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含喹喔啉基咪唑结构的罗丹宁衍生物的合成及其 
ALK5、抗菌和抗真菌活性研究 
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摘要  转化生长因子-β (TGF-β)在许多疾病中过表达, 是治疗肿瘤的重要靶点. 合成了 2 个系列 3-取代-5-(5-(6-甲基吡 
啶-2-酰基)-4-(喹啉-6-基)-1 氢-咪唑-2-基)亚甲基)-2-噁唑烷-4-酮化合物(12、13a～13e 和 14a～14h), 并对其进行了活性

受体样激酶 5 (ALK5)抑制活性评价. 其中(Z)-6-(5-((5-(6-甲基吡啶-2-基)-4-(喹喔啉-6-基)-1H-咪唑-2-基)亚甲基)-4-羰基

-2-硫代羰基噻唑-3-基)己酸(13e)对 ALK5 激酶的活性最高(IC50＝0.451 µmol•L－1), 对 p38α 激酶的选择性指数大于 22, 
比临床候选化合物 LY-2157299选择性高 5.0倍. 在 TGF-β抑制剂的研究中发现这些罗丹宁化合物具有良好的抗真菌活

性, 而且对革兰氏阳性菌和革兰氏阴性菌显示很高的选择性. 它们显示与阳性对照化合物氟康唑(MIC＝1 µg/mL)类似

或更高的抗真菌活性(MIC＝0.5 or 1 µg/mL).  
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Abstract  Transforming growth factor-β (TGF-β) is overexpressed in many diseases, and is an important target for treating 
tumors. Two series of 3-substituted-5-((5-(6-methylpyridin-2-yl)-4-(quinoxalin-6-yl)-1H-imidazol-2-yl)methylene)-2-thioxo-
thiazolidin-4-ones (12, 13a～13e, and 14a～14h) were synthesized and evaluated for their activin receptor-like kinase 5 
(ALK5) inhibition activity. Among these compounds, (Z)-6-(5-((5-(6-methylpyridin-2-yl)-4-(quinoxalin-6-yl)-1H-imidazol-
2-yl)methylene)-4-oxo-2-thioxothiazolidin-3-yl)hexanoic acid (13e) showed the highest activity (IC50＝0.451 µmol•L－1) 
against ALK5 kinase, which had a good selectivity index of ＞22 against p38α MAP kinase, with 5.0-fold more selectivity
than the clinical candidate of LY-2157299. These rhodanine compounds showed good antifungal activity and high selectivity 
against both Gram-positive and Gram-negative bacteria. These compounds showed similar or higher antifungal activity
(MIC＝0.5 or 1 µg/mL) to the positive control compound fluconazole (MIC＝1 µg/mL).  
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1  Introduction 
Transforming growth factor-β (TGF-β) exists in three 

isoforms, TGF-β1, TGF-β2 and TGF-β3, and regulates cell 
proliferation and differentiation, adhesion, migration, and 
apoptosis.[1] TGF-β overexpression is a major cause of 
many diseases, including inflammation,[2-5] cancer,[6-9] and 
fibrosis[10-11]. Moreover, TGF-β overexpression and TGF-β 
induced cell growth inhibition cause tumor growth and 
metastasis.[12-13] TGF-β transmits information through ser-
ine/threonine transmembrane receptors termed type I (ac-
tivin receptor-like kinase 5, ALK5) and type II TGF-β re-
ceptors.[12] ALK5 is activated by phosphorylation of serine/ 
threonine residues in the glycine-serine (GS) region. The 
activated ALK5 phosphorylates Smad2 and Smad3 proteins 
at the C-terminal SSXS-motif, which then forms complexes 
with Smad4. Smad complexes control the expression of 
several hundred genes in the nucleus.[14] Therefore, the 
inhibiting ALK5 phosphorylation with Smad2/Smad3 could 
block transmission of the TGF-β signal to the nucleus. 
Several ALK5 inhibitors have been disclosed by our group 
and others in the past few years, such as 1 (IN-1130),[15] 2 
(LY-2157299, phase II),[16] 3 (LY-3200882, phase I),[17] 4 
(EW-7197, phase II),[18] 5[19,20] and 6[21] (Figure 1).  

Recently, we reported a series of compounds containing a 
quinoxalinyl moiety and found that these compounds 
showed better ALK5 inhibitory activity in kinase analysis, 
and showed good selectivity toward p38α MAP kinase,[1,19] 

which is a kinase that has a similar ATP binding pocket to 
that of ALK5. In addition, previous studies have shown that 
compounds with high p38α MAP kinase selectivity are also 
highly selective toward other kinases.[18] Patel et al.[21] 
presented novel ALK5 inhibitors that possessed a rhodanine 
moiety, and these compounds showed very good ALK5 
inhibitory activity. The results of that study showed that the 
introduction of a rhodanine structure improved the ALK5 

inhibitory activity. Therefore, in this report, we replaced the 
side chain at the 2-position of the central imidazole ring in 
compound 1 with a rhodanine moiety to give compound 12 
as a potential target molecule that had improved ALK5 
inhibitory activity. In a previous study, it was found that the 
introduction of an amino group as an H-bond donor at the 
2-position of the central imidazole ring of compound 4 
could increase ALK5 inhibition activity.[18] Thus, carbox-
ylic acid derivatives 13a～13e were designed to determine 
whether increasing the length of the side chain improved the 
H-bond donor potential of the carboxylic acid. In addition, 
compounds 14a～14h were designed to observe whether 
the introduction of rhodanine moiety between the imidazole 
ring and the side chain aryl groups of the imidazole ring in 
compound 1 could improve ALK5 inhibition (Figure 2).  

