
Journal Pre-proof

Design, Synthesis and Biological Evaluation of 4-Aniline Quinazoline Derivatives
Conjugated with Hydrogen Sulfide (H2S) Donors as Potent EGFR Inhibitors against
L858R Resistance Mutation

You-Guang Zheng, Wu-Qi Zhang, Long Meng, Xiao-Qing Wu, Ling Zhang, Lin An,
Cheng-Lin Li, Cai-Yun Gao, Liang Xu, Yi Liu

PII: S0223-5234(20)30494-3

DOI: https://doi.org/10.1016/j.ejmech.2020.112522

Reference: EJMECH 112522

To appear in: European Journal of Medicinal Chemistry

Received Date: 6 March 2020

Revised Date: 29 May 2020

Accepted Date: 1 June 2020

Please cite this article as: Y.-G. Zheng, W.-Q. Zhang, L. Meng, X.-Q. Wu, L. Zhang, L. An, C.-L. Li, C.-
Y. Gao, L. Xu, Y. Liu, Design, Synthesis and Biological Evaluation of 4-Aniline Quinazoline Derivatives
Conjugated with Hydrogen Sulfide (H2S) Donors as Potent EGFR Inhibitors against L858R Resistance
Mutation, European Journal of Medicinal Chemistry, https://doi.org/10.1016/j.ejmech.2020.112522.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published
in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2020 Published by Elsevier Masson SAS.

https://doi.org/10.1016/j.ejmech.2020.112522
https://doi.org/10.1016/j.ejmech.2020.112522




Design, Synthesis and Biological Evaluation of 4-Aniline 

Quinazoline Derivatives Conjugated with Hydrogen Sulfide (H2S) 

Donors as Potent EGFR Inhibitors against L858R Resistance 

Mutation 

You-Guang Zhenga, b*, Wu-Qi Zhanga, b, Long Menga, b, Xiao-Qing Wu c, Ling Zhanga, 

b, Lin Ana, b, Cheng-Lin Lia, b, Cai-Yun Gaoa, b, Liang Xu c, d, Yi Liu  a, b*. 

aCollege of Pharmacy, Xuzhou Medical University, Xuzhou 221004, PR China;  

bJiangsu Key Laboratory of New Drug Research and Clinical Pharmacy, Xuzhou 

Medical University, Xuzhou 221004, PR China; 

c Department of Molecular Biosciences, University of Kansas, Lawrence, KS, USA; 

d Department of Radiation Oncology, The University of Kansas Medical Center, 

Kansas City, Kansas, USA. 

*You-Guang Zheng and Yi Liu are corresponding authors. 

ABSTRACT 

In this study, a series of 4-aniline quinazoline derivatives bearing hydrogen sulfide 

(H2S) donors were designed, synthesized and evaluated for biological activities. The 

synthesized compounds were screened for the enzymatic activities against EGFR and 

EGFR mutants by kinase target-based cell screening method. The results demonstrate 

that most compounds exhibit selectively inhibitory activities against 

TEL-EGFR-L858R-BaF3, especially compound 9h with GI50=0.008 μM 

(TEL-EGFR-L858R-BaF3), 0.0069 μM (TEL-EGFR-C797S-BaF3), >10 μM 

(BaF3), >10 μM (TEL-EGFR-BaF3) and 6.03 μM 

(TEL-EGFR-T790M-L858R-BaF3). The results from anti-proliferative assays in two 

NSCLC cell lines indicate that synthetic derivatives (9g, 9h, 15e and 15f) with H2S 

donor ACS81 display greater anti-proliferative potency against NSCLC cell line 

H3255 bearing EGFR mutant (L858R) with GI50 values ranging from 0.3486 to 1.348 

μM. In addition, compound 9h exhibits weak anti-proliferative effects on other tumor 

cells (HepG2, MCF-7, HT-29 and A431) and has lower toxic effect on HUVEC cells 

than AZD9291 (positive control). Meanwhile, compound 9h inhibits the 



phosphorylation of EGFR in H3255 cells in a dose-dependent manner. Cell cycle 

analysis reveals that compound 9h suppresses the proliferation of cells by inducing 

cell cycle arrest in G0-G1 phase. The result of H2S release evaluation suggests that 

the H2S release of compound 9h is significantly more and faster than other 

compounds. 

Keywords: EGFR, Conjugate, Hydrogen Sulfide, H3255 (L858R) 

1. Introduction 

Quinazoline alkaloids are nitrogen-containing heterocycles with a broad range of 

biological properties, such as anticancer[1, 2], anticonvulsant[3], antifungal[4], 

anti-inflammatory[5], antimalaria[6], antibacterial[7], antihypertensive[8], anti-HIV[9] 

activities. Many quinazoline derivatives have been developed to bind to various 

targets, including epidermal growth factor receptor (EGFR)[10-13], vascular 

endothelial growth factor receptor (VEGFR)[14], janus kinase 2 (JAK2)[15], histone 

deacetylase (HDAC)[16], Bromodomain-containing protein 4 (BRD4)[17], 

cyclin-dependent kinases (CDK)[18], poly ADP-ribose polymerase (PARP)[19], 

MEK5/ERK5 pathway[20], and so on. In our previous work, we have reported several 

4-anilinoquinazoline derivatives, which show significant activity against cancer cells 

[21-23]. On the basis of the literature and our preliminary studies, we used 

4-anilinoquinazoline as the scaffold to design new antitumor agents in this study. 

Hydrogen sulfide (H2S) was known as toxic pollutant for many years. However, it is 

now widely recognized as an important biological and pharmacological molecule. In 

the past decade, studies reveal that H2S plays critical role in physiology and 

pathology[24]. In cancer, H2S has been showed to exhibit remarkable in vitro 

antiproliferative activity against tumor cell lines, such as A549/DDP[25], HepG2[26], 

and MCF-7[27]. Although H2S exerts crucial effects on antitumor, it cannot be used as 

an anticancer agent due to the uncontrollability and toxicity[28]. Meanwhile, several 

slow-releasing H2S donors were reported to display antitumor effect [26, 29], and 

many H2S donors were discovered (Fig. 1). In addition, previous relevant studies also 

demonstrate that the compounds bearing H2S donors have potent inhibitory activities 

against tumor cells [28, 30-33]. 



