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ABSTRACT
In this study, a series of 4-aniline quinazolineivives bearing hydrogen sulfide

(H2>S) donors were designed, synthesized and evalfatduological activities. The
synthesized compounds were screened for the enyaddivities against EGFR and
EGFR mutants by kinase target-based cell screengtgod. The results demonstrate
that most compounds exhibit selectively inhibitoractivities against
TEL-EGFR-L858R-BaF3, especially compoun®h with Gl5,=0.008 uM
(TEL-EGFR-L858R-BaF3), 0.0069uM (TEL-EGFR-C797S-BaF3), >10uM
(BaF3), >10 uM (TEL-EGFR-BaF3) and 6.03 uM
(TEL-EGFR-T790M-L858R-BaF3). The results from gmtoliferative assays in two
NSCLC cell lines indicate that synthetic derivaiv@g, 9h, 15e and15f) with H,S
donor ACS81 display greater anti-proliferative pate against NSCLC cell line
H3255 bearing EGFR mutant (L858R) withsgsValues ranging from 0.3486 to 1.348
uM. In addition, compoun®h exhibits weak anti-proliferative effects on ottiemor
cells (HepG2, MCF-7, HT-29 and A431) and has loteaic effect on HUVEC cells
than AZD9291 (positive control). Meanwhile, compdurth inhibits the



phosphorylation of EGFR in H3255 cells in a dospestelent manner. Cell cycle
analysisreveals that compoungh suppresses the proliferation of cells by inducing
cell cycle arrest in GO-G1 phase. The result ¢6 elease evaluation suggests that
the HS release of compoun@h is significantly more and faster than other
compounds.

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

1. Introduction

Quinazoline alkaloids are nitrogen-containing hatgcles with a broad range of
biological properties, such as anticancer[1l, 2]ticanvulsant[3], antifungal[4],
anti-inflammatory[5], antimalaria[6], antibactefid], antihypertensive[8], anti-HIV[9]
activities. Many quinazoline derivatives have bekveloped to bind to various
targets, including epidermal growth factor recept@GFR)[10-13], vascular
endothelial growth factor receptor (VEGFR)[14],yarkinase 2 (JAK2)[15], histone
deacetylase (HDAC)[16], Bromodomain-containing phot 4 (BRD4)[17],
cyclin-dependent kinases (CDK)[18], poly ADP-ribopelymerase (PARP)[19],
MEKS5/ERKS pathway[20], and so on. In our previousrky we have reported several
4-anilinoquinazoline derivatives, which show siggaht activity against cancer cells
[21-23]. On the basis of the literature and ourlipri@ary studies, we used
4-anilinoquinazoline as the scaffold to design @atitumor agents in this study.
Hydrogen sulfide (KS) was known as toxic pollutant for many years. dosv, it is
now widely recognized as an important biologicadl @marmacological molecule. In
the past decade, studies reveal thaB Hplays critical role in physiology and
pathology[24]. In cancer, #$ has been showed to exhibit remarkabievitro
antiproliferative activity against tumor cell linesuich as A549/DDP[25], HepG2[26],
and MCF-7[27]. Although b5 exerts crucial effects on antitumor, it cannoubed as
an anticancer agent due to the uncontrollability toxicity[28]. Meanwhile, several
slow-releasing b5 donors were reported to display antitumor eff@é, 29], and
many HS donors were discovered (Fig. 1). In additionyjnes relevant studies also
demonstrate that the compounds bearin§ Honors have potent inhibitory activities

against tumor cells [28, 30-33].
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Fig. 1. Hydrogen sulfide (#$) donors
In the light of above findings and our previousdé®s, we designed and synthesized
of a series novel 4-anilinoquinazoline derivatilieked with various HS donors on

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

R4
. X
HN R, : : Ny
SN + | Hydrogen sulfide (H,S) Hydrogen sulfide (H»S) Linker | /)
| Py donor donor N
N/

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

(H2S) donors
2. Resultsand discussion
2.1. Chemistry
The overall synthetic route of compoun@s-@h) was outlined in Scheme 1 starting
from vanillic acid. After the esterification, allgtion, nitration, reduction, cyclisation
and chlorination, compound8a-8f) were obtained. The target compoun€@a-gh)

were prepared by reacting compouBywith two H,S donors.
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Scheme 1 The synthesis of compoufdsh. Reagents and conditions: (a)§tHH,
98% sulfuric acid, reflux; (b)¥COs;, Kl, 1-bromo-3-chloropropane, DMF, rt; (gitric
acid, acetic acid, acetic anhydride, 0-5 °C; Rd)C, methanol, rt; (dprmamidine
acetate, alcohol, reflux; (f) SOLIDMF, reflux; (g) substituted aniline, isopropanol
reflux; (h) KxCO;s, KI, ADT-OH or ACS81, DMF rt.

