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Abstract - In view of the important role of quinazoline skeletons in anti-cancer
drugs like Gefitinib® and the vital importance of organoselenium compounds in
biomedicine field, in this protocol, twenty quinazoline selenium derivatives were
designed and synthesized with the aim to develop new anti-cancer drugs by
utilizing the synergistic effects of quinazoline skeleton and selenium. In addition,
the synthetic method of thioether substituted quinazolines was improved. The
biological activities of title compounds were determined against A549 cancer cells
in vitro by using MTT assay at 1 uM and 10 uM concentrations. The results
showed that most of the title compounds had good anticancer activities. Of note,
6-chloro-4-benzylselenoquinazoline (Gs) exhibited better inhibitory activity
(67.8% inhibition ratio) than the positive control drug Gefitinib® (62.9%
inhibition ratio) at the concentration of 10 uM. These findings will provide some

clues for further research of anticancer drugs.

INTRODUCTION

As important aza-heterocyclic compounds, quinazoline has unique biological activities.! Quinazolines
containing pharmacophore groups have attracted attention for decades and continue to be the focus of
biological and pharmaceutical scientific studies today, showing excellent biological activity in
anticancer,” anti-oxidation,® increasing tolerance, anti-influenza virus,® and inhibition of plant bacteria.®
Especially, thioether-containing quinazolines were synthesized by the reaction of 2-aminobenzoic acid
with isothiocyanate followed by the addition of 1-chloromethyl-4-methoxybenzene, and they showed
wider anticancer activity than 5-FU as reported by El-Messery.” Quinazoline-2-thiones showed

significant inhibitory effect on Caco-2 and MCF-7 by El-Gazzar.® A series of 2.,4-disubstituted
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quinazolines were synthesized by Li’ and Buggana,'® which have excellent antitumor activities against
five tumor cells (MDA-MB-231, MCF-7, PC-3, HGC-27 and MGC-803). Selenides and diselenides

1" showed good anticancer

containing imidazole or pyridine moieties, synthesized by Matsumura,
activities and low toxicity of non-target cells. In recent years, the biological activities of
4-aminoquinazoline derivatives'? and 4-thioquinazoline derivatives'® have been extensively studied. But
little attention has been paid to the anticancer activities of 4-selenoquinazoline derivatives.'* In our
previous work, biquinazoline diselenides compounds and sodium quinazoline-4-diselenide compounds
were found to exhibit good anticancer activities, but the solubility and stability were not satisfactory.'” In
continuation of our work on selenoquinazoline derivatives, herein, a series of 4-selenium substituted
quinazoline derivatives were designed and synthesized (Figure 1), and their biological activities against

cancer cell lines were evaluated in vitro through MTT assay by using Gefitinib® as a positive control.

Besides, similar quinazoline thioether derivatives were designed and synthesized as contrast.
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Figure 1
RESULTS AND DISCUSSION

Synthesis of title compounds: Treatment of 2-aminobenzoic acid with formamide gave quinazolin-4-one
compounds by cyclization, chlorination of which under refluxing conditions then afforded
4-chloroquinazoline compounds. After that, 4-chloroquinazoline compounds reacted with sodium
diselenide to generate biquinazoline selenide compounds, reduction of which by using NaBH4 led to
sodium quinazoline selenide. Finally, 4-selenoquinazoline compounds (G1-G12) were synthesized via the
reaction of sodium quinazoline selenide with halohydrocarbons. Besides, 4-sulfenylquinazoline
compounds (G13-G20) were synthesized through one-pot reaction of 4-chloroquinazolines, thioureas and
halohydrocarbons in the presence of KoCOs3 in green solvent PEG-200. All the synthesized compounds
were characterized by '"H NMR, '*C NMR and IR (Figure 2).
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Figure 2

Optimization of reaction conditions for the chlorination step: Common chlorinating reagents are SOCla,

POCI; and PCls, and their chlorinating ability is gradually enhanced. Interestingly, we found that the
chlorination of quinazolin-4-ones bearing different substituents required chlorinating reagents with
different chlorinating ability. Specifically, a gradually stronger chlorinating reagents were needed for the
chlorination of non-substituted, single-substituted and disubstituted quinazolin-4-ones (Figure3). Besides,
the chlorination efficiency was affected by the reaction time because the chlorination reaction could not
be finished in too short reaction time, whereas too long reaction time would lead to side reactions.
Therefore, the chlorinating reagents and reaction time for the synthesis of 4-chloroquinazoline

compounds were screened. The results are shown in Table 1.

(0] Cl
DMF SN
/) chlorination reagent R /)
N & N

R = H; 6-Cl; 6,8-diCl
Figure 3

Table 1. Effects of chlorinating reagents

Entry R g;liﬁf:; tfl‘(’)‘l'l Time (h)  Yield (%)*
1 H SOCL 4 482
2 H SOCl 6 60.4
3 H POCl; 6 78.5
4 H POCI; 8 81.2
5 6-Cl SOCl 8 60.3
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6 6-Cl POCl; 8 73.4
7 6-Cl POCl; 10 75.8
8 6, 8-diCl POCl; 10 45.6
9 6, 8-diCl POCI5/PCls 10 62.2
10 6, 8-diCl POCI5/PCls 12 50.8

1solated yields.

