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   In this report a green strategy for the synthesis of polyhydroacridine derivatives via one-pot three-component coupling reaction of 
arylaldehydes, 1,3-cyclohexanedione and aniline derivatives in the presence of modified montmorillonite with ferric ion (Fe3+@mont.) as 
heterogeneous and reusable catalyst was developed. The reaction in the presence of this catalyst furnished the desired products in short 
reaction times (10-15 min) and high to excellent yields (78-98%) under solvent-free conditions. 
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INTRODUCTION 
 

      Multi-component reactions (MCRs) are one-pot 
processes that combine three or more substrates 
simultaneously. In this process, two or more steps in the 
synthetic sequence can be carried out without the isolation 
of intermediates. This leads to reduction of time and energy 
providing an economical way for developing new 
pharmaceutically important compounds [1-4]. In addition, 
the design of multi-component strategies based on green 
chemistry such as solvent-free, green solvents, and catalytic 
systems gives a possibility to achieve “ideal synthesis.” 
      The Hantzsch reaction and their products, 1,4-
dihydropyridines (DHPs), have attracted enormous attention 
of synthetic chemists due to their pharmacological 
properties such as anti-cancer [5,6], anti-microbial [7], anti-
viral [8] and anti-HIV [9] activities. Acridine and its hydro 
derivatives, such as polyfunctionalized 1,4-dihydro-
pyridines, have a wide spectrum of  biological activities 
such as anti-tumor [10],  anti-cancer [11], anti-malarial 
[12,13], anti-Alzheimer’s disease drugs [14], anti-
leishmanial activities [15] and potassium channel blockers 
[16]. In addition, many industrial applications for acridine 
derivatives  have  been  reported in the literatures since they  
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were first used as dyes and pigments [17-19]. These 
findings have attracted the organic chemists’ attention and 
thus led to the synthesis of several acridine based drugs.  
For example, 2-methoxy-6-chloro-9 aminoacridine (A) and 
3-(6,6,6-trifluorohexyloxy)-6-chloro-9-aminoacridine (B) 
are synthesized acridinens showing antimalarial activity 
[20], and ethacridine lactate (C) is a drug that is used as an 
antiseptic [21] (Fig. 1). 
      Many procedures have been reported for the synthesis of 
acridine derivatives using multi-component reactions of 
dimedone or 1,3-cyclohexadione,  aldehydes and different 
nitrogen sources such as  amines and ammonium acetate 
[22-28]. Although most of these procedures offer distinct 
advantages,  some of them still have disadvantages such as 
prolonged reaction times, low yields, use of toxic organic 
solvent, and difficulty in work-up.  
      In continuation of our research on the multi-component 
synthesis of biologically important heterocyclic compounds 
[29-32], and also, considering  our previous works on  using 
modified montmorrilonite (Fe3+@mont.) as efficient and 
recyclable catalyst to prepare pyrazolopyrimidynes [33], 
pyrazolopyridines [34] and spiro-oxindoles [35], here, we 
investigate the use of this catalyst to prepare 
polyhydroacrine derivatives.  We describe an eco-friendly 
protocol for the synthesis of polyhydroacridines, in the 
presence  of  Fe3+@mont.,   under   solvent-free   conditions,  
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(Scheme 1). 
 
EXPRIMENTAL 
 
      Melting points were measured on an Electrothermal 
9100 apparatus. IR spectra were determined on a Shimadzo 
IR-470 spectrometer (Japan). 1H NMR and 13C NMR 
spectra were recorded on a 500MHz Bruker DRX-500 and 
400MHz Bruker DRX-400 in CDCl3 as a solvent and TMS 
as an internal standard. Chemical shifts on 1H and 13C NMR 
were expressed in ppm downfield from tetramethylsilane. 
Elemental analyses were carried out on a Carlo-Erba 
EA1110CNNO-S analyzer and agreed with the calculated 
values. All the chemicals were purchased from Merck and 
used without further purification. All solvents used were 
dried and distilled according to standard procedures [36]. 
 
