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activities in vitro
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Abstract: Objective To devise and synthesize 1,2,3-triazole-substituted matrine derivatives and study the antitumor activities of the
derivatives. Methods Taking matrine as the starting material, the target compounds were synthesized by hydrolysis reaction,
N-alkylation reaction, and click reaction. Their antitumor activities of the synthesized target compounds were evaluated for Hela,
MCF-7, and HepG2 cells by MTT assay. Results Nine 1,2,3-triazole-substituted matrine derivatives were synthesized. Their
structures were characterized by 'H-NMR, BC-NMR, and HR-MS. MTT assay showed that some matrine derivatives exhibited
antitumor activities. Compound 5h showed good antitumor activity against MCF-7 and was superior to the parent compound matrine.
Conclusion Some derivatives have good antitumor activity and provide a basis for further optimization.
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Fig. 1 Synthetic route of target compounds
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B E A FHE AR AR BERET (bRt F
M TAHRAFD: HRuF hatral, Tk
Nl RS THER AR . HeLa, MCF-7. HepG 2
2 35 v ] R ARt 2 e A 2 2 AT i 4 i
Prpody, “HIEEL (DMSO, _E#gRa+i ] 574 IR
NTE]D; BEMEEE (MTT, Amresco A ).
2 FHESHR
21 &I
211 tkaM2a~2itam Hia 1a~1i(2 mmob
BT RN, UK TEEIMANRERR (3mLb),
SRIG AN 3 mL MEAHEREN (0.21 g, 3 mmol) /KA,
0 ‘CFM. 5 min. HIGZARTHMN 7 mL &H &% 14k
4 (0209, 3mmol) AIZERHN (1.3 g, 16 mmol)
7KW, TEe, SRR AN BT, TLC
N 52 IV 2 58 4 o A5 1B OB, T KT pHAE R 7,
SRR AR 3 Ik, A IFA MM, ToKE
FREN TG, 8L, IR4E, LSRR BRI, FE
T B A 2a~2i, RN 71.4%~96.5%.
212 BV 3G S (29, 8.1 mmoD)
T 20 mL FEES, N 6 mol/L 52 (20 mL),
THRZE 115 CleM 24 h, & H % - FEE (10 1 1
TR, TLC Ml B & 564y, 1F1ER B, #E]
Z 5, PR ZE BRI A ) RSN 30 mL
A, =RBiRE 1 h, HE, TEASAGREE 199,
% 84%.
213 HWAEMARER AW 3(1g,3.6 mmol)
BT 5 mL A OB (1.5 g, 10.7 mmol)
I 3-IRA MR (1.3g, 10.7 mmol), =iRk/KMN 3h, —
AL - HEE (10 1 D SHRIFA], TLC Wil xR
B4, FIERM, RSEH &R AR 3 X,
HIENAE, ToKBREREA T, I, W45, HaW
R & Wb - FIEE (30 1) BeMlt, FEfiksr S5
HORY 0.72 9, Y& 63.0%.
214 HMLEY) 5a~5i A Kb &4 402 g,
0.628 mmoD) ¥T 3 mL N, N-—HI 3 FEkfa, kun
ATCKERERSR (0.031 g, 0.13 mmol). L-FidA i Ezéh
(0.025¢g, 0.13mmob) FfkAE4) 2a~2i (1.13 mmoD),
FImN 3~5h, ZF& ML - HEE (151 1, % 0.5%
KD NEFFH, TLC W2 e B 584 o 158 1k ROV,
IR ZR R T, ML S 0.5%Z K ATk -
R .G (20 1) P, k@i &35 5a~5i,
W% 74.4~97.2%.

th &%) 5a: K 87.5%. mp 117.8~119.2 C;

