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RESEARCH ARTICLE

Efficient and environmentally benign synthetic protocol for the synthesis
of structurally diverse annulated pyridopyrimidines

Anshu Rajawat, Sarita Khandelwal and Mahendra Kumar*

Department of Chemistry, University of Rajasthan, Jaipur, India

(Received 27 October 2013; final version received 6 January 2014)

Structurally diverse annulated pyridopyrimidines have been synthesized by an efficient and environmentally
benign synthetic protocol involving catalyzed four-component reaction of 2-aminobenzothiazoles with thiophene-
2-carbaldehyde and carbonyl compounds in ethanol. Mild reaction conditions, operational simplicity, and
structural diversity with excellent yields are some special attractions of the present protocol.

Keywords: 2-aminobenzothiazoles; p-TSA; multicomponent reaction; pyridopyrimidines; pyrimidoquinolines

1. Introduction

Multicomponent reactions (MCRs) have emerged as
one of the most powerful techniques with robust
efficiency to assemble structurally diverse medicinally
privileged heterocyclic scaffolds in a single molecule
for the synthesis of bioactive compounds with struc-
tural skeleton of natural products and combinatorial
libraries of drug-like molecules (1–4). Environmental
and economically positive implications, the inherent
convergence, and high productive nature of MCRs
along with their exploratory and molecular complex-
ity and diversity generating power make them very
attractive to access complex structures in a single
procedural step from simple building blocks with
promising pharmaceutical and biological activities
(5–8).

Pyridopyrimidines have been described as potent
inhibitors of tyrosine kinase (9), dihydrofolate reduc-
tase (10), adenosine kinase (11) and also specific
inhibitors of cyclin-dependent kinase (12) and chole-
cystokinin receptor subtype-1 (CCK1R) (13). Pyrido-
pyrimidines (14–16) are the bioisosters of purine bases
and associated with diverse immunopharmacological
activities such as analgesic (17), anti-inflammatory
(18), antiallergic (19), antiplatelet aggregatory (20),
antihistaminic (21), and antitumor (22). Moreover,
pyridopyrimidine analogs constitute a novel class of
active drugs, e.g., PDGF, EGFR, DMFR, P38 MAP
kinase (23), P13 kinase (24), and proapoptotic agents
(25) (Figure 1).

The heterocyclic compounds incorporating pyrimi-
doquinoline scaffold have also been reported to show a
wide range of pharmacological activities such as
antimicrobial, antifungal, anticancer, antiviral, anal-
gesic, anti-inflammatory, etc. (26). Pyrimidoquinolines,
such as 5-deazaflavins {pyrimido[4,5-b]quinoline-2,4
(3H,10H)- diones} and 2-deoxo-2-phenyl-5-deazafla
vins {2-phenylpyrimido [4,5-b]quinolin-4(10H)-ones},
exhibit anti-HIV and antitumor activities (27, 28) as
these are selective inhibitors of protein kinase C (PKC)
which inhibit growth of cancer cell lines such as A 431
cells and HT 1080 cells (29).

In the present research work, in view of biological
importance of pyridopyrimidine scaffold and our
continuing interest in the synthesis of therapeutically
interesting fused heterocycles incorporating privileged
heterocyclic systems (30–32), we have combined the
potentials of MCRs with ecocompatibility to present
synthetic protocol for the synthesis of drug-like small
heterocyclic molecules of structural diversity with
promising biological activities. The present synthetic
protocol involves multicomponent domino reaction of
2-aminobenzothiazoles, thiophene-2-carbaldehyde, and
carbonyl compounds in ethanol under organocatalysis
of environmentally benign, economically viable, recycl-
able, and reusable solid acid catalyst p-toluenesulphonic
acid (p-TSA).

2. Results and discussion

In the present work, chromenopyridopyrimidines,
pyranopyridopyrimidines, indenopyridopyrimidines,
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pyrimidoquinolines, and benzo[h]pyrimidoquinolines
have been synthesized by an efficient and environ-
mentally benign synthetic protocol involving p-TSA
catalyzed four-component domino reaction of
2-aminobenzothiazoles with thiophene-2-carbaldehyde
and carbonyl compounds. Initially, we selected four-
component domino reaction of 2-aminobenzothiazole
with thiophene-2-carbldehyde, 4-hydroxy-6-methyl-
pyran-2-one, and 1,3-dimethylbarbituric acid as a
simple model reaction to establish the feasibility of
the synthetic strategy and to optimize the reaction
conditions (Scheme 1) (Table 1).

The model reaction was also performed using
water as a solvent with catalytic amount of sulfamic
acid/p-TSA, but the yield of the product was not
satisfactory (Table 1, Entry 1 and 2). The model
reaction was also performed in ethanol as solvent
without using any catalyst. It was observed that
product yield was not good and the reaction required
longer time in completion. Then triethyl amine was
also screened for this model reaction using ethanol as
solvent. However, the yield of product was not
satisfactory and required comparatively more time
for completion (Table 1, Entry 4). The reaction was
carried out in the presence of sulphamic acid-ethanol
and a comparatively better yield of the product was
obtained (Table 1, Entry 5). But it was observed that
when the model reaction was performed in the
presence of p-TSA as a catalyst using ethanol as a

solvent, the product yield was excellent with shorter
reaction time (Table 1, Entry 6). Therefore, on the
basis of evaluation of reaction conditions, in view of
solvent and time, the best results were obtained when
the reaction was performed using ethanol as solvent
and p-TSA as a catalyst.

