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Many people in the world struggle with cancer or bacterial, parasitic, viral, Alzheimer's and other diseases.

Therefore, many scientists seek new, more effective, more selective and less toxic drugs. Acridine/acridone

derivatives constitute a class of compounds with a broad spectrum of biological activity and are of great

interest to scientists. To date, many acridine/acridone analogues have been obtained, which, inter alia,

exhibit antitumour (e.g., (1–5)), antimicrobial (e.g., (59)), and antiviral (e.g., (61)) activities and are

applicable in the treatment of Alzheimer's disease (e.g., (26)). However, in many cases, their clinical

application is limited and excluded because of side effects. In this survey, we describe acridine and

acridone derivatives reported since 2013, methods of their synthesis and their potential clinical applications.

Introduction

Acridine derivatives form an important class of heterocycles

containing nitrogen due to their broad range of pharmaceutical

properties. Acridine derivatives are characterized by unique

physical and chemical properties, biological activities, and

industrial applications. In the nineteenth century, acridine

derivatives were already used industrially as pigments and

dyes.1 More critical to the pharmaceutical industry, acridine

derivatives have exhibited bioactivities such as anti-inamma-

tory,2,3 anticancer,4 antimicrobial,5 antitubercular,6,7 antipara-

sitic,8 antimalarial,9–11 antiviral12,13 and fungicidal activities.14

Acridine derivatives have been shown to be effective as inhibi-

tors of acetylcholinesterase.15 Furthermore, acridines are used

as dyes, uorescent materials for visualization of biomolecules,

and in laser technologies.16 These properties of acridines are

attributed to their semi-planar heterocyclic structure, which

appreciably interacts with different biomolecular targets.

Acridine/acridone derivatives are found in natural plants and

various marine organisms.17,18Notably, the anticancer activity of

acridine/acridone derivatives has attracted increasing interest.

To date, many derivatives of acridine have been synthesized and

tested for antitumour activity. The unique planar ring structure

allows acridone derivatives to act as DNA intercalators19,20 and to

inhibit topoisomerase or telomerase enzymes.21–24 A variety of

acridine/acridone derivatives have been synthesized; analogues

such asN-(2-(dimethylamino)ethyl)acridine-4-carboxamide (DACA)

(1),25–27 triazoloacridone (C-1305) (2)28 and amsacrine (m-AMSA)

(3)29 (Fig. 1) have entered clinical studies. Among them, m-AMSA

(3) was the rst synthetic drug exhibiting clinical efficacy as

a topoisomerase inhibitor. Many m-AMSA derivatives (AHMA (4),

D3CLP (5)) (Fig. 1) have been developed for stronger anti-cancer

properties and removal of many harmful side effects.27,30

Intermolecular interactions in acridine and acridinium

derivatives determine their biological and physical properties

including their chemiluminogenic abilities. Therefore,

hydrogen bonding and p–p interactions within the Hirshfeld

surface have been studied. Recently, Wera and co-workers re-

ported the synthesis and structural investigations of some new

acridine and acridinium derivatives.31

Naturally occurring acridine/acridone
Acridine/acridone alkaloids

Alkaloids are naturally occurring chemical compounds, which

have a wide range of pharmacological activities (e.g., antima-

larial, anticancer, and antibacterial).32 To date, the literature

describes a number of acridine/acridone alkaloids, which have

been tested as anticancer, antibacterial and antimalarial agents

and against Alzheimer's disease.18 Examples of these compounds

are cystodytin A (6) (isolated from variousmarine organisms) and

acronycine (7) (isolated from bark of Australian scrub ash tree)

(Fig. 2).33–35

Arai et al. describe the bioassay-guided fractionation and

Ngn2 promoter activity of acridine alkaloids (8–10) from an

extract of a culture of Streptomyces sp. IFM 11440.17 Inubosin B

(9) bearing a hydroxy group at the 4 position showed potent

Ngn2 promoter activity, which was dose-dependent. Moreover,

compound (9) demonstrated more activity than the positive

control baicalin (11), while Insubosin A (8) and Insubosin C

(10), which have a hydroxy group at the 5 position, did not show

signicant activity (Fig. 3).17

The Wouatsa group isolated acridone alkaloids (12–21)

(Fig. 4) from the MeOH extract of the fruits of Zanthoxylum

zanthoxyloides and Zanthoxylum leprieurii, of which six were new
Department of Organic Chemistry, Chemical Faculty, Gdansk University of Technology,

G. Narutowicza 11/12, 80-233 Gdansk, Poland. E-mail: krydzier@pg.gda.pl

Cite this: RSC Adv., 2017, 7, 15776

Received 23rd January 2017
Accepted 4th March 2017

DOI: 10.1039/c7ra01026e

rsc.li/rsc-advances

15776 | RSC Adv., 2017, 7, 15776–15804 This journal is © The Royal Society of Chemistry 2017

RSC Advances

REVIEW

O
p
en

 A
cc

es
s 

A
rt

ic
le

. 
P

u
b
li

sh
ed

 o
n
 0

9
 M

ar
ch

 2
0
1
7
. 
D

o
w

n
lo

ad
ed

 o
n
 8

/2
6
/2

0
2
2
 1

2
:2

9
:4

7
 P

M
. 

 T
h
is

 a
rt

ic
le

 i
s 

li
ce

n
se

d
 u

n
d
er

 a
 C

re
at

iv
e 

C
o
m

m
o
n
s 

A
tt

ri
b
u
ti

o
n
 3

.0
 U

n
p
o
rt

ed
 L

ic
en

ce
.

View Article Online
View Journal  | View Issue

http://crossmark.crossref.org/dialog/?doi=10.1039/c7ra01026e&domain=pdf&date_stamp=2017-03-09
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/c7ra01026e
https://pubs.rsc.org/en/journals/journal/RA
https://pubs.rsc.org/en/journals/journal/RA?issueid=RA007026


(12, 13, 14, 19, 20 and 21). Acridone molecules (19–21) that have

a tetracyclic acridone structure as their carbon skeleton have

been named as zanthacridone.36

All newly discovered acridones (12, 13, 14, 19, 20 and 21)

were tested for antibacterial activity against Bacillus subtilis

(MTCC 121), Micrococcus luteus (MTCC 2470), Staphylococcus

aureus (MTCC 96), and Pseudomonas aeruginosa (MTCC 741).

Compounds (12, 14, 19, and 21) exhibited activity against MTCC

741 with MIC values equal to 500, 125, 250, and 250 mg mL�1,

respectively. Furthermore, analogue (14) inhibited MTCC 2470

(MIC 125 mg mL�1), while molecules (15 and 18) failed to show

appreciable activity against MTCC 741 but showed good activity

in the inhibition of MTCC 96 (MIC 250 and 500 mg mL�1,

respectively), MTCC 121 (MIC 250 and 250 mg mL�1, respec-

tively) and MTCC 2470 (MIC 125 and 500 mg mL�1,

respectively).36

Acridones (12, 15, 18, and 19) were also tested for in vitro

cytotoxicity against liver (WRL-68), colon (Caco2), breast (MCF-

7) and prostate (PC-3) cancer cell lines by MTT assay. Studies

indicated that compound (12) showed moderate cytotoxic

activity against WRL-68 with an IC50 value equal to 86 mM.35

Moreover, quantitative SAR and molecular modelling studies

Fig. 1 Structures of DACA (1), C-1305 (2), m-AMSA (3), AHMA (4), and D3CLP (5).27–30

Fig. 2 Structure of cystodytin A (6) and acronycine (7).33

Fig. 3 Structure of acridine alkaloids (8–10) and baicalin (11).17

Fig. 4 Structures of acridones (12–21).36
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showed that molecules (12, 20, and 21) are inhibitors of aro-

matase and glycosyltransferase.36

Further acridone alkaloids chlorospermine A (22), chlor-

ospermine B (23) and the known atalaphyllidine (24) and acri-

foline (25) (Fig. 5) were isolated from the stem bark of Glycosmis

chlorosperma by Beniddir et al.37 They used bioassay-guided

isolation for this purpose.

Acridone molecules (22–25) were tested for DYRK1A, CLK1,

CDK1, CDK5, GSK3, and CK1 activity. Acrifoline (25) showed

inhibition activities of DYRK1A, CLK1, GSK3, CDK1, and CDK5

with IC50 values of 0.075, 0.17, 2, 5.3 and 9 mM, respectively.

Chlorospermine B (23) and atalaphyllidine (24) exhibited

activity against DYRK1A with IC50 values of 5.7 and 2.2 mM,

respectively. Furthermore, compound (23) demonstrated inhi-

bition of CLK1 (IC50 ¼ 7 mM), while chlorospermine A (22) failed

to show any activity against various kinases. Thus, studies

performed suggest that acridine may constitute a molecular

skeleton in search of new inhibitors of DYRK1A.37 Moreover,

a molecular docking study of (22–35) showed that interactions

of the ligand with conserved Lys188 and backbone atoms in the

hinge region (Glu239 and/or Leu241) are necessary for good

biological activity. The most active compound (25) forms

hydrogen bonds between the hydroxy group at C-6 and Glu203

and the conserved Lys188 and interacts with backbone atoms of

Glu239 and Leu241 through hydrogen bonds involving the C-1

hydroxy group. Atalaphyllidine (24) is proposed to interact

with backbone atoms of Glu239, Leu241, and Ile165 through

hydrogen bonds involving the C-9, C-1, and C-5 oxygen atoms,

respectively. In turn, derivative (23) showed hydrogen bonds

between the hydroxy group in position C-5 and the side chains

of Glu203 and Lys188, while inactive chlorospermine A (22)

forms hydrogen bonds between its oxygen atoms at C-5, C-9,

and C-200 and backbone NH of Leu241 and side chains of

Asn244 and Asp307 (from the DFG motif), respectively.37

Citrusinine-I (26) (Fig. 6) is an example acridone alkaloid

isolated from Swinglea glutinosa. These analogues were

described as herbicide models, and their inhibition of photo-

synthesis was investigated against both photosystem I and II.

