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A simple, efficient, and high yielding one-pot protocol for the synthesis of pyrimido[4,5-b]quinolines and
indeno[2’,1":5,6]pyrido[2,3-d]pyrimidines has been developed by three-component domino coupling of
6-amino-1,3-dimethyluracil, aldehydes, and cyclic 1,3-diketones in ecofriendly solvent water promoted
by PTSA. The protocol avoids the use of expensive catalysts, toxic solvents, and chromatographic separa-

tion. The generality and functional tolerance of this convergent and environmentally benign method is

demonstrated.
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In recent years, the key constraints for the synthetic chemists are
the use of hazardous solvents, expensive, and toxic reagents, multi-
step protocols, and generation of unwanted side-products.' Now a
days, green chemistry has attained the status of a major scientific
discipline, and it now encompasses wide areas of chemical enter-
prise and is an alternative way to reduce drastic requirements for
reactions.? To find new alternatives for simple and eco-compatible
protocols, chemists have adopted water as the solvent of choice in
organic synthesis.> Water offers several practical advantages over
conventional organic solvents* such as easy availability, cheap,
non-toxic, non-corrosive, non-flammable, and environmentally
acceptable.’> Furthermore, besides having a unique reactivity and
selectivity, water also offers an easy separation.® The above advan-
tages have been attributed to many factors, including the hydro-
phobic effect,’” enhanced hydrogen bonding in the transition
state,® and the high cohesive energy density of water.%1°

Due to growing environmental concerns, carrying out organic
reactions in water has become highly desirable, and several reports
of organic synthesis in water have appeared during the past dec-
ade.! Recently, a variety of organic transformations such as aldol
reaction, allylation reaction, Diels-Alder reaction, Henry reaction,
Michael reaction, Mannich reaction, and Pd-catalyzed coupling
reactions have been reported in aqueous media.'? Indeed, industry
prefers to use water as a solvent rather than organic solvents. In
the past decade there have been tremendous development in mul-
ti-component reactions and great efforts are being made to devel-
op new multicomponent reactions'> (MCRs) in water. They have
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become an increasingly powerful tool'# in organic, combinatorial,
and medicinal chemistry because of their convergence, atom-
economy, multiple bond forming efficiency,'® and other suitable
characteristics from the green chemistry point of view.'® These fea-
tures make MCRs well-suited for the easy construction of diversi-
fied heterocyclic scaffolds.!”

Organic compounds containing pyrimidine scaffold as a core
unit are important targets and are known to exhibit various biolog-
ical and pharmaceutical activities.'® 6-Amino-1,3-dimethyluracil
and its fused derivatives'® are versatile building blocks for the syn-
thesis of several bioactive heterocycles.?® Pyrido[2,3-d]pyrimidines
are a class of naturally occurring fused uracils occupying a special
place in synthetic and medicinal chemistry due to their wide range
of pharmacological activities.?' 5-(3-Bromophenyl)-1,3-dimethyl-
5,11-dihydro-1H-indeno [2’,1':5,6]pyrido[2,3-d]pyrimidine-2,4,6-
trione (BPIPP) was identified as new potent inhibitor of STa
induced cyclic nucleotide synthesis, and as a promising lead for
the treatment of acute diarrhea.??*” Moreover, appropriately func-
tionalized pyrido[2,3-d]pyrimidines have also been identified as a
new class of fibroblast growth factor receptor (FGFR3) tyrosine ki-
nase inhibitors.??“¢ Quinolines an important class of heterocyclic
alkaloids, are important synthetic targets both in pharmaceutical
industries and in academic laboratories displaying rich chemistry
and various useful biological activities.>®> They are widely present
as key structural motifs in a large number of bioactive drugs such
as Quinine, Chloroquine, Luotonine-A, and Camptothecin. Further-
more, quinoline derivatives find applications in flavoring agents?4
and in luminescence chemistry.?*® In addition quinolines are
valuable synthons for the preparation of nano-and meso-structures
with enhanced electronic as well as photonic functions.?®
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In view of the immense biological significance of these heterocycles,
many synthetic protocols involving multicomponent strategies have
been developed.25?” However, despite the potential utility of the meth-
ods published so far, they exhibit varying degrees of successes as well
as limitations such as harsh reaction conditions, expensive catalysts/
reagents, toxic organic solvents, cumbersome experimental proce-
dures, and long reaction time. Therefore, to overcome these problems
development of more general, efficient, eco-compatible, and viable
protocols are highly desirable. In this context, in recent years, much
attention has been focused on acid catalyzed organic reactions in
water. p-Toluenesulfonic acid (PTSA) is environmentally benign, inex-
pensive, and economically feasible catalyst that offers several advanta-
ges.2® Therefore, organic reactions that exploit PTSA catalyst in water
could prove ideal for industrial synthetic organic chemistry applica-
tions provided that the catalyst shows high catalytic activity in water.
In continuation of our efforts for the development of one-pot three-
component protocols?® under solvent-free conditions to synthesize
biologically important heterocycles, we have explored a straightfor-
ward convergent one-pot synthesis of pyrimido[4,5-b]quinoline-
2,4,6-triones and indeno fused pyrido[2,3-d] pyrimidine-2,4,6-triones
in water promoted by PTSA.>°

