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Abstract In the present investigation we designed, synthesized and evaluated a novel series of

bromo-pyrimidine analogues (6a-j, 7a-e, 9a-f, and 10a-f) as anticancer agents. The compounds were

characterized using spectroscopic studies and elemental analysis and screened for their in vitro cyto-

toxic activity by MTT assay against four cancer cell lines including HCT116 (human colon cancer

cell line), A549 (human lung cancer cell line), K562 (human chronic myeloid leukemia cell line),

U937 (human acute monocytic myeloid leukemia cell line) as well as the normal human liver cell

line, L02. Most of the compounds showed potent activity on K562 cells. Considering this, the com-
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pounds were evaluated for Bcr/Abl tyrosine kinase inhibitory activity by ADP-Glo assay. Dasatinib

was used as standard drug for both cytotoxicity and tyrosine kinase inhibition studies. The com-

pounds, 6g, 7d, 9c, and 10e emerged as potent Bcr/Abl kinase inhibitors. Hence, the potent com-

pounds that arose out of this investigation are potential lead molecules to develop as an

alternative to existing dasatinib therapy.

� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Chronic myelogenous leukemia (CML), also called as chronic
myeloid leukemia is an important type of cancer of bone mar-

row where there is an uncontrolled production of myeloid cells
that form platelets, most kinds of white blood cells (except
lymphocytes) and red blood cells. The myeloid cells will

undergo cell division in bone marrow and accumulate in
blood. This leukemia is as a result of mutual translocation
among chromosomes 9 and 22 (Philadelphia chromosome or

t(9;22)). Another distinguishing feature of CML is the coding
of an abnormal fusion protein Bcr/Abl with dysregulated tyr-
osine kinase activity (Rossari et al., 2018; Quintás-Cardama
and Cortes, 2009). Imatinib (ST1571) is the first orally active

and potent Bcr/Abl kinase inhibitor developed. Despite of
good activity, its clinical use was deprived due to the advent
of drug resistance (Shah, 2004; Quintás-Cardama and

Cortes, 2008; Lee et al., 2008). The point mutations in the
kinase domain of Bcr/Abl was the major mechanism for its
resistance. Additionally, patients under imatinib therapy land

into molecular residual disease.
To overcome imatinib resistance, second generation tyro-

sine kinase inhibitors (TKIs)-(Dasatinib and Nilotinib) and

third generation TKI (bosutinib) were developed and these
agents possess substantial clinical outcome. Dasatinib (BMS-
354825) is the choice of drug for treatment of CML and
Philadelphia chromosome-positive acute lymphoblastic leuke-

mia and is active against 14 of the 15 clinically proved resistant
mutants (Tokarski, 2006). Hence, it is a multi-targeted tyrosine
kinase inhibitor. Dasatinib interrupts the major cellular func-

tions that are essential for metastasis of cancer cells and angio-
genesis1. The three-dimensional structure of Abl kinase and
SRC kinase complexed with Dasatinib demonstrated that a

couple of hydrogen bonds were formed in the hinge region
of the ATP-binding site. The two hydrogen bonds were formed
with amino acid residue Met318 wherein the nitrogen of the

thiazole ring of dasatinib bonds with amide nitrogen of
Met318 and 2-amino hydrogen of dasatinib with the carbonyl
oxygen of Met318. Additionally, a hydrogen bond was formed
between amide nitrogen of dasatinib and the hydroxyl oxygen

of amino acid Thr315. Nonetheless, no hydrogen bonds were
formed between the pyrimidine of dasatinib and the protein
regardless of its importance in increased binding affinity

(Tokarski, 2006).
We previously reported novel bromopyrimide analogs (1a

& 1b) as tyrosine kinase inhibitors via modification of dasa-

tinib (Fig. 1) (Munikrishnappa, 2016). In continuation of our
search for new generation Bcr/Abl kinase inhibitors and to
continue investigation on novel bromo-pyrimidine as another
class of dasatinib analogs (Fig. 2), we hereby report further

structure activity relationship (SAR), design, synthesis, and
evaluation of novel bromo-pyrimidine as potent Bcr/Abl inhi-
bitors by well-established ADP-Glo and MTT assay method
(Tokarski, 2006; Cohen, 2003; Cohen, 2005; Kris, 2003; Wu,

2010; Das, 2006; Wityak, 2003). Our aim was to investigate
novel bromo-pyrimidine derivatives as potent kinase inhibi-
tors. The strategy to obtain newer bromo-pyrimidine deriva-

tives was based on the following approaches: (1)
Replacement of hydroxyethyl piperazine fragment with hydro-
gen based on the literature. This fragment was shown to be
interacting with the solvent side of the tyrosine kinase

(Tokarski, 2006; Pa˘unescu et al., 2015). (2) Substitution of
H-atom and CH3 group with bromine and morpholine as sug-
gested by our previously published work (compounds 1a and

1b; Fig. 1). (3) Based on the SAR and docking studies of 2-
aminothiazole template containing kinase inhibitors, it is
known that the aminothiazole containing 2-chloro-6-methyl

benzamide interacts with the kinase active site. Hence, an
attempt was made to substitute 2-chloro-6-methyl-benzamide
fragment with substituted acetohydrazide and phenyl substi-
tuted triazole. We retained aminothiazole in our present series

as a privilege fragment.
Additionally, considering that synthetic accessibility is an

important factor that needs to be considered during the design

phase, the starting materials required for incorporation of phe-
nyl substituted triazole and substituted acetohydrazide were
readily available. The designed derivatives were tailored to

localize to the hinge region of kinase active site via aminothia-
zole privilege fragment. The R groups (Fig. 2) were modified to
evaluate the effect on the potency of kinase inhibition.

2. Results and discussion

2.1. Chemistry

The reaction sequences employed for synthesis of titled bromo-

pyrimidine derivatives 6a-j, 7a-e, 9a-f, and 10a-f were illus-
trated in Scheme 1 and the analytical and physicochemical
properties of these compounds are displayed in Table 1.

The key starting material 2 was prepared as per the litera-

ture (Campaigne and Selby, 1980), which further on Buchwald
amination reaction with 5-bromo-2,4-dichloropyrimidine pro-
duced intermediate 3 with superior yield (Connors et al., 2008).

The intermediate 4 and 5 were obtained by steps as described
in literature (Aquila et al., 2005; Prasad et al., 2013). A series
of acetohydrazide derivatives (6a-j) and (7a-e) were concur-

rently prepared by treating intermediate 5 with commercially
available substituted aldehydes and acetophenones in the pres-
ence of few drops of glacial acetic acid and ethanol
(Mallikarjuna, 2009). Finally, the target compounds (9a-f)

and (10a-f) were concomitantly synthesized by treating scaf-
fold 8 with substituted benzyl bromide/phenacyl bromide in

http://creativecommons.org/licenses/by-nc-nd/4.0/


Fig. 1 Previously reported novel bromo pyrimidine analogs as tyrosine kinase inhibitors.

Fig. 2 A design for synthesis of Dasatinib derivatives (6a-j, 7a-e, 9a-f, and 10a-f).
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the presence of potassium hydroxide and ethanol (Karthikeyan

et al., 2008; Bayraka et al., 2009) (Scheme 1).
The sharp singlet at d 13.23 accountable for NH in 1H

NMR spectrum and stretch band at 1728 cm�1 correspond-

ing to functional group C‚O in IR spectrum. Further,
molecular ion peak (m/z, %): 377 (M + 1,) in LC-MS spec-
trum, confirmed the formation of crucial intermediate 3. 1H
NMR spectrum of intermediate 4 displayed multiplets at d
3.67–3.68 and 3.75–3.76 due to morpholine. Further, disap-
pearance of ethyl group signals and appearances of NH-
NH2 signals at d 5.74–5.95, which were absent on D2O

exchange, and molecular ion peak (m/z, %): 414.0
(M + 1, 99% purity) in LC-MS spectrum authenticated
the formation of intermediate 5.



Scheme 1 Synthetic pathway for the preparation of 5-bromo-pyrimidine derivatives. a) Potassium carbonate, 1,4 Dioxane, refluxed for

24 h. b) Ethanol, morpholine, and triethylamine, refluxed for 12 h. c) Hydrazine hydrate, ethanol, refluxed for 8 h. d) Substituted

aldehyde, glacial acetic acid, ethanol, refluxed for 3 h. e) Substituted acetophenone, glacial acetic acid, ethanol, refluxed for 3 h. f) Phenyl

isothiocyanate, ethanol, sodium hydroxide, refluxed for 4 h. g) Substituted benzylbromides, ethanol, potassium hydroxide, 25–30 �C for

5 h. h) Substituted phenacylbromides, ethanol, potassium hydroxide, 25–30 �C for 5 h.
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The formation of acetohydrazide derivatives (6a-j) and (7a-

e) were established by the lack of characteristic peak at d 5.95
of NH2 in 1H NMR spectrum. Further, 13C NMR spectrum
depict signals at around d 141.98 (HC‚N-N), 144.73

(C‚N-N), molecular ion peak data in LC-MS spectrum and
stretching band at 2351 cm-1 of C‚N of IR spectrum estab-
lished the formation of target compounds (6a-j) and (7a-e).

1H NMR spectrum of the synthesized scaffold 8 showed the
characteristic peaks d 13.80 due to SH proton. Lack of charac-
teristic peak at d 13.80 (SH) in the 1H NMR spectrum of alky-
lated derivatives (9a-f & 10a-f). Further, elemental analysis,

exact number of hydrogen and carbon atoms at appropriate
chemical shift values in 13C NMR spectrum authenticated
the formation of designed compounds.
2.2. Pharmacological activity and structure activity relationship

(SAR)

2.2.1. Anticancer activity

All the titled compounds (6a-j, 7a-e, 9a-f, and 10a-f) were eval-

uated for their in vitro cytotoxic activity and Bcr/Abl tyrosine
kinase inhibitory activity. The cytotoxic activity was per-
formed by MTT assay Mosmann’s method against tumor cell
line panel consisting of HCT116 (human colon cancer cell
line), A549 (human lung cancer cell line), K562 (human

chronic myeloid leukemia cell line), U937 (human acute mono-
cytic myeloid leukemia cell line), and L02 (human normal liver
cell line) whereas the Bcr/Abl tyrosine kinase inhibitory activ-

ity was done using the well-established ADP-Glo assay. For
both cell based and enzymatic assays, Dasatinib was used as
positive control and all the values are represented in lM.

The SAR observed with four set of titled compounds was
based on the results outlined in Table 2. The in vitro cytotoxic
activity and antiproliferative studies showed that the biological
activity of these compounds depends on (i) the nature and site

of substituents on aromatic ring (ii) the length and type of sub-
stitution on thiazole. (iii) effect of either substituted phenyl/
phenyl-triazole all the compounds demonstrate anti-

proliferation effects with IC50 values comparable to the control
standard dasatinib.

The SAR studies indicated that the derivatives displayed

moderate to high inhibitory activity against the Bcr/Abl pro-
tein. In the series (6a-j), various analogs containing methoxy,
halo (fluorine, bromine, chlorine), methyl, and hydroxyl

groups on various positions of phenyl ring were synthesized
to study the cytotoxic potential of designed compounds. In
vitro cytotoxicity and antiproliferative inhibition results spec-
ify that among the derivatives, compound 6 g with CF3 at

4th position exhibits best activity in these series with IC50



Table 1 Analytical and physicochemical data of synthesized bromo-pyrimidine derivatives.