Measurements in vitro demonstrated signicant inuence on

various stages of reactions in the course of photosynthesis;

however, extracts provided only several milligram amounts of

tested compounds, and design of multi-stage synthesis would

be necessary to accomplish in vivo examinations.38

Teow presented the methods for treating various liver

diseases and certain cancers by used compositions of acridone,

xanthone, thioxanthone, tocotrienol and oleanolic triterpenoid

compounds.39 He isolated hepatic therapeutic actives from the

dried stem, bark and roots of Cratoxylum cochinchinense plant.

The acridone molecules are at least one of the anti-viral

components in the hepatic pharmaceutical active which prob-

ably function by inhibiting the growth and multiplication of the

chronic hepatitis HBV and chronic hepatitis HCV in patients

afflicted with chronic hepatitis B or chronic hepatitis C.

Synthetic derivatives of acridine/
acridone
Acridine/acridone as inhibitors of acetylcholinesterase

Alzheimer's disease (AD) is the most common form of

dementia, an incurable and neurodegenerative disease, which

manifests via progressive decline in intellectual abilities,

caused by the disappearance of nerve cells.38,40 Because AD is

currently one of the largest global medical problems, it has

attracted the attention of medicinal chemists, who have studied

new drugs for this disease.41 The drugs used in AD include

cholinesterase inhibitors, which enhance neurotransmission of

cholinergic synapses in the brain and thus enhance intellectual

activity.42 The acridine derivative used in medicine as an anti-

AD drug is tacrine (27) (Fig. 7).43

Acridines can be also used to diagnosis of neurodegenerative

disorders, such as AD. Fuchigami et al. developed 125I-labeled

acridines possessing high affinities for Ab aggregates involved in

these pathologies.45 During in vivo experiments on Ab plaques in

the brain slices of Tg2576 mice, the most promising results were

obtained in case of 6-iodo-2-methoxy-9-methylaminoacridine and

2,9-dimethoxy-6-iodoacridine as potential imaging agents for

amyloid in living brain.

The Hamulakova group reported the potential of novel

tacrine/acridines (28–30, 31a–c) (Fig. 7) as human acetylcho-

linesterase (hAChE) and human butyrylcholinesterase (hBChE)

inhibitors.46 In vitro studies have shown that the compounds

(29, 30, 31b and 31c) proved to be especially potent against

hAChE with IC50 values in the range of 2 to 8 nM, and analogues

(28, 29 and 31a–c) were the most effective inhibitors against

hBChE with IC50 values 0.4–20 nM; however, tacrine (27) asFig. 5 Structure of acridone alkaloids (22–25).37

Fig. 6 Structure of citrusinine-I (26).38
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a reference compound showed less activity against hAChE (IC50

¼ 500 nM) and hBChE (IC50 ¼ 23 nM).44 Docking models of the

binding of compound (29) into hAChE showed cation–p inter-

actions between Tyr341 and Trp286 residues of the peripheral

anionic site and the positively charged acridine ring and

showed cation–p interactions between Trp86 and the proton-

ated tacrine ring. Additionally, stabilization of compound (29)

may be due to a hydrogen bond between the amino group of

tacrine and the oxygen atom of Tyr337.44

Furthermore, Janockova et al. studied the interaction of

derivative (30) with ctDNA.47 The results of UV-Vis absorption

spectroscopy showed that the binding of compound (30)

occurred with a binding constant value K ¼ 2.0 � 103 M�1.

Thus, the results are indicative of a strong interaction between

analogue (30) and ctDNA. Additionally, they demonstrated that

(30) is a dual topo inhibitor, acting both as a topo I inhibitor

and as a topo II catalytic inhibitor.46

Thiratmatrakul and co-workers synthesized the new tacrine-

carbazole hybrids (36a–c) as potential multifunctional agents

for the treatment of AD.48 The intermediate imines (34a–c) were

prepared by reaction of 7-methoxyheptaphylline (32a) or hep-

taphylline (32b) with 1,3-diaminopropane (33a) or 1,5-dia-

minopentane (33b) in MeOH. The reaction of the corresponding

imines (34a–c) with 9-chlorotacrine (35) in the presence of

pentanol obtained compounds (36a–c) (Scheme 1).47

Derivative (36a) revealed the most potent activity against

AChE inhibitory and antioxidant action. Additionally, the

molecular modelling study showed that synthesized analogues

demonstrated binding with the catalytic active site (CAS) and

the peripheral anionic site (PAS) of AChE. Furthermore, tacrine-

carbazole hybrids exhibited a neuroprotective effect against

oxidative stress induced by H2O2 and Ab1-42 toxicity. Moreover,

analogue (36a) exhibited an ability to improve short-term and

long-term memory decit in mice induced by scopolamine.47

Mohammadi-Khanaposhtani et al. presented the synthesis of

triazole derivatives of acridone (44a–n) (Scheme 2).49 In the rst

step, 2-arylamino benzoic acids (39) were obtained by the Ull-

mann condensation reaction of 2-bromobenzoic acid (37) and

various aniline derivatives (38) in the presence of potassium

carbonate and copper in EtOH at reux. Subsequent cyclization of

compound (39) by PPA at 100 �C obtained acridone derivatives

(40), which by reaction with propargyl bromide (41) using potas-

sium tert-butoxide in DMSO at room temperature yielded 10-

(prop-2-yn-1-yl)acridin-9-one derivatives (42). Then, compounds

(42) were converted to the target triazole analogues (44a–n) using

CuI and freshly prepared azide derivative (43).48

Obtained derivatives of acridone (44a–n) were tested in vitro

for inhibition of acetylcholinesterase (AChE) and butyr-

ylcholinesterase (BChE). The best ability to inhibit AChE was

Fig. 7 Structure of tacrine (27) and tacrine/acridine derivatives (28–
30, 31a–c).44

Scheme 1 Synthesis of tacrine-carbazole hybrids (36a–c).48
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shown by compound (44g) (IC50 ¼ 7.31 mM), with a 4-substituted

chlorine on the pendant benzyl group.48 In turn, derivatives (44e

and 44j) with strong electron-withdrawing nitro groups into the

pendant benzyl group showed decreased activity. Additionally,

the presence of groups in the order of OMe > Me $ Cl > Br

instead of hydrogen on the 2-substituted acridone moieties

provided an increase in inhibitory activity. Thus, the presence of

methoxy and chlorine groups contributes to good interactions

with the active sites of enzymes and plays an important role in

the inhibitory activity. Docking studies of compound (44g)

showed p–p interactions between Phe330 and the 1,2,3-triazole

moiety and between Trp84 and the acridone moiety. Addition-

ally, derivative (44g) forms hydrogen bonds between the oxygen

of OMe and Ser122. Furthermore, a weak interaction between

chlorine and the backbone carbonyl group of amino acid is

benecial.48

The Mohammadi-Khanaposhtani group also demonstrated

acridone-1,2,4-oxadiazole-1,2,3-triazole hybrids as inhibitors of

AChE and BChE.50 In this research, a series of new acridone-

1,2,4-oxadiazole-1,2,3-triazoles (47a–p) were obtained accord-

ing to the synthetic pathway given in Scheme 3. The target

compounds (47a–p) were synthesized by the reaction of 10-

(prop-2-yn-1-yl)acridin-9-one derivatives (45) in the presence of

CuI and the freshly prepared azide derivative (46).50

Among these compounds, (47a–d, 47k and 47n) showed an

inhibitory effect against AChE with IC50 values ranging between

11.55 and 77.79 mM. The most activity was shown by compound

(47b) containing an unsubstituted acridone ring and 4-

methoxyphenyl-1,2,4-oxadiazole moieties, while derivatives

(47c–j, 47l–m, and 47o–p) containing acridone moieties 2 or 4-

substituted by methoxy, chlorine or bromine groups demon-

strated no observable activity. Additionally, it may be that

a methoxy group into the pendant benzyl group imparted

a higher activity than chlorine, methyl, and bromine substitu-

ents. Docking studies showed that the orientation of analogue

(47b) in the active site of AChE was the same as donepezil.

Namely, compound (47b) forms p–p interaction between the

acridone moiety and Phe331 and Trp84 in the catalytic anionic

site (CAS). Additionally, compound (47b) is proposed to interact

with the hydroxyl group of Ser200 in the catalytic triad site

through hydrogen bonds involving the carbonyl group of acri-

done. Further, the 1,2,4-oxadiazole moiety exhibited p–p

interaction with a phenyl group of Tyr121 in the peripheral

anionic site (PAS).50

Scheme 2 Synthesis of triazole derivatives of acridone (44a–n).49

Scheme 3 Synthesis of acridone-1,2,4-oxadiazole-1,2,3-triazole derivatives (47a–p).50
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Mohammadi-Khanaposhtani et al. presented the synthesis of

novel acridone-based 1,2,4-oxadiazoles (57a–n) as potential

anticonvulsant agents. In the rst step, 2-arylamino benzoic

acids (49) were prepared by the Ullmann condensation reaction

of 2-bromobenzoic acid (37) and different anilines (48).51 Then,

the cyclization of compounds (49) by PPA yielded acridone

derivatives (50). The second intermediate 3-aryl-5-(chloromethyl)-

1,2,4-oxadiazole derivatives (56) were obtained starting from

appropriate benzonitriles (51) and hydroxylamine hydrochloride

(52) in the presence of sodium hydroxide in EtOH at reux.

