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ABSTRACT: The present work explores an ultrasound-assisted efficient synthesis of two
biologically potent fused scaffolds i.e., pyrimido[4,5-b]quinolines and pyrido[2,3-d]pymidines
via multi-component reaction of 1,3-dimethyl-6-amino-uracil, cyclic ketones and substituted
aldehydes using Fe(DS)s as Lewis acid-surfactant-combined catalyst in aqueous medium. The
described procedure is environmentally benign and offers several advantages such as very
simple work-up, mild reaction conditions and reusability of catalyst.
KEYWORDS:Pyrimido[4,5-b]quinoline,Pyrido[2,3-d]pymidine,Ultrasound,Environmentally
benign.

1. INTRODUCTION

Heterocyclic compounds have gained vast significance in human life because of their diversity
of applications. Nitrogen containing heterocycles have received unique attention in
pharmaceutical chemistry, due to their wide medicinal utility'. Pyrimidine derivatives are well
known for their biological activities" and numerous pyrimidine and uracil-based compounds
have found application in medicine and therapeutics as used in the chemotherapy of cancer'
and against HIV and viral diseases". Heterocycles with two or more heterocyclic moieties are
called as amalgamated or fused heterocycles and these heterocycles is the traditional divisions
of heterocyclic chemistry and cover both biologically and industrially applications.

In recent years, significant attention has been focused on the synthesis of diverse fused
pyrimidine derivatives, but herein we focused our attention only on two fused systems i.e.,
pyrimido[4,5-b]quinoline and pyrido[2,3-d]pyrimidines due to their significant biological
interest. Pyrimido[4,5-b]quinoline is one of the important class of heterocyclic moiety that
possesses biological properties such as analgesic, antiviral', anti-inflammatory"",
antimicrobial V', antifungal™ and anticancer activity*. Likewise pyrido[2,3-d]pyrimidine
derivatives are also reported as calcium channel antagonists®, tyrosine kinase inhibitors*" and
also used in acute diarrhea treatment*".

Various substituted pyrimido[4,5-b]quinolines and  pyrido[2,3-d]pyrimidines have been
synthesized by diverse procedures using different catalyst and reaction conditions XV and it
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was found that the substituted 6-amino-uracils are important synthon required for annulations
of pyrimidine ring onto other heterocyclic rings to form fused derivatives.

The reported procedures for synthesis of these fused pyrimidine systems required use of
expensive and toxic transition metals, volatile organic solvents, corrosive reagents, non-
recoverable catalysts and harsh reaction conditions is some limitations that make these
procedures less suitable. Therefore, it is urgently necessary to expand procedures that are more
economically feasible and environmentally friendly for the synthesis of pyrido[2,3-
d]pyrimidines and pyrido[2,3-d]pyrimidines.

Hence, in continuation of our efforts toward the development of one-pot, eco-compatible and
viable protocols for synthesis of biologically active heterocycles®>¥!, herein we developed a
straightforward convergent three component one-pot synthesis for two pyrimidine fused
system such as pyrimido[4,5-b]quinolines4a-f and pyrido[2,3-d]pyrimidines 5a-f in water
using Sodium Dodecyl Sulphate (Fe(DS)3) as a Lewis acid surfactant combined catalyst under
sonication (scheme-1).

(
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1 CH;
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CHO Water ; 80°C
18-20 min.
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3

Scheme-1: Multicomponent synthesis of ofpyrimido[4,5-b]quinoline-2,4-diones (4a-
f)andpyrido[2,3-d]pymidine-2,4-diones (5a-f).

J

2. EXPERIMENTAL SECTION

Analytical grade solvents and commercially available reagents were used without further
purification. The melting points of all compounds were determined on a Digital melting point
apparatus. The purity of compounds was checked on thin layers of silica Gel-G coated glass
plates using benzene: ethyl acetate (8:2) as eluent. IR spectra were recorded on a Shimadzu FT
IR-8400S spectrophotometer using KBr pellets. *H and *C NMR spectra were recorded in
deuterium solvent (DMSO-ds) on a Jeol Resonance at 400 MHz. Chemical shifts are expressed
in parts per million (ppm) using tetramethylsilane (TMS) as an internal standard. The Mass
spectra of representative compounds were obtained using JEOL SX-102 spectrometer at 70 eV.
Elemental analyses were carried out on a Euro—E 3000 CHN Elemental analyzer.
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3. GENERAL PROCEDURE FOR SYNTHESIS OF PYRIMIDO[4,5-
B]JQUINOLINES (4a-f) AND PYRIDO[2,3-D]PYRIMIDINES (5a-f).