In continuation of our efforts, the recyclability of
p-TSA was also examined. It was found that, the
catalytic activity of p-TSA decrease with subsequent
reusability runs and could be reused four times
without the noticeable loss of activity (Figure 2).

The present synthetic strategy was extended for
the preparation of pyranopyridopyrimidines, chrome-
nopyridopyrimidines, indenopyridopyrimidines, pyri-
midoquinolines, benzo[h]pyrimidoquinolines, and the
products were obtained in excellent yields with high
purity.

The schematic presentation of six series of struc-
turally diverse heterocycles with fused heterosystems
is presented in Scheme 2. The reaction mechanism is
presented in Scheme 3.

In the proposed mechanism, it can be seen that
there are two possible pathways for the synthesis of
final product. The intermediate can react with
2-aminobenzothiazole to form the final product
(path A), or this intermediate can undergo intramo-
lecular dehydrative cyclization and then reacts subse-
quently with 2-aminobenzothiazole to produce final
product (path B).
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3. Conclusion

In conclusion, we have presented an efficient and
convenient environmentally benign synthetic protocol
to synthesize structurally diverse heterocyclic com-
pounds incorporating medicinally privileged hetero-
cyclic systems. The present synthetic method offers
several advantages such as environmentally benign
nature of the procedure, excellent yields, shorter
reaction time, simpler work-up, and use of recover-
able and recyclable, nontoxic, inexpensive, and easily
available catalyst. The present synthetic strategy will
be useful in therapeutical and medicinal fields not
only from an academic point of view but from an
industrial viewpoint also.

4. Experimental section

4.1. Materials and methods

The melting points of all the synthesized compounds
were determined by an electric melting point appar-
atus and are uncorrected. Thiophene-2-carbaldehyde
and carbonyl compounds used in the synthesis of
complex heterocycles were purchased from commer-
cial sources and were used as such. 2-Aminoben-
zothiazoles were prepared according to the method
reported. The purity of all the synthesized compounds
was checked by thin layer chromatography (TLC).

Infrared (IR) spectra were recorded on Shimadzu
8400S FTIR spectrometer. 1H NMR and 13C NMR
were recorded on Bruker NMR spectrometer at 300
and 75 MHz, respectively. Analytical and spectral
data of the synthesized heterocycles are also included.

4.2. General procedure

A mixture of thiophene-2-carbaldehyde (1 mmol),
carbonyl compound (1 mmol each), 2-aminoben-
zothiazole (1 mmol), and p-TSA (0.1 mmol) in
ethanol (5 ml) was stirred magnetically at 80°C for
12–32 min. The progress of the reaction was mon-
itored by TLC and by the change in the color of
reaction mixture. After completion of the reaction,
the reaction mixture was cooled to room temperature,
and the precipitate formed was isolated by filtration.
The precipitate was washed well with water. The
p-TSA remaining in water was recovered from the
filtrate by evaporation of water. Solid product then
dried and finally recrystallized from ethanol to obtain
pure product.

4.3. Compound names and spectral details

1) 1,3-dimethyl-12-(7-chloro-4-methyl benzothiazo-2-
yl)-5-(2-thienyl)-5H-chromeno[4,3-b]pyrido[2,3-d]pyrim
idine-2,4,6-trione. M.p. 205–207°C, IR(KBr) cm−1:
1705, 1630–1670, 3010–3040. 1H NMR (300 MHz,
CDCl3, DMSO-d6) δ(ppm): 2.40 (3H, s, CH3), 3.09
(3H, s, CH3), 3.45 (3H, s, CH3), 4.74(1H, s), 7.68–
7.90 (9H, m, H–Ar). 13C NMR(DMSO-d6) δ(ppm):
18.2, 35.2, 40.3, 40.8, 78.8, 96.4, 121.3, 122.9, 123.6,
125.1, 125.3, 126.2, 126.5, 126.8, 127.8, 128.1, 128.5,
139.5, 146.5, 150.1, 150.4, 150.8, 152.6, 156.8, 158.5,
172.6, 180.2. Anal. calcd. (%) for C28H19ClN4O4S2
(574.05): C(58.48), H(3.33), N(9.74); found: C(58.32),
H(3.16), N(9.58).

2) 1,3-dimethyl-12-(6-chloro-4-methyl benzothiazo-
2-yl)-5-(2-thienyl)-5H-chromeno[4,3-b]pyrido[2,3-d]pyri
midine-2,4,6-trione. M.p. 210–212°C, IR(KBr) cm−1:
1705, 1630–1670, 3010–3040. 1H NMR (300 MHz,
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Table 1. Influence of solvents and catalysts for the synthesis of heterocyclic compounds.

