
*Corresponding Author:                 © 2022 The Authors. Tropical Journal of Pharmaceutical and Life Sciences (TJPLS Journal)   

Herole RA,                                                               Published by Informative Journals (Jadoun Science Publishing Group India) 

Institute of Pharmacy,                                                                                 This article is an open access article distributed under the 

SJPJT, University,                                                                                      terms and conditions of the CC BY-NC-ND 4.0  

Jhunjunu, Rajasthan, India                                     International License (http://creativecommons.org/licenses/by-nc-nd/4.0/)                  

                     

  

                  https://informativejournals.com/journal/index.php/tjpls                                              Page  | 1 

 

Review Article                   Open Access 

    Article                ISSN: 2349-9818   
    Link                   November - December 2022, Vol. 9 (6), 01-12 
 

Tropical journal of 
Pharmaceutical and Life Sciences 

 (An International Peer Reviewed Journal) 

 Journal homepage: http://informativejournals.com/journal/index.php/tjpls 

 
 

 

A REVIEW ON ACRIDINE, XANTHENE AND ITS DERIVATIVES: 

SYNTHESIS, PHYSICAL AND PHARMACOLOGICAL PROPERTIES 

Herole RA*, Rakesh Kumar Jat and Rajendra D Dighe 

Department of Pharmaceutical Chemistry,  

Institute of Pharmacy, Shri Jagdish Prasad Jhabarmal Tibrewala University,  

Vidyanagri, Jhunjhunu, Rajasthan-333001 

 

ARTICLE INFO:  
Received: 4th Nov. 2022; Received in revised form: 26th Nov. 2022; Accepted: 15th

 Dec. 2022; Available online: 27th Dec. 2022. 

ABSTRACT 

Acridine derivatives are one of the oldest category of bioactive, globally used as anticancer, antiprotozoal 

agents and antibacterial. The class of acridine derivatives constitutes an interesting group of nitrogen-

containing tricyclic compounds that caught the scientific group’s attention, mainly due to its wide range of 

pharmaceutical properties. The synthesis of new polycyclic acridine skeletons fused with a five or six-

membered rings, have been extensively studied because they play important roles in some DNA-

intercalating anticancer drugs. Benzoacridine derivatives have been recently synthesized by a number of 

methods via one-pot multi-component condensation reactions of dimedone, naphthylamines, and aldehydes 

in different conditions, for example, using triethylbenzylammonium chloride/H2O, ionic liquid, under 

microwave irradiation, or ultrasound irradiation. A xanthene is found to most multifaceted heterocyclic ring 

having as it is having variety of activity and utilization. Xanthine derivatives are medications used to treat 

bronchospasm caused by lung conditions such as asthma. Xanthenes dyes shows antiviral activity, anti-

tubercular, anticancer, anti-microbial, malonate derivatives was having anti-spasmodic activity. 

Benzoxanthenes are tetracyclic dibenzopyrans with diverse biological and therapeutic properties such as 

antibacterial, antitumor, anti-inflammatory, antiviral, pesticidal activities, and antimalarial. 

Keywords: Acridines, Xanthenes, Benzoacridine, Benzoxanthene, Docking, Alkaloids, Anticancer, 

Antibacterial. 

INTRODUCTION 

Acridine derivatives are one of the oldest classes of bio-actives, broadly used as anticancer, antibacterial 

and antiprotozoal agents. Some work in these areas continues, but recent research has focused mainly on 
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their use as anticancer drugs, because of the ability of the acridine chromophore to intercalate DNA and 

inhibit topoisomerase enzymes. And the xanthene derivatives methantheline (Banthine) and propantheline 

(Pro-Banthine) are effective compounds for the treatment of ulcers and gastrointestinal disorders, reducing 

the volume and acidity of gastric secretions. 

ACRIDINES: 

The class of acridine derivatives (figure 1) constitutes an interesting group of nitrogen-containing tricyclic 

compounds that caught the scientific community’s attention, mainly due to its wide range of 

pharmaceutical properties.
1,2

 This type of compound’s unique physical and chemical properties allows 

several derivatives to have been associated with numerous bioactivities, such as anti-inflammatory, 

antimicrobial, anti-cancer, anti-tubercular, anti-parasitic, antimalarial, antiviral, and fungicidal activities 

(figure 2). Furthermore, several methodologies have been developed to obtain a more extensive range of 

acridine-based compounds throughout the years. These methodologies include the Bernthsen synthesis, the 

first synthetic method for the obtention of an acridine, the Ullmann reaction, and the Friedlander 

synthesis.
3,4

 Acridine derivatives can also be obtained by the manipulation of acylated diphenylamines, 

reduction of acridones, or the functionalization of 9-chloroacridines.
3 

 