Derivatives (53) and chloroacetyl chloride (54) reacted in dry

acetone using potassium carbonate to yield N0-(2-chloroacetoxy)-

4-substituted benzimidamides (55). Subsequent cyclization

of compounds (55) in reuxing toluene yielded 3-aryl-5-

(chloromethyl)-1,2,4-oxadiazole derivatives (56). The desired

nal products (57a–n) were synthesized by reaction of acridone

derivatives (50) with 1,2,4-oxadiazole derivatives (56) in the

presence of potassium tert-butoxide in DMSO at room tempera-

ture (Scheme 4).51

Most prepared compounds showed good anticonvulsant

activities. Derivatives (57a–c and 57f–n) had potent anticon-

vulsant activity in the PTZ-induced seizure test (ED50 ¼ 2.08–

18.93 mg kg�1). The most potent anticonvulsant activity against

PTZ-induced seizures were demonstrated by 4-methoxyphenyl-

oxadiazole derivatives (57l and 57m) bearing a 2-Cl or 2-MeO

on the acridone ring, with ED50 values of 2.08 and 2.12 mg kg�1,

respectively. Additionally, studies on anticonvulsant activity

against MES-induced seizures showed that all prepared

compounds (57a–n) had potent anticonvulsant activity (ED50s¼

2.24–8.71 mg kg�1). The most potent anticonvulsant activity

against MES-induced seizures was shown by compound (57b).

Moreover, products (57a–n) were screened for their neurotox-

icity in mice using the rotarod test, and these derivatives

displayed good anticonvulsant activity with a high safety prole.

Furthermore, a docking study of analogue (57l) in the BZD-

binding site of the GABAA receptor conrms possible binding

of derivative (57l) with BZD receptors.51

Inhibitors of human carbonic anhydrase isozymes based on

acridines and acridones analogs

Carbonic anhydrases (CA, EC 4.2.1.1.) are Zn(II) ion-containing

metalloenzymes that catalyse the interconversion of carbon

dioxide (CO2) and bicarbonate (HCO3
�) and the corresponding

dehydration of bicarbonate in acidic medium with regeneration

of CO2.
52,53 Furthermore, they participate in crucial physiolog-

ical processes associated with, among others, pH homeostasis,

electrolyte secretion, respiration, CO2 and ion transport, some

biosynthesis reactions (e.g., gluconeogenesis, lipogenesis), and

tumourigenicity.54–56 To date, sixteen different a-carbonic

anhydrase isozymes have been described in mammals.57 CA

isoforms are present in a variety of tissues and are involved in

several important biologic processes (e.g., acid–base balance,

respiration, carbon dioxide and ion transport, bone resorption,

ureagenesis, gluconeogenesis, lipogenesis, and electrolyte

secretion). CA II, which is themost active as a catalyst for carbon

dioxide hydration, is found primarily in red blood cells and in

other secretory tissues of the gastrointestinal tract, kidneys,

lungs, eye, and CNS. Therefore, a-carbonic anhydrase isozymes

that participate in these processes are important therapeutic

targets with the potential to be inhibited/activated for the

treatment of a range of disorders such as oedema, glaucoma,

obesity, cancer, and epilepsy.58

The Yesildag group presented a one-step method for the

synthesis of acridine sulfonamide derivatives (61a–n).59

Compounds (61a–n) were prepared by the reaction of dimedone

Scheme 4 Synthesis of compounds (57a–n).51
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(58), 4-amino-N-[amino(imino)methyl]-benzenesulfonamide

(59) and 4-cyano-benzaldehyde (60a–n) in the presence of

sulfuric acid as a catalyst in water at room temperature

(Scheme 5). This method has high yields and purities of the

compounds obtained. In addition, it has advantages of using

H2SO4 as an environmentally friendly catalyst and H2O as

a green solvent.59

All synthesized compounds (61a–n) were tested in vitro with

respect to inhibition of hydratase and esterase (hCA I and hCA

II) isozymes. Analogues (61a–d and 61f–j) showed moderate

esterase activities of hCA I and hCA II. Compound (61i), con-

taining a methyl group on the para position of the benzyl group,

was the most powerful inhibitor against hCA I (IC50 ¼ 47.2 mM)

and hCA II (IC50 ¼ 50.1 mM). In turn, the derivatives containing

larger functional groups (–OCH3 and –SCH3) were not active.

This may be related as the steric effects of these groups may

block the enzyme–inhibitor interaction.59

Other derivatives of acridine bis-sulfonamides (66a–l) were

presented by Esirden et al.60 The intermediate nitro-acridine

sulfonamides (64a–b) were prepared by a coupling reaction of

dimedone (58), 4-aminobenzenesulfonamide (62) and meta- or

para-substituted nitrobenzaldehydes (63a or 63b) in the molar

ratio of 2 : 1 : 1 in the presence of DBSA as a phase transfer

catalyst in H2O. Then, the reduction of the nitro group was

achieved by using excessive reduction-reactive aqueous sodium

polysulde. The nal products (66a–l) were synthesized from

appropriate sulfonyl chlorides and amino acridines (65a and

65b) in THF in the presence of triethylamine (TEA) (Scheme 6).60

Derivatives (64a–b, 65a–b, and 66a–l) were tested for in vitro

inhibition activity against the cytosolic human isoforms (hCA I,

Scheme 5 Synthesis of acridine sulfonamide derivatives (61a–n).59

Scheme 6 Synthesis of acridine bis-sulfonamide derivatives (66a–l).60
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II, IX and XII). Compounds (64a–b, 65a–b, and 66a–l) were

rather ineffective inhibitors against hCA I (0.69–8.91 mM). These

analogues have low activity, probably due to the bulkiness of the

tails that they incorporate and that most likely extend out of the

active site.59 In the case of hCA II, derivatives (64a–b, 65a–b, and

66a–l) were also rather ineffective inhibitors (0.10–0.96 mM),

and no important effects of tail bulkiness were observed. This

could be because hCA II has a wide entrance to the active site,

and presumably the hydrophobic and hydrophilic interactions

of these tails with the active site were sparingly effective. The

transmembrane isoforms hCA IX and hCA XII were inhibited

better than the cytosolic ones. However, compounds (64a–b,

65a–b, and 66a–l) showed more activity against hCA XII (0.09–

1.12 mM) than against hCA IX (0.03–1.02 mM). The low inhibition

of these analogues against the transmembrane isoforms (hCA

IX and XII) may be because the variations in the structure are

distant parts of the tail from the primary sulfonamide, which

may result in these parts of the molecules being outside of the

active site and causing only small interactions with amino acid

residues crucial for the binding of inhibitors.60

Ulus et al. presented the synthesis of acridine and bis acri-

dine sulfonamides (71a–r and 73–74) as cytosolic carbonic

anhydrase isoforms I, II and VII inhibitors.61 The intermediate

(69) were obtained in two steps. Compound (68) was synthe-

sized by reaction of 4-aminobenzenesulfonamide (62) with p-

nitrobenzoyl chloride (67) in THF at room temperature in the

presence of TEA. The nitro group of (68) was then reduced by

aqueous sodium polysulde in ethanol–water to obtain

compound (69) (Scheme 7). Derivatives (71a–r) were prepared by

coupling reactions of 4-amino-N-(4-sulfamoylphenyl)benza-

mide (69) with cyclic-1,3-diketones (58a–b) and aromatic alde-

hydes (70a–t) in the molar range of 1 : 2 : 1 in the presence of p-

dodecylbenzenesulfonic acid (DBSA) as a phase transfer catalyst

in H2O (Scheme 8). Additionally, bis acridine sulfonamides (73

and 74) were synthesized in the molar range of 1 : 2 : 1

((69) : 1,3-diketone (58a) : 1,3-benzenedialdehyde (72a) or 1,4-

benzenedialdehyde (72b)) (Scheme 9).61

The prepared compounds (71a–r and 73–74) exhibited good

activity results against all three tested isoforms (hCA I, II and IV).

Analogue (71a), containing only hydrogen, and derivative (71o),

possessing OH and methyl moieties in the aromatic part of the

molecule, were found to have the strongest activity against hCA I

with KIs values 0.16 and 0.26 mM, respectively. Derivatives (71a,

71c, 71e, 71g, and 71n) showed effective hCA II inhibition with

KIs values in the range of 15–23 mM. The best hCA IV inhibitors

(KIs of 0.004, 0.005, and 0.022 mM) were compounds (83a, 83o,

Scheme 7 Synthesis of 4-amino-N-(4-sulfamoylphenyl)benzamide (69).61

Scheme 8 Synthesis of acridine sulfonamides (71a–q).61
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and 71p), respectively, which were much more effective

compared to acetazolamide (a reference compound).61

Acridine/acridone derivatives and their antibacterial and

antiparasitic activity

To date, a great number of acridine compounds have been

synthesized and clinically used as anti-bacterial drugs (e.g.,

ethacridine (75)),18 anti-malarial agents (e.g., quinacrine (76))