As shown in Table 1, in the chlorination reaction of quinazolin-4-one compounds, using chlorinating
reagents with relatively strong chlorination ability and appropriately extending the reaction time could
increase the yield of the chlorination products. In summary, POCI; should be selected as the chlorinating
reagent for the synthesis of 4-chloroquinazoline and 4, 6-dichloroquinazoline in 8-10 h. For the synthesis
of 4, 6, 8-trichloroquinazoline, mixtures of POCI; and PCls, and reaction time of 10 h should be applied
to the reaction. The chlorination reaction also clearly reflected the electronic effect of chloro-substituent

on the chlorination reaction of quinazoline.

Optimization of the reaction conditions for the synthesis of 4-selenoquinazoline compounds (Method
1):!® The general method for the synthesis of 4-substituted selenoquinazoline compounds is using
4-chloroquinazoline as an electrophilic reagent (Figure 4). Specifically, 4-chloroquinazoline or
substituted 4-chloroquinazoline was added to an ethanolic sodium diselenide solution in 1 h. Then the
solution was heated to reflux for 8-24 h, and reaction completion was monitored by thin-layer
chromatography (TLC). After cooling, the solvents were removed in vacuo and recrystallized from
DMF -EtOH. In this work, Method 2 is designed to synthesize selenoquinazoline compounds. Firstly,
4-chloroquinazolines reacted with NaySe» to give biquinazoline diselenides, which were then reduced by
NaBHs4 in the presence of NaOH leading to sodium quinazoline-4-selenolates. Finally, the
organoselenium quinazoline compounds were synthesized via nucleophilic substitution reaction of

sodium quinazoline-4-selenolates with halogenated hydrocarbons (Figure 4).
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Figure 4
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Table 2. Yields of 4-selenoquinazoline compounds in methods 1 and 2

; Yield (%)*

Compounds R R Method 1 Method 2
G H _CH,Ph 25.1 433
G» H -CH>CH=CH> 223 36.0
Gs H CH:Me 38.9 59.6
Gs H (CHz):sMe 42.6 60.4
Gr 6-Cl -CH;Me 21.4 33.3
Gu 6,8-diCl _CH:Me 203 24.6

1solated yields.

Table 2 showed that Method 2 was more efficient than Method 1. The main reason was that sodium
(alkyl)selenolates in Method 1 were less stable than sodium quinazoline-4-selenolate in Method 2. In
addition, the nucleophilic substitution of 4-chloroquinazolines were adversely affected by the large steric
hindrance. In Method 2, the conjugation of selenium anion with quinazoline made it more stable, thereby
enabling an easier nucleophilic substitution reaction with halogenated hydrocarbons.

Optimization of the reaction conditions for the synthesis of 4-thioquinazoline compounds: Substituted
4-thioquinazoline compounds were generally synthesized by using Method A'’(Figure 5). Specifically,
quinazolin-4-one reacted with P4Sio in pyridine to give quinazoline-4-thiol intermediates, which then
reacted with halogenated hydrocarbons, affording 4-thioquinazoline compounds. The classical Method A
requires the use of toxic and harmful reagents such as P4Sio and pyridine. In order to develop a green
synthesis strategy, classical Method A was improved (Method B): using PEG-200 instead of pyridine as
solvent, using thiourea instead of P4Sio as vulcanization reagent. Additionally, the step-by-step reaction of
Method A was improved to a one-pot reaction in Method B. The results of Method A and B are shown
in Table 3. Pleasantly, the yield of Method B is superior to the yield of Method A.

SR?
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N/) pyrldlne / BTEAB J
N
Cl SR?2
S K,CO
_| SN 2 3 XY SN
R ) + HN-C-NH, + R2X "PEG-200 R P N/) (Method B)

Figure 5
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Table 3. Yields of 4-thioquinazoline compounds in method A and B

) Yield (%)
Compounds R R Method A Method B
Gis H “CH:Ph 421 70.0
G H  -CH,CH=CH» 269 403
Gis H -CH:Me 332 57.9
Gis H  -CHyCH2:Me 447 61.4
Gio 6.8-diCl  -CHaMe 36.2 57.7

1solated yields.

Bioactivity assay of title compounds: Inhibitory activity of title compounds against A549 tumor cells was
tested in vitro by using Gefitinib® as the positive control drug and DMSO as negative control. The results
are summarized in Table 4. As shown in Table 4, Gi1-G20 had inhibitory activities against A549. The
inhibition ratio at the concentration of 10 uM were higher than those at the concentration of 1 puM.
Therefore, the tested compounds were concentration-dependent inhibitors. Notably, the inhibitory activity
of 4-selenoquinazoline compounds and 4-sulfenylquinazoline compounds at the concentration of 1 uM
was similar to that of the positive control drug Gefitinib®. Exultantly, the inhibitory activity of G4, Gs and
G7 was better than the positive control drug Gefitinib® at the concentration of 1 uM. With regard to the
structure-activity relationships, it was found that the inhibitory activity of 6-chloro-substituted
selenoquinazolines was significantly better than that of non-substituted or 6,8-dichloro-substituted
selenoquinazolines at the concentration of 1 pM. Similar structure-activity relationship was also observed
at the concentration of 10 uM. Especially, Gs showed excellent inhibitory activity against A549 cells. G4

and Gi1s were also worth further study and discussion.