A mixture of 6-amino-1,3-dimethyluracil 1 (1 mmol), cyclohexanone 2a/cyclopentanone 2b (1
mmol), benzaldehyde 3 (1 mmol) and 10 mol % of Fe(DS)s was taken in 25 ml of tap water in
a flask. Then, the mixture was sonicated for appropriate time at amplitude of 50% (power 50
W) with 12 mm probe. At the end of reaction confirmed by TLC, the crude solid compound
was filtered and washed with solvent (water and ethanol) and then crystallized to obtained pure
corresponding product. In order to recover the catalyst, HoO was evaporated under reduced
pressure, and the resulting solid was washed with diethyl ether, and dried under reduced
pressure. All Synthesized compounds were characterized on the basis of IR, NMR and Mass
spectral data.

4. ANALYTICAL DISCUSSION
5-(4-Methoxy-phenyl)-1,3-dimethyl-6,7,8,9-tetrahydro-1H-pyrimido[4,5-b]quinoline-2,4-
(1H,3H)-dione (4a): IR (KBr): 2960, 1704 cm™; 'H NMR : § 1.95-2.12 (m, 4H, CH,), 2.39-
2.50 (m, 4H, CHy), 3.27(s, 6H, N-CHa), 3.69 (s, 3H, O-CH3), 6.70-6.94 (m, 4H, Ar-H) ppm;
13C NMR: & 21.23, 26.59, 30.08, 31.24, 35.80, 52.41, 119.12, 120.81, 126.17, 128.27, 129.44,
129.81, 129.94, 130.21, 132.69, 135.03, 138.97, 148.36, 162.49, 169.78 ppm; MS (m/z):
352[M+H]" ; Anal. calcd. for C2oH2:1N303:C 68.36, H 6.02, N 11.96 %. Found: C 64.56, H
6.05, N 11.91 %.

5-(4-Chloro-phenyl)-1,3-dimethyl-6,7,8,9-tetrahydro-1H-pyrimido[4,5-b]quinoline-2,4-
(1H,3H)-dione (4b): IR (KBr): 2962, 1705 cm™; 'H NMR: & 1.92-2.24 (m, 4H, CH>), 2.40-
2.49 (m, 4H, CHy), 3.24 (s, 6H, N-CHj3), 6.65-6.89 (m, 4H, Ar-H) ppm; 3C NMR : § 21.32,
26.54, 30.11, 31.26, 35.08, 119.21, 120.78, 126.15, 128.23, 129.46, 129.84, 129.86, 130.12,
132.59, 135.30, 138.79, 148.30, 162.41, 169.87 ppm; Anal. calcd. for C19H1g CIN3O> :C 64.14;
H 5.10; N 11.81 %. Found: C 64.34, H 5.06, N 11.86 %.

5-(4-Bromo-phenyl)-1,3-dimethyl-6,7,8,9-tetrahydro-1H-pyrimido[4,5-b]quinoline-2,4-
(1H,3H)-dione (4c): IR (KBr): 2962, 1708 cm™; *H NMR: & 1.89-2.22 (m, 4H, CH,), 2.35-
2.42 (m, 4H, CH,), 3.28 (s, 6H, N-CH3), 6.52-6.92 (m, 4H, Ar-H) ppm; *C NMR: & 21.28,
26.45, 30.65, 31.31, 35.10, 118.21, 121.78, 124.15, 128.30, 129.41, 129.89, 130.12, 130.46,
132.59, 135.03, 138.59, 148.34, 162.46, 169.89 ppm; Anal. calcd. for C19H1g BrN3O- :C 57.01,
H 4.53, N 10.50 %. Found: C 57.21, H 4.56, N 11.45 %.

