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ABSTRACT: 

The synthesis of a range of Functionalized Acridionones derivatives has been accomplished 

through a two-step reaction involving aromatic aldehydes, substituted aniline, and cyclic 1,3-

dicarbonyl compounds. In the first step, synthesis of bis-hydroxy derivatives takes place, which 

are confirmed by using TLC as well as NMR and Mass spectroscopy. In second step, the 

synthesis of functionalized acridionones derivatives carried out using TBAB-Cesium carbonate 

in aqueous PEG-600 as a cost-effective and efficient catalyst. The reaction's progress was 

tracked using thin-layer chromatography (TLC), and the resulting products were examined 

using Fourier-transform infrared (FT-IR) spectroscopy, as well as 1H and 13C nuclear magnetic 

resonance (NMR) and mass spectroscopy (MS). 

KEYWORDS: Acridionones, TBAB, Cesium carbonate, PEG-600, cyclic 1,3-dicarbonyl 

compounds.  

INTRODUCTION 

Acridinediones are significant heterocyclic compounds known for their photochemical 

propertiesi,ii, biological activitiesiii,iv, and pharmacological effectsv. They are extensively 

utilized as anticancer agentsvi,vii, antibacterial substancesviii, DNA probesix, antitumor agentsx, 

among other applications. Consequently, numerous studies have focused on acridinedione 

derivativesxi-xiii. Tetraketones serve as crucial precursors in the synthesis of various 

acridinediones. The first description of tetraketones was provided by Merlingxiv in 1894, during 

his groundbreaking work on synthesizing cyclohexane-1,3-dione from resorcinol. Since then, 

several reports have emerged aiming to achieve efficient synthesis of tetraketonesxv-xviii.  

For first step, the synthesis of diketone was done by numerous researchers, using different 

solvent and different catalystxix-xxiii. But from diketone to formation of the acridionones has 

some limited work. Which was performed with the tetrabutylammonium bromide (TBAB) and 

Cs2CO3 in MeCN were used as a catalyst for the organic transformationsxxiv. Similar synthesis 

was done by various catalysts like 2-aminopyrazinexxv, triethylbenzyl ammonium chloride in 

waterxxvi, γ-Fe2O3@Si-(CH2)3@mel@(CH2)4SO3H
xxvii, stannous chloride dehydratexxviii, TiO2 

NPsxxix, NH2SO3H AND H6P2W18O62 .18H2O
xxx, Succinimide-N-sulfonic acidxxxi, microwave 
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irradiationxxxii, Iron(III) phosphatexxxiii, [P4VPH]C(NO2)3
xxxiv. However, a review of these 

reported method reveals persistent limitations, including extended reaction durations, 

undesirable side-product generation, the requirement for substantial quantities of catalysts 

(some of which are toxic or costly), and difficulties in catalyst recycling. This work, therefore, 

the TBAB-Cesium carbonate catalyst is environmentally friendly, easy separable, 

heterogeneous catalyst introduced for the synthesis of the Functionalized Acridionones. The 

continues our established efforts in applying heterogeneous solid catalysts to organic synthetic 

methodologies. 

MATERIALS AND METHODS: 

MATERIALS: 

Aldehydes, amines, solvents, and required reagents were sourced from Merck Chemical 

Suppliers and SD-Fine. Thin-layer chromatography (TLC) was used to track the progress of all 

reactions, with UV light employed for detection and the yields mentioned pertain to the isolated 

products. Melting points were determined using a digital melting point apparatus and are 

reported without correction. Fourier transform infrared (FT-IR) spectra were obtained using a 

Shimadzu IR spectrophotometer. 1H and 13C NMR spectra were recorded on a Bruker 

AVANCE III system at 400 MHz. The peak patterns were indicated as follows: s for singlet, d 

for doublet, t for triplet, m for multiplet, and q for quartet. 

METHODS: 

General chemical reaction for the preparation of Bis‐hydroxy derivatives 3(a-h): 

Before the synthesis of Functionalized Acridionones derivatives, we synthesized initially 

intermediate Michael adduct (Bis‐hydroxy derivatives) 3(a-h). 

