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Abstract—In order to discover novel high efficiency and low toxic anticancer drugs, a series of novel 2-amino-
5-ethylpyrimidine derivatives (XIIa–x) were designed and synthesized. Their antiproliferative activities
against four human cancer cells were evaluated by MTT assay. Among the synthetic target compounds, the
compound 5-ethyl-6-((4-methoxybenzyl)thio)-N4-(3,4,5-trimethoxyphenyl)pyrimidine-2,4-diamine
(XIIw) showed the most potent antiproliferative activity against MGC-803 (human gastric cancer cells),
with the IC50 values of 1.02 ± 0.16 μM. Meanwhile, this compound inhibited colony formation of MGC-
803 cells. Furthermore, this compound blocked the cell cycle in S phase and induced cell apoptosis. Col-
lectively, our findings indicated that this compound was a valuable lead compound to design new antican-
cer drugs.
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INTRODUCTION
Within a global scale, cancer has destroyed a lot of

happiness families, and the number of people far
exceeds the sum of human immunodeficiency viruses,
tuberculosis and malaria [1]. In recent years, chemo-
therapy, surgery, radiotherapy and immunotherapy
have been the most common types of cancer treatment
today [2, 3]. Although there are several different cate-
gories of anticancer drugs can be used in clinical prac-
tice, some tricky problems still need to be solved, such
as side effects and inefficiency. Therefore, discovery
and development of more effective and low toxic anti-
cancer drugs remain urgent [4, 5].

Pyrimidine is nitrogen-containing heterocycle
with a wide range of biological activity, including anti-
tumor, anti-HIV, antibacterial, etc. [6–10]. Today,
many pyrimidine-based compounds have been
applied to clinical practice by many countries, such as
Imatinib (I), Dasatinib (II) and Brigatinib (III) [11–

15] (Fig. 1), which makes it become a basic scaffold for
the design and development of new drugs. Meanwhile,
compounds GNE-6640 and GNE-6776 were selected
as the lead compounds (Fig. 2), according to the liter-
ature, the amino and ethyl group of the lead com-
pounds, which played important roles in antiprolifer-
ative activity [16, 17]. Based on scaffold hopping
approach through changing the core structure, we
changed the pyridine ring to a pyrimidine ring and
retained the amino and ethyl group of the lead com-
pounds.

In addition, 4-methoxybenzyl has a very wide
range of inhibitory activity for cancer, it has been
reported that compounds (IV–VI) [18–20] have good
inhibitory effect on tumor cells, and they all contain
4-methoxybenzyl group. Therefore, encouraged by
the above research, a series of 2-amino-5-ethylpy-
rimidine derivatives containing 4-methoxybenzyl by
using the combination principles were synthesized
and the antiproliferative activity of target compounds
was evaluated in vitro by methyl thiazolyl tetrazolium
(MTT) assay.

1 Corresponding autor: e-mail: shlh@zzu.edu.cn.
2 Corresponding autor: e-mail: liuhm@zzu.edu.cn.
3 Corresponding autor: e-mail: zqr409@yeah.net.
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Fig. 1. Structures of some pyrimidine derivatives and derivatives containing 4-methoxybenzyl.
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Fig. 2. Design strategy for 2-amino-5-ethylpyrimidine derivatives.
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RESULTS AND DISCUSSION

Chemistry

The synthesis method of preparing compounds is
set forth in Scheme 1. Firstly, taking commercially
available diethyl ethylmalonate as starting material,
compound (IX) was synthesized by stirring with guan-
idine hydrochloride at 80°C for 6 h. Then, compound
(X) was obtained from the reaction of compound (IX)
RUSSIAN JOURNAL OF
with phosphorus oxychloride at 90°C for 6 h. Next,
compound (X) was reacted with differently substituted
anilines to obtain compounds (XIa–x) in ethanol at
100°C for 2 h. Finally, compounds (XIIa–x) were syn-
thesized using compounds (ZhengzhouXia-x) with
4-methoxybenzyl mercaptan under basic condition in
N,N-dimethylformamide at 80°C for 1 h. Mean-
while,the structures of target compounds were proved
by 1H NMR, 13C NMR and HRMS.
 BIOORGANIC CHEMISTRY  Vol. 48  No. 2  2022



SYNTHESIS AND ANTITUMOR ACTIVITY EVALUATION 413
Scheme 1. Reagents and conditions: (i) CH3ONa, CH3OH, 80°C, 6 h; (ii) POCl3, 90°C, 6 h;

(iii) different anilines, ethanol, 100°C, 2 h; (iv) DMF, KOH, 80°C, 1 h.

Evaluation of Biological Activity
Antitumor activity. The antiproliferative activities

of these target compounds were assessed by MTT
assay to four human tumor cell lines, including human
prostate cancer cells (PC-3), human gastric cancer
cells (MGC-803), human breast cancer cells (MCF-7)
and human non-small cell lung cancer (H1975). 5-Flu-
orouracil was used as positive control. The experimen-
tal results were summarized in Table 1.

As shown in Table 1, most compounds exhibit a
moderate antiproliferative activity on four cell lines.
Comparing compound (XIIa) with other compounds,
it could be found that different substituents on aniline
have a certain effect on bioactivity. Compared with
compounds (XIIb–d), (XIIe–g) and (XIIh–j), the
contribution to enhance antiproliferative activity was

F > Cl > Br. In addition, it could be seen that the anti-

proliferative activity of the trif luoromethyl substituted

compounds (XIIk) and (XIIl) were generally better

than other electron withdrawing substitutions. From

the biological data of compounds (XIIm–o), (XIIp–r)

and (XIIw), we could know that as the electron donat-

ing ability of the substituent increasing, the antiprolif-

erative activity increased, and the order of bioactivity

was meta-substitution > para-substitution > ortho-

substitution. Among them, compound (XIIw) with

more electron-donating groups had the best antipro-

liferative activity, against MGC-803 cell lines with the

IC50 values of 1.02 ± 0.16 μM, which was superior to

the positive control 5-Fu (IC50 = 9.05 μM). As a con-

sequence, in order to study the mechanism of target

compounds, the compound (XIIw) and human gastric
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Table 1. Antiproliferative activity of target compounds (XIIa–x) against four cancer cell lines

a Concentration of target compound required to inhibit tumor cell proliferation by 50% (IC50). b Used as a positive control.

