Synthesis of Acridines by an Eco-friendly Method
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Acridine derivatives were synthesizedvia a green methodology consisting in condensation reaction between
diphenylamine and aliphatic or aromatic carboxylic acids in a heterogeneous medium. Good yields were
obtained if the reaction medium contains a Lewis acid catalyst as zinc chloride and 2,2-dimethoxypropane
as water scavenger. The products are easily separated from reaction medium and energy consumption is

significantly reduced.
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The acridine nucleus is present in many natural organic
compounds. The acridine derivatives have many
pharmaceutical applications. Certain compounds are used
as antitumor drugs [1-4]. Some acridine derivatives exhibit
Anti-West Nile Virus activity [5]. Several acridine derivatives
show anti-inflammatory, analgesic and kinase inhibition
activities [6,7]. Certain acridines are used as anti-herpes
[8] and DNA-binding agents [9]. The presence of the
heteroatom of nitrogen in the ten position of the aromatic
ring skeleton of acridines, involves intense fluorescence
spectra of the molecules and the compounds are used as
photosensitive organic dyes [10,11].

Conventional synthesis of acridine uses experimental
protocols assigned to Friedlander, Bernthsen, Goldberg,
Pfitzinger, or Ullman [12, 13]. These methods employ
aromatic amines and carboxylic acid, strong Lewis or
Bronsted acid catalysts, high temperature and long reaction
time [12]. The acridines are obtained in low yields and
many manipulations are required to isolate and purify the
product of synthesis [14]. On the other hand, different
proceedings of synthesis of acridine have been
implemented and involve costly rare metallic catalysts,
and many step reactions [15].

Lately, unconventional acridine syntheses with the help
of microwaves [16-18] and ultrasonic irradiation [19] were
developed. Some recent methodologies use as catalysts
p-toluenesulphonic acid, ceric ammonium nitrate,
zirconium oxychloride octahydrate, anhydrous aluminium
chloride, and potassium dichromate. The large quantity of
inorganic wastes generated, and the huge amount of toxic
solvents employed to remove the products from reaction
medium, limit the benefits of the methods [16]. Moreover,
the yield of syntheses rarely reaches quasi-quantitative
values [17].

The most employed methodology of obtaining acridines
remains Bernthsen reaction. This method uses mixtures
of carboxylic acids and aromatic amines. The reaction
mixture is heated at high temperature (above 200°C) for a

very log time (48 h). The Bernthsen reaction requires
catalysts as anhydrous zinc chloride or polyphosphoric
acid, but the yield reaches only 18-20% [20, 21].

Previously, we obtained acridine derivatives by Bernthsen
method [18,22]. In this line we synthesized several
substituted acridines using carboxylic aliphatic and
aromatic acids, diphenylamine, 2,2-dimethoxypropane
(DMP) like water scavenger and microwaves.

Experimental part
Reagents, equipment and methods

Diphenylamine, carboxylic acids, 2,2-dimethoxy-
propane, zinc chloride are commercially available
substances. The obtained products were identified by TLC
(silica gel, EtOH), elemental analysis and IR spectra. The
IR/FT spectra were recorded using an ALPHA FTIR/ATR
spectrometer fabricated by Bruker Optics GmbH.
Elemental analyses were carried out with a Carlo Erba
model 1106 elemental analyzer produced by Carlo Erba.
The melting points were determined on a Gallenkamp
digital melting point apparatus. A commercial microwave
oven was employed.

General procedure of synthesis

In a Pyrex beaker were introduced diphenylamine (0.01
mol), 2,2-dimethoxypropane (0.02 mol), carboxylic acid
(0.01 moI) and ZnCl, (0.02 mol). The mixture was well
mixed. The mediur reaction was irradiated in the
microwave reactor (400 W) for the required time. The
resulting residue was recrystallized from EtOH-PhCH, to
give the acridine derivatives (table 2). Melting points of the
acridine derivatives are identical with the literature melting
points of the same compounds.

Results and discussions
To find optimal conditions of synthesis, we studied the
reaction of obtaining 9-ethylacridine (table 1). The reaction
takes place as follows:
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Reaction of condensation between propionic acid and diphenylamine doesn’t occur if the reaction medium has not the
catalyst ZnCl, (entry 6 and 10, table 1). A better yield is obtained if the reaction medium contains both ZnCl, and 2,2-
dlmethoxypropane The optlmal conditions for synthesis of 9-ethylacridine (entry 5, table 1) correspond to a molar ratio

CaHODOH + [CgHs
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between reagents, diphenyl amine: propionic acid: DMP:
ZnCl, =1:1:2:2. In these conditions the yields becomes
83% for 9 min of irradiation.

In classical reaction conditions the synthesis of 9-
ethylacridine doesn’t occur very well. By convention
heating of reagents on a oil bath the yields is only 18% for
10 hat 140°C (entry 9, table 1). The excess of propionic
acid or aromatic amine doesn’t increase the yield of
reaction.

Increasing the amount of carboxylic acid (entry 8, table
1) produce a better yield than increasing the amount of
amine (entry 7, table 1). The carboxylic acid absorbs
microwaves better than amine in the reaction medium
and the yield is higher. Increasing the irradiation time, when

the ratio of reactants is optimal, does not improves the
yield of reaction.

The optimal parameters for the synthesis of 9-
ethylacridine were used as starting point to obtain several
acridine derivatives. The structure of the product are
reported in table 2.

Bernthsen’s acridine synthesis takes place by an
electrophilic substitution mechanism. The electrophilic
reagent is acyl cation ArCO™. It results from carboxylic
acid and znCl, and attack the ortho position from
diphenylamine.ZDMP captures the water molecules and
allows easier regeneration of the catalyst and increases
its activity. This mechanism of Bernthsen reaction was
previously presented [22] and is depicted as bellow:
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1 . Conventional synthesis

Reactions of obtaining acridine derivatives from
diphenyamine and aromatic acids occur better than
reactions involving aliphatic acids. 9-Phenylacridine is
obtained in quasi-quantitative yield (entry 3, table 2).

Conclusions

Acridines can be obtained by an eco-friendly method
using a free medium solvent and a water scavenger 2,2-
dimethoxypropane. The time is bellow 10 min and the
reactions of condensations runwith a good yield. In some
cases, the acridines are quasi-quantitatively obtained. The
consumption of reagents, amines and carboxylic acids is
optimal. At the end of synthesis, the acridine derivatives
are easily separated from the mixture and heavy processes
of removal and purification of products were no longer
required. The rate of reaction is very high when using
microwaves heating source. Additionally, the energy
consumption is considerably diminished.
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