 

Fig. 1. Hydrogen sulfide (H2S) donors 

In the light of above findings and our previous studies, we designed and synthesized 

of a series novel 4-anilinoquinazoline derivatives linked with various H2S donors on 

position 6 or 7 of quinazoline ring through different chains (Fig. 2). 

 

Fig. 2. Design of novel 4-aniline quinazoline derivatives bearing hydrogen sulfide 

(H2S) donors 

2. Results and discussion 

2.1. Chemistry 

The overall synthetic route of compounds (9a-9h) was outlined in Scheme 1 starting 

from vanillic acid. After the esterification, alkylation, nitration, reduction, cyclisation 

and chlorination, compounds (8a-8f) were obtained. The target compounds (9a-9h) 

were prepared by reacting compound (8) with two H2S donors. 



 

Scheme 1 The synthesis of compounds 9a-9h. Reagents and conditions: (a)CH3OH, 

98% sulfuric acid, reflux; (b)K2CO3, KI, 1-bromo-3-chloropropane, DMF, rt; (c) nitric 

acid, acetic acid, acetic anhydride, 0-5 °C; (d) Pd/C, methanol, rt; (e) formamidine 

acetate, alcohol, reflux; (f) SOCl2, DMF, reflux; (g) substituted aniline, isopropanol, 

reflux; (h) K2CO3, KI, ADT-OH or ACS81, DMF rt. 

As depicted in Scheme 2, 2-amino-5-nitrobenzoic acid (10) was converted by 

cyclisation with formamidine acetate to obtain compound (11), which was chlorinated 

by thionyl chloride to afford the chloride compound (12). Compound (12) was treated 

with substituted aniline in isopropanol to give compounds (13a-13c). Then 

compounds (13a-13c) were reduced to their amino derivatives (14a-14c) using iron 

powder. The target compounds (15a-15f) were synthesized by reacting compounds 

(14a-14c) with two H2S donors using HATU. 
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Scheme 2 The synthesis of compounds 15a-15f. Reagents and conditions: 

(a)formamidine acetate, 2-methoxyethanol, reflux; (b)SOCl2, DMF, reflux; (c) 

substituted aniline, isopropanol, reflux; (d) iron powder, acetic acid/ethanol, refiux; (e) 

HATU, triethylamine, ACS60 or ACS81, rt. 

2.2. Biological activities 

2.2.1. In vitro inhibition activities studies of kinases 

Many novel 4-aniline quinazoline derivatives target EGFR, which is closely 

associated with cancer[34-36]. Therefore, the target compounds were assayed with the 

enzymatic activities against EGFR and EGFR mutants by kinase target-based cell 

screening method [37, 38]. As showed in Table 1, most of the compounds (9a-9h) 

displayed selective anti-proliferation efficacy against TEL-EGFR-L858R-BaF3 

(GI50=0.008-0.85μM), while having poor activities against BaF3, TEL-EGFR-BaF3 

and TEL-EGFR-T790M-L858R-BaF3, especially compound 9h with GI50=0.008 μM 

(TEL-EGFR-L858R-BaF3), >10 μM (BaF3), >10 μM (TEL-EGFR-BaF3) and 6.03 

μM (TEL-EGFR-T790M-L858R-BaF3). Compounds bearing H2S donor ACS81 

showed better inhibiting activities (GI50=0.008-0.058μM) than others with ADT-OH 

(GI50>0.10 μM). Meanwhile, compounds with m-Br in 4-aniline group exhibited 

greater potency against TEL-EGFR-L858R-BaF3, such as compound 9h 



(GI50=0.008μM) and 9d (GI50=0.12 μM). In addition, compound 9h was tested 

against TEL-EGFR-C797S-BaF3 with GI50=0.0069μM, so there was no interaction 

between the allyl-disulfanyl-propionic group and the C797 residue, and the 

biochemical evaluation of the mechanism of the compound 9h is being further 

investigated.  

Table 1 The activities of the compounds (9a-9h) against EGFR and EGFR mutations 
(GI50 μM)  

 

Com

pd 
R1 R2 R3 BaF3 

TEL-EGFR-B

aF3 

TEL-EGFR-L

858R-BaF3 

TEL-EGFR-T

790M-L858R-

BaF3 

9a Cl F 
 

>10 >10 0.27 >10 

9b H Br 
 

9.23 9.56 0.25 >10 

9c H NO2 
 

3.79 4.08 0.60 >10 

9d Br H 
 

9.23 3.06 0.12 >10 

9e CF3 H 
 

3.79 1.98 0.38 1.648 

9f -OCH3 -OCH3 
 

2.65 3.39 0.83 6.35 

9g H Br  
3.91 2.34 0.058 >10  

9h Br H  
>10 >10 0.008 6.03 

AZD

9291 
   

2.6 0.28 <0.003 0.06 

 

Several of compounds 15a-15f were also tested the enzymatic activities against EGFR 



and EGFR mutants. As showed in Table 2, the compounds with ACS81 also exhibited 

stronger inhibition against TEL-EGFR-L858R-BaF3, such as compound 15e 

(GI50=0.011μM) and compounds 15f (GI50=0.012μM). 

