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a b s t r a c t

Three series of novel 4-benzothiazole amino quinazolines Dasatinib derivatives have been designed and
synthesized. The entire target compounds were investigated for their in vitro cytotoxic activity by the
MTT-based assay against 6 human cancer cell lines. Compared with the parental Dasatinib, most of the
new compounds, especially 2, 4, 6-trimethylaniline series (3), demonstrated significant inhibitory ac-
tivities against six cell lines. Furthermore, the target compounds were screened for Src and Abl kinase
inhibitory activity. Among them, 1a, 1f and 3ae3f are more potential dual Src/Abl kinase inhibitors. Thus
they may be promising lead compounds to be developed as an alternative for current Dasatinib therapy
or for Imatinib-resistant patients, potentially via simultaneously blocking multiple RTK signaling
pathways.

� 2013 Elsevier Masson SAS. All rights reserved.
1. Introduction

Chronic myeloid leukemia (CML) is a hematopoietic stem cell
cancer that arises following a reciprocal genetic translocation be-
tween chromosomes 9 and 22 [1], resulting in the short Philadel-
phia (Ph) chromosome carrying the Bcr-Abl (Breakpoint cluster
region-Abelson leukemia) oncogene [2e4]. The understanding of
the central role played by Bcr-Abl in the pathogenesis of CML gave
birth to the so-called “targeted therapy” [5]. In 2001, Imatinib
(Gleevec�, Fig. 1), a potent Bcr-Abl inhibitor, was approved for the
treatment of CML serves as validation of the concept that thera-
peutic agents targeting cancer-specific pathways can offer signifi-
cative improvements over traditional chemotherapeutic agents [6].
Imatinib is now considered as a first-line therapy for themajority of
CML cases due to its high efficacy and relativelymild side effects [7].

However, the initial enthusiasm generated by the high response
rate to this drug has been dampened by the development of
resistance, accounting for 16% in newly diagnosed chronic phase
CML and more than 50% in more advanced stages [8]. Mutations in
the kinase domain of Bcr-Abl are the major mechanism of acquired
son SAS. All rights reserved.
Imatinib resistance [9e11]. To date, at least 50 different point
mutations that encode distinct single amino acid substitutions have
been identified in CML patients who are resistant to Imatinib [12].
Despite the fact that the targeted therapy era started as a hunt for
selective kinase inhibitors [13], the aim has recently changed to the
identification of compounds acting on multiple targets in order to
overcome the drug resistance often connected to the activation of
alternative signaling pathways [14,15].

Several studies have provided a rationale for the use of dual Src/
Abl kinase inhibitors to overcome Imatinib resistance [16e18],
overexpression of Src family kinases (SFK) has been implicated in
Bcr-Abl mediated leukemogenesis, particularly the induction of B-
cell acute lymphoblastic leukemia (B-ALL), and also in CML disease
progression [19]. Moreover, inhibition of overexpressed Src was
proven to be very effective in treating a number of tumors such as
colon, breast, pancreas, lung, liver, brain, and bladder cancers [20e
25]. Taken together, since Src shares significant sequence homology
and remarkable structural resemblance with the active form of Abl,
several Src inhibitors showed potent Bcr-Abl inhibitory activity and
were successfully used as second generation antileukemia drugs
[26e28]. An important step forward has been made with the
approval of Dasatinib (Sprycel�, Fig. 1), a multi-targeted tyrosine
kinase inhibitor, active against 14 of the 15 clinically relevant
Imatinib resistant mutants [29]. Acquired resistance is becoming a
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Fig. 1. Chemical structure of Imatinib, Dasatinib, Gefitinib, Erlotinib and Lapatinib.
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common issue in targeted therapy of malignant diseases and, as a
consequence, there is a growing interest in developing novel TK
inhibitors able to target Imatinib-resistant form of CML [30,31].

Gefitinib (Iressa�), Erlotinib (Tarceva�) and Lapatinib
(Tykerb�) (Fig. 1), are three selective EGFR inhibitors approved by
the FDA in 2003, 2004 and 2007 respectively, for locally advanced
or metastatic tumor therapy [32e34]. They possessed the common
pharmacophore: 4-anilino quinazoline moiety. On the basis of our
previous work [35e37], according to structureeactivity relation-
ship (SAR) analysis of the leading compound Dasatinib [38e40], as
well as the basic drug design principals of ring-addition and com-
bination, we have devised and synthesized novel 4-benzothiazole
amino quinazolines derivatives (Fig. 2): (1) replacement of
Fig. 2. A design for Dasatinib derivatives.
thiazole ring with benzothiazole; (2) replacement pyrimidine with
quinazoline, methoxy group at position 6 and various secondary
amino-substituted propoxy side chains at position 7 of the quina-
zoline nucleus; and (3) various substituted phenylamines were also
investigated. Our objective was to determine whether these com-
pounds favor greater inhibition of cell proliferation and higher in-
duction of cell death.
2. Chemistry

As summarized in Table 1, up to 18 compounds (1ae1f, 2ae2f
and 3ae3f)were synthesized. The synthetic routes were illustrated
in Schemes 1 and 2.

Synthesis of the key intermediates 10ae10c of the target com-
pounds is shown in Scheme 1. The benzo[d]thiazole ring on com-
pound 5 was assembled via coupling of ethyl 4-aminobenzoate 4
with potassium thiocyanate and copper sulfate in methanol with a
yield of 79%. The amino group of obtained 5 was protected by Boc
Anhydride to give 6, which was hydrolyzed by NaOH in THF
(Tetrahydrofuran) to generate 7 in 91% yield. Compound 7 was
treated with oxalyl chloride and condensed with various
substituted phenylamine to produce 9ae9c. The key intermediates
10ae10c were finally obtained by de-protection of 9ae9c with TFA
(trifluoroacetic acid) in dichloromethane in high yields.

Methyl 4-hydroxy-3-methoxybenzoate 11 as starting material
was alkylated with 1-bromo-3-chloropropane to give 12 in 94%
yield. Nitration of 12 with nitric acid in acetic acid afforded 13,
which was then reduced by powdered iron in acetic acid to give 14
in satisfactory yield (80%). In contrast, catalytic hydrogenation us-
ing Raney/Ni or 5% Pd/C gave incomplete conversions, even after a
long reaction time. Cyclization of 14with formamidine acetate gave
15 in 95% yield. The next step was nucleophilic displacement of the
chlorine atom with different aliphatic amines to yield the corre-
sponding compounds 16ae16f, which were chloridized with thi-
onyl chloride to give 17ae17f. Aminolysis of 17ae17f was
performed using intermediates 10ae10c to afford the corre-
sponding target compounds 1ae1f, 2ae2f and 3ae3f (Scheme 2).



Table 1
Structure of compounds 1ae1f, 2ae2f and 3ae3f

.

Compd R0 R Mp (�C) Yields
(%)

1a 2-Cl, 6-Me N OH3C 139e140 28.5

1b 2-Cl, 6-Me N O 132e134 30.8

1c 2-Cl, 6-Me N O 128e129 29.7

1d 2-Cl, 6-Me N O 143e144 28.2

1e 2-Cl, 6-Me NO O 148e149 32.3

1f 2-Cl, 6-Me
N O

CH3
144e145 27.7

2a 2,6-di-Me N OH3C 137e138 29.5

2b 2,6-di-Me N O 136e137 31.0

2c 2,6-di-Me N O 133e134 32.5

2d 2,6-di-Me N O 154e155 30.0

2e 2,6-di-Me NO O 147e148 28.4

2f 2,6-di-Me
N O

CH3
144e145 32.7

3a 2,4,6-tri-Me N OH3C 127e128 26.4

3b 2,4,6-tri-Me N O 134e135 31.1

3c 2,4,6-tri-Me N O 131e132 32.6

3d 2,4,6-tri-Me N O 147e148 30.2

Table 1 (continued )

Compd R0 R Mp (�C) Yields
(%)

3e 2,4,6-tri-Me NO O 151e152 28.6

3f 2,4,6-tri-Me
N O

CH3
143e145 31.2
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3. Results and discussion

3.1. In vitro cytotoxic activity of the target compounds

All the 18 newly synthesized Dasatinib derivatives (1ae1f, 2ae
2f and 3ae3f) were investigated for their in vitro cytotoxic activity
by the MTT-based assay using Dasatinib as a positive control
against six human cancer cell lines, representing different tumor
types, namely human colon cancer cell lines (HCT-116 and DLD1),
human chronic myeloid leukemia cell line (K562), human acute
monocytic myeloid leukemia cell line (U937) and human lung
cancer cell lines (A549 and NCI-H661). These compounds were
assayed for their anti-proliferative activity indicated by IC50 values,
which were calculated by linear regression analysis of the con-
centrationeresponse curves obtained for each compound.

Table 2 outlines the SAR observed with the different quinazoline
moieties modification at the C2 amine of the benzothiazole nu-
cleus. Almost all the 2, 4, 6-trimethylaniline series (3) compounds
demonstrated potent anti-proliferation effects with IC50 values less
than Dasatinib in 6 cell lines except for 3b and 3e, it is worth
pointing out that the most significant inhibition was achieved for
compound 3f. Compared with series (3), the 2-chloro-6-
methylaniline series (1) compounds displayed lower inhibition
activity in 6 cell lines. While in the 2, 6-dimethylaniline series (2),
most of the compounds demonstrated evident anti-proliferation
effects of leukemia cell lines (K562 and U937), but very poor anti-
proliferation effects of solid tumor cell lines (HCT-116, DLD1,
A549 and NCI-H661).