and anti-viral drugs (e.g. acranil (77)) (Fig. 8).62,63 The ability of

acridine to bind to DNA has been used to inactivate genomes of

viral and bacterial pathogens present in the cytoplasm and red

RBC preparations used for clinical trials and transfusion. An

example of such a compound is S-303 (78) (Fig. 8) containing the

nitrogen mustard moiety. The ester bond is rapidly hydrolysed,

which ensures a short half-life of the compound.64

Acriavine (ACF), a mixture of 3,6-diamino-10-methylacridinum

chloride (trypaavine) and 3,6-diaminoacridine (proavine) showed

apart from antibacterial and anticancer, also potent antimalarial in

vitro and in vivo properties in the nanomolar range.65

In turn, Chiang proved that ACF can be an effective phar-

maceutical for therapy in pathogenic protein diseases.66 Addi-

tionally, ACF exhibited potential anticancer activity in mice and

was approved by FDA for clinical trials.67

The Joubert group presented the synthesis of artemisinin–

acridine hybrids (82a–e).68 The intermediate 9-aminoacridines

(80a–e) were prepared by reaction of 6,9-dichloro-2-

methoxyacridine (79) with the appropriate amine in the pres-

ence of K2CO3 in DMF. The desired nal products (82a–e) were

obtained using a microwave-assisted radiation method (150 W,

45 �C) by reacting compounds (80a–e) with 2-bromo-(10b-dihy-

droartemisinoxy)ethane (81) in ACN in the presence of NaHCO3

and KI as catalyst (Scheme 10).68

Compounds (80a–e and 82a–e) were assayed in vitro for

antimalarial activity against NF54 and Dd2 strains of Plasmo-

dium falciparum. All prepared analogues (80a–e and 82a–e) were

active and showed more antimalarial activity against NF54 than

Dd2 inhibition. Derivative (82a), containing an ethylenedi-

amine linker, exhibited the most potent activity with IC50 values

equal to 2.6 nM against NF54 and 35.3 nM against Dd2. Inter-

estingly, (82a) had 7-fold higher antimalarial potency than

chloroquine (CQ) against both the NF54 and Dd2 strains, with

high selective action towards the parasitic cells.68

Furthermore, cytotoxic and anticancer effects of analogues

(80a–e and 82a–e) on the CHO (Chinese hamster ovarian) and

HeLa cell lines, respectively, were assessed by MTT assay.

Derivatives (80a–e and 82a–e) have been found to be less cyto-

toxic compared to reference compound emetine. Hybrids

(82a,d) showed stronger anticancer activity against the HeLa

cells than the reference compounds (CQ and melphalan).68

Bharathi et al. presented the synthesis, solvatochromic behav-

iour and larvicidal activity of substituted ethyl 10-chloro-4-(3,4-

dimethoxyphenyl)-2-hydroxy-12-phenyl-1,4,5,6-tetrahydro-benzo[a]-

acridine-3-carboxylates (85a–e).69 Derivatives (85a–e) were obtained

Scheme 9 Synthesis of bis acridine sulfonamides (73–74).61

Fig. 8 Structure of ethacridine (75), quinacrine (76), acranil (77) and S-
303 (78).18,62–64
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by reaction of (E)-7-chloro-2-(3,4-dimethoxybenzylidene)-9-phenyl-

3,4-dihydroacridin-1(2H)-ones (83a–e) with ethyl acetoacetate (84)

in the presence of 10% ethanolic NaOH (Scheme 11).69

Derivatives (85b and 85e) showed good larvicidal activities

against A. stephensi (LC50 126.3 and 108.17 mg L�1, respectively)

and H. maculata (LC50 111.57 and 241.05 mg L�1, respectively).

Furthermore, analogues (85b and 85e) were tested against non-

target aquatic species (S. annulatum Fabricius, Z. petiolatum

Rambur). The results showed that the prepared compounds are

non-toxic. Derivatives (85b and 85e) ware active against S.

annulatum Fabricius and Z. petiolatum Rambur (with %

mortality values equal to 0.4 and 0.8 mg L�1, % mortality values

equal to 0.3 and 0.7 mg L�1, respectively).69

Medapi et al. presented the synthesis of p-phenylenediamine-

linked acridine derivatives.70 Acridine derivatives (91a–l and 92a–

x) were synthesized according to Scheme 12. The synthetic

pathway started from the Ullmann condensation reaction of 2-

chlorobenzoic acid (86) and different para-substituted anilines

(87a–c) to afford 2-(p-tolyl/4-chlorophenyl/phenylamino)benzoic

acid derivatives (88a–c).

Compounds (88a–c) easily participated in the cyclization

reaction in the presence of POCl3 at reux and afforded the

Scheme 10 Synthesis of compounds (82a–e).68

Scheme 11 Synthesis of acridine derivatives (85a–e).69
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corresponding 9-chloro-2-substituted acridine derivatives (89a–

c). Then, N1-(2-methyl/2-chloro/simple acridin-9-yl)benzene-1,4-

diamine derivatives (90a–c) were received in the microwave-

assisted reaction of derivatives (89a–c) with p-phenylenedi-

amine in the presence of PTSA (p-toluenesulphonic acid) as the

catalyst in methanol. Finally, the acridine derivatives (90a–c)

were reacted with different substituted aryl sulfonylchlorides

and aryl isothio/isocyanates to afford sulphonamide (91a–l) and

thio/urea (92a–l, 92m–x) derivatives.70

These derivatives are structurally similar to m-amsacrine (3),

which acts as a eukaryotic topoisomerase II poison and as an

MTB topoisomerase I inhibitor with an IC50 of 10 mM. An MTB

topoisomerase I relaxation assay indicated that molecules (91a–

l and 92a–x) showed inhibition at 50 mM. Thus, a methoxyl

group present in the phenyl ring linker of m-amsacrine is of

importance. All synthesized compounds (91a–l and 92a–x) were

tested forMycobacterium tuberculosis (MTB) DNA gyrase activity.

Derivatives (91a–l and 92a–x) showed good activity with IC50

values in the range of 5.2 to 33.9 mM. The most active were

sulphonamide (91a–l) followed by thiourea (92a–l) derivatives,

and the least active were urea (92m–x) derivatives. The most

potent was derivative (91b) with a CH3 group at the 2-position of

the acridine moiety and an unsubstituted phenyl ring.

Furthermore, analogue (91b) was shown to be signicantly

potent with an MTB MIC (IC50 ¼ 6.59 mM) and 11.78% inhibi-

tion at 50 mM against mouse macrophage cell line RAW 264.7.70

Muscia et al. described the synthesis of acridine derivatives

(95a–b and 96a–b) as potential anti-tuberculosis agents.71 The

method is based on the use of the microwave-assisted Friedländer

reaction. Compounds (95a–b) were prepared by reaction of cyclo-

hexanone 94 with 2-amino-5-chlorobenzophenone (93a) or 2-

amino-5-nitro-benzophenone (93b) in the presence of TFA as

a catalyst in an MW oven at constant power (400 W) (Scheme 13).

Analogues (96a–b) were obtained by microwave-assisted reaction

of 5,5-dimethylcyclohexane-1,3-dione (58) with (93a) or (93b)

(Scheme 13).71

Scheme 12 Synthesis of substituted N-[4-(substituted-9-acridinyl)amino]phenyl analogues (91a–l, 92a–x).70

Scheme 13 Synthesis of acridine derivatives (95a–b, 96a–b).71
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Synthesized compounds (95a–b) and, synthesized compounds

(95a–b and 96a–b) were assayed for inhibition of Mycobacterium

tuberculosis H37Rv (Mtb). Derivative (95b) revealed the most

potent activity with IC50 values equal to 44.35 mM.71

A different method of obtaining derivatives of 1,8-dioxoa-

cridine (100a–l) was presented by Kaya's group.72 In the rst step

of the synthesis, the condensation of cyclohexane-1,3-dion (97)

or dimedone (58) with p-methoxybenzaldehyde (98) afforded the

tetraketone intermediates (99a or 99b). Reaction of tetraketone

(99a–b) with primary aromatic amines using the Dean-Stark

apparatus in the presence of acetic acid–sodium acetate in

toluene gave acridine derivatives (100a–l) (Scheme 14).72

All the synthesized compounds (100a–l) were tested for

antibacterial and antifungal in vitro activity. Most of the

analogues showed signicant activity against E. coli, P. aerugi-

nosa, S. enteritidis and S. aureus. Furthermore, compound

(100k) showed more effective activity against S. enteritidis than

the conventional reference antibiotic erythromycin. Addition-

ally, all derivatives had moderate antifungal activity against C.

albicans and C. glabrata.72

Markovich et al. presented the synthesis of 2-(4-methyl-1,3-

thiazol-5-yl)ethyl esters of acridone carboxylic acids (103a–g)

by the transesterication of the corresponding butyl esters of

acridone carboxylic acids (101a–g) with 5-(2-hydroxyethyl)-4-

methylthiazole (102) in the presence of sodium methoxide as

the catalyst (Scheme 15).73

Analogues of acridone that have a carboxyl group directly

bonded to the aromatic ring of acridone also exhibit biological

activity.74–76 Therefore, 2-(4-methyl-1,3-thiazol-5-yl)ethyl esters

of 2(4)-carboxyacridone (106–107) were prepared.73 The reaction

was carried out at 70 �C for 1 h using 2- or 4-carboxyacridone

acid chloride (104–105) and 5-(2-hydroxyethyl)-4-methylthiazole

(102) (Scheme 16).73

Compounds (103a–b and 107) were tested for antibacterial

activity against strains of microorganisms (E. coli, Ps. aerugi-

nosa, Pr. vulgaris, S. aureus, B. subtilis, Candida albicans). The

prepared analogues were active and showed inhibition against

all microorganisms. Moreover, derivative (103b) with a CH3

group at the 2-position of the acridone moiety showed slightly

higher activity against Candida albicans in comparison to

Rivanol.73

Bhardwaj et al. synthesized new acridone derivatives. Acri-

done was coupled via a linker group to an anti-inammatory

(AI) drug such as ibuprofen (109), (S)-naproxen (110), acetyl

salicylic acid (108) or chlororofecoxib analogue (114).77 The

intermediate N10-(2-hydroxyethyl)acridone (112) was prepared

Scheme 14 Synthesis of derivatives of 1,8-dioxoacridine (100a–l).72

Scheme 15 Synthesis of acridone derivatives (103a–g).73
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by reaction of acridone (111) with ethylene carbonate in the

presence of KOH. Acridone-ibuprofen (113a), acridone-(S)-nap-

roxen (113b), acridone-acetyl salicylic acid (113c) or acridone-

chlororofecoxib (115) derivatives were prepared by the

condensation of compound (112) with ibuprofen (109), (S)-

naproxen (110), acetyl salicylic acid (108) or 4-(triuoromethyl)

benzenesulphonyl chloride (114), respectively, in the presence

of N,N0-dicyclohexylcarbodiimide (DCC) with 4-dimethylami-

nopyridine (DMAP) as catalyst in dry dichloromethane (DCM).