2  Results and discussion 
2.1  Chemistry 

3-Substituted-5-((5-(6-methylpyridin-2-yl)-4-(quinoxa-
lin-6-yl)-1H-imidazol-2-yl)methylene)-2-thioxothiazoli- 
din-4-ones (12, 13a～13e, and 14a～14h) were synthesized 
as shown in Scheme 1. Oxidation of 1-(6-methylpyridin-2- 
yl)-2-(quinoxalin-6-yl)ethan-1-one (7) with 48% HBr in 
DMSO afforded 1-(6-methyl-pyridin-2-yl)-2-(quinoxalin- 
6-yl)ethane-1,2-dione (8) in 70% yield.[12] Diketone 8 was 
condensed with 60% 2,2-dimethoxyacetaldehyde in H2O, 
NH4OAc, and a mixture of MTBE and MeOH at 50 ℃ to 
afford 6-(2-(dimethoxy-methyl)-5-(6-methylpyridin-2-yl)- 
1H-imidazol-4-yl)quinoxaline (9) in 75% yield.[15] The 
acetal protecting group of compound 9 was cleaved in 1 
mol/L HCl solution at 70 ℃ to give 5-(6-methylpyridin- 
2-yl)-4-(quinoxalin-6-yl)-1H-imidazole-2-carbaldehyde 
(10) in good yield. The obtained imidazole-2-carboxalde-
hyde 10 was subjected to Knoevenagel condensation using 
appropriate rhodanines 11, compounds 11b～11n were  
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Figure 1  ALK5 inhibitors under development 
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Figure 2  Design strategy based on compounds IN-1130 and 6 

 
Reagents and conditions: (a) 48% HBr in H2O, DMSO, 50 ℃, 1.5 h; (b) 60% 2,2-dimethoxyacetaldehyde in H2O, NH4OAc, MTBE/MeOH (V∶
V = 1∶1), 50 ℃, 2 h; (c) 1 mol/L HCl, 70 ℃, 1 h; (d) CH3COOH, piperidine, EtOH, reflux, 2 h.  

Scheme 1  Synthetic route of compounds 12, 13a～13e and 14a～14h

synthesized according to the reported method in the refer-
ences)[22-24] in the presence of a catalytic amount of piperi-
dine and acetic acid to afford the target compounds 12, 
13a～13e, and 14a～14h in 71%～85% yields.[25] The 
geometry configuration of the target compound was deter-
mined as Z according to the reported references.[26-28]  
2.2  ALK5 Inhibitory activity in an enzymatic assay 

Inhibition of ALK5 by compounds 12, 13a～13e and 

14a～14h was investigated by measuring their half maxi-
mal inhibitory concentration (IC50) values.[11] Compound 2 
(LY-2157299) was used as the positive control. All com-
pounds possessing rhodanine moiety (12, 13a～13e, and 
14a～14h) displayed significant ALK5 inhibition (IC50＝ 
3.215～0.451 μmol•L－1) as shown in Table 1. Compound 
12 inhibited ALK5 phosphorylation with an IC50 value of 
3.215 μmol•L－1. We hypothesized that the introduction of 
rhodanine at the 2-position of the imidazole moiety in 
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compound 1 may increase the binding affinity of 12, 13a～
13e and 14a～14h with ALK5 and related proteins, thereby 
improving ALK5 inhibition. As expected, among the 
rhodanines possessing an alkylated carboxylic acid or an 
alkylated aromatic linkage, with the exception of com-
pounds 14e and 14g, all compounds 13a～13e, 14a～14d, 
14f, and 14h showed more potent ALK5 inhibitory activity 
than compound 12. In the alkylated carboxyl compounds 
13a～13e, their activity was the highest when the carbon 
numbers of side chain of them were 4 and 6. However, in 
series 13 compounds, the length of side chain had no direct 
correlation with ALK5 inhibitory activity. In the alkylated 
aromatic compounds 14a～14h, the positional selectivity 
was not obvious when the substituent was an electron 
withdrawing group. In contrast, the activities of ortho- and 
para-substituted electron donating groups were much 
higher when compared with substitution of an electron 
donating group at the meta-position. In series 14, the elec-
tron-donating substituents have higher activity than elec-
tron-withdrawing substituents in ortho- or para-position. 
However, the activity of the electron-donating substituents 
is lower than that of the electron-withdrawing substituents 
at the meta-position. Compound 13e (IC50＝0.451 μmol•L－

1) was the most potent ALK5 inhibitor in these two series of 
compounds, but showed lower potency than the positive 
control compound 2 (IC50＝0.129 μmol•L－1). 
Table 1  Inhibitory activity of compounds 12, 13a～13e and 
14a～14h against ALK5 and p38α 

Compd. R 
IC50a/(μmol•L－1) Selectivity

indexbp38α ALK5 
12 H ＞10 3.215 ＞3 
13a CH2COOH 4.417 1.027 4 
13b (CH2)2COOH ＞10 1.137 ＞8 
13c (CH2)3COOH ＞10 0.614 ＞16 
13d (CH2)4COOH ＞10 2.276 ＞4 
13e (CH2)5COOH ＞10 0.451 ＞22 

14a CH2(3-methyl- 
benzoate) ＞10 1.783 ＞5 

14b CH2(4-benzoic 
acid) ＞10 0.500 ＞20 

14c CH2(2-FC6H4) ＞10 1.709 ＞5 
14d CH2(3-FC6H4) ＞10 0.954 ＞10 
14e CH2(4-FC6H4) ＞10 3.037 ＞3 
14f CH2(2-CH3C6H4) ＞10 0.494 ＞20 
14g CH2(3-CH3C6H4) ＞10 5.076 ＞1 
14h CH2(4-CH3C6H4) ＞10 0.919 ＞10   

2 
(LY-2157299)  0.493 0.129 4   

a Values are means of two independent experiments, and standard deviation 
values were ignored for clarity. b IC50 of p38α/IC50 of ALK5. 

2.3  p38α inhibitory activity in an enzymatic assay  
The kinase domain of p38α MAP is similar to that of 

ALK5, so the selectivity of the two series of compounds 
can be determined by comparing the activity of the two 
kinases.[11] Inhibition of p38α MAP kinase by these com-

pounds (12, 13a～13e, and 14a～14h) was weak with IC50 
values ＞4.000 μmol•L－1. Compound 13e was the most 
selective in these two series, showing a selectivity index of 
＞22, which was much higher than that of the positive 
control compound 2 (4). 
2.4  Antimicrobial activity 

Although some of these compounds exhibited signifi-
cant ALK5 inhibitory activity, their activity was lower than 
that of the previously synthesized compounds. As a result, 
we did not conduct further research against the tumor. In 
our another work, we found that several rhodanine deriva-
tives containing chalcone,[29-30] (2-oxo-2-phenylethoxy)- 
benzylidene,[31] benzyloxy quinoline,[32] and 5-aryloxy py- 
razole moieties[33-34] exhibited good activities against 
Gram-positive and Gram-negative bacteria, including mul- 
tidrug-resistant clinical isolates. This result indicated that 
the rhodamine scaffold is critical for drug potency. There-
fore, we hypothesized that these ALK5 inhibitors might 
also have antibacterial activity, and for the first time we 
evaluated the antibacterial and antifungal activity of these 
compounds.  

