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INTRODUCTION

Quinazolin-4(3H)-one core moiety containing hetero-
cyclic compounds having prominent role in medicinal and
pharmaceutical fields. Quinazolinone and their derivatives by
varying substituents at 6-position showed diverse biological
activities. This scaffold is associated with anticancer, antihyper-
tensive, antimicrobial, anti-inflammatory and antimalarial
properties [1-5]. Particularly, quinazolinone based C-N/N-C
linked unsymmetrical bis aza heterocycles showed diverse
medicinal properties.

Various C-N linked 2-/3-heterylquinazolin-4(3H)-one
derivatives (heteryl moiety-substituted 1-pyrazolidinyl;
substituted 2-thiazolidinyl; 4-quinazolinyl; substituted 2-
thiadiazolidinyl; substituted 1-trazolyl) having wide range of
medicinal properties such as antidepressant, anti-inflammatory
ant tubercular, antibacterial, antifeedant, antiasthma activities
[6-10]. C-N Linked 6-heterylquinazolinones are also pharma-
cologically important leads and exhibited diverse biological
activities such as anti-inflammatory, bronchiodilatory, antitumour
activities [11-13].
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An important class of bioactive heterocyclic compounds
having acridinedione as privileged skeleton, are exemplified
for anticancer, antimalarial, antibacterial, anti-inflammatory,
antimicrobial, antileishmanial, fungicidal, antimulti-drug
resistant activities and multi-drug resistance (MDR) modifier
to overcome MDR problems in breast cancer treatment [14-22].
In addition, acridinediones exhibit photochemical properties
such as high fluorescence efficiency allowing them to be used
as laser dyes [23,24].

The synthesis of acridine-1,8-dione derivatives was desc-
ribed either in two step reaction via the isolation of tetraketone
intermediate [25] or in a multicomponent single step reaction
using aromatic aldehyde, 1,3-cyclohexanedione and aryl amines
as precursors. In recent past, the multicomponent reactions
(MCRs) have been widely used as an efficient synthetic prot-
ocol towards the preparation of number of organic and pharma-
cological materials. The three components condensation of
aldehydes, dimidione, amines as the most popular and classical
approach was developed and offers a cost-effective and simple
operational strategy to synthesize biologically active 1,8-dioxo-
decahydroacridine derivatives. In literature, the diverse catalysts
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were reported to catalyze this reaction such as proline [26],
carbon-based solid acid (SBSA) [27], ceric ammonium nitrate
[28], 4-dodecylbenzenesulfonic acid (DBSA) [29], p-TSA [30],
triethylbenzylammonium chloride (TEBAC) [31], triethyl
amine [14], In(OTf)3 [32], CuSO4·5H2O [33], [B(C6F5)3] [34],
nano TiO2 [35], Cu-doped ZnO [36], SiO2-Pr-SO3H [37], water
mediated oxalic acid [38], TPA NPs/PAA [39], Brønsted acidic
imidazolium salts containing perfluoroalkyltails [40], [CMIM]-
[HSO4] [41], MPTMS-functionalized silica immobilized with
biphenyl-2,2′-dioic acid [42], Ru catalyzed [43] and USY-zeolite
[44], etc.

Many protocols have been reported for the synthesis of
acridine-1,8-dione derivatives, but most of the methods have
certain limitations such as longer reaction time, use of expen-
sive catalysts, hazardous solvents, poor yields, cumbersome
workup and by products formation. Dorehgiraee et al. [45]
reported the synthesis of acridone-1,8-derivatives with excellent
yields in a simple single step three component reaction using
hydrochloric acid in catalytic amount as catalyst.

Moreover, the synthesis of unsymmetrical heterocyclic
hybrid compounds is a continuous trend in organic chemistry
to increase their potentiality as drug leads or drug intermediates
in pharmaceutical industry. To update, unsymmetrical N-C
linked bis azaheterocycles having C-linked heterocycle at
N-position of acridindione were not built in three component
reaction and also few quinazolinone based C-N linked bisaza-
heterocycles were known in literature. Thus, we report the
synthesis of a new series of unsymmetrical C-N linked bisaza-
heterocycles by incorporating the acridindione moiety at the
6-position of quinazolinone in one pot three components
reaction.