'H-NMR (600 MHz, CDCly) &: 7.95 (s, 1H), 7.76
(d, J=7.6Hz, 2H), 7.52-7.49 (m, 2H), 7.41 (t,
J=74Hz, 1H), 4.09 (d, J=14.6 Hz, 1H), 3.70
(d, J=14.6 Hz, 1H), 3.64 (s, 3H), 2.94~2.89
(m, 1H), 2.88 (t, J=119Hz, 1H), 2.79 (d, J=
11.0 Hz, 1H), 2.73 (d, J=11.3 Hz, 1H), 2.55 (dd,
J=115. 4.0 Hz, 1H), 2.39~2.30 (m, 2H), 2.04~
2.03 (m, 1H), 1.93~1.84 (m, 5H), 1.82~1.75
(m, 1H), 1.72~156 (m, 5H), 1.50~1.43 (m,
2H), 1.40~1.32 (m, 3H); “C-NMR (150 MHz,
CDCly) d: 174.3, 146.7, 137.3, 129.8, 128.6, 120.7,
120.6, 64.5, 57.7, 57.4, 56.3, 52.7, 51.6, 47.1,
38.0, 34.3, 342, 28.3, 282, 27.3, 21.7, 214,
19.0; HR-MS m/z: 438.287 5 [M+H]".

1 &4 Bb: UK 74.4%. mp 125.4~127.4 C;
'H-NMR (600 MHz, CDCl3) 6: 7.91 (s, 1H), 7.78~
769 (m, 2H), 7.23~7.17 (m, 1H), 4.09 (d, J=
145 Hz, 1H), 3.69 (d, J=14.5Hz, 1H), 3.65 (s,
3H), 2.95~2.91 (m, 1H), 2.88 (t, J=12.0 Hz,
1H), 2.80 (d, J=11.2 Hz, 1H), 2.74 (d, J=11.3
Hz, 1H), 2.55 (dd, J=11.6. 4.0 Hz, 1H), 2.39~
2.28 (m, 2H), 2.07~2.02 (m, 1H), 1.95~1.84
(m, 5H), 1.82~1.74 (m, 1H), 1.72~1.59 (m,
5H), 1.50~1.43 (m, 2H), 1.43~1.32 (m, 3H);
BC-NMR (150 MHz, CDCly) 6: 174.4, 162.4 (d,
J=248.7Hz), 147.0, 133.7 (d, J=3.1Hz), 1225
(d, J=8.7 Hz), 120.9, 116.7 (d, J=23.1 Hz),
64.5, 57.7, 57.4, 56.3, 52.8, 51.7, 47.0, 38.0,
34.3, 34.2, 283, 28.2, 27.4, 21.7, 215, 19.0;
HR-MS m/z: 456.278 2 [M+H] .

& 5c: R 76.0%. mp 127.7~129.6 C;
'H-NMR (600 MHz, CDCly) &: 7.94 (s, 1H), 7.72
(d, J=8.8Hz, 2H), 7.49~7.47 (m, 2H), 4.08
(d, J=145Hz, 1H), 3.69 (d, J=145Hz, 1H),
3.64 (s, 3H), 2.94~2.91 (m, 1H), 2.87 (t, J=12.1
Hz, 1H), 2.80 (d, J=11.1Hz, 1H), 2.73 (d,
J=11.3Hz, 1H), 2.54 (dd, J=11.5. 4.0 Hz, 1H),
2.39~2.30 (m, 2H), 2.06~2.03 (m, 1H), 1.93~
1.83 (m, 5H), 1.81~1.73 (m, 1H), 1.73~1.55
(m, 5H), 1.50~1.43 (m, 2H), 1.41~1.32 (m,
3H); C-NMR (150 MHz, CDCly) 6: 174.4, 147.0,
135.8, 134.3, 129.9, 121.7, 120.6, 64.5, 57.6,
57.4, 56.2, 52.7, 51.7, 47.0, 38.0, 34.2, 341,
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28.3, 28.2, 27.3, 21.7, 21.4, 19.0; HR-MS m/z:
472.248 2 [M+H]".