It is noticeable that compounds 1f and 3f with 2-
methylpiperidine substitution displayed the most strongly cyto-
toxic activity in their respective series, while the piperidine
substituted 1b and 3b showed lower cytotoxic activity. According to
the previous studies of molecular docking and preferred confor-
mation analysis [35,41], we speculated that conformational re-
striction of methyl group in piperidine would help to form
appropriate angle by amino quinazolines ring and benzothiazole
ring, this was more conducive for aniline ring to reside in the active
binding site, meanwhile the nitrogen of 2-methylpiperidine form
hydrogen bond to the hinge region, all of which would help to
improve the anti-proliferation activity. In addition, the morpholine
substituted compounds 1e and 2e almost showed poorest cytotoxic
activity in their respective series, which may be induced by the
electro negativity of the oxygen atoms by our conjecture. Besides
these factors, the structure difference among these compounds in
each series was the basic side chain at position 7 of quinazoline
nucleus, which was reported to affect the pharmacokinetic prop-
erties and solubility of compound in vivo [42,43]. The introduction
of the basic side chainswas to increase the volume of distribution at
steady state (Vdss), and thus increased the observed half-life and a
long terminal half-life was desirable in terms of increasing drug
exposure and ultimately efficacy. Moreover, previous SAR studies of
the binding of in the reversible amino quinazolines EGFR inhibitors



Scheme 1. Synthetic route for the preparation of the compounds 10ae10c. Reagents and conditions: (a) KSCN, CuSO4.5H2O, CH3OH, reflux, 6 h, 79%; (b) (Boc)2O, DMAP, THF, rt, 16 h,
86%; (c) NaOH, THF, rt, 12 h, 91%; (d) (COCl)2, cat. DMF, THF, 10 �C, 6 h; (e) substituted phenylamine, Et3N, THF, rt, 2 h, 83e87%; (f) TFA, CH2Cl2, rt, 2 h, 95e97%.
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suggested a binding mode whereby 7-position side chains reside in
a large, mostly lipophilic ATP binding pocket toward the solvent
[44], so there was tolerance for substitution at the 7-position with
cationic side chains. As cytotoxicity assay was carried out in vitro,
the inhibitory effect variance among these compounds could be
attributed to the hydrophobicity and permeability changes result-
ing from different basic side chains.

Coincidentally, the benzothiazole derivatives in this article dis-
played the equivalent antiproliferative activity against K562 and
U937 cell lines compared with our previous report about benzo-
thiophene amino quinazolines derivatives [36]. And the SAR of the
basic side chains were similar, 2-methylpiperidine compounds
demonstrated the most strongly cytotoxic activity, while the mor-
pholine compounds showed poor cytotoxic activity.

3.2. Kinase inhibitory activity

As Gefitinib with quinazoline nucleus is a selective EGFR in-
hibitor, so we firstly determined the EGFR inhibitory activity of
these analogues using an EGFR Kinase Assay Kit. As also shown in
Table 2, the inhibitory potency of the new compounds is much
lower than that of Gefitinib and Erlotinib, which indicates that
these compounds are no longer specific EGFR tyrosine kinase
inhibitors.

Dasatinib, initially designed and synthesized for Src inhibition,
was subsequently found to possess potent Abl inhibitory activity as
well. In order to study the mechanism of action of the new
Scheme 2. Synthetic route for the preparation of the target compounds 1ae1f, 2ae2f and
HNO3, AcOH, Ac2O, 2 h, 55 �C, 94%; (c) Fe, AcOH, CH3COOC2H5, N2, 6 h, 50 �C, 80%; (d) forma
cat. DMF, 1 h, reflux, 77e87%; (g) 10ae10c, NaH, THF, 12 h, rt, 26e51%.
synthesized compounds, all compounds were preliminarily tested
in a cell-free assay to evaluate their affinity toward Src and Abl
enzymes using Dasatinib as a reference compound. As also shown
in Table 2, almost all the 2,4,6-trimethylaniline series (3) and the 2-
chloro-6-methylaniline series (1) derivatives, with the exception of
1e, have significant dual Src/Abl kinase inhibitory activity. In
addition, the test result of enzyme is consistent with former anti-
proliferative assay. Those compounds such as 1a, 1f and 3ae3f
with stronger cytotoxicity also show better dual Src/Abl kinase
inhibitory potency. Taken the biological data together, we could
preliminarily arrive at the conclusion that part of the target com-
pounds are potential dual Src/Abl kinase inhibitors. Thus they may
be promising lead compounds to be developed as an alternative for
current Dasatinib therapy or for Imatinib-resistant patients,
potentially via simultaneously blocking multiple RTK signaling
pathways. However, we also noticed that all compounds have
decreasing inhibitory potency in both kinases compared to Dasa-
tinib. Therefore, we are currently carrying out more experiments to
access inhibitory activity on other RTKs, hoping to confirm the
exact target(s) and details on the mechanism of action.

4. Conclusion

In our study, using Dasatinib as a leading compound, three se-
ries of 18 novel 4-benzothiazole amino quinazolines derivatives
have been designed and synthesized. The entire target compounds
were investigated for their in vitro cytotoxic activity by the MTT-
3ae3f. Reagents and conditions: (a) K2CO3, ClCH2CH2CH2Br, DMF, 2 h, 70 �C, 94%; (b)
midine acetate, EtOH, 6 h, reflux, 95%; (e) HNR1, KI, DMF, 6 h, 70 �C, 94e97%; (f) SOCl2,



Table 2
In vitro cytotoxic activity in different cell lines and enzyme inhibition activity of target compounds 1ae1f, 2ae2f and 3ae3f.

Compd Cytotoxicity in different cell lines (IC50 mmol/L)a,b Enzyme inhibition (%)a,c,d

HCT-116 DLD1 K562 U937 A549 NCI-H661 EGFR SRC ABL

1a 9.1 11.3 8.3 9.2 9.7 7.9 23.7 67.4 56.2
1b 23.4 14.7 12.5 8.6 12.8 13.8 28.7 83.3 49.9
1c 13.2 11.7 9.6 7.3 10.6 11.2 46.8 68.2 67.1
1d 63.8 60.7 13.3 19.9 38.6 45.5 15.6 55.7 78.7
1e >100 >100 16.4 22.6 75.2 >100 10.4 34.3 43.7
1f 7.2 6.7 6.8 7.0 6.7 5.3 53.6 78.9 71.1
2a >100 >100 15.8 11.2 89.7 72.3 13.3 56.5 54.2
2b >100 >100 13.7 14.7 >100 >100 17.3 43.4 39.0
2c >100 >100 28.4 23.7 >100 66.5 10.5 53.6 50.0
2d >100 >100 15.7 18.9 83.8 >100 21.2 39.9 34.3
2e >100 >100 >100 19.2 >100 >100 9.9 28.7 41.7
2f >100 >100 12.3 10.8 75.7 84.4 25.4 49.0 49.2
3a 6.9 7.0 5.9 5.6 5.4 7.7 36.3 78.6 68.2
3b 16.9 24.5 9.3 12.2 10.3 10.0 37.9 69.7 81.6
3c 7.5 6.8 6.8 4.3 5.7 7.3 25.4 65.3 76.3
3d 5.8 5.9 4.3 4.6 8.9 9.6 48.7 91.8 82.3
3e 5.6 5.8 20.0 24.2 16.3 18.4 45.1 80.6 76.5
3f 5.6 5.7 3.5 3.6 5.8 8.8 65.8 89.2 79.8
Dasatinib 5.3 4.6 11.9 12.2 8.2 7.8 NT 98.1 96.7
Gefitinib NT NT NT NT NT NT 98.5 NT NT
Erlotinib NT NT NT NT NT NT 95.7 NT NT

NT, no test.
a Values are averages of three independent experiments, SD < 10%.
b IC50 is the concentration of compound required to inhibit the cell growth by 50% compared to an untreated control.
c Values are averages of two independent experiments, SD < 10%.
d Compounds tested at a concentration of 10 mM.
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based assay against 6 human cancer cell lines (HCT-116, DLD1,
K562, U937, A549 and NCI-H661). Compared with the parental
Dasatinib, most of the new compounds, especially 2,4,6-
trimethylaniline series (3), demonstrated significant inhibitory ac-
tivities against six cell lines. Furthermore, the target compounds
were screened for Src and Abl kinase inhibitory activity. Among
them, 1a, 1f and 3ae3f are more potential dual Src/Abl kinase in-
hibitors. Thus they may be promising lead compounds to be
developed as an alternative for current Dasatinib therapy or for
Imatinib-resistant patients, potentially via simultaneously blocking
multiple RTK signaling pathways.

5. Experimental protocols

5.1. Synthesis

All reagents were purchased from commercial sources and used
without further purification. Melting points were measured on an
RY-1 hot-stage microscope, and the thermometer was uncorrected.
1H NMR and 13C NMR spectra were recorded in CDCl3 on a Bruker-
ACF 300/500 spectrometer; chemical shifts (d) are reported in parts
per million (ppm) relative to tetramethylsilane (TMS), used as an
internal standard. Mass spectra (MS) were obtained from Agilent
1100LC/MS Spectrometry Services. IR spectra were run on FI-IR
Spectrometer (PerkineElmer). Elementary analyses were per-
formed on Elementar Vario EL III instrument. All compounds were
routinely checked by TLC with silica gel GF-254 glass plates and
viewed under UV light at 254 nm.

5.1.1. Ethyl 2-aminobenzo[d]thiazole-6-carboxylate (5)
To methanol (800 mL) were added ethyl 4-aminobenzoate 4

(49.5 g, 0.3 mol), KSCN (291 g, 3 mol) and CuSO4$5H2O (275 g,
1.5 mol). The mixture was heated to reflux by mechanical stir for
6 h. After cooling to room temperature, the precipitate was filtered,
about 2/3 of the filtrate was evaporated under reduced pressure.
Water (600 mL) was added, the precipitate obtained was filtered
and added to 2 N NaOH solution (500 mL), stirred for 10 min at
room temperature. The precipitate was filtered, washed with water
and dried to get 5 (52.6 g, 79%) as white powder, mp: 242e243 �C
([45], mp, 241e242 �C).

5.1.2. Ethyl 2-(tert-butoxycarbonyl)benzo[d]thiazole-6-carboxylate
(6)

To THF (500 mL) were added compound 5 (22.2 g, 0.1 mol) and
DMAP (1.22 g, 0.01 mol), when all had dissolved, diteutyl dicar-
bonate (26.2 g, 0.12 mol) in THF (150 mL) was added slowly by
dripping at 0 �C. The mixture was stirred at room temperature for
16 h, about 3/4 of the solvent was evaporated under reduced
pressure, the precipitate obtained was filtered, washed with THF
and dried to yield 6 (27.6 g, 86%) as white powder, mp > 300 �C
[46]. 1H NMR (DMSO-d6, 300 MHz) d (ppm): 1.34 (t, J ¼ 7.1 Hz, 3H,
OCH2CH3), 1.52 (s, 9H, 3 � CH3), 4.33 (q, J ¼ 7.1 Hz, 2H, CH2O), 7.74
(d, J ¼ 8.4 Hz, 1H, AreH), 7.97 (d, J ¼ 8.5 Hz, 1H, AreH), 8.58 (s, 1H,
AreH), 12.01 (br, 1H, eNHeBoc).