Table 2 The activities of the compounds (15a-15f) against EGFR and EGFR 

mutations (GI50 μM)  

 

Com

pd 
R1 R2 R3 BaF3 

TEL-EGFR-B

aF3 

TEL-EGFR-L

858R-BaF3 

TEL-EGFR-T

790M-L858R-

BaF3 

15a CF3 H 
 

NT NT NT NT 

15b Br H 
 

NT NT NT NT 

15c Cl F 
 

4.27 2.49 0.29 3.16 

15d CF3 H  
NT NT NT NT 

15e Br H  
＞10 ＞10 0.011 ＞10 

15f Cl F  
＞10 ＞10 0.012 ＞10 

AZD

9291 
   

2.6 0.28 <0.003 0.06 

2.2.2. Anti-proliferation assay 

To explore the potential antitumor effect, the in vitro anti-proliferative activities of the 

synthetic derivatives were evaluated against the NSCLC cell lines A549 (A549 

harboring wide type EGFR) and H3255 (H3255 expressing EGFR-L858R). 

AZD9291(a third-generation EGFR inhibitor) that shows inhibiting EGFR 

phosphorylation in cells harboring sensitising EGFR mutants including H3255 

(L858R), PC-9 (ex19del) and H1650 (ex19del) was choose as positive control. The 

results were summarized in Table 3. All of the target compounds showed poor 

anti-proliferative activities against A549 (GI50>10 μM), while most compounds 

exhibited potent inhibitory activities against H3255 with the GI50 ranging from 0.3486 

to 8.578 μM. Furthermore, compound 9g, 9h, 15e and 15f with H2S donor ACS81 



showed greater anti-proliferative potency against H3255 with GI50 values at 1.348, 

0.7873, 0.5195 and 0.3486 μM, respectively. It seems that the result of 

anti-proliferative activities was consistent with their enzymatic inhibitory activities. 

Then the H3255 cells were treated with compound 9h together with ZnCl2 (10μM 

ZnCl2 to quench the released H2S), but the GI50 (GI50=0.3028μM) of which decreased 

rather than increased compared with that of compound 9h only. We guess that it may 

owe to the inhibitory activity of ZnCl2 against H3255 (Cell proliferation rate was only 

54.02% at 10 μM of ZnCl2). 

Table 3 In vitro anti-proliferative activities in two NSCLC cell lines of target 

compounds. 

compd A549 (GI50 μM) H3255 (GI50 μM) 
9a >10 >10 
9b >10 1.408 
9c >10 1.874 
9d >10 2.404 
9e >10 7.472 
9f >10 8.578 
9g >10 1.348 
9h >10 0.7873 
15a >10 NT 
15b >10 NT 
15c >10 4.355 
15d >10 NT 
15e >10 0.5195 
15f >10 0.3486 

ZnCl2 NT 54.02%a 
9h+ZnCl2(10μM) NT 0.3028 

AZD9291 NT 0.09 
a Cell proliferation rate (10 μM)  
 

In addition, in vitro anti-proliferative activities against other four tumor cells 

(harboring wide type EGFR) of compound 9h were tested. As described in Table 4, 9h 

exhibits weak anti-proliferative effects on HepG2, MCF-7, HT-29 and A431 cell lines 

with IC50 value of >10, 7.309, >10 and 6.703 μM, respectively. To investigate the 

tumor selectivity, the cytotoxicity of 9h on normal cells (HUVEC cells) was assayed. 

The result showed that 9h has no toxic effect on HUVEC cells (IC50>10μM). 



Therefore, compound 9h selectively inhibits NSCLC cell line H3255 (expressing 

EGFR-L858R) compared to other tumor cells and has lower toxic effect on HUVEC 

cells (IC50>10μM) than AZD9291 (IC50=7.278μM). 

Table 4 In vitro anti-proliferative activities against other tumor cells and normal cells 

of compound 9h (IC50 μM) 

Compound HepG2 MCF-7 HT-29 A431 HUVEC 

9h ＞10 7.309 ＞10 6.703 ＞10 

AZD9291 2.239 2.54 2.834 2.823 7.278 

 
2.2.3. Compound 9h inhibited EGFR phosphorylation in H3255 cells 

In order to further verify the activities of compound 9h in cellular level, we examined 

its effect on the phosphorylation of EGFR in the representative cancer cell line H3255, 

which was treated with various concentrations of 9h for 4h. As shown in Fig. 3, 

compound 9h inhibited the phosphorylation of EGFR in H3255 cells in a 

dose-dependent manner. 

 
Fig. 3. Compound 9h suppressed the phosphorylation of EGFR in H3255 cells 

 
2.2.4. Cell cycle analysis 

Previous studies reported that EGFR inhibitors can induce cell cycle arrest in tumor 

cells [39-42]. To determine the effect of compound 9h on cell cycle, flow cytometry 

was performed on H3255 cells treated with various concentrations of 9h for 72 h. As 

described in Fig. 4, the percentage of H3255 cells in G0-G1 phase increased from 

60.32% to 88.61% after treatment of compound 9h with 1, 5 and 10 μM, indicating 

that compound 9h inhibits the proliferation of cells by inducing cell cycle arrest in 



G0-G1 phase. 

 
Fig. 4 9h induced G0-G1 phase cell cycle arrest on H 3255. 

 

2.2.5 In vitro hydrogen sulfide release evaluation 

Using the hydrogen sulfide probe (NIR-HS) developed by our group[43], compound 

9f, 9h and 15c bearing various H2S donors were tested their ability to release 

hydrogen sulfide by the published method [44]. After incubating the compounds 9f, 

9h and 15c (10, 50, 100, 200 μM) with the fluorescent probe NIR-HS (10 μM), 

significant fluorescence signals were produced, and the fluorescence intensity 

increased significantly compared with that without the compounds (*P < 0.05,**P < 

0.01) (Fig. 5). This indicates that all compounds can release H2S in PBS buffer.  

 



Fig. 5 Fluorescence emission spectra of NIR-HS (10μM) with varied concentrations 

of 9f (A), 9h (B) and 15c (C) in PBS buffer (pH=7.4, 60% acetone) at 37℃for 3 h. 