Compound R Molecular Formula M.Wa M.p. (�C)b/Crystallization solvent Yield (%) %Analysis of C, H, N found (calc.)c

C H N

2 NA C7H10N2O2S 186.23 90–95/n-heptane 80 NA NA NA

3 NA C11H10BrClN4O2S 377.64 122–126/ethanol 84 NA NA NA

4 NA C15H18BrN5O3S 428.3 96–98/ethanol 88 NA NA NA

5 NA C13H16BrN7O2S 414.28 206–210/ethanol 89 NA NA NA

6a C20H18BrF2N7O2S 538.37 224–230/ethanol 83
44.62

(44.65)

3.37

(3.38)

18.21

(18.22)

6b C18H18BrN7O3S 492.35 198–203/ethanol 80
43.91

(43.95)

3.68

(3.68)

19.91

(19.94)

6c C18H19BrN8O2S 491.36 200–204/ethanol 78
44.00

(44.10)

3.90

(3.92)

22.80

(22.82)

6d C20H20BrN7O2S 502.39 215–218/ethanol 84
47.81

(47.84)

4.01

(4.02)

19.52

(19.54)

6e C20H19BrClN7O2S 536.83 214–218/ethanol 81
44.74

(44.75)

3.58

(3.57)

18.27

(18.26)

6f C20H17BrF3N7O2S 556.36 234–238 /ethanol 83
43.18

(43.20)

3.08

(3.09)

17.62

(17.64)

6 g C21H19BrF3N7O2S 570.39 220–223/ethanol 80
44.23

(44.22)

3.35

(3.36)

17.18

(17.19)

6 h C20H19BrFN7O2S 520.38 215–218/ethanol 79
46.16

(46.18)

3.66

(3.65)

18.83

(18.84)

6i C20H20BrN7O3S 518.39 217–220/ethanol 75
46.33

(46.34)

3.89

(3.89)

18.90

(18.91)

6j C21H22BrN7O3S 532.42 214–217/ethanol 81
47.36

(47.37)

4.18

(4.17)

18.42

(18.42)

7a C22H24BrN7O2S 530.44 104–107/ethanol 77
49.81

(49.85)

4.56

(4.58)

18.48

(18.50)

7b C21H22BrN7O2S 516.41 110–114/ethanol 86
48.84

(48.85)

4.29

(4.28)

18.99

(18.98)

7c C21H21BrClN7O2S 550.86 112–116/ethanol 82
45.79

(45.80)

3.84

(3.89)

17.80

(17.84)

7d C22H21BrF3N7O2S 584.42 117–120/ethanol 70
45.22

(45.21)

3.62

(3.62)

16.79

(16.78)

7e C21H21BrFN7O2S 534.43 115–117/ethanol 81
47.21

(47.20)

3.95

(3.96)

18.34

(18.35)

8 NA C20H19BrN8OS2 531.45 224–226/ethanol 75 NA NA NA

9a C27H25BrN8OS2 621.57 108–112/ethanol 81
52.17

(52.18)

4.05

(4.06)

18.03

(18.05)

9b C27H23BrClFN8OS2 674.01 106–110/ethanol 80
48.11

(48.11)

3.44

(3.45)

16.62

(16.68)

(continued on next page)
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Table 1 (continued)

Compound R Molecular Formula M.Wa M.p. (�C)b/Crystallization solvent Yield (%) %Analysis of C, H, N found (calc.)c

C H N

9c C28H24BrF3N8OS2 689.57 112–116/ethanol 80
48.76

(48.77)

3.50

(3.51)

16.25

(16.25)

9d C28H24BrF3N8O2S2 705.57 84–87/ethanol 78
47.66

(47.68)

3.43

(3.45)

15.88

(15.85)

9e C27H24BrFN8OS2 639.57 103–106/ethanol 82
50.72

(50.71)

3.77

(3.78)

17.53

(17.52)

9f C27H23BrCl2N8OS2 690.46 115–118/ethanol 84
46.97

(46.92)

3.36

(3.38)

16.23

(16.25)

10a C28H24Br2N8O2S2 728.48 202–206/ethanol 79
46.16

(46.18)

3.32

(3.34)

15.38

(15.39)

10b C27H24BrN9O2S2 650.57 195–198/ethanol 81 49.85(50.0)
3.72

(3.74)

19.38

(19.39)

10c C28H25BrN8O2S2 649.58 204–208/ethanol 80
51.77

(51.75)

3.88

(3.90)

17.25

(17.28)

10d C28H24BrClN8O2S2 684.03 208–211/ethanol 82
49.16

(49.20)

3.54

(3.54)

16.38

(16.39)

10e C29H24BrF3N8O2S2 717.58 212–214/ethanol 83
48.55

(48.54)

3.38

(3.37)

15.61

(15.62)

10f C28H24BrFlN8O2S2 667.58 204–208/ethanol 79
50.37

(50.38)

3.63

(3.62)

16.78

(16.79)

NA- Not applicable.
a Molecular weight of the compound.
b Melting point of the compound at their decomposition.
c Elemental analysis of C, H, and N were within ±0.4% of the theoretical value.
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0.008 lM. To further assess the significance of 4-CF3, we
replaced these groups in compound 6 h with 4-F and with

2,3,4-F in compound 6f. Both these experiments resulted in
partial or total loss of activity. The pharmacological evalua-
tion of Schiff bases (7a-e) prepared with substituted ketones

occasioned in additional terminal methyl group in comparison
to series (6a-j). The IC50 values against tested cell lines and
Bcr/Abl kinase of compound 7d confirmed that the terminal

methyl does not influence the biological activity.
The pharmacological activity of triazole substituted deriva-

tives (9a-f and 10a-f), synthesized to determine the significance
of terminal bulk group, confirm that there is considerable

influence on the cytotoxicity results. The 4-CF3 substituted
derivatives 9c and 10e exhibit much higher potency towards
tumor cells in comparison to 6g, which exhibited best cytotoxic

inhibition among the series (6a-j and 7a-e). Cytotoxicity anal-
yses illustrated that compounds with CF3 at fourth position
exhibit best activity in the series. To further study the impor-
tance of number and position of fluorine on the phenyl ring,

various fluorine derivatives (9b, 9e and 10f) were synthesized,
and their biological activity accomplished that the replacement
or alteration in positions of fluorine substituents results in for-

feiture of activity compared to compounds 9c and 10e.
From the biological data, we could arrive to a conclusion

that the synthesized compounds are potent Bcr/Abl kinase

inhibitors. They may be potential lead compounds to be devel-
oped as an alternative to current dasatinib therapy.

3. Conclusions

In the present investigation, we designed and synthesized four
novel series of compounds (6a-j, 7a-e, 9a-f, and 10a-f) utilizing
dasatinib as the lead compound. All the target compounds

were evaluated for in vitro cytotoxic activity against a panel



Table 2 In vitro Bcr/Abl inhibitory and cytotoxicity of title compounds against human tumor cells (IC50 ± SD, mM).a,b

Compounds Human tumor cells Human normal liver cells Bcr-Abl

HCT116 A549 U937 K562 L02

6a 7.22 ± 0.58 6.38 ± 0.26 6.02 ± 1.21 6.08 ± 0.95 >40 0.385

6b 8.11 ± 0.65 7.34 ± 0.11 9.12 ± 0.56 8.82 ± 0.56 >40 0.018

6c 8.21 ± 0.45 8.58 ± 0.23 8.03 ± 0.21 7.43 ± 0.23 >40 16.2

6d 8.29 ± 0.28 12.22 ± 0.87 6.08 ± 0.58 9.11 ± 0.14 >40 11.8

6e 9.81 ± 0.18 9.38 ± 0.18 8.25 ± 0.23 8.67 ± 0.57 >40 12.1

6f 9.51 ± 0.49 13.22 ± 0.28 9.23 ± 0.41 8.53 ± 0.43 >40 16.2

6g 3.22 ± 0.44 5.62 ± 0.71 5.36 ± 0.53 6.15 ± 0.65 >40 0.008

6h 4.34 ± 0.34 6.67 ± 0.09 7.45 ± 0.23 6.47 ± 0.09 >40 0.024

6i 7.34 ± 0.23 12.11 ± 0.23 14.34 ± 0.98 8.21 ± 0.23 >40 2.58

6j 8.21 ± 0.41 9.19 ± 0.45 9.22 ± 0.43 7.49 ± 0.55 >40 12.25

7a 5.01 ± 0.11 7.45 ± 0.87 7.04 ± 0.09 6.09 ± 1.71 >40 0.052

7b 6.52 ± 0.91 8.81 ± 0.48 9.31 ± 0.51 8.82 ± 1.01 >40 0.025

7c 6.54 ± 0.66 12.61 ± 0.76 12.39 ± 0.23 9.98 ± 1.76 >40 0.255

7d 3.43 ± 0.34 5.92 ± 0.34 6.22 ± 0.11 6.51 ± 1.23 >40 0.010

7e 5.07 ± 0.41 7.25 ± 0.24 7.14 ± 0.22 7.41 ± 1.89 >40 0.22

9a 8.11 ± 0.45 9.34 ± 0.11 11.11 ± 0.65 9.32 ± 0.43 >40 4.52

9b 8.11 ± 0.43 9.71 ± 0.43 11.61 ± 0.23 8.99 ± 0.11 >40 ND

9c 3.56 ± 0.67 4.23 ± 0.54 6.12 ± 0.54 6.32 ± 0.56 >40 0.008

9d 6.23 ± 0.45 6.56 ± 0.23 7.55 ± 0.23 9.11 ± 0.67 >40 >500

9e 4.02 ± 0.22 5.65 ± 0.28 6.14 ± 0.74 6.65 ± 0.45 >40 0.022

9f 7.32 ± 0.22 6.25 ± 0.28 7.54 ± 0.74 9.95 ± 0.45 >40 0.019

10a 5.56 ± 0.71 7.17 ± 0.34 13.09 ± 0.86 9.23 ± 0.14 >40 0.89

10b 6.43 ± 0.22 9.76 ± 0.91 13.09 ± 0.40 9.23 ± 0.19 >40 >500

10c 6.25 ± 0.43 7.87 ± 0.38 10.18 ± 0.65 8.22 ± 0.68 >40 0.72

10d 5.56 ± 0.71 10.67 ± 0.44 9.89 ± 0.76 9.45 ± 0.54 >40 0.024

10e 3.45 ± 0.67 4.44 ± 0.67 5.88 ± 0.11 5.17 ± 0.86 >40 0.006

10f 5.11 ± 0.48 7.22 ± 0.45 9.11 ± 0.40 7.55 ± 0.54 >40 0.052

Dasatinib (control) 5.14 ± 0.22 8.65 ± 0.13 9.63 ± 0.25 11.95 ± 0.31 >40 0.019

a Mean value ± SD (standard deviation from three experiments).
b Boldface: IC50 � the control (IC50, lM).
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of cancer cell lines comprising of HCT116 (human colon can-

cer cell line), A549 (human lung cancer cell line), K562 (human
chronic myeloid leukemia cell line), U937 (human acute mono-
cytic myeloid leukemia cell line), and L02 (human normal liver

cell line) employing MTT assay. Majority of the compounds
showed excellent activity against K562. Hence, all of the pre-
pared compounds were screened for Bcr/Abl tyrosine kinase

inhibitory activity using ADP-Glo assay. As most of the com-
pounds are highly potent against K562 cells, Bcr/Abl tyrosine
kinase inhibitory activity of all the synthesized compounds was
evaluated by using the well-established ADP-Glo assay.