Table 4. Inhibition ratio of A549 cells treated with different drug concentrations after 48 h in vitro

Inhibition ratio (%)

Compouds Name | uM 10 uM
G1 4-benzylselenoquinazoline 21.54+1.28* 29.17+0.91*
G2 4-allylselenoquinazoline 25.78+£2.00* 36.63+1.84*
G3 4-ethylselenoquinazoline 21.51+£2.10* 24.35+6.77*
G4 4-butylselenoquinazoline 32.76+3.76* 48.95£1.65*
Gs 6-chloro-4-benzylselenoquinazoline 43.83+4.84* 67.76+0.79*
Ge 6-chloro-4-allylselenoquinazoline 26.47+1.65* 37.894+2.10*
G 6-chloro-4-ethylselenoquinazoline 31.80£1.65* 39.16£3.01%*
Gs 6-chloro-4-butylselenoquinazoline 24.84+1.21* 30.65+0.45*
Go 6,8-dichloro-4-benzylselenoquinazoline  14.2043.76* 27.154+2.56*
Gio 6,8-dichloro-4-allylselenoquinazoline 19.23+£0.46* 23.28+2.10*
Gu 6,8-dichloro-4-ethylselenoquinazoline ~ 22.00+£2.29* 26.50+0.80*
G2 6,8-dichloro-4-butylselenoquinazoline ~ 20.48+2.20* 26.36+1.52*
Gu3 4-benzylsulfenylquinazoline 19.88£1.66* 34.16+£1.66*
G4 4-allylsulfenylquinazoline 15.10£1.13* 282+ 1.68%*
Gis 4-ethylsulfenylquinazoline 20.55+£5.22*  56.3743.92*
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Gie 4-butylsulfenylquinazoline 18.45+5.12* 32.33+£2.10*
G17 6,8-dichloro-4-benzylsulfenylquinazoline 21.61+1.65* 31.814+3.76*
Gis 6,8-dichloro-4-allylsulfenylquinazoline ~ 17.55+0.80* 23.6743.76*
Gy 6,8-dichloro-4-ethylsulfenylquinazoline ~ 18.15+2.11* 26.61+2.00*
G2o 6,8-dichloro-4-butylsulfenylquinazoline = 21.48+2.00* 33.31+£0.92*

Gefitinib® 25.00+1.83* 62.86+1.83*

1529

*Compared with DMSO control, compound Gi-Gzo, Gefitinib® treatment of 48 h showed

statistically significant inhibition (P<0.05) against cell growth.

CONCLUSION

A series of 4-selenoquinazoline compounds and 4-thioquinazoline compounds were synthesized by using
anthranilic acids as starting materials, and their anticancer activities against A549 cell lines were tested
through MTT method. The results showed that all the title compounds could inhibit A549 cell lines,
especially Gs, Gs and Gis. The organoselenium quinazoline compounds exhibited stronger anticancer
activities than organosulfur quinazoline compounds. Importantly, 6-substituted-4-selenoquinazoline
compound Gs had an inhibitory ratio of 67.8%, which was better than the positive control (anticancer
drug Gefitinib®). Detailed and in-depth studies of the anticancer activities of Gs are carried out in our

laboratory, and we will report the results in the near future.

EXPERIMENTAL

Instruments. All melting points of the products were determined on a MP120 digital melting point tester
(Jinan Haineng Instruments, Ltd. Co., China) and are not corrected. The infrared spectra were recorded on
a MAGANA-IR550 FTIR spectrometer in KBr disks. *H and *C NMR spectra were recorded on a
spectrometer BRUKER-I1 500 MHz (500 and 125 MHz respectively) at room temperature in CDCl3 using
TMS as internal standard. All of chemicals were analytical reagent and used without further purification.
Synthesis of 4-selenoquinazoline compounds: 6.0 mmol selenium powder and 4.0 mmol NaBH4 were
added in the reaction bottle in turn, and 10.0 mL anhydrous EtOH was added slowly under ice bath. The
reaction system gradually showed reddish brown from black. The reaction system continued to be stirred
for 10-15 min under ice bath, and then changed to reflux for 30-45 min to prepare Na>Se. alcohol solution.
4.0 mmol 4-chloroquinazoline derivatives were added in batches, refluxed for 2 h, filtered, and the mother
liquor was transferred into another reaction flask. 0.4 mmol NaOH was added to make the reaction
system alkaline. Then 4.0 mmol NaBH4 was added, and the reaction gradually became orange-yellow
solution, refluxed for 2-3 h. Finally, 4.0 mmol various halogenated hydrocarbons were added in batches,
refluxed for 1-3 h, and the reaction was detected by TLC. After the reaction was completed, the crude
product was obtained by cooling, separating, desolventizing and drying. The crude product was separated

and purified by EtOAc-petroleum ether mixed eluent in column chromatography, and the yield was
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calculated to obtain compound Gi1-Gao.

Synthesis of 4-thioquinazoline compounds: 2.0 mmol 4-chloroquinazoline derivatives, 5.0 mmol
thiourea, 4.0 mmol halohydrocarbon and 8.0 mmol K2COs were successively added into the reaction flask,
and then the mixed solvent of polyethylene glycol-200 and water was added. The reaction was carried out
at room temperature for 24 h, TLC was used to detect the reaction. After the reaction was completed, the
crude product was obtained by cooling, separating, drying and desolventizing. The crude product was
separated and purified by EtOAc-petroleum ether mixed eluent in column chromatography, and the yield
was calculated to obtain compound G13-Gao.