As depicted in Scheme 2-amino-5-nitrobenzoic acid1lQ) was converted by
cyclisation with formamidine acetate to obtain campd (1), which was chlorinated
by thionyl chloride to afford the chloride compoui@). Compound 12) was treated
with substituted aniline in isopropanol to give qwunds {3a-13c). Then
compounds 13a-13c) were reduced to their amino derivativdga-14c) using iron
powder. The target compoundkbé-15f) were synthesized by reacting compounds

(14a-14c) with two H,S donors using HATU.
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Scheme 2 The synthesis of compountiSa-15f. Reagents and conditions:
(a)formamidine acetate, 2-methoxyethanol, refluR)SOCh, DMF, reflux; (c)
substituted aniline, isopropanol, reflux; (d) inpowder, acetic acid/ethanol, refiux; (e)
HATU, triethylamine, ACS60 or ACS81, rt.

2.2. Biological activities

2.2.1.Invitro inhibition activities studies of kinases

Many novel 4-aniline quinazoline derivatives targeGFR, which is closely
associated with cancer[34-36]. Therefore, the targmpounds were assayed with the
enzymatic activities against EGFR and EGFR mutétkinase target-based cell
screening method [37, 38]. As showed in Table lstnod the compound9g-9h)
displayed selective anti-proliferation efficacy sgh TEL-EGFR-L858R-BaF3
(Gls50=0.008-0.80M), while having poor activities against BaF3, TEIGFR-BaF3
and TEL-EGFR-T790M-L858R-BaF3, especially compo@hdwith Gl5;=0.008uM
(TEL-EGFR-L858R-BaF3), >1@M (BaF3), >10uM (TEL-EGFR-BaF3) and 6.03
uM (TEL-EGFR-T790M-L858R-BaF3). Compounds bearingSHdonor ACS81
showed better inhibiting activities (£g£0.008-0.058M) than others with ADT-OH
(Gl56>0.10 uM). Meanwhile, compounds witlm-Br in 4-aniline group exhibited
greater potency against TEL-EGFR-L858R-BaF3, such @mpound Sh



(Gl5p=0.008iM) and 9d (Gls¢=0.12 uM). In addition, compound®h was tested
against TEL-EGFR-C797S-BaF3 with 4340.0069M, so there was no interaction
between the allyl-disulfanyl-propionic group andethC797 residue, and the

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

investigated.
Table 1 The activities of the compoun@a-0h) against EGFR and EGFR mutations
(Glso pM)
R2
HN/@W
/O \N
Ry >0 N/)
TEL-EGFR-T
Com TEL-EGFR-B TEL-EGFR-L
Ry R, Rs3 BaF3 790M-L858R-
pd aF3 858R-BaF3
BaF3
B
9a cl F O/E«S >10 >10 0.27 >10
£ s
s, 9.23 9.56 0.25 >10
9b H Br /@/E«S
£ S
s, 3.79 4.08 0.60 >10
9c H NG, /@/E«S
£ s
s, 9.23 3.06 0.12 >10
od Br H /@/E«S
£ s
B 3.79 1.98 0.38 1.648
% Ck H /@/E«S
£ s
B 2.65 3.39 0.83 6.35
of -OCH; -OCH, /@/E«S
~o S
o 3.91 2.34 0.058 >10
9g H Br A A ng s
o >10 >10 0.008 6.03
9h Br H ;\o)vs/s\/\
AZD 2.6 0.28 <0.003 0.06
9291

Several of compoundkba-15f were also tested the enzymatic activities agaiGstE



and EGFR mutants. As showed in Table 2, the comgmwith ACS81 also exhibited
stronger inhibition against TEL-EGFR-L858R-BaF3,clsuas compoundl5e
(Gls50=0.011uM) and compound§5sf (Gls¢=0.012:M).

Table 2 The activities of the compound54-15f) against EGFR and EGFR

mutations (GJp uM)

+
Rg/HN SN
7
TEL-EGFR-T
Com TEL-EGFR-B TEL-EGFR-L
R R: Rs BaF3 790M-L858R-
pd aF3 858R-BaF3
BaF3
15a  CF H ;wﬁows NT NT NT NT
= NT NT NT NT
15b  Br Ho WAOM
P 427 2.49 0.29 3.16
15c  Cl F oo, WAOM
o NT NT NT NT
15d  Ck Ho s
o >10 >10 0.011 >10
15e Br H P g S
o >10 >10 0.012 >10
15t Cl S SN
AZD 2.6 0.28 <0.003 0.06

9291

2.2.2. Anti-proliferation assay
To explore the potential antitumor effect, thevitro anti-proliferative activities of the

synthetic derivatives were evaluated against theCINS cell lines A549 (A549
harboring wide type EGFR) and H3255 (H3255 expregssEGFR-L858R).
AZD9291(a third-generation EGFR inhibitor) that wlso inhibiting EGFR
phosphorylation in cells harboring sensitising EGRRitants including H3255
(L858R), PC-9 (ex19del) and H1650 (ex19del) wasosbkoas positive control. The
results were summarized in Table 3. All of the ¢éargompounds showed poor
anti-proliferative activities against A549 @410 uM), while most compounds
exhibited potent inhibitory activities against H32with the G, ranging from 0.3486
to 8.578uM. Furthermore, compounglg, 9h, 15e and 15f with H,S donor ACS81



showed greater anti-proliferative potency again32%b with Gé, values at 1.348,
0.7873, 0.5195 and 0.348GM, respectively. It seems that the result of
anti-proliferative activities was consistent witleir enzymatic inhibitory activities.
Then the H3255 cells were treated with compo@hdogether with ZnGl (10uM
ZnCl, to quench the released$), but the G (Gls0=0.3028 M) of which decreased
rather than increased compared with that of comg®hnonly. We guess that it may
owe to the inhibitory activity of ZnGlagainst H3255 (Cell proliferation rate was only
54.02% at 1QM of ZnCl).