EXPERIMENTAL

All the reagents and solvents were of analytical grade  and
commercially available which were used directly without
further purification. Melting points were determined with
Polmon digital melting point apparatus (Model No:MP-96)
and are uncorrected. IR spectra were recorded on Bruker-27
in ATR method. The 1H NMR and 13C NMR spectra of the
synthesized compounds using TMS as an internal standard in
DMSO-d6 solvent were recorded on JEOL JNM-ECZ500R/S1
instrument at 500 MHz and 125 MHz, respectively. LC-Mass
spectra were obtained on Shimadzu instrument. ESI-HRMS
spectra were recorded. TLC plates, an aluminium sheets pre-
coated with silica gel 60 F254 were used to monitor the progress
of the reaction.

General procedure: A mixture of 6-aminoquinazolin-4-
(3H)-one (5) (1 mmol), 1,3-cyclohexane-dione (6) (2 mmol),
appropriate substituted aromatic or heterocyclic aldehydes (7)
(1 mmol) was taken in 3 mL of DMF and 2 drops of conc.
HCl was added as a catalyst. The resulting mixture was refluxed
for 6 h at 140 ºC. The completion of reaction was monitored
by TLC. After completion of reaction, the mixture was poured
into a crushed ice, the resulted solid was filtered. The crude
product was purified by column chromatography using pet.
ether-ethyl acetate as eluent to furnish the corresponding pure
products 8.

10-(3-Methyl-4-oxo-3,4-dihydroquinazolin-6-yl)-9-
phenyl-3,4,6,7,9,10-hexahydroacridine-1,8(2H,5H)-dione
(8a): Yield: 80%; m.p.: 144-145 ºC. IR (ATR, νmax, cm-1): 3025,
2945, 1674, 1634, 1229, 1180; 1H NMR (CDCl3, 400 MHz) δ:
8.46 (s,1H), 7.93 (s, 1H), 7.81 (d, J = 9.0Hz, 1H), 7.29-7.20
(m, 5H), 7.09 (t, J = 7.2 Hz, 1H), 5.13 (s, 1H), 3.49 (s, 3H),
2.18-1.60 (m, 12H); 13C NMR (DMSO-d6, 125 MHz): δ 195.4,
160.1, 152.4, 152.0, 149.6, 148.2, 146.5, 136.6, 135.8, 135.0,
129.2, 128.6, 128.0, 127.3, 126.4, 125.7, 122.0, 113.9, 36.2,
33.7, 31.1, 27.7, 20.6; ESI-HRMS [M+H]+ m/z calculated for
C28H25N3O3: 452.19; found at m/z 452.1956.

9-(4-Methoxyphenyl)-10-(3-methyl-4-oxo-3,4-dihydro-
quinazolin-6-yl)-3,4,6,7,9,10-hexahydroacridine-1,8(2H,
5H)-dione (8b): Yield: 79%; m.p.: 140-143 ºC. IR (ATR, νmax,
cm-1): 2944,2835, 1669, 1630, 1364, 1231; 1H NMR (DMSO-
d6, 500 MHz): δ 8.50 (s, 1H), 7.97 (s, 1H), 7.85 (d, J = 9.0 Hz,
1H), 7.23 (m, 3H), 6.81 (d, J = 8.3 Hz, 2H), 5.10 (s, 1H), 3.71
(s, 3H), 3.53 (s, 3H), 2.21-1.60 (m, 12H); 13C NMR (DMSO-d6,
125 MHz): δ 195.5, 160.1, 157.3, 152.1, 151.7, 149.6, 148.2,
138.8, 136.6, 135.8, 134.8, 129.1, 128.6, 128.3, 127.4, 126.4,
122.1, 114.3, 113.4, 54.9, 36.2, 33.7, 30.2, 27.7, 20.7; LCMS:
[M+H]+ m/z calculated for C29H27N3O3: 482.50; found at m/z
482.43.