5.1.3. 2-(tert-Butoxycarbonyl)benzo[d]thiazole-6-carboxylic
acid (7)

Compound 6 (25.8 g, 0.08 mol) was added to THF (200 mL) and
2 N NaOH solution (500 mL). The mixture was stirred at room
temperature for 12 h. After THF was evaporated under reduced
pressure, the water layer was cooled to 0 �C, the pH adjusted to 1
with 10% HCl. The precipitate obtained was filtered, washed with
water and dried to yield 7 (21.5 g, 91%) as white solid, mp > 300 �C
[46].

5.1.4. General process for the synthesis of the compounds 9ae9c
Compound 7 (9.6 g, 32 mmol) and DMF (2 mL) were dissolved in

THF (200 mL), to this solution was added slowly oxalyl chloride
(3.2 mL, 38.4 mmol) in THF (50mL) by dripping at 0 �C. Themixture
was stirred for 6 h at 10 �C. After cooling to 0 �C, to the react so-
lution were added different substituted phenylamine (38.4 mmol)
and triethylamine (7.12 mL, 64 mmol), and the mixture was stirred
for 2 h at room temperature. The precipitate obtained was filtered
and the filtratewas evaporated under reduced pressure to get crude
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product, which was added to water (200 mL) and stirred for 30 min
at room temperature, the precipitate was filtered, washed with
water and dried to yield the compounds 9ae9c.

Compounds 9ae9c were characterized as follows.

5.1.4.1. tert-Butyl 6-((2-chloro-6-methylphenyl)carbamoyl)benzo[d]
thiazol- 2-yl carbamate (9a). White solid, yield: 84%, mp: 254e
256 �C [46]. 1H NMR (DMSO-d6, 500 MHz) d (ppm): 1.53 (s, 9H,
3 � CH3), 2.23 (s, 3H, AreCH3), 7.24e7.30 (m, 2H, AreH), 7.40 (d,
J ¼ 7.7 Hz, 1H, AreH), 7.78 (d, J ¼ 8.5 Hz, 1H, AreH), 8.05 (d,
J ¼ 8.4 Hz, 1H, AreH), 8.58 (s, 1H, AreH), 10.02 (s, 1H, eNHeCOe),
11.95 (br, 1H, eNHeBoc).

5.1.4.2. tert-Butyl 6-((2,6-dimethylphenyl)carbamoyl)benzo[d]thia-
zol-2-ylcarbamate (9b). White solid, yield: 83%, mp: 193e194 �C
[46]. 1H NMR (DMSO-d6, 300 MHz) d (ppm): 1.53 (s, 9H, 3 � CH3),
2.20 (s, 6H, 2 � AreCH3), 7.13 (s, 3H, AreH), 7.77 (d, J ¼ 8.5 Hz, 1H,
AreH), 8.04 (d, J ¼ 8.5 Hz, 1H, AreH), 8.58 (s, 1H, AreH), 9.78 (s, 1H,
eNHeCOe), 11.96 (br, 1H, eNHeBoc).

5.1.4.3. tert-Butyl 6-(mesitylcarbamoyl)benzo[d]thiazol-2-
ylcarbamate (9c). White solid, yield: 87%, mp > 300 �C [46]. 1H
NMR (DMSO-d6, 300 MHz) d (ppm): 1.53 (s, 9H, 3 � CH3), 2.12 (s,
6H, 2 � AreCH3), 2.25 (s, 3H, AreCH3), 7.13 (s, 2H, AreH), 7.77 (d,
J¼ 8.5 Hz, 1H, AreH), 8.04 (d, J¼ 8.5 Hz, 1H, AreH), 8.58 (s, 1H, Are
H), 9.66 (s, 1H, eNHeCOe), 11.96 (br, 1H, eNH-Boc).

5.1.5. General process for the synthesis of the compounds 10ae10c
Compounds 9ae9c (23.9 mmol) was dissolved in TFA (30 mL)

and CH2Cl2 (30 mL). The mixture was stirred at room temperature
for 2 h, and the solvent was evaporated under reduced pressure.
Then the pH adjusted to 14 with 1 N NaOH at 0 �C, the precipitate
obtained was filtered, washed with water and dried to yield 10ae
10c as white solid.

Compounds 10ae10c were characterized as follows.

5.1.5.1. 2-Amino-N-(2-chloro-6-methylphenyl)benzo[d]thiazole-6-
carboxamide (10a). White powder, yield: 96%, mp: 211e212 �C
[38]. 1H NMR (DMSO-d6, 500 MHz) d (ppm): 2.23 (s, 3H, AreCH3),
7.22e7.30 (m, 2H, AreH), 7.39 (d, J ¼ 7.2 Hz, 1H, AreH), 7.47 (d,
J ¼ 8.4 Hz, 1H, AreH), 7.78 (s, 2H, NH2), 7.96 (d, J ¼ 8.4 Hz, 1H, Are
H), 8.37 (s, 1H, AreH), 9.92 (s, 1H, eNHeCOe).

5.1.5.2. 2-Amino-N-(2,6-dimethylphenyl)benzo[d]thiazole-6-
carboxamide (10b). White solid, yield: 95%, mp: 240e241 �C [46].
1H NMR (DMSO-d6, 300 MHz) d (ppm): 2.19 (s, 6H, 2 � AreCH3),
7.11 (s, 3H, AreH), 7.41 (d, J ¼ 8.4 Hz, 1H, AreH), 7.78 (s, 2H, NH2),
7.90 (d, J ¼ 8.4 Hz, 1H, AreH), 8.31 (s, 1H, AreH), 9.62 (s, 1H, eNHe
COe).

5.1.5.3. 2-Amino-N-mesitylbenzo[d]thiazole-6-carboxamide (10c).
White solid, yield: 97%, mp: 270e271 �C [46]. 1H NMR (DMSO-d6,
300 MHz) d (ppm): 2.13 (s, 6H, 2 � AreCH3), 2.25 (s, 3H, AreCH3),
6.91 (s, 2H, AreH), 7.40 (d, J ¼ 8.4 Hz, 1H, AreH), 7.77 (s, 2H, NH2),
7.88 (d, J ¼ 8.4 Hz, 1H, AreH), 8.29 (s, 1H, AreH), 9.53 (s, 1H, eNHe
COe).

5.1.6. Methyl 4-(3-chloropropoxy)-3-methoxybenzoate (12)
A mixture of methyl 4-hydroxy-3-methoxybenzoate (91 g,

0.5 mol), 1-bromo-3-chloropropane (94.5 g, 0.6 mol), and K2CO3

(103.5 g, 0.75 mol) in DMF (300mL) was heated at 70 �C for 2 h. The
mixture was cooled to room temperature, then poured slowly into
ice water (4 L) while stirring constantly. The precipitate obtained
was filtered, washed with cold water and dried to yield 12 (121 g,
94%) as white powder, mp: 99e100 �C ([47], mp: 98e99 �C).
5.1.7. Methyl 4-(3-chloropropoxy)-5-methoxy-2-nitrobenzoate (13)
HNO3 (90 mL, 65e68%) was added dropwise at 0e5 �C to a so-

lution of 12 (120 g, 0.47 mol) in a mixture of CH3COOH (400 mL)
and Ac2O (100 mL). This mixture was stirred at room temperature
for 0.5 h and heated at 55 �C for 2 h, then slowly poured into ice
water (4 L) and extracted with ethyl acetate (4 � 300 mL). The
combined organic layer was washed with saturated sodium bicar-
bonate (3� 200mL) and brine (2� 100mL) and dried with Na2SO4.
The ethyl acetate was evaporated under reduced pressure to yield a
yellow oil that solidified after standing in a refrigerator for 12 h and
was then recrystallized from ethyl acetate/petroleum ether to
afford the product 13 (133.5 g, 94%) as light yellow crystals, mp:
66e68 �C ([47], mp: 63e64 �C).

5.1.8. Methyl 2-amino-4-(3-chloropropoxy)-5-methoxybenzoate
(14)

Powdered iron (50 g, 0.89 mol) was added to CH3COOH
(500 mL). The resulting suspension was stirred for 15 min at 50 �C
under an atmosphere of N2, and a solution of 13 (90.0 g, 0.30mol) in
ethyl acetate (300 mL) was added dropwise. The mixture was
stirred for another 6 h at 75 �C. The catalyst was filtered, and the
filtrate was slowly poured into water (4 L) and extracted with ethyl
acetate (4 � 300 mL). The organic phase was washed with a satu-
rated solution of sodium carbonate (2 � 200 mL) and brine
(2�100mL) and then dried with Na2SO4. The solvent was removed
under vacuum and the brown solid residue was recrystallized from
ethyl acetate/petroleum ether to give the product 14 (65.3 g, 80%)
as almost white solid, mp: 97e98 �C ([47], mp: 98e99 �C).

5.1.9. 7-(3-Chloropropoxy)-6-methoxyquinazolin-4(3H)-one (15)
A solution of 14 (52 g, 0.19 mol) and formamidine acetate (52 g,

0.40 mol) in ethanol (400 mL) was heated at reflux for 6 h. The
mixture was allowed to stand in the refrigerator overnight. The
precipitate was then collected by filtration, washed with cold
ethanol and dried to give 15 (48.5 g, 95%) as a white powder, mp:
218e219 �C ([47], mp: 259 �C).

5.1.10. General process for the synthesis of the compounds 16ae16f
Compound 15 (8 g, 29.8 mmol) and KI (0.5 g, 3 mmol) were

added to the solution of HNR1 (200 mmol) in DMF (150 mL). The
solution was stirred at 70 �C for 6 h. The solvent was then removed
under reduced pressure and the residue washed with water, and
then dried to afford 16ae16f.

Compounds 16ae16f were characterized as follows.

5.1.10.1. 6-Methoxy-7-(3-(4-methylpiperidin-1-yl)propoxy)quinazo-
lin-4(3H)-one (16a). White powder, yield: 94%, mp: 195e196 �C
[47].

5.1.10.2. 6-Methoxy-7-(3-(piperidin-1-yl)propoxy)quinazolin-4(3H)-
one (16b). White solid, yield: 95%, mp: 217e218 �C ([48], mp: 218e
219 �C).

5.1.10.3. 7-(3-(Diethylamino)propoxy)-6-methoxyquinazolin-4(3H)-
one (16c). White solid, yield: 97%, mp: 203e204 �C [49].

5.1.10.4. 6-Methoxy-7-(3-(pyrrolidin-1-yl)propoxy)quinazolin-
4(3H)-one (16d). White solid, yield: 96%, mp: 181e182 �C [50].