Our literature survey at this stage revealed that, there is no re-
port yet available on the synthesis of pyrimido[4,5-b]quinolines
and indeno fused pyrido[2,3-d]pyrimidines in one-pot via three-
component coupling of 6-amino-1,3-dimethyluracil, aldehydes,
and cyclic-1,3-diketones in water promoted by PTSA. The utility
of multicomponent reactions has been significantly expanded if
they are conducted in water or under solvent-free conditions.
The aim of this present protocol is to highlight the synergistic ef-
fect of the combined use of MCRs and water for the development
of new eco-compatible strategy for heterocyclic synthesis.

Initially, the three-component coupling reaction of 6-amino-
1,3-dimethyluracil 1, 4-nitrobenzaldehyde 2a, and dimedone 3a
under solvent-free conditions and in water, separately was exam-
ined without any catalyst. It was found that only trace amount of
the desired product 4a was observed on TLC plate even after 14 h
of reflux, while undesired Knoevenagel condensation product
was formed as a major one (Table 1, entries 1 and 2) under above
two conditions. Subsequently, various acidic catalysts such as
Si0,-H,S0y4, Si0,-HCIO4, InCls, P,0s, and PTSA were tested in
water and under solvent-free conditions, separately. SiO,—H,SO4
and SiO,-HClO4 could trigger the reaction providing only trace
amount of the product after 12 h of heating, while InCl; and P,0s5

Table 1

Optimization of reaction conditions®
Entry  Catalyst (mol %) Solvent  Time (h) Temp (°C)  Yield® (%)
1 None None 14 90 Trace®
2 None H,0 14 90 Trace®
3 Si0,-H,S04 (10) None 12 90 Trace®
4 Si0,-H,S04 (10) H,O 12 90 Trace®
5 Si0,-HClO4 (10) None 12 90 Trace®
6 Si0,-HClO4 (10) H,0 12 90 Trace®
7 InCl; (10) None 4 90 554
8 InCl; (10) H,0 4 90 464
9 P,05 (10) None 4 90 25¢
10 P,0s5 (10) H,0 4 90 4014
11 p-TSA (10) None 3 90 62
12 p-TSA (10) H,0 3 90 77
13 p-TSA (20) H,0 25 90 94
14 p-TSA (30) H,0 25 90 90
15 p-TSA (20) H,0 4 80 80
16 p-TSA (20) H,0 6 70 72

@ All the reactions were carried out using 6-amino-1,3-dimethyluracil 1
(1.0 mmol), 4-nitrobenzaldehyde 2a (1.0 mmol), and dimedone 3a (1.0 mmol).

b Isolated pure yields.

¢ Knoevenagel condensation product was obtained as a major one.

4 Xanthene as side product was formed.

gave the desired product in low yield along with octahydroxanth-
ene-1,8-dione as a side product (Table 1, entries 3-10). To our de-
light, PTSA gave the desired product in good yield under above two
conditions. However, the reaction in water showed superiority
over the solvent-free conditions in terms of yield (Table 1, entries
11 and 12). PTSA loading was subsequently examined and it was
found that 20 mol % of PTSA provided the maximum yield in min-
imum time (Table 1, entry 13). We immediately undertook a study
to examine the effect of temperature on this transformation, and
the results demonstrated that 90 °C appeared to be the optimum
temperature. Thus, the best yield, cleanest reaction, and most facile
work-up was achieved employing 20 mol % of PTSA in water at
90 °C. The starting materials were completely consumed to afford
the desired product that was highly visible on TLC under UV
light.3° Furthermore, simple work-up in water opened the route
for an entirely green and highly efficient one-pot reaction in water.

