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ABSTRACT
New series of cytotoxic agents triazolino[4,3-a]pyrimidines containing
benzoxazole or benzothiazole moieties 4 and 5 were prepared from the
reaction of each of 1-(2-(benzo[d]oxazol-2-yl)hydrazono)-1-
chloropropan-2-one and 1-(2-(benzo[d]thiazol-2-yl)hydrazono)-1-
chloropropan-2-one with certain pyrimidine thiones,. Some of the newly
synthesized compounds were screened against certain cancer tumors.
 2015 Trade Science Inc. - INDIA

INTRODUCTION

Cytotoxic drugs and chemotherapy still remain
the most important area of research. Enhancement
and approaches to anticancer drugs seemed to be a
major area of investigation, despite the continuous
progress of anticancer agents, overall control of can-
cer is still a dream[1]. Great effort was exerted to
develop new anticancer agents with high toxicity to-
ward cancer cells and with a minimal toxicity against
normal cells[2]. Some cytotoxic drugs which are ki-
nase inhibitors share common properties, low mo-
lecular weight (small molecules), hydrophobic het-
erocycles and act by competing with ATP for bind-
ing in kinase ATP binding site. From these inhibi-
tors, a number of small molecule epidermal growth
factor receptor (EGFR) kinase inhibitors have been
evaluated in cancer clinical trials. For example,
anilinoquinazoline-containing compounds erlotinib

(TarcevaTM)[3] and gefitinib (IressaTM)[4] have been
approved for the chemotherapeutic treatment of pa-
tients with advanced non-small lung cancer. Also,
lapatinib (TykerbTM)[5]was approved for treatment
of HER2-positive advanced or metastatic breast can-
cer. Taking these structure in guid and in addition,
2-(4-aminophenyl)-benzothiazole 1b and their ana-
logues are a novel class of potent and selective an-
titumor agents[6�10]. In view of these report and con-
tinuation of the previous work[11-16], and in our way
to investigate their anticancer activity, here in we
designed some new anticancer agent. Such design
was formed of a benzothiazole-triazolopyridimidine
hybrid and evaluated for their co-adherent cytotoxic
properties against breast cancer (MCF-7). Herein,
we described the design and the synthesis of a new
series of 4-substituted aminopyrazolo[3,4-
d]pyrimidines as antitumor agents. The rational for
the design of target compounds was based upon some
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structural modifications on the general features of
anilinoquinazoline-containing compounds Figure 1.
These modifications comprise a replacement of ben-
zene moiety in quinazoline skeleton by a triazino-
pyrimidne-moiety hence it is an isostear with the
naturally occurring in body purine bases and this
expected to be more intensive for cytotoxic activity.

RESULTS AND DISCUSSION

Chemistry

Treatment of each diazotized [4-(1,3-
benzoxazol-2-yl)phenyl]amine (1a)[5] and diazotized
[4-(1,3-benzothiazol-2-yl)phenyl]amine (1b)[9] with
2-chloro-2,4-pentandione in ethanolic sodium ac-
etate gave 1-(2-(benzo[d]oxazol-2-yl)hydrazono)-1-
chloropropan-2-one (2a) and 1-(2-(benzo[d]thiazol-

2-yl)hydrazono)-1-chloropropan-2-one (2b). Struc-
ture 2 was elucidated by elemental analysis and spec-
tral data. 1H NMR spectrum of 2a showed signals at
ä = 2.10 (s, 3H, CH

3
CO), 7.40 (d, 2H, J = 8Hz,

ArH�s), 7.50 (d, 2H, J = 8Hz, ArH�s), 8.00 (d, 2H, J
= 8Hz, ArH�s), 8.07 (d, 2H, J = 8Hz, ArH�s) and

10.89 (s, br., 1H, NH)(Scheme 1). Thus, compound
2a reacted with ethyl 4-methyl-6-phenyl-2-thioxo-
1,3,6-trihydropyrimidine-5-carboxylate (3a)[17,18] in
chloroform and triethylamine gave the 1,2,4-
triazolo[4,3-a]pyrimidine-5-carboxylates 4a. The
structure of 5a was elucidated on the base of el-
emental analysis, spectra, and alternative synthesis.
1H NMR spectrum of 4a showed signals at ä= 1.18
(d, 3H, CH