4-Benzylselenoquinazoline (Gi): Orange-yellow solid, yield 43.3%, Rf= 0.36 (EA: PE=1:4, v:v), mp
98.0-100.0 °C. *H NMR spectrum (500 MHz, CDCls), 6, ppm (J, Hz): 9.03 (1H, s), 7.97 (1H, d, J = 8.5),
7.91 (1H, d, J = 8.0), 7.83-7.86 (1H, m), 7.55-7.58 (1H, m), 7.45 (2H, d, J = 7.0), 7.30 (2H, t, J = 7.0),
7.24-7.26 (1H, m), 4.70 (2H, s). *C NMR spectrum (125 MHz, CDCl3), §, ppm: 171.7, 153.6, 148.0,
138.3, 133.8, 129.2, 128.9, 128.6, 127.6, 127.2, 126.2, 125.1, 29.4. IR spectrum (thin layer), v, cm™: 3069,
3036 (Var-H), 2917 (vasCH>), 2849 (vsCH2), 1667-1453 (Ar skeleton vibration), 772, 748 (5ar-H).
4-Allylselenoquinazoline (Gz2): Brownish yellow needle crystal, yield 36.0%, Rs= 0.30 (EA: PE=1:3,
v:v), mp 51.9-52.0 °C. *H NMR spectrum (500 MHz, CDCls), J, ppm (J, Hz): 8.29 (1H, d, J = 8.0), 8.07
(1H, s), 7.69-7.75 (2H, m), 7.49 (1H, t, J = 7.0), 5.97-6.03 (1H, m), 5.28 (2H, t, J = 10.0), 4.64 (2H, d, J =
5.5). °C NMR (125 MHz, CDCls), 6, ppm: 173.9, 160.7, 147.8, 146.4, 134.3, 131.9, 127.3, 127.2, 126.7,
118.8, 48.3. IR spectrum (thin layer), v, cm™: 3018-3084 (V=ch + Var-n), 2917 (VasCH2), 2849 ( vsCH,),
1667-1477 (Ar skeleton vibration). 766, 692 (dar-H).

4-Ethylselenoquinazoline (Gs): Pale yellow solid, yield 59.6%, Ri = 0.27 (EA: PE=1:3, viv), mp
78.0-78.5 °C. 'H NMR spectrum (500 MHz, CDCls), 6, ppm (J, Hz): 8.32 (1H, d, J= 8.0), 8.07 (1H, s),
7.70-7.77 (2H, m), 7.50 (1H, t, J = 8.0), 4.08 (2H, g, J = 7.5), 1.43 (3H, t, J = 7.5). 3C NMR (125 MHz,
CDClg), o, ppm: 160.9, 148.2, 146.3, 134.1, 127.4, 127.2, 126.7, 122.2, 42.1, 14.9. IR spectrum (thin
layer), v, cm™: 3051 (Var-n), 2968 (VasCH3), 2917 (VasCH2), 2869 (vsCHs), 2852 (vsCH2), 1664-1474 (Ar
skeleton vibration). 760, 692 (dar-H).

4-Butylselenoquinazoline (Gas): Dark yellow solid, yield 60.4%, Rf = 0.34 (EA: PE=1:3, viv), mp
139.0-141.0 °C. *H NMR spectrum (500 MHz, CDCls), 6, ppm (J, Hz): 8.31 (d, J = 8.0, 1H), 8.04 (1H, s),
7.70-7.76 (2H, m), 7.48-7.51 (1H, m), 4.01 (2H, t, J = 7.5), 1.75-1.82 (2H, m), 1.38-1.44 (2H, m), 0.97
(3H, t, J = 7.5). °C NMR (125 MHz, CDCls), 6, ppm: 161.0, 148.0, 146.6, 134.1, 127.4, 127.2, 126.7,
122.2,46.8, 31.4, 19.9, 13.6. IR spectrum (thin layer), v, cm™: 3060 (Var-+), 2953 (VasCH3), 2926 (VasCH2),
2866 (vsCH3), 1658-1450 (Ar skeleton vibration). 763, 689 (dar-H).

6-Chloro-4-benzylselenoquinazoline (Gs): White solid, yield 30.9%, R¢= 0.35 (EA: PE=1:3, v:v), mp
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102.0-104.0 °C. *H NMR spectrum (500 MHz, CDCls), 8, ppm (J, Hz): 8.29 (1H, d, J = 2.0), 8.10 (1H, s),
7.64-7.70 (2H, m), 7.26-7.35 (5H, m), 5.20 (2H, s). °C NMR (125 MHz, CDCls), 5, ppm: 160.0, 146.5,
135.4,134.8, 133.3, 129.2, 128.5, 128.1, 126.3, 123.2, 49.8. IR spectrum (thin layer), v, cm™: 3054 (var.h),
2914 (vasCHy), 2855 (vsCHy>), 1664-1444 (Ar skeleton vibration). 834, 695 (dar-H).
6-Chloro-4-allylselenoquinazoline (Gs): Orange-yellow needle crystal, yield 21.4%, Rf= 0.29 (EA:
PE=1:3, v:v), mp 109.0-110 °C; *H NMR spectrum (500 MHz, CDCls), J, ppm (J, Hz): 8.28 (1H, d, J =
2.0), 8.01 (1H, s), 7.65-7.71 (2H, m), 5.98 (2H, t, J = 10.0), 5.26-5.33 (2H, m), 4.64 (1H, d, J = 6.0). 3C
NMR (125 MHz, CDCls), o, ppm: 159.8, 146.6, 146.4, 134.8, 133.2, 131.5, 129.2, 126.2, 123.2, 119.2,
48.5. IR spectrum (thin layer), v, cm™: 3018-3066 (Var-H+V=ch), 2914 (VasCH2), 2846 (VsCH>), 1664-1462
(Ar skeleton vibration). 834, 802 (Jar-H).