Additionally, the Bhardwaj group synthesized analogues (117a–

b) by the condensation of acridone (111) with acid chloride

derivatives of ibuprofen or (S)-naproxen (116a–b) in the pres-

ence of NaH in dry DMSO (Scheme 17).77 Conjugates (113a–c,

115, and 117a–b) were assayed in vitro as COX-1 and COX-2

inhibitors. All prepared analogues (113a–c, 115, and 117a–b)

showed more potent inhibition of COX-2 (IC50 ¼ 0.59–21.2 mM

range) than COX-1 (IC50 ¼ 18.0 to 88.1 mM range). Furthermore,

derivatives (113a–c, 115, and 117a–b) showed a higher COX-2

Scheme 16 Synthesis of acridone derivatives (106–107).73

Scheme 17 Synthesis of acridone derivatives (113a–c, 115, 117a–b).77
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selectivity index (SI) than AI drugs (108–110 and 114). This may

be caused by the fact that the derivatives (113a–c, 115, and

117a–b) have larger molecular volumes (353–412 Å3 range) than

the smaller molecular volumes of the AI drugs (155–214 Å3

range). Thus, it is credible that the larger size of the conjugates

of acridone may hinder their entry into the smaller COX-1

binding site (316 Å3), thus enabling selective entry into the

larger COX-2 binding site (394 Å3). The most potent and selec-

tive COX-2 inhibitor was compound (113a) (IC50 ¼ 0.67 mM; SI¼

110.6). Additionally, studies have shown that uorescence

emissions of conjugates (113a–c, 115, and 117a–b) (aem ¼ 415–

445 nm) were not suitable for uorescent imaging of cancer

cells that over-express the COX-2 isozyme.77

Anticancer activity of acridine/acridone analogues

The effectiveness of heterocyclic, tricyclic and planar arrays to

intercalate between base pairs in the double-stranded DNA

structure,78,79 and the ability of acceptor/donor nitrogen are two

major considerations for the use of acridines/acridones as

potential anti-cancer compounds.80 Additionally, acridine/

acridone derivatives prevent proper functioning of tumour

cells, including by dysfunction relevant to the enzymes that

control the topology of DNA function: topoisomerase, telome-

rase, and cyclin-dependent kinases.81 There are also reported
125I-radiolabeled acridine derivatives investigated both in vitro

and in vivo against melanoma.82

In this survey, we describe the latest acridine and acridone

derivatives as antitumour agents.

Stark and Dermawan reported a method for treating subjects

having cancer that has developed resistance to tyrosine kinase

inhibitors by using tyrosine kinase inhibitor (TKI) and NF-kB

inhibitor.83 NF-kB activation seems to be involved in the

development of resistance to TKIs and other chemotherapeutic

agents, and accordingly this resistance can be overcome by

inhibiting NF-kB activation. The combination of the TKI and

the NF-kB inhibitor provides a synergistic anticancer effect that

overcomes the TKI resistance that has developed. For example,

researchers administered to a subject a therapeutically effective

amount of erlotinib (TKI inhibitor) and quinacrine (76) (NF-kB

inhibitor) against erlotinib-resistant NSCLC cell lines (A549,

H1975, and H1993). Results showed that the addition of quin-

acrine (76) to erlotinib treatment inhibits colony formation.

Moreover, addition of quinacrine (76) to erlotinib treatment

induced signicant apoptosis in A549 and H1975 cells.

Arya et al. presented the synthesis of acridine derivatives

(120a–h, 121a–d, 122a–d, and 123a–d).15 Compounds (120a–h)

were prepared by condensation of appropriate 9-aminoacridine

derivatives (118a–h) with 9,10-dihydroanthracene-9,10-a,b-suc-

cinic anhydride (119) in tetrahydrofuran at room temperature

(Scheme 18). To synthesize analogues (121a–d, 122a–d, and

123a–d), the authors used microwave-assisted condensation of

9-aminoacridine derivatives (118a–d) with phthalic anhydride

(124) or cis-1,2,3,6-tetrahydrophthalimide (125) or 2,5-pyrrole-

dione (126) (Scheme 19).15

All the obtained compounds (120a–h, 121a–d, 122a–d, and

123a–d) were tested for in vitro anticancer activity against

human cancer cell lines (T47D, NCl H-522, HCT-15, PA-1, HepG-

2). The most active was derivative (120a) against T47D (IC50 ¼

5.4 mM), (120g) against NCl H-522 (IC50 ¼ 4.2 mM), (121a)

against HepG-2 (IC50 ¼ 4.5 mM) and (123b) against HCT-15

(IC50 ¼ 2.4 mM). The structure–activity analysis showed that

compounds containing a 7- or 8-substituted acridine moiety by

an electron-donating group were more active. This may be due

to more effective interaction of these molecules with the DNA

compared to other derivatives.15

Salem et al. described thiazolidinone-acridines as new

potential anticancer agents.84 These compounds exhibited

DNA-binding abilities and topoisomerase I and II inhibition.

The most active derivative was 2-(acridin-9-yl)imino-3-

diphenylamino-1,3-thiazolidin-4-one (130) (Scheme 20), which

inhibited topoisomerase II at the concentration of 5 mM. Its

synthesis included addition of 1,1-diphenylhydrazine to

acridin-9-yl isothiocyanate (127) to form the respective thio-

semicarbazide (128). In the next stage, the thiocarbonyl deriv-

ative underwent S-alkylation with methyl bromoacetate to

intermediate (129) followed by cyclization to the nal product

(130). Of note, replacement of methyl bromoacetate by bro-

moacetyl bromide proceeded unselectively, and 3-(acridin-9-yl)-

2-(2,2-diphenylhydrazono)-1,3-thiazolidin-4-one (131) was also

isolated. The regioisomeric product (131) demonstrated lower

activity against HL-60 cancer cells compared to (130).84

Gao et al. reported the synthesis of benzimidazole acridine

derivatives (136a–p).85 9-Chloroacridine derivatives (134a–l) were

obtained by cyclization of the anthranilic acids (133a–l), which

were synthesized by the Ullmann condensation. Then, the reac-

tion of 2-aminomethyl benzimidazole (135) or compounds

(137a–b) with the appropriate derivatives of 9-chloroacridine

(134a–l) gave the desired nal products (136a–p) (Scheme 21).85

Scheme 18 Synthesis of acridine derivatives (120a–h).15
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Analogues (136a–p) were subjected to MTT assay, which

showed that most of them had good antiproliferative activity.

Compound (136l) had the highest activity against K562 (IC50 ¼

2.68 mM) and HepG-2 (IC50 ¼ 8.11 mM) cells. Moreover, the

derivative (136l) inhibited topo I activity, as well as inducing

apoptosis in K562 cell lines through a mitochondrial pathway.81

The structure–activity analysis showed that the substitution of

the acridine moiety and the linker between the benzimidazole

ring and acridine moiety had a great effect on the antitumour

activity. A look at the structures of these molecules shows that

substitution at position 2 of the acridine moiety with a butyl

group makes this molecule (136l) more active than compounds

containing a 2-substituted acridine moiety by ethyl (136k) or

methyl (136c) groups. In turn, analogue (136a), with no

substituents, displayed similar activity to (136c), with a methyl

substituent. Thus, both the size and length of substituents

greatly inuenced the cytotoxicity. Additionally, the electron-

negativity of the substituents also signicantly affected the

anticancer activity. For example, molecule (136b), with a 2-

methoxy substituent, was approximately 3-fold more potent

than a compound containing a 2-methyl group (136c) or a 2-

chloro group (136h). Moreover, the linker between the benz-

imidazole ring and acridine moiety is also important in the

cytotoxicity, which can be seen from the IC50 value of analogues

Scheme 19 Synthesis of acridine derivatives (121a–d, 122a–d, 123a–d).15

Scheme 20 Synthesis of 2-(acridin-9-yl)imino-3-difenylamino-1,3-thiazolidin-4-one (130).84
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(136a,m,n, and o), among which derivative (136o), containing

an NH-benzene-linker, showed the best anticancer activity.85

Lang et al. synthesized the acridine derivatives (141a–h) as

potent DNA-binding antitumour agents.30 First, an Ullmann

coupling of benzoic acids (86, 138) with anilines (139a–d) in

DMF using Cu as the catalyst produced compounds (140a–f),

which were reuxed in POCl3 to afford the 9-chloroacridine

derivatives (141a–f). The reaction of (141a–f) with substituted

benzylamines (142a–c) in the presence of KI and K2CO3 in

absolute ethanol gave compounds (143a–h) (Scheme 22).30

All synthesized compounds were assayed for inhibition of

K562 leukaemia cells and hepatoma HepG-2 cells. These

derivatives also exhibited good results in activity against K562

and HepG-2, among which analogue (143e) showed the best

antitumour activity against both cell lines. Furthermore, uo-

rescence spectroscopy studies revealed that most of the

Scheme 21 Synthesis of acridine derivatives (136a–p).85

Scheme 22 Synthesis of acridine derivatives (143a–h).30

This journal is © The Royal Society of Chemistry 2017 RSC Adv., 2017, 7, 15776–15804 | 15791
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derivatives can interact with DNA. Compound (143e) displayed