 

Then quantitative determinations of H2S release from target compounds were 

performed. As shown in Fig 6A and 6B, the standard curve between the concentration 

of Na2S and fluorescence intensity of NIR-HS probe was established, which has 

excellent linear relationship. Release of H2S by compound 9f, 9h and 15c were 

quantitatively determined based on the standard curve. The results indicate that all the 

compounds could release H2S, especially compound 9h with the ability of H2S 

releasing significantly more than that of compound 9f and 15c. Within 1h, the release 

rate of H2S of compound 9h was faster than other two compounds and tended to level 

off after 2h (Fig 6C). This result is consistent with the in vitro inhibition activities of 

kinases and cells. 

 

 

 

Fig. 6 (A) Fluorescence emission spectra of NIR-HS (10μM) with varied 

concentrations of Na2S (0, 2, 4, 6, 8μM) in PBS buffer (pH=7.4, 60% acetone) at 37℃ 



for 3h. (B) The fluorescence intensity (F/F0) of the reaction system at 723 nm against 

the corresponding reagent blank (without Na2S), which is the calibration curve for this 

study. (C) Time-dependent hydrogen sulfide-releasing derivatives of 9f, 9h and 15c.  

 

3. Conclusions 

In summary, we designed and synthesized a series of 4-aniline quinazoline derivatives 

conjugated with hydrogen sulfide (H2S) donors and the target compounds were 

assayed with the enzymatic activities against EGFR and EGFR mutations. Most 

compounds displayed inhibitory activities against TEL-EGFR-L858R-BaF3 and 

achieved selectivity over TEL-EGFR-BaF3 and TEL-EGFR-T790M-L858R-BaF3, 

especially compound 9h with GI50=0.008 μM (TEL-EGFR-L858R-BaF3), >10 μM 

(TEL-EGFR-BaF3) and 6.03 μM (TEL-EGFR-T790M-L858R-BaF3). Additionally, 

anti-proliferation assays showed that compounds (9g, 9h, 15e and 15f) with H2S 

donor ACS81 exhibited greater anti-proliferative potency against EGFR mutant 

NSCLC cell line H3255 (L858R) with GI50 values at 1.348, 0.7873, 0.5195 and 

0.3486 μM respectively, and it is consistent with their enzymatic inhibitory activities. 

In addition, compound 9h selectively inhibits NSCLC cell line H3255 (expressing 

EGFR-L858R) compared to other tumor cells (HepG2, MCF-7, HT-29 and A431 cell 

lines) and has lower toxic effect on normal cells (HUVEC) than AZD9291. 

Furthermore, compound 9h inhibited the phosphorylation of EGFR in H3255 cells in 

a dose-dependent manner. Cell cycle analysis uncovered compound 9h inhibited the 

proliferation of cells by inducing cell cycle arrest in G0-G1 phase. The result of 

hydrogen sulfide release evaluation exhibited that all the compounds could release 

H2S, especially compound 9h with the ability of H2S releasing significantly more and 

faster than other compounds. Hence, compound 9h merits further exploration as a 

potential candidate for the EGFR-L858R positive NSCLC. 

 

4. Experimental 

4.1. Chemistry 

Unless otherwise noted, all reagents were purchased from commercial sources and 



used without further purification. All compounds were routinely monitored by 

thin-layer chromatography with silica gel GF-254 glass plates and viewed under UV 

light at 254 nm. The 1H-NMR and 13C-NMR spectra were determined in DMSO-d6 on 

a JNM-ECZ400s/L spectrometer. Chemical shifts (δ) were reported in parts per 

million (ppm) relative to tetramethylsilane (TMS), which was used as an internal 

standard. The mass spectra (MS) were obtained from Agilent 1100LC/MS 

Spectrometry Services. HR-MS was obtained using a Q-tof high resolution mass 

spectrometer. 

4.1.1. Synthesis of compounds (2-8) 

Compounds 2-8 were prepared according to a similar procedure in Refs[23]. 

 

4.1.2. General procedure for the preparation of the compounds 9 

To a solution of compounds 8 (1mmol) in DMF (10 mL) was added K2CO3 (2mmol) 

and catalytic amount of KI, stirred for 10mins, followed by corresponding H2S donors 

(1mmol). The reaction mixture was stirred at 80 oC and monitored by thin layer 

chromatography. After completion of the reaction, the mixture was cooled to rt, 

poured into ice water (100 mL), stirred for 30mins. The solid formed was filtered off 

and purified by a silica gel column chromatography to afford compound 9. 

4.1.2.1. 

4-(4-(3-((4-((3-chloro-4-fluorophenyl)amino)-6-methoxyquinazolin-7-yl)oxy)propoxy)

phenyl)-3H-1,2-dithiole-3-thione (9a) 

Orange solid, yield: 20%. 1H NMR (400 MHz, CDCl3) δ 8.66 (s, 1H), 7.91 (s, 1H), 

7.64-7.59 (m, 2H), 7.31 (d, J = 16.0 Hz, 5H), 7.22-7.18 (m, 1H), 7.03 (d, J = 8.0 Hz, 

2H), 4.41-4.31 (m, 4H), 4.04 (s, 3H), 2.46 (s, 2H); 13C NMR (100 MHz, d6-DMSO) δ 

215.2, 174.2, 172.5, 162.4, 156.5, 154.1, 153.0, 152.5, 149.6, 134.6, 129.5, 124.2, 

124.0, 122.9, 122.8, 119.4, 119.2, 117.1, 116.9, 116.0, 109.2, 108.1, 102.4, 65.6, 65.3, 

56.8, 28.7; LC-MS m/z: 585.8 [M+H]+; MS (m/z): HRMS(ESI) Calcd for 

C27H20ClFN3O3S3([M-H] -):584.0339 (100%), found:584.0362; Calcd for 

C27H20ClFN3O3S3([M-H] -):586.0310 (32%), found:586.0332; Calcd for 

C27H20ClFN3O3S3([M-H] -):585.0373 (29.2%), found:585.0380. 