5.1.10.5. 6-Methoxy-7-(3-morpholinopropoxy)quinazolin-4(3H)-one
(16e). White solid, yield: 97%, mp: 214e215 �C [51]. 1H NMR
(DMSO-d6, 300 MHz) d (ppm): 1.88e1.97 (m, 2H,eCH2eCH2eCH2e

), 2.35e2.51 (m, 6H, 3 � CH2N), 3.57 (t, J ¼ 4.6 Hz, 4H,
2 � morpholine-CH2), 3.87 (s, 3H, OCH3), 4.15 (t, J ¼ 6.4 Hz, 2H,
CH2O), 7.12 (s, 1H, AreH), 7.44 (s, 1H, AreH), 7.97 (s, 1H, AreH).
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5.1.10.6. 6-Methoxy-7-(3-(2-methylpiperidin-1-yl)propoxy)quinazo-
lin-4(3H)-one (16f). White solid, yield: 95%, mp: 201e202 �C [47].

5.1.11. General process for the synthesis of the compounds 17ae17f
Compounds 16ae16f (18.1 mmol) was added to thionyl chloride

(120mL)withmagnetic stirring. DMF (10mL)was then slowlyadded
dropwise and the mixture was heated to reflux for 1 h. Most of the
excess of thionyl chloridewas then removed under reduced pressure
and the residuewas dissolved in dichloromethane (200mL), washed
with a saturated solution of sodium carbonate (3 � 100 mL) and
water (2 � 100 mL), and dried with Na2SO4. The dichloromethane
was then removed under reduced pressure to give a powder, which
was recrystalized from ethyl acetate to give the product 17ae17f.

Compounds 17ae17f were characterized as follows.

5.1.11.1. 4-Chloro-6-methoxy-7-(3-(4-methylpiperidin-1-yl)propoxy)
quinazoline (17a). White solid, yield: 84%, mp: 105e106 �C [52]. 1H
NMR (CDCl3, 300 MHz) d (ppm): 0.92 (d, J ¼ 6.2 Hz, 3H, piperidine-
CH3), 1.17e1.38 (m, 3H, piperidine-CH2 and piperidine-CH), 1.60e
1.65 (m, 2H, piperidine-CH2), 1.90e1.98 (m, 2H, eCH2eCH2eCH2e),
2.10e2.14 (m, 2H, CH2N), 2.51e2.55 (m, 2H, CH2N), 2.87e2.91 (m,
2H, CH2N), 4.04 (s, 3H, OCH3), 4.26 (t, J ¼ 6.7 Hz, 2H, CH2O), 7.34 (s,
1H, AreH), 7.37 (s, 1H, AreH), 8.85 (s, 1H, AreH).

5.1.11.2. 4-Chloro-6-methoxy-7-(3-(piperidin-1-yl)propoxy)quinazo-
line (17b). Light yellow solid, yield: 82%, mp: 198e199 �C [48]. 1H
NMR (CDCl3, 300 MHz) d (ppm): 1.43e1.46 (m, 2H, piperidine-CH2),
1.54e1.60 (m, 4H, 2 � piperidine-CH2), 2.06e2.15 (m, 2H, eCH2e

CH2eCH2e), 2.29e2.53 (m, 6H, 3 � CH2N), 4.04 (s, 3H, OCH3), 4.26
(t, J ¼ 6.6 Hz, 2H, CH2O), 7.34 (s, 1H, AreH), 7.36 (s, 1H, AreH), 8.84
(s, 1H, AreH).

5.1.11.3. 3-(4-Chloro-6-methoxyquinazolin-7-yloxy)-N, N-dieth-
ylpropan-1-amine (17c). Light yellow solid, yield: 77%, mp: 86e
87 �C [49]. 1H NMR (CDCl3, 300 MHz) d (ppm): 1.01e1.06 (m, 6H,
2 � CH3CH2N), 2.03e2.13 (m, 2H, eCH2eCH2eCH2e), 2.53e2.69
(m, 6H, 3 � CH2N), 4.04 (s, 3H, OCH3), 4.26 (t, J ¼ 6.5 Hz, 2H, CH2O),
7.33 (s, 1H, AreH), 7.36 (s, 1H, AreH), 8.84 (s, 1H, AreH).

5.1.11.4. 4-Chloro-6-methoxy-7-(3-(pyrrolidin-1-yl)propoxy)quina-
zoline (17d). Light yellow solid, yield: 85%, mp: 194e195 �C [53]. 1H
NMR (CDCl3, 300 MHz) d (ppm): 2.04 (m, 4H, 2 � pyrolidine-CH2),
2.40e2.45 (m, 2H, eCH2eCH2eCH2e), 3.02e3.13 (m, 6H,
3 � CH2N), 4.03 (s, 3H, OCH3), 4.29 (t, J ¼ 6.2 Hz, 2H, CH2O), 7.30 (s,
1H, AreH), 7.36 (s, 1H, AreH), 8.85 (s, 1H, AreH).

5.1.11.5. 4-Chloro-6-methoxy-7-(3-morpholinopropoxy)quinazoline
(17e). White solid, yield: 80%, mp: 178e179 �C [54]. 1H NMR
(CDCl3, 300 MHz) d (ppm): 2.10e2.15 (m, 2H, eCH2eCH2eCH2e),
2.49e2.60 (m, 6H, 3 � CH2N), 3.72 (t, J ¼ 4.5 Hz, 4H,
2 � morpholine-CH2), 4.04 (s, 3H, OCH3), 4.28 (t, J ¼ 6.5 Hz, 2H,
CH2O), 7.34 (s, 1H, AreH), 7.37 (s, 1H, AreH), 8.85 (s, 1H, AreH).

5.1.11.6. 4-Chloro-6-methoxy-7-(3-(2-methylpiperidin-1-yl)propoxy)
quinazoline (17f). White solid, yield: 87%, mp: 106e107 �C [49]. 1H
NMR (CDCl3, 500 MHz) d (ppm): 1.06 (d, J ¼ 6.2 Hz, 3H, piperidine-
CH3), 1.27e1.31 (m, 2H, piperidine-CH2), 1.54e1.67 (m, 4H,
2 � piperidine-CH2), 2.06e2.11 (m, 2H, eCH2eCH2eCH2e), 2.10 (t,
J¼10.1Hz,1H,CHHN), 2.30e2.31 (m,1H,CHN), 2.52 (quint, J¼10.0Hz,
1H, CHHN), 2.87e2.93 (m,2H, CH2N), 4.05 (s, 3H,OCH3), 4.21e4.29 (m,
2H, CH2O), 7.34 (s, 1H, AreH), 7.38 (s, 1H, AreH), 8.85 (s, 1H, AreH).

5.1.12. General process for the synthesis of the compounds 1ae1f,
2ae2f and 3ae3f

A solution of compounds 10a, 10b or 10c (2 mmol) and NaH
(10mmol) in anhydrous tetrahydrofuran (50mL) was stirred for 3 h
at room temperature, then compound 17ae17f (2 mmol) was
added and stirred for another 12 h at room temperature. CH3COOH
(1 mL) was added to quench the reaction, the solvent was evapo-
rated under reduced pressure and the residue was dissolved in
dichloromethane (100 mL), washed with a saturated solution of
sodium bicarbonate (3 � 50 mL) and brine (2 � 50 mL), and dried
with Na2SO4. The solvent was removed under vacuum. The crude
product was purified by column chromatography on silica gel,
eluting with ethyl acetate: triethylamine: methanol (40:2:1) to
afford the final product.

Compounds 1ae1f, 2ae2f and 3ae3f were characterized as
follows.

5.1.12.1. N-(2-chloro-6-methylphenyl)-2-(6-methoxy-7-(3-(4-
methylpiperidin-1-yl) propoxy)quinazolin-4-ylamino)benzo[d]thia-
zole-6-carboxamide (1a). Light yellow solid, yield: 29%. Mp: 139e
140 �C. IR (KBr, cm�1): 3288.68, 2942.71, 2804.97, 1636.77, 1617.92,
1594.81, 1560.41, 1499.38, 1478.26, 1457.11, 1424.37, 1370.01,
1282.77, 1233.13, 841.28, 757.99; 1H NMR (DMSO-d6, 300 MHz)
d (ppm): 0.89 (d, J ¼ 6.4 Hz, 3H, piperidine-CH3), 1.12e1.20 (m, 2H,
piperidine-CH2), 1.28e1.35 (m, 1H, piperidine-CH), 1.57 (d,
J ¼ 11.3 Hz, 2H, piperidine-CH2), 1.85e1.93 (m, 2H, eCH2eCH2e

CH2e), 1.95e1.99 (m, 2H, CH2N), 2.22 (s, 3H, AreCH3), 2.42e2.46
(m, 2H, CH2N), 2.84 (d, J ¼ 11.3 Hz, 2H, CH2N), 3.83 (s, 3H, OCH3),
4.29 (t, J ¼ 6.3 Hz, 2H, CH2O), 6.67 (d, J ¼ 8.5 Hz, 1H, AreH), 7.10 (s,
1H, AreH), 7.22e7.30 (m, 2H, AreH), 7.38e7.41 (m, 1H, AreH), 7.53
(s, 1H, AreH), 7.78 (dd, J1¼1.5 Hz, J2¼ 8.5 Hz,1H, AreH), 8.18 (s, 1H,
AreH), 8.92 (s, 1H, eNHe), 9.20 (s, 1H, AreH), 9.93 (s, 1H, eNHe
COe); 13C NMR (DMSO-d6, 75 MHz) d (ppm): 18.19, 21.78, 25.99,
30.35, 33.97, 53.44, 54.49, 56.03, 67.54,101.95,107.15, 110.33, 117.48,
121.67, 123.89, 126.16, 126.92, 128.04, 128.94, 132.28, 134.02, 138.60,
142.25, 150.76, 151.04, 153.58, 154.47, 156.13, 157.72, 164.20; ESI-
MS m/z: 631.2 [M þ H]þ, 629.2 [M � H]�, 665.2 [M þ Cl]�; Anal.
calcd for C33H35ClN6O3S (%): C, 62.79; H, 5.59; N, 13.31. Found: C,
62.42; H, 5.72; N, 13.17.