General Method for the Synthesis of 
Polyhydroacridines 4a-j 
       A mixture of aryl aldehyde (1 mmol), aniline 
derivatives (1 mmol) and 1,3-dicyclohexadione (2 mmol) 
was heated at 80 °C in the presence of Fe3+@mont. (0.05 g) 
under solvent-free conditions. The progress  of  the  reaction  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
was monitored by TLC (EtOAc/petroleum ether: 8/5). After 
completion of the reaction, 30 ml of CHCl3 was added to the 
reaction mixture and solid catalyst was removed by 
filtration. The filtrate was evaporated under the reduced 
pressure to remove the solvent. The resulting solid was 
purified by recrystallization from H2O/DMF.   
 
Preparation of Fe+3-montmorillonite (Fe+3@mont.) 
[37] 
      A 1% suspension of montmorillonite (K10) in a 1.5 M 
solution of FeCl3.6H2O was stirred overnight. On settling, 
the supernatant solution was discarded and exchange 
process repeated three times. The ion-exchanged material 
was filtered and washed free of chloride ion (checked by 0.1 
M AgNO3) with demonized water and dried in air. 
      3,4,6,7-Tetrahydro-9-(4-methoxyphenyl)-10-p-
tolylacridine-1,8(2H,5H,9H,10H)-dione (4a). Yellow 
powder; m. p.: 240-241 °C (m. p. reported [35]: 235-       
238 °C); IR (KBr): ν (cm-1) 3020, 2920, 2860, 1635, 1570, 
1600, 1505, 1464, 1370, 1280, 1230, 1020, 820. 1H NMR 
(400 MHz, CDCl3):  (ppm) 1.92-1.72 (4H, m, 2CH2-CH2-
CH2-CO), 2.29-2.15 (4H, m, 2CH2-CH2-CH2-CO), 2.36, 
2.07 (4H, dt, J = 17.2, 4.6 Hz, 2CH2-CH2-CO),  2.46 (3H, s, 
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CH3), 3.76 (3H, s, OCH3), 5.33 (1H, s, CH), 6.8 (2H, d,       
J = 8.6 Hz, Ar-H), 7.15 (2H, br s, Ar-H), 7.33 (2H, m, Ar-
H), 7.35 (2H, d, J = 8.6 Hz, Ar-H). 13C NMR (100 MHz, 
CDCl3):  (ppm): 21.1, 21.2, 28.3, 31.2, 36.8, 55.2, 113.6, 
115.7, 128.7, 129.6, 130.8, 136.4, 139.2, 139.5, 151.6, 
157.8, 196.2. Anal. Calcd. for C27H27NO3 (413.51): C, 
78.42; H, 6.58; N, 3.39. Found: C, 78.33; H, 6.69; N, 3.28. 
      4-(1,2,3,4,5,6,7,8,9,10-Decahydro-1,8-dioxo-10-p-
tolylacridin-9-yl)benzonitrile (4b). Yellow powder; m.p.: 
268-270 °C (m. p. reported [38]: 230-233 °C); IR (KBr):     
ν (cm-1) 3050, 2930, 2875, 2210, 1630, 1565, 1600, 1510, 
1455, 1358, 1225, 835. 1H NMR (400 MHz, CDCl3):  
(ppm) 1.95-1.72 (4H, m, 2CH2-CH2-CH2-CO), 2.31-2.17 
(4H, m, 2CH2-CH2-CH2-CO), 2.36, 2.08 (4H, dt, J = 17.2, 
4.6 Hz, 2CH2-CO), 2.47 (3H, s, CH3), 5.4 (1H, s, CH), 7.14 
(2H, br s, Ar-H), 7.35 (2H, d, J = 7.6 Hz, Ar-H), 7.53 (2H, 
d, J = 8.8 Hz, Ar-H), 7.56 (2H, d, J = 8.8 Hz, Ar-H).          
13C NMR (100 MHz, CDCl3):  (ppm) 21.1, 21.2, 28.3, 
33.1, 36.6, 109.6, 114.5, 119.4, 128.7, 129.4, 130.4, 132.1, 
136.0, 139.9, 152.0, 152.4, 196.0. Anal. Calcd. for 
C27H24N2O2 (408.49): C, 79.39; H, 5.92; N, 6.86. Found: C, 
79.28; H, 5.85; N, 6.71. 
      3,4,6,7-Tetrahydro-9-(3,4-dimethoxyphenyl)-10-p-
tolylacridine-1,8(2H,5H,9H,10H)-dione (4c). Yellow 
powder; m. p.: 243-245 °C; IR (KBr): ν (cm-1) 3015, 2910, 
2860, 2805, 1630, 1568, 1600, 1512, 1460, 1375, 1355, 
1280, 1220, 1020, 840, 750. 1H NMR (400 MHz, CDCl3):    
 (ppm) 1.94-1.73 (4H, m, 2CH2-CH2-CH2-CO), 2.30-2.16 
(4H, m, 2CH2-CH2-CH2-CO), 2.38, 2.06 (4H, dt, J = 17.0, 
4.6 Hz, 2CH2-CO), 2.46 (3H, s, CH3), 3.83 (3H, s, OCH3), 
3.91 (3H, s, OCH3), 5.35 (1H, s, CH), 6.77 (1H, d, J = 8.2 
Hz, Ar-H), 6.83 (1H, dd, J = 8.2, 1.8 Hz, Ar-H), 7.12 (2H, br 
s, Ar-H), 7.15 (1H, d, J = 2.0 Hz, Ar-H), 7.32 (2H, d,       J = 
8.0 Hz, Ar-H). 13C NMR (100 MHz, CDCl3):  (ppm)  21.1, 
28.3, 21.2, 31.3, 36.8, 55.82, 55.84, 111.0, 112.1, 115.6, 
118.7, 128.8, 129.6, 136.4, 139.5, 139.6, 147.2, 148.5, 
151.6, 196.2. Anal. Calcd. for C28H29NO4 (443.53): C, 
75.82; H, 6.59; N, 3.16. Found: C, 75.70; H, 6.47; N, 3.25 
      9-(4-Trifluoromethylphenyl)-3,4,6,7-tetrahydro-10-p-
tolylacridine-1,8(2H,5H,9H,10H)-dione (4d). Yellow 
powder; m. p.: 246-248 °C; IR (KBr): ν (cm-1) 3010, 2950, 
2900, 2870, 1625, 1570, 1505, 1450, 1360, 1230, 1100, 825. 
1H NMR  (400 MHz,  CDCl3):   (ppm)  2.31-2.17  (4H , m,  