Encouraged by the remarkable results obtained with the above
reaction conditions, and in order to show the generality and scope
of this new protocol, we used various aldehydes and cyclic 1,3-
diketones (Scheme 1). Notably, a wide range of aldehydes (aro-
matic, heteroaromatic, and aliphatic) were well tolerated under
the reaction conditions (Table 2). However, in comparison to aro-
matic aldehydes, heteroaromatic, and aliphatic aldehydes gave
somewhat lower yields. In order to further investigate the scope
of this reaction with indane-1,3-dione, the reaction of 1 and 2 with
5 was examined under the above optimized conditions, and found
to produce tetracyclic indeno fused pyrido[2,3-d]pyrimidines 6a-h
in good yields (Table 2). This is particularly attractive because com-
pounds with indeno fused pyrido[2,3-d]pyrimidine motif show a
wide range of biological activities. Table 2 clearly demonstrates
that PTSA is an excellent catalyst for this one-pot three-component
reaction in water. Notably, the reactions were clean and all the
products were easily isolated simply by filtration and washing
with water. The structures of compounds 4 and 6 were established
by their satisfactory elemental analyses and spectral ('H, 1*C NMR,
IR, and Mass) studies,*® and by comparison with known com-
pounds reported in the literature.2627

A probable mechanistic rationale portraying sequence of events for
this domino coupling is postulated in Scheme 2. The first step is be-
lieved to be the acid-catalyzed Knoevenagel condensation between
the aldehyde and cyclic 1,3-diketone to generate adduct A, which acts
as Michael acceptor. The 6-amino-1,3-dimethyl uracil 1 attacks to ad-
duct A in a Michael-type fashion to produce an open chain intermedi-
ate B. Intermediate B undergoes intramolecular cyclization by the
reaction of nucleophilic amino function to carbonyl group followed
by dehydration to form pyrimido[4,5-b]quinoline 4.

In conclusion, we have developed a simple one-pot three-
component synthesis of pyrimido[4,5-b]quinoline-2,4,6-triones
and indeno fused pyrido[2,3-d]pyrimidines by the coupling of
6-amino-1,3-dimethyluracil, aldehydes, and cyclic 1,3-dicarbonyl
compounds in water promoted by PTSA. This protocol is endowed
with several advantages such as convergent nature, improved

0} o}
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0] N NH, 2 O
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Scheme 1. Synthesis of pyrimido[4,5-b]quinolines 4a-t and indeno fused pyr-
ido[2,3-d]pyrimidines 6a-h.
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Table 2
Exploration of the substrate scope for the synthesis of 4 and 6
Products® 4,6  Aldehyde 2 (R') Diketones 3,5 Time (h) Yield® (%)
4a 4-NO,CgH,4 (2a) RZ=CH; (3a) 2.5 94
4p?7? 4-BrCgH, (2b) 3a 3.0 91
4c%7a 4-CICgH4 (2¢) 3a 25 89
4d%7 4-CH;CgH,4 (2d) 3a 25 85
4e 3-OHCgH4 (2e) 3a 3.0 86
4272 4-OMeCgH, (2f) 3a 3.0 84
4g 2-NO,CsH, (28) 3a 3.0 90
4h 3-NO,CgH,4 (2h) 3a 3.0 86
4i%7¢ CeHs (2i) 3a 3.0 85
4j272 2-Thienyl (2j) 3a 3.0 82
4k i-Propyl (2k) 3a 3.5 66
41 Cyclohexyl (21) 3a 35 62
4m?5P 4-NO,CgH,4 (2a) RZ=H (3b) 25 95
4n 3-NO,CgH, (2h) 3b 2.0 87
40 2,4-Cl,CeH3 (2m) 3b 25 90
4p?cP 4-CH5CgH,4 (2d) 3b 2.5 88
4q CeHs (2i) 3b 25 86
4p26> 4-FCgH,4 (2n) 3b 2.5 86
4s 2-CICH,4 (20) 3b 3.0 87
4t 2-OMeCgH,4 (2p) 3b 3.0 84
6a%7 4-BrCgH,4 (2b) 5 3.0 88
6b?7 4-CICgH4 (2¢) 5 25 386
6c272 4-FCgH, (2n) 5 25 90
6d272 3-NO,CgHy (2h) 5 3.0 82
6e?7? 4-CH3CgH,4 (2d) 5 3.0 86
6f 5-Br-2-OHCgH; (2q) 5 3.0 76
6g 2-Thienyl (2j) 5 3.5 72
6h i-Propyl (2k) 5 3.5 60

@ Literature reference.
b Isolated yields.
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Scheme 2. Plausible mechanism for the formation of 4.