6-Chloro-4-ethylselenoquinazoline (G7): Orange solid, yield 33.3%, Rf= 0.36 (EA: PE=1:2, v:v), mp
100.0-102.0 °C. *H NMR spectrum (500 MHz, CDCls), &, ppm (J, Hz): 8.28 (1H, d, J = 1.5), 8.05 (1H, s),
7.64-7.70 (2H, m), 4.07 (2H, g, J = 7.0), 1.43 (3H, t, J = 7.0). 13C NMR (125 MHz, CDCls), 6, ppm:
159.9, 146.6, 146.5, 134.6, 133.1, 129.1, 126.1, 123.2, 42.3, 14.8. IR spectrum (thin layer), v, cm™: 3053
(Var-H), 1664-1444 (Ar skeleton vibration).

6-Chloro-4-butylselenoquinazoline (Gs): Beige solid, yield 46.7%, Rf= 0.32 (EA: PE=1:2, v:v), mp
98.0-99.5 °C. 'H NMR spectrum (500 MHz, CDCls), 6, ppm (J, Hz): 8.27 (1H, s), 8.02 (1H, s), 7.64-7.69
(2H, m), 4.00 (2H, t, J = 7.0), 1.75-1.81 (2H, m), 1.38-1.44 (2H, m), 0.98 (3H, t, J = 7.5). 3C NMR (125
MHz, CDCls), o, ppm: 160.0, 146.8, 146.6, 134.6, 133.1, 129.1, 126.1, 123.2, 47.0, 31.4, 19.9, 13.6; IR
spectrum (thin layer), v, cm™: 3069 (Var-n), 2959 (VasCH3), 2926 (VasCH2), 2867 (vsCHs), 2855 (VsCH>),
1652-1462 (Ar skeleton vibration). 832, 793 (Jar-H).

6,8-Dichloro-4-benzylselenoquinazoline (Ge): Orange-red solid, yield 27%, R¢= 0.28 (EA: PE=1:2, v:v),
mp 129.0-131.0 °C. *H NMR spectrum (500 MHz, CDCls), J, ppm (J, Hz): 8.21 (1H, d, J = 2.5), 8.19 (1H,
s), 7.81 (1H, d, J = 2.0), 7.33-7.38 (5H, m), 5.19 (2H, s). 1°C NMR (125 MHz, CDCls), J, ppm: 159.5,
147.0, 143.4, 134.9, 134.6, 133.0, 132.9, 129.2, 128.7, 128.1, 125.3, 124.3, 50.0. IR spectrum (thin
layer), v, cm™: 3063 (Var-n), 2923 (VasCH2), 2849 (vsCH.), 1679-1450 (Ar skeleton vibration). 796, 724
(OAr-H).

6,8-Dichloro-4-allylselenoquinazoline (Gio): Pale yellow solid, yield 53.1%, Rf= 0.31 (EA: PE=1:2,
v:v), mp 105.0-106.0 °C. *H NMR spectrum (500 MHz, CDCls), 6, ppm (J, Hz): 8.21 (1H, s), 8.12(1H, s),
7.82 (1H, s), 5.96-5.98 (1H, m), 5.27-5.35 (1H, m), 4.64 (2H, d, J = 5.5). 3C NMR (125 MHz, CDCls), 4,
ppm: 159.2, 147.0, 1435, 134.7, 133.0, 132.9, 131.2, 125.2, 124.2, 119.6, 48.7. IR spectrum (thin
layer), v, cm™: 3080-3021 (Var-H+V=cH), 2920 (VasCH2), 2846 (vsCH.), 1673-1459 (Ar skeleton vibration).
842, 776 (OAr-H).
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6,8-Dichloro-4-ethylselenoquinazoline (Gai1): Dark yellow solid, yield 24.6%, Ri= 0.33 (EA: PE=1:1,
v:v), mp 186.0-188.0 °C. *H NMR spectrum (500 MHz, CDCls), §, ppm (J, Hz): 8.21 (1H, d, J = 2.5),
8.15 (1H, s), 7.81 (1H, d, J = 2.5), 4.08 (2H, g, J = 7.0), 1.43 (3H, t, J = 7.5). °C NMR (125 MHz,
CDClg), o, ppm: 159.3, 147.0, 143.6, 134.5, 132.9, 132.8, 125.1, 124.3, 42.6, 14.8. IR spectrum (thin
layer), v, cm™: 3075 (Var-n), 2955 (VasCHs), 2923 (vasCH2), 2869 (vsCHs), 2855 (vsCH2), 1670-1453 (Ar
skeleton vibration). 843, 790 (Jar-H).