5-(4-Nitro-phenyl)-1,3-dimethyl-6,7,8,9-tetrahydro-1H-pyrimido[4,5-b]quinoline-2,4-
(1H,3H)-dione (4d): IR (KBr): 2962, 1705 cm™; 'H NMR : § 1.92-2.25 (m, 4H, CH>), 2.38-
2.40 (m, 4H, CHy), 3.31 (s, 6H, N-CH3), 6.55-6.89 (m, 4H, Ar-H) ppm; *C NMR: & 21.22,
26.39, 30.56, 31.24, 35.15, 118.29, 121.71, 124.20, 128.31, 129.46, 129.80, 130.21, 130.43,
132.95, 135.16, 138.58, 148.24, 162.56, 169.81 ppm; Anal. calcd. for C1gH18 N4O4 :C 62.29, H
4.95, N 15.29 %. Found: C 62.49, H 4.93, N 15.34 %.

5-(4-Methyl-phenyl)-1,3-dimethyl-6,7,8,9-tetrahydro-1H-pyrimido[4,5-b]quinoline-2,4--
(1H,3H)-dione (4e): IR (KBr): 2962, 1706 cm™; *H NMR: & 1.88-2.15 (m, 4H, CH_), 2.27 (s,
3H, CHs), 2.29-2.36 (m, 4H, CH>), 3.34 (s, 6H, N-CHj3), 6.54-6.84 (m, 4H, Ar-H) ppm; 3C
NMR: 6 21.19, 22.53, 26.29, 30.50, 31.21, 35.18, 118.31, 121.70, 124.21, 128.37, 129.40,
129.89, 130.25, 130.34, 132.59, 135.20, 138.68, 148.14, 162.66, 169.97 ppm; Anal. calcd. for
C20H21N307 :C 71.62; H 6.31; N 12.53 %. Found: C 71.82, H 6.34, N 12.58 %.
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5-(4-Fluoro-phenyl)-1,3-dimethyl-6,7,8,9-tetrahydro-1H-pyrimido[4,5-b]quinoline-2,4-
(1H,3H)-dione (4f): IR (KBr): 2960, 1703 cm™;!H NMR : § 1.88-2.20 (m, 4H, CH,), 2.23-
2.38 (m, 4H, CHy), 3.36 (s, 6H, N-CHs), 6.49-6.78 (m, 4H, Ar-H) ppm; *C NMR:
821.2426.31, 30.55, 31.19, 35.24, 118.32, 121.71, 124.28, 128.36, 129.47, 129.86, 130.22,
130.31, 132.52, 135.35, 138.86, 148.41, 162.69, 169.85 ppm; MS (m/z): 340[M+H]" ; Anal.
calcd. for C19H18 FN3O; :C 67.24, H 5.35, N 12.38 %. Found: C 67.44, H 5.38, N 12.43 %.

5-(4-Fluorophenyl)-1,3-dimethyl-1,6,7,8-tetrahydro-2H-cyclopenta[5,6]pyrido[2,3-
d]pyrimidine-2,4-(3H)-dione(5a): IR (KBr): 2970, 1703 cm™; *H NMR : § 2.24 (m, 2H, CH>),
2.41-2.56 (m, 4H, CHy), 3.27 (s, 6H, N-CHz3), 6.34-6.89 (m, 4H, Ar-H) ppm; *C NMR:
822.22,30.14, 31.26, 35.65, 119.21, 120.63, 126.12, 128.65, 129.48, 129.84, 130.36, 132.78,
135.42, 138.41, 148.23, 162.87, 169.82 ppm; Anal. calcd. for C1gH16FN302:C 66.45; H 4.96;
N 12.92 %. Found: C 66.65, H 4.92, N 12.97 %.
5-(4-Chlorophenyl)-1,3-dimethyl-1,6,7,8-tetrahydro-2H-cyclopenta[5,6]pyrido[2,3-
d]pyrimidine-2,4(3H)-dione(5b): IR (KBr): 2975, 1709 cm™; *H NMR :§ 2.26 (m, 2H, CH>),
2.44-2.61 (m, 4H, CHy), 3.25 (s, 6H, N-CHs), 6.34-6.86 (m, 4H, Ar-H) ppm; C NMR:
8 22.20, 30.15, 31.43, 35.68, 119.13, 120.76, 126.11, 128.25, 129.39, 129.90, 130.25, 132.97,
135.33, 138.74, 148.32, 162.57, 169.89 ppm; Anal. calcd. for C1sH16CIN3O- :C 63.25; H 4.72;
N 12.29 %. Found: C 63.45, H 4.77, N 12.24 %.