3
CH

2
), 2.10 (s, 3H, CH

3
CO), 2.21 (s,

3H, CH
3
), 4.21 (q, 2H, CH

2
CH

3
), 6.62 (s, 1H, CH),

and 7.17�8.35 (m, 13H, ArH). Its IR spectrum re-

Figure 1 : Planned design of new triazino-pyrimidine with benzothiazole or oxazole moities for cytotoxic activity
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Scheme 1

vealed bands at í = 1735 cm�1 (CO). Similar, treat-
ment of the appropriate 2a,b with the appropriate
3a-e gave triazolo[4,3-a]pyrimidines 4b-e and 5a-
e, respectively Scheme 1. The reaction was supposed
to occur via illustrated mechanism in scheme 2 and
also the reaction was proved by alternative route of
synthesis as seen in scheme 3.

Another synthetic pathway to the same compound
4a is operated in order to confirm their structure
and this involve reaction of Ethyl 6-methyl-4-[4-phe-
nyl-2-methylthio-3,4-dihydropyrimidine-5-carboxy-
late (9) reacted with 2a in boiling ethanolic sodium
ethoxide solution gave products identical in all as-
pects (mp, mixed mp, and spectra) with the corre-
sponding 7a. (Scheme 3). The formation of 7 can be

explained via 1,3-dipolar cycloaddition or 1,3-ad-
dition of nitrile imides 4 (prepared in situ from
hydrazonoyl halides 2 with triethylamine or sodium
ethoxide) to C=S of 6 (or NH of 10) to give inter-
mediate 6 (or 10), with ring opening and ring clo-
sure to afford the final products 4 and 5 by elimina-
tion of hydrogen sulfide from 6(or methyl mercap-
tan from 10).(scheme3)

Antitumor activity

Some of the newly synthesized compounds were
evaluated for their in vitro cytotoxic activity against
human breast cell line (MCF7) using doxorubicin
as the reference drug according to the method de-
scribed as reported[19]. The cytotoxicity was assessed
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Scheme 2

Scheme 3

Compound no. IC50 in µM 

Doxorubicin  
0.87 

7a 2.55 

7b 1.79 

7c 1.75 

7d -ve 

8a 0.98 

8b -ve 

8c 0.98 

TABLE 1 : Results of in vitro cytotoxic activity of the
synthesized compounds on human breast cancer cell line
(MCF7)

at concentrations.0. 1,0.5,1.0,5, 10 and 100 µg/mL.

The relation between surviving fraction and drug
concentration was plotted to obtain the survival
curve of MCF7 tumor cell line after addition of the
specified compound. The parameter used here is
IC

50
, which corresponds to the concentration required

for 50% inhibition of cell viability. The IC
50

 of the
synthesized compounds compared to the reference
drug are shown in TABLE 1.

The obtained data revealed that most of the newly
synthesized compounds showed potent antitumor
activity. Among the tested compounds, the most po-
tent cytotoxic effect against MCF-7 cell line was
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CONCLUSION

Some of synthesized compounds show reason-
able activity when compared with reference doxo-
rubicin as shown in compounds 8a and 8c and7c.
Some compound were not active as 7d and 8b that
showed no inhibitory activity towards tumor cells.

EXPERIMENTAL

All melting points were determined on an elec-
trothermal apparatus and are uncorrected. IR spec-
tra were recorded (KBr discs) on a Shimadzu FT-
IR 8201 PC spectrophotometer. 1H NMR spectra
were recorded in CDCl

3
 and (CD

3
)

2
SO solutions on

a Varian Gemini 300 MHz spectrometer and chemi-
cal shifts were expressed in ä units using TMS as
internal reference. Elemental analyses were carried
out at the Microanalytical Center of the Cairo Uni-
versity. Compounds 2a,b and pyrimidine thione 3a-
d and 9a-d were prepared as previously re-
ported[17,18]. Cytotoxic activity was preceded in Na-
tional Cancer of research, Cairo University, Egypt.