6,8-Dichloro-4-butylselenoquinazoline (Gi2): Yellow-green solid, yield 46.3%, R¢= 0.26 (EA: PE=1:1,
v:v), mp 94.5-96.0 °C. 'H NMR spectrum (500 MHz, CDCls), J, ppm (J, Hz): 8.20 (1H, d, J = 2.5), 8.12
(1H,s), 7.81 (1H, d, J = 2.0), 4.01 (2H, t, J = 7.5), 1.75-1.80 (2H, m), 1.39-1.43 (1H, m), 0.98 (3H, t, J =
7.5). ¥C NMR (125 MHz, CDCls), 8, ppm: 159.5, 147.3, 143.6, 134.5, 132.9, 132.8, 125.1, 124.3, 47.2,
31.2, 19.8, 13.6. IR spectrum (thin layer), v, cm™: 3068 (vVar-+), 1679-1450 (Ar skeleton vibration).
4-Benzylsulfenylquinazoline (Gis): White solid, yield 70.0%, Rf= 0.34 (EA: PE=1:3, v:v), mp 97.8-99.0
°C. 'H NMR spectrum (500 MHz, CDCls), 6, ppm (J, Hz): 9.02 (1H, s), 8.05 (d, J = 9.0, 1H), 7.97 (1H, d,
J=8.5), 7.82-7.86 (1H, m), 7.53-7.57 (1H, m), 7.47 (2H, d, J = 7.5), 7.30-7.36 (3H, m), 4.65 (2H, s). 13C
NMR (125 MHz, CDClg), ¢, ppm: 171.0, 153.4, 147.8, 136.8, 133.7, 129.2, 128.7, 127.5, 123.8, 123.6,
123.3, 33.8. IR spectrum (thin layer), v, cm™: 3076 (var-n), 1548-1448 (Ar skeleton vibration).
4-Allylsulfenylquinazoline (Gaias): Yellow liquid, yield 40.3%, R:= 0.29 (EA: PE=1:2, v:v). 'H NMR
spectrum (500 MHz, CDClIs), ¢, ppm (J, Hz): 8.33 (1H, d, J = 8.0), 7.71-7.75 (2H, m), 7.52 (1H, t, J =
7.5), 5.98-6.02 (1H, m), 5.28-5.32 (2H, m), 4.65 (2H, d, J = 5.5). 1*C NMR (125 MHz, CDCls), J, ppm:
160.8, 148.0, 146.2, 134.3, 131.8, 127.4, 127.3, 126.8, 122.1, 118.9, 48.3. IR spectrum (thin layer), v,
cmt: 3066 (Var-H), 1463-1538 (Ar skeleton vibration).

4-Ethylsulfenylquinazoline (Gais): Maize-yellow solid, yield 57.9%, Rf= 0.30 (EA: PE=1:2, v:v), mp
32.0-33.0 °C. *H NMR spectrum (500 MHz, CDCls), 6, ppm (J, Hz): 8.98 (1H, s), 8.08 (1H, d, J = 9.0),
7.96 (1H, d, J = 8.5), 7.84 (1H, t, J = 7.0), 7.57 (1H, t, J = 7.0), 3.39 (2H, q, J = 7.0), 1.47 (3H, t, I = 7.0).
13C NMR (125 MHz, CDCls), d, ppm: 171.7, 153.5, 147.7, 133.6, 128.6, 127.2, 124.0, 123.8, 24.0, 14.2.
IR spectrum (thin layer), v, cm™: 3066 (var-+), 1463-1538 (Ar skeleton vibration).
4-Butylsulfenylquinazoline (Gie): Pale yellow solid, yield 61.4%, Rt = 0.34 (EA: PE=1:2, v:v), mp
72.0-73.0 °C. *H NMR spectrum (500 MHz, CDCls), §, ppm (J, Hz): 8.32 (1H, d, J = 8.0), 8.03 (1H, s),
7.69-7.73 (2H, m), 7.50 (1H, t, J = 7.0), 4.00 (2H, t, J = 7.0), 1.79 (2H, t, J = 6.5), 1.40-1.45 (2H, m),
0.98 (3H, t, J = 7.0). °C NMR (125 MHz, CDCls), 6, ppm: 161.0, 148.1, 146.6, 134.1, 127.1, 127.2,
126.7, 122.2, 46.8, 31.4, 19.9, 13.6. IR spectrum (thin layer), v, cm™: 3056 (Var-n), 2958 (VasCHs), 2922
(vasCH2), 2863 (vsCH3), 1405 -1658 (Ar skeleton vibration).

6,8-Dichloro-4-benzylsulfenylquinazoline (Gi7): White solid, yield 59.4%, R¢= 0.26 (EA: PE=1:1, v:v),
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mp 119.6-121.0 °C. *H NMR spectrum (500 MHz, CDCls), 6, ppm (J, Hz): 9.10 (1H, s), 7.96 (2H, d, J =
2.0), 7.89 (1H, d, J = 2.0), 7.45 (1H, d, J = 7.5), 7.30-7.36 (3H, m), 4.64 (2H, s). 3C NMR (125 MHz,
CDCly), 9, ppm: 170.9, 153.9, 143.7, 136.1, 134.4, 134.1, 132.5, 129.2, 128.7, 127.7, 124.8, 121.9, 34.4;
IR spectrum (thin layer), v, cm™: 3065 (Var-n), 2976 (VasCH2), 2920 (vsCH2), 1405-1596 (Ar skeleton
vibration).