Synthesis of Michael Adduct (Bis‐hydroxy derivatives): 

 
Scheme 1: Synthesis of Bis‐hydroxy derivative intermediate 

 

A 50 mL round bottom flask was charged with substituted benzaldehyde (1 equiv), 5,5- 

dimethylcyclohexane-1,3-dione (2 equiv) and in ethanol (10 mL). The reaction mixture was 

subjected to reflux for 60 min. The progress of reaction was monitored by TLC. After 

completion, the reaction mixture was quenched by ice cold water and filtered under vacuum. 

Purification was carried out using a silica gel (100-200 mesh) column and mixture of 0.5–1 % 

MeOH + CHCl3 as eluent to obtain The obtained product was dried under vacuum to deliver 

Michael adduct product (3a-h) was obtained. The product formation was confirmed by 

standard melting point and characterization done using the FT-IR, 1H, 13C NMR and Mass 

spectroscopic techniques. Spectroscopic characterizations of some selected synthesized 

Michael Adducts 3(a-h) were confirmed by using 1H, 13C NMR and Mass as given below: 

2,2'-(phenylmethylene)bis(3-hydroxy-5,5-dimethylcyclohex-2-enone) (3a): 
IR νmax/cm‐1: 2989 (CH), 1591 (C=O), 1482 (C=C), 1359 (HCH). 1H‐NMR (400 MHz, 

CDCl3): δ (ppm) 11.97 (s, 1H, OH), 7.29-7.11 (s, 5H, H‐Ar), 5.57 (s, 1H, CH), 2.50 ‐ 2.30 (m, 

8H, 4CH2), 1.24 (s, 6H, 2CH3), 1.10 (s, 6H, 2CH3). 13C‐NMR (100 MHz, CDCl3): δ (ppm) 

190.42, 189.43, 138.11, 125.82, 115.55, 47.07, 46.43, 32.75, 31.43, 29.62, 27.44. MS, m/z: 

369.30 [M]+. 
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2,2'-((4-methoxyphenyl)methylene)bis(3-hydroxy-5,5-dimethylcyclohex-2-enone)  (3b): 
IR νmax/cm‐1: 2978 (CH), 1583 (C=O), 1498 (C=C), 1370 (HCH). 1H‐NMR (400 MHz, 

CDCl3): δ (ppm) 11.94 (s, 1H, OH), 7.00-6.79 (d, 4H, H‐Ar), 5.49 (s, 1H, CH), 3.76 (s, 3H, 

OCH3), 2.39 ‐ 2.28 (m,8H, 4CH2), 1.22 (s, 6H, 2CH3), 1.09 (s, 6H, 2CH3). 13C‐NMR (100 

MHz, CDCl3): δ (ppm) 190.35, 189.40, 157.58, 129.81, 127.77, 115.75, 113.63, 55.18, 46.41, 

32.01, 31.38, 29.62, 27.38. MS, m/z: 421.30 [M]+. 

2,2'-((4-nitrophenyl)methylene)bis(3-hydroxy-5,5-dimethylcyclohex-2-enone) (3c): 
IR νmax/cm‐1: 2982 (CH), 1594 (C=O), 1485 (C=C), 1365 (HCH). 1H‐NMR (400 MHz, 

CDCl3): δ (ppm) 11.78 (s, 1H, OH), 8.13-7.23 (d, 4H, H‐Ar), 5.54 (s, 1H, CH), 2.46 ‐ 2.30 

(m,8H, 4CH2), 1.23 (s, 6H, 2CH3), 1.11 (s, 6H, 2CH3). 13C‐NMR (100 MHz, CDCl3): δ (ppm) 

190.90, 189.55, 146.51, 146.09, 127.61, 123.48, 114.88, 46.97, 46.38, 33.24, 31.45, 29.49, 

27.44. MS, m/z: 414.30 [M]+. 

After conformation of the formation of the intermediate Michael Adducts 3(a-h); some 

selected intermediates were used further synthesis of derivatives of the functionalized 

Acridionones. 