9-(4-Bromophenyl)-10-(3-methyl-4-oxo-3,4-dihydro-
quinazolin-6-yl)-3,4,6,7,9,10-hexahydroacridine-1,8(2H,
5H)-dione (8c): Yield: 75%; m.p.: 141-142 ºC. IR (ATR, νmax,
cm-1): 2957, 2882, 1636, 1609, 1231, 1182; 1H NMR (DMSO-
d6, 500 MHz): δ 8.46 (s, 1H), 7.93 (s,1H), 7.81 (d, J = 9.0 Hz,
1H), 7.29 (d, J = 7.6 Hz, 2H), 7.22 (t, J = 7.6 Hz, 2H), 7.09 (t,
J = 7.6 Hz, 1H), 5.13 (s, 1H), 3.49 (s, 3H), 2.18-1.60 (m, 12H);
13C NMR (DMSO-d6, 125 MHz): δ 195.4, 160.1, 152.6, 152.3,
149.6, 148.2, 145.9, 136.5, 136.4, 135.7, 135.0, 130.8, 129.8,
129.1, 128.6, 127.3, 126.6, 122.1, 118.8, 113.4, 36.1, 33.7, 31.1,
27.9, 27.8, 20.6; ESI-HRMS: [M+H]+ m/z calculated for
C28H24BrN3O3: 530.10; found at m/z 530.10397.

9-(4-Chlorophenyl)-10-(3-methyl-4-oxo-3,4-dihydro-
quinazolin-6-yl)-3,4,6,7,9,10-hexahydroacridine-1,8-(2H,
5H)-dione (8d): Yield: 75%; m.p.: 139-143 ºC. IR (ATR, νmax,
cm-1): 1654, 1633, 1274, 1178; 1H NMR (CDCl3, 400 MHz):
δ 8.35 (d, J = 2.5 Hz, 1H), 8.22 (s, 1H), 7.93 (d, J = 8.53 Hz,
1H), 7.61 (d, J = 8.53 Hz, 1H), 7.35 (d, J = 8.03 Hz, 2H), 7.22
(d, J = 8.03 Hz, 2H), 5.39 (s, 1H), 3.69 (s, 3H), 2.18-1.60 (m,
12H); 13C NMR (CDCl3, 100 MHz): δ 195.4, 160.2, 154.0,
153.8, 149.4, 148.2, 138.2, 137.6, 135.8, 133.2, 129.2, 128.3,
127.7, 127.2, 122.4, 121.4, 119.2, 110.9, 109.9, 36.2, 33.6, 32.7,
27.8, 20.8; ESI-MS [M+H]+ m/z calculated for C28H24BrN3O3:
486.15; found at m/z 486.10.

9-(2,4-Dichlorophenyl)-10-(3-methyl-4-oxo-3,4-
dihydroquinazolin-6-yl)-3,4,6,7,9,10-hexahydroacridine-
1,8(2H,5H)-dione (8e): Yield: 80%; m.p.: 145-148 ºC. IR
(ATR, νmax, cm-1): 3069, 2950, 1681, 1640, 1611,1485, 1362,
1232, 1185; 1H NMR (DMSO-d6, 500 MHz): δ 8.50 (s, 1H),
8.20 (d, J = 2.6 Hz, 1H), 7.89-7.84 (m, 2H), 7.55 (dd, J = 8.3
Hz, J = 2.6 Hz, 1H), 7.39-7.30 (m, 2H), 5.29 (s, 1H), 3.54 (s,
3H), 2.19-1.60 (m, 12H); 13C NMR (DMSO-d6, 125 MHz): δ
195.1, 160.1, 152.8, 152.6, 149.6,148.2, 142.7, 136.7, 135.7,
135.2, 134.0, 133.8, 130.8, 128.8, 127.3, 126.7, 122.7, 112.9,
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36.1, 33.7, 32.5, 28.2, 20.7; LCMS: [M+H]+ m/z calculated
for C28H23Cl2N2O3: 520.41; found at m/z 520.37.