the highest DNA-binding capability and inhibited topoisomer-

ase I activity.30

In turn, Gellerman described the synthesis of N-substituted

9-aminoacridine and bis-acridine derivatives containing

electron-withdrawing groups (EWG) or electron-donating

groups (EDG), including amino acid residues as potential

anticancer agents.86 These derivatives displayed good anti-

tumour activity against the cancer cell lines MDM-MD-A31,

MCF-7, HT29, OVCAR8, NCI-ADR, MCF-7mito and HI 299, and

comparison with commercial 9-aminoacridine and m-amsa-

crine (3) drugs. Compound 2-(acridin-9-ylamino)-3-ethoxy-5,8-

dihydroxynaphthoquinone revealed the most potent cytotoxic

activity against all above mentioned cell lines than the anti-

cancer drug m-amsacrine (3), probably due to enhancement of

biologically important chelating properties, possibly leading to

formation of more powerful DNA damaging reactive species.

Li et al. developed a procedure for the preparation of novel

analogues of 9-amino-acridine (146a–d).87 In a rst step, N-

phenylanthranilic acid (133a) was prepared by Ullmann reac-

tion. Compound (133a) was stirred in POCl3 to afford the 9-

chloro-acridine (134a). Then, acridine (134a) by reaction with

phenol was converted to 9-phenoxyacridine (144), which was

reacted with the corresponding amines (145) to give derivatives

(146a–d) (Scheme 23).87

The synthesized compounds (146a–d) were tested for their

antiproliferative activity against K562 and HepG-2 cells. The best

activity against both cell lines was shown by derivative (146c)

through bindingwithDNA and inhibiting topoisomerase I activity.87

Roe et al. presented the synthesis of hybrid acridine-HSP90

ligand conjugates as telomerase inhibitors.88 The intermediate

G4-azide bearing fragments (149a–d) were prepared by nucleo-

philic coupling of compound (147) with the amino azides

(148a–d) in CHCl3 at reux. A second intermediate GA-alkyne

(151) was synthesized by reacting geldanamycin (150)

with propargyl amine in DMF at room temperature. The desired

nal products (153a–d) were obtained by reaction of the

corresponding G4-azide bearing fragments (149a–d) with

compound (151) using 1 : 1 tert-butanol : water, in the presence

of CuSO4$5H2O as a catalyst and sodium ascorbate (152)

(Scheme 24).88

All synthesized compounds (153a–d) were assayed for inhi-

bition of tumour cell growth including MCF7, A549, GIST48,

and WI38. Derivatives (153a–d) showed the best activity against

A549 (IC50 ¼ 0.1–0.5 mM range). Compounds (153c–d) contain-

ing the longest linkers (n ¼ 9, and 10, respectively) revealed

better potent cytotoxic activity than analogue (153a), with the

shortest linker (n ¼ 5).88

Acridine derivatives are widely considered as potent photo-

sensitizers for photodynamic therapy in tumour treatment.

Recently, acridin-3,6-dialkyldithioureas (155) were developed

(Scheme 25), where the propyl analogue (R ¼ n-Pr) revealed the

highest photocytotoxicity against the L1221 cell line (IC50 ¼ 0.48

mM).89 The mechanism of action of these compounds was also

investigated, and the results strongly suggested that lysosomes of

cancer cells were signicant targets. Acridin-3,6-dialkyldithioureas

(155) were synthesized from 3,6-diaminoacridine (154) through

relevant isothiocyanates.89

Similar 3,6-bis(3-alkylguanidino)acridines were synthesized

by Plsikova and co-workers.90 These derivatives exhibited DNA-

binding abilities (K ¼ 1.25–5.26 � 105 M�1) and are potent

DNA-intercalating antitumor agents. It was demonstrated that

analogs with longer alkyl chains were able to penetrate cell

membranes and suppress cell proliferation effectively. The

compound with n-hexyl chains at nitrogen of guanidine moiety

proved to be the most cytotoxic.

In turn, Huo et al. presented N-(benzo[b][1,10]phenanthrolin-7-

yl)-2-(4-chlorobenzoyl)hydrazinecarbothioamide,91 2-(4-methox-

ybenzoyl)-N-(2-methylacridin-9-yl)hydrazinecarbothioamide,92 7-p-

toluene-aminobenzo[c]acridine hydrochloride93 and N-(4-methox-

yphenyl)benzo[c]acridin-7-amine hydrochloride94 as potential

antitumor agents against a liver cancer, a lung cancer, a gastric

cancer and various tumor cell strains. These compounds revealed

strong cytotoxic activity against MGC-803 (IC50 ¼ 8.1, 11.2, 10.4

and 9.7 mg mL�1, respectively), BEL-7404 (IC50 ¼ 24.2, 27.1, 23.1

and 20.3 mg mL�1, respectively) and NCI-H460 (IC50 ¼ 35.3, 25.4,

Scheme 23 Synthesis of acridine derivatives (146a–d).87
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28.2 and 25.4 mg mL�1, respectively). Moreover, measurements

in vivo demonstrated that 7-p-toluene-aminobenzo[c]acridine

hydrochloride and N-(4-methoxyphenyl)benzo[c] acridin-7-amine

hydrochloride effectively inhibited the division of hep-

atocarcinoma cells and had a good inhibitory effect in mouse

models of liver cancer.

Ramesh and Pasha described an efficient and economical

synthesis of 9-aryl-hexahydro-acridine-1,8-diones (158a–k) by

cyclocondensation of dimedone (58), aromatic aldehydes (156a–

k) and ammonium acetate (157) in the presence of a heteroge-

neous catalyst SiO2–I in ethanol at 80 �C (Scheme 26).95

The obtained derivatives have shown promising antitumour

activity against HepG-2 and MCF-7 cells. Compounds (158b,

158f and 158j) showed good activity against HepG-2 and MCF-7,

analogue (158i) towards HepG-2, and the derivative (158g)

inhibited MCF-7 cells.95

Scheme 25 Preparation of acridin-3,6-dialkyldithioureas (155).89

Scheme 24 Synthesis of acridine-HSP90 ligand conjugates (153a–d).88

This journal is © The Royal Society of Chemistry 2017 RSC Adv., 2017, 7, 15776–15804 | 15793
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Synthetic methods leading to desired acridine derivatives are

still being developed and optimized. For instance, a ZrO2–TiO2

mixed oxide catalyst enabled a three-component, one-pot

condensation of 5,5-dimethylcyclohexane-1,3-dione (58), 3-

bromo-5-chloro-2-hydroxybenzaldehyde (159), and ethanol-

amine (160) to (161) (Scheme 27) in 99% yield.96 Reddy et al.

described a synthesis of trans-fused 5H-chromeno[2,3-c]acri-

dine derivatives via intramolecular aza Diels–Alder reaction

catalysed by Lewis acid, followed by 1,3-hydrogen shi,97 where

5a,8,8-trimethyl-6,7,7a,8,13,13a-hexahydro-5H-chromeno[2,3-c]

acridine (163) was obtained from (162) and aniline in the

presence of BF3–OEt2 in 88% yield and 05 : 95 cis/trans ratio.

Distribution of the products was in good agreement with theo-

retical studies.98 Wang and co-workers reported 3,6-diphenyl-9-

aryl-3,4,6,7,9,10-hexahydroacridine-1,8(2H,5H)-dione derivatives

received in the course of Knoevenagel, Michael, and cyclization

reactions catalysed by L-proline.99 For example, 10-(4-chlor-

ophenyl)-9-(4-methoxyphenyl)-3,6-diphenyl-3,4,6,7,9,10-hexahy-

droacridine-1,8(2H,5H)-dione (165) was synthesized in the

reaction of 5-phenylcyclohexane-1,3-dione (164), p-methox-

ybenzaldehyde (156c) and p-chloroaniline in an overall yield of

57%. The product (165) gave IC50 ¼ 82.98 mg mL�1 against

HepG-2 in the MTT assay.

Wang et al. synthesized the 12-(3,4,5-trimethoxyphenyl)benzo-[b]

[1,3]dioxolo[4,5-i] acridine-6,11(5H,12H)-dione by cyclocondensation

of 3,4-methylenedioxy aniline, 3,4,5-methoxybenzaldehyde, 2-

hydroxy-1,4-naphthoquinone in the presence of L-proline in

ethanol.100 This molecule showed good activity against HepG-2

(IC50 ¼ 11.6 mM).