6,8-Dichloro-4-allylsulfenylquinazoline (Gis): Yellow solid, yield 64.8%, Rs= 0.30 (EA: PE=1:1, viv),
mp 90.0-91.0 °C. *H NMR spectrum (500 MHz, CDCls), 6, ppm (J, Hz): 9.07 (1H, s), 7.98 (1H, d, J =
2.0), 7.91 (1H, d, J = 2.0), 5.98-6.03 (1H, m), 5.41(1H, d, J = 17.0), 5.22 (1H, d, J = 10.0), 4.06 (2H, d, J
= 7.0). ®*C NMR (125 MHz, CDCls), 6, ppm: 170.8, 153.9, 143.6, 134.4, 134.1, 132.5, 132.0, 125.0,
121.9, 119.1, 32.8. IR spectrum (thin layer), v, cm™: 3010-3079 (Var-H+V=cr), 2926 (VasCH2), 2848 (vsCHy),
1462-1676 (Ar skeleton vibration).

6,8-Dichloro-4-ethylsulfenylquinazoline (Gaio): Pale yellow solid, yield 57.7%, Rs= 0.27 (EA: PE=2:1,
v:v), mp 84.0-85.0 °C. 'H NMR spectrum (500 MHz, CDCls), 6, ppm (J, Hz): 8.20 (1H, s), 8.15 (1H, s),
7.81 (1H, s), 4.09 (2H, g, J = 7.5), 1.43 (3H, t, J = 7.0). °C NMR (125 MHz, CDCl3), J, ppm: 159.3,
147.0, 143.6, 134.4, 132.9, 132.8, 125.0, 124.2, 42.5, 14.7. IR spectrum (thin layer), v, cm™: 3075 (Var-H),
2958 (VasCHa), 2926 (vasCH>), 2864 (vsCHz), 2855 (vsCH>), 1455-1672 (Ar skeleton vibration).
6,8-Dichloro-4-butylsulfenylquinazoline (Gzo): White solid, yield 65.1%, R¢= 0.33 (EA: PE=2:1, v.v),
mp 109.8-110.5 °C. *H NMR spectrum (500 MHz, CDCls), §, ppm (J, Hz): 8.20 (1H, d, J = 2.5), 8.12 (1H,
s), 7.81 (1H, d, J = 2.5), 4.01 (2H, t, J = 7.0), 1.75-1.79 (2H, m), 1.39-1.43 (2H, m), 0.98 (3H, t, J = 7.5).
13C NMR (125 MHz, CDCls), J, ppm: 159.4, 147.3, 143.5, 134.8. 132.8, 132.7, 125.1, 124.2, 47.2, 31.2,
19.8, 13.5. IR spectrum (thin layer), v, cm™: 3080 (Var-+), 2958 (VasCHa3), 2917 (vasCH2), 2872 (vsCHa),
2857 (vsCH>), 1459 -1670 (Ar skeleton vibration).

Cell culture and drug action: A549 were cultured in DMEM high sugar medium containing 10% FBS
(Fetal Bovine Serum) at 37 °C and 5% CO> concentration. The medium was replaced for 2 days. The
passage period was 3-4 days. The drugs were dissolved in DMSO and prepared into 1 mM and 10 mM
storage solution, respectively, which were diluted into 1 uM and 10 uM drug concentrations in the culture
solution. Cells in the logarithmic growth phase were divided into two parts. One was treated with DMSO
alone as negative control, and the other was treated with drug Gefitinib®.

MTT assay: All kinds of mentioned above cell lines were cultured under 96-well plates (3,000 cells per
well) condition. Those cells were further stored at 37 °C for 24 h in 10% FBS/RPMI 1640 medium. After
cells prepared, those tested cells were divided into two parts. One was treated with DMSO alone as
negative control, and another one was treated with varied tested drug concentrations. All concentrations

of tested drug were tested inhibitor activity in 48 h. The results of target compounds antitumor activity
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were produced by an ELISA plate reader (BioTek-synergy HT). The test was done three times separately.
Accordingly, the following formula was used to calculate the inhibition rates of all compounds against
tested tumor cells.

Inhibition ratio (%) = (1 - experiment value/negative control value) x 100%

ACKNOWLEDGEMENTS

This research was supported by grants from Natural Science Foundation of Shandong Province
(ZR2013BMO006), Undergraduate Innovation and Entrepreneurship Training Program of Shandong
Province (5201910451142, S201910451167X), China.

REFERENCES

1. (a) L. King, D. Christie, W. Dare, N. Bernaitis, R. Chess-Williams, C. McDermott, A. Forbes, and S.
Anoopkumar-Dukie, Eur. J. Pharmacol., 2021, 893, 173831; (b) E. B. Mass, G. V. Duarte, and D.
Russowsky, Mini-Rev. Med. Chem., 2021, 21, 186; (c) P. S. Auti, G. George, and A. T. Paul, RSC
Adv., 2020, 10, 41353; (d) P. Bhatia, V. Sharma, O. Alam, A. Manaithiya, P. Alam, Kahksha, M. T.
Alam, and M. Imran, Eur. J. Med. Chem., 2020, 204, 112640.