3-(10-(3-Methyl-4-oxo-3,4-dihydroquinazolin-6-yl)-
1,8-dioxo-1,2,3,4,5,6,7,8,9,10-decahydroacridin-9-yl)-
benzonitrile (8f): Yield: 82%; m.p.: 132-135 ºC. IR (ATR,
νmax, cm-1): 3073, 2932, 2219, 1673, 1641,1480, 1364,1269;
1H NMR (DMSO-d6, 500 MHz): δ 8.49 (s, 1H), 8.22 (d, J =
2.6 Hz, 1H), 7.89-7.59 (m, 5H), 7.48 (t, J = 7.6 Hz, 1H), 5.16
(s, 1H), 3.53 (s, 3H), 2.21-1.60 (m, 12H); 13C NMR (DMSO-
d6, 125 MHz): δ 195.5, 160.1, 153.0, 152.7, 149.6, 148.3,
148.0, 136.5, 135.7, 135.2, 132.8, 131.1, 129.7, 129.2, 128.6,
127.0, 122.1, 119.1, 112.9, 110.9, 36.0, 33.7, 32.0, 27.9, 20.6;
LCMS: [M+H]+ m/z calculated for C29H24N4O3: 477.42; found
at m/z 477.42.

9-(3-Ethoxy-4-hydroxyphenyl)-10-(3-methyl-4-oxo-
3,4-dihydroquinazolin-6-yl)-3,4,6,7,9,10-hexahydro-
acridine-1,8(2H,5H)-dione (8g): Yield: 75%; m.p.: 144-146
ºC. IR (ATR, νmax, cm-1): 3410, 2943, 2606, 1677, 1612, 1605,
1485, 1182; 1H NMR (DMSO-d6, 500 MHz): δ 9.57 (s, 1H),
8.61 (s, 1H), 8.49 (s, 1H), 7.95 (s, 1H), 7.85 (d, J = 8.3 Hz,
1H), 6.82-6.66 (m, 3H), 5.06 (s, 1H), 4.01 (q, J = 6.2 Hz, 2H),
3.53 (s, 3H), 2.22-1.60 (m, 12H), 1.36 (t, J = 6.2 Hz, 3H); 13C
NMR (DMSO-d6, 125 MHz): δ 195.6, 160.1, 151.9, 149.6,
148.2, 146.2, 144.9, 137.6, 136.7, 135.8, 135.0 128.7, 126.6,
122.2, 119.3, 115.1, 114.4, 112.6, 63.6, 45.3, 36.3, 33.7, 30.1,
27.6, 20.7; LCMS: [M+H]+ m/z calculated for C30H29N3O5:
512.45; found at m/z 512.45.

10-(3-Methyl-4-oxo-3,4-dihydroquinazolin-6-yl)-9-
(thiophen-2-yl)-3,4,6,7,9,10-hexahydroacridine-1,8(2H,
5H)-dione (8h): Yield: 72%; m.p.: 128-132 ºC. IR (ATR, νmax,
cm-1): 3063, 2929, 1674, 1634; 1H NMR (DMSO-d6, 500
MHz): δ 8.49 (s, 1H), 7.96-7.84 (m, 3H), 7.25 (s, 1H), 6.89-
6.78 (m, 2H), 5.42 (s, 1H), 3.52 (s, 3H), 2.26-1.68 (m, 12H);
13C NMR (DMSO-d6, 125 MHz): δ 195.2, 160.0, 152.5, 152.2,
150.7, 149.6, 148.2, 136.4, 135.7, 134.7, 128.7, 127.3, 126.7,
126.3, 123.5, 122.9, 113.7, 36.1, 33.7, 27.5, 26.1, 20.7; LCMS:
[M+H]+ m/z calculated for C26H23N4O3S: 458.15; found at m/z
458.36.