 
 
2CH2-CH2-CH2-CO), 2.37, 2.08 (4H, dt, J = 17.2, 4.6 Hz, 
2CH2-CO), 2.47 (3H, s, CH3), 1.94-1.71 (4H, m, 2CH2-CH2-
CH2-CO), 5.43 (1H, s, CH), 7.15 (br s, 2H, 2Ar-H), 7.34 
(2H, d, J = 8.0 Hz, Ar-H), 7.51 (2H, d, J = 8.6 Hz,    Ar-H), 
7.54 (2H, d, J = 8.6 Hz, Ar-H) ppm. 13C NMR (100 MHz, 
CDCl3):  (ppm) 21.1, 21.2, 28.3, 32.5, 36.7, 114.8, 125.1 
(q, 3JCF = 3.7 Hz), 127.1 (d, 1JCF = 270.5 Hz), 128.0 (d, 2JCF 
= 31.6 Hz), 128.8, 129.5, 130.4, 130.9, 136.2, 139.8, 150.5, 
152.2, 196.1 ppm. Anal. Calcd. for C27H24F3NO2 (451.48): 
C, 71.83; H, 5.36; N, 3.10. Found: C, 71.75; H, 5.49; N, 
3.25. 
      9-(2,4-Dichlorophenyl)-3,4,6,7-tetrahydro-10-p-
tolylacridine-1,8(2H,5H,9H,10H)-dione (4e). Yellow 
powder; m. p.: 284-286 °C; IR (KBr): ν (cm-1) 3020, 2910, 
2850, 1630, 1560, 1505, 1460, 1360, 1225, 1180, 1135, 850, 
820, 760. 1H NMR (400 MHz, CDCl3):  (ppm) 1.89-1.69 
(4H, m, 2CH2-CH2-CH2-CO), 2.33-2.02 (8H, m, 2CH2-CH2-
CH2-CO and 2CH2-CO), 2.47 (3H, s, CH3), 5.46 (1H, s, 
CH), 7.13 (2H, m, Ar-H), 7.18 (1H, dd, J = 8.4, 2.0 Hz,    
Ar-H), 7.26 (1H, d, J = 2.0 Hz, Ar-H), 7.34 (2H, m, Ar-H), 
7.65 (1H, d, J = 8.4 Hz, Ar-H). 13C NMR (100 MHz, 
CDCl3):  (ppm) 21.2, 21.3, 28.5, 34.9, 36.6, 112.9, 126.4, 
129.3, 129.4, 129.7, 130.4, 130.7, 135.0, 136.4, 139.6, 
140.9, 153.0, 196.2 ppm. Anal. Calcd. for C26H23Cl2NO2 
(452.37): C, 69.03; H, 5.12; N, 3.10. Found: C, 69.11; H, 
5.02; N, 3.17. 
      9-(4-Fluorophenyl)-3,4,6,7-tetrahydro-10-p-
tolylacridine-1,8(2H,5H,9H,10H)-dione (4f). Yellow 
powder; m. p.: 297-298 °C; IR (KBr): ν (cm-1) 3050, 2930, 
2870, 1630, 1565, 1600, 1500, 1450, 1358, 1225, 1180, 835, 
750. 1H NMR (500 MHz, CDCl3):  (ppm) 1.91-1.77 (4H, 
m, 2CH2-CH2-CH2-CO), 2.30-2.17 (4H, m, 2CH2-CH2-CH2-
CO), 2.37, 2.09 (4H, dt, J = 17.15, 4.6 Hz, 2CH2-CO), 2.48 
(3H, s, CH3), 5.37 (1H, s, CH), 6.94 (2H, t, J = 8.74 Hz, 
2Ar-H), 7.15 (br s, 2H, 2Ar-H), 7.35 (2H, d, J = 8.02 Hz, 
Ar-H), 7.39 (2H, dd, J = 8.51, 5.6 Hz, Ar-H) ppm. 13C NMR 
(125 MHz, CDCl3):  (ppm) 21.5, 21.6, 28.7, 32, 37.2, 
115.2 (d,2JCF = 21.0 Hz), 115.8, 129.2, 129.6 (d, 3JCF = 7.75 
Hz), 130.7, 136.7, 140.1, 142.9 (d, 4JCF = 2.75 Hz), 152.3, 
161.7 (d, 1JCF = 242.0 Hz), 196.5 ppm. Anal. Calcd. for 
C26H24FNO2 (401.47): C, 77.78; H, 6.03; N, 3.49. Found: C, 
77.69; H, 5.92; N, 3.38 
      10-(4-Ethylphenyl)-3,4,6,7-tetrahydro-9-p-tolyl-
acridine-1,8(2H,5H,9H,10H)-dione (4g).  Yellow  powder;  
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m. p.: 185-186 °C; IR (KBr): ν (cm-1) 3015, 2920, 2870, 