 4.1.2.2. 

4-(4-(3-((4-((4-bromophenyl)amino)-6-methoxyquinazolin-7-yl)oxy)propoxy)phenyl)-

3H-1,2-dithiole-3-thione (9b) 

Orange solid, yield: 16%. 1H NMR (400 MHz, CDCl3) δ 8.66 (s, 1H), 7.63 (dd, J = 

8.0, 12.0 Hz, 3H), 7.53 (d, J = 8.0 Hz, 2H), 7.39 (s, 1H), 7.29 (d, J = 12.0 Hz, 3H), 

7.07-7.01 (m, 3H), 4.39-4.29 (m, 4H), 4.03 (s, 3H), 2.47-2.44 (m, 2H); 13C NMR (100 

MHz, CDCl3) δ 195.7, 173.0, 169.7, 168.0, 162.2, 154.1, 149.7, 134.7, 132.0, 128.6, 

124.3, 123.4, 121.8, 117.0, 116.2, 115.5, 100.7, 65.3, 64.7, 56.4, 29.7; LC-MS m/z: 

611.8 [M+H]+; MS (m/z): HRMS(ESI) Calcd for C27H21BrN3O3S3 ([M-H] -): 

609.9928(100%), found:609.9918, Calcd for C27H21BrN3O3S3 ([M-H]-): 

611.9908(97.3%), found: 611.9930. 

4.1.2.3. 

4-(4-(3-((6-methoxy-4-((4-nitrophenyl)amino)quinazolin-7-yl)oxy)propoxy)phenyl)-3

H-1,2-dithiole-3-thione (9c) 

Orange solid, yield: 19%. 1H NMR (400 MHz, d6-DMSO) δ 10.05 (s, 1H), 8.65 (s, 

1H), 8.30 (d, J = 8.0 Hz, 2H), 8.20 (d, J = 12.0 Hz, 2H), 7.92-7.87 (m, 2H), 7.81-7.76 

(m, 1H), 7.31 (s, 1H), 7.13 (dd, J = 4.0 Hz, 2H), 4.37-4.29 (m, 4H), 4.01 (s, 3H), 

2.33-2.30 (m, 2H); 13C NMR (100 MHz, d6-DMSO) δ 215.3, 174.2, 162.4, 162.0, 

156.2, 154.5, 152.6, 149.92, 142.1, 134.7, 129.5, 128.7, 125.1, 124.2, 121.2, 116.6, 

116.0, 109.9, 108.0, 102.5, 65.7, 65.3, 56.9, 28.7; LC-MS m/z: 578.9 [M+H]+. 

4.1.2.4. 

4-(4-(3-((4-((3-bromophenyl)amino)-6-methoxyquinazolin-7-yl)oxy)propoxy)phenyl)-

3H-1,2-dithiole-3-thione (9d) 

Orange solid, yield: 20%.1H NMR (400 MHz, d6-DMSO) δ 9.53 (s, 1H), 8.53 (s, 1H), 

8.16 (s, 1H), 7.90-7.75 (m, 5H), 7.34 (d, J = 8.0 Hz, 1H), 7.27 (d, J = 16.0 Hz, 2H), 

7.12 (d, J = 8.0 Hz, 2H), 4.33-4.28 (m, 4H), 3.98 (s, 3H), 2.30 (s, 2H); 13C NMR (100 

MHz, d6-DMSO) δ 215.3, 174.2, 162.4, 156.5, 154.0, 153.1, 149.6, 147.3, 141.7, 



134.6, 130.8, 129.5, 128.7, 126.1, 124.5, 124.2, 121.7, 121.1, 116.0, 115.8, 109.4, 

108.3, 102.4, 65.6, 65.3, 56.8, 28.7; LC-MS m/z: 611.7 [M+H]+ (100%); MS (m/z): 

HRMS(ESI) Calcd for C27H21BrN3O3S3([M-H] -): 611.9908(97.3%), found: 611.9960. 

4.1.2.5. 

4-(4-(3-((6-methoxy-4-((3-(trifluoromethyl)phenyl)amino)quinazolin-7-yl)oxy)propoxy

)phenyl)-3H-1,2-dithiole-3-thione (9e) 

Orange solid, yield: 20%. 1H NMR (400 MHz, d6-DMSO) δ 9.67 (s, 1H), 8.54 (s, 1H), 

8.23 (d, J = 8.0 Hz, 2H), 7.87 (d, J = 8.0 Hz, 3H), 7.75 (s, 1H), 7.63 (t, J = 8.0 Hz, 

1H), 7.44 (d, J = 8.0 Hz, 1H), 7.26 (s, 1H), 7.13 (d, J = 12.0 Hz, 2H), 4.35-4.28 (m, 

4H), 4.00 (s, 3H), 2.32-2.29 (m, 2H); 13C NMR (100 MHz, d6-DMSO) δ 215.2, 174.2, 

170.8, 162.4, 156.5, 154.1, 153.0, 149.6, 147.4, 140.9, 134.6, 130.0, 129.5, 126.1, 

125.9, 124.2, 123.4, 119.8, 118.3, 116.0, 109.5, 108.4, 102.4, 65.6, 65.3, 56.8, 28.7; 

LC-MS m/z: 601.8 [M+H]+; MS (m/z): HRMS(ESI) Calcd for 

C28H23F3N3O3S3([M+H] +): 602.0854, found:602.0830. 

4.1.2.6. 