Among others, compounds 6g, 7d, 9c, and 10e were the most
active Bcr/Abl kinase inhibitors. Therefore, these compounds
are promising lead molecules to be developed as an alternative

to current dasatinib therapy.

4. Experimental

4.1. Materials and methods

All starting materials, solvents and reagents were purchased
from commercial vendors and used without purification. Melt-
ing points were recorded using an open capillary tube in a Tho-
mas Hoover melting point apparatus and are uncorrected.

Infrared spectra were performed on Shimadzu FT-IR 157.
Proton and carbon magnetic resonance (1H NMR, and 13C
NMR) were recorded in CDCl3 or DMSO d6 using Bruker

spectrometer at 300/400 MHz having TMS as an internal stan-
dard and reported in ppm. LCMS was recorded on Agilent
LC-MS spectrometer. Elemental analysis was performed on

Thermo Finnigan Flash (EA 1112 CHNS Analyzer). Thin
layer chromatography (TLC) was performed on Merck silica
gel GF254 aluminium sheets using mixture of different polar
and nonpolar solvents in varying proportions throughout the

reaction and spots were observed using iodine as visualizing
agent (Munikrishnappa, 2016).

4.2. Synthesis

4.2.1. General procedure for the synthesis of ethyl-2-(2-
aminothiazol-4-yl)acetate (2)

The reaction mixture of thiourea (50 g, 0.6578 mol), ethyl-4-
chloroactoacetate (119.19 g, 0.7236 mol) and ethanol (1.0 L)

was stirred and refluxed for 2 h. After the reaction mixture
was cooled, ethanol was removed and the mixture was slowly
added into water (500 mL). The pH of reaction mixture was
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adjusted to 8–8.5 with sodium bicarbonate and the product
was extracted using ethyl acetate. Further, organic layer was
concentrated and triturated using n-heptane. The product

was filtered and dried at 45–50 �C for 5 h and obtained as a
yellowish to brown solid (196 g, yield 80%); mp 90–95 �C;
IR (KBr) mmax/cm�1 3401 (NAH), 1712 (C‚O); 1H NMR

(400 MHz, DMSO d6): d 1.15–1.18 (t, J = 7.2 Hz, 3H,
methyl), 3.43 (s, 2H, CH2, thiazole-CH2-CO), 4.02–4.07 (q,
J= 6.8 Hz, 2H, CH2, AOACH2A), 6.30 (s, 1H, CH, thiazole),

6.89 (s, 2H, NH2, D2O exchangeable); LC-MS (m/z, %): 187.3
(M + 1, 99.16).

4.2.2. General procedure for the synthesis of ethyl-2-(2-(5-

bromo-2-chloropyrimidin-4-ylamino)thiazol-4-yl)acetate (3)

The reaction mixture of 5-Bromo-2,4-dichloropyrimidin 1

(50.0 g, 0.2194 mol), potassium carbonate (75.81 g,

0.5485 mol), 1,4 dioxane (500 mL) and ethyl-2-(2-aminothia
zol-4-yl)acetate 2 (44.94 g, 0.2413 mol) was refluxed for 24 h.
Upon completion of reaction, reaction mixture was quenched
into ice cold water and stirred at 25–30 �C for 1 h. Further,

the product was filtered and recrystallized using ethanol and
dried at 45–50 �C. The compound was obtained as a brown
colored solid (69.6 g, yield 84%); mp 122–126 �C; IR (KBr)

mmax/cm�1 2983 (NAH), 1728 (C‚O); 1H NMR (400 MHz,
DMSO d6): d 1.18–1.22 (t, J 7.2, 3H, methyl), 3.74 (s, 2H,
CH2, thiazole-CH2-CO), 4.08–4.14 (q, J = 6.8 Hz, 2H, CH2,

AOACH2A), 6.96 (s, 1H, CH, thiazole), 8.48 (s, 1H, CH,
Pyrimidine), 13.23 (s, 1H, NH, pyrimidine-NH-thiazole, D2O
exchangeable); LC-MS (m/z, %): 377 (M + 1, 99).

4.2.3. General procedure for the synthesis of ethyl-2-(2-(5-
bromo-2-morpholinopyrimidin-4-ylamino)thiazol-4-yl)acetate
(4)

The reaction mixture of ethyl-2-(2-(5-bromo-2-chloropyrimi
din-4-ylamino)thiazol-4-yl)acetate 3 (60 g, 0.1588 mol), tri-
ethylamine (32.12 g, 0.3177 mol), morpholine (27.70 g,
0.3177 mol) and ethanol (600 mL) was refluxed for 12 h. Upon

completion of reaction, ethanol was removed and quenched
into cold water. Further, reaction mixture was stirred at 25–
30 �C for 1 h and the solids formed were filtered. Product

was recrystallized using ethanol and dried at 45–50 �C. The
compound was obtained as a light Yellowish solid (59.88 g,
yield 88%); mp 96–98 �C; IR (KBr) mmax/cm�1 3342

(NAH), 1727 (C‚O); 1H NMR (400 MHz, DMSO d6): d
1.17–1.21 (t, J = 7.08 Hz, 3H, methyl), 3.67–3.68 (m, 4H,
2CH2, morpholine), 3.70 (s, 2H, CH2, thiazole-CH2-CO),

3.75–3.76 (m, 4H, 2CH2, morpholine), 4.07–4.12 (q,
J = 7.08 Hz, 2H, CH2, AOACH2A), 6.99 (s, 1H, CH, thia-
zole), 8.24 (s,1H, CH, Pyrimidine), 10.39 (s, 1H, NH,
pyrimidine-NH-thiazole, D2O exchangeable); LC-MS (m/z,

%): 428 (M + 1, 99.38).

4.2.4. General procedure for the synthesis of 2-(2-(5-bromo-2-

morpholinopyrimidin-4-ylamino)thiazol-4-yl)acetohydrazide
(5)

The reaction mixture of ethyl 2-(2-(5-bromo-2-morpholinopyr
imidin-4-ylamino)thiazol-4-yl)acetate 4 (55 g, 0.1284 mol),

ethanol (500 mL) and 98% hydrazine hydrate (50 mL) was
refluxed for 8 h. Upon completion of reaction, product was fil-
tered and recrystallized using ethanol and dried at 45–50 �C.
The compound was obtained as a pale brown solid (47.34 g,
yield 89%); mp 206–210 �C; IR (KBr) mmax/cm�1 3242
(NAH), 1671 (C‚O); 1H NMR (400 MHz, DMSO d6): d
3.38 (s, 2H, CH2, thiazole-CH2-CO), 3.65–3.67 (m, 4H,

2CH2, morpholine), 3.73–3.74 (m, 4H, 2CH2, morpholine),
5.74–5.95 (m, 3H, NHANH2, D2O exchangeable), 6.78 (s,
1H, CH, thiazole), 8.13 (s, 1H, CH, Pyrimidine), 9.12 (s, 1H,

NH, pyrimidine-NH-thiazole, D2O exchangeable); LC-MS
(m/z, %): 414.0 (M + 1, 99).

4.2.5. General procedure for the synthesis of (Z)-N’-
(substituted benzylidene)-2-(2-(5-bromo-2-
morpholinopyrimidin-4-ylamino)thiazol-4-yl)acetohydrazide
(6a-j)

The reaction mixture of 2-(2-(5-bromo-2-morpholinopyrimi
din-4-ylamino)thiazol-4-yl)acetohydrazide 5 (0.01 mol), substi-
tuted aldehydes (0.01 mol) and ethanol (5 V) was refluxed for

3 h in the presence of few drops of glacial acetic acid. Upon
completion of reaction, solvent was evaporated and residue
was quenched using cold water (5 V). Further, product was fil-
tered and crude solid was recrystallized using appropriate sol-

vent systems to obtain target products (6a-j).

4.2.5.1. Synthesis of (Z)-N’-(2,6-difluorobenzylidene)-2-(2-(5-

bromo-2-morpholinopyrimidin-4-ylamino)thiazol-4-yl)acetohy-
drazide (6a). Recrystallized using ethanol, off-white to pale
brown solid (yield 83%); mp 224–230 �C; IR (KBr) mmax/

cm�1 3206 (NAH), 2351 (C‚N), 1670 (C‚O); 1H NMR
(400 MHz, DMSO d6): d 3.68 (m, 4H, 2CH2, morpholine),
3.76 (m, 4H, 2CH2, morpholine), 3.99 (s, 2H, CH2, thiazole-

CH2-CO), 6.94 (s, 1H, CH, thiazole), 7.17 (m, 2H, 2CH, 2,6-
difluorobenzyl), 7.48 (m, J 7.2 , 1H, CH, 2,6-difluorobenzyl),
8.15 (s, 1H, CH, Pyrimidine), 8.25 (s, 1H, CH, N‚CH, ben-
zylidenimin), 10.34 (t, 1H, NH, sec amine, D2O exchangeable),

11.62 (s, 1H, NH, sec amide, D2O exchangeable); 13C NMR
(100 MHz, DMSO d6): d 38.6 (thiazole-CH2-), 45.16, 66.33
(morpholine), 95.5 (pyrimidine-C5), 104.4 (thiazole-C3),

105.6, 111.87, 112.71, 131.86 (2,6-diflurobenzyl-C1, C3, C5,
C4), 141.98 (HC‚N-N), 145.53 (pyrimidine-C2), 150.8,
158.18 (thiazole-C1, C2), 160.14 (pyrimidine-C6), 161.94

(2,6-difluro benzyl-C2, C6), 165.75 (CO, sec amide), 171.41
(pyrimidine-C4); LC-MS (m/z, %): 538.0 (M + 1, 99).

4.2.5.2. Synthesis of (Z)-2-(2-(5-bromo-2-morpholinopyrim-

idin-4-ylamino)thiazol-4-yl)-N’-(furan-2-ylmethylene)acetohy-
drazide (6b). Recrystallized using ethanol, pale brown solid
(yield 80%); mp 198–203 �C; IR (KBr) mmax/cm�1 3245

(NAH), 2354 (C‚N), 1672 (C‚O); 1H NMR (400 MHz,
DMSO d6): d 3.67 (m, 4H, 2CH2, morpholine), 3.76 (m, 4H,
2CH2, morpholine), 3.98 (s, 2H, CH2, thiazole-CH2-CO),

6.92 (s, 1H, CH, thiazole), 7.09 (m, 1H, CH, furan), 7.41 (m,
1H, CH, furan), 8.03 (m, 1H, CH, furan), 8.10 (s,1H, CH,
Pyrimidine), 8.40 (s, 1H, CH, N‚CH, benzylidenimin),

10.30 (t, 1H, NH, sec amine, D2O exchangeable), 11.60 (s,
1H, NH, sec amide, D2O exchangeable); 13C NMR
(100 MHz, DMSO d6): d 38.8 (thiazole-CH2-), 45.20, 66.35
(morpholine), 95.4 (pyrimidine-C5), 104.5 (thiazole-C3),

112.6, 118.90 (furan-C3, C2), 141.4 (HC‚NAN), 144.2
(furan-C4), 145.55 (pyrimidine-C2), 148.34 (furan-C1),
150.82, 158.20 (thiazole-C1, C2), 160.12 (pyrimidine-C6),

165.77 (CO, sec amide), 171.40 (pyrimidine-C4); LC-MS (m/
z, %): 492 (M + 1, 99.10).
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4.2.5.3. Synthesis of (Z)-N’-((1H-pyrrol-2-yl)methylene)-2-

(2-(5-bromo-2-morpholino pyrimidin-4-ylamino)thiazol-4-yl)
acetohydrazide (6c). Recrystallized using ethanol, pale brown
solid (yield 78%); mp 200–204 �C; IR (KBr) mmax/cm�1 3235

(NAH), 2349 (C‚N), 1675 (C‚O); 1H NMR (400 MHz,
DMSO d6): d 3.65 (m, 4H, 2CH2, morpholine), 3.77 (m, 4H,
2CH2, morpholine), 3.97 (s, 2H, CH2, thiazole-CH2-CO),
6.35 (m, 1H,CH, pyrrole), 6.93 (s, 1H, CH, thiazole), 7.05

(m, 1H, CH, pyrrole), 7.54 (m, 1H, CH, pyrrole), 8.20 (s,
1H, CH, Pyrimidine), 8.58 (s, 1H, CH, N‚CH, benzyliden-
imin), 10.32 (t, 1H, NH, sec amine, D2O exchangeable),

11.62 (s, 1H, NH, sec amide, D2O exchangeable); 13C NMR
(100 MHz, DMSO d6): d 38.6(thiazole-CH2-), 45.16, 66.33
(morpholine), 95.5 (pyrimidine-C5), 104.41 (thiazole-C3),

110.9, 119.2, 124.8, 132.71 (pyrrole-C4, C3, C2, C1), 142.5
(HC‚N-N), 146.51 (pyrimidine-C2), 150.80, 158.21
(thiazole-C1, C2), 160.14 (pyrimidine-C6), 165.75 (CO, sec
amide), 171.41 (pyrimidine-C4); LC-MS (m/z, %): 491

(M + 1, 99.12).