Compounds R
IC50, μMa

PC-3 MGC-803 MCF-7 H1975

(XIIa) –Ph >50 >50 >50 >50

(XIIb) 4-F–Ph 21.56 ± 1.25 33.12 ± 1.24 >50 37.88 ± 1.57

(XIIc) 3-F–Ph 28.13 ± 1.11 39.52 ± 1.48 >50 >50

(XIId) 2-F–Ph 31.02 ± 1.35 45.23 ± 1.48 >50 26.67 ± 1.42

(XIIe) 4-Cl–Ph 33.81 ± 1.73 35.26 ± 1.25 18.56 ± 1.24 9.77 ± 0.99

(XIIf) 3-Cl–Ph 40.56 ± 1.84 31.28 ± 1.49 15.23 ± 1.01 36.02 ± 1.55

(XIIg) 2-Cl–Ph 48.25 ± 1.23 >50 30.56 ± 1.35 >50

(XIIh) 4-Br–Ph 37.55 ± 1.57 44.71 ± 1.69 15.62 ± 1.45 12.01 ± 1.08

(XIIi) 3-Br–Ph 40.38 ± 1.59 >50 12.35 ± 1.28 38.32 ± 1.58

(XIIj) 2-Br–Ph 45.36 ± 1.37 >50 40.25 ± 1.75 >50

(XIIk) 4-CF3–Ph 19.23 ± 1.10 30.15 ± 1.41 11.28 ± 1.24 24.48 ± 1.38

(XIIl) 3-CF3–Ph 25.65 ± 1.28 34.53 ± 1.23 10.78 ± 1.24 43.10 ± 1.63

(XIIm) 4-CH3–Ph >50 >50 >50 23.48 ± 1.37

(XIIn) 3-CH3–Ph 26.12 ± 1.41 40.14 ± 1.02 26.17 ± 1.66 26.90 ± 1.43

(XIIo) 2-CH3–Ph >50 >50 >50 48.45 ± 1.68

(XIIp) 4-OCH3–Ph >50 18.25 ± 1.29 >50 23.96 ± 1.14

(XIIq) 3-OCH3–Ph 10.14 ± 1.03 14.88 ± 1.17 36.91 ± 1.56 17.63 ± 1.24

(XIIr) 2-OCH3–Ph 24.89 ± 1.39 30.24 ± 1.42 36.81 ± 1.56 37.91 ± 1.57

(XIIs) 3-Cl-4-F–Ph 25.98 ± 1.39 11.76 ± 1.07 31.63 ± 1.50 15.76 ± 1.19

(XIIt) 2,4-di-Cl–Ph 17.54 ± 1.24 16.59 ± 1.22 43.79 ± 1.64 23.92 ± 1.37

(XIIu) 3,4-di-Cl–Ph 21.69 ± 1.33 21.13 ± 1.32 >50 21.05 ± 1.32

(XIIv) 18.98 ± 1.42 >50 23.44 ± 1.68 20.86 ± 1.27

(XIIw) 3,4,5-tri-OCH3–Ph 11.52 ± 1.78 1.02 ± 0.16 13.93 ± 1.56 8.18 ± 0.91

(XIIx) 4-NO2–Ph >50 >50 >50 22.13 ± 1.246

5-Fub – 6.23 ± 0.67 9.05 ± 0.96 8.77 ± 0.56 9.37 ± 0.39

N

H2N O
cancer cells (MGC-803) were selected to perform a

more deep level of experiment.

Compound (XIIw) inhibited the proliferation of
MGC-803 cells. Firstly, we studied the effects of com-

pound (XIIw) on the cell proliferation by Plate cloning

test for 0, 0.5, 1 and 2 μM respectively. As displayed in

Fig. 3, compound (XIIw) could significantly and

dose-dependently reduced the formation of colonies

in MGC-803 cells compared with the control group.

Most antitumor compounds inhibit cell proliferation

through induction of cell cycle arrest [21]. In order to

better explain the antiproliferative activity of MGC-

803 cells, we conducted a cell-cycle analysis. After

treatment with compound (XIIw) 0, 0.5, 1 and 2 μM

for 24 h, the proportion of MGC-803 cells in S phase

increased from 36.11 to 63.73%, which indicated that
RUSSIAN JOURNAL OF
compound (XIIw) suppressed the reproduction of

MGC-803 cells by blocking the cell cycle in S phase

(Fig. 4).

Compound (XIIw) induced MGC-803 cells apopto-
sis. Apoptosis is considered to be an important way to

kill cancer cells in most anti-tumor drugs. As a conse-

quence, by using DAPI staining, we explored the

impact of compound (XIIw) on apoptosis of MGC-

803 cells. As we observed in Fig. 5, after 48 h with a

designated concentration of compound (XIIw), the

number of changes in apoptotic morphology increased

significantly, which indicating that compound (XIIw)

could induce apoptosis. Then, we performed a bipara-

metric cytofluorimetric analysis to better characterize

the compound (XIIw) induced apoptosis pattern.

After MGC-803 cells were treated with different con-
 BIOORGANIC CHEMISTRY  Vol. 48  No. 2  2022
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Fig. 3. (a) MGC-803 cell colonies were treated with compound (XIIw) at different concentrations for 9 days; (b) Quantitative
analysis of colony formation inhibition rate.

0

20

40

60

80

100

0.5 1 2

0.5 μMControl

1 μM 2 μM

In
h

ib
it

io
n

 r
a

te
, 

%

Concentration, μM

(a) (b)

Fig. 4. (a) Cells were treated with compound (XIIw) at different concentrations (0, 0.5, 1 and 2 μM) for 24 h; (b) Quantitative
analysis of cell cycle distribution of MGC-803 cells for 24 h.
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Changes (FL3-A ± FL2-A) Changes (FL3-A ± FL2-A)
centration of compound (XIIw) for 48h, the propor-

tion of apoptotic cells in MGC-803 cells increased

from 9.59 to 25.98%, which suggested that compound

(XIIw) dose-dependently induced the cellular apopto-

sis (Fig. 6).

Effect of compound (XIIw) against human normal
cell line. As shown in Table 2, we found compound

(XIIw) showed weaker cytotoxicity against GES-1

(human normal esophageal cell) compared with 5-Flu-
RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY  V
orouracil (5-Fu). Meanwhile, the SI (selectivity
index) value of compound (XIIw) was approximately
27 times than the positive control 5-Fu.

EXPERIMENTAL

Materials

Reagents and solvents were purchased from a regu-
lar platform without purification. Silica gel: China
ol. 48  No. 2  2022
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Fig. 5. Effect of compound (XIIw) on nuclear morphology of MGC-803 cells by DAPI staining.

Control 1 �M 2 �M

Fig. 6. (a) Annexin V-FITC/PI detects apoptosis of MGC-803 cells were treated with compound (XIIw) at different concentra-
tions for 48 h; (b) Quantitative analysis of apoptosis cells of MGC-803 for 48 h.
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MGC-803 48 h
Qingdao Ocean Chemical Group Corporation
(200−300 mesh silica gel). Melting points were deter-
mined on an X-5 micro melting apparatus and are

uncorrected. 1H NMR and 13C NMR spectra were
measured on a Bruker 400 and 101 MHz spectromerer
respectively, using TMS as an internal standard. High-
resolution mass spectrometry (HRMS) were recorded
on the Water segment Q–T of the micrometer by elec-
trospray ionizaton (ESI).