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

compounds.
compd A549 (G uM) H3255 (Gko uM)
9a >10 >10
9 >10 1.408
9c >10 1.874
9d >10 2.404
9e >10 7.472
of >10 8.578
99 >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
ZnCl, NT 54.02%
9h+ZnChL(10uM) NT 0.3028
AZD9291 NT 0.09

a Cell proliferation rate (10M)

In addition, in vitro anti-proliferative activities against other fouuntor cells
(harboring wide type EGFR) of compou$ld were tested. As described in Tabl®d,
exhibits weak anti-proliferative effects on Hep®ECF-7, HT-29 and A431 cell lines
with 1Cso value of >10, 7.309, >10 and 6.7Q81, respectively. To investigate the
tumor selectivity, the cytotoxicity d@h on normal cells (HUVEC cells) was assayed.

The result showed tha®@h has no toxic effect on HUVEC cells @&10uM).



Therefore, compoun®h selectively inhibits NSCLC cell line H3255 (expsex)
EGFR-L858R) compared to other tumor cells and ba®t toxic effect on HUVEC
cells (IG>10uM) than AZD9291 (IGy=7.278M).

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

of compound®h (ICso uM)

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. Compoun@h inhibited EGFR phosphorylation in H3255 cells
In order to further verify the activities of compwldh in cellular level, we examined

its effect on the phosphorylation of EGFR in theresentative cancer cell line H3255,
which wastreated with various concentrations @i for 4h. As shown in Fig. 3,
compound 9h inhibited the phosphorylation of EGFR in H3255 Igein a

dose-dependent manner.
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Fig. 3. Compoun®h suppressed the phosphorylation of EGFR in H3285 ce

2.2.4. Cell cycle analysis
Previous studies reported that EGFR inhibitors iodinice cell cycle arrest in tumor

cells [39-42].To determine the effect of compouBd on cell cycleflow cytometry
was performed on H3255 cells treated with varioaurscentrations 0®h for 72 h.As
described in Fig. 4, the percentage of H3255 adall&0-G1 phase increased from
60.32% to 88.61% after treatment of compo@hdwith 1, 5 and 1QuM, indicating

that compound®h inhibits the proliferation of cells by inducinglceycle arrest in



GO0-G1 phase.
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Fig. 49h induced GO-G1 phase cell cycle arrest on H 3255.

2.2.5In vitro hydrogen sulfide release evaluation

Using the hydrogen sulfide prolfdl R-HS) developed by our group[43], compound
of, 9h and 15c bearing various t6 donors were tested their ability to release
hydrogen sulfide by the published method [44]. Aftecubating the compound,

9h and 15c (10, 50, 100, 20@uM) with the fluorescent prob®&lIR-HS (10 uM),
significant fluorescence signals were produced, &mel fluorescence intensity
increased significantly compared with that withth compounds (*P < 0.05,**P <

0.01) (Fig. 5). This indicates that all compounds telease 8 in PBS buffer.
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Fig. 5 Fluorescence emission spectra of NIR-HSu{)Owith varied concentrations

of 9f (A), 9h (B) and15c (C) in PBS buffer (pH=7.4, 60% acetone) at/8t 3 h.

Then quantitative determinations of,3 release from target compounds were
performed. As shown in Fig 6A and 6B, the standamde between the concentration
of N&S and fluorescence intensity BiiR-HS probe was established, which has
excellent linear relationship. Release ofSHby compounddf, 9h and 15c were
guantitatively determined based on the standandecUihe results indicate that all the
compounds could release,$] especially compoun8h with the ability of HS
releasing significantly more than that of compo@h@nd15c. Within 1h, the release
rate of BS of compoun®h was faster than other two compounds and tendex\/éb

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

kinases and cells.
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Fig. 6 (A) Fluorescence emission spectra of NIR-HS p{p with varied

concentrations of N& (0, 2, 4, 6, 8BM) in PBS buffer (pH=7.4, 60% acetone) at 37



for 3h. (B) The fluorescence intensity (EylBf the reaction system at 723 nm against
the corresponding reagent blank (without8)a which is the calibration curve for this

study. (C)Time-dependent hydrogen sulfide-releasing derieatiofof, 9h and15c.