Entry Solvent Conditions Catalyst Time Yielda (%)

1 H2O reflux sulfamic acid 1.5 hrs 65
2 H2O reflux p-toluenesulfonic acid 50 min 68
3 C2H5OH reflux without catalyst >10 hrs 45
4 C2H5OH reflux triethyl amine 4 hrs <65
5 C2H5OH reflux sulfamic acid 50 min 86
6 C2H5OH reflux p-toluenesulfonic acid 15 min 92

Note: Reaction conditions: 2-aminobenzothiazole (1.0 mmol), thiophene-2-carbaldehyde (1.0 mmol), 1,3-dimethylbarbituric acid (1.0 mmol),
pyrone (1.0 mmol), ethanol/water (5 mL) with 0.1 mmol catalyst, stirred and refluxed.
aIsolated yield of the pure compound.
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CDCl3, DMSO-d6) δ(ppm): 2.40 (3H, s, CH3), 3.09
(3H, s, CH3), 3.45 (3H, s, CH3), 4.74(1H, s), 7.68–
7.90 (9H, m, H–Ar). 13C NMR(DMSO-d6) δ(ppm):
18.2, 35.2, 40.3, 40.8, 78.8, 96.4, 121.3, 122.9, 123.6,
125.1, 125.3, 126.2, 126.5, 126.8, 127.8, 128.1, 128.5,
139.5, 146.5, 150.1, 150.4, 150.8, 152.6, 156.8, 158.5,
172.6, 180.2. Anal. calcd. (%) for C28H19ClN4O4S2
(574.05): C(58.48), H(3.33), N(9.74); found: C(58.45),
H(3.21), N(9.57).

3) 12-(7-chloro-4-methyl benzothiazo-2-yl)-5-(2-
thienyl)-5H-chromeno[4,3-b]pyrido[2,3-d]pyrimidine-2,
4,6(1H,3H)-trione. M.p. 222–224°C, IR (KBr) cm−1:
1705, 1632–1672, 3010–3050, 3290–3300. 1H NMR
(300 MHz, CDCl3, DMSO-d6) δ(ppm): 2.46(s, 3H),
4.76 (s, 1H), 7.27–7.44(9H, m, H–Ar), 9.45(s, 1H,
NH), 10.46(s, 1H, NH), 13C NMR(DMSO-d6)
δ(ppm): 18.6, 35.6, 78.9, 97.2, 121.3, 122.9, 123.4,
125.2, 125.3, 126.2, 126.5, 126.9, 127.8, 128.2, 128.5,

MeN

N
Me

O

OO

MeN

N
Me

O

O O

+
S CH

H OH

Knoevenagel reaction

MeN

Me
N O

O

O

OH

S
H

-H2O

MeN

Me
N O

O

O
S

O

O CH3

O

H

O

O

O

CH3

MeN

N
Me

O

OO

S

S

N

CH3

NH2
Cl

O

O

O

CH3

MeN

N
Me

O

OO

S

H
NH

N S

H3C Cl

H O

O

CH3

MeN

N
Me

O

OO

S

NH

N S

H3C Cl

MeN

N
Me

O

O

O

N

O

CH3

S

N S

H3C Cl

OH

H

MeN

N
Me

O

O

O

N

O

CH3

S

N S

H3C Cl

-H2O

+

-H2O

pa
rh

A

path B
O

O

CH3

MeN

N
Me

O

OO

S
H

HO

MeN

N
Me

O

S
O

O

O

CH3O

H

OH

MeN

N
Me

O

S
O

O

O

CH3O

-H2O

S

N

CH3

NH2
Cl

MeN

N
Me

O

OO

+
S CH

O

H+

Michael addition

H+

H+

H+

H+

-H2O

Scheme 3. Plausible mechanism.

Green Chemistry Letters and Reviews 41



140.5, 145.5, 150.1, 150.1, 150.7, 152.6, 155.8, 158.5,
174.2, 180.2. Anal. calcd. (%) for C26H15ClN4O4S2
(546.02): C(57.09), H(2.76), N(10.24); found:
C(56.92), H(2.54), N(10.05).

4) 12-(6-chloro-4-methyl benzothiazo-2-yl)-5-(2-
thienyl)-5H-chromeno[4,3-b]pyrido[2,3-d]pyrimidine-2,
4,6(1H,3H)-trione. M.p. 228–230°C, IR (KBr) cm−1:
1705, 1632–1672, 3010–3050, 3290–3300. 1H NMR
(300 MHz, CDCl3, DMSO-d6) δ(ppm): 2.46(s, 3H,
CH3), 4.76 (s, 1H), 7.27–7.44 (9H, m, H–Ar), 9.45(s,
1H, NH), 10.46(s, 1H, NH). 13C NMR(DMSO-d6)
δ(ppm): 18.6, 35.6, 78.9, 97.2, 121.3, 122.9, 123.4,
125.2, 125.3, 126.2, 126.5, 126.9, 127.8, 128.2, 128.5,
140.5, 145.5, 150.1, 150.1, 150.7, 152.6, 155.8, 158.5,
174.2, 180.2. Anal. calcd. (%) for C26H15ClN4O4S2
(546.02): C(57.09), H(2.76), N(10.24); found: C
(56.91), H(2.58), N(10.11).