 
Figure 1: Structure of Acridine 

 

 

 

 
Figure 2:  Structure of potent bioactive acridine derivatives 

https://www.mdpi.com/1424-8247/15/2/148#fig_body_display_pharmaceuticals-15-00148-f002
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Due to the special functional structural units and important applications in many fields, the study of 

acridine derivatives has become a hot topic worldwide. The large conjugated ring enables these dyes to be 

markers for fluorescence and imaging. The ability of embedding into DNA chain, they have a wide range 

of applications in medicine and other fields. These dyes have the very similar color index value to that of 

the natural compounds.
5
 As an alternative to metal semiconductor material, acridines have presented 

potential value in the field of organic semiconductor materials.  

In recent years, emerging of the new and simple preparation technique, such as microwave assisted 

synthesis, metal free catalysis, one pot synthesis, and so on, has brought more attention to the synthesis and 

application of acridines. In this paper, various synthetic methods of acridine derivatives since 2010 and 

their applications in medicine, fluorescent materials, industrial dyeing materials and electroluminescence 

are introduced. The work about acridines accomplished in our group is also introduced. In the end, the 

future prospective of synthesis and application of acridine derivatives is proposed.
6
 

Isolation and Synthesis of acridine: 

Carl Grabe and Heinrich Caro first isolated acridine in 1870 from coal tar.
7
  Acridine is separated from coal 

tar by extracting with dilute sulfuric acid. Addition of potassium dichromate to this solution precipitates 

acridine bichromate. The bichromate is decomposed using ammonia. 

Acridine and its derivatives can be prepared by many synthetic processes. In the Bernthsen acridine 

synthesis, diphenylamine is condensed with carboxylic acids in the presence of zinc chloride. When formic 

acid is the carboxylic acid, the reaction yields the parent acridine. With the higher larger carboxylic acids, 

the derivatives substituted at the meso carbon atom are generated. 

 

Other older methods for the organic synthesis of acridines include condensing diphenylamine 

with chloroform in the presence of aluminium chloride, by passing the vapours of ortho amino diphenyl 

methane over heated litharge, by heating salicylaldehyde with aniline and zinc chloride or by 

distilling acridone (9-position a carbonyl group) over zinc dust.
8
  Another classic method for the synthesis 

of acridones is the Lehmstedt-Tanasescu reaction. Acridine displays the reactions expected of an 

unsaturated N-heterocycle. It undergoes N-alkylation with alkyl iodides to form alkyl acridinium iodides, 

which are readily transformed by the action of alkaline potassium ferricyanide to N-alkyl acridones.
9-11

 

Electrophilic substitutions of acridine:  

The electrophilic substitution takes place in the benzenoid ring. Halogenation gives a mixture of addition 

and substitution products. A benzenoid ring is attacked by the electrophile preferably in the 2- or 7- 

position, resulting in di-substitution. For example 
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Nucleophilic substitutions of acridine:  

Nucleophilic reagent interact more strongly with quaternary salts of acridine. Compared with position 1-, 2-, 

3-, and 4- position-9 of acridine has a low electron density. Therefore nucleophiles prefer to attack at 9-

position. 

 

Benzoacridine derivatives: 

Benzoacridine derivatives have been currently synthesized by a number of methods via one-pot multi-

component condensation reactions of dimedone naphthylamines, and aldehydes in different conditions, for 

example, using 
8
triethylbenzylammonium chloride/H2O, ionic liquid , under microwave irradiation (MWI) 

or ultrasound irradiation (USI).
6,12

 

In recent years, the one-pot multi-component reactions have received significant attention because two or 

more steps in the synthetic sequence can be carried out without the isolation of intermediates which leads to 

reduction of time and energy for developing new pharmaceutically important compounds.
13

 Recently, our 

research group has developed various multi-component reactions which can provide easy access to useful 

functionalized multiple ring structures of chemical and pharmaceutical interest.
12, 13

 

 

Figure 3: Benz(c) Acridine 

New models and current status of acridine: 

Pyrazoloacantiprotozoalridine appears to Intercalate into DNA and inhibit RNA synthesis, DNA synthesis, 

and the activities of topoisomerase I and II, thereby causing cytotoxicity. Acridine derivatives are 

interesting chemotherapeutic agents that were first used as anticancer antibacterial and antiparasitic 

agents.
14

 