4.2.5.4. Synthesis of (Z)-N’-benzylidene-2-(2-(5-bromo-2-mor-

pholinopyrimidin-4-ylamino)thiazol-4-yl)acetohydrazide (6d).
Recrystallized using ethanol, off-white to pale brown solid
(yield 84%); mp 215–218 �C; IR (KBr) mmax/cm�1 3214

(NAH), 2350 (C‚N), 1674 (C‚O); 1H NMR (400 MHz,
DMSO d6): d 3.68 (m, 4H, 2CH2, morpholine), 3.75 (m, 4H,
2CH2, morpholine), 4.02 (s, 2H, CH2, thiazole-CH2-CO),

6.90 (s, 1H, CH, thiazole), 7.55–7.76 (m, 5H, 5CH, benzyl),
7.96 (s, 1H, CH, Pyrimidine), 8.24 (s, 1H, CH, N‚CH, ben-
zylidenimin), 10.32 (t, 1H, NH, sec amine, D2O exchangeable),
11.54 (s, 1H, NH, sec amide, D2O exchangeable); 13C NMR

(100 MHz, DMSO d6): d 38.62 (thiazole-CH2-), 45.13, 66.32
(morpholine), 95.6 (pyrimidine- C5), 104.3 (thiazole-C3),
128.8, 129.21, 131.03, 133.6 (benzyl-C3, C5, C2, C6, C4, C1),

142.81 (HC‚N-N), 145.55 (pyrimidine-C2), 150.85, 158.20
(thiazole-C1, C2), 160.18 (pyrimidine-C6), 165.77 (CO, sec
amide), 171.42 (pyrimidine-C4); LC-MS (m/z, %): 502

(M + 1, 99).

4.2.5.5. Synthesis of (Z)-N’-(3-chlorobenzylidene)-2-(2-(5-
bromo-2-morpholinopyrimidin-4-ylamino)thiazol-4-yl)acetohy-

drazide (6e). Recrystallized using ethanol, off-white to pale
brown solid (yield 81%); mp 214–218 �C; IR (KBr) mmax/
cm�1 3194 (NAH), 2276 (C‚N), 1672 (C‚O); 1H NMR

(400 MHz, DMSO d6): d 3.69 (m, 4H, 2CH2, morpholine),
3.76 (m, 4H, 2CH2, morpholine), 4.05 (s, 2H, CH2, thiazole-
CH2-CO), 6.93 (s, 1H, CH, thiazole), 7.22 (t, J = 7.96 Hz,

1H, CH, 3-chlorobenzyl), 7.44–7.55 (m, 3H, 3CH, 3-
chlorobenzyl), 7.99 (s, 1H, CH, Pyrimidine), 8.22 (s, 1H,
CH, N‚CH, benzylidenimin), 10.33 (t, 1H, NH, sec amine,

D2O exchangeable), 11.59 (s, 1H, NH, sec amide, D2O
exchangeable); 13C NMR (100 MHz, DMSO d6): d 38.60
(thiazole-CH2-), 45.13, 66.32 (morpholine), 95.5 (pyrimidine-
C5), 104.3 (thiazole-C3), 113.59, 117.29, 123.76, 131.29,

137.20 (3-chlorobenzyl-C1, C5, C3, C4, C2), 141.98 (HC‚-
N-N), 145.53 (pyrimidine-C2), 150.8, 158.18 (thiazole-C1,
C2), 160.14 (pyrimidine-C6), 161.65 (3-chlorobenzyl-C6),

165.75 (CO, sec amide), 171.41 (pyrimidine-C4); LC-MS (m/
z, %): 536 (M + 1, 99.03).
4.2.5.6. Synthesis of (Z)-N’-(2,3,4-trifluorobenzylidene)-2-(2-

(5-bromo-2-morpholinopyrimidin-4-ylamino)thiazol-4-yl)aceto-
hydrazide (6f). Recrystallized from ethanol, off-white to pale
brown solid (yield 83%); mp 234–238 �C; IR (KBr) mmax/

cm�1 3201 (NAH), 2298 (C‚N), 1679 (C‚O); 1H NMR
(400 MHz, DMSO d6): d 3.69 (m, 4H, 2CH2, morpholine),
3.76 (m, 4H, 2CH2, morpholine), 4.04 (s, 2H, CH2, thiazole-
CH2-CO), 6.92 (s, 1H, CH, thiazole), 7.11–7.54 (m, 2H,

2CH, 2,3,4-trifluorobenzyl), 7.98 (s, 1H, CH, Pyrimidine),
8.24 (s, 1H, CH, N‚CH, benzylidenimin), 10.35 (t, 1H, NH,
sec amine, D2O exchangeable), 11.57 (s, 1H, NH, sec amide,

D2O exchangeable); 13C NMR (100 MHz, DMSO d6): d
38.60 (thiazole-CH2-), 45.15, 66.35 (morpholine), 95.8
(pyrimidine-C5), 104.3 (thiazole-C3), 115.5, 120.89, 128.0,

140.20 (2,3,4-trifluorobenzyl-C1, C5, C6, C3), 141.98
(HC‚NAN), 145.54 (pyrimidine-C2), 145.63 (2,3,4-
trifluorobenzyl-C2), 150.81 (thiazole-C1), 153.42 (2,3,4-
trifluorobenzyl-C4), 158.23 (thiazole-C2), 160.14 (pyrimidine-

C6), 165.76 (CO, sec amide), 171.43 (pyrimidine-C4); LC-MS
(m/z, %): 556 (M + 1, 98.6).

4.2.5.7. Synthesis of (Z)-N’-(4-(trifluoromethyl)benzylidene)-
2-(2-(5-bromo-2-morpholinopyrimidin-4-ylamino) thiazol-4-yl)
acetohydrazide (6 g). Recrystallized using ethanol, off-white to

pale brown solid (yield 80%); mp 220–223 �C; IR (KBr) mmax/
cm�1 3193 (NAH), 2277 (C‚N), 1674 (C‚O); 1H NMR
(400 MHz, DMSO d6): d 3.68 (m, 4H, 2CH2, morpholine),

3.75 (m, 4H, 2CH2, morpholine), 4.04 (s, 2H, CH2, thiazole-
CH2-CO), 6.92 (s, 1H, CH, thiazole), 7.19 (s, 2H, 2CH, 4-
(trifluoromethyl)phenyl), 7.33 (s, 2H, 2CH, 4-
(trifluoromethyl)phenyl), 7.97 (s, 1H, CH, Pyrimidine), 8.22

(s, 1H, CH, N‚CH, benzylidenimin), 10.32 (t, 1H, NH, sec
amine, D2O exchangeable), 11.58 (s, 1H, NH, sec amide,
D2O exchangeable); 13C NMR (100 MHz, DMSO d6): d
38.61 (thiazole-CH2-), 45.14, 66.33 (morpholine), 95.51
(pyrimidine-C5), 104.32 (thiazole-C3), 122.85 (trifluoro car-
bon), 127.33, 128.64 (4-(trifluoromethyl)phenyl-C3, C5, C2,

C6), 134.74 (4-(trifluoromethyl)phenyl-C4), 141.99
(HC‚NAN), 145.54 (pyrimidine-C2), 149.60 (4-
(trifluoromethyl)phenyl-C1), 150.80, 158.18 (thiazole-C1, C2),
160.15 (pyrimidine-C6), 165.75 (CO, sec amide), 171.41

(pyrimidine-C4); LC-MS (m/z, %): 570 (M + 1, 99.0).

4.2.5.8. Synthesis of (Z)-N’-(4-fluorobenzylidene)-2-(2-(5-

bromo-2-morpholinopyrimidin-4-ylamino)thiazol-4-yl)acetohy-
drazide (6h). Recrystallized using ethanol, off-white to pale
brown solid (yield 79%); mp 215–218 �C; IR (KBr) mmax/

cm�1 3194 (NAH), 2276 (C‚N), 1676 (C‚O); 1H NMR
(400 MHz, DMSO d6): d 3.67 (m, 4H, 2CH2, morpholine),
3.74 (m, 4H, 2CH2, morpholine), 4.02 (s, 2H, CH2, thiazole-

CH2-CO), 6.93 (s, 1H, CH, thiazole), 7.12 (s, 2H, 2CH, 4-
fluorophenyl), 7.30 (s, 2H, 2CH, 4-fluorophenyl), 7.98 (s, 1H,
CH, Pyrimidine), 8.23 (s, 1H, CH, N‚CH, benzylidenimin),
10.33 (t, 1H, NH, sec amine, D2O exchangeable), 11.59 (s,

1H, NH, sec amide, D2O exchangeable); 13C NMR
(100 MHz, DMSO d6): d 38.60 (thiazole-CH2-), 45.13, 66.32
(morpholine), 95.50 (pyrimidine-C5), 104.31 (thiazole-C3),

128.8, 130.25 (4-fluorophenyl- C3, C5, C2, C6), 132.83 (4-
fluorophenyl-C1), 141.99 (HC‚NAN), 145.54 (pyrimidine-
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C2), 159.20 (4-fluorophenyl-C4), 150.80, 158.18 (thiazole-C1,
C2), 160.15 (pyrimidine-C6), 165.75 (CO, sec amide), 171.41
(pyrimidine-C4); LC-MS (m/z, %): 520 (M + 1, 98.8).