5) 1,3,8-trimethyl-10-(7-chloro-4-methyl benzothi
azo-2-yl)-5-(2-thienyl)-5H-pyrano[4,3-b]pyrido[2,3-d]
pyrimidine-2,4,6-trione. M.p. 215–217°C, IR(KBr)
cm−1: 1700, 1635–1672, 3010–3045. 1H NMR (300
MHz, CDCl3, DMSO-d6) δ(ppm): 2.41(3H, s, CH3),
2.64 (3H, s, CH3), 3.05 (3H, s, CH3), 3.45 (3H, s,
CH3), 4.69 (s,1H), 6.85–7.55 (6H, m, H–Ar). 13C
NMR(DMSO-d6) δ(ppm): 17.9, 21.6, 35.1, 40.2, 40.6,
78.5, 100.5, 101.6, 122.3, 123.7, 124.9, 125.3, 125.8,
126.4, 128.1, 129.4, 138.7, 145.3, 148.9, 150.3, 153.6,
156.8, 158.3, 173.5, 180.9. Anal. calcd. (%) for
C25H19ClN4O4S2 (538.05): C(55.71), H(3.55), N
(10.39); found: C(55.59), H(3.41), N(10.22).

6) 1,3,8-trimethyl-10-(6-chloro-4-methyl benzothi
azo-2-yl)-5-(2-thienyl)-5H-pyrano[4,3-b]pyrido[2,3-d]
pyrimidine-2,4,6-trione. M.p. 214–216°C, IR(KBr)
cm−1: 1700, 1635–1672, 3010–3045. 1H NMR (300
MHz, CDCl3, DMSO-d6) δ(ppm): 2.40 (3H, s, CH3),
2.64 (3H, s, CH3), 3.05 (3H, s, CH3), 3.45 (3H, s,
CH3), 4.69 (s,1H), 6.85–7.55 (6H, m, H–Ar). 13C
NMR(DMSO-d6) δ(ppm): 17.9, 21.6, 35.1, 40.2, 40.6,
78.5, 100.5, 101.6, 122.3, 123.7, 124.9, 125.3, 125.8,
126.4, 128.1, 129.4, 138.7, 145.3, 148.9, 150.3, 153.6,
156.8, 158.3, 173.5, 180.9. Anal. calcd. (%) for
C25H19ClN4O4S2 (538.05): C(55.71), H(3.55), N
(10.39); found: C(55.61), H(3.42), N(10.22).

7) 8-methyl-10-(7-chloro-4-methyl benzothiazo-2-
yl)-5-(2-thienyl)-5H-pyrano[4,3-b]pyrido[2,3-d]pyrimidi
ne-2,4,6(1H,3H)-trione. M.p. 240–242°C, IR(KBr)
cm−1: 1700, 1635–1675, 3010–3045, 3295–3310. 1H
NMR (300 MHz, CDCl3, DMSO-d6) δ(ppm): 2.45(s,
3H, CH3), 2.65(s, 3H, CH3), 4.62 (s, 1H), 6.80–7.60
(6H, m, H–Ar), 9.30(s, 1H, NH), 10.56(s, 1H,
NH).13C NMR(DMSO-d6) δ(ppm): 16.8, 22.4, 36.1,
77.2, 101.5, 102.1, 121.8, 123.2, 124.2, 125.3, 125.9,
126.2, 128.1, 129.3, 139.1, 144.8, 148.2, 150.1, 154.6,
156.3, 157.8, 174.5, 181.1. Anal. calcd. (%) for

C23H15ClN4O4S2 (510.02): C(54.06), H(2.96), N
(10.96); found: C(53.92), H(2.78), N(10.83).

8) 8-methyl-10-(6-chloro-4-methyl benzothiazo-2-
yl)-5-(2-thienyl)-5H-pyrano[4,3-b]pyrido[2,3-d]pyrimidi
ne-2,4,6(1H,3H)-trione. M.p. 248–250°C, IR(KBr)
cm−1: 1700, 1635–1675, 3010–3045, 3295–3310. 1H
NMR (300 MHz, CDCl3, DMSO-d6) δ(ppm): 2.45
(s,3H, CH3), 2.65 (s, 3H, CH3), 4.62 (s, 1H), 6.80–7.60
(6H, m, H–Ar), 9.30(s, 1H, NH), 10.56(s, 1H, NH).
13C NMR(DMSO-d6) δ(ppm): 16.8, 22.4, 36.1, 77.2,
101.5, 102.1, 121.8, 123.2, 124.2, 125.3, 125.9, 126.2,
128.1, 129.3, 139.1, 144.8, 148.2, 150.1, 154.6, 156.3,
157.8, 174.5, 181.1. Anal. calcd. (%) for
C23H15ClN4O4S2 (510.02): C(54.06), H(2.96), N
(10.96); found: C(53.89), H(2.77), N(10.84).