2. (a) P. Bhatia, V. Sharma, O. Alam, A. Manaithiya, P. Alam, Kahksha, Md T. Alam, and M. Imran,
Eur. J. Med. Chem., 2020, 204, 112640; (b) W. Hou, Y. Ren, Z. Zhang, H. Sun, Y. Ma, and B. Yan,
Bioorg. Med. Chem., 2018, 26, 1740.

3. (a) T. Mohamed and P. P. N. Rao, Eur. J. Med. Chem., 2017, 126, 823; (b) G. Le-Nhat-Thuy, N. N.
Thi, H. Pham-The, T. A. D. Thi, H. N. Thi, T. H. N. Thi, S. N. Hoang, and T. V. Nguyen, Bioorg.
Med. Chem. Lett., 2020, 30, 127404.

4. Z.Yin, X. Li, Z. Deng, Q. Yang, and Y. Peng, Tetrahedron Lett., 2020, 61, 151818.

5. (a) G. Zhang, M. Wang, J. Zhao, Y. Wang, M. Zhu, J. Wang, S. Cen, and Y. Wang, Eur. J. Med.
Chem., 2020, 206, 112706; (b) M. Wang, G. Zhang, Y. Wang, J. Wang, M. Zhu, S. Cen, and Y.
Wang, Bioorg. Med. Chem. Lett., 2020, 30, 127143.

6. (a) Q. Li, MA. Sc. Dissertation, Guizhou University, Guizhou, 2018 (in Chinese); (b) J. He, X. M.
Tang, Q. Zhou, F. Peng, T. T. Liu, L. W. Liu, M. He, C. W. Xie, and W. Xue, Chin. J. Org. Chem.,
2021, 41, 708.

7. S. M. ElI-Messery, G. S. Hassan, M. N. Nagi, E. E. Habib, S. T. Al-Rashood, and H. I. EI-Subbagh,
Bioorg. Med. Chem. Lett., 2016, 26, 4815.

8. Y.l El-Gazzar, H. H. Georgey, S. M. EI-Messery, H. A. Ewida, G. S. Hassan, M. M. Raafat, M. A.
Ewida, and H. I. EI-Subbagh, Bioorg. Chem., 2017, 72, 282.



HETEROCYCLES, Vol. 102, No. 8, 2021 1635

9. E.D.Li Q.Lin, Y. Q. Meng, L. Y. Zhang, P. P. Song, N. Li, J. C. Xin, P. Yang, C. N. Bao, D. Q.
Zhang, Y. Zhang, J. K. Wang, Q. R. Zhang, and H. M. Liu, Eur. J. Med. Chem., 2019, 172, 36.

10. S.J. Buggana, M. C. Paturi, H. Perka, D. R. Gade, and VVS. R. Prasad, Comput. Biol. Chem., 2019,
79, 110.

11. M. Matsumura, T. Takahashi, H. Yamauchi, S. Sakuma, Y. Hayashi, T. Hyodo, T. Obata, K.
Yamaguchi, Y. Fujiwara, and S. Yasuike, Beilstein J. Org. Chem., 2020, 16, 1075.

12. (a) F. Liu, Z. Huai, G. Xia, L. Song, S. Li, Y. Xu, K. Hong, M. Yao, G. Liu, and Y. Huang, Bioorg.
Med. Chem. Lett., 2018, 28, 2561; (b) G. Liu, L. Sun, C. Liu, C. Ji, Q. Wen, and S. Ma, J. Heterocycl.
Chem., 2008, 45, 759.

13. G. Liu, W. Q. Ma, H. G. Chen, C. P. Liu, S. G. Xu, X. G. Liu, C. N. Ji, and X. Y. Liu, Asian J. Chem.,
2013, 25, 9957.

14. E. Moreno, D. Plano, I. Lamberto, M. Font, I. Encio, J. A. Palop, and C. Sanmartin, Eur. J. Med.
Chem., 2012, 47, 283¢298.

15. (a) G. Liu, F. Liu, Y. J. Huang, S. Shi, Y. C. Zhang, Z. Y. Yin, Y. G. Yuan, Z. W. Zhang, E. R.
Zhang, X. Y. Fu, and G. G. Xu, Afinidad, 2019, 76, 151; (b) G. Liu, Y. J. Huang, K. Cao, C. N. Ji, L.
Sun, S. G. Xu, and X. G. Liu, Afinidad, 2016, 73, 75; (¢) Y. J. Huang, X. M. Hu, G. Liu, H. Liu, J. G.
Hu, Z. Z. Feng, B. Tang, J. Qian, Q. Y. Wang, Y. Y. Zhang, and Y. N. Pu, Med. Chem. Res., 2015,
24, 2085.

16. Y. C. Zhang, P. P. Niu, Q. W. Wen, L. Sun, W. L. Wang, S. G. Xu, and G. Liu, J. Heterocycl.
Chem., 2020, 57, 497.

17. G.F. Xu, B. A. Song, P. S. Bhadury, S. Yang, P. Q. Zhang, L. H. Jin, W. Xue, D. Y. Hu, and P. Lu,
Bioorg. Med. Chem., 2007, 12, 3768.