yields, clean reaction, easy operation, and simple purification. Fur-
thermore, it can be considered as environmental friendly, since it
uses water as the reaction medium, and purification is done by
simple filtration and washing, avoiding the use of organic solvents
at any point of the experimental procedure. No extraction or sepa-
ration by column chromatography is necessary.
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General procedure for the synthesis of compounds 4 and 6: To a mixture of 6-
amino-1,3-dimethyluracil (1.0 mmol), aldehyde (1.0 mmol), and cyclic 1,3-
diketone (1.0 mmol) in distilled water (10 mL) 20 mol % of PTSA was added.
The reaction mixture was heated at 90 °C for the stipulated period of time till
the full consumption of the starting materials (monitored by TLC). After
completion of the reaction, the reaction mixture was allowed to cool to room
temperature. The solid obtained was filtered and washed with water to get the
pure product in good yield. However, in some cases they were recrystallized
from ethanol. Data of some selected new compounds: 5-(4-Nitrophenyl)-1,3,8,8-
tetramethyl-7,8,9,10-tetrahydropyrimido[4,5-b]quinoline-2,4,6-trione (4a): 'H
NMR (300 MHz, DMSO-dg): § 9.12 (s, 1H, NH, D,0 exchangeable), 8.07 (d,
J=8.7Hz, 2H, ArH), 7.46 (d, ] = 8.7 Hz, 2H, ArH), 4.97 (s, 1H, CH), 3.45 (s, 3H,
NCH3), 3.07 (s, 3H, NCH3), 2.59 (d, J = 6.9 Hz, 2H, CH,), 2.23 (d, = 16.2 Hz, 1H,
CH), 2.03 (d, J = 15.9 Hz, 1H, CH), 1.07 (s, 3H, CH3), 0.87 (s, 3H, CHs). '>*C NMR
(75 MHz, DMSO-ds): 6 194.5, 160.6, 153.7, 150.4, 150.2, 145.7, 144.1, 129.0,
122.9, 110.5, 89.0, 56.0, 49.8, 34.6, 32.0, 30.2, 28.9, 27.6, 26.4, 18.5. IR (KBr):
v = 3468, 3272, 3095, 2960, 1700, 1644, 1511, 1378, 1244, 1081 cm™'. ESI MS
(m/z): 411 (M*+1); Anal. Calcd for Cy;H,N405: C, 61.45; H, 5.40; N, 13.65%.
Found C, 61.13; H, 5.62; N, 13.80%. 5-(3-hydroxyphenyl)-1,3,8,8-tetramethyl-
7,8,9,10-tetrahydropyrimido  [4,5-b]quinoline-2,4,6-trione  (4e): 'H NMR
(300 MHz, DMSO-dg): 6 9.09 (s, 1H, NH, D,0 exchangeable), 8.97 (s, 1H, OH,
D,0 exchangeable), 7.42-7.35 (m, 2H, ArH), 7.18-7.10 (m, 2H, ArH), 4.83 (s, 1H,
CH), 3.44 (s, 3H, NCH3), 3.08 (s, 3H, NCHs), 2.56 (d, J = 6.9 Hz, 2H, CH5), 2.21 (d,
J=15.6 Hz, 1H, CH), 2.03 (d, J = 16.2 Hz, 1H, CH), 1.03 (s, 3H, CH3), 0.89 (s, 3H,
CH3s). >C NMR (75 MHz, DMSO-de): 6 198.5, 165.3, 161.0, 156.2, 154.2, 148.0,
149.9, 133.2, 121.0, 118.5, 96.4, 55.6, 45.3, 38.9, 35.1, 34.0, 33.6, 18.7. IR (KBr):
v =3397, 3279, 3220, 3098, 2963, 1701, 1658, 1623, 1495, 1455, 1382, 1246,
1213, 1147, 1052, 962, 869, 785 cm™'. ESI MS (m/z): 382 (M*+1); Anal. Calcd
for C21H»3N304: C, 66.13; H, 6.08; N, 11.02%. Found C, 66.30; H, 6.26; N, 11.34%.
5-(3-Nitrophenyl)-1,3-dimethyl-7,8,9,10-tetrahydropyrimido[4,5-b] ~ quinoline-