9) 1,3,8,8-tetramethyl-10-(7-chloro-4-methyl benzo
thiazo-2-yl)-5-(2-thienyl)-7,8-dihydro-5H,9H-pyrimido
[4,5-b]quinoline-2,4,6-trione. M.p. 228–230°C, IR
(KBr) cm−1: 1630–1660, 1700, 3050–3070. 1H NMR
(300 MHz, CDCl3, DMSO-d6) δ(ppm): 0.95 (3H, s,
CH3), 1.05 (3H, s, CH3), 2.06–2.14(2H, m, CH2),
2.41 (3H, s, CH3), 2.45–2.61 (2H, m, CH2), 3.11 (3H,
s, CH3), 3.48 (3H, s, CH3), 4.65 (s, 1H), 6.86–7.43
(5H, m, H–Ar). 13C NMR(DMSO-d6) δ(ppm): 16.8,
18.1, 28.1, 28.6, 35.3, 40.1, 40.3, 48.6, 51.3, 79.5,
107.3, 122.3, 123.9, 124.9, 125.3, 125.8, 126.3, 127.5,
129.6, 138.5, 146.3, 150.6, 153.1, 155.2, 157.3, 175.3,
190.2. Anal. calcd. (%) for C27H25ClN4O3S2
(552.11): C(58.63), H(4.56), N(10.13); found: C
(58.51), H(4.42), N(10.01).

10) 1,3,8,8-tetramethyl-10-(6-chloro-4-methyl ben
zothiazo-2-yl)-5-(2-thienyl)-7,8-dihydro-5H,9H-pyrimido
[4,5-b]quinoline-2,4,6-trione. M.p. 233–235°C, IR(KBr)
cm−1: 1630–1660, 1700, 3050–3070. 1H NMR (300
MHz, CDCl3, DMSO-d6) δ(ppm): 0.95 (3H, s, CH3),
1.05 (3H, s, CH3), 2.06–2.14(2H, m, CH2), 2.41 (3H, s,
CH3), 2.45–2.61 (2H, m, CH2), 3.11 (3H, s, CH3), 3.48
(3H, s, CH3), 4.65 (s,1H), 6.86–7.43 (5H, m, H–Ar).
13C NMR(DMSO-d6) δ(ppm): 16.8, 18.1, 28.1, 28.5,
35.3, 40.1, 40.3, 48.6, 51.3, 79.5, 107.3, 122.3, 123.9,
124.9, 125.3, 125.8, 126.3, 127.5, 129.6, 138.5, 146.3,
150.6, 153.1, 155.2, 157.3, 175.3, 190.2. Anal. calcd.
(%) for C27H25ClN4O3S2 (552.11): C(58.63), H(4.56),
N(10.13); found: C(58.44), H(4.42), N(10.02).

11) 8,8-dimethyl-10-(7-chloro-4-methyl benzothia
zo-2-yl)-5-(2-thienyl)-7,8-dihydro-5H,9H-pyrimido[4,5-b]
quinoline-2,4,6(1H,3H)-trione. M.p. 203–205°C, IR
(KBr) cm−1: 1631–1665, 1700, 3060–3070, 3285–3300.
1H NMR (300 MHz, CDCl3, DMSO-d6) δ(ppm): 0.97
(3H, s, CH3), 1.08 (3H, s, CH3), 2.06–2.14(2H, m,
CH2), 2.41 (3H, s, CH3), 2.45–2.61 (2H, m, CH2), 4.75
(s, 1H), 6.86–7.43 (5H, m, H–Ar), 9.45 (s, 1H, NH),
10.85 (s, 1H, NH). 13C NMR(DMSO-d6) δ(ppm): 16.6,
17.1, 28.2, 28.8, 35.1, 49.2, 51.2, 78.5, 106.7, 121.4,
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122.9, 124.2, 125.1, 125.7, 126.2, 128.3, 130.2, 140.1,
145.4, 150.1, 153.6, 156.2, 156.9, 174.6, 189.2. Anal.
calcd. (%) for C25H21ClN4O3S2 (524.07): C(57.19), H
(4.03), N(10.67); found: C(56.96), H(3.88), N(10.51).