MTT Assay

By using MTT method to measure compound
activity, human cancer cells in logarithmic growth
phase were first inoculated with 3000–5000 cells/well
in 96-well plates. After 24 h of cell culture, the cells
RUSSIAN JOURNAL OF
were then treated in triplicated with various compounds
in different concentrations at 37°C in a moist 5% CO2

atmosphere for 72 h. After that, MTT was added into
each well with a final concentration of 5 mg/mL. After
4 hours of culture at 37°C, the medium was sucked
out. Then add 150 μL DMSO to each well to dissolve
the formazan and shake the plates on a shaker for
10 min. OD values were measured at 490 nm using a
microplate reader, and IC50 values were calculated

using SPSS 26.0 software. The result is the mean ±
standard deviation of three independent experiments.

Colony Formation Assaysis

MGC-803 cells in logarithmic growth phase were
inoculated into 6-well plates with 500 cells/well. After
 BIOORGANIC CHEMISTRY  Vol. 48  No. 2  2022
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Table 2. Antiproliferative activity of compound (XIIw)
against GES-1 (human normal esophageal cell) in vitro
[IC50/μM]a.

a Concentration of target compound required to inhibit tumor cell
proliferation by 50% (IC50). b Used as a positive control.

c SI(selectivity index) = IC50(GES-1)/IC50(MGC-803).

Compounds

IC50, μM SIc

MGC-803 GES-1
GES-

1/MGC-803

(XIIw) 1.02 ± 0.16 28.44 ± 1.26 27.88

5-Fub 9.05 ± 0.96 9.13 ± 0.18 1.01
24 h culture, the cells were treated with compound
(XIIw) with different concentration gradients (0, 0.5, 1
and 2 μM). The cells were continued to be cultured at
37°C and 5% CO2 until visible form was formed at the

bottom of 6-well plates. When the cells of suitable size
were collected, the culture was terminated and the
cells were stained with crystal violet dye. After the film
dries naturally, shoot with a camera.

Cell Cycle Analysis

MGC-803 cells in logarithmic growth phase were

inoculated into 6-well plates with 3 × 105 cells per well.
After cell adherence, compound (XIIw) with different
concentrations (0, 0.5, 1 and 2μM) was added respec-
tively for 24 h, then the cells were fixed with 75% eth-
anol and incubated with propidium iodide (PI) dye at
37°C for 30 min under dark conditions. Flow cytome-
try was used for detection.

Cell Morphology Analysis and DAPI Staining

MGC-803 cells at logarithmic growth stage were
digested, centrifuged, and counted, then inoculated

into 6-well plates with 2 × 105 cells/well. After cell
adherence, the cells were treated with compound
(XIIw) of different concentrations (0, 1 and 2 μM) for
48 h. The cells were incubated with DAPI solution,
observed and photographed under f luorescence
microscope.

Apoptosis Assaysis

MGC-803 cells in logarithmic growth phase were

inoculated with 3 × 105 cells/well in 6-well plates.
After cell adherence, compound (XIIw) was added
with different concentrations (0, 0.5, 1 and 2 μM) for
48 h. Annexin V-FITC/PI (Keygen Biotech, China)
staining solution was used to incubate the cells, and
cell apoptosis was detected by f low cytometry.

Chemistry

Synthesis of 2-amino-5-ethylpyrimidine-4,6-diol
(IX), 4,6-dichloro-5-ethylpyrimidin-2-amine (X) and
compounds (XIa–x) were synthesized according to
the literatures [22–24].

General procedure for synthesis of 2-amino-5-eth-
ylpyrimidine derivatives (XIIa–x). Compound (XIa–x)
(0.80 mmol) was added in 5 mL of N,N-dimethylfor-
mamide, then KOH (1.21 mmol) was added. Next,
4-methoxybenzyl mercaptan (0.96 mmol) was added
dropwise to the above system and the reaction system
was heated to 80°C for 1 h. After completion of the
reaction (TLC detection), filtered, dried. Finally,
Purified the crude product by column chromatogra-
phy to obtain compounds (XIIa–x).
RUSSIAN JOURNAL OF BIOORGANIC CHEMISTRY  V
5-Ethyl-6-((4-methoxybenzyl)thio)-N4-phenylpy-
rimidine-2,4-diamine (XIIa) white solid, yield 79.49%;

mp 148.1–148.9°C; 1H NMR (400 MHz, DMSO-d6)

δ 7.94 (s, 1H, NH), 7.73–7.65 (m, 2H, Ar-H), 7.33 (d,
J = 8.6 Hz, 2H, Ar-H), 7.25 (dd, J = 8.5, 7.3 Hz, 2H,
Ar-H), 7.00–6.92 (m, 1H, Ar-H), 6.84 (d, J = 8.6 Hz,
2H, Ar-H), 6.07 (s, 2H, NH2), 4.31 (s, 2H, SCH2),

3.72 (s, 3H, OCH3), 2.54 (t, J = 7.4 Hz, 2H,

CH2CH3), 1.00 (t, J = 7.3 Hz, 3H, CH2CH3).
13C NMR (101 MHz, DMSO-d6) δ 163.6, 159.8,

158.1, 157.6, 140.6, 130.7, 130.2, 128.1, 121.9, 121.5,
113.7, 104.7 (C pyrimidine and benzene), 55.0
(OCH3), 32.0 (SCH2), 18.0 (CH2CH3), 12.9

(CH2CH3). HR-MS (ESI): Calcd. for C20H23N4OS

[M + H]+: 367.1593, found: 367.1592.

5-Ethyl-N4-(4-fluorophenyl)-6-((4-methoxybenzyl)-
thio)pyrimidine-2,4-diamine (XIIb) white solid, yield

57.98%; mp 150.5–151.3°C; 1H NMR (400 MHz,
DMSO-d6) δ 8.00 (s, 1H, NH), 7.71–7.66 (m, 2H,

Ar-H), 7.35–7.31 (m, 2H, Ar-H), 7.08 (t, J = 8.9 Hz,
2H, Ar-H), 6.86–6.82 (m, 2H, Ar-H), 6.06 (s, 2H,
NH2), 4.31 (s, 2H, SCH2), 3.72 (s, 3H, OCH3), 2.50 (dt,

J = 3.8, 1.9 Hz, 2H, CH2CH3), 1.00 (t, J = 7.3 Hz, 3H,

CH2CH3).13C NMR (101 MHz, DMSO-d6) δ 168.8,

165.1, 164.0, 163.4, 162.8, 142.1, 135.9, 135.4, 128.7,
119.8, 118.9, 109.8 (C pyrimidine and benzene), 60.2
(OCH3), 37.2 (SCH2), 23.2 (CH2CH3), 18.1

(CH2CH3). HR-MS (ESI): Calcd. for C20H22FN4OS

[M + H]+: 385.1498, found: 385.1498.

