, 10 pmol-L™* Z8, 10 pmol-L ™ Z10 for 24 h and 48 h, respectively
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Figure4 Anti-invasion effect of compound Z8 (concentration of 10, 20 pmol-L ™) and Z10 (concentration of 5, 10 pmol-L ™) on A549
cells via transwell invasion assay. DPP, TMP and Cur (curcumin) were used as positive control. P <0.001 vs drug (-)

78

S R WD —
0 5 10 20
pmol-L!
Z10

— — .

e —
0 5 10 20
pmol-L!

MMP-2

MMP-9

fl-actin

MMP-2

MMP-9

fi-actin

Total density of control
3

100 MMP-2
B MMP-9
75
25 I
0o T l
0

5 10 20
Z8 / pmol-L*
100 MMP-2
s . \MP-
g 75
2
—
S
z 50
‘B
5
o
= 25
£
0 T T L T
0 5 10 20
Z10 / pmol-L-!

Figure 5 Analysis of expression of MMP-2 and MMP-9 in A549 cells exposed to 0, 5, 10 or 20 pmol-L™* Z8 and Z10 for 48 h by
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Figure 6 Cell cycle analysis of A549 cell treated with compound Z8 and Z10 at concentrations of 0, 5, 10 and 20 pmol-L™* for 48 h,

showing enhanced dose-dependent G2/M arrest with treatment of Z8 and Z10. All experiments were performed in triplicate.

0 pmol-L™% b, B: 5 umol-L ™% ¢, C: 10 pmol-L™%; d, D: 20 pmol -L™*
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