3. Conclusions

In summary, we designed and synthesized a seriésapiline quinazoline derivatives
conjugated with hydrogen sulfide {&) donors and the target compounds were
assayed with the enzymatic activities against EGIFld EGFR mutations. Most
compounds displayed inhibitory activities againdELIEGFR-L858R-BaF3 and
achieved selectivity over TEL-EGFR-BaF3 and TEL-ERGF790M-L858R-BaF3,
especially compoun®h with Gl5;=0.008 uM (TEL-EGFR-L858R-BaF3), >1QM
(TEL-EGFR-BaF3) and 6.03M (TEL-EGFR-T790M-L858R-BaF3)Additionally,
anti-proliferation assays showed that compourfits 9h, 15e and 15f) with H,S
donor ACS81 exhibited greater anti-proliferativetgmey against EGFR mutant
NSCLC cell line H3255 (L858R) with GJ values at 1.348, 0.7873, 0.5195 and
0.3486uM respectively, andt is consistent with their enzymatic inhibitorytiadies.

In addition, compoun®h selectively inhibits NSCLC cell line H3255 (expsex)
EGFR-L858R) compared to other tumor cells (HepGEZRW, HT-29 and A431 cell
lines) and has lower toxic effect on normal celBUVEC) than AZD9291.
Furthermore, compoungh inhibited the phosphorylation of EGFR in H3255Iséh

a dose-dependent manner. Cell cycle analysis unedvampound®h inhibited the
proliferation of cells by inducing cell cycle artes GO0-G1 phase. The result of
hydrogen sulfide release evaluation exhibited #ihthe compounds could release
H,S, especially compourgh with the ability of HS releasing significantly more and
faster than other compounddence, compoun®h merits further exploration as a

potential candidate for the EGFR-L858R positive NEC

4. Experimental
4.1. Chemistry

Unless otherwise noted, all reagents were purchf&ssed commercial sources and



used without further purification. All compounds neeroutinely monitored by
thin-layer chromatography with silica gel GF-254gf plates and viewed under UV
light at 254 nm. ThéH-NMR and**C-NMR spectra were determined in DM$en

a JNM-ECZ400s/L spectrometer. Chemical shiid$ \Were reported in parts per
million (ppm) relative to tetramethylsilane (TMSkhich was used as an internal
standard. The mass spectra (MS) were obtained fAgilent 1100LC/MS
Spectrometry Services. HR-MS was obtained using-taf Qigh resolution mass
spectrometer.

4.1.1. Synthesis of compoundsg)

Compound®-8 were prepared according to a similar procedufafs[23].

4.1.2. General procedure for the preparation ottmpound®

To a solution of compound(1mmol) in DMF (10 mL) was added,&O; (2mmol)
and catalytic amount of KI, stirred for 10mins,léeVed by corresponding43 donors
(Immol). The reaction mixture was stirred at ® and monitored by thin layer
chromatography. After completion of the reactione tmixture was cooled to rt,
poured into ice water (100 mL), stirred for 30mimbe solid formed was filtered off
and purified by a silica gel column chromatographgfford compoun@.

4.1.2.1.

4-(4-(3-((4-((3-chloro-4-fluorophenyl )Jami no)-6-methoxyqui nazolin- 7-yl ) oxy) propoxy)
phenyl)-3H-1,2-dithiole-3-thione (9a)

Orange solid, yield: 209%H NMR (400 MHz, CDC}) & 8.66 (s, 1H), 7.91 (s, 1H),
7.64-7.59 (m, 2H), 7.31 (d,= 16.0 Hz, 5H), 7.22-7.18 (m, 1H), 7.03 (& 8.0 Hz,
2H), 4.41-4.31 (m, 4H), 4.04 (s, 3H), 2.46 (s, 2K¢ NMR (100 MHz,d-DMSO) 5
215.2, 174.2, 172.5, 162.4, 156.5, 154.1, 153.@,.515149.6, 134.6, 129.5, 124.2,
124.0, 122.9, 122.8, 119.4, 119.2, 117.1, 116.6,011109.2, 108.1, 102.4, 65.6, 65.3,
56.8, 28.7; LC-MSm/z 585.8 [M+H]; MS (mW2): HRMS(ESI) Calcd for
Co7/H20CIFN3O3S5([M-H] ):584.0339  (100%), found:584.0362; Calcd  for
CoH20CIFN3OsS5([M-H] ):586.0310  (32%),  found:586.0332;  Calcd  for
Co7H20CIFN303S3([M-H] ):585.0373 (29.2%), found:585.0380.



4.1.2.2.
4-(4-(3-((4-((4-bromophenyl)ami no)-6-methoxyquinazolin-7-yl )oxy) propoxy)phenyl )-
3H-1,2-dithiole-3-thione (9b)

Orange solid, yield: 16%6H NMR (400 MHz, CDCJ) & 8.66 (s, 1H), 7.63 (dd] =
8.0, 12.0 Hz, 3H), 7.53 (d,= 8.0 Hz, 2H), 7.39 (s, 1H), 7.29 @@= 12.0 Hz, 3H),
7.07-7.01 (m, 3H), 4.39-4.29 (m, 4H), 4.03 (s, 3MA7-2.44 (m, 2H)**C NMR (100
MHz, CDCk) 6 195.7, 173.0, 169.7, 168.0, 162.2, 154.1, 14984,7, 132.0, 128.6,
124.3, 123.4, 121.8, 117.0, 116.2, 115.5, 100.73,6%4.7, 56.4, 29.7; LC-M8Vz
611.8 [M+H]; MS (mW2): HRMS(ESI) Calcd for GH»BrNzOsS; ([M-H]):
609.9928(100%), found:609.9918, Calcd for ,/H31BrN3OsS;  ([M-HJ-):

611.9908(97.3%¥pund: 611.9930.
4.1.2.3.