4-(4-(3-((4-((3,4-dimethoxyphenyl)amino)-6-methoxyquinazolin-7-yl)oxy)propoxy)phe

nyl)-3H-1,2-dithiole-3-thione (9f) 

Orange solid, yield: 17%.1H NMR (400 MHz, d6-DMSO) δ 9.39 (s, 1H), 8.42 (s, 1H), 

7.90-7.83 (m, 3H), 7.75 (s, 1H), 7.38 (s, 1H), 7.32 (d, J = 8.0 Hz, 1H), 7.21 (s, 1H), 

7.13 (d, J = 8.0 Hz, 2H), 6.99 (d, J = 12.0 Hz, 1H), 4.32-4.29 (m, 4H), 3.97 (s, 3H), 

3.79 (d, J = 8.0 Hz, 6H), 2.32-2.29 (m, 2H); 13C NMR (100 MHz, d6-DMSO) δ 215.3, 

174.2, 162.4, 157.1, 153.7, 149.3, 148.9, 145.88, 134.6, 133.0, 129.5, 128.7, 116.5, 

116.0, 115.8, 115.6, 112.3, 109.2, 108.6, 108.1, 102.7, 65.5, 65.3, 56.8, 56.2, 56.1, 

28.8; LC-MS m/z: 593.8[M+H]+; MS (m/z): HRMS(ESI) Calcd for C29H28N3O5S3 

([M+H] +): 594.1191, found:594.1163; Calcd for C29H28N3O5S3 ([M+Na]+):616.1011, 

found: 616.0981. 

4.1.2.7. 3-((4-((4-bromophenyl)amino)-6-methoxyquinazolin-7-yl)oxy)propyl 



3-(allyldisulfaneyl)propanoate (9g) 

Off-white solid, yield: 16%. 1H NMR (400 MHz, d6-DMSO) δ 9.53 (s, 1H), 8.49 (s, 

1H), 7.84 (d, J = 12.0 Hz, 3H), 7.57 (d, J = 12.0 Hz, 2H), 7.22 (d, J = 8.0 Hz, 1H), 

5.84-5.69 (m, 1H), 5.21-5.15 (m, 1H), 5.11-5.05 (m, 1H), 4.33-4.24 (m, 4H), 3.98 (s, 

3H), 3.16 (d, J = 8.0 Hz, 2H), 2.67-2.61 (m, 2H), 2.51 (s, 2H), 2.20-2.14 (m, 2H); 13C 

NMR (100 MHz, d6-DMSO) δ 172.0, 168.9, 156.5, 153.9, 153.2, 147.4, 139.5, 135.0, 

131.7, 128.8, 124.4, 117.6, 115.3, 109.4, 102.5, 65.7, 61.7, 56.8, 34.5, 34.1, 28.3; 

LC-MS m/z: 563.8[M+H]+; MS (m/z): HRMS(ESI) Calcd for C24H25BrN3O4S2 

([M-H] -): 562.0470(100%), found:562.0589; Calcd for C24H25BrN3O4S2 ([M-H] -): 

564.0449(97.3%), found:564.0569. 

4.1.2.8. 3-((4-((4-bromophenyl)amino)-6-methoxyquinazolin-7-yl)oxy)propyl 

3-(allyldisulfaneyl)propanoate (9h) 

Off-white solid, yield: 20%. 1H NMR (400 MHz, d6-DMSO) δ 9.54 (s, 1H), 8.53 (s, 

1H), 8.16 (s, 1H), 7.90 (d, J = 8.0 Hz, 1H), 7.84 (s, 1H), 7.36 (t, J = 8.0 Hz 1H), 7.29 

(d, J = 8.0 Hz, 1H), 7.24-7.22 (m, 1H), 5.79-5.69 (m, 1H), 5.14-5.05 (m, 2H), 

4.33-4.23 (m, 4H), 3.98 (s, 3H), 3.16 (d, J = 4.0 Hz, 2H), 2.63 (t, J = 4.0 Hz ,2H), 

2.52-2.51 (m, 2H), 2.17-2.11 (m, 2H); 13C NMR (100 MHz, d6-DMSO) δ 172.0, 166.0, 

156.4, 154.0, 153.1, 149.6, 147.5, 135.0, 130.8, 128.8, 126.0, 124.4, 121.6, 121.0, 

117.6, 109.4, 102.4, 65.7, 61.5, 56.8, 34.5, 34.1, 28.1; LC-MS m/z: 564.1[M+H]+; MS 

(m/z): HRMS(ESI) Calcd for ([M-H]-): 562.0470(100%), found:562.0494; Calcd for 

C24H25BrN3O4S2 ([M-H] -): 564.0449(97.3%), found:564.0481. 

4.1.3. Synthesis of compounds (11-14) 

Compounds 11-14 were prepared according to a similar procedure in Refs[21]. 

4.1.4. General procedure for the preparation of the compounds 15. 

To the corresponding H2S donors (1.1 mmol) in DMF (10 mL) was added HATU (1.1 

mmol) and triethylamine (1.2 mmol) at room temperature and the reaction was run for 

20 mins. Then compounds 14 (1.0 mmol) was added, and the reaction mixture was 



stirred for 24 h at room temperature. After completion of the reaction, the mixture was 

poured into ice water (100 mL), stirred for 30mins. The solid formed was filtered off 

and purified by a silica gel column chromatography to afford compound 15. 

4.1.4.1 2-(4-(3-thioxo-3H-1, 2-dithiol-5-yl)phenoxy)-N-(4-((3-(trifluoromethyl)phenyl) 

amino)quinazolin-6-yl)acetamide (15a) 

Yellow solid, yield: 16.6 %. 1H NMR (400 MHz, d6-DMSO) δ 10.52 (s, 1H), 10.05 (s, 

1H), 8.79 (s, 1H), 8.60 (s, 1H), 8.27 (s, 1H), 8.20 (d, J = 8.0 Hz, 1H), 7.96-7.91 (m, 

3H), 7.83 (d, J = 8.0 Hz, 1H), 7.76 (d, J = 4.0 Hz, 1H), 7.60 (t, J = 8.0 Hz, 1H), 7.43 

(s, 1H), 7.20 (d, J = 8.0 Hz, 2H), 4.95 (s, 2H); 13C NMR (100 MHz, d6-DMSO) δ 

215.4, 176.9, 166.8, 161.7, 157.9, 153.7, 147.4, 140.73, 136.5, 134.9, 129.9, 129.90, 

129.6, 129.5, 129.0, 128.7, 128.1, 128.10, 126.2, 124.8, 124.6, 118.7, 116.3, 115.9, 

67.5; LC-MS m/z: 571.1 [M+H]+; MS (m/z): HRMS(ESI) Calcd for C26H16F3N4O2S3 

([M-H] -): 569.0387, found:569.0453. 