To observe the antibacterial activity of these compounds 
(12, 13a～13e and 14a～14h) containing the rhodanine 
structure, the minimum inhibitory concentrations (MICs) 
for different strains were obtained using a 96-well micro-
titer plate and a serial dilution method in vitro.[31] The 
compounds were screened against two Gram-positive 
strains (Staphylococcus aureus (S. aureus) RN 4220 and S. 
aureus KCT 209), two Gram-negative strains (Escherichia 
coli KCTC 1924 and Pseudomonas aeruginosa (P. aeru-
ginosa) 2742), and one fungus (Candida albicans 7535). 
Gatifloxacin was used as a positive control for antibacterial 
activity and fluconazole was used as a positive control for 
antifungal activity.  

The in vitro antibacterial activities of the synthesized 
compounds are shown in Table 2. All synthesized com-
pounds did not exhibit significant inhibitory activities 
(MIC＞64 µg/mL) against the tested Gram-positive and 
Gram-negative bacteria. Unexpectedly, with the exception 
of compound 13e, compounds 12, 13a～13d and 14a～
14h showed equipotent or more potent antifungal activity 
(MIC＝0.5 or 1 µg/mL) than the positive controls gat-
ifloxacin (MIC＝0.5µg/mL) and fluconazole (MIC＝1 
µg/mL). The results showed that it had no inhibitory effect 
on fungi when the number of carbon in the side chain of 
the 13 series compounds was greater than 5. In addition, 
unlike previous results,[30-34] the absence of inhibition of 
Gram-positive and Gram-negative bacteria, while selective 
inhibition of fungi is likely to be associated with liner 
structure attached pyridine rings. These results show that 
the quinoxalinyl imidazole moiety plays a critical role in 
the antifungal activity of these compounds.  
2.5  Evaluation of cytotoxicity in vitro 

To determine whether the synthesized compounds were 
selectively toxic against fungus, we evaluated the cytotox- 
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Table 2  Antimicrobial activity (MIC, µg/mL) of compounds 12, 
13a～13e, and 14a～14h 

Compd. R 
Gram-positive 

strains  
Gram-negative 

strains Fungus
7535e

4220a 209b 1924c 2742d

12 H ＞64 ＞64  ＞64 ＞64 0.5
13a CH2COOH ＞64 ＞64  ＞64 ＞64 0.5
13b (CH2)2COOH ＞64 ＞64  ＞64 64 1 
13c (CH2)3COOH ＞64 ＞64  ＞64 ＞64 0.5
13d (CH2)4COOH ＞64 ＞64  ＞64 ＞64 0.5
13e (CH2)5COOH ＞64 ＞64  ＞64 ＞64 ＞64

14a CH2(3-methyl- 
benzoate) ＞64 ＞64  ＞64 ＞64 0.5

14b CH2(4-benzoic 
acid) ＞64 ＞64  ＞64 ＞64 0.5

14c CH2(2-FC6H4) ＞64 ＞64  ＞64 ＞64 0.5
14d CH2(3-FC6H4) ＞64 ＞64  ＞64 ＞64 0.5
14e CH2(4-FC6H4) ＞64 ＞64  ＞64 ＞64 0.5
14f CH2(2-CH3C6H4) ＞64 ＞64  ＞64 ＞64 0.5
14g CH2(3-CH3C6H4) ＞64 ＞64  ＞64 ＞64 0.5
14h CH2(4-CH3C6H4) ＞64 ＞64  ＞64 ＞64 0.5

Gatifloxacin 0.25 1  2 1 0.5
Fluconazole N.Df N.D  N.D N.D 1 

a Staphylococcus aureus 4220. b Staphylococcus aureus 209. c Escherichia coli 
1924. d Pseudomonas aeruginosa 2742. e Candida albicans 7535. f No detect-
ed.  

icity of target compounds by 3-(4,5-dimethylthiazol-2-yl)- 
2,5-diphenyltetrazolium bromide (MTT) assay.[35-37] As 
shown in Table 3, the tested compounds showed moderate 
to weak inhibitory activity against HepG2 cells. This result 
indicated that the promising antifungal activity of these 
compounds is not because of cytotoxicity and they are a 
promising antifungal inhibitor for use in further study.   
Table 3  Antifungal activity and cytotoxicity of compounds 12, 
13a～13e, and 14a～14h 

Compd. MIC 
(µmol•L－1)a 

IC50b,c/ 
(µmol•L－1) Compd. MIC/ 

(µmol•L－1)
IC50/ 

(µmol•L－1)
12 1.16 39.86 14b 0.89 58.27 

13a 1.02 43.26 14c 0.93 53.24 
13b 1.99 44.28 14d 0.93 54.96 
13c 0.97 46.20 14e 0.93 54.38 
13d 0.94 47.36 14f 0.94 55.29 
13e ＞117.5 48.02 14g 0.94 51.84 
14a 0.86 52.86 14h 0.94 53.25 

a MIC in Candida albicans 7535. b IC50 is the concentration required to inhibit 
the cell growth by 50%. b Human hetatic cells (HepG2). 

3  Conclusions 
In this report, two series of 3-substituted-5-((5-(6-met- 

hylpyridin-2-yl)-4-(quinoxalin-6-yl)-1H-imidazol-2-yl)- 
methylene)-2-thioxothiazolidin-4-ones (12, 13a～13e, and 
14a～14h) were synthesized and evaluated for their ALK5 
inhibitory and antimicrobial activities. We discovered that 
the insertion of an alkylated carboxylic acid and an alkyl-
ated aromatic linkage on the rhodanine ring increased 

ALK5 inhibition significantly. The most potent compound 
13e inhibited ALK5 phosphorylation with an IC50 value of 
0.451 μmol•L－1 in the enzymatic assay. The selectivity 
index of 13e against p38α MAP kinase was ＞22, which 
was much higher than that of the positive control compound 
2 (4). Additionally, all compounds showed no inhibitory 
activity towards Gram-positive and Gram-negative bacteria. 
Interestingly, with the exception of compound 13e, all 
compounds (12, 13a～13d, and 14a～14h) showed equi-
potent or more potent antifungal activity (MIC＝0.5 or 1 
µg/mL) than that of the positive control fluconazole 
(MIC＝1 µg/mL). In this study, unfortunately, we failed to 
find a correlation between these ALK5 inhibitors and anti-
bacterial and antifungal activity. However, we found new 
use for them. These results indicate the value of rhodanine 
compounds containing a quinoxalinyl imidazole moiety for 
further research and development as antifungal agents.  