4-(4-(3-((6-methoxy-4-((4-nitrophenyl Jamino)quinazolin-7-yl )oxy)propoxy) phenyl )-3
H-1,2-dithiole-3-thione (9c)

Orange solid, yield: 19%H NMR (400 MHz,ds-DMSO) § 10.05 (s, 1H), 8.65 (s,
1H), 8.30 (d,J = 8.0 Hz, 2H), 8.20 (d] = 12.0 Hz, 2H), 7.92-7.87 (m, 2H), 7.81-7.76
(m, 1H), 7.31 (s, 1H), 7.13 (dd,= 4.0 Hz, 2H), 4.37-4.29 (m, 4H), 4.01 (s, 3H),
2.33-2.30 (m, 2H)*C NMR (100 MHz,ds-DMSO) § 215.3, 174.2, 162.4, 162.0,
156.2, 154.5, 152.6, 149.92, 142.1, 134.7, 1298, 7], 125.1, 124.2, 121.2, 116.6,

116.0, 109.9, 108.0, 102.5, 65.7, 65.3, 56.9, A8CFMS mVz: 578.9 [M+H].
4.1.2.4.

4-(4-(3-((4-((3-bromophenyl)ami no)-6-methoxyquinazolin-7-yl )oxy) propoxy)phenyl )-
3H-1,2-dithiole-3-thione (9d)

Orange solid, yield: 20%H NMR (400 MHz,ds-DMSO) & 9.53 (s, 1H), 8.53 (s, 1H),
8.16 (s, 1H), 7.90-7.75 (m, 5H), 7.34 (d= 8.0 Hz, 1H), 7.27 (d] = 16.0 Hz, 2H),
7.12 (d,J = 8.0 Hz, 2H), 4.33-4.28 (m, 4H), 3.98 (s, 3HR®(s, 2H);**C NMR (100

MHz, de-DMSO) 6 215.3, 174.2, 162.4, 156.5, 154.0, 153.1, 14945,.3, 141.7,



134.6, 130.8, 129.5, 128.7, 126.1, 124.5, 124.2,712121.1, 116.0, 115.8, 109.4,
108.3, 102.4, 65.6, 65.3, 56.8, 28.7; LC-Mf& 611.7 [M+H] (100%); MS (V2):

HRMS(ESI) Calcd for GH21BrNsOsSs([M-H] ): 611.9908(97.3%), found: 611.9960.
4125,

4-(4-(3-((6-methoxy-4-((3-(trifluoromethyl ) phenyl )Jami no)quinazolin-7-yl ) oxy) propoxy
)phenyl)-3H-1,2-dithiole-3-thione (9e)

Orange solid, yield: 209%4H NMR (400 MHz,ds-DMS0) 6 9.67 (s, 1H), 8.54 (s, 1H),
8.23 (d,J = 8.0 Hz, 2H), 7.87 (d] = 8.0 Hz, 3H), 7.75 (s, 1H), 7.63 (&= 8.0 Hz,
1H), 7.44 (dJ = 8.0 Hz, 1H), 7.26 (s, 1H), 7.13 @@= 12.0 Hz, 2H), 4.35-4.28 (m,
4H), 4.00 (s, 3H), 2.32-2.29 (m, 2HFC NMR (100 MHz,ds-DMS0) § 215.2, 174.2,
170.8, 162.4, 156.5, 154.1, 153.0, 149.6, 147.9.94134.6, 130.0, 129.5, 126.1,
125.9, 124.2, 123.4, 119.8, 118.3, 116.0, 109.8,4,0102.4, 65.6, 65.3, 56.8, 28.7,
LC-MS m/z 601.8 [M+H]; MS (mWz: HRMS(ESI) Caled for

CagH23F3N303S3([M+H] ): 602.0854, found:602.0830.
4.1.2.6.