Synthesis of 1-(2-(benzo[d]o xazol-2-
yl)hydrazono)-1-chloropropan-2-one (2a) and 1-
(2-(benzo[d]th iazol -2-yl )hydrazono)-1-
chloropropan-2-one (2b)

The appropriate amount of diazotized [4-(1,3-
benzoxazol-2-yl)phenyl]amine (1a) and diazotized
[4-(1,3-benzothiazol-2-yl)phenyl]amine (1b) (0.005
mol) were added dropwise to cold solution (0æ%C)
of 3-chloro-2,4-pentanone (1.65 g, 0.005 mol) and
sodium acetate trihydrate (0.65 g, 0.005 mol) while
stirring. The yellow precipitate was collected and
recrystallized from ethanol to give 2a and 2b

2a

yellow (yield 85%), m.p. 199-202oC (EtOH),
v

max
/cm-1(KBr) 3258 (NH), 3055 (CH, aromatic),

2981 (CH, aliphatic), 1655 (CO), 1605 (C=C), 1365
(CH

3
); ; 1H NMR: ä = 2.10 (s, 3H, CH

3
CO), 7.40 (d,

2H, J = 8Hz, ArH�s), 7.50 (d, 2H, J = 8Hz, ArH�s),

8.00 (d, 2H, J = 8Hz, ArH�s), 8.07 (d, 2H, J = 8Hz,
ArH�s) and 10.89 (s, br., 1H, NH). (calcd for

C
16

H
12

ClN
3
O

2
: C, 61.25; H, 3.86; Cl, 11.30; N, 13.39

%. Found C, 61.00; H, 3.75; Cl, 11.40; N, 13.42%).

2b

yellow (yield 80%), m.p. 228-229oC (EtOH),
v

max
/cm-1(KBr) 3132 (NH), 3055 (CH, aromatic),

2926 (CH, aliphatic), 1650 (CO), 1605 (C=C), 1335
(CH

3
); ; 1H NMR: ä =2.11 (s, 3H, CH

3
), 7.40 (d, 2H,

J = 8Hz, ArH�s), 7.50 (d, 2H, J = 8Hz, ArH�s), 8.20

(d, 2H, J = 8Hz, ArH�s), 8.37 (d, 2H, J = 8Hz, ArH�s)

and 10.89 (s, br., 1H, NH). (calcd for C
16

H
12

ClN
3
OS:

C, 58.27; H, 3.67; Cl, 10.75; N, 12.74; S, 9.72 %.
Found C, 58.15; H, 3.75; Cl, 10.91; N, 12.65; S,
9.85%).

Synthesis of 1,2,4-triazolo[4,3-a]pyrimidines (7
and 8)a�d

Method A

A mixture of the appropriate hydrazonoyl halides
2a,b (0.005 mol) and the appropriate 3a-d (1.9 g,
0.005 mol) in chloroform containing triethylamine
(0.75 ml, 0.005 mol) was refluxed for 10 h. Chloro-
form was evaporated under reduced pressure and
the residue solid was crystallized from DMF to give
(7, 8)a-d, respectively.

Method B

Equimolar amounts of the hydrazonoyl halides
2a,b, 9a-d, and sodium ethoxide (0.005 mol each)
in ethanol (20 ml) were refluxed for 3 h. The reac-
tion mixture was cooled and the resulting solid was
collected and crystallized from ethanol to give prod-
ucts identical in all respects (mp, mixed mp, and
spectra) with corresponding products obtained by
method A.

7a

Yellow (yield 80%), m.p. 298-300oC, v
max

/cm-

1(KBr) 3055 (CH, aromatic), 2983 (CH, aliphatic),
1735 (CO, ester), 16560 (CO), 1620 (C=N), 1600
(C=C), 1470 (CH

2
), 1361 (CH

3
); 1H NMR: ä = 1.18

(d, 3H, CH
3
CH

2
), 2.10 (s, 3H, CH

3
CO), 2.21 (s,

3H, CH
3
), 4.21 (q, 2H, CH

2
CH

3
), 6.62 (s, 1H, CH),

and 7.17�8.35 (m, 13H, ArH); (calcd for

C
30

H
25

N
5
O

4
: C, 69.35; H, 4.85; N, 13.48 %. Found

C, 69.15; H, 4.75; N, 13.40 %).