&4 5d: iR 94.0%. mp 124.8~126.6 C;
'H-NMR (600 MHz, CDCly) 6: 7.94 (s, 1H), 7.67~
7.63 (m, 4H), 4.08 (d, J=14.6 Hz, 1H), 3.69
(d, J=14.6 Hz, 1H), 3.64 (s, 3H), 2.94~2.90
(m, 1H), 2.87 (t, J=11.9Hz, 1H), 2.80 (d, J=
11.2 Hz, 1H), 2.73 (d, J=11.3 Hz, 1H), 2.54 (dd,
J=11.6. 40Hz, 1H), 2.39~2.30 (m, 2H), 2.06~
2.04 (m, 1H), 1.93~1.83 (m, 5H), 1.80~1.75
(m, 1H), 1.73~155 (m, 5H), 1.49~1.43 (m,
2H), 1.40~1.33 (m, 3H):; “*C-NMR (150 MHz,
CDCly) 6: 174.4, 147.1, 136.3, 132.9, 122.1, 121.9,
120.6, 64.5, 57.7, 57.4, 56.2, 52.7, 51.7, 47.0,
38.0, 34.2, 34.1, 283, 282, 27.3, 21.7, 21.4,
19.0; HR-MS m/z: 516.197 7 [M+H] .

k&) 5e: UF 84.8%. mp 127.0~127.9 C;
'H-NMR (600 MHz, CDCl3) &: 7.90 (s, 1H), 7.63
(d, J=84Hz, 2H), 7.30 (d, J=8.1Hz, 2H),
4.08 (d, J=145Hz, 1H), 3.69 (d, J=14.5Hz,
1H), 3.64 (s, 3H), 2.93~2.90 (m, 1H), 2.87
(t, J=12.0Hz, 1H), 2.80 (d, J=11.0Hz, 1H),
2.73 (d, J=11.3Hz, 1H), 2.55 (dd, J=115. 4.0
Hz, 1H), 2.41 (s, 3H), 2.39~2.30 (m, 2H),
2.06~2.03 (m, 1H), 1.93~1.83 (m, 5H), 1.81~
1.74 (m, 1H), 1.74~156 (m, 5H), 1.50~1.43
(m, 2H), 1.41~1.31(m, 3H); *C-NMR (150 MHz,
CDCly) 6: 174.3, 146.5, 138.6, 135.1, 130.2, 120.7,
120.5, 64.5, 57.7, 57.4, 56.3, 53.6, 52.7, 51.6,
47.2, 38.0, 34.3, 34.2, 28.3, 282, 273, 217,
21.5, 21.2, 19.0; HR-MS m/z: 452.303 0 [M+H]".

th &4 5F: WE 87.5%. mp 112.9~1145 C;
'H-NMR (600 MHz, CDCly) §: 7.85 (s, 1H), 7.66~
7.64 (m, 2H), 7.02~6.99 (m, 2H), 4.08 (d, J=
14.5Hz, 1H), 3.86 (s, 3H), 3.68 (d, J=14.5 Hz,
1H), 3.64 (s, 3H), 2.93~2.90 (m, 1H), 2.87
(t, J=12.1Hz, 1H), 2.80 (d, J=11.0 Hz, 1H),
2.73 (d, J=11.2Hz, 1H), 2.55 (dd, J=11.5. 4.0
Hz, 1H), 2.39~2.30 (m, 2H), 2.05~2.03 (m,
1H), 1.92~1.83 (m, 5H), 1.82~1.75 (m, 1H),
1.73~1.56 (m, 5H), 1.49~1.43 (m, 2H), 1.40~
1.31 (m, 3H); ®C-NMR (150 MHz, CDCly) d:
174.3, 159.7, 1465, 130.9, 122.2, 1209, 1148,

64.5, 57.7, 57.4, 56.3, 55.7, 52.7, 51.6, 47.1,
38.0, 34.3, 34.2, 283, 282, 27.3, 21.7, 215,
19.0; HR-MS m/z: 468.297 2 [M+H] .