4-(4-(3-((4-((3,4-dimethoxyphenyl Jami no)-6-methoxyquinazolin-7-yl )oxy) propoxy) phe
nyl)-3H-1,2-dithiole-3-thione (9f)

Orange solid, yield: 17%4 NMR (400 MHz,ds-DMS0) § 9.39 (s, 1H), 8.42 (s, 1H),
7.90-7.83 (m, 3H), 7.75 (s, 1H), 7.38 (s, 1H), 7(82] = 8.0 Hz, 1H), 7.21 (s, 1H),
7.13 (d,J = 8.0 Hz, 2H), 6.99 (d] = 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, 2HY'C NMR (100 MHz,ds-DMS0) § 215.3,
174.2, 162.4, 157.1, 153.7, 149.3, 148.9, 145.88,6] 133.0, 129.5, 128.7, 116.5,
116.0, 115.8, 115.6, 112.3, 109.2, 108.6, 108.2,71.065.5, 65.3, 56.8, 56.2, 56.1,
28.8; LC-MS mV/z 593.8[M+H]; MS (m/2): HRMS(ESI) Calcd for oH2sN305S;
([M+H]™): 594.1191, found:594.1163; Calcd fopg8,5N305S; ([M+Na]*):616.1011,

found: 616.0981.
4.1.2.7. 3-((4-((4-bromophenyl yami no)-6-methoxyquinazolin-7-yl)oxy)propyl



3-(allyldisulfaneyl)propanoate (99)

Off-white solid, yield: 16%*H NMR (400 MHz,ds-DMS0) 6 9.53 (s, 1H), 8.49 (s,
1H), 7.84 (d,J = 12.0 Hz, 3H), 7.57 (d] = 12.0 Hz, 2H), 7.22 (d] = 8.0 Hz, 1H),
5.84-5.69 (m, 1H), 5.21-5.15 (m, 1H), 5.11-5.05 (), 4.33-4.24 (m, 4H), 3.98 (s,
3H), 3.16 (dJ = 8.0 Hz, 2H), 2.67-2.61 (m, 2H), 2.51 (s, 2HR®2.14 (m, 2H)*C
NMR (100 MHz,ds-DMSO) 6 172.0, 168.9, 156.5, 153.9, 153.2, 147.4, 13%85,0,
131.7, 128.8, 124.4, 117.6, 115.3, 109.4, 102.5/,661.7, 56.8, 34.5, 34.1, 28.3;
LC-MS m/z 563.8[M+HJ; MS (mWz): HRMS(ESI) Calcd for @HosBrNz04S,
(IM-H]"): 562.0470(100%), found:562.0589; Calcd fosGsBrNz04S, ([M-H]):
564.0449(97.3%), found:564.0569.

4.1.2.8. 3-((4-((4-bromophenyl yamino)-6-methoxyquinazolin-7-yl)oxy)propyl
3-(allyldisulfaneyl)propanoate (9h)

Off-white solid, yield: 20%*H NMR (400 MHz,ds-DMS0) 6 9.54 (s, 1H), 8.53 (s,
1H), 8.16 (s, 1H), 7.90 (d,= 8.0 Hz, 1H), 7.84 (s, 1H), 7.36 {t= 8.0 Hz 1H), 7.29
(d, J = 8.0 Hz, 1H), 7.24-7.22 (m, 1H), 5.79-5.69 (m,)1H8.14-5.05 (m, 2H),
4.33-4.23 (m, 4H), 3.98 (s, 3H), 3.16 (M= 4.0 Hz, 2H), 2.63 (t) = 4.0 Hz ,2H),
2.52-2.51 (m, 2H), 2.17-2.11 (m, 2HJC NMR (100 MHz,ds-DMS0) 5 172.0, 166.0,
156.4, 154.0, 153.1, 149.6, 147.5, 135.0, 130.8.812126.0, 124.4, 121.6, 121.0,
117.6, 109.4, 102.4, 65.7, 61.5, 56.8, 34.5, 38B11; LC-MSm/z 564.1[M+H[; MS
(m/2): HRMS(ESI) Calcd for ([M-H): 562.0470(100%), found:562.0494; Calcd for

C24H25BrN304S; ([M-H] ): 564.0449(97.3%), found:564.0481.
4.1.3. Synthesis of compoundd14)

Compoundd1-14 were prepared according to a similar procedufRefs[21].

4.1.4. General procedure for the preparation ottrepoundd45.

To the corresponding43 donors (1.1 mmol) in DMF (10 mL) was added HATIUL(
mmol) and triethylamine (1.2 mmol) at room temperatand the reaction was run for

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



stirred for 24 h at room temperature. After complebf the reaction, the mixture was
poured into ice water (100 mL), stirred for 30mimbe solid formed was filtered off
and purified by a silica gel column chromatographgfford compoundb5.

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 %'H NMR (400 MHz,ds-DMS0) § 10.52 (s, 1H), 10.05 (s,
1H), 8.79 (s, 1H), 8.60 (s, 1H), 8.27 (s, 1H), 8(@8pJ = 8.0 Hz, 1H), 7.96-7.91 (m,
3H), 7.83 (d,J = 8.0 Hz, 1H), 7.76 (d] = 4.0 Hz, 1H), 7.60 (J = 8.0 Hz, 1H), 7.43
(s, 1H), 7.20 (dJ = 8.0 Hz, 2H), 4.95 (s, 2H}*C NMR (100 MHz,ds-DMSO) &
215.4, 176.9, 166.8, 161.7, 157.9, 153.7, 147.8,73} 136.5, 134.9, 129.9, 129.90,
129.6, 129.5, 129.0, 128.7, 128.1, 128.10, 12&22.8] 124.6, 118.7, 116.3, 115.9,
67.5; LC-MSn/z 571.1 [M+H]; MS (W2): HRMS(ESI) Calcd for GH16F3N4O-Ss
(IM-H]): 569.0387, found:569.0453.