4  Experimental section 
4.1  General 

All commercially available reagents and solvents were 
purchased from Aladdin (Shanghai, China), and used 
without further purification. In general, all reactions were 
performed under normal atmosphere and at room tempera-
ture unless otherwise noted. Melting points were measured 
in open glass capillaries tube in an electrical melting point 
(B-540, Büchi) and were uncorrected. All reactions were 
monitored for completion by TLC using Merck silica gel 60 
F254 glass plates. 1H NMR spectra were recorded on a 
Bruker NMR spectrometers at 300 or 500 MHz, and 13C 
NMR spectra were recorded on a Bruker NMR spectrome-
ters at 125 MHz, respectively. Tetramethylsilane (TMS) 
was used as internal standard. High resolution mass spectra 
electrospray ionization (HRMS-ESI) were obtained on a 
Bruker UltrafleXtrem MALDI-TOF/TOF (Thermo Fisher 
Scientific, USA). 
4.2  Chemistry 
4.2.1  Synthesis of 1-(6-methylpyridin-2-yl)-2-(quino-
xalin-6-yl)-ethane-1,2-dione (8)  

An aqueous solution of HBr (48%, 4.57 mL) was added 
dropwise over 10 min to a stirred solution of compound 7 
(19.0 mmol) in dimethyl sulfoxide (DMSO, 100 mL). The 
resulting solution was stirred 50 ℃ for 1.5 h, and then 
cooled to room temperature. The mixture was neutralized 
with saturated NaHCO3 solution (pH 7～8) and extracted 
with CH2Cl2 (100 mL×3). The combined organic layer was 
washed with water (100 mL) and brine (20 mL), dried over 
anhydrous Na2SO4, filtered, and evaporated to dryness 
under reduced pressure. The residue was purified by silica 
gel column chromatography (petroleum ether/ethyl acetate, 
V∶V＝1∶1) to give the titled compound 8[38] as a yellow 
solid. Yield 70%. m.p. 122.1～124.0 ℃; 1H NMR (300 
MHz, DMSO-d6) δ: 9.12～9.08 (m, 2H, Ar-H), 8.50～8.42 
(m, 1H, Ar-H), 8.32 (s, 2H, Ar-H), 8.15～8.02 (m, 2H, 
Ar-H), 7.65 (d, J＝9.0 Hz, 1H, Ar-H), 2.39 (s, 3H, CH3).  
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4.2.2  Synthesis of 6-(2-(dimethoxymethyl)-5-(6-me- 
thylpyridin-2-yl)-1H-imidazol-4-yl)quinoxaline (9) 

To a stirred solution of compound 8 (1.2 mmol) in 
methanol (MeOH, 10 mL) were added 60% 2,2-dime- 
thoxyacetaldehyde in H2O (0.1 mL), NH4OAc (11.89 
mmol) and tert-butyl methyl ether (MTBE, 10 mL). The 
resulting solution was heated to 50 ℃ and stirred for 1.5 h, 
then cooled to room temperature. The mixture was neu-
tralized with saturated NaHCO3 solution (pH 7～8) and 
extracted with ethyl acetate (50 mL×3). The combined 
extracts were washed with brine (20 mL), dried over anhy-
drous Na2SO4, filtered, and evaporated to dryness under 
reduced pressure. The residue was purified by silica gel 
column chromatography (petroleum ether/ethyl acetate, 
V∶V＝1∶1) to give the titled compound 9[39] as a yellow 
solid. Yield 75%. m.p. 157.3～158.7 ℃; 1H NMR (300 
MHz, DMSO-d6) δ: 12.97 (d, J＝9.0 Hz, 1H, NH) 8.92 (m, 
2H, Ar-H), 8.49～8.40 (m, 1H, Ar-H), 8.19～8.14 (m, 1H, 
Ar-H), 8.03 (d, J＝9.0 Hz, 1H, Ar-H), 7.78～7.38 (m, 2H, 
Ar-H), 7.34～7.04 (m, 1H, Ar-H), 5.55 (d, J＝3.0 Hz, 1H, 
CH), 3.70 (d, J＝6.0 Hz, 6H, OCH3), 3.33 (s, 3H, CH3).  
4.2.3  Synthesis of 5-(6-methylpyridin-2-yl)-4-(quino- 
xalin-6-yl)-1H-imidazole-2-carbaldehyde (10) 

Compound 9 (3.2 mmol) was dissolved in 1 mol/L HCl 
(20 mL), and the solution was heated at 70 ℃ for 1 h. The 
reaction mixture was cooled to room temperature, and then 
it was neutralized with saturated NaHCO3 solution (pH 7～
8). The precipitates were collected through a Buchner fun-
nel, and the filtered cake was washed with H2O (20 mL). 
The solid was dried in oven to give the titled compound 
10[39] as a yellow solid. Yield 90%. m.p. 197.0～199.2 ℃; 
1H NMR (300 MHz, DMSO-d6) δ: 14.26 (s, 1H, NH), 9.80 
(s, 1H, CHO), 8.94 (d, J＝3.0 Hz, 2H, Ar-H), 8.47 (s, 1H, 
Ar-H), 8.16 (dd, J＝9.0, 3.0 Hz, 1H, Ar-H), 8.07 (d, J＝9.0 
Hz, 1H, Ar-H), 7.77 (t, J＝6.0 Hz, 1H, Ar-H), 7.67 (s, 1H, 
Ar-H), 7.25 (d, J＝6.0 Hz, 1H, Ar-H), 2.37 (s, 3H, CH3).  
4.2.4  Synthesis of (Z)-3-substituted-5-((5-(6-methyl- 
pyridin-2-yl)-4-(quinoxalin-6-yl)-1H-imidazol-2-yl)me- 
thylene)-2-thioxothiazolidin-4-ones (12, 13a～13e, and 
14a～14n) 

To a solution of 10 (0.32 mmol) in ethanol (EtOH, 5 mL) 
were added 11 (0.32 mmol), CH3COOH (0.5 mL) and pi-
peridine (0.5 mL). The resulting mixture was refluxed for 2 
h, and then it cooled to room temperature. The precipitates 
were collected through a Buchner funnel, and the filtered 
cake was washed with EtOH (10 mL). The solid was dried 
in oven to give the titled compounds 12, 13a～13e, and 
14a～14n.  