th&4) 59: W% 88.8%. mp 128.5~130.6 C;
'H-NMR (600 MHz, CDCl3) 6: 7.96 (s, 1H), 7.58~
754 (m, 2H), 751~7.45 (m, 1H), 7.15~7.09
(m, 1H), 4.09 (d, J=14.6 Hz, 1H), 3.70 (d,
J=145Hz, 1H), 3.65 (s, 3H), 2.95~2.91 (m,
1H), 2.88 (t, J=12.0Hz, 1H), 2.80 (d, J=11.0
Hz, 1H), 2.74 (d, J=11.3Hz, 1H), 2.54 (dd,
J=115. 4.0 Hz, 1H), 2.40~2.30 (m, 2H), 2.07~
2.04 (m, 1H), 1.94~1.84 (m, 5H), 1.80~1.77
(m, 1H), 1.73~1.57 (m, 5H), 1.50~1.44 (m,
2H), 1.42~1.33 (m, 3H); “C-NMR (150 MHz,
CDCly) §: 174.4, 163.2 (d, J=248.4Hz), 147.1,
138.5 (d, J=10.1 Hz), 131.2 (d, J=8.9 Hz), 115.9
(d, J=3.0Hz), 1155 (d, J=21.2 Hz), 108.3 (d,
J=26.3Hz), 645, 57.7, 57.4, 56.2, 52.7, 51.7,
47.0, 38.0, 34.2, 34.1, 283, 28.2, 27.3, 21.7,
21.4, 19.0; HR-MS m/z: 456.277 0 [M+H]".

b4 5h: Ui% 86.3%. mp 131.5~133.3 C;
'H-NMR (600 MHz, CDCls) 6: 7.96 (s, 1H), 7.80
(t, J=1.9Hz, 1H), 7.68 (dd, J=8.0. 1.0 Hz, 1H),
7.45 (t, J=8.0 Hz, 1H), 7.40~7.38 (m, 1H),
4.09 (d, J=145Hz, 1H), 3.69 (d, J=14.5Hz,
1H), 3.65 (s, 3H), 2.94~291 (m, 1H), 2.88
(t, J=11.9Hz, 1H), 2.80 (d, J=11.0Hz, 1H),
2.73 (d, J=11.3Hz, 1H), 2.53 (dd, J=11.6. 4.0
Hz, 1H), 2.39~2.30 (m, 2H), 2.06~2.03 (m,
1H), 1.92~1.84 (m, 5H), 1.81~1.75 (m, 1H),
1.73~1.56 (m, 5H), 1.50~1.43 (m, 2H), 1.41~
1.32 (m, 3H); *C-NMR (150 MHz, CDCly) §:
174.4, 1471, 138.2, 1355, 130.9, 128.6, 120.7,
120.7, 1185, 64.5, 57.6, 57.4, 56.2, 52.7, 51.7,
47.0, 38.0, 34.2, 34.1, 283, 28.2, 27.3, 217,
21.4, 19.0; HR-MS m/z: 472.247 2 [M+H]".

&9 5i: K 87.5%. mp 130.2~132.0 C;
'H-NMR (600 MHz, CDCl3) &: 7.93 (s, 1H), 7.59
(s, 1H), 753 (d, J=8.0Hz, 1H), 7.38 (t, J=
7.8Hz, 1H), 7.22 (d, J=75Hz, 1H), 4.09 (d,
J=145Hz, 1H), 3.69 (d, J=145Hz, 1H), 3.64
(s, 3H), 2.93~2.90 (m, 1H), 2.87 (t, J=12.0 Hz,
1H), 2.80 (d, J=10.9 Hz, 1H), 2.73 (d, J=11.3
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Hz, 1H), 2.54 (dd, J=11.6. 4.0 Hz, 1H), 2.44
(s, 3H), 2.39~2.30 (m, 2H), 2.06~2.04 (m,
1H), 1.92~1.85 (m, 5H), 1.82~1.75 (m, 1H),
1.73~1.55 (m, 5H), 1.49~1.44 (m, 2H), 1.40~
1.32 (m, 3H); “C-NMR (150 MHz, CDCly) §:
174.4, 146.6, 140.0137.3, 129.6, 129.3, 121.2,
120.8, 117.6, 64.5, 57.7, 57.4, 56.3, 52.7, 516,
47.2, 38.0, 34.3, 34.2, 28.3, 28.2, 27.3, 217,
21.6, 21.4, 19.1; HR-MS m/z: 452.302 6 [M+H]".
2.2 RSN AHRERTSE MR T