5.1.12.2. N-(2-chloro-6-methylphenyl)-2-(6-methoxy-7-(3-(piper-
idin-1-yl)propoxy) quinazolin-4-ylamino)benzo[d]thiazole-6-
carboxamide (1b). Light yellow solid, yield: 31%. Mp: 132e134 �C.
IR (KBr, cm�1): 3417.42, 2934.63,1658.72,1650.78,1619.88,1594.73,
1574.09, 1500.05, 1479.67, 1453.87, 1424.69, 1370.65, 1328.52,
1283.05, 1233.68, 1206.57, 1143.67, 847.34, 770.42; 1H NMR (DMSO-
d6, 300MHz) d (ppm): 1.38e1.39 (m, 2H, piperidine-CH2),1.49e1.51
(m, 4H, 2 � piperidine-CH2), 1.92e2.01 (m, 2H, eCH2eCH2eCH2e),
2.22 (s, 3H, AreCH3), 2.34e2.51 (m, 6H, 3 � CH2N), 3.83 (s, 3H,
OCH3), 4.29 (t, J ¼ 6.3 Hz, 2H, CH2O), 6.67 (d, J ¼ 8.5 Hz, 1H, AreH),
7.10 (s, 1H, AreH), 7.25e7.33 (m, 2H, AreH), 7.38e7.41 (m, 1H, Are
H), 7.53 (s, 1H, AreH), 7.78 (dd, J1 ¼ 1.5 Hz, J2 ¼ 8.5 Hz, 1H, AreH),
8.18 (s,1H, AreH), 8.92 (s,1H,eNHe), 9.20 (s,1H, AreH), 9.94 (s,1H,
eNHeCOe); 13C NMR (DMSO-d6, 75 MHz) d (ppm): 18.19, 24.09,
25.57, 25.88, 54.07, 54.88, 56.04, 67.55, 101.95, 107.16, 110.34, 117.49,
121.67, 123.90, 126.17, 126.93, 128.05, 128.94, 132.29, 134.02, 138.60,
142.26, 150.77, 151.05, 153.59, 154.48, 156.13, 157.73, 164.20; ESI-MS
m/z: 617.2 [M þ H]þ, 615.2 [M � H]�; Anal. calcd for
C32H33ClN6O3S$3/4H2O (%): C, 60.94; H, 5.51; N, 13.33. Found: C,
60.91; H, 5.76; N, 13.36.

5.1.12.3. N-(2-chloro-6-methylphenyl)-2-(7-(3-(diethylamino)pro-
poxy)-6-methoxyquinazolin-4-ylamino)benzo[d]thiazole-6-
carboxamide (1c). Light yellow solid, yield: 30%. Mp: 128e129 �C.
IR (KBr, cm�1): 3269.43, 2967.71, 1618.11, 1594.88, 1574.69, 1499.96,
1479.49, 1453.66, 1424.80, 1370.51, 1329.01, 1283.20, 1233.71,
1205.48, 1183.17, 1140.93, 1093.86, 847.05; 1H NMR (DMSO-d6,
300 MHz) d (ppm): 0.91e0.98 (m, 6H, 2 � CH3CH2N), 1.88e1.97 (m,
2H, eCH2eCH2eCH2e), 2.22 (s, 3H, AreCH3), 2.43e2.58 (m, 6H,
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3 � CH2N), 3.83 (s, 3H, OCH3), 4.30 (t, J ¼ 6.3 Hz, 2H, CH2O), 6.68 (d,
J ¼ 8.5 Hz, 1H, AreH), 7.10 (s, 1H, AreH), 7.22e7.30 (m, 2H, AreH),
7.38e7.41 (m, 1H, AreH), 7.52 (s, 1H, AreH), 7.78 (dd, J1 ¼ 1.4 Hz,
J2 ¼ 8.5 Hz, 1H, AreH), 8.18 (s, 1H, AreH), 8.92 (s, 1H, eNHe), 9.20
(s, 1H, AreH), 9.94 (s, 1H,eNHeCOe); 13C NMR (DMSO-d6, 75MHz)
d (ppm): 11.79, 18.19, 26.18, 46.43, 48.38, 56.05, 67.35, 101.93,
107.08, 110.35, 117.48, 121.66, 123.89, 126.16, 126.93, 128.03, 128.93,
132.28, 134.02, 138.60, 142.26, 150.77, 151.07, 153.58, 154.47, 156.17,
157.73, 164.20; ESI-MS m/z: 605.2 [M þ H]þ, 603.2 [M � H]�; Anal.
calcd for C31H33ClN6O3S$3/4H2O (%): C, 60.18; H, 5.62; N, 13.58.
Found: C, 60.30; H, 5.81; N, 13.68.

5.1.12.4. N-(2-chloro-6-methylphenyl)-2-(6-methoxy-7-(3-(pyrroli-
din-1-yl)propoxy) quinazolin-4-ylamino)benzo[d]thiazole-6-
carboxamide (1d). Light yellow solid, yield: 28%. Mp: 143e144 �C.
IR (KBr, cm�1): 3257.32, 2958.96, 2798.93,1617.77,1594.60,1576.03,
1499.39, 1479.62, 1453.80, 1424.39, 1370.45, 1329.11, 1283.17,
1233.15, 1205.60, 1139.65, 1098.04, 847.12, 756.87; 1H NMR (DMSO-
d6, 300MHz) d (ppm): 1.68e1.71 (m, 4H, 2� pyrolidine-CH2), 1.95e
2.04 (m, 2H, eCH2eCH2eCH2e), 2.22 (s, 3H, AreCH3), 2.46e2.51
(m, 4H, 2 � CH2N), 2.58 (t, J ¼ 7.0 Hz, 2H, CH2N), 3.83 (s, 3H, OCH3),
4.31 (t, J ¼ 6.4 Hz, 2H, CH2O), 6.67 (d, J ¼ 8.4 Hz, 1H, AreH), 7.11 (s,
1H, AreH), 7.22e7.31 (m, 2H, AreH), 7.38-7.41 (m, 1H, AreH), 7.54
(s, 1H, AreH), 7.79 (dd, J1 ¼1.4 Hz, J2¼ 8.5 Hz,1H, AreH), 8.18 (s, 1H,
AreH), 8.92 (s, 1H, eNHe), 9.20 (s, 1H, AreH), 9.94 (s, 1H, eNHe
COe); 13C NMR (DMSO-d6, 75 MHz) d (ppm): 18.19, 23.10, 27.76,
52.00, 53.57, 56.04, 67.46, 101.94, 107.16, 110.33, 117.49, 121.67,
123.90,126.16,126.92,128.03,128.93,132.28,134.02,138.60,142.25,
150.76, 151.03, 153.59, 154.47, 156.12, 157.72, 164.20; ESI-MS m/z:
603.2 [M þ H]þ, 625.2 [M þ Na]þ, 601.2 [M � H]�, 637.1 [M þ Cl]�;
Anal. calcd for C31H31ClN6O3S$3/4H2O (%): C, 60.38; H, 5.31; N,
13.63. Found: C, 60.37; H, 5.57; N, 13.57.

5.1.12.5. N-(2-chloro-6-methylphenyl)-2-(6-methoxy-7-(3-
morpholinopropoxy) quinazolin-4-ylamino)benzo[d]thiazole-6-
carboxamide (1e). Light yellow solid, yield: 32%. Mp: 148e149 �C.
IR (KBr, cm�1): 3263.35, 2955.87, 2811.74, 1618.19, 1594.46, 1499.41,
1478.99, 1452.43, 1424.49, 1370.19, 1282.90, 1233.23, 1205.42,
1114.88, 848.40, 758.72; 1H NMR (DMSO-d6, 500 MHz) d (ppm):
1.97e2.02 (m, 2H, eCH2eCH2eCH2e), 2.22 (s, 3H, AreCH3), 2.35e
2.50 (m, 6H, 3� CH2N), 3.59 (t, J¼ 4.5 Hz, 4H, 2�morpholine-CH2),
3.83 (s, 3H, OCH3), 4.31 (t, J ¼ 6.2 Hz, 2H, CH2O), 6.68 (d, J ¼ 8.5 Hz,
1H, AreH), 7.11 (s, 1H, AreH), 7.23e7.28 (m, 2H, AreH), 7.38e7.40
(m, 1H, AreH), 7.55 (s, 1H, AreH), 7.78 (dd, J1 ¼ 1.5 Hz, J2 ¼ 8.5 Hz,
1H, AreH), 8.18 (s, 1H, AreH), 8.92 (s, 1H, eNHe), 9.20 (s, 1H, Are
H), 9.93 (s, 1H, eNHeCOe); 13C NMR (DMSO-d6, 125 MHz) d (ppm):
18.14, 25.44, 53.29, 54.57, 56.01, 66.16, 67.39, 101.96, 107.17, 110.30,
117.47, 121.62, 123.85, 126.14, 126.87, 127.98, 128.89, 132.26, 133.99,
138.57, 142.22, 150.73, 151.03, 153.54, 154.46, 156.09, 157.70, 164.18;
ESI-MSm/z: 619.2 [M þ H]þ, 641.2 [M þ Na]þ, 657.2 [Mþ K]þ, 617.2
[M � H]�, 653.1 [M þ Cl]�; Anal. calcd for C31H31ClN6O4S$1/2H2O
(%): C, 59.28; H, 5.13; N, 13.38. Found: C, 59.15; H, 5.45; N, 13.35.

5.1.12.6. N-(2-chloro-6-methylphenyl)-2-(6-methoxy-7-(3-(2-
methylpiperidin-1-yl) propoxy)quinazolin-4-ylamino)benzo[d]thia-
zole-6-carboxamide (1f). Light yellow solid, yield: 28%. Mp: 144e
145 �C. IR (KBr, cm�1): 3270.17, 2927.35, 1618.32, 1594.55, 1574.34,
1499.26, 1480.21, 1453.73, 1423.70, 1369.69, 1281.52, 1232.19,
1204.55, 845.20, 755.52; 1H NMR (DMSO-d6, 500 MHz) d (ppm):
0.99 (d, J ¼ 5.7 Hz, 3H, piperidine-CH3), 1.18e1.23 (m, 2H, piperi-
dine-CH2), 1.42e1.46 (m, 1H, piperidine-CHH), 1.52e1.57 (m, 3H,
piperidine-CHH and piperidine-CH2), 1.92e1.94 (m, 2H, eCH2e

CH2eCH2e), 2.10 (t, J ¼ 9.7 Hz, 1H, CHHN), 2.22 (s, 3H, AreCH3),
2.26e2.27 (m, 1H, CHN), 2.38 (quint, J ¼ 9.7 Hz, 1H, CHHN), 2.80e
2.85 (m, 2H, CH2N), 3.83 (s, 3H, OCH3), 4.29 (t, J¼ 6.3 Hz, 2H, CH2O),
6.67 (d, J ¼ 8.4 Hz, 1H, AreH), 7.10 (s, 1H, AreH), 7.23e7.29 (m, 2H,
AreH), 7.38e7.40 (m, 1H, AreH), 7.53 (s, 1H, AreH), 7.78 (dd,
J1 ¼1.5 Hz, J2 ¼ 8.4 Hz, 1H, AreH), 8.18 (s, 1H, AreH), 8.91 (s, 1H, e
NHe), 9.20 (s, 1H, AreH), 9.92 (s, 1H,eNHeCOe); 13C NMR (DMSO-
d6, 125 MHz) d (ppm): 18.14, 18.43, 23.37, 25.18, 25.74, 34.15, 49.42,
51.45, 55.23, 56.03, 67.48, 101.95, 107.12, 110.30, 117.45, 121.62,
123.85, 126.13, 126.87, 127.97, 128.89, 132.26, 134.00, 138.57, 142.22,
150.75, 151.07, 153.54, 154.46, 156.15, 157.69, 164.17; ESI-MS m/z:
631.2 [M þ H]þ, 629.2 [M � H]�, 665.2 [M þ Cl]�; Anal. calcd for
C33H35ClN6O3S$3/4H2O (%): C, 61.48; H, 5.71; N, 13.04; Found: C,
61.74; H, 6.12; N, 13.15.