2,4,6-trione (4n): "H NMR (300 MHz, CDCl5): § 8.00-7.93 (m, 3H, ArH), 7.42
(t,] = 8.4 Hz, 1H, ArH), 6.30 (s, 1H, NH, D,0 exchangeable), 5.24 (s, 1H, CH), 3.56
(s, 3H, NCH3), 3.25 (s, 3H, NCH3), 2.62 (m, 2H, CH,), 2.39 (m, 2H, CH;), 2.07 (m,
2H, CH,). 13C NMR (75 MHz, CDCl3): 194.2, 160.9, 151.4, 150.8, 148.2, 147.8,
144.5, 135.2, 128.7, 122.4, 121.8, 113.5, 91.2, 36.3, 34.3, 27.4, 26.4, 204. IR
(KBr): v=3451, 3275, 3219, 3087, 2960, 2875, 1691, 1666, 1643, 1498, 1379,
1348, 1257, 1198, 1168, 1134, 1084, 1050, 946, 873, 817, 745 cm™ . ESI MS (m/
2): 383 (M*+1); Anal. Calcd for C;9H;gN4Os: C, 59.68; H, 4.74; N, 14.65%. Found:
C, 59.87; H, 4.85; N, 14.78%. 5-(2-Methoxyphenyl)-1,3-dimethyl-7,8,9,10-
tetrahydropyrimido[4,5-b]quinoline-2,4,6-trione  (4t): 'H NMR (300 MHz,
CDCl3): 6 9.02 (s, 1H, NH, D,0 exchangeable), 7.22-6.75 (m, 4H, ArH), 4.95
(s, 1H, CH), 3.68 (s, 3H, NCH3), 3.46 (s, 3H, NCH3), 3.04 (s, 3H, OCH3), 2.68-2.66
(m, 2H, CH,), 2.46-2.43 (m, 2H, CH,), 2.17-2.14 (m, 2H, CH,). '*C NMR
(75 MHz, CDCl3): 6 194.8, 160.7, 150.9, 150.4, 147.8, 147.5, 143.2, 134.5, 128.0,
121.9, 120.7, 112.6, 90.2, 56.4, 39.3, 38.3, 28.2, 27.6, 21.4. IR (KBr): v = 3245,
3159, 2972, 1698, 1668, 1656, 1349, 1247, 1178, 1064, 986, 867, 765 cm ™. ESI
MS (m/z): 368 (M*+1); Anal. Calcd for CoH»1N304: C, 65.38; H, 5.76; N, 11.44%.
Found: C, 65.51; H, 5.52; N, 11.60%. 1,3-Dimethyl-5-(5-bromo-2-
hydroxyphenyl)indeno[2',1':5,6]pyrido[2,3-d[pyrimidine-2,4,6-trione  (6f): 'H
NMR (300 MHz, CDCl3): 6 9.03 (s, 1H, OH, D,O exchangeable), 7.95 (d,
J=7.5Hz, 1H, ArH), 7.68-7.64 (m, 2H, ArH), 7.56-7.52 (m, 1H, ArH), 7.44 (d,
J=8.7Hz, 1H, ArH), 7.18(s, 1H, ArH), 6.84 (d, ] = 8.7 Hz, 1H, ArH), 3.90 (s, 3H,
NCH3), 3.38 (s, 3H, NCH3). '3C NMR (75 MHz, DMSO-dg): 6 185.3, 172.5, 170.3,
160.4,158.4,151.7,132.5,131.6, 130.4, 129.9, 128.1, 128.0, 125.7, 119.5, 118.7,
113.0, 35.2, 30.0. IR (KBr): v = 3409, 3063, 2965, 1730, 1670, 1578, 1436, 1362,
1245, 1160, 1089. cm™'. ESI MS (m/z): 465 (M'+1); Anal. Calcd for
CyoH14BrN3O04: C, 56.91; H, 3.04; N, 9.05%. Found C, 57.23; H, 2.85; N, 9.23%.
1,3-Dimethyl-5-(iso-propyl)indeno[2',1':5,6] pyrido[2,3-d] pyrimidine-2,4,6-trione
(6h): '"H NMR (300 MHz, CDCl5): 6 7.93 (d, J=7.2Hz, 1H, ArH), 7.80 (d,
J=7.2Hz, 1H, ArH), 7.67 (t,] = 7.5 Hz, 1H, ArH), 7.56 (t, ] = 7.5 Hz, 1H, ArH), 3.86
(s, 3H, NCH3), 3.50 (s, 3H, NCH3), 2.49-2.38 (m, 1H, CH), 0.87 (s, 6H, CHs). 1*C
NMR (75 MHz, DMSO-dg): 6 180.2168.5, 165.3, 164.6, 159.4, 155.3, 146.2,
130.7, 129.1, 128.5, 125.3, 122.6, 107.5, 37.5, 30.4, 28.3, 28.2, 22.4. IR (KBr):
v =2987,1755, 1700, 1555, 1510, 1400, 1398, 1330, 1250, 1185, 1040 cm~. ESI
MS (m/z) 365(M* + 1); Anal. Calcd for C;9H;7N305: ¢, 68.05; H, 5.11; N, 12.53%.
Found C, 68.26; H, 5.43; N, 12.29%.
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