Recent progress of acridine derivatives with anti-tumor activity:  

Some recent progress in the research of the anti-tumor activity of acridine derivatives, including as the 

inhibition of telomerase, topoisomerase I and II, tubulin, ABCG2/P-gP, protein kinases, etc.
15

 

Docking of Benzo-acridine: 

The crystal structure of an Benzo-acridine in complex with a DNA dodecamer was downloaded from 

Protein Data Bank and edited using PyMOL v.1.4.1 software, after edition the structure was minimizing 

with WHAT IF: A molecular modeling and drug design program and ready for docking studies. All 

docking studies were performed with Auto Dock 4.2. Software employing the Lamarckian Genetic 

Algorithm, generating 20 independent docking poses for each compound. In all the cases the population 

size was set to 150 and the maximal number of evaluations was set to 5,000,000. The position of the 

docking grid was centered at the position of the original co-crystallized ligand which was removed. The 

dimension of the grid was 100 Å × 100 Å × 100 Å points with spacing of 0.375 between the grid points. 
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The DNA was considered as rigid molecule, while the ligands were considered as flexible molecules. The 

best binding mode was selected based on the lowest binding free energy and the largest cluster size. 

Ligands equilibrium geometries.
16

  

All calculations were performed with SPARTAN'08® software Molecules were built by assembling 

standard fragments and the resulting geometries were optimized by molecular mechanics. Conformational 

analysis of the compounds by Systematic Search protocol around rotable bonds was performed using the 

MMFF94 force field. The most frequent conformer for each compound was selected and geometry 

optimization was carried out with semi empirical AM1 method. Due to the basic properties of the tertiary 

amino side chain at 2- position, the protonated form of the compounds with this substituent was used in the 

docking studies and neutral form was also used.
17,18

 

XANTHENES: 

The class of xanthene derivatives 51 constitutes an important class of oxygen-containing tricyclic 

compounds, characterized by a dibenzo(b,e)pyran core, widely associated with a broad range of 

pharmaceutical and biological properties, such as antimicrobial, antiproliferative, antiviral, antioxidant, and 

anti-inflammatory activities, amongst others (figure 4).
19,20

 

 

Figure 4: Structure of Xanthene 

Even though numerous reports have described these compounds as constituents of natural extracts 

throughout the past decades, the majority of the known xanthenes are synthesized. The synthesis of this 

type of compound might be performed through the cyclization of specific building blocks or by modifying 

a most commonly found class of xanthene derivatives, namely xanthones. This versatile structural fragment 

allows the introduction of virtually any substituent group in its core. Depending on the substituent group 

desired, different synthetic approaches might be performed to obtain the intended xanthene derivative. 

Described one of the first syntheses of the xanthene nucleus in 1925, in which 3-hydroxyxanthene was 

obtained through the condensation of saligenin and resorcinol.
21 

 

 
Figure 5: Xanthene derivatives 
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After that, numerous synthetic methods for the obtention of xanthenes with distinct substitution patterns 

have been described in literature, including the functionalization of particular core positions to synthesize 

broad spectra of xanthenes and the application of greener procedures.
22,23,24

  Thus, this has allowed the use 

of xanthene in a huge range of biological activities, leading to the increasing importance of xanthenes in 

medicinal chemistry.
25

 Besides its biological properties, this type of compound has been widely used for a 

broad range of applications, such as sensitizers in PDT, dyes in the food industry, industrial materials, and 

chemical probes for the visualization of biomolecules.
26,27

 

How do xanthene derivatives work? 

Xanthine derivatives are medications used to treat bronchospasm caused by lung conditions such as asthma. 

Xanthine is a naturally occurring compound in the human body and is also found in plant products such as 

tea, coffee, and cocoa beans.
28

 

Xanthine derivatives are a group of alkaloids that work as mild stimulants and bronchodilators. Xanthine 

derivatives ease symptoms of bronchospasm and make breathing easier by relaxing the smooth muscles of 

the respiratory tract and reducing the airway's hypersensitive response to stimuli.
29,30  

Xanthine derivatives 

increase the cellular levels of signaling molecules known as cyclic adenosine monophosphate (cAMP) by 

inhibiting the activity of phosphodiesterase, an enzyme that regulates cAMP levels. An increase 

in tissue concentration of cAMP results in bronchial smooth muscle relaxation and bronchodilation.
31

 

Synthesis of Xanthene: 

Xanthene is the organic compound with the formula CH2[C6H4]2O. It is a yellow solid that is soluble in 

common organic solvents. Xanthene itself is an obscure compound, but many of its derivatives are useful 

dyes.
32 

The metal oxides such as ZnO, CdO and TiO2, for the synthesis of 1,8-dioxo-octahydroxanthenes 

and other related heterocycles. Most actual synthetic protocols include the use of solvent and co-solvents(s) 

which are either volatile, thus diffusing volatile organic compounds in the atmosphere, corrosive or harmful 

to the environment.
33

 Therefore, employing water (as green solvent) or no other solvent for the reaction can 

be considered an eco-friendly approach.  