1630, 1565, 1600, 1510, 1448, 1358, 1225, 855.         1H 
NMR (400 MHz, CDCl3):  (ppm) 1.33 (3H, t, J = 7.6 Hz, 
CH2-CH3), 1.92-1.72 (4H, m, 2CH2-CH2-CH2-CO), 2.27-
2.16 (4H, m, 2CH2-CH2-CH2-CO), 2.29 (3H, s, CH3), 2.37, 
2.06 (4H, dt, J = 17.0, 4.4 Hz, 2CH2-CO), 2.76 (2H, q, J = 
7.6 Hz, CH2-CH3), 5.36 (1H, s, CH), 7.07 (2H, d, J = 8.0 
Hz, Ar-H), 7.17 (2H, br s, Ar-H), 7.32 (2H, d, J = 8.0 Hz, 
Ar-H), 7.35 (2H, d, J = 8.4 Hz, Ar-H). 13C NMR (100 MHz, 
CDCl3):  (ppm) 15.3,  21.1, 28.3, 28.5, 31.6, 36.8, 115.6, 
127.7, 128.9, 129.5, 129.7, 135.4, 136.6, 143.8, 145.7, 
151.8, 196.2  ppm. Anal. Calcd. For C28H29NO2 (411.54): C, 
81.72; H, 7.10; N, 3.40. Found: C, 81.58; H, 7.18; N, 3.25. 
      9-(4-Chlorophenyl)-3,4,6,7-tetrahydro-10-(4-
methoxyphenyl)acridine-1,8(2H,5H,9H,10H)-dione (4h).  
Yellow powder; m.p.: 238-240 °C; IR (KBr): ν (cm-1) 3080, 
2920, 2875, 2840, 1620, 1570, 1510, 1480, 1360, 1250, 
1225, 1030, 860, 840, 815. 1H NMR (400 MHz, CDCl3):  
(ppm) 1.94-1.71 (4H, m, 2CH2-CH2-CH2-CO), 2.30-2.16 
(4H, m, 2CH2-CH2-CH2-CO), 2.36, 2.08 (4H, dt, J = 17.4, 
4.4 Hz, 2CH2-CO), 3.9 (3H, s, OCH3), 5.34 (1H, s, CH), 
7.03 (2H, d, J = 9.2 Hz, Ar-H), 7.16 (2H, br. m, Ar-H), 7.22 
(2H, d, J = 8.4 Hz, Ar-H), 7.35 (2H, d, J = 8.4 Hz, Ar-H). 
13C NMR (100 MHz, CDCl3):  (ppm) 21.1, 28.3, 31.8, 
36.7, 55.7, 114.8, 115.2, 128.2, 129.2, 130.1, 130.7, 131.4, 
145.2, 152.3, 160.0, 196.1. Anal. Calcd. for C26H24ClNO3 
(433.93): C, 71.97; H, 5.57; N, 3.23. Found: C, 71.86; H, 
5.51; N, 3.11. 
      3,4,6,7-Tetrahydro-9-(4-isopropylphenyl)-10-(4-
methoxyphenyl)acridine-1,8(2H,5H,9H,10H)-dione (4i). 
Yellow powder; m. p.: 222-224 °C; IR (KBr): ν (cm-1) 3020, 
2950, 2900, 2860, 1630, 1565, 1510, 1458, 1380, 1280, 
1225, 1020, 840, 825. 1H NMR (400 MHz, CDCl3):  (ppm)  
1.21 (6H, d, J = 7.0 Hz, -CH(CH3)2), 1.91-1.74 (4H, m, 
2CH2-CH2-CH2-CO), 2.29-2.15 (4H, m, 2CH2-CH2-CH2-
CO), 2.37-2.08 (4H, dt, J = 17.2, 4.6 Hz, 2CH2-CO), 2.86 
(1H, sept., J = 7.0 Hz, -CH(CH3)2), 3.9 (3H, s, OCH3), 5.36 
(1H, s, CH), 7.02 (2H, d, J = 9.2 Hz, Ar-H), 7.1 (2H, d,    J 
= 8.0 Hz, Ar-H), 7.18 (2H, m, Ar-H), 7.32 (2H, d, J = 8.0 
Hz, Ar-H). 13C NMR (100 MHz, CDCl3):  (ppm) 21.1, 
24.0, 28.3, 31.5, 33.6, 36.8, 55.6, 114.7, 115.1, 115.7, 126.2, 
127.5, 131.7, 144.0, 146.1, 151.9, 159.8, 196.2  ppm. Anal. 
Calcd. for C29H31NO3 (441.56): C, 78.88; H, 7.08; N, 3.17. 
Found: C, 78.97; H, 7.15; N, 3.03. 