4.2.5.9. Synthesis of (Z)-N’-(4-hydroxybenzylidene)-2-(2-(5-
bromo-2-morpholinopyrimidin-4-ylamino)thiazol-4-yl)acetohy-

drazide (6i). Recrystallized using ethanol, off-white to pale
brown solid (yield 75%); mp 217–220 �C; IR (KBr) mmax/
cm�1 3195 (NAH), 2278 (C‚N), 1675 (C‚O); 1H NMR

(400 MHz, DMSO d6): d 3.66 (m, 4H, 2CH2, morpholine),
3.73 (m, 4H, 2CH2, morpholine), 4.04 (s, 2H, CH2, thiazole-
CH2-CO), 6.92 (s, 1H, CH, thiazole), 7.16 (s, 2H, 2CH, 4-
hydroxyphenyl), 7.38 (s, 2H, 2CH, 4-hydroxyphenyl), 7.99 (s,

1H, CH, Pyrimidine), 8.22 (s, 1H, CH, N‚CH, benzyliden-
imin), 9.10 (s, 1H, benzene-OH), 10.34 (t, 1H, NH, sec amine,
D2O exchangeable), 11.58 (s, 1H, NH, sec amide, D2O

exchangeable); 13C NMR (100 MHz, DMSO d6): d 38.61
(thiazole-CH2-), 45.12, 66.30 (morpholine), 95.51
(pyrimidine-C5), 104.30 (thiazole-C3), 116.0, 126.4 (4-

hydroxyphenyl-C3,5, C1), 130.6 (4-hydroxyphenyl-C2,6),
141.99 (HC‚NAN), 145.54 (pyrimidine-C2), 150.80, 158.18
(thiazole-C1, C2), 160.16 (pyrimidine-C6), 160.80 (4-

hydroxyphenyl-C4), 165.76 (CO, sec amide), 171.42
(pyrimidine-C4); LC-MS (m/z, %): 518 (M + 1, 98.6).

4.2.5.10. Synthesis of (Z)-N’-(3-methoxybenzylidene)-2-(2-(5-

bromo-2-morpholinopyrimidin-4-ylamino)thiazol-4-yl)acetohy-
drazide (6j). Recrystallized using ethanol, off-white to pale
brown solid (yield 81%); mp 214–217 �C; IR (KBr) mmax/

cm�1 3195 (NAH), 2278 (C‚N), 1675 (C‚O); 1H NMR
(400 MHz, DMSO d6): d 3.68 (m, 4H, 2CH2, morpholine),
3.72 (m, 4H, 2CH2, morpholine), 3.82 (s, 3H, phenyl-O-

CH3), 4.05 (s, 2H, CH2, thiazole-CH2-CO), 6.93 (s, 1H, CH,
thiazole), 7.30 (t, 1H, CH, 3-methoxy phenyl), 7.47–7.59 (m,
3H, 3CH, 3-methoxy phenyl), 7.98 (s, 1H, CH, Pyrimidine),

8.22 (s, 1H, CH, N‚CH, benzylidenimin), 10.35 (t, 1H, NH,
sec amine, D2O exchangeable), 11.57 (s, 1H, NH, sec amide,
D2O exchangeable); 13C NMR (100 MHz, DMSO d6): d
38.60 (thiazole-CH2-), 45.13, 66.30 (morpholine), 55.9 (CH3,

aliphatic methyl), 95.51 (pyrimidine-C5), 104.30 (thiazole-
C3), 111.2, 116.6, 121.5 (3-methoxy phenyl-C2, C4, C6),
129.8 (3-methoxy phenyl-C5), 138.2 (3-methoxyphenyl-C1),

141.99 (HC‚N-N), 145.54 (pyrimidine-C2), 150.80, 158.18
(thiazole-C1, C2), 160.16 (pyrimidine-C6), 160.6 (3-methoxy
phenyl-C3), 165.76 (CO, sec amide), 171.40 (pyrimidine-C4);

LC-MS (m/z, %): 532 (M + 1, 98.9).

4.2.6. General procedure for the synthesis of (Z)-2-(2-(5-
bromo-2-morpholinopyrimidin-4-ylamino)thiazol-4-yl)-N’-(1-

(substitutedphenyl)ethylidene)acetohydrazide (7a-e).

The reaction mixture of 2-(2-(5-bromo-2-morpholinopyrimi
din-4-ylamino)thiazol-4-yl)acetohydrazide 5 (0.01 mol), substi-

tuted acetophenones (0.01 mol) and ethanol (5 V) was refluxed
for 3 h in presence of few drops of glacial acetic acid. Upon
completion of reaction, solvent was evaporated and the pro-
duct was quenched using cold water (5 V). The product was fil-

tered, dried, and recrystallized using appropriate solvent
systems to obtain target products (7a-e).

4.2.6.1. Synthesis of (Z)-2-(2-(5-bromo-2-morpholinopyrim-
idin-4-ylamino)thiazol-4-yl)-N’-(1-p-tolylethylidene)acetohy-
drazide (7a). Recrystallized using ethanol, off-white to pale

brown solid (yield 77%); mp 104–107 �C; IR (KBr) mmax/
cm�1 3309 (NAH), 2326 (C‚N), 1674 (C‚O); 1H NMR
(400 MHz, CDCl3): d 2.15 (s, 3H, CH3), 2.22 (m, 3H, CH3,

methyl benzene), 3.81 (m, 4H, 2CH2, morpholine), 3.85 (m,
4H, 2CH2, morpholine), 4.26 (s, 2H, CH2, thiazole-CH2-
CO), 6.82 (s, 1H, CH, thiazole), 7.28–7.70 (m, 4H, 4CH,
methyl benzene), 7.72 (s, 1H, CH, Pyrimidine), 8.89 (t, 1H,

NH, sec amine, D2O exchangeable), 10.44 (s, 1H, NH, sec
amide, D2O exchangeable); 13C NMR (100 MHz, CDCl3): d
12.54 (methyl, methyl benzene), 13.78 (methyl), 38.34

(thiazole-CH2-), 44.88, 66.69 (morpholine), 91.39
(pyrimidine-C5), 110.4 (thiazole-C3), 127.01, 129.13, 134.48,
139.90 (methyl benzene-C2, C6, C3, C5, C1, C4), 144.73

(C‚NAN), 146.01 (pyrimidine-C2), 152.94, 157.38 (thiazole-
C1, C2), 157.49 (pyrimidine-C6), 159.78 (CO, sec amide),
172.75 (pyrimidine-C4); LC-MS (m/z, %): 530.40 (M + 1,
99.2).

4.2.6.2. Synthesis of (Z)-2-(2-(5-bromo-2-morpholinopyrim-
idin-4-ylamino)thiazol-4-yl)-N’-(1-phenylethylidene)acetohy-

drazide (7b). Recrystallized using ethanol, off-white to pale
brown solid (yield 86%); mp 110–114 �C; IR (KBr) mmax/
cm�1 3323 (NAH), 2324 (C‚N), 1673 (C‚O); 1H NMR

(400 MHz, CDCl3): d 2.16 (s, 3H, CH3), 3.80 (m, 4H, 2CH2,
morpholine), 3.86 (m, 4H, 2CH2, morpholine), 4.25 (s, 2H,
CH2, thiazole-CH2-CO), 6.83 (s, 1H, CH, thiazole), 7.53 (m,

3H, 3CH, phenyl), 7.70 (s,1H, CH, Pyrimidine), 7.94 (m, 2H,
2CH, phenyl), 8.89 (t, 1H, NH, sec amine, D2O exchangeable),
10.43 (s, 1H, NH, sec amide, D2O exchangeable); 13C NMR
(100 MHz, CDCl3): d 13.77 (methyl), 38.35 (thiazole-CH2-),

44.87, 66.68 (morpholine), 91.40 (pyrimidine- C5), 110.2
(thiazole- C3), 128.20, 128.89, 131.01, 137.50 (methyl
benzene-C2, C6, C3, C5, C4, C1), 144.72 (C‚NAN), 146.0

(pyrimidine-C2), 152.93, 157.39 (thiazole-C1, C2), 157.48
(pyrimidine-C6), 159.77 (CO, sec amide), 172.77 (pyrimidine-
C4); LC-MS (m/z, %): 516 (M + 1, 98.9).

4.2.6.3. Synthesis of (Z)-2-(2-(5-bromo-2-morpholinopyrim-
idin-4-ylamino)thiazol-4-yl)-N’-(1-(3-chlorophenyl)ethylidene)
acetohydrazide (7c). Recrystallized from ethanol, off-white to

pale brown solid (yield 82%); mp 112–116 �C; IR (KBr) mmax/
cm�1 3311 (NAH), 2328 (C‚N), 1670 (C‚O); 1H NMR
(400 MHz, CDCl3): d 2.16 (s, 3H, CH3), 3.80 (m, 4H, 2CH2,

morpholine), 3.86 (m, 4H, 2CH2, morpholine), 4.25 (s, 2H,
CH2, thiazole-CH2-CO), 6.83 (s, 1H, CH, thiazole), 7.28 (m,
2H, 2CH, 3-chlorophenyl), 7.59 (d, J 7.24, 1H, CH, 3-

chlorophenyl), 7.70 (s,1H, CH, Pyrimidine), 8.11 (s, 1H, CH,
3-chlorophenyl), 8.88 (t, 1H, NH, sec amine, D2O exchange-
able), 10.42 (s, 1H, NH, sec amide, D2O exchangeable); 13C

NMR (100 MHz, CDCl3): d 13.77 (methyl), 38.34 (thiazole-
CH2-), 44.88, 66.69 (morpholine), 91.38 (pyrimidine-C5),
110.4 (thiazole-C3), 126.17, 126.76, 129.23, 129.55, 134.44,
139.39 (3-chlorophenyl-C6, C2, C5, C4, C3, C1), 144.73

(C‚NAN), 146.01 (pyrimidine-C2), 152.94, 157.38 (thiazole-
C1, C2), 157.49 (pyrimidine-C6), 159.78 (CO, sec amide),
172.75 (pyrimidine-C4); LC-MS (m/z, %): 550 (M + 1, 98.25).

4.2.6.4. Synthesis of (Z)-2-(2-(5-bromo-2-morpholinopyrim-
idin-4-ylamino)thiazol-4-yl)-N’-(1-(4-(trifluoromethyl) phe-

nyl)ethylidene)acetohydrazide (7d). Recrystallized using
ethanol, off white to pale brown solid (yield 70%); mp 117–
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120 �C; IR (KBr) mmax/cm�1 3308 (NAH), 2326 (C‚N), 1675
(C‚O); 1H NMR (400 MHz, CDCl3): d 2.14 (s, 3H, CH3),
3.80 (m, 4H, 2CH2, morpholine), 3.84 (m, 4H, 2CH2, morpho-

line), 4.25 (s, 2H, CH2, thiazole-CH2-CO), 6.83 (s, 1H, CH,
thiazole), 7.16 (s, 2H, 2CH, 4-(trifluoromethyl)phenyl), 7.30
(s, 2H, 2CH, 4-(trifluoromethyl)phenyl), 7.74 (s, 1H, CH,

Pyrimidine), 8.90 (t, 1H, NH, sec amine, D2O exchangeable),
10.44 (s, 1H, NH, sec amide, D2O exchangeable); 13C NMR
(100 MHz, CDCl3): d 13.78 (methyl), 38.35 (thiazole-CH2-),

44.88, 66.69 (morpholine), 91.39 (pyrimidine-C5), 110.4
(thiazole-C3), 122.83 (trifluoro carbon), 127.34, 128.63 (4-
(trifluoromethyl)phenyl-C3, C5, C2, C6), 134.64 (4-
(trifluoromethyl)phenyl-C4), 144.73 (C‚NAN), 146.01

(pyrimidine-C2), 147.60 (4-(trifluoromethyl)phenyl-C1),
152.94, 157.38 (thiazole-C1, C2), 157.50 (pyrimidine-C6),
159.78 (CO, sec amide), 172.76 (pyrimidine-C4); LC-MS (m/

z, %): 584 (M + 1, 99.0).