Procedure for the synthesis of Acridionones Derivatives using Bis‐hydroxy derivatives 

3(a-h) with 5-aminoindazole: 
A 50 mL round bottom flask was charged with Bis‐hydroxy derivatives 3(a-h) (1 equiv), 5-

aminoindazole (1 equiv) and TBAB-Cesium carbonate (2 mol%), in PEG (600) + H2O mixture 

(2.7 mL/0.3 mL) and the mixture was stirred at 98℃ for required time. The progress of reaction 

was monitored by TLC. After completion, the reaction mixture was concentrated at reduced 

pressure to afford crude product which was purified by column chromatography 

(EA/Hexanes:1/1) to obtain pure product. The product formation 6(a-h) was confirmed by 

standard melting point and characterization done using the FT-IR, 1H, 13C NMR and Mass 

spectroscopic techniques. 

 
Scheme 2: The synthesis of Acridionones Derivatives using Bis‐hydroxy derivatives 3(a-h) 

with 5-aminoindazole 

 

Procedure for the synthesis of Acridionones Derivatives using Bis‐hydroxy derivatives 

3(a-h) with 3,4-(Methylenedioxy) aniline: 
A 50 mL round bottom flask was charged with Bis‐hydroxy derivatives 3(a-h) (0.3 g, 1 equiv), 

3,4-(methylenedioxy)aniline (0.18 g, 2 equiv) and TBAB-Cesium carbonate (2 mol%), in PEG-

600 in H2O mixture (2.7 mL/0.3 mL) and the mixture was stirred at 98℃ for 15 hr. The progress 

of reaction was monitored by TLC. After completion, the reaction mixture was concentrated at 

reduced pressure to afford crude product which was purified by column chromatography 

(EA/Hexanes:1/1) to obtain pure product. 
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Scheme 3: The synthesis of Acridionones Derivatives using Bis‐hydroxy derivatives 3(a-h) 

with 3,4-(methylenedioxy)aniline 

 

Spectroscopic characterizations of some selected synthesized Acridionones Derivatives were 

confirmed by using 1H, 13C NMR and Mass as given below: 

 

8,8-dimethyl-11-phenyl-3,6,7,8,9,11-hexahydro-10H-pyrazolo[4,3-a]acridin-10-one (6a): 

IR νmax/cm‐1: = 3255.43, 3080.50, 2953.64, 2868.51, 1685.38, 1599.31, 1380.33, 1229.57, 

800.30, 695.80 cm-1, 1H‐NMR (400 MHz, CDCl3): δ (ppm) 9.45 (s, 1H, NH), 8.21 (s, 1H, 

NH), 7.31–7.06 (m, 8H, Ar-H), 5.46 (s, 1H, CH), 2.08–1.96 (dd, 4H, CH2), 1.05-0.91 (s, 6H, 

CH3), 13C‐NMR (100 MHz, CDCl3): δ (ppm) 192.3, 151.7, 148.1, 137.4, 128.9, 127.4, 122.1, 

116.2, 109.3, 105.1, 50.3, 32.4, 29.1, 27.1 ppm. MS, m/z: 344.2 [M]+. 

11-(4-methoxyphenyl)-8,8-dimethyl-3,6,7,8,9,11-hexahydro-10H-pyrazolo[4,3-a]acridin-10-

one (6b): 

IR νmax/cm‐1: = 3240.48, 3128.05, 2954.08, 2922.09, 1688.78, 1581.06, 1383.96, 1243.73, 

1031.23, 830.91, 700.05 cm-1, 1H‐NMR (400 MHz, CDCl3): δ (ppm) 9.42 (s, 1H, NH), 7.98 

(s, 1H, NH), 7.19–6.66 (m, 7H, Ar-H), 5.38 (s, 1H, CH), 3.60 (s, 3H, OCH3), 2.40–1.94 (dd, 

4H, CH2), 1.07-0.92 (s, 6H, CH3), 13C‐NMR (100 MHz, CDCl3): δ (ppm) 193.4, 157.9, 151.1, 

137.3, 128.2, 127.4, 122.9, 117.4, 115.7, 113.9, 109.9, 106.1, 55.8, 50.6, 37.1, 32.3, 29.2, 27.5 

ppm. MS, m/z: 374.3 [M]+. 