5-Ethyl-N4-(3-fluorophenyl)-6-((4-methoxybenzyl)-
thio)pyrimidine-2,4-diamine (XIIc) white solid, yield

47.57%; mp 139.2–139.9°C; 1H NMR (400 MHz,
DMSO-d6) δ 8.08 (s, 1H, NH), 7.84–7.76 (m, 1H,

Ar-H), 7.52 (dd, J = 8.2, 2.2 Hz, 1H, Ar-H), 7.37–7.31
(m, 2H, Ar-H), 7.25 (td, J = 8.2, 7.0 Hz, 1H, Ar-H),
6.87–6.81 (m, 2H, Ar-H), 6.74 (td, J = 8.4, 2.5 Hz,
1H, Ar-H), 6.21 (s, 2H, NH2), 4.32 (d, J = 2.2 Hz,

2H, SCH2), 3.72 (s, 3H, OCH3), 2.55 (d, J = 7.4 Hz,

2H, CH2CH3), 1.00 (td, J = 7.1, 6.0, 3.5 Hz, 3H,

CH2CH3). 13C NMR (101 MHz, DMSO-d6) δ 164.2,

163.2, 159.8, 158.2, 157.2, 142.7, 130.5, 130.2, 129.4,
ol. 48  No. 2  2022
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116.5, 113.7, 107.9, 107.6, 105.1 (C pyrimidine and
benzene), 55.0 (OCH3), 32.0 (SCH2), 17.8

(CH2CH3), 13.0 (CH2CH3). HR-MS (ESI): Calcd.

for C20H22FN4OS [M + H]+: 385.1498, found:

385.1499.

5-Ethyl-N4-(2-fluorophenyl)-6-((4-methoxybenzyl)-
thio)pyrimidine-2,4-diamine (XIId) white solid, yield

33.89%; mp  122.3–123.1°C; 1H NMR (400 MHz,
DMSO-d6) δ 7.82 (s, 1H, NH), 7.57–7.54 (m, 1H,

Ar-H), 7.33 (d, J = 8.6 Hz, 2H, Ar-H), 7.23–7.17 (m,
1H, Ar-H), 7.14 (td, J = 7.0, 3.4 Hz, 2H, Ar-H), 6.84
(d, J = 8.6 Hz, 2H, Ar-H), 5.97 (s, 2H, NH2), 4.31 (s,

2H, SCH2), 3.72 (s, 3H, OCH3), 2.51 (dd, J = 8.4, 5.7

Hz, 2H, CH2CH3), 1.03 (t, J = 7.3 Hz, 3H, CH2CH3).
13C NMR (101 MHz, DMSO-d6) δ 163.4, 160.1,

158.3, 158.1, 157.5, 130.7, 130.2, 128.0, 127.6, 125.4,
124.0, 115.5, 113.7, 104.4 (C pyrimidine and benzene),
55.0 (OCH3), 31.9 (SCH2), 18.1 (CH2CH3), 12.6

(CH2CH3). HR-MS (ESI): Calcd. for C20H22FN4OS

[M + H]+: 385.1498, found: 385.1499.

N4-(4-Chlorophenyl)-5-ethyl-6-((4-methoxybenzyl)-
thio)pyrimidine-2,4-diamine (XIIe) white solid, yield

62.89%; mp 138.7–139.5°C; 1H NMR (400 MHz,
DMSO-d6) δ 8.08 (s, 1H, NH), 7.82–7.74 (m, 2H,

Ar-H ), 7.34 (d, J = 8.6 Hz, 2H, Ar-H), 7.30–7.25 (m,
2H, Ar-H), 6.85 (t, J = 5.8 Hz, 2H, Ar-H), 6.14 (s,
2H, NH2), 4.32 (s, 2H, SCH2), 3.72 (s, 3H, OCH3),

2.58–2.51 (m, 2H, CH2CH3), 1.00 (t, J = 7.3 Hz, 3H,

CH2CH3). 13C NMR (101 MHz, DMSO-d6) δ 164.0,

159.8, 158.1, 157.3, 139.7, 130.6, 130.2, 127.8, 125.3,
122.8, 113.7, 104.9 (C pyrimidine and benzene), 55.0
(OCH3), 32.0 (SCH2), 17.9 (CH2CH3), 12.9

(CH2CH3). HR-MS (ESI): Calcd. for C20H22ClN4OS

[M + H]+: 401.1203, found: 401.1204.

N4-(3-Chlorophenyl)-5-ethyl-6-((4-methoxybenzyl)-
thio)pyrimidine-2,4-diamine (XIIf) white solid, yield

62.59%; mp 132.5–133.3°C; 1H NMR (400 MHz,
DMSO-d6) δ 8.09 (s, 1H, NH), 7.83 (t, J = 2.0 Hz,

1H, Ar-H), 7.81–7.76 (m, 1H, Ar-H), 7.34 (d, J = 8.6
Hz, 2H, Ar-H), 7.26 (t, J = 8.1 Hz, 1H, Ar-H), 6.98
(dd, J = 7.9, 1.3 Hz, 1H, Ar-H), 6.85 (t, J = 5.8 Hz,
2H, Ar-H), 6.20 (s, 2H, NH2), 4.32 (s, 2H, SCH2),

3.72 (s, 3H, OCH3), 2.58–2.52 (m, 2H, CH2CH3),

1.00 (t, J = 7.3 Hz, 3H,CH2CH3). 13C NMR

(101 MHz, DMSO-d6) δ 164.2, 159.8, 158.2, 157.2,

142.3, 132.5, 130.5, 130.2, 129.6, 121.2, 120.3, 119.3,
113.7, 105.1 (C pyrimidine and benzene), 55.0
(OCH3), 32.0 (SCH2), 17.9 (CH2CH3), 13.0

(CH2CH3). HR-MS (ESI): Calcd. for C20H22ClN4OS

[M + H]+: 401.1203, found: 401.1201.