7b
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Orange (yield 67 %), m.p. 234-36oC, v
max

/cm-

1(KBr) 3055 (CH, aromatic), 2983 (CH, aliphatic),
1730 (CO, ester), 16560 (CO), 1620 (C=N), 1600
(C=C), 1470 (CH

2
), 1361 (CH

3
); 1H NMR: ä = 1.15

(t, 3H, CH
2
CH

3
), 2.20 (s, 3H, CH

3
), 2.68 (s, 3H,

CH
3
), 3.82 (s, 3H, OCH

3
), 3.87 (s, 3H, OCH

3
), 4.24

(q, 2H, CH
2
CH

3
), 5.65 (s, 1H, pyrimidine H-4), 7.42-

8.33 (m, 11H, ArH�s); (calcd for C
32

H
29

N
5
O

6
: C,

66.31; H, 5.04; N, 12.08 %. Found C, 66.22; H, 5.14;
N, 12.13 %).

7c

Orange (yield 80%), m.p. 265-67oC, v
max

/cm-

1(KBr) 3055 (CH, aromatic), 2983 (CH, aliphatic),
1725 (CO, ester), 1656 (CO), 1620 (C=N), 1600
(C=C), 1470 (CH

2
), 1361, 1340 (CH

3
); 1H NMR: ä

= 1.15 (t, 3H, CH
2
CH

3
), 1.18 (d, 6H, (CH

3
)

2
CH),

2.20 (s, 3H, CH
3
), 2.68 (s, 3H, CH

3
), 2.88 (sext,

1H, (CH
3
)

2
CH), 4.24 (q, 2H, CH

2
CH

3
), 5.65 (s, 1H,

pyrimidine H-4), 7.42-8.33 (m, 12H, ArH�s); (calcd

for C
33

H
31

N
5
O

4
: C, 70.57; H, 5.56; N, 12.47 %.

Found C, 70.47; H, 5.65; N, 12.42 %).

7d

Yellow (yield 80%), m.p. >300oC, v
max

/cm-

1(KBr) 3055 (CH, aromatic), 2983 (CH, aliphatic),
1725 (CO, ester), 1656 (CO), 1620 (C=N), 1600
(C=C), 1470 (CH

2
), 1361 (CH

3
); 1H NMR: ä  = 1.15

(t, 3H, CH
2
CH

3
), 2.20 (s, 3H, CH

3
), 2.68 (s, 3H,

CH
3
), 4.24 (q, 2H, CH

2
CH

3
), 5.65 (s, 1H, pyrimi-

dine H-4), 6.02 (s, 2H, OCH
2
O), 7.42-8.33 (m, 11H,

ArH�s); (calcd for C
31

H
25

N
5
O

6
: C, 66.07; H, 4.47;

N, 12.43 %. Found C, 66.17; H, 4.22; N, 12.54 %).

8a

Yellow (yield 85%), m.p. >300oC, v
max

/cm-

1(KBr) 3055 (CH, aromatic), 2983 (CH, aliphatic),
1725 (CO, ester), 16560 (CO), 1620 (C=N), 1600
(C=C), 1470 (CH

2
), 1361 (CH

3
); 1H NMR: ä = 1.18

(t, 3H, CH
2
CH

3
), 2.20 (s, 3H, CH

3
), 2.65 (s, 3H,

CH
3
), 4.24 (q, 2H, CH

2
CH

3
), 5.65 (s, 1H, pyrimi-

dine H-4), 7.42-8.33 (m, 13H, ArH�s); (calcd for

C
30

H
25

N
5
O

4
: C, 69.35; H, 4.85; N, 13.48 %. Found

C, 69.35; H, 4.85; N, 13.48 %).