4.2.6.5. Synthesis of (Z)-2-(2-(5-bromo-2-morpholinopyrim-

idin-4-ylamino)thiazol-4-yl)-N’-(1-(4-fluorophenyl)ethylidene)
acetohydrazide (7e). Recrystallized using ethanol, off-white to
pale brown solid (yield 81%); mp 115–117 �C; IR (KBr) mmax/

cm�1 3306 (NAH), 2326 (C‚N), 1674 (C‚O); 1H NMR
(400 MHz, CDCl3): d 2.15 (s, 3H, CH3), 3.81 (m, 4H, 2CH2,
morpholine), 3.83 (m, 4H, 2CH2, morpholine), 4.26 (s, 2H,
CH2, thiazole-CH2-CO), 6.82 (s, 1H, CH, thiazole), 7.11 (s,

2H, 2CH, 4-fluorophenyl), 7.30 (s, 2H, 2CH, 4-
fluorophenyl), 7.73 (s, 1H, CH, Pyrimidine), 8.89 (t, 1H,
NH, sec amine, D2O exchangeable), 10.43 (s, 1H, NH, sec

amide, D2O exchangeable); 13C NMR (100 MHz, CDCl3): d
13.77 (methyl), 38.34 (thiazole-CH2-), 44.87, 66.68 (morpho-
line), 91.40 (pyrimidine-C5), 110.4 (thiazole-C3), 128.81,

130.26 (4-fluorophenyl- C3, C5, C2, C6), 132.82
(4-fluorophenyl-C1), 144.73 (C‚NAN), 146.01 (pyrimidine-
C2), 152.94, 157.38 (thiazole-C1, C2), 157.50 (pyrimidine-

C6), 159.20 (4-fluorophenyl-C4), 159.78 (CO, sec
amide), 172.76 (pyrimidine-C4); LC-MS (m/z, %): 534
(M + 1, 98.8).

4.2.7. General procedure for the synthesis of 5-((2-(5-bromo-2-
morpholinopyrimidin-4-ylamino)thiazol-4-yl)methyl)-4-phenyl-
4H-1,2,4-triazole-3-thiol (8)

2-(2-(5-bromo-2-morpholinopyrimidin-4-ylamino)thiazol-4-yl)

acetohydrazide 5 (25 g, 0.0603 mol), phenylisothiocyanate
(12.23 g, 0.0905 mol) and ethanol (250 mL) mixture was
refluxed for 4 h to give a white solids. The resulting solids were

dissolved in 2 N sodium hydroxide (100 mL) and refluxed for
4 h. The resulting solution was cooled to 25–30 �C and acidi-
fied to pH 3–4 with conc. Hydrochloric acid to give off-white

solid. The solid formed was filtered and recrystallized using
ethanol to obtain as an off-white solid (24 g, yield 75%); mp
224–226 �C; IR (KBr) mmax/cm�1 3212 (NAH), 2845 (SAH);
1H NMR (400 MHz, DMSO d6): d 3.67 (m, 4H, 2CH2, mor-
pholine), 3.74 (m, 4H, 2CH2, morpholine), 3.91 (s, 2H, CH2,
thiazole-CH2-triazole), 6.59 (s, 1H, CH, thiazole), 7.31 (s,
2H, 2CH, phenyl triazole), 7.46 (s, 3H, 3CH, phenyl triazole),

8.24 (s, 1H, CH, Pyrimidine), 10.35 (s, 1H, NH, sec amine,
D2O exchangeable), 13.80 (s, 1H, SH, thiol); LC-MS (m/z,
%): 530.8 (M + 1, 98.15).
4.2.8. General procedure for the synthesis of N-(4-((5-

(substituted benzylthio)-4-phenyl-4H-1,2,4-triazol-3-yl)methyl)
thiazol-2-yl)-5-bromo-2-morpholinopyrimidin-4-amine (9a-f)

The reaction mixture of 5-((2-(5-bromo-2-morpholinopyrimi
din-4-ylamino)thiazol-4-yl)methyl)-4-phenyl-4H-1,2,4-tria

zole-3-thiol 8 (0.10 mol), ethanol (5 V) and potassium hydrox-
ide (0.25 mol) was stirred at 25–30 �C for 30 min. Further, sub-
stituted benzyl bromide (0.11 mol) was added and stirred at

25–30 �C for 5 h. Upon completion of reaction ethanol was
evaporated and quenched into the water (5 V). The obtained
product was filtered and recrystallized using suitable solvents
to obtain target compounds (9a-f).

4.2.8.1. Synthesis of N-(4-((5-(benzylthio)-4-phenyl-4H-1,2,4-
triazol-3-yl)methyl)thiazol-2-yl)-5-bromo-2-morpholinopyrim-

idin-4-amine (9a). Recrystallized using ethanol, pale brown solid
(yield 81%); mp 108–112 �C; IR (KBr) mmax/cm�1 3216 (NAH);
1H NMR (400 MHz, DMSO d6): d 3.66 (m, 4H, 2CH2, morpho-

line), 3.71 (m, 4H, 2CH2,morpholine), 3.97 (s, 2H,CH2, thiazole-
CH2-triazole), 4.36 (s, 2H, CH2, S-CH2-phenyl), 6.50 (s, 1H, CH,
thiazole), 7.25–7.27 (m, 3H, 3CH, phenyl), 7.38–7.48 (m, 6H,

6CH, phenyl, phenyl triazole), 7.65 (m, 1H, CH, phenyl triazole),
8.24 (s, 1H, CH, Pyrimidine), 10.29 (s, 1H, NH, sec amine, D2O
exchangeable); 13C NMR (100 MHz, DMSO d6): d 22.7
(thiazole-CH2-triazole), 34.70 (-S-CH2-phenyl), 45.1, 66.28

(morpholine), 94.50 (pyrimidine-C5), 110.10 (thiazole-C3),
127.1, 127.7, 128.8, 130.25 (phenyl, phenyl triazole), 137.10
(phenyl-C1), 145.5 (phenyl triazole-C1), 147.97 (triazole-C1),

150.20 (thiazole-C2, pyrimidine-C2), 153.62 (triazole-C2),
158.45 (thiazole-C1, pyrimidine-C6),159.96 (pyrimidine-C4);
LC-MS (m/z, %): 621 (M+ 1, 99.2).

4.2.8.2. Synthesis of N-(4-((5-(5-chloro-2-fluorobenzylthio)-4-
phenyl-4H-1,2,4-triazol-3-yl)methyl)thiazol-2-yl)-5-bromo-2-

morpholinopyrimidin-4-amine (9b). Recrystallized using etha-
nol, pale brown solid (yield 80%); mp 106–110 �C; IR (KBr)
mmax/cm�1 3221 (NAH); 1H NMR (400 MHz, DMSO d6): d
3.66 (m, 4H, 2CH2, morpholine), 3.70 (m, 4H, 2CH2, morpho-

line), 3.99 (s, 2H, CH2, thiazole-CH2-triazole), 4.32 (s, 2H,
CH2, S-CH2-phenyl), 6.51 (s, 1H, CH, thiazole), 7.09–7.32
(m, 3H, 3CH, 5-chloro-2-fluorobenzyl), 7.38 (s, 2H, 2CH, phe-

nyl triazole), 7.62 (s, 3H, 3CH, phenyl triazole), 8.21 (s, 1H,
CH, Pyrimidine), 10.28 (s, 1H, NH, sec amine, D2O exchange-
able); 13C NMR (100 MHz, DMSO d6): d 22.70 (thiazole-CH2-

triazole), 34.71 (-S-CH2-phenyl), 45.10, 66.27 (morpholine),
95.6 (pyrimidine-C5), 110.10 (thiazole-C3), 116.21, 128.40 (5-
chloro-2-fluorobenzyl-C5, C1), 128.80 (phenyl triazole-C3,
C4, C5), 128.9, 129.10 (5-chloro-2-fluorobenzyl-C4, C2),

130.25 (phenyl triazole-C2, C6), 131.10 (5-chloro-2-
fluorobenzyl-C3), 145.5 (phenyl triazole-C1), 147.91(triazole-
C1), 150.12 (thiazole-C2, pyrimidine- C2), 153.61 (triazole-

C2), 158.45 (thiazole-C1, pyrimidine-C6), 160.03 (5-chloro-2-
fluorobenzyl-C6), 160.30 (pyrimidine-C4); LC-MS (m/z, %):
674 (M + 2, 98.89).

4.2.8.3. Synthesis of N-(4-((5-(4-(trifluoromethyl)benzylthio)-
4-phenyl-4H-1,2,4-triazol-3-yl)methyl)thiazol-2-yl)-5-bromo-2-

morpholinopyrimidin-4-amine (9c). Recrystallized using etha-
nol, pale brown solid (yield 80%); mp 112–116 �C; IR (KBr)
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mmax/cm�1 3214 (NAH); 1H NMR (400 MHz, DMSO d6): d
3.66 (m, 4H, 2CH2, morpholine), 3.71 (m, 4H, 2CH2, morpho-
line), 3.99 (s, 2H, CH2, thiazole-CH2-triazole), 4.34 (s, 2H,

CH2, S-CH2-phenyl), 6.51 (s, 1H, CH, thiazole), 7.16 (s, 2H,
2CH, 4-(trifluoromethyl)benzyl), 7.28 (s, 2H, 2CH, 4-
(trifluoromethyl)benzyl), 7.40–7.49 (m, 5H, 5CH, phenyl tria-

zole), 8.23 (s, 1H, CH, Pyrimidine), 10.28 (s, 1H, NH, sec
amine, D2O exchangeable); 13C NMR (100 MHz, DMSO d6):
d 22.70 (thiazole-CH2-triazole), 35.90 (ASACH2-phenyl),

45.10, 66.28 (morpholine), 95.60 (pyrimidine-C5), 110.13
(thiazole-C3), 121.75 (trifluoro carbon), 127.60, 128.63 (4-
(trifluoromethyl)benzyl-C3, C5, C2, C6), 129.97, 130.25,
131.29 (phenyl triazole-C3, C4, C5, C2, C6), 133.30 (4-

(trifluoromethyl)benzyl- C4), 145.5 (phenyl triazole-C1),
147.30 (triazole-C1), 147.97 (4-(trifluoromethyl)benzyl-C1),
150.16 (thiazole-C2, pyrimidine-C2), 153.63 (triazole-C2),

158.53 (thiazole-C1, pyrimidine-C6), 159.95 (pyrimidine-C4);
LC-MS (m/z, %): 689 (M + 1, 98.67).