Synthesis of 9-aryl-1, 8-dioxooctahydroxanthenes from aromatic aldehyde and dimedone (figure 6) over 

nanotitania was reported, where catalyst could be reused 12 times without significant loss in its activity.
34, 

35
 X-ray diffraction analysis of crystalline TiO2 nanoparticles confirmed the formation of rutile phase. The 

average crystallite size of titania sample was found to be 63 nm. In the initial studies, reaction of 4-

nitrobenzaldehyde and dimedone over 10 mol% Titania nanoparticles as a catalyst was carried out in the 

presence of different solvents under reflux condition. In the presence of solvents, like ethanol, acetonitrile, 

acetone, chlorinated solvents, the yield was observed to be less than 50%. The maximum yield (43%) was 

achieved in case of ACN in 2.5 h. Under solvent-free conditions, the model reaction was carried out at 

various temperatures and with different catalyst loading. 10 mol% loading and 100 °C found optimum with 

96% isolated yield in 15 min. The developed protocol showed wide substrate compatibility with 

comparable yields of corresponding products in short period of time. Anatase and rutile phases of titania 

are known for its photocatalytic activity.36,37,38 When the reaction was carried out at 25 °C in the presence 

of UV light, negligible product formation was observed; this ruled out any photocatalytic effect of titania. 

When the model reaction was carried out in the dark at 100 °C, 96% isolated yield was achieved. This 

demonstrates the reaction follows catalytic pathway and not photocatalytic.
34,35

 

 
Figure 6:  Synthesis of 1,8-dioxooctahydroxanthene from aldehyde and dimedone 
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One-pot synthesis of benzoxanthene derivatives: 

n this report, the three-component, one-pot condensation of lawsone (2-hydroxy-1,4naphthoquinone), 

dimedone (5,5-dimethyl-1,3-cyclohexanedione), and aromatic aldehyde was studied in the presence of the 

Bi(OTf)3 catalyst for the preparation of 3,3-dimethyl-12-aryl-3, 4-dihydro-1H-benzoxanthene-1,6,11-

(2H,12H) triones (figure 8). Bi (OTf)3 catalyst is first tried in this study in such compound synthesis. In 

this study, 10 substances were synthesized.
37

  

 
              Figure 8: The one-pot synthesis of benzoxanthene derivatives. Bi(OTf)3, bismuth(III) triflate; 

EtOH, ethyl alcohol 

 

Current status of Xanthenes: 

The development of small molecule fluorescent dyes and sensors is a fast-growing field. Xanthene based 

dyes are a group of attractive molecules in this field due to their excellent photophysical properties. A large 

number of xanthene dyes have been reported so far. Nevertheless, further development/optimization 

processes challenges due to the massive amount of discrete data and unavoidable human errors in analyzing 

the data. Inspired by recent progresses in data-driven chemical discoveries we explored the possibility of 

applying deep learning technology in new xanthene dye discovery in this study.
38

 We systematically 

analyzed published data on xanthene-based dyes and established a database which covered their ‘ring-

opened’ form's smiles strings and some key parameters including quantum yields, excitation, and emission 

wavelengths. Based on the database, a machine learning model was developed and used to predict essential 

properties, such as excitation and emission wavelength, of new xanthene dyes.
36,38

 

Benzoxanthene Derivatives: 

Benzoxanthenes are tetracyclic dibenzopyrans with diverse biological and therapeutic properties such as 

antibacterial, antiviral, anti-inflammatory, antitumor, antimalarial, and pesticidal activities.
39,40

 These 

heterocyclic compounds, also known as leuco dyes that are pH-sensitive fluorescent materials, can be used 

in photodynamic therapy, polymer photo imaging systems, and laser technologies due to the fluorescence 

activities of the naphthoquinone nucleus.
41

 Despite continued research efforts toward the development of 

anticancer drugs, cancer remains a primary cause of death. It is well established that small heterocyclic 

molecules are the predominant building blocks for biologically active compounds. Xanthene, one of these 

building blocks, is an important structural unit commonly found in natural products. Molecular scaffolds of 

xanthene are important as PIM1 kinase inhibitors. Epicalyx is the most potent member of this class as an 

anticancer agent against human HT-1080 fibrosarcoma and murine 26-L5 carcinoma.
42 