 
 
      10-(4-Chlorophenyl)-3,4,6,7-tetrahydro-9-(4-
methoxyphenyl)acridine-1,8(2H,5H,9H,10H)-dione (4j).  
Yellow powder; m. p.: 258-260 °C; IR (KBr): ν (cm-1) 3100, 
3050, 2920, 2870, 2810, 1640, 1565, 1510, 1485, 1360, 
1275, 1225, 1178, 1025, 840, 825. 1H NMR (400 MHz, 
CDCl3):  (ppm) 7.52 (2H, d, J = 8.8 Hz, 2Ar-H), 7.3 (2H, 
d, J = 8.8 Hz, 2Ar-H), 1.94- 1.74 (4H, m, 2CH2-CH2-CH2-
CO), 2.29-2.14 (4H, m, 2CH2-CH2-CH2-CO), 2.37, 2.04 
(4H, dt, J = 17.2, 4.6 Hz, 2CH2-CO), 3.76 (s, 3H, OCH3), 
5.32 (s, 1H, CH), 6.8 (2H, d, J = 8.8 Hz, Ar-H), 7.24 (2H, 
br. d, J = 7.6 Hz, Ar-H). 13C NMR (100 MHz, CDCl3):         
 (ppm) 21.1, 28.3, 31.2, 36.7, 55.2, 113.6, 116.0, 128.7, 
129.3, 130.4, 135.5, 137.6, 138.8, 150.9, 157.8, 196.1 ppm. 
Anal. Calcd. for C26H24ClNO3 (433.93): C, 71.97; H, 5.57; 
N, 3.23. Found: C, 71.82; H, 5.48; N, 3.08. 
 