4.2.8.4. Synthesis of N-(4-((5-(4-(trifluoromethoxy)ben-
zylthio)-4-phenyl-4H-1,2,4-triazol-3-yl)methyl)thiazol-2-yl)-5-
bromo-2-morpholinopyrimidin-4-amine (9d). Recrystallized

using ethanol, pale brown solid (yield 78%); mp 84–87 �C;
IR (KBr) mmax/cm�1 3216 (NAH); 1H NMR (400 MHz,
DMSO d6): d 3.66 (m, 4H, 2CH2, morpholine), 3.71 (m, 4H,
2CH2, morpholine), 3.99 (s, 2H, CH2, thiazole-CH2-triazole),

4.34 (s,2H, CH2, SACH2-phenyl), 6.51 (s, 1H, CH, thiazole),
7.14 (s, 2H, 2CH, 4-(trifluoromethoxy)benzyl), 7.26 (s, 2H,
2CH, 4-(trifluoromethoxy)benzyl), 7.40–7.49 (m, 5H, 5CH,

phenyl triazole), 8.23 (s, 1H, CH, Pyrimidine), 10.28 (s, 1H,
NH, sec amine, D2O exchangeable); 13C NMR (100 MHz,
DMSO d6): d 22.7 (thiazole-CH2-triazole), 35.90 (-S-CH2-

phenyl), 45.10, 66.28 (morpholine), 95.50 (pyrimidine-C5),
110.13 (thiazole-C3), 119.21 (4-(trifluoromethoxy)benzyl-C3,
C5), 127.60 (4-(trifluoromethoxy)benzyl-C2, C6), 128.80 (phe-

nyl triazole-C3, C4, C5), 129.97 (4-(trifluoromethoxy)benzyl-
C1), 130.25 (phenyl triazole-C2, C6), 131.29 (trifluoro carbon),
145.51 (phenyl triazole-C1), 146.0 (4-(trifluoromethoxy)ben
zyl-C4), 147.97 (triazole-C1), 150.16 (thiazole- C2,

pyrimidine-C2), 153.63 (triazole-C2), 158.53 (thiazole-C1,
pyrimidine- C6), 159.95 (pyrimidine-C4); LC-MS (m/z, %):
704.4 (M + 1, 98.81).

4.2.8.5. Synthesis of N-(4-((5-(4-fluorobenzylthio)-4-phenyl-
4H-1,2,4-triazol-3-yl)methyl)thiazol-2-yl)-5-bromo-2-mor-

pholinopyrimidin-4-amine (9e). Recrystallized using ethanol,
pale brown solid (yield 82%); mp 103–106 �C; IR (KBr)
mmax/cm�1 3221 (NAH); 1H NMR (400 MHz, DMSO d6): d
3.66 (m, 4H, 2CH2, morpholine), 3.70 (m, 4H, 2CH2, morpho-

line), 3.97 (s, 2H, CH2, thiazole-CH2-triazole), 4.36 (s,2H,
CH2, SACH2-phenyl), 6.50 (s, 1H, CH, thiazole), 7.11 (s,
2H, 2CH, 4-fluorobenzyl), 7.32 (s, 2H, 2CH, 4-fluorobenzyl),

7.38–7.48 (m, 4H, 4CH, phenyl triazole), 7.62 (m, 1H, CH,
phenyl triazole), 8.22 (s,1H, CH, Pyrimidine), 10.29 (s, 1H,
NH, sec amine, D2O exchangeable); 13C NMR (100 MHz,

DMSO d6): d 22.8 (thiazole-CH2-triazole), 34.70 (-S-CH2-
phenyl), 45.14, 66.29 (morpholine), 94.50 (pyrimidine-C5),
110.10 (thiazole-C3), 115.5, 128.6, 128.8, 130.25 (4-

fluorobenzyl, phenyl triazole), 132.7 (4-fluorobenzyl-C1),
145.50 (phenyl triazole-C1), 147.96 (triazole-C1), 150.20
(thiazole-C2, pyrimidine-C2), 153.62 (triazole-C2), 158.54
(thiazole-C1, pyrimidine-C6), 159.1 (4-fluorobenzyl-C4),
159.97 (pyrimidine-C4); LC-MS (m/z, %): 639 (M + 1, 98.75).

4.2.8.6. Synthesis of N-(4-((5-(3,4-dichlorobenzylthio)-4-phe-
nyl-4H-1,2,4-triazol-3-yl)methyl)thiazol-2-yl)-5-bromo-2-mor-
pholinopyrimidin-4-amine (9f). Recrystallized using ethanol,

pale brown solid (yield 84%); mp 115–118 �C; IR (KBr)
mmax/cm�1 3214 (NAH); 1H NMR (400 MHz, DMSO d6): d
3.67 (m, 4H, 2CH2, morpholine), 3.71 (m, 4H, 2CH2, morpho-

line), 3.97 (s, 2H, CH2, thiazole-CH2-triazole), 4.36 (s, 2H,
CH2, SACH2-phenyl), 6.50 (s, 1H, CH, thiazole), 7.22 (m,
1H, CH, 3,4-dichlorobenzyl), 7.38–7.48 (m, 4H, 4CH, phenyl
triazole), 7.58 (m, 1H, CH, phenyl triazole), 7.62 (m, 1H,

CH, 3,4-dichlorobenzyl), 7.73 (m, 1H, CH, 3,4-
dichlorobenzyl), 8.23 (s, 1H, CH, Pyrimidine), 10.28 (s, 1H,
NH, sec amine, D2O exchangeable); 13C NMR (100 MHz,

DMSO d6): d 22.7 (thiazole-CH2-triazole), 34.40 (-S-CH2-
phenyl), 45.10, 66.28 (morpholine), 94.55 (pyrimidine-C5),
110.15 (thiazole-C3), 128.8, 129.1, 130.25, 130.60, 131.8,

132.0 (phenyl triazole, 3,4-dichlorobenzyl), 135.91 (3,4-
dichlorobenzyl-C1), 145.51 (phenyl triazole-C1), 147.98
(triazole-C1), 150.21 (thiazole- C2, pyrimidine-C2), 153.64

(triazole-C2), 158.55 (thiazole-C1, pyrimidine-C6), 160.0
(pyrimidine-C4); LC-MS (m/z, %): 690 (M + 2, 99.1).

4.2.9. General procedure for the synthesis of 2-(5-((2-(5-bromo-

2-morpholinopyrimidin-4-ylamino)thiazol-4-yl)methyl)-4-
phenyl-4H-1,2,4-triazol-3-ylthio)-1-(substituted phenyl)
ethanone (10a-f)

The reaction mixture of 5-((2-(5-bromo-2-morpholinopyrimi
din-4-ylamino)thiazol-4-yl)methyl)-4-phenyl-4H-1,2,4-triazole-3
-thiol 8 (0.10 mol), ethanol (5 V) and potassium hydroxide
(0.25 mol) was stirred at 25–30 �C for 30 min. Further, substi-

tuted phenacyl bromide (0.11 mol) was added and stirred at
25–30 �C for 5 h. Upon completion of reaction, ethanol was
evaporated and quenched into the water (5 V). Product was fil-

tered and recrystallized using suitable solvents to obtain target
compounds (10a-f).

4.2.9.1. Synthesis of 2-(5-((2-(5-bromo-2-morpholinopyrim-
idin-4-ylamino)thiazol-4-yl)methyl)-4-phenyl-4H-1,2,4-triazol-
3-ylthio)-1-(4-bromophenyl)ethanone (10a). Recrystallized
using ethanol, off-white to pale brown solid (yield 79%); mp

202–206 �C; IR (KBr) mmax/cm�1 3216 (NAH), 1694
(C‚O); 1H NMR (400 MHz, CDCl3): d 3.79 (m, 4H, 2CH2,
morpholine), 3.86 (m, 4H, 2CH2, morpholine), 4.05 (s, 2H,

CH2, thiazole-CH2-triazole), 4.88 (s, 2H, CH2, S-CH2-CO-
phenyl), 6.50 (s, 1H, CH, thiazole), 7.22 (s, 2H, 2CH, phenyl
triazole),7.28 (s, 2H, 2CH, phenyl triazole), 7.50 (s, 1H, CH,

phenyl triazole), 7.64 (s, 2H, 2CH, 4-bromophenyl), 7.90 (m,
2H, 2CH, 4-bromophenyl), 8.16 (s, 1H, CH, Pyrimidine),
8.56 (s, 1H, NH, sec amine, D2O exchangeable); 13C NMR

(75 MHz, CDCl3): d 27.8 (thiazole-CH2-triazole), 40.67 (-S-
CH2-CO phenyl), 44.87, 66.60 (morpholine), 91.32
(pyrimidine-C5), 110.04 (thiazole-C3), 127.05 (4-
bromophenyl-C4), 129.19, 129.87 (phenyl triazole- C3, C5,

C4), 129.98 (phenyl triazole-C2, C6), 130.15 (4-bromophenyl-
C2, C6), 132.09, 132.74 (4-bromophenyl-C3, C5), 133.91 (4-
bromophenyl-C1), 145.11 (phenyl triazole-C1), 150.98

(triazole-C1), 152.85 (thiazole-C2, pyrimidine-C2), 153.49
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(triazole-C2), 157.15, 157.48 (thiazole-C1, pyrimidine-C6),
159.75 (pyrimidine-C4), 192.27 (CO); LC-MS (m/z, %):
728.48 (M + 2, 98.44).

4.2.9.2. Synthesis of 2-(5-((2-(5-bromo-2-morpholinopyrim-
idin-4-ylamino)thiazol-4-yl)methyl)-4-phenyl-4H-1,2,4-triazol-

3-ylthio)-1-(pyridin-3-yl)ethanone (10b). Recrystallized using
ethanol, off-white to pale brown solid (yield 81%); mp 195–
198 �C; IR (KBr) mmax/cm�1 3218 (NAH), 1693 (C‚O); 1H

NMR (400 MHz, CDCl3): d 3.78 (m, 4H, 2CH2, morpholine),
3.85 (m, 4H, 2CH2, morpholine), 4.05 (s, 2H, CH2, thiazole-
CH2-triazole), 4.77 (s, 2H, CH2, S-CH2-CO-phenyl), 6.52 (s,
1H, CH, thiazole), 7.24 (s, 2H, 2CH, phenyl triazole), 7.29

(s, 2H, 2CH, phenyl triazole), 7.52 (s, 1H, CH, phenyl tria-
zole), 7.64 (s, 1H, CH, pyridine), 8.17 (s, 1H, CH, Pyrimidine),
8.34 (s, 1H, CH, pyridine), 8.56 (s, 1H, NH, sec amine, D2O

exchangeable), 8.88 (s, 1H, CH, pyridine), 9.18 (s, 1H, CH,
pyridine); 13C NMR (75 MHz, CDCl3): d 27.6 (thiazole-
CH2-triazole), 40.65 (ASACH2ACO phenyl), 44.89, 66.60

(morpholine), 91.32 (pyrimidine-C5), 110.10 (thiazole-C3),
123.60 (pyridine-C2), 129.18, 129.88 (phenyl triazole-C3, C5,
C4), 129.97 (phenyl triazole-C2, C6), 132.30 (pyridine-C6),

136.20 (pyridine-C1), 145.14 (phenyl triazole-C1), 150.99
(triazole-C1), 151.86 (thiazole-C2, pyrimidine-C2), 152.01,
152.99 (pyridine-C3, C5), 153.48 (triazole-C2), 157.16, 157.45
(thiazole- C1, pyrimidine-C6), 159.48 (pyrimidine-C4), 192.32

(CO); LC-MS (m/z, %): 650 (M + 1, 98.80).