4.1.4.2 

N-(4-((3-bromophenyl)amino)quinazolin-6-yl)-2-(4-(3-thioxo-3H-1,2-dithiol-5-yl)phe

noxy)acetamide (15b) 

Yellow solid, yield: 10.0 %. 1H NMR (400 MHz, d6-DMSO) δ 10.55 (s, 1H), 9.90 (s, 

1H), 8.77 (s, 1H), 8.57 (s, 1H), 8.17 (s, 1H), 7.97 (d, J = 12.0 Hz, 1H), 7.87 (d, J = 8.0 

Hz, 2H), 7.79 (d, J = 8.0 Hz, 2H), 7.72 (s, 1H), 7.30 (d, J = 8.0 Hz, 1H), 7.25 (s, 1H), 

7.19 (d, J = 8.0 Hz, 2H), 4.93 (s, 2H); 13C NMR (100 MHz, d6-DMSO) δ 215.3, 173.9, 

166.7, 161.7, 157.8, 153.7, 147.4, 141.6, 136.4, 134.8, 130.6, 129.4, 128.7, 126.3, 

125.6, 124.8, 121.6, 121.3, 116.3, 116.1, 115.9, 67.5; LC-MS m/z: 581.0[M+H]+; MS 

(m/z): HRMS(ESI) Calcd for C25H16BrN4O2S3 ([M-H] -): 578.9619(100%), 

found:578.9648; Calcd for C25H16BrN4O2S3 ([M-H] -): 580.9598(97.3%), 

found:580.9629.  

4.1.4.3 



N-(4-((3-chloro-4-fluorophenyl)amino)quinazolin-6-yl)-2-(4-(3-thioxo-3H-1,2-dithiol-

5-yl)phenoxy)acetamide (15c) 

Yellow solid, yield: 15.0 %. 1H NMR (400 MHz, CDCl3) δ 8.83 (s, 1H), 8.76 (s, 1H), 

8.53 (s, 1H), 7.98 (d, J = 12.0 Hz, 2H), 7.75-7.70 (m, 3H), 7.63 (d, J = 8.0 Hz, 1H), 

7.57 (d, J = 8.0 Hz, 1H), 7.43 (s, 1H), 7.22 (d, J = 8.0 Hz, 1H), 7.19-7.16 (m, 2H), 

4.79 (s, 2H); 13C NMR (100 MHz, d6-DMSO) δ 215.3, 172.4, 166.7, 161.6, 136.8, 

134.8, 129.3, 128.6, 128.2, 124.9, 124.7, 119.5, 119.4, 116.9, 116.7, 116.2, 116.0, 

113.1, 100.0, 67.5; LC-MS m/z: 555.0[M+H]+; MS(m/z):HRMS(ESI) Calcd for 

C25H17ClFN4O2S3([M+H] +): 556.0654, found:556.0680. 

4.1.4.4 

3-(allyldisulfaneyl)-N-(4-((3-(trifluoromethyl)phenyl)amino)quinazolin-6-yl)propana

mide (15d) 

Off-white solid, yield: 16.0 %. 1H NMR (400 MHz, d6-DMSO) δ 10.37 (s, 1H), 10.02 

(s, 1H), 8.76 (s, 1H), 8.57 (s, 1H), 8.27-8.20 (m, 2H), 7.82 (dd, J = 8.0 Hz, 2H), 7.60 

(d, J = 8.0 Hz, 1H), 7.41 (s, 1H), 5.90-5.80 (m, 1H), 5.19 (dd, J = 16.0 Hz, 2H), 3.43 

(d, J = 8.0 Hz, 2H), 3.05 (m, 2H), 2.51-2.50 (m, 2H); 13C NMR (100 MHz, d6-DMSO) 

δ 169.9, 157.8, 149.5, 147.1, 140.8, 137.3, 134.0, 129.9, 129.0, 128.0, 126.1, 126.1, 

119.2, 118.4, 117.3, 116.0, 100.0, 41.5, 36.4, 33.9; LC-MS m/z: 465.1[M+H]+; MS 

(m/z): HRMS(ESI) Calcd for C21H19F3N4NaOS2 ([M+H] +): 465.1031, found: 

465.1007; Calcd for C21H19F3N4NaOS2 ([M+Na]+): 487.0850, found: 487.0836. 

4.1.4.5 

3-(allyldisulfaneyl)-N-(4-((3-bromophenyl)amino)quinazolin-6-yl)propanamide (15e) 

Off-white solid, yield: 15.7 %. 1H NMR (400 MHz, d6-DMSO) δ 10.35 (s, 1H), 9.88 

(s, 1H), 8.71 (s, 1H), 8.57 (d, J = 4.0 Hz, H), 8.17 (t, J = 4.0 Hz, 1H), 7.87 (d, J =8.0 

Hz, 2H), 7.78 (dd, J = 4.0 Hz, 1H), 7.32-7.25 (m, 2H), 5.90-5.80 (m, 1H), 5.18 (dd, J 

=16.0 Hz, 2H), 3.43 (d, J = 8.0 Hz, 2H), 3.04 (t, J = 8.0 Hz, 2H), 2.51-2.50 (m, 2H); 



13C NMR (100 MHz, d6-DMSO) δ 169.9, 157.8, 153.5, 147.1, 141.6, 137.3, 134.0, 

130.7, 128.9, 126.4, 124.8, 121.6, 121.4, 119.2, 115.9, 100.0, 41.5, 36.4, 33.9; LC-MS 

m/z: 475.0[M+H]+; MS (m/z): HRMS(ESI) Calcd for C20H18BrN4OS2 ([M-H] -): 

473.0105(100%), found:473.0166; Calcd for C20H18BrN4OS2 ([M-H] -): 

475.0085(97.3%), found:475.0153. 