4142

N-(4-((3-bromophenyl)amino)quinazolin-6-yl)-2-(4-(3-thioxo-3H-1,2-dithi ol -5-yl ) phe
noxy)acetamide (15b)

Yellow solid, yield: 10.0 %H NMR (400 MHz,ds-DMS0) 6 10.55 (s, 1H), 9.90 (s,
1H), 8.77 (s, 1H), 8.57 (s, 1H), 8.17 (s, 1H), 7(87) = 12.0 Hz, 1H), 7.87 (d = 8.0
Hz, 2H), 7.79 (dJ = 8.0 Hz, 2H), 7.72 (s, 1H), 7.30 @z= 8.0 Hz, 1H), 7.25 (s, 1H),
7.19 (d,J = 8.0 Hz, 2H), 4.93 (s, 2H}*C NMR (100 MHz,ds-DMS0) $ 215.3, 173.9,
166.7, 161.7, 157.8, 153.7, 147.4, 141.6, 136.4.8.3130.6, 129.4, 128.7, 126.3,
125.6, 124.8, 121.6, 121.3, 116.3, 116.1, 115.%;8C-MS 'z 581.0[M+HT’; MS
(m'2: HRMS(ESI) Calcd for @Hi1eBrN4O.S; ([M-H]): 578.9619(100%),
found:578.9648; Calcd for SH1eBrN4OS; ([M-H]): 580.9598(97.3%),
found:580.9629.

4.1.4.3



N-(4-((3-chloro-4-fluor ophenyl )Jamino)quinazolin-6-yl)-2- (4-(3-thioxo-3H-1,2-dithiol -
5-yl)phenoxy)acetamide (15c)

Yellow solid, yield: 15.0 %'H NMR (400 MHz, CDCY) 5 8.83 (s, 1H), 8.76 (s, 1H),
8.53 (s, 1H), 7.98 (d] = 12.0 Hz, 2H), 7.75-7.70 (m, 3H), 7.63 (= 8.0 Hz, 1H),
7.57 (d,J = 8.0 Hz, 1H), 7.43 (s, 1H), 7.22 (@= 8.0 Hz, 1H), 7.19-7.16 (m, 2H),
4.79 (s, 2H);**C NMR (100 MHz,ds-DMSO) § 215.3, 172.4, 166.7, 161.6, 136.8,
134.8, 129.3, 128.6, 128.2, 124.9, 124.7, 119.9,411116.9, 116.7, 116.2, 116.0,
113.1, 100.0, 67.5; LC-MSwz 555.0[M+H]; MS(m/z2):HRMS(ESI) Calcd for
CasH17CIFN4O,S3([M+H] *): 556.0654, found:556.0680.

4144

3-(allyldisulfaneyl)-N-(4-((3-(trifluoromethyl ) phenyl)amino)quinazolin-6-yl)propana
mide (15d)

Off-white solid, yield: 16.0 %'H NMR (400 MHz,ds-DMS0) § 10.37 (s, 1H), 10.02
(s, 1H), 8.76 (s, 1H), 8.57 (s, 1H), 8.27-8.20 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}L%(dd,J = 16.0 Hz, 2H), 3.43
(d, J = 8.0 Hz, 2H), 3.05 (m, 2H), 2.51-2.50 (m, 2EC NMR (100 MHz,ds-DMSO)

0 169.9, 157.8, 149.5, 147.1, 140.8, 137.3, 13420,9, 129.0, 128.0, 126.1, 126.1,
119.2, 118.4, 117.3, 116.0, 100.0, 41.5, 36.4,;333BMS m/z. 465.1[M+H]; MS
(m'z2): HRMS(ESI) Calcd for GHigFsN4sNaOS ([M+H]™"): 465.1031, found:
465.1007; Calcd for £H1FsN4NaOS ([M+Na]"): 487.0850, found: 487.0836.
4145

3-(allyldisulfaneyl)-N-(4-((3-bromophenyl Jamino)quinazolin-6-yl)propanamide (15€)
Off-white solid, yield: 15.7 %'H NMR (400 MHz,ds-DMS0) 6 10.35 (s, 1H), 9.88
(s, 1H), 8.71 (s, 1H), 8.57 (d,= 4.0 Hz, H), 8.17 (tJ = 4.0 Hz, 1H), 7.87 (d] =8.0
Hz, 2H), 7.78 (ddJ = 4.0 Hz, 1H), 7.32-7.25 (m, 2H), 5.90-5.80 (m,)16118 (ddJ

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



¥C NMR (100 MHz,ds-DMSO) 6 169.9, 157.8, 153.5, 147.1, 141.6, 137.3, 134.0,
130.7, 128.9, 126.4, 124.8, 121.6, 121.4, 119.2,9.100.0, 41.5, 36.4, 33.9; LC-MS
m/'z 475.0[M+H]; MS (mz: HRMS(ESI) Calcd for GH1sBrN.OS, ([M-H]):
473.0105(100%), found:473.0166; Calcd for ,HisBrN,OS,  ([M-H]):
475.0085(97.3%), found:475.0153.