5.1.12 .7 . N-(2, 6-dimethylphenyl)-2-(6-methoxy-7-(3-(4-
methylpiperidin-1-yl)propoxy) quinazolin-4-ylamino)benzo[d]thia-
zole-6-carboxamide (2a). Light yellow solid, yield: 30%. Mp: 137e
138 �C. IR (KBr, cm�1): 3272.95, 2949.47, 1618.12, 1594.76, 1576.87,
1499.36, 1480.24, 1454.43, 1424.26, 1370.03, 1281.76, 1232.57,
1204.66, 1137.90, 767.21; 1H NMR (DMSO-d6, 300 MHz) d (ppm):
0.89 (d, J¼ 6.4 Hz, 3H, piperidine-CH3), 1.12-1.19 (m, 2H, piperidine-
CH2), 1.31 (br, 1H, piperidine-CH), 1.57 (d, J ¼ 11.1 Hz, 2H, piperi-
dine-CH2), 1.85e1.92 (m, 2H, eCH2eCH2eCH2e), 1.95-1.99 (m, 2H,
CH2N), 2.17 (s, 6H, 2 � Ar-CH3), 2.42e2.46 (m, 2H, CH2N), 2.84 (d,
J ¼ 11.1 Hz, 2H, CH2N), 3.83 (s, 3H, OCH3), 4.29 (t, J ¼ 6.2 Hz, 2H,
CH2O), 6.66 (d, J ¼ 8.4 Hz, 1H, AreH), 7.10 (s, 1H, AreH), 7.11 (s, 3H,
AreH), 7.53 (s, 1H, AreH), 7.77 (dd, J1 ¼1.5 Hz, J2 ¼ 8.5 Hz, 1H, Are
H), 8.18 (s, 1H, AreH), 8.90 (s, 1H,eNHe), 9.20 (s, 1H, AreH), 9.68 (s,
1H, eNHeCOe); 13C NMR (DMSO-d6, 75 MHz) d (ppm): 18.02,
21.82, 26.00, 30.37, 33.98, 53.47, 54.52, 56.05, 67.56, 101.97, 107.16,
110.35, 117.51, 121.59, 123.84, 126.04, 126.60, 127.68, 128.61, 135.32,
135.58, 142.07, 150.77, 151.04, 153.62, 154.53, 156.13, 157.77, 164.07;
ESI-MSm/z: 611.3 [MþH]þ, 633.2 [MþNa]þ, 609.3 [M�H]�, 645.2
[Mþ Cl]�; Anal. calcd for C34H38N6O3S$H2O (%): C, 64.94; H, 6.41; N,
13.37. Found: C, 65.16; H, 6.80; N, 13.48.

5.1.12.8. N-(2,6-dimethylphenyl)-2-(6-methoxy-7-(3-(piperidin-1-yl)
propoxy) quinazolin-4-ylamino)benzo[d]thiazole-6-carboxamide
(2b). Light yellow solid, yield: 31%. Mp: 136e137 �C. IR (KBr,
cm�1): 3269.00, 2933.08, 2852.40, 1618.11, 1594.76, 1575.38,
1499.47, 1480.51, 1454.04, 1424.50, 1370.33, 1327.63, 1282.30,
1232.86, 1205.51, 1141.17, 845.20, 768.33; 1H NMR (DMSO-d6,
300 MHz) d (ppm): 1.38e1.40 (m, 2H, piperidine-CH2), 1.50e1.53
(m, 4H, 2 � piperidine-CH2), 1.96e2.02 (m, 2H, eCH2eCH2eCH2e),
2.17 (s, 6H, 2 � AreCH3), 2.37e2.47 (m, 6H, 3 � CH2N), 3.83 (s, 3H,
OCH3), 4.30 (t, J ¼ 6.3 Hz, 2H, CH2O), 6.66 (d, J ¼ 8.5 Hz, 1H, AreH),
7.10 (s, 1H, AreH), 7.11 (s, 3H, AreH), 7.54 (s, 1H, AreH), 7.77 (dd,
J1 ¼1.4 Hz, J2 ¼ 8.5 Hz, 1H, AreH), 8.18 (s, 1H, AreH), 8.90 (s, 1H, e
NHe), 9.20 (s, 1H, AreH), 9.68 (s, 1H,eNHeCOe); 13C NMR (DMSO-
d6, 75 MHz) d (ppm): 18.00, 24.01, 25.49, 25.80, 54.03, 54.85, 56.04,
67.53, 101.98, 107.17, 110.32, 117.50, 121.57, 123.81, 126.03, 126.58,
127.66, 128.62, 135.31, 135.57, 142.05, 150.76, 151.04, 153.60, 154.53,
156.12, 157.76, 164.06; ESI-MS m/z: 597.3 [M þ H]þ, 619.2
[M þ Na]þ, 595.2 [M � H]�, 631.2 [M þ Cl]�; Anal. calcd for
C33H36N6O3S$3/4H2O (%): C, 64.95; H, 6.19; N, 13.77. Found: C,
64.79; H, 6.64; N, 13.69.

5.1.12.9. 2-(7-(3-(Diethylamino)propoxy)-6-methoxyquinazolin-4-
ylamino)-N- (2,6-dimethylphenyl)benzo[d]thiazole-6-carboxamide
(2c). Light yellow solid, yield: 33%. Mp: 133e134 �C. IR (KBr,
cm�1): 3268.35, 2966.93, 2818.15, 1618.05, 1594.74, 1575.36,
1499.34, 1480.31, 1424.46, 1370.36, 1328.56, 1282.40, 1232.89,
1204.61, 1140.33, 1093.66, 1036.29, 883.02, 846.70, 767.83, 714.24,
648.69; 1H NMR (DMSO-d6, 300 MHz) d (ppm): 0.92e0.98 (m, 6H,
2 � CH3CH2N), 1.88-1.99 (m, 2H, eCH2eCH2eCH2e), 2.17 (s, 6H,
2 � AreCH3), 2.44-2.59 (m, 6H, 3 � CH2N), 3.83 (s, 3H, OCH3), 4.30
(t, J ¼ 6.3 Hz, 2H, CH2O), 6.66 (d, J ¼ 8.5 Hz, 1H, AreH), 7.10 (s, 1H,
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AreH), 7.11 (s, 3H, AreH), 7.52 (s, 1H, AreH), 7.78 (dd, J1 ¼ 1.7 Hz,
J2¼ 8.5 Hz,1H, AreH), 8.17 (s,1H, AreH), 8.90 (s, 1H,eNHe), 9.19 (s,
1H, AreH), 9.68 (s, 1H, eNHeCOe); 13C NMR (DMSO-d6, 75 MHz)
d (ppm): 11.78, 17.99, 26.16, 46.43, 48.38, 56.05, 67.35, 101.96,
107.09, 110.33, 117.49, 121.55, 123.81, 126.02, 126.57, 127.65, 128.60,
135.30, 135.56, 142.05, 150.76, 151.06, 153.58, 154.51, 156.16, 157.75,
164.06; ESI-MS m/z: 585.2 [M þ H]þ, 583.3 [M � H]�, 619.2
[M þ Cl]�; Anal. calcd for C32H36N6O3S$3/4H2O (%): C, 64.25; H,
6.32; N, 14.05. Found: C, 64.40; H, 6.46; N, 13.97.

5.1.12.10. N-(2,6-dimethylphenyl)-2-(6-methoxy-7-(3-(pyrrolidin-1-
yl)propoxy) quinazolin-4-ylamino)benzo[d]thiazole-6-carboxamide
(2d). Light yellow solid, yield: 30%. Mp: 154e155 �C. IR (KBr,
cm�1): 3260.14, 2955.87, 2795.73, 1617.77, 1594.60, 1576.03,
1499.39, 1479.62, 1453.80, 1424.39, 1370.45, 1283.17, 1233.15,
1205.60, 845.20, 752.31, 569.75; 1H NMR (DMSO-d6, 300 MHz)
d (ppm): 1.69e1.72 (m, 4H, 2 � pyrolidine-CH2), 1.96e2.05 (m, 2H,
eCH2eCH2eCH2e), 2.17 (s, 6H, 2 � AreCH3), 2.50e2.60 (m, 6H,
3 � CH2N), 3.83 (s, 3H, OCH3), 4.32 (t, J ¼ 6.3 Hz, 2H, CH2O), 6.66 (d,
J¼ 8.4 Hz,1H, AreH), 7.11 (s, 4H, AreH), 7.54 (s, 1H, AreH), 7.77 (dd,
J1 ¼1.5 Hz, J2 ¼ 8.5 Hz, 1H, AreH), 8.18 (s, 1H, AreH), 8.90 (s, 1H, e
NHe), 9.20 (s, 1H, AreH), 9.68 (s, 1H,eNHeCOe); 13C NMR (DMSO-
d6, 75 MHz) d (ppm): 14.04, 17.99, 23.08, 27.67, 51.99, 53.57, 56.04,
67.53, 101.96, 107.17, 110.32, 117.50, 121.56, 123.81, 126.02, 126.58,
127.65, 128.61, 135.30, 135.56, 142.05, 150.75, 151.02, 153.60, 154.52,
156.10, 157.75, 164.05; ESI-MSm/z: 583.2 [Mþ H]þ, 581.2 [M� H]�,
617.2 [M þ Cl]�; Anal. calcd for C32H34N6O3S$H2O (%): C, 63.98; H,
6.04; N, 13.99. Found: C, 64.04; H, 6.12; N, 13.80.