KA MTT 350K H Arfb A4 5a~5i XN 5 35
JE AN HeLa. A FLIRFEAHML MCF-7 F1 N - 40 A
HepG 2 ARSMIUI RGP, LA SIAMKFE IR N
BRSO RE o OB KA HeLa, MCF-7 1 HepG 2
AR RNT 96 FLARMIAR , 4L 7>X 10° M 100 pL,
1E CO, 59548 (37 °C, 5% CO,, HFHXTiEE 90%)
HRESE 24 he BB ST IRALABH 25941, 96 FLIR A
FEFLIINEE AR 1) Sa~5i 2570 CIRFEREE 2> BN
80. 40. 20 umol/L) 200 uL, # 3 MNE L, 7E CO,
B IR (37 °C, 5% CO,, AHXHEEL 90%) HhrlidF
48 h. LI 5 mg/L i MTT ¥ 20 uL, F4ks:
B 4h, 5 BER, BIA 150 uL DMSO,
% 10 min, BEARCIE 492 nm K ARG (A
18, THE HFRLEY) Sa~5i X g 40 i 40 i 2
FESR R BE L] 7 80+ 40+ 20 pmol/L 3 MK EEHf
B, SEIGZE R EIRTE 80 pmol/L HIZGHIH E T k7
A PRI B FIHHIE A, 404 20 pmol/L ¥
FE TS RA S, Bl G R 14l TR RIRESE
80 umol/L K 1) S48 254

MFIR= (Auu—Azm) | A A op)

MFE L HATLUEH, HEsEYIX 3 bk g
JO AR 22 I HE AN [R R B2 i Hk 8UR . X MCF-7 Rl
HepG2 4Hiutk I HI1E L T HeLa 4B fiutk, FIM
H—m ik . Hb, 78 MCF-7 4iffubkh, tb&d)
Sh RILH B AN ER,  EiEvE R BAL T 2.
3 it

S N 2 IR 2 B A — e PR R
H, EEBUMRE RS, ek S g
TR, ASCE AT IPEE R, s R R
A T A I E SR A BEIH , B 5 520 12 7 N
JEFABMRL i, FEIE I e A S N AN A T4k 2 B
T8 12 A5 NS A AR ) = Z M, ST
9 AN L SCHRIRIE 1 1,2,3- = FMER T BIATAEY) .

#=1 BiRLAH 5a~5i BURIMIEE %
Table 1 Antitumor effects of target compounds 5a — 5i in vitro

ey /%

HeLa 4Hfil  MCF-7412  HepG24iiy
5a 12.9 20.9 <10
5b <10 <10 471
5¢ 11.0 29.6 45.4
5d <10 348 420
5e <10 <10 36.0
5f <10 226 <10
5¢ <10 53.2 65.6
5h 18.0 98.2 <10
5i <10 23.0 27.1
2 17.4 21 46.8
RFEIAE 72.4 87.9 65.7

TEH AR 3 & ks, TS mciksE
ARk, TR A G (1) 7 V2 LUK P AR U 1 43
B, PRSI PR 3 1 s et ok T8
KEHME . J5 R AYeE 7k, I w3 78 I R b
RS ZE 5, ARGF IR R B I SR 25, il T
Hrlal A 3 it e, $em TAE.

19 5h 1E MCF i3 40 Btk Hh R B HS 54T 1)
W, BB TR EDS S0, HIREY
5g tHRILH — TG PE, U 7E = M 2RI
LA 5] N - BRI A TP e s PR 2
. fE HepG2 Mg gt faik, &4 59 71230 H
RAFIIPUMEIER . thah, =2 2RI BRI 1)
P ZEAT W T BT AT A B ER I — 2 14t
AR VE], tnfk &4 5b. 5c F1 5d.  FiR 45 R &
AT AR — PR ENE, oG s —
WSS RIRAL 5 TS A TR A T FU A

SEHEk
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