(Z)-5-((5-(6-Methylpyridin-2-yl)-4-(quinoxalin-6-yl)-1H- 
imidazol-2-yl)methylene)-2-thioxothiazoli-din-4-one (12): 
Yield 85%, yellow solid, m.p.＞280.0 ℃; 1H NMR (300 
MHz, DMSO-d6) δ: 13.69 (br s, 1H, NH), 13.59 (br s, 1H, 
NH), 8.99～8.93 (m, 2H, Ar-H), 8.60～8.45 (m, 1H, Ar-H), 
8.26～8.10 (m, 2H, Ar-H), 7.89～7.71 (m, 1H, Ar-H), 
7.45～7.21 (m, 3H, Ar-H), 2.58 (s, 3H, CH3); 13C NMR 
(125 MHz, CDCl3/DMSO-d6) δ: 199.7 (C＝S), 169.1 

(NHC＝O), 158.6, 156.8, 152.2, 147.7, 146.2, 142.8, 142.4, 
142.0, 140.5, 137.5, 135.9, 130.3, 128.6, 127.3, 125.1, 
122.9, 119.6, 115.8, 24.2. ESI-HRMS calcd for C21H15- 
N6OS2 [M＋H]＋ 431.0743, found 431.0736. 

(Z)-2-(5-((5-(6-Methylpyridin-2-yl)-4-(quinoxalin-6-yl)-
1H-imidazol-2-yl)methylene)-4-oxo-2-thio-xothiazolidin-3- 
yl)acetic acid (13a): Yield 71%, yellow solid, m.p. 246.8～
247.6 ℃; 1H NMR (300 MHz, DMSO-d6) δ: 13.32 (br s, 
1H, NH), 12.15 (br s, 1H, COOH), 8.95～8.93 (br s, 2H, 
Ar-H), 8.63～8.50 (m, 1H, Ar-H), 8.25 (d, J＝9.0 Hz, 1H, 
Ar-H), 8.13 (d, J＝9.0 Hz, 1H, Ar-H), 7.95～7.45 (m, 3H, 
Ar-H), 7.27 (br s, 1H, Ar-H), 4.59 (s, 2H, CH2), 2.56 (s, 3H, 
CH3); 13C NMR (125 MHz, DMSO-d6) δ: 197.7 (C＝S), 
167.9 (COOH), 166.7 (NHC＝O), 158.9, 155.9, 148.2, 
146.6, 146.2, 143.3, 142.7, 142.4, 137.8, 36.3, 132.3, 130.9, 
129.5, 127.8, 123.0, 122.6, 119.9, 117.7, 46.5, 24.5. HRMS 
(ESI) calcd for C23H17N6O3S2 [M＋H]＋ 489.0798, found 
489.0793.  

(Z)-3-(5-((5-(6-Methylpyridin-2-yl)-4-(quinoxalin-6-yl)-
1H-imidazol-2-yl)methylene)-4-oxo-2-thioxothiazolidin-3-
yl)propanoic acid (13b): Yield 73%, yellow solid, m.p. 
246.5～248.0 ℃; 1H NMR (300 MHz, DMSO-d6) δ: 12.80 
(br s, 1H, NH), 12.15 (br s, 1H, COOH), 8.96～8.94 (m, 2H, 
Ar-H), 8.65～8.52 (m, 1H, Ar-H), 8.29 (d, J＝9.0 Hz, 1H, 
Ar-H), 8.14 (d, J＝9.0 Hz, 1H, Ar-H), 7.89～7.46 (m, 3H, 
Ar-H), 7.27～7.20 (m, 1H, Ar-H), 4.24 (t, J＝7.5 Hz, 2H, 
NHCH2), 2.63 (t, J＝7.5 Hz, 2H, CH2COOH), 2.56 (s, 3H, 
CH3); 13C NMR (125 MHz, DMSO-d6) δ: 197.3 (C＝S), 
171.9 (COOH), 166.5 (NHC＝O), 158.6, 152.2, 147.7, 
146.1, 145.7, 142.8, 142.3, 142.0, 140.7, 137.5, 135.9, 
130.3, 129.2, 127.3, 124.7, 123.0, 119.7, 117.8, 44.6, 31.0, 
24.1. ESI-HRMS calcd for C24H19N6O3S2 [M＋H]＋ 
503.0955, found 503.0943.  

(Z)-4-(5-((5-(6-Methylpyridin-2-yl)-4-(quinoxalin-6-yl)-
1H-imidazol-2-yl)methylene)-4-oxo-2-thioxothiazolidin-3- 
yl)butanoic acid (13c): Yield 75%, yellow solid, m.p. 
246.7～250.0 ℃; 1H NMR (300 MHz, CDCl3/DMSO-d6) δ: 
13.71 (s, 1H, NH), 12.15 (s, 1H, COOH), 8.98～8.93 (m, 
2H, Ar-H), 8.59～8.44 (m, 1H, Ar-H), 8.24～8.07 (m, 2H, 
Ar-H), 7.88～7.82 (m, 1H, Ar-H), 7,71 (t, J＝7.5 Hz, 1H, 
Ar-H), 7.42 (t, J＝7.5 Hz, 1H, Ar-H), 7.29～7.17 (m, 1H, 
Ar-H), 4.08 (t, J＝7.5 Hz, 2H, NHCH2), 2.57 (s, 3H, CH3), 
2.31 (t, J＝7.5 Hz, 2H, CH2COOH), 1.93～1.88 (m, 2H, 
CH2CH2CH2); 13C NMR (125 MHz, DMSO-d6) δ: 197.7 
(C＝S), 173.8 (COOH), 166.9 (NHC＝O), 158.6, 152.1, 
147.6, 146.4, 146.2, 142.9, 142.4, 142.0, 140.7, 137.5, 
135.8, 130.4, 129.2, 127.4, 124.8, 123.0, 119.6, 116.8, 43.5, 
31.1, 24.2, 22.2. ESI-HRMS calcd for C25H21N6O3S2 
[M＋H]＋ 517.1111, found 517.1101.  

