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Acridine, an alkaloid from anthracene, also known by the names of 10-azaanthracene, dibenzopyridine, 2,3,5,6-

dibenzopyridine, and its derivatives or analogs, have a great potential to be an efficient class of excellent inhibitor. The

phenomenon of corrosion threatens metallic components, human safety, and the economy. Despite being eco-friendly and

promising as a corrosion inhibitor, acridine has not been explored to its full potential. 
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1. Introduction

The assault of corrosion on metallic structures has become an extremely widespread and persistent dilemma across the

globe. In general, corrosion has been defined as the deterioration of metallic structures by reaction with the surrounding

environment . However, in a more technical sense, corrosion entails the movement of mass and charge across a

metal/solution interface . The phenomenon of corrosion ensues in the presence of four things: an anode, a cathode, a

metallic path, and an electrolyte. Upon contact with an appropriate electrolyte, the anode part loses free electrons that

travel through the electrolyte to reach the cathode. Those free electrons are consumed to produce molecular hydrogen in

acidic media and hydroxyl ions in basic/neutral conditions contaminated with oxygen. There are acids (H SO , HCl, and

HNO ) and bases (NaOH, CaCO , NaHCO ) that commonly attack metallic structures. Besides, there is moisture/water

(H O), salts (NaCl), gases (formaldehyde, ammonia, sulfur-containing gases, etc.), and aggressive metal polishes as well

that have also been found to be aggravating to metallic structures . Metals have tremendous implications in the

construction industry for building pipework, structural components, cladding materials, etc., owing to their outstanding

strength and durability. Because of the ubiquitous nature of metallic elements, it is not surprising that they are always in

contact with different corrosive scenarios, making corrosion damage prevalent and demanding so much attention .

Corrosion profoundly impacts human health and safety, environment, materials’ life span, and the economy. It has been

reported that any country in the world spends around 1–5% of its gross national product (GNP) on corrosion . The global

cost of corrosion is so huge that a study done by the National Association of Corrosion Engineers (NACE) revealed that

the global cost of corrosion for the year 2013 was 3.4% (equivalent to USD 2.5 trillion) of the global gross domestic

product (GDP) . A more detailed account of how corrosion impacted the economy and claimed human lives in the past

can be found in the previously published literature . Corrosion inhibition , anodic protection , cathodic

protection , alloying , and coatings  are some of the most widely used approaches to combat corrosion.

However, corrosion inhibitors (CIs) have been found to be very popular and effective for protecting metallic units in

petroleum refining, oil and gas production, exploration, the chemical industry, water treatment plants, etc. CIs are

chemical substances added to corrosive environments to reduce or impede corrosion rates . CIs form a protective layer

on the surface of the metal to keep aggressive electrolytes from coming into contact with the metal surface. As inorganic

inhibitors have already been denoted to be environmentally harmful, organic inhibitors have recently gained widespread

popularity . These inhibitors get adsorbed onto the metal surface by either an electrostatic attraction (physical

adsorption or physisorption) or a coordinate covalent bond (chemical adsorption or chemisorption) when inhibitor

molecules containing lone pairs of electrons donate electrons to the vacant d-orbitals of the metal. On the other hand, the

metal can sometimes donate electrons (retro-donation) to the inhibitor molecules to form that protective layer. As a

consequence, organic compounds containing heteroatoms (O, N, P, and S), polar functional groups (−COOH, −OH, −NH ,

−CN, −C=O, −NO ), conjugated bonds, aromatic rings, π-systems, etc., are known to provide the best corrosion

protection.

Acridine (Figure 1), an alkaloid from anthracene, also known by the names of 10-azaanthracene, dibenzopyridine,

2,3,5,6-dibenzopyridine, and its derivatives or analogs, have a great potential to be an efficient class of excellent inhibitor.

Aromatic rings, π-systems, and a nitrogen atom with an available lone pair of electrons already present in the chemical

structure of acridine hint at the possibility of it acting as a suitable inhibitor. Additionally, incorporating different functional
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groups that can undergo chemisorption or physisorption with the vacant d-orbitals of the metal in the acridine can make it

even better as a CI. Furthermore, acridine and its analogs have been reported to have shown loads of biological activities,

rendering it environmentally safe as well.

Figure 1. Chemical structure and numeration of acridine.

2. Biological Properties of Acridines

Inorganic salts and salts of heavy metals had been used historically as CIs, including molybdates, nitrates, phosphates,

polyphosphates, phosphonates, sodium chromates, silicates, hydroxides, etc. . However, even after showing practical

efficiencies, these types of inhibitors have been restricted in their use, having been identified as toxic to human life and

the environment. As a consequence, several tough regulations, including the US Occupational Safety and Health

Administration (OSHA) in 1993, the Emergency Planning and Community Right to Know Act of 1986, the Chemical

Hazard Assessment and Risk Management (CHARM) model adopted in the UK and other European countries, caused

researchers to look for non-toxic yet efficient corrosion inhibitors. Acridine and its derivatives are found in natural plants

and marine organisms, forming an important class of N-containing heterocycles. Due to their unique chemical and

physical properties and biological activities, acridine derivatives are used across different industries. Pharmaceutically,

acridine derivatives have been found to show bio-activities, such as anticancer, antitubercular, antiviral, antimalarial,

antimicrobial, anti-inflammatory, antiparasitic, and fungicidal activities . Some acridine derivatives, their structures, and

relevant bio-activity have been included in Table 1 to show that acridine and its derivatives are being explored as

environmentally friendly and efficient CIs.