 

In recent decades, the development of a faster and more efficient synthesis of heterocyclic compounds 

containing xanthene and benzoxanthene scaffolds in their structures has attracted considerable attention. A 

number of methodologies for the synthesis of these compounds have been reported, which include various 

catalysts, such as aqueous systems
43,44, 

P2O5, DABCO-based ionic liquid, [NMP]H2PO4, LiCl, Fe3O4 

nanoparticles, nano- Fe3O4/PEG/succinic anhydride, poly(4-vinyl-pyridinium) hydrogen sulfate, 

nanocatalytic Zn/MCM-41-SO3H, CuSO4·5H2O, GaCl3,  AlHMS, LPCAS, tetrapropyl ammonium bromide, 

H‐ zeolite, STA, and various ionic liquids.
39,41-47

 However, most of the catalysts in question have led 
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researchers to search for different catalysts, as they have one or more drawbacks, such as being 

uneconomical and useless methods, and carrying out the reaction with lower yields. 

Sulfonamides forms the basis for a large multiplicity of drugs and are known for antibacterial
48

, antiviral 
49

, 

diuretic
50

, antimalarial
51

, anticonvulsant
52

, hypoglycemic
53

, anti-carbonic anhydrase
54,55 

and ant thyroid
56

 

activities. A marketable sulfonamide derivative, KCN1 was shown to display both in vitro and in vivo 

antitumor activity.
54

 Recently evaluated benzoxazine-6-sulfonamides (e) as activators of the tumor cell 

specific M2 isoform of pyruvate kinase.
55

 Newly, certain benzoxazine and sulfonamides (Figure 7), have 

been reported to exhibit interesting antibacterial and anticancer activity.
56

 The piperazine-based 

heterocyclic nuclei are a varied class of chemical compounds, some of which demonstrate significant 

pharmacological properties. A small adjustment in the additional design in the piperazine core causes 

obvious distinction in their biological events. A few related arylsulfamides with a spacer to phenyl-

piperazine were testified as active structure for 5-HT7 antagonist.
54

 Considering the importance of 

benzoxazine-6- sulfonamide, and in continuation of our research program to discover and develop novel 

biologically active compounds
57

, we have planned to synthesize a new series of compounds having 

benzoxazine-6-sulfonamide moiety and screened them for their antimicrobial activities. The antibacterial 

and antifungal activities of all the newly synthesized compounds were evaluated in vitro against one Gram-

positive bacterium, three Gram-negative bacteria and one fungus.
56-58

 

 

Figure 7: Benzoxanthene Derivatives 

Molecular docking of Benzoxanthenes:  

Molecular field mapping and alignment studies were performed using FORZE V10 software. Docking 

calculations were carried out using Docking Server.
59

 Gasteiger partial charges were added to the ligand 

atoms. Non-polar hydrogen atoms were merged, and rotatable bonds were defined. Docking calculations 

were carried out on 1M17 protein model. Essential hydrogen atoms, Kollman united atom type charges, and 

solvation parameters were added with the aid of AutoDock tools.
60

 Affinity (grid) maps of xx A˚ grid 

points and 0.375 A˚ spacing were generated using the Autogrid program.
61

 AutoDock parameter set- and 

distance-dependent dielectric functions were used in the calculation of the van der Waals and the 

electrostatic terms, respectively.  

Docking simulations were performed using the Lamarckian genetic algorithm (LGA) and the Solis & Wets 

local search method. Initial position, orientation, and torsions of the ligand molecules were set randomly. 

All rotatable torsions were released during docking. Each docking experiment was set to terminate after a 

maximum of 250,000 energy evaluations. The population size was set to 150. During the search, a 

translational step of 0.2 A˚, and quaternion and torsion steps of 5 were applied.
62
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CONCLUSION: 

Acridines have the ability to form both binary drug/DNA complexes and ternary drug/DNA/topo 

complexes. The latter is the mechanism of their anticancer activity, and quite possibly also of their 

antiprotozoal activity and anticancer activity and xanthane derivatives are bioactive compounds with 

diverse activities such as anti-bacterial, anti-fungal, anti-cancer, and anti-inflammatory as well as 

therapeutic effects on diabetes and Alzheimer. The anti-cancer activity of such compounds has been one of 

the main research fields in pharmaceutical chemistry. 
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