 

11-(4-Nitrophenyl)-8,8-dimethyl-3,6,7,8,9,11-hexahydro-10H-pyrazolo[4,3-a]acridin-10-one 

(6c): 

IR νmax/cm‐1: = 3212.86, 3033.7, 2913.96, 2850.92, 1648.00, 1582.52, 1330.10, 1228.00, 

914.82, 724.91 cm-1, 1H‐NMR (400 MHz, CDCl3): δ (ppm) 9.44 (s, 1H, NH), 8.72 (s, 1H, 

NH), 8.24–7.27 (m, 7H, Ar-H), 5.93 (s, 1H, CH), 2.61–2.13 (dd, 4H, CH2), 1.45-1.02 (s, 6H, 

CH3), 13C‐NMR (100 MHz, CDCl3): δ (ppm) 192.4, 156.3, 152.0, 149.7, 137.5, 129.6, 125.6, 

122.0, 117.3, 113.5, 109.9, 104.7, 50.6, 32.6, 29.7, 27.3 ppm. MS, m/z: 389.1 [M]+. 

 

10-(4-phenyl)-7,7-dimethyl-7,8-dihydro-[1,3]dioxolo[4,5-b]acridin -9(6H)-one (7a): 

IR νmax/cm‐1: = 3279.82, 3070.53, 2934.43, 2885.39, 1720.75, 1643.17, 1601.17, 1257.06, 

1034.74, 914.99, 699.13 cm-1, 1H‐NMR (400 MHz, CDCl3): δ (ppm) 9.28 (s, 1H, NH), 7.02–

6.49 (m, 7H, Ar-H), 5.79-5.85 (s, 2H, CH2), 4.93 (s, 1H, CH), 2.49–1.92 (dd, 4H, CH2), 0.99-

0.90 (s, 6H, CH3), 13C‐NMR (100 MHz, CDCl3): δ (ppm) 193.74, 152.41, 149.17, 143.49, 

130.54, 128.38, 126.00, 118.76, 109.12, 105.74, 101.20, 96.99, 50.45, 32.34, 29.35, 26.85 ppm. 

MS, m/z: 348.3 [M]+. 

 

10-(4-methoxyphenyl)-7,7-dimethyl-7,8-dihydro-[1,3]dioxolo[4,5-b]acridin-9(6H)-one (7b): 

IR νmax/cm‐1: = 3241.29, 2998.92, 2947.48, 2883.44, 1722.19, 1642.55, 1591.98, 1237.06, 

1035.75, 930.80, 834.98 cm-1, 1H‐NMR (400 MHz, CDCl3): δ (ppm) 8.67 (s, 1H, NH), 7.33–
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6.75 (m, 6H, Ar-H), 6.07 (s, 2H, CH2), 3.89 (s, 1H, CH), 3.18 (s, 3H, OCH3), 2.51–1.21 (dd, 

4H, CH2), 1.13-0.85 (s, 6H, CH3), 13C‐NMR (100 MHz, CDCl3): δ (ppm) 193.98, 163.48, 

157.33, 141.01, 133.14, 125.73, 111.20, 106.26, 99.87, 55.25, 50.71, 37.51, 32.50, 29.69, 27.03 

ppm. MS, m/z: 376.2 [M]+. 

 

10-(4-nitrophenyl)-7,7-dimethyl-6,7,8,10-tetrahydro-[1,3]dioxolo[4,5-b]acridin-9(5H)-one 

(7a): 

IR νmax/cm‐1: = 3270.02, 3099.26, 2958.21, 2887.33, 1718.54, 1605.80, 1476.08, 1238.56, 

1038.35, 935.70, 743.88 cm-1, 1H‐NMR (400 MHz, CDCl3): δ (ppm) 9.47 (s, 1H, NH), 8.07–

6.52 (m, 6H, Ar-H), 5.91-5.82 (s, 2H, CH2), 5.13 (s, 1H, CH), 2.45–1.87 (dd, 4H, CH2), 1.06-

0.85 (s, 6H, CH3), 13C‐NMR (100 MHz, CDCl3): δ (ppm) 193.6, 158.5, 152.6, 147.0, 130.3, 

128.7, 123.1, 117.2, 109.4, 104.4, 101.4, 97.36, 50.51, 32.51, 31.13, 29.52, 27.17 ppm. MS, 

m/z: 393.3 [M]+. 