5.1.12.11. N-(2,6-dimethylphenyl)-2-(6-methoxy-7-(3-morpholinopr-
opoxy) quinazolin-4-ylamino)benzo[d]thiazole-6-carboxamide (2e).
Light yellow solid, yield: 28%. Mp: 147e148 �C. IR (KBr, cm�1):
3265.44, 2954.46, 2850.18, 2805.34, 1617.79, 1594.60, 1575.45,
1499.20, 1480.51, 1456.06, 1424.15, 1370.30, 1327.95, 1282.15,
1232.74, 1205.06, 1184.52, 1139.97, 1115.22, 841.99, 745.91; 1H NMR
(DMSO-d6, 500MHz) d (ppm): 1.97e2.02 (m, 2H,eCH2eCH2eCH2e

), 2.17 (s, 6H, 2 � AreCH3), 2.39e2.51 (m, 6H, 3 � CH2N), 3.59 (t,
J ¼ 4.6 Hz, 4H, 2 � morpholine-CH2), 3.83 (s, 3H, OCH3), 4.31 (t,
J ¼ 6.3 Hz, 2H, CH2O), 6.66 (d, J ¼ 8.4 Hz, 1H, AreH), 7.11 (s, 4H, Are
H), 7.54 (s, 1H, AreH), 7.78 (dd, J1 ¼ 1.5 Hz, J2 ¼ 8.5 Hz, 1H, AreH),
8.18 (s,1H, AreH), 8.90 (s,1H,eNHe), 9.20 (s,1H, AreH), 9.67 (s,1H,
eNHeCOe); 13C NMR (DMSO-d6, 125 MHz) d (ppm): 17.93, 25.43,
53.29, 54.56, 56.00, 66.15, 67.38,101.97,107.16,110.27,117.46,121.50,
123.76, 125.97, 126.51, 127.60, 128.60, 135.27, 135.52, 142.00, 150.72,
151.01, 153.54, 154.50, 156.08, 157.70, 164.01; ESI-MS m/z: 599.2
[M þ H]þ, 597.2 [M � H]�, 633.2 [M þ Cl]�; Anal. calcd for
C32H34N6O4S$3/4H2O (%): C, 62.78; H, 5.84; N, 13.73. Found: C,
62.89; H, 5.85; N, 13.70.

5.1.12.12. N-(2,6-dimethylphenyl)-2-(6-methoxy-7-(3-(2-methylpip-
eridin-1-yl) propoxy)quinazolin-4-ylamino)benzo[d]thiazole-6-
carboxamide (2f). Light yellow solid, yield: 33%. Mp: 144e145 �C.
IR (KBr, cm�1): 3270.17, 2927.35, 1618.32, 1594.55, 1574.34, 1499.26,
1480.21, 1453.73, 1423.70, 1369.69, 1281.52, 1232.19, 1204.55,
838.79, 758.72; 1H NMR (DMSO-d6, 500 MHz) d (ppm): 0.99 (d,
J ¼ 6.0 Hz, 3H, piperidine-CH3), 1.18e1.26 (m, 2H, piperidine-CH2),
1.42e1.45 (m, 1H, piperidine-CHH), 1.52e1.59 (m, 3H, piperidine-
CHH and piperidine-CH2), 1.92e1.96 (m, 2H, eCH2eCH2eCH2e),
2.10 (t, J ¼ 9.7 Hz, 1H, CHHN), 2.17 (s, 6H, 2 � AreCH3), 2.27e2.28
(m, 1H, CHN), 2.37 (quint, J ¼ 9.7 Hz, 1H, CHHN), 2.80e2.85 (m, 2H,
CH2N), 3.82 (s, 3H, OCH3), 4.29 (t, J ¼ 6.2 Hz, 2H, CH2O), 6.66 (d,
J¼ 8.4 Hz,1H, AreH), 7.10 (s, 4H, AreH), 7.53 (s, 1H, AreH), 7.77 (dd,
J1 ¼1.6 Hz, J2 ¼ 8.5 Hz, 1H, AreH), 8.17 (s, 1H, AreH), 8.90 (s, 1H, e
NHe), 9.19 (s, 1H, AreH), 9.67 (s, 1H, eNHeCOe); 13C NMR (DMSO-
d6, 125 MHz) d (ppm): 17.93, 18.44, 23.37, 25.18, 25.73, 34.15, 49.41,
51.44, 55.22, 56.02, 67.47, 101.96, 107.11, 110.27, 117.44, 121.49,
123.75, 125.97, 126.51, 127.59, 128.60, 135.27, 135.52, 142.00, 150.74,
151.05, 153.52, 154.48, 156.13, 157.70, 164.01; ESI-MS m/z: 611.3
[M þ H]þ, 609.3 [M � H]�, 645.2 [M þ Cl]�; Anal. calcd for
C34H38N6O3S$3/4H2O (%): C, 65.41; H, 6.38; N, 13.46. Found: C,
65.41; H, 6.42; N, 13.64.

5.1.12.13. N-mesityl-2-(6-methoxy-7-(3-(4-methylpiperidin-1-yl)pr-
opoxy) quinazolin-4-ylamino)benzo[d]thiazole-6-carboxamide (3a).
Light yellow solid, yield: 26%. Mp: 127e128 �C. IR (KBr, cm�1):
3266.65, 2946.86, 2919.54, 1617.76, 1595.37, 1575.74, 1499.56,
1454.19, 1424.25, 1369.46, 1281.93, 1233.01, 1205.71, 1184.13,
848.40, 749.11; 1H NMR (DMSO-d6, 500 MHz) d (ppm): 0.88 (d,
J ¼ 6.4 Hz, 3H, piperidine-CH3), 1.13e1.18 (m, 2H, piperidine-CH2),
1.31 (br,1H, piperidine-CH),1.57 (d, J¼ 11.1 Hz, 2H, piperidine-CH2),
1.86e1.90 (m, 2H, eCH2eCH2eCH2e), 1.96e2.00 (m, 2H, CH2N),
2.12 (s, 6H, 2 � AreCH3), 2.25 (s, 3H, AreCH3), 2.41e2.45 (m, 2H,
CH2N), 2.84 (d, J ¼ 11.1 Hz, 2H, CH2N), 3.82 (s, 3H, OCH3), 4.29 (t,
J¼ 6.3 Hz, 2H, CH2O), 6.65 (d, J¼ 8.5 Hz, 1H, AreH), 6.92 (s, 2H, Are
H), 7.10 (s, 1H, AreH), 7.53 (s, 1H, AreH), 7.76 (dd, J1 ¼ 1.5 Hz,
J2¼ 8.5 Hz,1H, AreH), 8.16 (s,1H, AreH), 8.89 (s,1H,eNHe), 9.19 (s,
1H, AreH), 9.58 (s, 1H, eNHeCOe); 13C NMR (DMSO-d6, 125 MHz)
d (ppm): 17.85, 20.42, 21.72, 26.09, 30.31, 33.96, 53.39, 54.45, 55.99,
67.52, 101.96, 107.13, 110.24, 117.44, 121.46, 123.71, 125.95, 128.19,
128.69, 132.62, 135.17, 135.45, 141.94, 150.72, 151.02, 153.52, 154.49,
156.10, 157.69, 164.07; ESI-MS m/z: 625.3 [M þ H]þ, 647.2
[M þ Na]þ, 623.3 [M � H]�, 659.2 [M þ Cl]�; Anal. calcd for
C35H40N6O3S$3/4H2O (%): C, 65.86; H, 6.55; N, 13.17; Found: C,
65.89; H, 6.81; N, 12.96.

5.1.12.14. N-mesityl-2-(6-methoxy-7-(3-(piperidin-1-yl)propoxy)qui-
nazolin-4- ylamino)benzo[d]thiazole-6-carboxamide (3b). Light yel-
low solid, yield: 31%. Mp: 134e135 �C. IR (KBr, cm�1): 3261.18,
2932.59, 2852.74, 1616.29, 1566.24, 1499.02, 1453.76, 1423.86,
1369.78, 1311.46, 1266.71, 1232.84, 1205.44, 1139.45, 1094.76,
1035.89, 943.55, 882.79, 847.38, 786.30, 759.16, 710.18, 648.45,
563.52; 1H NMR (DMSO-d6, 500 MHz) d (ppm): 1.38e1.40 (m, 2H,
piperidine-CH2), 1.49e1.53 (m, 4H, 2 � piperidine-CH2), 1.93e2.00
(m, 2H,eCH2eCH2eCH2e), 2.12 (s, 6H, 2� AreCH3), 2.25 (s, 3H, Are
CH3), 2.35e2.49 (m, 6H, 3 � CH2N), 3.83 (s, 3H, OCH3), 4.29 (t,
J ¼ 6.3 Hz, 2H, CH2O), 6.65 (d, J ¼ 8.4 Hz, 1H, AreH), 6.91 (s, 2H, Are
H), 7.10 (s, 1H, AreH), 7.53 (s, 1H, AreH), 7.76 (dd, J1 ¼ 1.4 Hz,
J2 ¼ 8.5 Hz, 1H, AreH), 8.17 (s, 1H, AreH), 8.89 (s, 1H,eNHe), 9.19 (s,
1H, AreH), 9.58 (s, 1H, eNHeCOe); 13C NMR (DMSO-d6, 75 MHz)
d (ppm): 17.91, 20.48, 24.07, 25.55, 25.86, 54.06, 54.87, 56.03, 67.55,
101.96, 107.16, 110.30, 117.49, 121.54, 123.77, 126.00, 128.26, 128.70,
132.66, 135.21, 135.51, 141.99, 150.78, 151.04, 153.59, 154.52, 156.12,
157.75, 164.11; ESI-MS m/z: 611.3 [M þ H]þ, 609.2 [M � H]�, 645.2
[Mþ Cl]�; Anal. calcd for C34H38N6O3S$H2O (%): C, 64.94; H, 6.41; N,
13.37; found: C, 65.06; H, 6.53; N, 13.24.