5-(4-Bromophenyl)-1,3-dimethyl-1,6,7,8-tetrahydro-2H-cyclopenta[5,6]pyrido[2,3-
d]pyrimidine-2,4(3H)-dione (5¢):IR (KBr): 2975, 1705 cm™; 'H NMR: § 2.28 (m, 2H, CH>),
2.42-2.58 (m, 4H, CHy), 3.23 (s, 6H, N-CHs), 6.32-6.84 (m, 4H, Ar-H) ppm; C NMR:
& 22.27,30.18, 31.39, 35.65, 119.24, 120.67, 126.10, 128.52, 129.46, 129.98, 130.35, 132.87,
135.23, 138.47, 148.23, 162.57, 169.76 ppm; MS (m/z): 387[M+H]"; Anal. calcd. For
C1sH16BrNzO; :C 55.97; H 4.18; N 10.88 %. Found: C 55.77, H 4.15, N 10.83 %.

5-(4-Methoxyphenyl)-1,3-dimethyl-1,6,7,8-tetrahydro-2H-cyclopenta[5,6]pyrido[2,3-
d]pyrimidine-2,4(3H)-dione (5d): IR (KBr): 2979, 1704 cm™; 'H NMR : §2.21 (m, 2H,
CHy), 2.39-2.59 (m, 4H, CH>), 3.28 (s, 6H, N-CHz), 3.59 (s, 3H, O-CHz3), 6.22-6.90 (m, 4H,
Ar-H) ppm; 3C NMR : § 21.28, 30.09, 31.34, 35.79, 52.14, 119.21, 120.88, 126.15, 128.28,
129.41, 129.86, 130.21, 132.95, 135.31, 138.79, 148.38, 162.58, 169.84 ppm; Anal. calcd. for
C19H19N303 :C 67.64; H 5.68; N 12.46 %. Found: C 67.84, H 5.65, N 12.51 %.

5-(4-Methylphenyl)-1,3-dimethyl-1,6,7,8-tetrahydro-2H-cyclopenta[5,6]pyrido[2,3-
d]pyrimidine-2,4(3H)-dione (5e): IR (KBr): 2978, 1704 cm™;*H NMR: & 2.23 (m, 2H, CH>),
2.32-2.61(m, 4H, CH2), 2.68 (s, 3H, CH3), 3.25 (s, 6H, N-CHs), 6.37-6.85 (m, 4H, Ar-H) ppm:
BBCNMR: 8 21.24,22.55,30.14, 31.46, 35.72, 119.31, 120.85, 126.21, 128.32, 129.48, 129.79,
130.31, 132.85, 135.21, 138.69, 148.48, 162.68, 169.84 ppm; Anal. calcd. for C19H19N30,:C
71.01; H5.96; N 13.08 %. Found: C 71.21, H 5.93, N 13.03 %.