9-(2-Chloroquinolin-3-yl)-10-(3-methyl-4-oxo-3,4-
dihydroquinazolin-6-yl)-3,4,6,7,9,10-hexahydro-acridine-
1,8(2H,5H)-dione (8i): Yield: 78%; m.p.: 155-158 ºC. IR
(ATR, νmax, cm-1): 3027, 2946, 1652, 1609, 1361, 1231, 1183;

1H NMR (DMSO-d6, 500 MHz): δ 8.49 (s, 1H), 7.94-7.71 (m,
4H), 7.42 (d, J = 8.01Hz, 1H), 7.24-7.12 (m, 2H), 7.11 (t, J =
15.0Hz, 1H), 5.11 (s, 1H), 3.54 (s, 3H), 2.20-1.60 (m, 12H);
13C NMR (CDCl3, 125 MHz): δ 195.4, 160.2, 154.1, 153.9,
149.4, 148.1, 138.1, 137.6, 135.9, 135.3, 133.2, 129.3, 129.1,
128.3, 127.7, 127.3, 127.2, 122.4, 121.5, 119.2, 111.3, 109.9,
36.2, 33.7, 32.7, 27.7, 20.7; LCMS: [M+H]+ m/z calculated
for C31H25ClN4O3: 537.16; found at m/z 519.2.

9-(4-((1-(4-Methoxy-3-nitrophenyl)-1H-1,2,3-triazol-
4-yl)methoxy)phenyl)-10-(3-methyl-4-oxo-3,4-dihydro-
quinazolin-6-yl)-3,4,6,7,9,10-hexahydroacridine-1,8(2H,
5H)-dione (8j): Yield: 75%; m.p.: 161-163 ºC. IR (ATR, νmax,
cm-1): 3027, 2946, 1672,1636, 1356, 1228, 1181; 1H NMR
(DMSO-d6, 500 MHz): δ 8.78 (s, 1H), 8.50 (s, 1H), 8.09 (s,
1H), 8.01-7.82 (m, 5H), 7.85 (d, J = 9.0 Hz, 1H), 7.26 (d, J =
8.3 Hz, 2H), 6.97 (d, J = 8.3 Hz, 2H), 5.21 (s, 2H), 5.16 (s,
1H), 4.03 (s, 3H), 3.53 (s, 3H), 2.22-1.64 (m, 12H); 13C NMR
(DMSO-d6, 125 MHz): δ 196.4, 161.0, 157.0, 153.0, 152.7,
152.3, 150.5, 149.0, 148.4, 144.1, 140.2, 137.6, 136.6, 135.8,
131.3, 130.3, 129.3, 127.4, 127.0, 126.8, 126.4, 123.0, 117.1,
115.4, 115.1, 112.7, 109.2, 61.5, 58.0, 37.1, 34.6, 31.2, 28.6,
21.6; LCMS: [M+H]+ m/z calculated for C38H33N7O7: 700.24;
found at m/z 700.49.

RESULTS AND DISCUSSION

6-Aminoquinazolinone (5) was chosen as amino precursor
source in synthesizing the unsymmetrical bisazaheterocycles.
Compound 5 was synthesized from isatin (1) via the inter-
mediates 2-4 according to reported procedure [46] (Scheme-I).
A blend of 6-aminoquinazolinone (5), 1,3-cyclohexanedione
(6) and aromatic aldehyde 7 in 1:2:1 ratio underwent one pot
conden-sationcyclization reaction to produce the corresponding
acridindionylquinazolinones as unsymmetrical C-N linked bis
heterocycles.