Scheme 26 Synthesis of 9-aryl-hexahydro-acridine-1,8-diones (158a–k).95

Scheme 27 Examples of newly obtained acridine derivatives 161,96 163,97,98 165.99
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Pickard et al. developed platinum–acridine anticancer

hybrid agents, where replacement of acridine moiety by benz[c]

acridine caused less toxicity in vivo in mice.101

Cossio Mora et al. presented the synthesis of 1,2,3,4-tetrahy-

droacridine derivatives as histone deacetylase inhibitors (HDACs)

and therapeutic agents for preventing or treating malignancies

associated with aberrant histone acetylation such as cancer,

hematological malignancies, proliferative diseases, neurological

disorders, and immunological disorders.102 These compounds

were tested in vitro with respect to inhibition of histone deacety-

lase: human isoforms HDAC1, 2, 3, 4, 5, 6, 7, 8, 9, 10 and 11 and

HeLa cell line. N-Hydroxy-7-((1,2,3,4-tetrahydroacridin-9-yl)

amino)-heptanamide and 7-((2,3-dihydro-1H-cyclopenta[b]quino-

lin-9-yl)amino)-N-hydroxy-heptanamide showed the best activity

against all histone deacetylase isoforms (IC50 ¼ 0.01–1.57 and

0.007–1.28 mM, respectively) and against HeLa (IC50 ¼ 0.023 and

0.019 mM, respectively).

Belmont et al. described tetrahydrocyclopenta[c]acridine

derivatives as kinase inhibitors in particular for treating

cancer.103 The 5-hydroxy-1-trimethylsilanyl-3,3a,4,5-tetrahydro-

2H-cyclopenta[c]acridin-2-one was the most effective inhibitor

against CDK1 and CDK5 with IC50 values of 0.56 and 1.6 mM,

respectively. In turn, 5-hydroxy-9-methoxy-1-trimethylsilanyl-

3,3a,4,5-tetrahydro-2H-cyclopenta[c]acridin-2-one showed the

best activity against HT 29 (IC50 ¼ 6.5 mM).

Singh et al. presented the synthesis of amino acid derivatives

of acridone as potential leads to anticancer drugs.104 Compound

(168) was prepared by the reaction of the 9-oxo-9,10-

dihydroacridine-4-carboxylic acid (166) with L-valine methyl

ester hydrochloride (167) in the presence of TEA and ethyl

chloroformate. A similar reaction of acridone (184) with L-tyro-

sine methyl ester hydrochloride (169) procured derivative (170).

For deprotection of the ester group, analogue (170) was treated

with LiOH to give compound (171) (Scheme 28). Then, deriva-

tive (171) was reacted with L-proline methyl ester hydrochloride

(172) to provide compound (173). Deprotection of the carboxyl

function yielded analogue (174), which on treatment with

glycine methyl ester hydrochloride (175) gave compound (176).

The nal product (177) was prepared by hydrolysis of derivative

(176) using LiOH (Scheme 29). Similarly, the sequential incor-

poration of glycine (175) and proline (172) in compound (181)

yielded derivative (199).104

Derivatives (186, 188, 189, 195, 196 and 199) were tested for

antiproliferative activity against the C6 glioblastoma cell line

(IC50¼ 14–20 mM range). Further, cell cycle analysis showed that

compounds (195, 196 and 199) arrested C6 cells in the G0/G1

phase of the cell cycle. Moreover, analogues (195, 196 and

199) were seen to upregulate mortalin and HSP70 expression

thus indicating their senescence-inducing potential.104

Zhang et al. presented the synthesis of novel pyridyl acri-

dones as potent DNA-binding and apoptosis-inducing agents.105

Acridone-4-carboxylic acid derivatives (184a–e) were obtained by

cyclization of the anthranilic acids (183a–e), which were

prepared from the Ullmann condensation of 2,4-dichlor-

obenzoic acid (138) with various anthranilic acid derivatives

(182a–e) in DMF using Cu as the catalyst (Scheme 30). Then, the

reaction of compounds (184a–e) with the corresponding

primary aliphatic amines in the presence of N,N0-carbon-

yldiimidazole (CDI) as the condensation agent gave the inter-

mediate acridone-4-carboxamides (185a–j). Nucleophilic

substitution of compounds (185a–j) with appropriate picolyl-

amines or 4-pyridineethanamine obtained the nal products

(186a–w and 187a–c).105

Most of the compounds (186a–w and 187a–c) exhibit good

cytotoxicity against K562 cells. The best ability to inhibit K562

was shown by the compound containing a methyl group on the

C5 position of acridone (186d) (IC50 ¼ 0.46 mM). The structure–

activity analysis showed that compounds containing two

methylene units between the N,N-dimethylamino group and 4-

carboxamide group displayed better antiproliferative activity

than derivatives containing three methylene units. Moreover,

analogues with an N,N-dimethylamino group on the 4-carbox-

amide side chain displayed better antitumour activity than

compounds with a methoxy group, which showed no cytotox-

icity. To evaluate whether the number of pyridyl groups has an

effect on antitumour activity (IC50 ¼ 11.2–13.9 mM range), the

Zhang group introduced a 2,20-bis pyridyl group to the acridone

scaffold.105 Moreover, compound (186d) was tested for in vitro

anticancer activity against cancer cell lines including NCI-H520,

U251, A375, A172, HeLa, CNE-2, U118-MG, HepG-2 and MCF-7

cells. Testing results showed that (186d) has broad anti-

tumour activities. Derivative (186d) showed the best antitumour

activity against A375 and HepG-2 cells with IC50 values equal to

0.16 and 0.32 mM, respectively. Furthermore, spectrophoto-

metric methods, viscosity measurements and topo I inhibition

assays demonstrated that (186d) interacts with DNA, inhibits

Scheme 28 Synthesis of the amino acid derivatives of acridone (168,
170, 171).104
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topo I activity and induces apoptosis through themitochondrial

pathway.105

The Gao group synthesized new derivatives of 10-(3,5-dime-

thoxy)benzyl-9(10H)-acridone (192a–g).106 Starting from the

commercially available acridone (111) by the nitration reaction

gave 2,7-dinitro-9(10H)-acridone (188), which in the presence of

3,5-dimethoxybenzyl was converted to 2,7-dinitro-10-(3,5-

dimethoxy)benzyl-9(10H)-acridone (189). Then, the reduction of

the nitro group by Na2S$9H2O in ethanol gave 2,7-amino-10-

(3,5-dimethoxy)benzyl-9(10H)-acridone (190). Subsequently, the

derivative of acridone (190) was acylated with 3-chloropropionyl

chloride to obtain 2,7-bis(3-chloropropionamido)-10-(3,5-

dimethoxybenzyl)-9,10-dihydroacridone (191). As a result of

nucleophilic substitution of compound (191) with an

Scheme 29 Synthesis of the dipeptide derivatives of acridone (177, 181).104
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appropriate amine, desirable acridone derivatives (192a–g) were

synthesized (Scheme 31).106

The nal products (192a–g) were evaluated for anti-

proliferative activity. The highest activity (IC50¼ 0.3 mM) against

leukaemia CCRF-CEM cells was shown by compound (192a),

with dimethylamine substituents at the termini of the chains.

Compounds (192b and 192c), containing diethylamine and

diethanol amine groups, revealed a decreased inhibitory effect.

Furthermore, (219a) demonstrated low toxicity against 293T

cells (IC50 > 100 mM).106

In search of anticancer compounds, Gao and co-workers devel-

oped amino acid acridone analogues possessing a 3,5-dimethox-

yphenyl moiety, and the most potent one was N-(10-(3,5-

dimethoxybenzyl)-9,10-dihydro-9-oxoacridin-2-yl)-2-aminoacetamide

hydrochloride (194) (Scheme 32).107,108 Analogue (194) exhibited

signicant activity against CCRF-CEM, A549, HepG-2, and MCF-7

cells together with low cytotoxicity to normal cells. The authors

have more recently reported more detailed data on the mechanism

of action of this compound against CCRF-CEM leukaemia cells, and

55 proteins were identied as involved in the proteomic processes.

According to the results, cell death can be caused by multiple

mechanisms, such as inhibition of aerobic glycolysis, mitochondrial

oxidative phosphorylation, DNA damage, and oxidative stress.108 The

synthetic pathway included nitration of acridone (111) followed by

N-alkylation with 3,5-dimethoxybenzyl chloride and reduction to the

respective amine. Then, 2-amino-10-(3,5-dimethoxy)-benzyl-9(10H)-

acridone (193) was coupled with N-(tert-butoxycarbonyl)glycine in

the presence of N,N0-diisopropylcarbodiimide (DIC) and 1-hydrox-

ybenzotriazole (HOBt). In the last stage, the target compound (215)

was produced in the course of treatment of the respective Boc-

protected derivative with HCl.107

Prasad et al. presented the synthesis of nitric oxide-releasing

acridone carboxamide derivatives as potential anticancer

agents.109 Acridone-2-carboxylic acid (197) was prepared by cycli-

zation of the 2,40-iminodibenzoic acid (196), which was synthesized

by the Ullmann condensation reaction of 2-chlorobenzoic acid (86)

with p-aminobenzoic acid (195). Then, acridone-2-carboxamides

(198a–f) were obtained by the reaction of compound (197) with

an appropriate amine. In turn, derivatives (199a–d) were synthe-

sized by stirring acridone-2-carboxamides with the alkylating agent

Scheme 30 Synthesis of pyridyl acridones (186a–w, 187a–c).105
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1-bromo-3-chloropropane or 1-bromo-4-chlorobutane in the pres-

ence of the strong base sodiumhydride. Subsequently, compounds

(199a–d) had introduced the nitric oxide-donating moiety by using

silver nitrate in dry acetonitrile to afford the NO-donating acridone

carboxamides (200a–d) (Scheme 33).109

All synthesized compounds were assayed for inhibition of

the human breast cancer cell line MCF7 and its two drug cross-

resistant phenotype sublines (P-gp and BCRP), doxorubicin-

resistant MCF7/Dx (P-gp expression) and mitoxantrone-

resistant MCF7/Mr (BCRP expression) cell lines. Compounds

fused with NO donors (200a–d) revealed the most potent cyto-

toxic activity against MCF7, MCF7/Mr and MCF7/Dx cells with

IC50 values varying from 0.8 mM to 1.6 mM, 1.7 mM to 2.7 mM and

1.9 mM to 4.2 mM, respectively. Moreover, derivatives (200b–d)