N4-(2-Chlorophenyl)-5-ethyl-6-((4-methoxybenzyl)-
thio)pyrimidine-2,4-diamine (XIIg) white solid, yield

55.12%; mp 139.2–140.1°C; 1H NMR (400 MHz,
DMSO-d6) δ 7.81 (dd, J = 8.0, 1.4 Hz, 1H, NH), 7.72

(s, 1H, Ar-H), 7.48 (dd, J = 8.0, 1.3 Hz, 1H,Ar-H),
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7.34 (d, J = 8.6 Hz, 2H, Ar-H), 7.30 (dd, J = 7.8,
1.1 Hz, 1H, Ar-H), 7.14 (td, J = 7.8, 1.5 Hz, 1H, Ar-H),
6.85 (d, J = 8.6 Hz, 2H, Ar-H), 6.05 (s, 2H, NH2),

4.31 (s, 2H, SCH2), 3.72 (s, 3H, OCH3), 2.55–2.50

(m, 2H, CH2CH3), 1.06 (t, J = 7.4 Hz, 3H, CH2CH3).
13C NMR (101 MHz, DMSO-d6) δ 163.6, 160.0,

158.1, 158.0, 137.0, 130.6, 130.2, 129.2, 128.2, 127.3,
127.2, 125.3, 113.7, 104.3 (C pyrimidine and benzene),
55.0 (OCH3), 31.9 (SCH2), 18.2 (CH2CH3), 12.5

(CH2CH3). HR-MS (ESI): Calcd. for C20H22ClN4OS

[M + H]+: 401.1203, found: 401.1203.

N4-(4-Bromophenyl)-5-ethyl-6-((4-methoxybenzyl)-
thio)pyrimidine-2,4-diamine (XIIh) white solid, yield

65.68%; mp 135.2–136.1°C; 1H NMR (400 MHz,
DMSO-d6) δ 8.07 (s, 1H, NH), 7.74–7.69 (m, 2H,

Ar-H), 7.41 (t, J = 6.0 Hz, 2H, Ar-H), 7.33 (d, J =
8.6 Hz, 2H, Ar-H), 6.85 (t, J = 5.8 Hz, 2H, Ar-H),
6.14 (s, 2H, NH2), 4.31 (s, 2H, SCH2), 3.72 (s, 3H,

OCH3), 2.57–2.52 (m, 2H, CH2CH3), 1.00 (t, J =

7.3 Hz, 3H, CH2CH3). 
13C NMR (101 MHz, DMSO-d6)

δ 164.0, 159.8, 158.1, 157.3, 140.1, 130.7, 130.6, 130.2,
123.3, 113.7, 113.3, 104.9 (C pyrimidine and benzene),
55.0 (OCH3), 32.0 (SCH2), 17.9 (CH2CH3), 12.9

(CH2CH3). HR-MS (ESI): Calcd. for C20H22BrN4OS

[M + H]+: 445.0698, found: 445.0698.

N4-(3-Bromophenyl)-5-ethyl-6-((4-methoxybenzyl)-
thio)pyrimidine-2,4-diamine (XIIi) yellow solid, yield

54.98%; mp 134.5–135.6°C; 1H NMR (400 MHz,
DMSO-d6) δ 8.08 (s, 1H, NH), 7.90 (t, J = 1.9 Hz,

1H, Ar-H), 7.88 (d, J = 8.2 Hz, 1H, Ar-H), 7.34 (d,
J = 8.7 Hz, 2H, Ar-H), 7.20 (t, J = 8.0 Hz, 1H, Ar-H),
7.12 (dd, J = 7.9, 0.8 Hz, 1H, Ar-H), 6.87–6.82 (m,
2H, Ar-H), 6.20 (s, 2H, NH2), 4.32 (s, 2H, SCH2),

3.72 (s, 3H, OCH3), 2.57–2.51 (m, 2H, CH2CH3),

1.00 (t, J = 7.3 Hz, 3H, CH2CH3). 13C NMR (101

MHz, DMSO-d6) δ 164.2, 159.8, 158.1, 157.2, 142.5,

130.5, 130.2, 130.0, 124.1, 123.1, 121.0, 119.8, 113.7,
105.1 (C pyrimidine and benzene), 55.0 (OCH3), 32.0

(SCH2), 17.9 (CH2CH3), 13.0 (CH2CH3). HR-MS

(ESI): Calcd. for C20H22BrN4OS [M + H]+: 445.0698,

found: 445.0698.

N4-(2-Bromophenyl)-5-ethyl-6-((4-methoxybenzyl)-
thio)pyrimidine-2,4-diamine (XIIj) white solid, yield

57.56%; mp 132.5–133.4°C; 1H NMR (400 MHz,
DMSO-d6) δ 7.84 (dd, J = 8.0, 1.3 Hz, 1H, NH), 7.69

(s, 1H, Ar-H), 7.64 (dd, J = 8.0, 1.2 Hz, 1H, Ar-H),
7.36 (dd, J = 12.5, 4.9 Hz, 3H, Ar-H), 7.07 (td, J = 7.9,
1.5 Hz, 1H, Ar-H), 6.85 (d, J = 8.6 Hz, 2H, Ar-H),
6.05 (s, 2H, NH2), 4.31 (s, 2H, SCH2), 3.72 (s, 3H,

OCH3), 2.55–2.50 (m, 2H, CH2CH3), 1.08 (t, J =

7.3 Hz, 3H, CH2CH3). 
13C NMR (101 MHz, DMSO-d6)

δ 163.6, 160.0, 158.1, 158.0, 138.2, 132.3, 130.6, 130.2,
127.9, 127.3, 125.7, 119.2, 113.7, 104.2 (C pyrimidine
and benzene), 55.0 (OCH3), 31.9 (SCH2), 18.3

(CH2CH3), 12.6 (CH2CH3). HR-MS (ESI): Calcd.
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for C20H22BrN4OS [M + H]+: 445.0698, found:

445.0696.

5-Ethyl-6-((4-methoxybenzyl)thio)-N4-(4-(trifluo-
romethyl)phenyl)pyrimidine-2,4-diamine (XIIk) white

solid, yield 72.26%; mp 131.4–132.1°C; 1H NMR
(400 MHz, DMSO-d6) δ 8.32 (s, 1H, NH), 7.98 (d,

J = 8.6 Hz, 2H, Ar-H), 7.57 (d, J = 8.7 Hz, 2H, Ar-
H), 7.35 (d, J = 8.7 Hz, 2H, Ar-H), 6.89–6.82 (m,
2H, Ar-H), 6.24 (s, 2H, NH2), 4.33 (s, 2H, SCH2),

3.72 (s, 3H, OCH3), 2.57 (q, J = 7.2 Hz, 2H,

CH2CH3), 1.01 (t, J = 7.3 Hz, 3H, CH2CH3).
13C NMR (101 MHz, DMSO-d6) δ 164.7, 159.8,

158.2, 157.1, 144.6, 130.5, 130.2, 125.2, 123.3, 121.5,
120.5, 113.7, 105.5 (C pyrimidine, benzene and CF3),

55.0 (OCH3), 32.1 (SCH2), 17.9 (CH2CH3), 13.0

(CH2CH3). HR-MS (ESI): Calcd. for C21H22F3N4OS

[M + H]+: 435.1466, found: 435.1465.