4.1.4.6 

3-(allyldisulfaneyl)-N-(4-((3-chloro-4-fluorophenyl)amino)quinazolin-6-yl)propanami

de (15f) 

Off-white solid, yield: 17.0 %. 1H NMR (400 MHz, d6-DMSO) δ 10.35 (s, 1H), 9.90 

(s, 1H), 8.71 (s, 1H), 8.54 (s, 1H), 8.13 (dd, J =4.0 Hz, 1H), 7.86-7.75 (m, 3H), 7.38 

(s, 1H), 5.90-5.80 (m, 1H), 5.18 (dd, J = 16.0 Hz, 2H), 3.43 (d, J = 8.0 Hz, 2H), 3.04 

(t, J = 8.0 Hz, 2H), 2.51-2.50 (m, 2H); 13C NMR (100 MHz, d6-DMSO) δ 169.9, 

157.8, 153.4, 152.6, 147.0, 137.3, 137.1, 134.0, 128.9, 124.3, 123.1, 119.3, 119.1, 

117.0, 115.8, 112.0, 41.5, 36.4, 34.0; LC-MS m/z: 449.1[M+H]+; MS (m/z): 

HRMS(ESI) Calcd for C20H17ClFN4OS2 ([M-H] -):447.0516(100.0%), found:447.0608; 

Calcd for C20H17ClFN4OS2 ([M-H] -):448.0550(21.6%), found:448.0573; Calcd for 

C20H17ClFN4OS2 ([M-H] -):449.0487(32.0%), found:449.0534.  

 

4.2. General Procedure for Anti-proliferation Assays 

Cells were seeded in 96-well culture plates (2500−3000/well). The compounds of 

various concentrations were added to the plates. Cell proliferation was determined 

after treatment with compounds for 72 h. Cell viability was measured using the Cell 

Titer-Glo assay (Promega, USA) according to the manufacturer’s instructions, and 

luminescence was measured in a multi-label reader (Envision, PerkinElmer, USA). 

Data were normalized to control groups (DMSO) and represented by the mean of 

three independent measurements with standard error of <20%. GI50 values were 

calculated using Prism 5.0 (GraphPad Software, San Diego, CA). 



4.3. Western blotting analysis 

H3255 cells were treated with compounds at different concentrations. Cells were then 

harvested, washed with ice-cold PBS and lysed in cold RIPA buffer (containing 1% 

PMSF). The cells were centrifuged at 16200 rpm at 4 °C for 10 min and the 

supernatant was collected as whole cell lysate. Protein concentration was determined 

by BCA method. 1 x loading buffer was added and samples were heated to 100 °C for 

10mins. Proteins were separated by SDS/PAGE electrophoresis and transferred to 

PVDF membranes. After blocking the membranes with 5% fat-free milk, the target 

protein was proved with anti-phospho specific EGFR (Py1068) antibodies. Blots were 

developed by enhanced chemiluminescence (BD FACSCalibur). 

4.4. Cell cycle analysis 

H3255 and Pffeifer cells in 10% FBS/RPMI were treated with DMSO or compound 

9h (0-10μM) for 72 hours and washed with cold 1×PBS buffer. The cells were then 

fixed in 70% cold ethanol and incubated at -20 °C overnight. On the day of flow 

cytometry, cells were spun down, washed with 1×PBS buffer and stained in PI/RNase 

Staining Buffer (BD Bioscience) for 15 min at room temperature and moved to 4 °C 

until the time of analysis. Flow cytometry was performed using a FACS Calibur (BD), 

and results were analyzed by ModFit software. 

4.5 hydrogen sulfide release evaluation 

The H2S fluorescent probe NIR-HS (10μM) and the target compounds (0μM, 5μM, 

10μM, 50μM, 100μM and 200μM) were incubated in PBS buffer (PBS: acetone =2:3) 

for 3h (37°C). Subsequently, the fluorescence emission spectra (λex=670nm, 

λem=723nm) were determined by an F4600 fluorescence spectrophotometer. 

The H2S fluorescent probe NIR-HS (10μM) and Na2S (0μM, 2μM, 4μM, 6μM and 

8μM) were incubated in PBS buffer (PBS: acetone =2:3) for 3h (37°C). Then the 

fluorescence emission spectra (λex=670nm, λem=723nm) were determined by an 

F4600 fluorescence spectrophotometer, and the standard curve was established 



according to the fluorescence intensity. 

The H2S fluorescent probe NIR-HS (10μM) and target compounds (20μM) were 

incubated in PBS buffer solution (PBS: acetone =2:3) for 0min, 5min, 30min, 60min, 

90min, 120min, 150min, 180min (37°C), respectively. After that, fluorescence 

emission spectra (λex=670nm, λem=723nm) were determined. According to Na2S 

standard curve, the amount of H2S released by compounds was converted. 
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Highlights  

� We devised and synthesized a series of quinazoline derivatives bearing H2S 

donors. 

� The target compounds exhibits inhibiting activities against 

TEL-EGFR-L858R-BaF3.  

� Most compounds displayed anti-proliferative activities against H3255 cells. 

� Compound 9h exhibits lower toxic effect on other tumor cells and HUVEC cells. 

� Compound 9h inhibits the phosphorylation of EGFR in H3255 cells. 

� compound 9h induces cell cycle arrest in G0-G1 phase. 

� The H2S release of compound 9h is more and faster than other compounds. 
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