(Z)-5-(5-((5-(6-Methylpyridin-2-yl)-4-(quinoxalin-6-yl)-
1H-imidazol-2-yl)methylene)-4-oxo-2-thioxothiazolidin-3- 
yl)pentanoic acid (13d): Yield 76%, yellow solid, m.p. 
237.5～238.7 ℃; 1H NMR (300 MHz, CDCl3/DMSO-d6) δ: 
13.57 (s, 1H, NH), 12.06 (s, 1H, COOH), 8.99～8.93 (m, 
2H, Ar-H), 8.60～8.44 (m, 1H, Ar-H), 8.28～8.08 (m, 2H, 
Ar-H), 7.90～7.69 (m, 2H, Ar-H), 7.43 (t, J＝9.0 Hz, 1H, 
Ar-H), 7.30～7.18 (m, 1H, Ar-H), 4.03 (t, J＝7.5 Hz, 2H, 
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NHCH2), 2.57 (s, 3H, CH3), 2.27 (t, J＝6.0 Hz, 2H, 
CH2COOH), 1.68～1.65 (m, 2H, NHCH2CH2), 1.55～1.53 
(m, 2H, CH2CH2COOH); 13C NMR (125 MHz, DMSO-d6) 
δ: 197.5 (C＝S), 174.2 (COOH), 166.8 (NHC＝O), 158.6, 
152.4, 147.6, 146.4, 146.3, 142.9, 142.3, 142.0, 140.8, 
137.5, 135.8, 130.4, 129.2, 127.4, 124.7, 123.0, 119.6, 
116.9, 43.7, 33.2, 26.2, 24.2, 21.8. ESI-HRMS calcd for 
C26H23N6O3S2 [M＋H]＋ 531.1268, found 531.1257.  

(Z)-6-(5-((5-(6-Methylpyridin-2-yl)-4-(quinoxalin-6-yl)-
1H-imidazol-2-yl)methylene)-4-oxo-2-thioxothiazolidin-3- 
yl)hexanoic acid (13e): Yield 78%, yellow solid, m.p. 
212.3～213.5 ℃; 1H NMR (300 MHz, DMSO-d6) δ: 13.66 
(br s, 1H, NH), 12.04 (s, 1H, COOH), 8.98～8.93 (m, 2H, 
Ar-H), 8.60～8.45 (m, 1H, Ar-H), 8.28～8.09 (m, 2H, 
Ar-H), 7.91～7.70 (m, 2H, Ar-H), 7.43 (t, J＝9.0 Hz, 1H, 
Ar-H), 7.30～7.19 (m, 1H, Ar-H), 4.01 (t, J＝7.5 Hz, 2H, 
NHCH2), 2.57 (s, 3H, CH3), 2.22 (t, J＝7.5 Hz, 2H, 
CH2COOH), 1.65～1.63 (m, 2H, NHCH2CH2), 1.56～1.51 
(m, 2H, CH2CH2COOH), 1.34～1.32 (m, 2H, CH2CH2CH2- 
COOH); 13C NMR (125 MHz, DMSO-d6) δ: 197.1 (C＝S), 
174.4 (COOH), 166.8 (NHC＝O), 158.6, 152.1, 147.6, 
146.4, 146.3, 142.9, 142.4, 142.0, 141.2, 137.5, 135.8, 
130.4, 129.2, 127.4 , 124.7, 123.0, 119.7, 116.9, 43.9, 33.5, 
29.10, 25.8, 24.1, 23.6. ESI-HRMS calcd for C27H25N6O3S2 
[M＋H]＋ 545.1424, found 545.1410.  

(Z)-3-(5-((5-(6-Methylpyridin-2-yl)-4-(quinoxalin-6-yl)-
1H-imidazol-2-yl)methylene)-4-oxo-2-thioxothiazolidin-3-
yl)benzoate (14a): Yield 75%, yellow solid, m.p. 198.3～
200.2 ℃; 1H NMR (300 MHz, DMSO-d6) δ: 13.71 (br s, 
1H, NH), 8.99～8.93 (m, 2H, Ar-H), 8.59～8.43 (m, 1H, 
Ar-H), 8.23～8.09 (m, 3H, Ar-H), 7.91～7.67 (m, 4H, 
Ar-H), 7.54 (t, J＝7.5 Hz, 1H, Ar-H), 7.40～7.18 (m, 2H, 
Ar-H), 4.81 (s, 2H, CH2), 3.85 (s, 3H, COOCH3), 2.57 (s, 
3H, CH3); 13C NMR (125 MHz, DMSO-d6) δ: 194.6 
(C＝S), 178.4 (COOCH3), 166.0 (NHC＝O), 158.5, 156.8, 
152.1, 147.6, 146.2, 146.0, 145.6, 142.3, 142.0, 140.6, 
137.4, 136.9, 135.9, 134.2, 131.6, 130.5, 129.9, 129.3, 
128.6, 128.0, 127.5, 122.9, 119.6, 118.9, 52.3, 36.0, 24.1. 
ESI-HRMS calcd for C30H23N6O3S2 [M＋H]＋ 579.1268, 
found 579.1256.  

(Z)-4-(5-((5-(6-Methylpyridin-2-yl)-4-(quinoxalin-6-yl)-
1H-imidazol-2-yl)methylene)-4-oxo-2-thioxothiazolidin-3-
yl)benzoic acid (14b): Yield 78%, yellow solid, 
m.p.＞250 ℃; 1H NMR (500 MHz, DMSO-d6) δ: 13.68 (s, 
1H, NH), 12.96 (s, 1H, COOH), 8.95 (br s, 2H, Ar-H), 
8.64～8.50 (m, 1H, Ar-H), 8.26 (d, J＝9.0 Hz, 1H, Ar-H), 
8.17～8.09 (m, 1H, Ar-H), 7.92 (d, J＝9.0 Hz, 2H, Ar-H), 
7.84～7.71 (m, 1H, Ar-H), 7.64～7.55 (m, 1H, Ar-H), 7.43 
(d, J＝9.0 Hz, 3H, Ar-H), 7.30～7.21 (m, 1H, Ar-H), 5.32 
(s, 2H, CH2), 2.57 (s, 3H, CH3); 13C NMR (125 MHz, 
DMSO-d6) δ: 197.4 (C＝S), 167.0 (COOH), 166.7 (NHC＝ 
O), 158.6, 147.6, 146.4, 146.3, 145.7, 142.8, 142.3, 142.0, 
137.5, 135.8, 131.6, 130.4, 130.2, 129.8, 129.7 (2C), 129.3, 
127.6 (2C), 127.5, 124.4, 123.0, 119.7, 117.5, 46.8, 24.2. 
ESI-HRMS calcd for C29H21N6O3S2 [M＋H]＋ 565.1111, 
found 565.1107.  