5.1.12.15. 2-(7-(3-(Diethylamino)propoxy)-6-methoxyquinazolin-4-
ylamino)-N-mesitylbenzo[d]thiazole-6-carboxamide (3c). Light yel-
low solid, yield: 33%. Mp: 131e132 �C. IR (KBr, cm�1): 3263.35,
2965.89, 1616.77, 1595.15, 1575.24, 1499.13, 1454.13, 1423.49,
1369.35, 1327.75, 1311.47, 1282.31, 1232.41, 1203.79, 1138.17, 847.56,
758.72; 1H NMR (DMSO-d6, 300 MHz) d (ppm): 0.93e0.99 (m, 6H,
2 � CH3CH2N), 1.88e1.99 (m, 2H, eCH2eCH2eCH2e), 2.12 (s, 6H,
2 � AreCH3), 2.25 (s, 3H, AreCH3), 2.43e2.59 (m, 6H, 3 � CH2N),
3.83 (s, 3H, OCH3), 4.30 (t, J ¼ 6.3 Hz, 2H, CH2O), 6.66 (d, J ¼ 8.5 Hz,
1H, AreH), 6.93 (s, 2H, AreH), 7.10 (s, 1H, AreH), 7.52 (s, 1H, AreH),
7.77 (dd, J1 ¼1.7 Hz, J2 ¼ 8.5 Hz, 1H, AreH), 8.17 (s, 1H, AreH), 8.90
(s, 1H, eNHe), 9.20 (s, 1H, AreH), 9.59 (s, 1H, eNHeCOe); 13C NMR
(DMSO-d6, 75 MHz) d (ppm): 11.80, 17.91, 20.47, 26.19, 46.43, 48.39,
56.03, 67.34, 101.95, 107.07, 110.31, 117.48, 121.52, 123.76, 125.99,



J. Cai et al. / European Journal of Medicinal Chemistry 63 (2013) 702e712 711
128.24, 128.69, 132.66, 135.21, 135.50, 141.99, 150.76, 151.05, 153.57,
154.51, 156.16, 157.75, 164.10; ESI-MS m/z: 599.3 [M þ H]þ, 597.3
[M�H]�, 633.2 [Mþ Cl]�; Anal. calcd for C33H38N6O3S$3/4H2O (%):
C, 64.74; H, 6.50; N, 13.73; found: C, 64.92; H, 6.63; N, 13.65.

5.1.12.16. N-mesityl-2-(6-methoxy-7-(3-(pyrrolidin-1-yl)propoxy)qui-
nazolin-4- ylamino)benzo[d]thiazole-6-carboxamide (3d). Light yellow
solid, yield: 30%. Mp: 147e148 �C. IR (KBr, cm�1): 3260.63, 2957.78,
2792.53,1617.32,1595.18,1575,70,1498.99,1454.15,1423.52,1369.80,
1328.01,1311.59, 1282.23,1232.52,1204.70,1137.28,1093.72,1035.95,
847.73, 758.47; 1H NMR (DMSO-d6, 300 MHz) d (ppm): 1.68e1.70 (m,
4H, 2 � pyrolidine-CH2), 1.97e2.04 (m, 2H, eCH2eCH2eCH2e), 2.12
(s, 6H, 2 � AreCH3), 2.25 (s, 3H, AreCH3), 2.44e2.60 (m, 6H,
3 � CH2N), 3.83 (s, 3H, OCH3), 4.31 (t, J ¼ 6.3 Hz, 2H, CH2O), 6.65 (d,
J ¼ 8.5 Hz, 1H, AreH), 6.92 (s, 2H, AreH), 7.10 (s, 1H, AreH), 7.53 (s,
1H, AreH), 7.76 (dd, J1¼1.5 Hz, J2¼ 8.5 Hz,1H, AreH), 8.17 (s,1H, Are
H), 8.90 (s,1H,eNHe), 9.19 (s,1H, AreH), 9.60 (s,1H,eNHeCOe); 13C
NMR (DMSO-d6, 75 MHz) d (ppm): 17.92, 20.48, 23.10, 27.78, 52.01,
53.57, 56.03, 67.46, 101.96, 107.16, 110.30, 117.49, 121.53, 123.77,
126.00, 128.25, 128.70, 132.66, 135.21, 135.51, 141.99, 150.75, 151.02,
153.59, 154.52, 156.12, 157.74, 164.11; ESI-MS m/z: 597.3 [M þ H]þ,
595.3 [M � H]�, 631.2 [M þ Cl]�; Anal. calcd for C33H36N6O3S$H2O
(%): C, 64.47; H, 6.23; N, 13.67; found: C, 64.48; H, 6.20; N, 13.68.

5.1.12.17. N-mesityl-2-(6-methoxy-7-(3-morpholinopropoxy)quina-
zolin-4-ylamino)benzo[d]thiazole-6-carboxamide (3e). Light yellow
solid, yield: 29%. Mp: 151e152 �C. IR (KBr, cm�1): 3256.94, 2959.07,
2853.38,1616.56,1595.05,1575.38,1498.83,1455.15,1423.51,1369.94,
1310.97,1282.06,1232.60,1204.71,1139.14,1115.08, 848.01, 749.11; 1H
NMR (DMSO-d6, 300 MHz) d (ppm): 1.95e2.03 (m, 2H, eCH2eCH2e

CH2e), 2.12 (s, 6H, 2 � AreCH3), 2.25 (s, 3H, AreCH3), 2.37e2.51 (m,
6H, 3�CH2N), 3.59 (t, J¼4.5Hz,4H,2�morpholine-CH2), 3.83 (s, 3H,
OCH3), 4.31 (t, J¼ 6.3Hz, 2H, CH2O), 6.65 (d, J¼ 8.5Hz,1H,AreH), 6.92
(s, 2H,AreH), 7.10 (s, 2H,AreH),7.54 (s,1H,AreH), 7.76 (dd, J1¼1.6Hz,
J2 ¼ 8.5 Hz,1H, AreH), 8.17 (s, 1H, AreH), 8.90 (s, 1H, eNHe), 9.20 (s,
1H, AreH), 9.59 (s, 1H, eNHeCOe); 13C NMR (DMSO-d6, 75 MHz)
d (ppm): 17.91, 20.48, 25.47, 53.32, 54.60, 56.02, 66.18, 67.40, 101.97,
107.17, 110.30, 117.50, 121.52, 123.76, 125.99, 128.24, 128.69, 132.65,
135.21, 135.50, 141.98, 150.74, 151.01, 153.58, 154.52, 156.09, 157.74,
164.10; ESI-MSm/z: 613.2 [MþH]þ, 635.2 [MþNa]þ, 611.2 [M�H]�,
647.2 [Mþ Cl]�; Anal. calcd for C33H36N6O4S$1/8H2O (%): C, 64.45; H,
5.94; N, 13.67; found: C, 64.37; H, 5.99; N, 13.48.

5.1.12.18. N-mesityl-2-(6-methoxy-7-(3-(2-methylpiperidin-1-yl)
propoxy)quinazolin- 4-ylamino)benzo[d]thiazole-6-carboxamide
(3f). Light yellow solid, yield: 31%. Mp: 143e145 �C. IR (KBr,
cm�1): 3256.94, 2927.72, 2843.77, 1617.82, 1595.47, 1576.53,
1498.91, 1423.60, 1369.70, 1327.69, 1311.62, 1281.69, 1232.69,
1204.68, 1183.90, 1138.09, 848.26, 758.72; 1H NMR (DMSO-d6,
300 MHz) d (ppm): 0.99 (d, J ¼ 6.0 Hz, 3H, piperidine-CH3), 1.15e
1.26 (m, 2H, piperidine-CH2), 1.42e1.60 (m, 4H, 2 � piperidine-
CH2), 1.88e1.97 (m, 2H, eCH2eCH2eCH2e), 2.07e2.12 (m, 7H,
CHHN and 2 � AreCH3), 2.25e2.27(m, 4H, AreCH3 and CHN), 2.36
(q, J ¼ 9.6 Hz, 1H, CHHN), 2.79e2.88 (m, 2H, CH2N), 3.82 (s, 3H,
OCH3), 4.28 (t, J ¼ 6.2 Hz, 2H, CH2O), 6.65 (d, J ¼ 8.5 Hz, 1H, AreH),
6.92 (s, 2H, AreH), 7.10 (s, 1H, AreH), 7.53 (s, 1H, AreH), 7.76 (dd,
J1 ¼1.7 Hz, J2 ¼ 8.5 Hz, 1H, AreH), 8.16 (s, 1H, AreH), 8.90 (s, 1H, e
NHe), 9.19 (s, 1H, AreH), 9.59 (s, 1H, eNHeCOe); 13C NMR (DMSO-
d6, 75 MHz) d (ppm): 17.90, 18.52, 20.47, 23.43, 25.15, 25.77, 34.20,
49.44, 51.49, 55.26, 56.04, 67.49, 101.96, 107.12, 110.30, 117.48,
121.51, 123.76, 125.99, 128.24, 128.68, 132.65, 135.20, 135.50, 141.99,
150.76, 151.05, 153.57, 154.51, 156.14, 157.74, 164.10; ESI-MS m/z:
625.3 [M þ H]þ, 623.3 [M � H]�, 659.2 [M þ Cl]�; Anal. calcd for
C35H40N6O3S$1/8H2O (%): C, 67.04; H, 6.47; N, 13.40; found: C,
67.04; H, 6.60; N, 13.26.
5.2. Biological evaluation

5.2.1. In vitro cytotoxic activity against 6 human cancer cell lines
All of the target compounds were determined against human

colon cancer cell lines (HCT-116 and DLD1), human chronic myeloid
leukemia cell line (K562), human acute monocytic myeloid leuke-
mia cell line (U937) and human lung cancer cell lines (A549 and
NCI-H661). The cell viability was determined by the MTT-based
assay using cell proliferation reagent WST-8, a reagent solution
prepared as an aqueous solution containing 5 mM WST-8 (Sigma),
0.2 mM 1-methoxyphenazinium salt (Sigma) and 150 mM NaCl
[55]. Briefly, the tumor cell lines in RPMI1640 medium with 10%
fetal bovine serum were plated in 96-well microtiter plates
(5.0 � 103 cells/well), and allowed to adhere at 37 �C with 5% CO2
for 4 h. The test compound was then added, and the cells were
incubated at 37 �C with 5% CO2 for 72 h later. Subsequently, cell
growth medium was removed, and WST-8 was added to each well
for another incubation of 1.5 h at 37 �C. Absorbance was finally
measured with a plate reader at 450 nmwith correction at 650 nm.
The results were expressed as the percentage of absorbance of
treated wells versus that of vehicle control. IC50, the drug concen-
tration causing 50% growth inhibition, was calculated via sigmoid
curve fitting using GraphPad Prism 5.0.

5.2.2. In vitro kinase assays
In vitro kinase inhibitory ability was determined using the

HTScan EGFR Kinase Assay Kit (Cell Signaling Technology), Re-
combinant human Src Kinase Assay Kit (Upstate Biotechnology)
and Recombinant human Abl Kinase Assay Kit (Upstate Biotech-
nology), following the manufacturer’s instructions.
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