RESULTS AND DISCUSSION  
 
      The multi-component reaction between arylaldehydes 
(1), 1,3-cyclohexadion (2) and aniline derivatives (3) in the 
presence of a catalytic amount of Fe3+@mont. under 
solvent-free conditions afforded the corresponding 
polyhydroacrines (4a-j) in short reaction times (10-15 min) 
and high to excellent yields (78-98%) (Scheme 1).  
      In initial experiments, in order to optimize the  reaction 
conditions, synthesis of 3,4,6,7-tetrahydro-9-(4-methoxy-
phenyl)-10-p-tolylacridine-1,8(2H,5H,9H,10H)-dione (4a) 
was performed by the reaction of 4-methoxybenzaldehyde 
(1a), 1,3-cyclohexadione (2) and p-toluidine (3a) with molar 
ratio of 1:2:1, respectively, as a model reaction. Various 
solvents and solvent-free conditions were screened to 
provide the desired product (Table 1). The results showed 
that the reaction under solvent-free condition at 80 °C 
without catalyst is the best condition. This reaction was also 
carried out in the presence of Fe3+@mont. at different 
temperatures under solvent-free conditions (Table 2). The 
results demonstrated that the reaction in the presence of 
Fe3+@mont. afforded the desired product with higher 
efficiency compared to without catalyst conditions and the 
best result was obtained at 80 °C (Table 2, Entry 2), and in 
deceased reaction time (15 min). We also verified the 
amount of Fe3+@mont. (0.03, 0.05, 0.08 and 1 g) required 
for the synthesis of 4a, and the shortest reaction times (15 
min) and highest yield (80%),  were  obtained  using  0.05 g  
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Scheme 1. Synthesis of polyhydroacridine derivatives using Fe3+@mont 

 
 

                     Table 1. Synthesis of 4a in Various Conditions without Catalyst 
 

Entry  Solventa Time 

(min) 

Yield 

(%)b 

1 EtOH 200 50 

2 H2O 250 40 

3 CH3CN 180 45 

4 1,4-Dioxane 230 35 

5 

6 

7 

8 

9 

CHCl3 

DMF 

Solvent-free 

Solvent-free 

Sovent-free 

250 

180 

180 

180 

180 

42 

52 

20c 

59d 

60e 

                                  aReflux condition. bIsolated yields. c-eReactions under solvent- 
                      free at 50, 80 and 100 °C, respectively. 

 
 

 Table 2. The Effect of Temperature on the Model  Reaction in the 
        Presence of Fe3+@mont. (0.05 g mmol-1 Substrate) under  

                            Solvent-free Conditions 
 

Yield  

(%)a 

Time  

(min) 

Temperature  

(°C) 

Entry  

65 30 70 1 

80(10)b(20)c 15  80  2 

78 13 90 3 

77 13 100 4 
                                 aIsolated yields. bReaction in the presence of  montmorillonite  
                     K10. cReaction in the presence of FeCl3. 
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Fe3+@mont. per mmol substrate, while increasing the 
amount of catalyst (0.08 and 1 g) did not have a significant 
impact on the efficiency of the reaction (Table 3).  
      Using optimized conditions in our hand, various 
derivatives of polyhydroacridine (4a-j) were prepared  under  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
optimized conditions to show the generality and limitation 
of the protocol, and the results are summarized in Table 4. 
The results reveal that arylaldehyde and aniline derivatives 
with both electron-deficient and electron-rich substituents 
afford  desired  products  in  high  yields (78-98%) and short  

            Table 3. Optimization of the amount of Fe3+-mont. in the Synthesis of 4a at  
                   80 °C under Solvent-free Conditions 
 

Entry  Amount of Fe3+-mont. g mmol-1 

substrate (mol%) 

Time 

(min) 

Yield 

(%)a 

1 Without catalyst 180 59 

2 0.03 45 72 

3 0.05 15 80 

4 0.08 12 80 

5 0.1 10 80 
                                       aIsolated yields. 
 