(Z)-3-(2-Fluorophenyl)-5-((5-(6-methylpyridin-2-yl)-4- 

(quinoxalin-6-yl)-1H-imidazol-2-yl)methylene)-2-thioxo- 
thiazolidin-4-one (14c): Yield 76%, yellow solid, 
m.p.＞250 ℃; 1H NMR (300 MHz, CDCl3/CD3OD) δ: 
8.84～8.82 (m, 2H, Ar-H), 8.43～8.40 (m, 1H, Ar-H), 8.20 
(d, J＝9.0 Hz, 1H, Ar-H), 8.11 (m, 1H, Ar-H), 7.51～7.31 
(m, 3H, Ar-H), 7.28～7.00 (m, 5H, Ar-H), 5.37 (s, 2H, 
CH2), 2.60 (s, 3H, CH3); 13C NMR (125 MHz, CDCl3/ 
CD3OD) δ: 197.2 (C＝S), 167.6 (NHC＝O), 160.5 (d, 
J＝247.7 Hz, Ar-F), 153.8, 149.1, 146.7, 145.4 ,145.1, 
144.8, 143.0, 142.8, 142.7, 142.2, 137.6, 137.0, 131.0, 
129.4 (d, J＝8.1 Hz), 128.9 (d, J＝3.6 Hz), 128.2, 126.4, 
124.1 (d, J＝3.6 Hz), 122.9, 121.8 (d, J＝14.2 Hz), 119.4, 
116.5, 115.5 (d, J＝21.3 Hz), 41.1 (d, J＝4.8 Hz), 23.8. 
ESI-HRMS calcd for C28H20FN6OS2 [M＋H]＋ 539.1119, 
found 539.1106.  

(Z)-3-(3-Fluorophenyl)-5-((5-(6-methylpyridin-2-yl)-4- 
(quinoxalin-6-yl)-1H-imidazol-2-yl)methylene)-2-thioxo- 
thiazolidin-4-one (14d): Yield 77%, yellow solid, 
m.p.＞250 ℃; 1H NMR (300 MHz, CDCl3/CD3OD) δ: 8.85 
(br s, 2H, Ar-H), 8.42 (br s, 1H, Ar-H), 8.20～8.10 (m, 2H, 
Ar-H), 7.52～7.43 (m, 3H, Ar-H), 7.30～6.93 (m, 5H, 
Ar-H), 5.29 (s, 2H, CH2), 2.66 (s, 3H, CH3); 13C NMR (125 
MHz, DMSO-d6) δ: 197.9 (C＝S), 167.1 (NHC＝O), 162.4 
(d, J＝244.0 Hz, Ar-F), 158.9, 147.9, 146.6, 146.1, 143.2, 
142.7, 142.4, 141.3, 138.3 (d, J＝7.5 Hz), 137.9, 136.2, 
132.1, 131.9, 131.1 (d, J＝8.3 Hz), 130.8, 129.5, 127.9, 
124.7, 124.0 (d, J＝2.5 Hz), 123.4, 120.0, 117.9, 115.0 (d, 
J＝22.2 Hz), 46.9, 24.5. ESI-HRMS calcd for C28H20F- 
N6OS2 [M＋H]＋ 539.1119, found 539.1104.  

(Z)-3-(4-Fluorophenyl)-5-((5-(6-methylpyridin-2-yl)-4- 
(quinoxalin-6-yl)-1H-imidazol-2-yl)methylene)-2-thioxo- 
thiazolidin-4-one (14e): Yield 75%, yellow solid, m.p. 
192.6～194.0 ℃; 1H NMR (300 MHz, CDCl3/CD3OD) δ: 
8.82 (br s, 2H, Ar-H), 8.43 (s, 1H, Ar-H), 8.21～8.14 (m, 
2H, Ar-H), 7.47～7.39 (m, 5H, Ar-H), 7.09 (d, J＝6.0 Hz, 
1H, Ar-H), 6.97 (t, J＝9.0 Hz, 2H, Ar-H), 5.28 (s, 2H, CH2), 
2.61 (s, 3H, CH3); 13C NMR (125 MHz, CDCl3/CD3OD) δ: 
197.3 (C＝S), 167.8 (NHC＝O), 162.4 (d, J＝246.7 Hz, 
Ar-F), 158.9, 147.4, 145.5, 145.3, 144.8, 142.9 (d, J＝4.5 
Hz), 142.8, 142.6, 141.8, 137.3 , 137.0, 136.4, 131.1, 130.8 
(2C, d, J＝8.2 Hz), 129.4, 128.2, 126.4, 122.8, 119.3, 
116.4 , 115.4 (2C, d, J＝21.5 Hz), 46.4, 24.2. ESI-HRMS 
calcd for C28H20FN6OS2 [M＋H]＋ 539.1119, found 
539.1107.  

(Z)-5-((5-(6-Methylpyridin-2-yl)-4-(quinoxalin-6-yl)-1H- 
imidazol-2-yl)methylene)-2-thioxo-3-(o-tolyl)thiazolidin- 
4-one (14f): Yield 78%, yellow solid, m.p.＞250 ℃; 1H 
NMR (300 MHz, CDCl3/CD3OD) δ: 8.83 (br s, 2H, Ar-H), 
8.45 (s, 1H, Ar-H), 8.23～8.16 (m, 2H, Ar-H), 7.50～7.42 
(m, 3H, Ar-H), 7.15～7.06 (m, 4H, Ar-H), 6.92 (d, J＝6.0 
Hz, 1H, Ar-H), 5.29 (s, 2H, CH2), 2.60 (s, 3H, pyridine- 
CH3), 2.44 (s, 3H, Ar-CH3); 13C NMR (125 MHz, CDCl3/ 
CD3OD) δ: 197.3 (C＝S), 167.8 (NHC＝O), 158.7, 147.3, 
145.4, 145.3, 144.9, 142.9, 142.7, 137.5, 137.0, 136.3, 
135.5, 132.6, 131.1, 130.5, 130.4, 129.5, 128.3, 127.6, 
127.4, 126.1, 125.6, 122.8, 119.3, 116.3, 44.9, 24.1, 18.1. 
ESI-HRMS calcd for C29H23N6OS2 [M＋H]＋ 535.1369, 
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found 535.1358.  
(Z)-5-((5-(6-Methylpyridin-2-yl)-4-(quinoxalin-6-yl)-1H- 

imidazol-2-yl)methylene)-2-thioxo-3-(m-tolyl)thiazolidin- 
4-one (14g): Yield 81%, yellow solid, m.p. 241.0 ～
242.0 ℃; 1H NMR (300 MHz, CDCl3/CD3OD) δ: 8.82 (br s, 
2H, Ar-H), 8.43 (s, 1H, Ar-H), 8.20～8.12 (m, 2H, Ar-H), 
7.47～7.41 (m, 3H, Ar-H), 7.24～7.05 (m, 5H, Ar-H), 5.27 
(s, 2H, CH2), 2.60 (s, 3H, pyridine-CH3), 2.30 (s, 3H, 
Ar-CH3); 13C NMR (125 MHz, CDCl3/CD3OD) δ: 197.3 
(C＝S), 167.8 (NHC＝O), 158.8, 147.4, 145.3, 144.8, 
142.8, 142.7, 141.8, 138.2, 137.4, 137.0, 136.4, 134.8, 
131.1, 129.4, 129.2, 128.9, 128.7, 128.7, 126.7, 125.7, 
122.8, 119.2, 116.1, 47.2, 24.1, 18.1. ESI-HRMS calcd for 
C29H23N6OS2 [M＋H]＋ 535.1369, found 535.1357.  