12) 8,8-dimethyl-10-(6-chloro-4-methyl benzothia
zo-2-yl)-5-(2-thienyl)-7,8-dihydro-5H,9H-pyrimido[4,5-
b]quinoline-2,4,6(1H,3H)-trione. M.p. 212–214°C, IR
(KBr) cm−1: 1631–1665, 1700, 3060–3070, 3285–3300.
1H NMR (300 MHz, CDCl3, DMSO-d6) δ(ppm): 0.97
(3H, s, CH3), 1.08 (3H, s, CH3), 2.06–2.14 (2H, m,
CH2), 2.41 (3H, s, CH3), 2.45–2.61 (2H, m, CH2), 4.75
(s, 1H), 6.86–7.43 (5H, m, H–Ar), 9.45(s, 1H, NH),
10.85(s, 1H, NH). 13C NMR(DMSO-d6) δ(ppm): 16.8,
17.1, 28.1, 28.9, 35.1, 49.2, 51.2, 78.5, 106.7, 121.4,
122.9, 124.2, 125.1, 125.7, 126.2, 128.3, 130.2, 140.1,
145.4, 150.1, 153.6, 156.2, 156.9, 174.6, 189.2. Anal.
calcd. (%) for C25H21ClN4O3S2 (524.07): C(57.19), H
(4.03), N(10.67); found: C(57.03), H(3.92), N(3.89).

13) 1,3-dimethyl-11-(7-chloro-4-methyl benzothi
azo-2-yl)-5-(2-thienyl)-5H-indeno[1,2-b]pyrido[2,3-d]pyri
midine-2,4,6-trione. M.p. 251–253°C, IR(KBr) cm−1:
1630–1665, 1701, 3020–3050. 1H NMR (300 MHz,
CDCl3, DMSO-d6) δ(ppm): 2.46 (3H, s, CH3), 3.05
(3H, s, CH3), 3.49 (3H, s, CH3), 4.64 (s, 1H), 7.68–7.90
(9H, m, H–Ar), 13C NMR(DMSO-d6) δ(ppm): 16.9,
35.4, 39.8, 40.1, 78.2, 101.6, 122.8, 123.6, 124.9, 125.3,
125.6, 126.1, 126.5, 126.9, 128.3, 129.6, 130.1, 134.5,
137.1, 140.2, 146.4, 150.3, 153.6, 155.2, 156.3, 174.9,
187.6. Anal. calcd. (%) for C28H19ClN4O3S2 (558.06):
C(60.15), H(3.43), N(10.02); found: C(60.01), H(3.25),
N(9.86).

14) 1,3-dimethyl-11-(6-chloro-4-methyl benzothia
zo-2-yl)-5-(2-thienyl)-5H-indeno[1,2-b]pyrido[2,3-d]pyri
midine-2,4,6-trione. M.p. 245–247°C, IR(KBr) cm−1:
1630–1665, 1701, 3020–3050. 1H NMR (300 MHz,
CDCl3, DMSO-d6) δ(ppm): 2.46 (3H, s, CH3), 3.05
(3H, s, CH3), 3.49 (3H, s, CH3), 4.64 (s, 1H), 7.68–
7.90 (9H, m, H–Ar), 13C NMR(DMSO-d6) δ(ppm):
16.9, 35.4, 39.8, 40.1, 78.2, 101.6, 122.8, 123.6, 124.9,
125.3, 125.6, 126.1, 126.5, 126.9, 128.3, 129.6, 130.1,
134.5, 137.1, 140.2, 146.4, 150.3, 153.6, 155.2, 156.3,
174.9, 187.6. Anal. calcd. (%) for C28H19ClN4O3S2
(558.06): C(60.15), H(3.43), N(10.02); found: C
(60.02), H(3.27), N(9.91).

15) 11-(7-chloro-4-methyl benzothiazo-2-yl) -5-(2-
thienyl)-5H-indeno[1,2-b]pyrido[2,3-d]pyrimidine -2,4,6
(1H,3H)-trione. M.p. 240–242°C, IR(KBr) cm−1:
1634–1670, 1701, 3020–3050, 3290–3300. 1H NMR
(300 MHz, CDCl3, DMSO-d6) δ(ppm): 2.44 (3H, s,
CH3), 4.74 (s, 1H), 7.68–7.90 (9H, m, H–Ar), 9.60(s,
1H, NH), 10.80(s, 1H, NH). 13C NMR(DMSO-d6)
δ(ppm): 17.6, 34.9, 77.2, 102.6, 120.8, 122.5, 124.6,
124.8, 125.7, 126.1, 126.5, 127.2, 128.5, 129.8, 130.8,
135.3, 136.3, 140.6, 145.4, 150.2, 152.9, 155.2, 156.7,

174.5, 187.9. Anal. calcd. (%) for C26H17ClN4O3S2
(532.04): C(58.59), H(3.21), N(10.51); found: C
(58.44), H(3.16), N(10.42).

16) 11-(6-chloro-4-methyl benzothiazo-2-yl)-5-(2-
thienyl)-5H-indeno[1,2-b]pyrido[2,3-d]pyrimidine-2,4,6
(1H,3H)-trione. M.p. 253–255°C, IR(KBr) cm−1:
1634–1670, 1701, 3020–3050, 3290–3300. 1H NMR
(300 MHz, CDCl3, DMSO-d6) δ(ppm): 2.44 (3H, s,
CH3), 4.74 (s, 1H), 7.68–7.90 (9H, m, H–Ar), 9.60(s,
1H, NH), 10.80(s, 1H, NH). 13C NMR(DMSO-d6)
δ(ppm): 17.6, 34.9, 77.2, 102.6, 120.8, 122.5, 124.6,
124.8, 125.7, 126.1, 126.5, 127.2, 128.5, 129.8, 130.8,
135.3, 136.3, 140.6, 145.4, 150.2, 152.9, 155.2, 156.7,
174.5, 187.9. Anal. calcd. (%) for C26H17ClN4O3S2
(532.04): C(58.59), H(3.21), N(10.51); found: C
(58.41), H(3.16), N(10.39).