were tested for colorectal cancer cell line (SW1398, WiDr and

LS174T) activity and showed potent, selective inhibition (IC50 ¼

1.7–11 mM against SW1398, 2.8–19.1 mM against WiDr and 3.1–

18.2 mM against LS174T).109

The Mohammadi-Khanaposhtani group presented the

synthesis of new 9(10H)-acridinone-1,2,3-triazole derivatives

(207a–n) against human breast cancer cell lines and apoptosis-

inducing agents.110 The intermediate acridone derivatives (203)

were prepared by cyclization of 2-arylaminobenzoic acids (202),

which were obtained from the Ullmann condensation reaction

of 2-bromobenzoic acid (37) with the corresponding aniline

derivatives (201). Then, compounds (203) were converted to the

10-(prop-2-yn-1-yl)acridin-9-one derivatives (204) using prop-

argyl bromide in the presence of potassium tert-butoxide in

DMSO at room temperature. The nal products (207a–n) were

prepared by the reaction of compounds (204) with in situ

prepared 1-(azidomethyl)-4-methoxybenzene derivatives (206)

from chloride (205) (Scheme 34).110

Scheme 31 Synthesis of 10-(3,5-dimethoxy)benzyl-9(10H)-acridone derivatives (192a–g).106

Scheme 32 Synthesis of N-(10-(3,5-dimethoxybenzyl)-9,10-dihydro-9-oxoacridin-2-yl)-2-aminoacetamide hydrochloride (194).107
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All prepared compounds (207a–n) were assayed for inhibi-

tion of three human breast cancer cell lines, MCF-7, T-47D, and

MDA-MB-231. Compounds (207a–g) with mono-methoxy

substituents on the pendant benzyl group of the 1,2,3-triazole

ring displayed better antitumour activity (IC50 ¼ 11.0–60.0 mM)

than derivatives (207h–n) with tri-methoxy groups, which

showed no cytotoxicity (IC50 > 100 mM). Analogue (207c), with

a methoxy group at the 2-position, showed the best activity

against MCF-7 (IC50 ¼ 11.0 mM), T-47D (IC50 ¼ 14.5 mM) and

MDA-MB-231 (IC50 ¼ 16.6 mM). Moreover, acridine orange/

ethidium bromide and Annexin V-FITC/propidium iodide (PI)

double staining showed that derivative (207c) can induce

apoptosis.110

Kumar and co-workers synthetized new N10-substituted

acridone derivatives (209a–n, 210a–b, 211a–b, and 212a–b).111

Compounds (209a–n) were obtained by reaction of the appro-

priate alkyl halides in aqueous NaOH in the presence of TBAB

and 2-butanone with acridin-9(10H)-one (111) or 2-uo-

roacridin-9(10H)-one (208) (Scheme 35). Analogues (210a–b)

were prepared by reaction of (111) or (208) with hydroxylamine

hydrochloride and sodium acetate in water (Scheme 35), while

derivatives (211a–b) were synthesized in two steps. Reacting

(111) or (208) in DMF and NaH with ethyl bromoacetate

produced compounds (211a–b). Further hydrolysis of (211a) or

(211b) in dry ethanol, sodium hydroxide in water, and then by

acidication HCl yielded derivatives (212a–b) (Scheme 35).111

The cytotoxic effect of analogues (209a–n, 210a–b, 211a–b,

and 212a–b) on the four cell lines (MCF-7, A-549, HT-29, and

HeLa) were assessed by MTT assay. Compound (209n), con-

taining a p-nitrobenzyl group at the N10 position and a uoro

group at the C2 position, revealed good cytotoxic activity against

MCF-7, A-549, and HeLa with IC50 values equal to 57.4, 43.1, and

39.5 mM, respectively. In turn, derivative (209h), with a methyl

group at the N10 position of 2-uoroacridone, showed

moderate inhibitory effect, and analogues containing higher

alkyl, unsaturated alkyl, ester, and oxime groups were not

active. Thus, the N10 position and the C2 position of the acri-

done ring had a signicant inuence on the antiproliferative

activity of the compounds. Furthermore, the authors conducted

a silico study to check the multi-drug resistance modulator

(MDR) effect of synthesized derivatives using docking simula-

tions in the ATP binding site of P-gp. Derivatives (209g and

209n) showed similar interactions. These analogues (209g and

209n) showed a hydrogen bond between the carbonyl oxygen at

the 9th position of the acridone ring with Tyr1393 and a p–p

stacking interaction between the benzyl ring substituted at the

10th position of the acridone moiety with Tyr2352. Further-

more, the nitro group of (209g and 209n) also showed weak non-

covalent interactions with positively charged magnesium ion

(Mg2+). Analogues (209f, 209g, 209m, 209n, and 212a–b) showed

considerable interactions into the ATP binding site of P-gp and

can therefore be considered to display MDRmodulatory activity

as well.111

Kumar et al. presented the synthesis of 2-(9-oxoacridin-

10(9H)-yl)-N-phenyl acetamides.112 2-(9-Oxoacridin-10(9H)-yl)-N-

phenylacetamide derivatives (215a–o) were prepared by the

Scheme 33 Synthesis of nitric oxide releasing acridone carboxamide derivatives (200a–d).109
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condensation reaction of acridone (111) with 2-chloro-N-phe-

nylacetamides (214a–o) in the presence of sodium hydride in

DMF at reux (Scheme 36).112

Compounds (215a–o) were tested for in vitro anticancer

activity against three human cancer cell lines (MCF-7, HeLa,

and A-549). Derivatives a with carboxylic group at position 2 or 4

Scheme 34 Synthesis of compounds (207a–n).110

Scheme 35 Synthesis of N10-substituted acridone derivatives (209a–n, 210a–b, 211a–b, 212a–b).111
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of the phenyl ring (215k and 215l) showed the greatest inhibi-

tion ability against MCF-7 (IC50 ¼ 6.07 and 7.12 mM, respec-

tively), HeLa (IC50 ¼ 8.80 and 10.66 mM, respectively) and A-549

(IC50 ¼ 7.39 and 8.80 mM, respectively). Moreover, studies per-

formed showed that analogues (215k, 215l, 215d, 215e and

215h), bearing electron-withdrawing groups (–COOH, –NO2,

–OH), exhibited better cytotoxic activity compared to unsub-

stituted (215a) or compound (215f) bearing electron-releasing

groups (–CH3). Furthermore, the computational analysis

showed that all prepared products display signicant interac-

tions with the ATP binding site, and they may therefore serve as

MDR modulators.112

Conclusion

Bacterial, parasitic and viral infections and above all neoplastic

diseases are still a serious challenge for scientists. Acridine/

acridone analogues constitute a group of compounds with

antibacterial, antiparasitic, anti-malarial, anti-HIV and anti-

tumour properties. However, the clinical usefulness of acridine/

acridone derivatives is limited due to the risk of high toxicity

and tumour resistance. Recent research has opened new

directions for the design and development of new and more

potent inhibitors of acetylcholinesterase, inhibitors of human

carbonic anhydrase isozymes and antibacterial, antiparasitic

and anticancer drugs.113–117

The described compounds showed potent activity against

hAChE (IC50 ¼ 3–8 nM) and their derivatives against hBChE

(IC50 ¼ 0.4–20 nM). These analogues were more active than the

positive control tacrine,46 while compound (44g) (Scheme 2)

showed activity against AChE with an IC50 ¼ 7.31 mM.49

Synthesized acridine derivatives have exhibited good results

in activity against isoforms (hCA I, II and IV).61 Also described

are acridine derivatives as antimalarial agents.68 A novel

inhibitor of M. tuberculosis DNA gyrase was prepared that

showed good activity with IC50 values in the range of 5.2 to 33.9

mM.70 Derivative (100k, Scheme 14) exhibited more effective

activity against S. enteritidis than erythromycin,72 while deriva-

tive (103b, Scheme 15) exhibited higher activity against Candida

albicans than Rivanol.73

Compounds (121a, 136l, 143e, 146c, 158b, 158f, 158i, 158j,

186d) showed promising antitumour activity against HepG-2

(ref. 15, 30, 85, 87, 95 and 105) Additionally, derivatives (136l,

143e, 146c, 186d) exhibited good activity results against K562

through binding with DNA and inhibiting topo I

activity.30,85,87,105 Furthermore, analogue (192a) showed the

highest activity (IC50 ¼ 0.3 mM) against leukaemia CCRF-CEM

cells.89 Derivatives (153a–d, Scheme 24) showed the best

activity against A549 (IC50¼ 0.1–0.5 mM)80 and (200a–d) (Scheme

33) revealed the most potent cytotoxic activity against MCF7

(IC50 ¼ 0.8–1.6 mM).92

PEGylated polyacridine peptides are considered as non-viral

gene delivery systems.118 Khargharia et al. reported synthesis of

DNA binding polyacridine peptides followed by their in vivo

gene expression in mice. Length of polyethylene glycol (PEG)

moiety inuenced DNA polyplexes administration dramatically,

whereas its location occurred to be not so crucial. Investigation

of the relationship between structure of PEGylated polyacridine

peptides and pharmacokinetics, biodistribution and metabo-

lism can lead to novel compounds in gene therapy.

Thus, the acridine/acridone moiety can still serve as a lead

structure and can be further modied to increase the specicity

of new analogues towards tumour cells and bacterial, parasitic

and viral infections.
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