5-(4-Nitrophenyl)-1,3-dimethyl-1,6,7,8-tetrahydro-2H-cyclopenta[5,6]pyrido[2,3-
d]pyrimidine-2,4(3H)-dione (5f): IR (KBr): 2978, 1704 cm™; *H NMR: § 2.27 (m, 2H, CH>),
2.47-2.59 (m, 4H, CHy), 3.22 (s, 6H, N-CHs), 6.43-6.98 (m, 4H, Ar-H) ppm; C NMR:
o 22.19, 30.41, 31.62, 35.56, 119.12, 120.36, 126.21, 128.56, 129.84, 129.94, 130.63, 132.87,
135.24, 138.14, 148.32, 162.78, 169.83 ppm; Anal. calcd. for C1sH16N4O4:C 61.36; H 4.58; N
15.90 %. Found: C 61.56, H 4.55, N 15.95 %.
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5. RESULTS AND DISCUSSION
Sodium Dodecyl SulphateFe(DS)shas been prepared by literature method™'. In order to
optimization of reaction conditions and to find out the best catalyst and solvent, we have carried
out long screening experiments using various catalyst and solvents under sonication.
Sonochemistry means the use of ultrasonic irradiation in chemical synthesis is a safe
and green chemical nontraditional approach and recently attracted the attention of scientist X,
In comparison to traditional approach it offers many advantages such as easy operation,
convenient and easily controlled and handled. Chemical reaction under sonication completed
in shorter time with high yield under mild reaction conditions. The acceleration of reaction rate
under sonication can be explained by the phenomenon of acoustic cavitation and due to this a
very high temperature and pressure generated instantly in reaction mixture which leads the
formation of product with instance reaction rate >,

For present investigation 1, 3-dimethyl-6-amino-uracil 1, cyclohexanone 2a and4-
methoxy benzaldehyde 3 have been chosen as a model reaction. Initially, the model reaction
has been carried out under ultrasonic irradiation without using any catalyst in aqueous medium,
but present reaction was failed to occur even after 60 min. irradiation (table-1, entry-1). Then
reaction was carried out in agqueous medium using various catalysts such as p-TSA, boric acid,
ZnClz, MgCly, sulfamic acid, FeCls and surfactant SDS (table-1, entry-2-8). The results
obtained from the (table-1), we find that the Lewis acid catalyst worked efficiently than
Bronsted catalysts and out of other Lewis acids catalyst the FeClz was found good but not best.
The yield of product is also moderate using sodium docecyl sulfate (SDS) as surfactant.
Further, to improve the yield of product 4a under eco-friendly conditions using water as
solvent, we have carried out the present reaction using Fe(DS)s as LASC catalyst under
sonication. The results obtained using Fe(DS)s are very encouraging and excellent yield of
product was obtained in shorter reaction time (entry-9). It is relevant to state that the addition
of Fe(DS)s changed the initially floating reaction mass into a homogeneous mixture, which on
during sonication becomes turbid emulsion.

Table -1: Optimization of reaction conditions under sonication for the synthesis of 5-(4-
methoxy-phenyl)-1,3-dimethyl-6,7,8,9-tetrahydro-1H-pyrimido[4,5-b]quinoline-2,4-(1H,3H)-
dione 4a°.

S.No Catalyst (mol %) Solvent Time (Min) | Yield (%)*
1 No catalyst H20 60 min 00

2 p-TSA (10 mol %) H20 40 min 48

3 Boric acid (10 mol %) H20 40 min 35

4 Sulphamic acid (10 mol %) H20 40 min 40

5 SDA (10 mol %) H20 40 min 55

6 MgCl> (10 mol %) H20 40 min 48

7 ZnCl2 (10 mol %) H20 40 min 50

8 FeCls (10 mol %) H20 40 min 66

9 Fe(DS)3(10 mol %) H,O 20 min 90

10 Fe(DS)s (10 mol %) 1,4-dioxane 20 min 70

11 Fe(DS)s (10 mol %) Acetonitrile 20 min 72

12 Fe(DS)s (10 mol %) CH2CI> 20 min 75

13 Fe(DS)3 (5 mol %) H.O 20 min 70

14 Fe(DS)3 (15 mol %) H20 20 min 90(89,87,86,85)"
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43-dimethyl-6-amino-uracil1(1mmol), cyclohexanone 2a(1mmol), and4-methoxy
benzaldehyde 3 (Immol).
b Yields of the consequent runs.