8b

Yellow (yield 73%), m.p. 262-64oC, v
max

/cm-

1(KBr) 3055 (CH, aromatic), 2983 (CH, aliphatic),
1725 (CO, ester), 1656 (CO), 1620 (C=N), 1600
(C=C), 1470 (CH

2
), 1361 (CH

3
); 1H NMR: ä = 1.15

(t, 3H, CH
2
CH

3
), 2.20 (s, 3H, CH

3
), 2.68 (s, 3H,

CH
3
), 3.82 (s, 3H, OCH

3
), 3.87 (s, 3H, OCH

3
), 4.24

(q, 2H, CH
2
CH

3
), 5.65 (s, 1H, pyrimidine H-4), 7.42-

8.33 (m, 11H, ArH�s); (calcd for C
32

H
29

N
5
O

5
S: C,

64.52; H, 4.91; N, 11.76; S, 5.38 %. Found C, 64.52;
H, 4.91; N, 11.76; S, 5.38 %).

8c

Yellow (yield 85%), m.p. 274-76oC, v
max

/cm-

1(KBr) 3055 (CH, aromatic), 2983 (CH, aliphatic),
1725 (CO, ester), 16560 (CO), 1620 (C=N), 1600
(C=C), 1470 (CH

2
), 1361, 1340 (CH

3
); 1H NMR: 

= 1.15 (t, 3H, CH
2
CH

3
), 1.18 (d, 6H, (CH

3
)

2
CH),

2.20 (s, 3H, CH
3
), 2.68 (s, 3H, CH

3
), 2.88 (sext,

1H, (CH
3
)

2
CH), 4.24 (q, 2H, CH

2
CH

3
), 5.65 (s, 1H,

pyrimidine H-4), 7.42-8.33 (m, 12H, ArH�s); (calcd

for C
33

H
31

N
5
O

3
S: C, 68.61; H, 5.41; N, 12.12; S,

5.55 %. Found C, 68.61; H, 5.41; N, 12.12; S,
5.55%).

8d

Yellow (yiled 63%), m.p. 266-68oC, v
max

/cm-

1(KBr) 3055 (CH, aromatic), 2983 (CH, aliphatic),
1725 (CO, ester), 16560 (CO), 1620 (C=N), 1600
(C=C), 1470 (CH

2
), 1361 (CH

3
); 1H NMR: ä = 1.15

(t, 3H, CH
2
CH

3
), 2.20 (s, 3H, CH

3
), 2.68 (s, 3H,

CH
3
), 4.24 (q, 2H, CH

2
CH

3
), 5.65 (s, 1H, pyrimi-

dine H-4), 6.02 (s, 2H, OCH
2
O), 7.42-8.33 (m, 11H,

ArH�s); (calcd for C
31

H
25

N
5
O

5
S: C, 64.24; H, 4.35;

N, 12.08; S, 5.53 %. Found C, 64.24; H, 4.35; N,
12.08; S, 5.53%).

In vitro antitumor activity measurement

The cytotoxicity was carried out using
sulphorhodamine-B (SRB) assay. Cells will be
seeded in 96 well microtiter plates at a concentra-
tion of 1000-2000 cells/well, 100 µl/well, After 24

hrs, cells will be incubated for 72 h with various
concentrations of drugs 1,,2.5,5,10 µg/ml). For each

derivative concentration and doxorubicin, 3 wells
were used. The plates were incubated for72 hours.
The medium is discarded. The cells were fixed with
150 ìl cold trichloroacetic acid 10% final concen-

tration for 1 hour at 4 0C.The plates were washed
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with distilled water using (automatic washer Tecan,
Germany) and stained with 50 ìl 0.4 % SRB dis-

solved in 1 % acetic acid for 30 minutes at room
temperature in dark. The plates were washed with 1
% acetic acid to remove unbound dye and air-dried
[24 hrs.]. The dye was solubilized with 150 µl/well

of 10 m Mtris base (PH 7.4) for 5 min on a shaker at
1600 rpm. The optical density (OD) of each well
will be measured spectro photometrically at 490 nm
with an ELISA microplate reader. The mean back-
ground absorbance was automatically subtracted and
mean values of each derivative and doxorubicin con-
centration was calculated. The experiment was re-
peated 3 times. The percentage of cell survival was
calculated as follows: Surviving fraction = O.D.
(treated cells)/ O.D. (control cells).
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