4.14.6

3-(allyldisulfaneyl)-N-(4-((3-chl or o-4-fluor ophenyl )amino)quinazolin-6-yl ) propanami

de (15f)

Off-white solid, yield: 17.0 %:H NMR (400 MHz,ds-DMS0) § 10.35 (s, 1H), 9.90
(s, 1H), 8.71 (s, 1H), 8.54 (s, 1H), 8.13 (dds4.0 Hz, 1H), 7.86-7.75 (m, 3H), 7.38
(s, 1H), 5.90-5.80 (m, 1H), 5.18 (dil= 16.0 Hz, 2H), 3.43 (d] = 8.0 Hz, 2H), 3.04
(t, J = 8.0 Hz, 2H), 2.51-2.50 (m, 2H}*C NMR (100 MHz,ds-DMSO) § 169.9,
157.8, 153.4, 152.6, 147.0, 137.3, 137.1, 134.8.92124.3, 123.1, 119.3, 119.1,
117.0, 115.8, 112.0, 41.5, 36.4, 34.0; LC-MS8z 449.1[M+H]; MS (m/2):
HRMS(ESI) Calcd for ggH17CIFN4OS, ([M-H] ):447.0516(100.0%), found:447.0608;
Calcd for GoH1,CIFN4OS; ([M-H]"):448.0550(21.6%), found:448.0573; Calcd for

CaoH17CIFN,OS, ([M-H] ):449.0487(32.0%), found:449.0534.

4.2. General Procedure for Anti-proliferation Assay

Cells were seeded in 96-well culture plates (250063~ell). The compounds of
various concentrations were added to the plateB. ptaiferation was determined
after treatment with compounds for 72 h. Cell Vipowas measured using the Cell
Titer-Glo assay (Promega, USA) according to the ufesturer’s instructions, and
luminescence was measured in a multi-label reafevigion, PerkinElmer, USA).
Data were normalized to control groups (DMSO) aepdresented by the mean of
three independent measurements with standard efre20%. Gio values were

calculated using Prism 5.0 (GraphPad Software,[3ago, CA).



4.3. Western blotting analysis

H3255 cells were treated with compounds at diffecemcentrations. Cells were then
harvested, washed with ice-cold PBS and lysed id B®PA buffer (containing 1%
PMSF). The cells were centrifuged at 16200 rpm atC4for 10 min and the
supernatant was collected as whole cell lysateefPr@oncentration was determined
by BCA method. 1 x loading buffer was added andmaswere heated to 100 °C for
10mins. Proteins were separated by SDS/PAGE efgatresis and transferred to
PVDF membranes. After blocking the membranes wéth fat-free milk, the target
protein was proved with anti-phospho specific EGPRL068) antibodies. Blots were
developed by enhanced chemiluminescence (BD FAGRCHI

4.4. Cell cycle analysis

H3255 and Pffeifer cells in 10% FBS/RPMI were teghtvith DMSO or compound
9h (0-1QuM) for 72 hours and washed with cold 1xPBS buffdre cells were then
fixed in 70% cold ethanol and incubated at -20 ¥@rnight. On the day of flow
cytometry, cells were spun down, washed with 1xBBffer and stained in PI/RNase
Staining Buffer (BD Bioscience) for 15 min at rodgemperature and moved to 4 °C
until the time of analysis. Flow cytometry was penfied using a FACS Calibur (BD),

and results were analyzed by ModFit software.

4.5 hydrogen sulfide release evaluation

The HS fluorescent probdlIR-HS (10uM) and the target compoundsu{@, 5uM,
10uM, 50uM, 100uM and 20@M) were incubated in PBS buffer (PBS: acetone =2:3)
for 3h (37°C). Subsequently, the fluorescence domssspectra Xex=670nm,
den=723nmM) were determined by an F4600 fluoresceneetsgphotometer.

The HS fluorescent prob&lIR-HS (10uM) and NaS (QuM, 2uM, 4uM, 6uM and
8uM) were incubated in PBS buffer (PBS: acetone =208)3h (37°C). Then the
fluorescence emission spectra.,€670nm, Aen=723nm) were determined by an

F4600 fluorescence spectrophotometer, and the atndurve was established



according to the fluorescence intensity.

The HS fluorescent prob&lIR-HS (10uM) and target compounds (201) were
incubated in PBS buffer solution (PBS: acetone x#B80min, 5min, 30min, 60min,
90min, 120min, 150min, 180min (37°C), respectiveBfter that, fluorescence
emission spectrar{,=670nm, Aer=723nm) were determined. According to ;8a

standard curve, the amount of3released by compounds was converted.
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Highlights

® \We devised and synthesized a series of quinazoline derivatives bearing H,S
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.

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

® compound 9h induces cell cycle arrest in GO-G1 phase.

® TheH,Srelease of compound 9h is more and faster than other compounds.
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