5-Ethyl-6-((4-methoxybenzyl)thio)-N4-(3-(trifluo-
romethyl)phenyl)pyrimidine-2,4-diamine (XIIIl) yellow

solid, yield 61.68%; mp 137.3–138.2°C; 1H NMR
(400 MHz, DMSO-d6) δ 8.29–8.20 (m, 2H, Ar-H ),

7.98 (s, 1H, NH), 7.47 (t, J = 8.0 Hz, 1H, Ar-H), 7.35 (d,
J = 8.2 Hz, 2H, Ar-H), 7.27 (d, J = 7.6 Hz, 1H, Ar-H),
6.85 (d, J = 8.3 Hz, 2H, Ar-H), 6.19 (s, 2H, NH2),

4.33 (s, 2H, SCH2), 3.72 (s, 3H, OCH3), 2.61–2.52

(m, 2H, CH2CH3), 1.02 (t, J = 7.1 Hz, 3H, CH2CH3).
13C NMR (101 MHz, DMSO-d6) δ 164.4, 159.7,

158.2, 157.2, 141.5, 130.5, 130.2, 129.1, 128.8, 125.7,
124.5, 117.7, 117.1, 113.7, 105.1 (C pyrimidine, benzene
and CF3), 55.0 (OCH3), 32.0 (SCH2), 17.9

(CH2CH3),13.0(CH2CH3). HR-MS (ESI): Calcd. for

C21H22F3N4OS [M + H]+: 435.1466, found: 435.1465.

5-Ethyl-6-((4-methoxybenzyl)thio)-N4-(p-tolyl)-
pyrimidine-2,4-diamine (XIIm) white solid, yield

54.83%; mp 126.6–127.4°C; 1H NMR (400 MHz,
DMSO-d6) δ 7.88 (s, 1H, NH), 7.54 (d, J = 8.0 Hz,

2H, Ar-H), 7.33 (d, J = 8.2 Hz, 2H, Ar-H), 7.06 (d,
J = 8.0 Hz, 2H, Ar-H), 6.84 (d, J = 8.3 Hz, 2H, Ar-
H), 6.01 (s, 2H, NH2), 4.31 (s, 2H, SCH2), 3.72 (s,

3H, OCH3), 2.54–2.49 (m, 2H, CH2CH3), 2.25 (s,

3H, Ar-CH3), 1.00 (t, J = 7.2 Hz, 3H, CH2CH3).
13C NMR (101 MHz, DMSO-d6) δ 163.3, 159.9,

158.1, 157.8, 138.0, 130.9, 130.7, 130.2, 128.5, 121.9,
113.7, 104.5 (C pyrimidine and benzene), 55.0
(OCH3), 31.9 (SCH2), 20.4 (Ar-CH3), 18.0

(CH2CH3), 12.9 (CH2CH3). HR-MS (ESI): Calcd.

for C21H25N4OS [M + H]+: 381.1749, found: 381.1747.

5-Ethyl-6-((4-methoxybenzyl)thio)-N4-(m-tolyl)-
pyrimidine-2,4-diamine (XIIn) yellow solid, yield

68.28%; mp 114.3–115.2°C; 1H NMR (400 MHz,
DMSO-d6) δ 7.87 (s, 1H, NH), 7.56 (d, J = 8.1 Hz,

1H, Ar-H), 7.47 (s, 1H, Ar-H), 7.33 (d, J = 8.2 Hz,
2H, Ar-H), 7.13 (t, J = 7.8 Hz, 1H, Ar-H), 6.84 (d, J =
8.3 Hz, 2H, Ar-H), 6.78 (d, J = 7.4 Hz, 1H, Ar-H),
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6.07 (s, 2H, NH2), 4.31 (s, 2H, SCH2), 3.72 (s, 3H,

OCH3), 2.56–2.49 (m, 2H, CH2CH3), 2.28 (s, 3H,

Ar-CH3), 1.00 (t, J = 7.2 Hz, 3H, CH2CH3).
13C NMR (101 MHz, DMSO-d6) δ 163.5, 159.9,

158.1, 157.7, 140.5, 137.1, 130.7, 130.2, 127.9, 122.6,
122.1, 118.7, 113.7, 104.8 (C pyrimidine and benzene),
55.0 (OCH3), 32.0 (SCH2), 21.1 (Ar-CH3), 18.0

(CH2CH3), 12.9 (CH2CH3). HR-MS (ESI): Calcd.

for C21H25N4OS [M + H]+: 381.1749, found: 381.1748.

5-Ethyl-6-((4-methoxybenzyl)thio)-N4-(o-tolyl)-
pyrimidine-2,4-diamine (XIIo) white solid, yield

46.55%; mp 135.1–136.3°C; 1H NMR (400 MHz,
DMSO-d6) δ 7.70 (s, 1H, NH), 7.33 (d, J = 8.1 Hz,

2H, Ar-H), 7.25 (d, J = 7.7 Hz, 1H, Ar-H), 7.20 (d,
J = 7.3 Hz, 1H, Ar-H), 7.15 (t, J = 7.4 Hz, 1H, Ar-H),
7.07 (t, J = 7.3 Hz, 1H, Ar-H), 6.84 (d, J = 8.1 Hz, 2H,
Ar-H), 5.83 (s, 2H, NH2), 4.30 (s, 2H, SCH2), 3.72 (s,

3H, OCH3), 2.56–2.49 (m, 2H, CH2CH3), 2.15 (s,

3H, Ar-CH3), 1.04 (t, J = 7.1 Hz, 3H, CH2CH3).
13C NMR (101 MHz, DMSO-d6) δ 162.7, 160.2,

158.8, 158.1, 138.5, 134.2, 130.8, 130.2, 130.1, 127.2,
125.8, 124.9, 113.7, 104.0 (C pyrimidine and benzene),
55.0 (OCH3), 31.9 (SCH2), 18.2 (CH2CH3), 18.2 (Ar-

CH3), 12.7 (CH2CH3). HR-MS (ESI): Calcd. for

C21H25N4OS [M + H]+: 381.1749, found: 381.1750.

5-Ethyl-6-((4-methoxybenzyl)thio)-N4-(4-methoxy-
phenyl)pyrimidine-2,4-diamine (XIIp) white solid,

yield 62.56%; mp 169.5–170.1°C; 1H NMR
(400 MHz, DMSO-d6) δ 7.87 (s, 1H, NH), 7.52 (d,

J = 8.7 Hz, 2H, Ar-H), 7.33 (d, J = 8.3 Hz, 2H, Ar-H),
6.85 (s, 2H, Ar-H), 6.83 (s, 2H, Ar-H), 5.96 (s, 2H,
NH2), 4.30 (s, 2H, SCH2), 3.72 (s, 3H, NH-Ar-

OCH3), 3.72 (s, 3H, CH2-Ar-OCH3), 2.51 (d, J = 6.4 Hz,

2H, CH2CH3), 1.00 (t, J = 7.1 Hz, 3H, CH2CH3).
13C NMR (101 MHz, DMSO-d6) δ 162.9, 159.8,

158.0, 157.9, 154.7, 133.4, 130.7, 130.1, 123.7, 113.6,
113.2, 104.2 (C pyrimidine and benzene), 55.1 (NH-
Ar-OCH3), 54.9 (CH2-Ar-OCH3), 31.8 (SCH2), 17.9

(CH2CH3), 12.8 (CH2CH3). HR-MS (ESI): Calcd.

for C21H25N4O2S [M + H]+: 397.1698, found:

397.1698.