Table 1. Several pharmaceutically important acridine derivatives and their chemical structures.
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Bioactivity Acridine Derivative Remarks References

Antimalarial

2-Methoxy-6-chloro-9-(4′-amino-phenylsulfonyl)-
acridine

IC  values of 14.3 and 20 μM are shown
against 3D7 and W2 strains, respectively,

of Plasmodium falciparum.

N′-(3,4-dimethyl-9-acridinyl)-2-
hydroxybenzohydrazide

IC  values of 0.5 ± 0.05 and 0.13 ± 0.03 nM
are shown against human cathepsin D and

Plasmodium falciparum plasmepsin-II,
respectively.

9-(N-ethylamino)-6-chloro-2-methoxyacridine

IC  values of 42 ± 19 and 280 ± 40 nM are
shown against chloroquinone-susceptible
and chloroquinone-resistant Plasmodium

falciparum strains, respectively.

Antiviral

9-(N-2-methyl hydroxyethyl)acridine

An MIC  of 5 μg/mL was enough to reduce
the infection viral titer of HSV-L  in an

experiment by order of 6.5 to that of the
control.

 

9-(N-2-benzyl hydroxyethyl)acridine

An MIC  of 5 μg/mL was enough to reduce
the infection viral titer of HSV-L  in an

experiment by order of 1.3 to that of the
control.
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Bioactivity Acridine Derivative Remarks References

Antibacterial

1-(9-AcridinyI)-3-phenyl-2-thiourea

At 400 μg/mL levels, the compound
effectively inhibited strains of several

bacterial cell lines, including Salmonella
pullorum and Escherichia coli.

1-(9-AcridinyI)-3-benzyl-2-thiourea

At 400 μg/mL levels, the compound
effectively inhibited strains of several

additional bacterial cell lines.

1-Methyl-1-[(5-nitrofuran-2-yl)methyl]-4-(9-oxo-
9,10-dihydroacridine-4-carbonyl)piperazin-1-ium

bromide

The compound showed commendable
antibacterial activity against multiple test
strains, including S. aureus and E. coli.

Antitumor
9-[(3′-Trifluoromethyl)phenylamino]acridine

hydrochloride

CTC  values of 31.25 and 36.25 μg/mL
were shown against cervical cancer cell
(HeLa) and lung cancer cell (A-549) lines,

respectively.

6-Chloro-2-methoxy-N-benzylacridin-9-amine

IC  values of 0.65 and 1.40 μM were
shown against K562 leukemia and

hepatoma HepG-2 cell lines, respectively.

 

N-(3-(1H-imidazol-1-yl)propyl)-4-methoxyacridin-9-
amine

Excellent anticancer activity was shown
against multiple cell lines, including liver
(HEP-2), breast (MCF-7), and lung (A-549)

cell lines.

3. Synthesis of Acridines

Acridine was isolated for the first time, from a high boiling fraction of coal tar, by Grabe and Heinrich in Germany in 1870.

Due to the scarcity of quinine during World War II, an acridine-based antimalarial drug called mepacrine gained

widespread popularity. However, current antibacterial therapy like penicillin and sulfonamide suppress mepacrine.

Recently, an across-the-board increase in drug resistance has pushed scientists and researchers to look for alternatives,

giving acridine research a boost once again, possibly making acridines suitable for use across other platforms, such as
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corrosion protection . Although several methods are available for synthesizing acridines, some important, popular,

simple, and named synthesis processes of acridines are outlined below.

Ullmann synthesis , a prevalent method to produce acridines, involves condensing a primary amine with an aromatic

aldehyde/carboxylic acid in the presence of a strong mineral acid (H SO /HCl), followed by a cyclization step to produce

acridone. After that, two additional steps of reduction and dehydrogenation afford acridine (Scheme 1a). 9-substituted

acridines can be produced by exploiting Bernthsen synthesis , which involves reacting diphenylamine with a carboxylic

acid in the presence of zinc chloride (Scheme 1b). On the other hand, 9-methyl acridine can be afforded via Friedlander

synthesis  when the salt of anthranilic acid is treated with 2-cyclohexenone at 120 °C (Scheme 1c). C-Acylated

diphenylamine, a little variation of the Bernthsen synthesis reactant, can produce 9-phenyl acridines when treated with

I /HI (Scheme 1d).

Scheme 1. Acridine and substituted acridine synthesis using Ullman (a), Bernthsen (b), Friedlander (c) synthesis, and

from C-acylated diphenylamine (d).
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