(Z)-5-((5-(6-Methylpyridin-2-yl)-4-(quinoxalin-6-yl)-1H- 
imidazol-2-yl)methylene)-2-thioxo-3-(p-tolyl)thiazolidin- 
4-one (14h): Yield 80%, yellow solid, m.p. 240.0 ～
241.0 ℃; 1H NMR (300 MHz, CDCl3/CD3OD) δ: 8.82 (br s, 
2H, Ar-H), 8.42 (s, 1H, Ar-H), 8.20～8.15 (m, 2H, Ar-H), 
7.47～7.39 (m, 2H, Ar-H), 7.34 (d, J＝9.0 Hz, 2H, Ar-H), 
7.10 (d, J＝6.0 Hz, 4H, Ar-H), 5.26 (s, 2H, CH2), 2.60 (s, 
3H, pyridine-CH3), 2.29 (s, 3H, Ar-CH3); 13C NMR (125 
MHz, DMSO-d6) δ: 197.3 (C＝S), 166.7 (NHC＝O), 158.5, 
147.5, 146.2, 146.0, 145.6, 142.7, 142.3, 142.0, 140.8, 
137.4, 137.0, 135.8, 132.1, 131.7, 130.3, 129.1 (2C), 127.9 
(2C), 127.4, 124.3, 122.9, 119.6, 117.3, 46.7, 24.1, 20.7. 
ESI-HRMS calcd for C29H23N6OS2 [M＋H]＋ 535.1369, 
found 535.1354.  
4.3  Biological evaluation 
4.3.1  Kinase assay 

A luminescent ADP detection assay was used to assess 
the ALK5 binding capacity of compounds (ADP-Glo™ 
Kinase Assay, Promega). Serially dilute the stock solution 
of 10 mmol•L－1 3-fold in DMSO to obtain a ten-point di-
lution curve with final compound concentrations ranging 
from 3.333 mmol•L－1 to 0.5 nmol•L－1. Assay measure-
ments were performed in 1X kinase reaction buffer con-
taining 40 mmol•L－1 Tris pH 7.5, 20 mmol•L－1 MgCl2, 
0.1% BSA, 1 mmol•L－1 DTT in a final assay volume of 5 
μL. Briefly 2.5 μL of ALK5 protein (Carna Biosciences, 3 
mg/mL) was added to each well of a 384 well assay plate 
containing 100 nL of each concentration of test compound 
dissolved in DMSO, 2.5 μL of TGF-β R1 peptide (Signal-
Chem, 3 μg/mL), and ATP (1 mmol•L－1). Following in-
cubation for 120 min at 25 ℃, 5 μL of ADP-Glo™ reagent 
was added to white microplate, centrifuged the microplate 
at 1000 RPM for 1 min, and incubated at 25 ℃ for 40 min. 
After incubation, 10 μL of the kinase detection reagent was 
added to the microplate, and the microplate was centrifuged 
at 1000 RPM for 1 min, and incubated at 25 ℃ for 30 min. 
After incubation, luminescence detection was performed on 
the board reader and the luminescence value (RLU) was 
read.[40]   

Enzyme activity(%)＝[RLU(Sample)－RLU(Blank)/ 
[RLU(Pos.Ctrl)－RLU(Blank)]×100%  

IC50＝Bottom＋(Top－Bottom)/(1＋10^((logIC50－

X)*HillSlope))  
4.3.2  Antibacterial and antifungal assay 

Test bacteria were grown to mid-log phase in Mueller- 
Hinton broth (MHB) and diluted 1000-fold in the same 
medium. Bacteria (105 CFU/mL) were inoculated into MHB 
and dispensed at 0.2 mL/well in a 96-well microtiter plate. 
As positive controls, gatifloxacin and fluconazole were 
used. Test compounds were prepared in DMSO, the final 
concentration of which did not exceed 0.05%. A two-fold 
serial dilution technique was used to obtain final concen-
trations of 64～0.25 mg/mL. The MIC was defined as the 
concentration of a test compound that completely inhibited 
bacteria growth during 24 h incubation at 37 ℃. Bacteria 
growth was determined by measuring the absorption at 650 
nm using a microtiter enzyme-linked immunosorbent assay 
(ELISA) reader. All experiments were carried out three 
times. 
4.3.3  Cell viability assay 

The cytotoxicity test of selected compound was measured 
through the colorimetric MTT assay. HepG2 cells (ATTC, 
China) were cultured in medium containing 15% FBS 
RPMI in an incubator containing 5% CO2 at 37 ℃. The cells 
were inoculated to 96-well plates with 3×103 cells per well 
for 24 h, and then a variety of concentrations of the test 
compounds dissolved by distilled 10% DMSO were added 
to each well. Incubation for 24 h at 37 ℃ under 5% CO2, 5 
mg/mL MTT solution was added to each well. Further the 
plate was incubated for 4 h. Then, the incubation medium 
was aspirated and the resulting formazan crystals were 
dissolved with DMSO (100 μL). After shaking 10 min, the 
optical density was measured at 570 nm using a microtiter 
ELISA (SH1000, Techcomp China). The selected com-
pounds were used as positive controls, whereas untreated 
cells were used as negative controls. The IC50 values were 
defined as the concentrations inhibiting 50% of cell growth. 
All experiments were performed in triplicate.  

 
Supporting Information  1H NMR, 13C NMR, and HRMS 
data for targeted compounds 12, 13a～13e, and 14a～14h. 
The supporting information is available free of charge via 
the internet at http://sioc-journal.cn/.  
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