5-Ethyl-6-((4-methoxybenzyl)thio)-N4-(3-methoxy-
phenyl)pyrimidine-2,4-diamine (XIIq) yellow solid,

yield 65.37%; mp 96.5–97.1°C; 1H NMR (400 MHz,
DMSO-d6) δ 7.91 (s, 1H, NH), 7.40 (s, 1H, Ar-H),

7.33 (t, J = 7.4 Hz, 3H, Ar-H), 7.14 (t, J = 8.1 Hz, 1H,
Ar-H), 6.85 (d, J = 8.3 Hz, 2H, Ar-H), 6.53 (d, J =
8.1 Hz, 1H, Ar-H), 6.11 (s, 2H, NH2), 4.32 (s, 2H,

SCH2), 3.75 (s, 3H, CH2-Ar-OCH3), 3.72 (s, 3H,

NH-Ar-OCH3), 2.54 (d, J = 7.2 Hz, 2H, CH2CH3),

1.00 (t, J = 7.1 Hz, 3H, CH2CH3). 13C NMR

(101 MHz, DMSO-d6) δ 163.7, 159.8, 159.2, 158.1,

157.6, 141.8, 130.7, 130.2, 128.7, 113.7, 113.5, 107.6,
106.8, 104.9 (C pyrimidine and benzene), 55.0 (CH2-

Ar-OCH3), 54.9 (NH-Ar-OCH3), 32.0 (SCH2), 18.0
ol. 48  No. 2  2022



420 CHAO GAO et al.
(CH2CH3), 12.9 (CH2CH3). HR-MS (ESI): Calcd.

for C21H25N4O2S [M + H]+: 397.1698, found:

397.1697.

5-Ethyl-6-((4-methoxybenzyl)thio)-N4-(2-methoxy-
phenyl)pyrimidine-2,4-diamine (XIIr) white solid,

yield 48.94%; mp 94.1–95.2°C; 1H NMR (400 MHz,
DMSO-d6) δ 8.29 (d, J = 7.9 Hz, 1H, NH), 7.34 (d,

J = 8.9 Hz, 3H, Ar-H), 7.00 (q, J = 8.0 Hz, 2H, Ar-
H), 6.91 (t, J = 7.3 Hz, 1H, Ar-H), 6.84 (d, J = 8.2 Hz,
2H, Ar-H), 6.18 (s, 2H, NH2), 4.32 (s, 2H, SCH2),

3.85 (s, 3H, NH-Ar-OCH3), 3.72 (s, 3H, CH2-Ar-

OCH3), 2.51–2.46 (m, 2H, CH2CH3), 1.06 (t, J =

7.2 Hz, 3H, CH2CH3). 
13C NMR (101 MHz, DMSO-d6)

δ 163.2, 160.1, 158.2, 157.5, 149.4, 130.6, 130.2, 129.1,
122.5, 121.5, 120.4, 113.7, 110.7, 104.3 (C pyrimidine and
benzene), 56.0 (NH-Ar-OCH3), 55.0 (CH2-Ar-OCH3),

32.0 (SCH2), 18.4 (CH2CH3), 12.2 (CH2CH3). HR-MS

(ESI): Calcd. for C21H25N4O2S [M + H]+: 397.1698,

found: 397.1697.

N4-(3-Chloro-4-fluorophenyl)-5-ethyl-6-((4-methoxy-
benzyl)thio)pyrimidine-2,4-diamine (XIIs) yellow

solid, yield 70.86%; mp 112.4–113.1°C; 1H NMR
(400 MHz, DMSO-d6) δ 8.11 (s, 1H, NH), 7.96 (d,

J = 6.7 Hz, 1H, Ar-H), 7.76 (dd, J = 5.5, 3.4 Hz, 1H,
Ar-H), 7.34 (d, J = 8.2 Hz, 2H, Ar-H), 7.28 (t, J =
9.1 Hz, 1H, Ar-H), 6.85 (d, J = 8.3 Hz, 2H, Ar-H),
6.20 (s, 2H, NH2), 4.32 (s, 2H, SCH2), 3.72 (s, 3H,

OCH3), 2.52 (d, J = 9.0 Hz, 2H, CH2CH3), 1.00 (t,

J = 7.1 Hz, 3H, CH2CH3). 13C NMR (101 MHz,

DMSO-d6) δ 164.1, 159.8, 158.1, 157.2, 151.1, 138.0,

130.5, 130.2, 122.4, 121.4, 118.5, 116.1, 113.7, 104.7 (C
pyrimidine and benzene), 55.0 (OCH3),

32.0(SCH2), 17.9 (CH2CH3), 12.9 (CH2CH3). HR-

MS (ESI): Calcd. for C20H21ClFN4OS [M + H]+:

419.1109, found: 419.1108.

N4-(2,4-Dichlorophenyl)-5-ethyl-6-((4-methoxy-
benzyl)thio)pyrimidine-2,4-diamine (XIIt) white solid,

yield 72.26%; mp 131.3–132.0°C; 1H NMR
(400 MHz, DMSO-d6) δ 7.79 (s, 1H, NH), 7.76 (s,

1H, Ar-H), 7.63 (s, 1H, Ar-H), 7.37 (d, J = 8.8 Hz,
1H, Ar-H), 7.34 (d, J = 8.3 Hz, 2H, Ar-H), 6.84 (d,
J = 8.3 Hz, 2H, Ar-H), 6.06 (s, 2H, NH2), 4.31 (s, 2H,

SCH2), 3.72 (s, 3H, OCH3), 2.50 (s, 2H, CH2CH3),

1.06 (t, J = 7.2 Hz, 3H, CH2CH3). 13C NMR

(101 MHz, DMSO-d6) δ 163.8, 160.0, 158.2, 157.9,

136.3, 130.6, 130.2, 129.5, 128.6, 128.6, 128.5, 127.3,
113.7, 104.4 (C pyrimidine and benzene), 55.0
(OCH3), 31.9 (SCH2), 18.2 (CH2CH3), 12.5

(CH2CH3). HR-MS (ESI): Calcd. for C20H21Cl2N4OS

[M + H]+: 435.0813, found: 435.0814.