RESULTS AND DISCUSSION: 

 

 
Scheme 4: Synthesis of  the functionalized Acridionones using (4) 5-aminoindazole and (5) 

3,4-(Methylenedioxy)aniline 

Initially, in the first step of the synthesis of the Bis‐hydroxy derivatives, various substituted 

benzaldehyde reacts with the two moles of dimedone molecule. In this reaction, electron 

withdrawing as well as electron donating substituted benzaldehydes were utilized in this 

reaction. Reaction performed in aqueous ethanol for reflux condition at various time intervals 

(Scheme 4). From the given results we found that, electron donation substituted bis-hydroxy 

derivatives yields excellent product (3a, 3b, 3d, and 3f) whereas electron withdrawing 

substituted bis-hydroxy derivatives got much better product yield (3c, 3e, and 3g) (Figure 1).  
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Figure 1: Derivatives of intermediate Michael adduct (bis-hydroxy derivatives) 

 

After the completion of the formation of bis-hydroxy derivatives, from these derivatives were 

used for further synthesis of functionalized acridinone derivatives. In the synthesis of 

acridionones derivatives, bis-hydroxy derivatives 3(a-h) reacts with 5-aminoindazole 4 and 

then 3,4-(methylenedioxy)aniline 5 at 98°C temperature and environmentally friendly catalyst 

TBAB-Cesium carbonate (2 mol%), in PEG-600 + H2O mixture (2.7 mL/0.3 mL) and stirred 

this mixture for specific time intervals and finally found the given results below. In figure 2 

shows the products of functionalized acridinone 6(a-h) and figure 3 shows, derivatives of 

acridinone 7(a-h)  
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Figure 2: The Acridionones Derivatives using Bis‐hydroxy derivatives with 5-

aminoindazole 

When Bis‐hydroxy derivatives of cyclohexanone reacts with the 5-aminoindazole in presence 

of the TBAB-Cesium carbonate (2 mol%), in aqueous PEG-600, this results the lower yield as 

compare to other substituted derivatives 6h, whereas other got excellent results (Figure 2). 

 

 
 

 

Figure 3: The Acridionones Derivatives using Bis‐hydroxy derivatives with 3,4-

(methylenedioxy)aniline 

 

Similarly, When Bis‐hydroxy derivatives of cyclohexanone reacts with the 3,4-

(methylenedioxy) aniline in presence of the TBAB-Cesium carbonate (2 mol%), in aqueous 

PEG-600, this results the much lower yield 42% as compared to other substituted derivatives 

7h, whereas other got excellent results (Figure 3). From the overall results found that all the 

electron withdrawing as well as electron donating substituents of the bis-hydroxy derivatives 
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gives excellent yield of product except product 6h and 7h. From this we can say that the TBAB-

Cesium carbonate (2 mol%), in aqueous PEG-600 catalyst gives excellent product of yield at 

98°C for given time. This catalyst is a cheap, easily removable, environmentally friendly 

catalyst for this reaction. 

CONCLUSION 

We synthesized functionalized acridinone derivatives in two step reaction. This reaction was 

performed in presence of TBAB-Cesium carbonate (2 mol%), in aqueous PEG-600 

environmentally friendly catalyst at 98°C temperature condition. This gives excellent product 

yield of acridinone derivatives. from this novelty of this reaction was maintained by this new 

catalyst. Some of the derivatives of acridinone was confirmed by their standard melting points, 

FT-IR, 1H and 13C nuclear magnetic resonance (NMR) and mass spectroscopy (MS) 

characterization techniques. 
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