The synthesis of 9-phenyl-10-(3-methyl-4-oxo-3,4-
dihydroquinazolin-6-yl)-3,4,6,7,9,10-hexahydroacridine-
1,8(2H,5H)-dione (8a) was taken as a representative example
to optimize the catalyzed three-component reaction conditions.
Reactions using different catalysts revealed that the most suit-
able catalyst is the conc. HCl in catalytic amount in DMF solvent
(Scheme-II, Table-1).
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Scheme-I: Synthesis of 6-aminoquinazolinone
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A cluster of 9-arylacridinedione derivatives 8b-g bearing
electron withdrawing or electron donating groups on phenyl ring
were synthesized using substituted aromatic aldehydes 7b-g
under the standard protocol in a simple and three component
method. The result showed that the electronic and substituent
nature of the aryl moiety had no considerable effect on the
reaction. The structure of the products was confirmed based on
their IR, 1H NMR, 13C NMR and mass spectral data. For example,
compound 8a showed a ketone and amide carbonyl absorption
bands at 1674 and 1634 cm-1 in IR spectrum. The 1H NMR spec-
trum showed characteristic singlet signals at δ 8.46, 7.93, 3.49
ppm due to quinazolinone C-2H, C-5H and N-CH3 and at δ 5.13
ppm due to aliphatic methine protons. Remaining aromatic proton
signals were observed in the range  δ 7.81-7.09 ppm. Signals
between δ 2.18 and 1.60 ppm were attributed to cyclohexanone
twelve CH2 protons. Ketone carbonyl and quinazolinone carbonyl
carbons are indicated by the presence of peaks at δ 195.4, 160.1
ppm in 13C NMR spectrum, in addition to the prominent aliphatic
methyne, methyl, three methylene carbons peaks at δ 33.7, 31.1,
36.2, 27.7 and 20.6 ppm, respectively. Dihydropyridine olefinic
carbons resonate at δ 152.4 and 113.9 ppm while aromatic
13 carbon peaks are observed at δ 152.0, 149.6, 148.2, 146.5,
136.6, 135.8, 135.0, 129.2, 128.6, 127.3, 126.4, 125.7 and 122.0
ppm. Along with other spectral data, the peak for [M+H]+ at m/z
452.1956 in ESI-HRMS spectrum is in agreement with the
proposed structure for the compound 8a.

Further, the scope of this protocol was extended in synthe-
sizing new multi-heterocyclic hybrid compounds 8h-j using
thiophene carbaldehyde (7h), quinoline aldehyde (7i) and
triazole containing aromatic aldehyde 7j in mulicomponent
condensation-cyclization reaction with 5 and 6. The structures
of these hybrid compounds were deduced based on their spectral
data.

Conclusion

A new series of unsymmetrical C-N-linked bis aza-
heterocycles containing quinazolinone as well as hexahydro-
acridine-1,8(2H,5H)-dione was synthesized in a simple and
efficient one pot multicomponent reaction. A mixture of quina-
zolinone based amine, aromatic aldehydes and cyclohexane-
1,3-dione underwent condensation-cyclization in three compo-
nents one pot reaction in the presence of conc. HCl as catalyst
to afford the corresponding unsymmetrical bis azaheterocycles
in good to high yields. We have reported the one pot synthesis
of bis compounds, wherein, heterocyclic moiety at N-position
of acridinedione ring. Under the same protocol, multihetero-
cyclic hybrid compounds were synthesized using heterocycle
containing aldehydes in three-component reaction.
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TABLE-1 
OPTIMIZATION OF CATALYST, SOLVENT AND CONDITION FOR ONE POT CONDENSATION-CYCLIZATION THREE  

COMPONENT REACTION OF 6-AMINOQUINAZOLINONE AND CYCLOHEXANEDIONE WITH BENZALDEHYDEa 
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aAll reactions were carried out using 5a (1 mmol), 6 (2 mmol) and benzaldehyde 7a (1 mmol) in 3 mL of solvent under reflux in an open air; 
bIsolated yield; cNR = No reaction. 
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