 
           Table 4. Synthesis of Polyhydroacridine Derivatives (4a-j) under  Optimized  
                  Conditions 

 

Entry Product Ar Ar' Time  

(min) 

Yield  

(%)a 

1 4a 4-MeOC6H4 4-MeC6H4 15 (6 h)b 80 (84%)b 

2 4b 4-CNC6H4 4-MeC6H4 12 (6 h)b 98 (79%)b 

3 4c 3,4-(OMe)2C6H3 4-MeC6H4 15 78 

4 4d 4-CF3C6H4 4-MeC6H4 12 98 

5 4e 2,4-Cl2C6H3 4-MeC6H4 12 92 

6 4f 4-FC6H4 4-MeC6H4 15 91 

7 4g 4-MeC6H4 4-EtC6H4 15 93 

8 4h 4-ClC6H4 4-MeOC6H4 15 98 

9 4i 4-CH(CH3)2C6H4 4-MeOC6H4 10 83 

10 4j 4-OMeC6H4 4-ClC6H4 15 78 
                                  aIsolated yields. bReported [38].  
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reaction times (10-15 min). The structures of all the 
products were established on the basis of their analytical 
and spectroscopic data (1H NMR and 13C NMR). The 
diastereotopic protons related to cyclohexanone were 
exhibited dt or m in approximately 1.5-2.5 ppm, on all 
isomers.  
      A plausible mechanism for the formation of polyhydroa- 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
crines 4a-j is outlined in Scheme 2. At all stages, 
Fe3+@mont., as Lewis acid, contributes in accelerating 
various stages such as Knoevenagel condensation, Micheal 
addition and cyclization [40,41]. 
      The catalyst was prepared according to the literature 
[37,39], and its reusability was also examined in preparation 
of 4a. The catalyst was  recycled  and  reused  in  the  model  

ArCHO
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O
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O
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Scheme 3. Plausible mechanism for the formation of polyhydroacridine derivatives 4a-j 
 
 

 
Fig. 1.The reusability of the catalyst in four runs for the synthesis of compound 4a. 
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Fig. 2. EDS analysis of the catalyst (Fe3+@mont.) before (a) and after (b) four runs. 

 

 
Fig. 3. (a) FT-IR of fresh Fe3+@mont. (b) FT-IR of the catalyst after 4 runs. 
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reaction, under the optimized conditions. In each run, after 
completion of the reaction, indicated by TLC, the catalyst 
was filtered, washed, dried and activated at 120 °C. The 
results revealed (Fig. 1) that after four successive runs, the 
activity of the catalyst was almost retained without a 
significant loss. 
      EDS mapping for Fe3+@mont. is shown in Figure 2. As 
clearly seen in this figure, Fe, Al and Cl are present in the 
structure. The Fe content of the synthesized material is 18% 
in accordance with EDS analysis (Fig. 2a). The EDS 
analysis after 4 consecutive runs showed Fe content 11.2%. 
 Comparing FT-IR results for the fresh catalyst (Fig. 3a) and 
the catalyst after 4 runs (Fig. 3b) showed no appreciable 
changes in vibration bands.       
 
CONCLUSIONS 
 
      In summary, an efficient and green approach for the 
synthesis of polydydroacridines by reaction of  
arylaldehydes, 1,3-cyclohexadione and aniline derivatives 
by employing Fe3+@mont. as a heterogeneous  recyclable 
Lewis acid catalyst under solvent-free condition was 
successfully established.  The application of an inexpensive, 
easily available, reusable, and easy work-up catalyst that 
produces high yields under short reaction times, and 
solvent-free conditions  makes this protocole, practical and 
economically attractive. This strategy provides an easy 
access to functionalized polydydroacridines. 
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