After that, to check the effect of solvent the model reaction was also performed in
various organic solvents such as 1,4-dioxane, CH3CN and CHCI; (table-1, entries 10-12) under
sonication in presence of Fe(DS)s as catalyst. The results showed that using water as solvent
best results were found as compared to other tested solvents which make this strategy further
greener and suitable. The role of solvents under sonication is playing an important role as Imax
(maximum cavitation intensity) and Timax(the temperature at Imax is reached) of any solvent have
a profound effect on sonochemical reactivity for water Imax is 100), the Imax Of water is
responsible for the increase in the reaction rate as compared to the other solvents for which Imax
is lower Xl The effect of Fe(DS)s amount was also checked by changing the loading
amount to 5%, 10%, and 15%, it was observed that 10 mol % of Fe(DS)3 provided the upper
limit yield (table-1, entry13-14). Furthermore, after the completion of the reaction, the catalyst
was easily recovered and reused. Recovered Fe(DS)s used for several times for the model
reaction under optimize reaction conditions and it was observed that the catalytic activity of
Fe(DS)s was not lost even after five runs there is no notable change observed in yield (table-1,
entryl14).

After optimization of reaction conditions and to estimate the scope and generality of
the protocol the reaction has been carried out with diverse type of substituted aldehydes for
synthesis of various pyrimido[4,5-b]Jquinoline (4a-f). The results are presented in table-3.
Further, to extend our work we have also used cyclopentanone2b as cyclic ketone in place of
cyclohexanone to obtained pyrido[2,3-d]pyrimidine derivatives 5a-f (Table-4).

Table-3: Preparation of pyrimido[4,5-b]quinolines4a-f hybrids under optimized conditions

R Products | R Yield” Mp (°C)
(%)
4a 4-OCHs 90 350-352
0 4b 4-Cl 89 310-312
H;C Q . : _
N c 4-Br 89 290-292
)\ | P 4d 4-NO; 89 270-272
o N N 4 4-CH 88 276-278
CH € 3
* gk 4f 4F 90 340-342

*|solated yields. All products formed in 18-20 min. irradiations under sonocator.
Table-4: Preparation of pyrido[2,3-d]pyrimidines (5a-f) hybrids under optimized conditions

R Products R Yield” (%) | Mp (°C)
5a 4-OCHs 85 259-261°C

o 5b 4-Cl 87 262-264

5c 4-Br 88 252-254

H3C\
N = 5d 4-NO; 87 228-230
O)\N Ny 5e 4-CHs 88 248-250
| 5f 4-F 90 333-335
CH3 541
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*1solated yields. All products formed in 18-20 min. irradiations under sonicator.
Plausible mechanism

The proposed mechanism for synthesis of pyrimido[4,5-b]quinolinesda-
fandpyrido[2,3-d]pyrimidines 5a-f have been presented in scheme-2. The organic part of
surfactant in Fe(DS)z form micelles in aqueous medium with hydrophilic side outside and
hydrophobic side inner side. The organic substrate 6-amino-1,3-dimethyluracil 1, cyclic
ketones 2 and aldehyde 3 are forced into the hydrophobic core and hydrophobic force
compressed the reactants together in a tiny space. During the reaction Fe*2 ions coordinate with
carbonyl carbon and entered in hydrophobic core and act as Lewis acid catalyst to catalyze the
reaction. Entry-9 in table-1 clearly justified that presence and catalytic behavior of Fe*® ions.
The Lewis acidity of Fe*? is not found sufficient to catalyze the present reaction due to water
labile character of FeClz (table-1, entry-8). The mechanism of the reaction involves,
Knoevenagel condensation, Michael addition, and then intra molecular cyclization catalyzed
by Fe** ions (Scheme 2).

H,0

H,0

H,0

H,0

H,0
H,0
H,0 Aromatization
-H,0
2 H,0
H,0

H,0
H,0

Scheme 2: Plausible mechanism for synthesis ofpyrimido[4,5-b]quinolines (4a-f).

6. CONCLUSIONS

In conclusion, we have developed a novel, efficient and eco-friendly synthetic strategy for the
synthesis of biologically potent fused systems pyrimido[4-5-b]quinolines and pyrido[2,3-
d]pyrimidines from three component reaction of 6-amino-1,3-dimethyluracil,
substitutedbenzaldehydes and cyclic ketones using Lewis acid-surfactant-combined catalyst
(Fe(DS)s in aqueous medium under sonicationin shorter reaction timewithhigh yields. Use of
wateras a reaction medium and sonication rendered this procedure cost-effective and
environmentally benign.
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