N4-(3,4-Dichlorophenyl)-5-ethyl-6-((4-methoxy-
benzyl)thio)pyrimidine-2,4-diamine (XIIu) white solid,

yield 75.54%; mp 129.5–130.1°C; 1H NMR
(400 MHz, DMSO-d6) δ 8.18 (s, 1H, NH), 8.06 (s,

1H, Ar-H), 7.85 (d, J = 8.8 Hz, 1H, Ar-H), 7.46 (d,
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J = 8.9 Hz, 1H, Ar-H), 7.34 (d, J = 8.3 Hz, 2H, Ar-
H), 6.85 (d, J = 8.4 Hz, 2H, Ar-H), 6.25 (s, 2H, NH2),

4.32 (s, 2H, SCH2), 3.72 (s, 3H, OCH3), 2.57–2.51

(m, 2H, CH2CH3), 1.00 (t, J = 7.2 Hz, 3H, CH2CH3).
13C NMR (101 MHz, DMSO-d6) δ 164.5, 159.7,

158.2, 157.0, 141.0, 130.5, 130.3, 130.2, 129.7, 122.8,
121.9, 120.9, 113.7, 105.2 (C pyrimidine and benzene),
55.0 (OCH3), 32.0 (SCH2), 17.9 (CH2CH3), 13.0

(CH2CH3). HR-MS (ESI): Calcd. for C20H21Cl2N4OS

[M + H]+: 435.0813, found: 435.0813.

5-Ethyl-6-((4-methoxybenzyl)thio)-N4-(6-methoxy-
pyridin-3-yl)pyrimidi ne-2,4-diamine (XIIv) white solid,

yield 78.98%, mp 135.1–135.8°C; 1H NMR
(400 MHz, DMSO-d6) δ 8.44 (s, 1H, NH), 8.01 (s,

1H, Ar-H), 7.91 (d, J = 8.8 Hz, 1H, Ar-H), 7.33 (d,
J = 8.3 Hz, 2H, Ar-H), 6.84 (d, J = 8.3 Hz, 2H, Ar-
H), 6.75 (d, J = 8.8 Hz, 1H, Ar-H), 6.07 (s, 2H, NH2),

4.30 (s, 2H, SCH2), 3.82 (s, 3H, CH2-Ar-OCH3), 3.72

(s, 3H, NH-pyridine-OCH3), 2.50 (s, 2H, CH2CH3),

1.01 (t, J = 7.1 Hz, 3H, CH2CH3). 13C NMR

(101 MHz, DMSO-d6) δ 163.4, 159.9, 159.0, 158.1,

157.8, 140.1, 134.4, 131.3, 130.7, 130.2, 113.6, 109.3,
104.2 (C pyrimidine, pyridine and benzene), 55.0
(CH2-Ar-OCH3), 53.1 (NH-pyridine-OCH3), 31.9

(SCH2), 18.0 (CH2CH3), 12.8 (CH2CH3). HR-MS

(ESI): Calcd. for C20H24N5O2S [M + H]+: 398.1651,

found: 398.1651.

5-Ethyl-6-((4-methoxybenzyl)thio)-N4-(3,4,5-tri-
methoxyphenyl)pyrimidine-2,4-diamine (XIIw) brown-

red solid, yield 50.19%; mp 176.1–176.9°C; 1H NMR
(400 MHz, DMSO-d6) δ 7.83 (s, 1H, NH), 7.34 (d,

J = 8.2 Hz, 2H, Ar-H), 7.13 (s, 2H, Ar-H), 6.85 (d,
J = 8.3 Hz, 2H, Ar-H), 6.09 (s, 2H, NH2), 4.31 (s, 2H,

SCH2), 3.77 (s, 6H, 2OCH3), 3.72 (s, 3H, OCH3),

3.62 (s, 3H, OCH3), 2.53 (d, J = 7.8 Hz, 2H,

CH2CH3), 1.00 (t, J = 7.1 Hz, 3H, CH2CH3).
13C NMR (101 MHz, DMSO-d6) δ 163.5, 159.7,

158.1, 157.5, 152.2, 136.6, 132.5, 130.7, 130.2, 113.7,
104.7, 99.1 (C pyrimidine and benzene), 60.0
(OCH3), 55.7 (2OCH3), 55.0 (OCH3), 32.0 (SCH2),

17.9 (CH2CH3), 12.9 (CH2CH3). HR-MS (ESI):

Calcd. for C23H29N4O4S [M + H]+: 457.1910, found:

457.1910.

5-Ethyl-6-((4-methoxybenzyl)thio)-N4-(4-nitro-
phenyl)pyrimidine-2,4-diamine (XIIx) yellow solid,

yield 77.34%, mp 120.5–121.4°C; 1H NMR
(400 MHz, DMSO-d6) δ 8.64 (s, 1H, NH), 8.13 (d,

J = 9.3 Hz, 2H, Ar-H), 8.06 (d, J = 9.3 Hz, 2H, Ar-H),
7.35 (d, J = 8.3 Hz, 2H, Ar-H), 6.85 (d, J = 8.4 Hz,
2H, Ar-H), 6.40 (s, 2H, NH2), 4.33 (s, 2H, SCH2),

3.72 (s, 3H, OCH3), 2.58 (d, J = 7.5 Hz, 2H,

CH2CH3), 1.00 (t, J = 7.2 Hz, 3H, CH2CH3).
13C NMR (101 MHz, DMSO-d6) δ 167.1, 165.6,

159.8, 158.2, 156.5, 147.8, 140.4, 130.3, 124.3, 119.4,
113.7, 106.3 (C pyrimidine and benzene), 55.0
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(OCH3), 32.3 (SCH2), 18.0 (CH2CH3), 13.0

(CH2CH3). HR-MS (ESI): Calcd. for C20H22N5O3S

[M + H]+: 412.1443, found: 412.1443.

CONCLUSIONS

In summary, a series of 2-amino-5-ethylpyrimi-
dine derivatives were designed and synthesized. Their
antiproliferative activities against four human cancer
cells were evaluated by MTT assay. Among the synthe-
sized compounds, compound (XIIw) showed optimal
antiproliferative activity against MGC-803 cells
(IC50 = 1.02 ± 0.16 μM), and weaker cytotoxicity to

GES-1 compared with the positive control 5-Fluoro-
uracil (5-Fu). Meanwhile, compound (XIIw) could
inhibit colony formation. Moreover, cell cycle experi-
ments showed that compound (XIIw) blocked the cell
cycle in S phase. Finally, DAPI staining and apoptosis
experiments indicated that compound (XIIw) induced
apoptosis of MGC-803 cells. All the evidences sug-
gested that compound (XIIw) could be a potential
antitumor agent.
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