17) 1,3-dimethyl-12-(7-chloro-4-methyl benzothia
zo-2-yl)-5-(2-thienyl)-6,7-dihydro-5H-benzo[h]pyrimido
[4,5-b]quinoline-2,4-dione. M.p. 224–226°C, IR(KBr)
cm−1: 1630–1670, 2900–2950, 3010–3050. 1H NMR
(300 MHz, CDCl3, DMSO-d6) δ(ppm): 2.07–2.35 (m,
4H); 2.45(s, 3H, CH3), 3.08 (3H, s, CH3), 3.54 (3H, s,
CH3), 4.68 (s, 1H), 7.36–7.52(m, 9H, H–Ar). 13C
NMR(DMSO-d6) δ(ppm): 18.5, 28.9, 29.6, 35.6, 40.2,
40.5, 78.9, 104.6, 122.7, 123.6, 124.9, 125.1, 125.6,
126.5, 126.9, 127.2, 128.3, 130.2, 130.8, 133.6, 137.9,
138.9, 150.6, 153.6, 155.9, 156.1. Anal. calcd. (%) for
C29H23ClN4O2S2 (558.10): C(62.30), H(4.15), N
(10.02); found: C(62.15), H(3.98), N(9.87).

18) 1,3-dimethyl-12-(6-chloro-4-methyl benzothia
zo-2-yl)-5-(2-thienyl)-6,7-dihydro-5H-benzo[h]pyrimido
[4,5-b]quinoline-2,4-dione. M.p. 231–233°C, IR(KBr)
cm−1: 1630–1670, 2900–2950, 3010–3050. 1H NMR
(300 MHz, CDCl3, DMSO-d6) δ(ppm): 2.07–2.35 (m,
4H), 2.46 (s, 3H, CH3), 3.08 (3H, s, CH3), 3.54 (3H, s,
CH3), 4.68 (s, 1H), 7.36–7.52(m, 9H, H–Ar). 13C
NMR(DMSO-d6) δ(ppm): 18.5, 28.9, 29.6, 35.6, 40.2,
40.5, 78.9, 104.6, 122.7, 123.6, 124.9, 125.1, 125.6,
126.5, 126.9, 127.2, 128.3, 130.2, 130.8, 133.6, 137.9,
138.9, 150.6, 153.6, 155.9, 156.1. Anal. calcd. (%) for
C29H23ClN4O2S2 (558.10): C(62.30), H(4.15), N
(10.02); found: C(62.17), H(4.03), N(9.91).

19) 12-(7-chloro-4-methyl benzothiazo-2-yl)-5-(2-
thienyl)-6,7-dihydro-5H-benzo[h]pyrimido[4,5-b]quinol-
ine-2,4(1H,3H)-dione. M.p. 220–222°C, IR(KBr)
cm−1: 1635–1672, 2920–2950, 3015–3090, 3280–3295.
1H NMR (300 MHz, CDCl3, DMSO-d6) δ(ppm):
2.04–2.38 (m, 4H), 2.45(s, 3H, CH3), 4.72 (s, 1H),
7.22–7.48(m, 9H, H–Ar), 9.87(s, 1H, NH), 11.02(s,
1H, NH). 13C NMR(DMSO-d6) δ(ppm): 18.1, 29.3,
30.1, 35.8, 78.3, 103.5, 122.4, 123.6, 124.2, 124.7,
125.3, 126.1, 126.8, 127.6, 128.3, 129.6, 130.8, 134.6,
137.6, 139.6, 150.3, 153.5, 155.9, 156.6. Anal. calcd.
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(%) for C27H19ClN4O2S2 (530.06): C(61.07), H(3.60),
N(10.55); found: C(60.77), H(3.44), N(10.38).

20) 12-(6-chloro-4-methyl benzothiazo-2-yl)- 5-(2-
thienyl)-6,7-dihydro-5H-benzo[h]pyrimido[4,5-b]quinol-
ine-2,4(1H,3H)-dione. M.p. 215–217°C, IR(KBr)
cm−1: 1635–1672, 2920–2950, 3015–3090, 3280–3295.
1H NMR (300 MHz, CDCl3, DMSO-d6) δ(ppm):
2.04–2.38 (m, 4H), 2.45 (s, 3H, CH3), 4.72 (s, 1H),
7.22–7.48(m, 9H, H–Ar), 9.87(s, 1H, NH), 11.02(s,
1H, NH). 13C NMR(DMSO-d6) δ(ppm): 18.1, 29.3,
30.1, 35.8, 78.3, 103.5, 122.4, 123.6, 124.2, 124.7,
125.3, 126.1, 126.8, 127.6, 128.3, 129.6, 130.8, 134.6,
137.6, 139.6, 150.3, 153.5, 155.9, 156.6. Anal. calcd.
(%) for C27H19ClN4O2S2 (530.06): C(61.07), H(3.60),
N(10.55); found: C(60.85), H(3.45), N(10.41).