4.2.9.3. Synthesis of 2-(5-((2-(5-bromo-2-morpholinopyrim-

idin-4-ylamino)thiazol-4-yl)methyl)-4-phenyl-4H-1,2,4-triazol-
3-ylthio)-1-phenylethanone (10c). Recrystallized using ethanol,
off-white to pale brown solid (yield 80%); mp 204–208 �C; IR
(KBr) mmax/cm�1 3215 (NAH), 1695 (C‚O); 1H NMR
(400 MHz, CDCl3): d 3.78 (m, 4H, 2CH2, morpholine), 3.87
(m, 4H, 2CH2, morpholine), 4.03 (s, 2H, CH2, thiazole-CH2-

triazole), 4.86 (s, 2H, CH2, S-CH2-CO-phenyl), 6.51 (s, 1H,
CH, thiazole), 7.23 (s, 2H, 2CH, phenyl triazole), 7.29 (s,
2H, 2CH, phenyl triazole), 7.51 (s, 1H, CH, phenyl triazole),
7.59 (s, 2H, 2CH, phenyl), 7.62 (s, 1H, CH, phenyl), 7.92 (m,

2H, 2CH, phenyl), 8.14 (s, 1H, CH, Pyrimidine), 8.58 (s, 1H,
NH, sec amine, D2O exchangeable); 13C NMR (75 MHz,
CDCl3): d 27.6 (thiazole-CH2-triazole), 40.65 (ASACH2ACO

phenyl), 44.89, 66.60 (morpholine), 91.35 (pyrimidine- C5),
110.08 (thiazole- C3), 128.6 (phenyl- C3, C5), 128.8 (phenyl-
C2, C6), 129.20, 129.85 (phenyl triazole- C3, C5, C4), 129.96

(phenyl triazole- C2, C6), 133.10 (phenyl- C4), 135.40
(phenyl- C1), 145.10 (phenyl triazole- C1), 150.95 (triazole-
C1), 152.86 (thiazole- C2, pyrimidine- C2), 153.44 (triazole-
C2), 157.20, 157.47 (thiazole- C1, pyrimidine- C6), 159.79

(pyrimidine- C4), 192.26 (CO); LC-MS (m/z, %): 649
(M + 1, 98.45).

4.2.9.4. Synthesis of 2-(5-((2-(5-bromo-2-morpholinopyrim-
idin-4-ylamino)thiazol-4-yl)methyl)-4-phenyl-4H-1,2,4-triazol-
3-ylthio)-1-(4-chlorophenyl)ethanone (10d). Recrystallized

using ethanol, off-white to pale brown solid (yield 82%); mp
208–211 �C; IR (KBr) mmax/cm�1 3218 (NAH), 1697
(C‚O); 1H NMR (400 MHz, CDCl3): d 3.78 (m, 4H, 2CH2,

morpholine), 3.86 (m, 4H, 2CH2, morpholine), 4.03 (s, 2H,
CH2, thiazole-CH2-triazole), 4.86 (s, 2H, CH2, S-CH2-CO-
phenyl), 6.50 (s, 1H, CH, thiazole), 7.21 (s, 2H, 2CH, phenyl
triazole), 7.29 (s, 2H, 2CH, phenyl triazole), 7.50 (s, 1H, CH,
phenyl triazole), 7.65 (s, 2H, 2CH, 4-chlorophenyl), 7.91 (m,
2H, 2CH, 4-chlorophenyl), 8.18 (s, 1H, CH, Pyrimidine),
8.57 (s, 1H, NH, sec amine, D2O exchangeable); 13C NMR

(75 MHz, CDCl3): d 27.6 (thiazole-CH2-triazole), 40.66
(ASACH2ACOphenyl), 44.89, 66.61 (morpholine), 91.33
(pyrimidine-C5), 110.04 (thiazole-C3), 127.01 (4-

chlorophenyl-C4), 129.18, 129.86 (phenyl triazole-C3, C5,
C4), 129.97 (phenyl triazole-C2, C6), 130.14 (4-chlorophenyl-
C2, C6), 132.08, 132.73 (4-chlorophenyl-C3, C5), 133.90 (4-

chlorophenyl-C1), 145.11 (phenyl triazole-C1), 150.97
(triazole-C1), 152.86 (thiazole-C2, pyrimidine-C2), 153.50
(triazole-C2), 157.16, 157.48 (thiazole-C1, pyrimidine-C6),
159.79 (pyrimidine-C4), 192.26 (CO); LC-MS (m/z, %):

684.0 (M + 2, 99.24).

4.2.9.5. Synthesis of 2-(5-((2-(5-bromo-2-morpholinopyrim-

idin-4-ylamino)thiazol-4-yl)methyl)-4-phenyl-4H-1,2,4-triazol-
3-ylthio)-1-(4-(trifluoromethyl)phenyl)ethanone (10e).
Recrystallized using ethanol, off-white to pale brown solid

(yield 83%); mp 212–214 �C; IR (KBr) mmax/cm�1 3216
(NAH), 1694 (C‚O); 1H NMR (400 MHz, CDCl3): d 3.80
(m, 4H, 2CH2, morpholine), 3.87 (m, 4H, 2CH2, morpholine),

4.08 (s, 2H, CH2, thiazole-CH2-triazole), 4.89 (s, 2H, CH2, S-
CH2-CO-phenyl), 6.50 (s, 1H, CH, thiazole), 7.22 (s, 2H, 2CH,
phenyl triazole), 7.28 (s, 2H, 2CH, phenyl triazole), 7.52 (s, 1H,
CH, phenyl triazole), 7.66 (m, J = 6.80 Hz, 2H, 2CH, 4-

(trifluoromethyl)phenyl), 7.93 (m, J 6.77, 2H, 2CH, 4-
(trifluoromethyl)phenyl), 8.16 (s, 1H, CH, Pyrimidine), 8.56
(s, 1H, NH, sec amine, D2O exchangeable); 13C NMR

(75 MHz, CDCl3): d 27.80 (thiazole-CH2-triazole), 40.68
(ASACH2-CO-phenyl), 44.87, 66.60 (morpholine), 91.32
(pyrimidine-C5), 110.05 (thiazole-C3), 124.11 (trifluoro car-

bon), 127.05, 129.19 (4-(trifluoromethyl) phenyl-C3, C5, C2,
C6), 129.87, 129.98 (phenyl triazole- C3, C5, C4), 130.15 (phe-
nyl triazole-C2, C6), 133.91 (4-(trifluoromethyl) phenyl- C4),

145.11 (phenyl triazole-C1), 150.50 (4-(trifluoromethyl)
phenyl-C1), 150.98 (triazole-C1), 152.85 (thiazole-C2,
pyrimidine-C2), 153.49 (triazole-C2), 157.15, 157.48
(thiazole-C1, pyrimidine-C6), 159.75 (pyrimidine-C4), 192.27

(CO); LC-MS (m/z, %): 717.2 (M + 1, 98.41).

4.2.9.6. Synthesis of 2-(5-((2-(5-bromo-2-morpholinopyrim-

idin-4-ylamino)thiazol-4-yl)methyl)-4-phenyl-4H-1,2,4-triazol-
3-ylthio)-1-(4-fluorophenyl)ethanone (10f). Recrystallized
using ethanol, off-white to pale brown solid (yield 79%); mp

204–208 �C; IR (KBr) mmax/cm�1 3216 (NAH), 1692
(C‚O); 1H NMR (400 MHz, CDCl3): d 3.76 (m, 4H, 2CH2,
morpholine), 3.84 (m, 4H, 2CH2, morpholine), 4.02 (s, 2H,
CH2, thiazole-CH2-triazole), 4.88 (s, 2H, CH2, S-CH2-CO-

phenyl), 6.50 (s, 1H, CH, thiazole), 7.21 (s, 2H, 2CH, phenyl
triazole), 7.28 (s, 2H, 2CH, phenyl triazole), 7.51 (s, 1H, CH,
phenyl triazole), 7.37 (m, 2H, 2CH, 4-fluorophenyl), 8.43 (s,

1H, CH, Pyrimidine), 8.55 (s, 1H, NH, sec amine, D2O
exchangeable); 8.67 (m, 2H, 2CH, 4-fluorophenyl); 13C NMR
(75 MHz, CDCl3): d 27.8 (thiazole-CH2-triazole), 40.66

(ASACH2-COphenyl), 44.85, 66.60 (morpholine), 91.31
(pyrimidine-C5), 110.04 (thiazole-C3), 115.30, 128.83 (4-
fluorophenyl-C3, C5, C2), 129.19, 129.87 (phenyl triazole-

C3, C5, C4), 129.98 (phenyl triazole-C2, C6), 130.32, 131.28
(4-fluorophenyl-C6, C1), 145.11 (phenyl triazole-C1), 150.98
(triazole-C1), 152.85 (thiazole-C2, pyrimidine-C2), 153.49
(triazole-C2), 157.15, 157.47 (thiazole-C1, pyrimidine-C6),
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159.76 (pyrimidine-C4), 163.31 (4-fluorophenyl-C4), 192.28
(CO); LC-MS (m/z, %): 667 (M + 1, 98.24).

4.3. Biological protocols

4.3.1. MTT assay

The synthesized bromo-pyrimidine derivatives (6a-j, 7a-e, 9a-f,
and 10a-f) were tested in vitro for their cytotoxic properties
against tumor cell lines panel consisting of HCT116 (human

colon cancer cell line), A549 (human lung cancer cell line),
K562 (human chronic myeloid leukemia cell line), U937 (hu-
man acute monocytic myeloid leukemia cell line), and L02 (hu-

man normal liver cell line) by using MTT assay Mosmann’s
method. The MTT assay is based on the reduction of the sol-
uble MTT

(0.5 mg mL�1, 100 mL), into a blue-purple formazan pro-

duct, mainly by mitochondrial reductase activity inside living
cells (Mosmann, 1983).

The cells used in cytotoxicity assay were cultured in RPMI

1640 medium supplemented with 10% fetal calf serum, peni-
cillin, and streptomycin at 37 �C and humidified at 5% CO2.
Briefly, cells were placed on 96-well plates at 100 mL total vol-

ume with density of 1–2.5 � 104 cells per mL and were allowed
to adhere for 24 h before treatment with tested drugs in DMSO
solution (10-5, 10-6, 10-7 mol L-1 final concentration). Triplicate
wells were treated with media and agents. Cell viability was

assayed after 96 h of continuous drug exposure with a tetra-
zolium compound. The supernatant medium was removed,
and 150 mL of DMSO solution was added to each well. The

plates were gently agitated using mechanical plate mixer until
the color reaction was uniform and the OD570 was determined
using microplate reader. The 50% inhibitory concentration

(IC50) was defined as the concentration that reduced the absor-
bance of the untreated wells by 50% of vehicle in the MTT
assay. Assays were performed in triplicate on three indepen-

dent experiments. The results had good reproducibility
between replicate wells with standard errors below 10%.

4.3.2. Bcr/Abl inhibitory activity assay

The Bcr/Abl inhibitory activity assay was performed using
ADP-GloTM Kinase assay kit (Promega, Catalog: V9101)
according to the manufacturer’s instructions. The Abl1 reac-
tion utilizes ATP and generates ADP. Then the ADP-

GloTM reagent is added to simultaneously terminate the
kinase reaction and deplete the remaining ATP. Finally, the
Kinase detection reagent is added to convert ADP to ATP

and the newly synthesized ATP is converted to light using
the luciferase reaction (Wang, 2014; Zhang, 2011).

Abl was incubated with substrates, inhibitors, and ATP in a

final buffer of 25 mM HEPES (pH 7.4), 10 mM MgCl2, 0.01%
Triton X-100, 100 mmL�1 BSA, 2.5 mMDTT in 384-well plate
with the total volume of 10 mL. Then the ADP-GloTM kinase

assay was performed in two steps once the kinase reaction is
complete. Subsequently, 5 mL ADP-Glo Reagent was added
to stop the kinase reaction and deplete the unconsumed
ATP. Only ADP and very low background of ATP were left.

Then the mixture was incubated at room temperature for
40 min and added 10 mL of Kinase detection reagent to convert
ADP to ATP and introduced luciferase and luciferin to detect

ATP. At last, the mixture was incubated at room temperature
for 30–60 min and the luminescence was measured with a
plate-reading luminometer. The signal was correlated with
the amount of ATP present in the reaction and was inversely
correlated with the kinase activity.
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