21) 1,3-dimethyl-10-(7-chloro-4-methyl benzothia
zo-2-yl)-5-(2-thienyl)-6,7,8,9-tetrahydro-5H-pyrimido[4,5-
b]quinoline-2,4-dione. M.p. 207–209°C, IR(KBr) cm−1:
1630, 1670, 2900–2980, 3012–3048. 1H NMR (300
MHz, CDCl3, DMSO-d6): 2.16–2.54 (m, 8H); 2.42(s,
3H), 3.11 (3H, s, CH3), 3.44 (3H, s, CH3), 4.72 (s, 1H),
7.31–7.60 (m, 5H). 13C NMR(DMSO-d6): 16.9, 28.3,
28.4, 29.6, 32.1, 35.3, 40.1, 40.5, 79.7, 110.8, 122.8,
123.5, 125.4, 125.8, 126.1, 126.6, 127.9, 129.5, 135.1,
138.6, 150.6, 153.2, 155.1, 156.3. Anal. calcd. (%) for
C25H23ClN4O2S2 (510.10): C(58.75), H(4.54), N(10.96);
found: C(58.63), H(4.41), N(10.77).

22) 1,3-dimethyl-10-(6-chloro-4-methyl benzothia
zo-2-yl)-5-(2-thienyl)-6,7,8,9-tetrahydro-5H-pyrimido[4,5-
b]quinoline-2,4-dione. M.p. 219–221°C, IR(KBr) cm−1:
1630, 1670, 2900–2980, 3012–3048. 1H NMR (300
MHz, CDCl3, DMSO-d6) δ(ppm): 2.16–2.54 (m, 8H);
2.42(s, 3H), 3.11 (3H, s, CH3), 3.44 (3H, s, CH3), 4.72 (s,
1H), 7.31–7.60 (m, 5H). 13C NMR(DMSO-d6) δ(ppm):
16.9, 28.3, 28.4, 29.6, 32.1, 35.3, 40.1, 40.5, 79.7, 110.8,
122.8, 123.5, 125.4, 125.8, 126.1, 126.6, 127.9, 129.5,
135.1, 138.6, 150.6, 153.2, 155.1, 156.3. Anal. calcd. (%)
for C25H23ClN4O2S2 (510.10): C(58.75), H(4.54), N
(10.96); found: C(58.61), H(4.41), N(10.83).

23) 10-(7-chloro-4-methylbenzothiazo-2-yl)-5-(2-
thienyl)-6,7,8,9-tetrahydro-5H-pyrimido[4,5-b]quinoline-
2,4(1H,3H)-dione. M.p. 228–230°C, IR(KBr) cm−1:
1634, 1671, 2915–2950, 3020–3090, 3282–3298. 1H
NMR (300 MHz, CDCl3, DMSO-d6) δ(ppm): 2.13–
2.53 (m, 8H), 2.46(s, 3H), 4.72 (s, 1H), 7.42–7.76 (m,
5H), 9.88(s,1H), 10.85(s,1H) 13C NMR(DMSO-d6)
δ(ppm): 16.5, 28.1, 27.8, 29.6, 31.7, 35.8, 79.2, 111.6,
122.3, 123.4, 125.1, 125.6, 126.1, 126.6, 127.8, 130.2,
134.7, 138.2, 150.1, 153.2, 155.2, 156.6. Anal. calcd.
(%) for C23H19ClN4O2S2 (482.06): C(57.19), H(3.96),
N(11.60); found: C(57.02), H(3.78), N(11.48).

24) 10-(6-chloro-4-methylbenzothiazo-2-yl)-5-(2-
thienyl)-6,7,8,9-tetrahydro-5H-pyrimido[4,5-b]quinoline-
2,4(1H,3H)-dione. M.p. 216–218°C, IR(KBr) cm−1:

1634, 1671, 2915–2950, 3020–3090, 3282–3298. 1H
NMR (300 MHz, CDCl3, DMSO-d6) δ(ppm): 2.13–
2.53 (m, 8H), 2.46(s, 3H), 4.72 (s, 1H), 7.42–7.76 (m,
5H), 9.88(s,1H), 10.85(s,1H) 13C NMR(DMSO-d6)
δ(ppm): 16.5, 28.1, 27.8, 29.6, 31.7, 35.8, 79.2, 111.6,
122.3, 123.4, 125.1, 125.6, 126.1, 126.6, 127.8, 130.2,
134.7, 138.2, 150.1, 153.2, 155.2, 156.6. Anal. calcd.
(%) for C23H19ClN4O2S2 (482.06): C(57.19), H(3.96),
N(11.60); found: C(57.01), H(3.77), N(11.49).
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