Panchal et al., IJPSR, 2020; Vol. 11(10): 4739-4748. E-ISSN: 0975-8232; P-ISSN: 2320-5148

IJPSR (2020), Volume 11, Issue 10 (Review Article)
0, INTERNATIONAL JOURNAL ety
O~ -

FPHARMACEUTICAL SCIENCES N

AND 1\\-.3/.

ResearCH -

Received on 14 October 2019; received in revised form, 24 March 2020; accepted, 26 March 2020; published 01 October 2020
ACRIDINE A VERSATILE HETEROCYCLIC MOIETY AS ANTICANCER AGENT
Neil B. Panchal ", Pinkal H. Patel, Nadim M. Chhipa and Rakesh S. Parmar
Parul Institute of Pharmacy and Research, Parul University, Waghodia - 391760, Gujarat, India.
Keywords: ABSTRACT: Acridine is a heterocyclic nucleus consisting of three fused rings
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INTRODUCTION:

Acridine Heterocycle: Acridine is an organic B q 1
compound and a nitrogen heterocycle with the < 5
formula C13H9N. The first isolation of acridine was Ba

done in 1870, from a high boiling fraction of coal 10a

tar by Carl Grabe and Heinrich Caro in Germany *. 6 N 3
Acridines are substituted derivatives of the parent o 10 4
ring. It is a planar molecule that is structurally

related to anthracene with one of the central —-CH FIG. 1: ACRIDINE

groups replaced by nitrogen K Acridine is mildly  gome derivatives show undesired pharmacokinetic
basic and an almost colorless solid. Acridine  hrqnerties and still, new derivatives need to be
derivatives have been explored as DNA-binding  exnlored. Acridines are well-known for their high
anticancer agents. cytotoxic  activity. However, their clinical
oL O application is limited or even excluded because of
DOI: its side effects. The cancerous cell DNA is
10-13040/UPSR.0975-8232.11(10)-4739-48 | congidered as one of the main targets for anticancer
drug design 2 The planar structure of acridines

b e Eanlblorce s ealonlin ey confers to the molecule able to bind DNA by
WWW.ijpsr.com . f . . .
intercalation and to interfere with metabolic
DOI link: http://dx.doi.org/10.13040/1JPSR.0975-8232.11(10).4739-48 processes.
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Acridine is obtained from the high boiling fraction
of coal tar. It is also obtained in nature from a plant
and marine sources .

Physical Properties:

1. Itis a pale yellow crystalline substance with
a specific odor.

2. Its melting point is 111 °C.

3. Poorly soluble in water but readily soluble
in most of the organic solvents.

4. It crystallizes in needles which melt at 110
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5. It is characterized by its irritating action on
the skin and mucous tissue and by the blue

fluorescence shown by a solution of its salt.

Synthesis: Many researchers had synthesized
Acridine via different starting molecules with
various reagents and catalyzing agents. The name
of them are shown below

Berntsen Synthesis: It involves the reaction of
diphenylamine with a carboxylic acid in the
presence of zinc chloride, resulting in the formation

°C. of acridine *.
B 2 R
; : N1 : ] RCOOI %
-
4 2 B 4 Zn(Cl5,200-270°C N
3 2
) . G-Substituted Acridine
diphenylamine

FIG. 2: BERNTHSEN SYNTHESIS

Friedlander Synthesis: Anthranilic acid salt was treated with cyclohex-2-enone at 120 °C to obtain 9-

methylacridine *.
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FIG. 3: FRIEDLANDER SYNTHESIS

From C-acylated Diphenylamines: Diphenylamine is heated in the presence of I,/HI to give 9-

phenylacridine .

phenyl 2-{phenylamino jphenyl i methanone

1
Ph

@O

Q-phenylacridine
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FIG. 4: C-ACYLATED DIPHENYLAMINES

Cyclization: Cyclization of N-phenylanthranilic
acid by the Magidson-Grigorowski method lead to
the formation of ester (9-acridone), further to
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alcohol (acridine-9-ol) to yield the final product as
chlorinated salt of acridine as 9-chloroacridine 3.
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FIG. 5: CYCLIZATION OF N-PHENYLANTHRANILIC ACID
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Chemical Properties:

1. Acridine combined readily with alkyl
iodided to form alkyl acridinium iodides,
which ae readily transformed by the action
of alkaline potassium ferricynaide to N-
alkylacridiones. On  Oxidation  with
potassium permanganate it yields acridinic
acids or quinolone-1,2 dicarboxylic acid.

2. Oxidation of acridine is highly active and
forms aminoxide group. Due to this
reduction is observed and product is 9,10
dehydroacridine, further when treated or
reacted with potassium cyanide yields 9-
cyano-9,10 dehydro derivative.

3. The presence of 9-phenyl acridine act as
parent base for the chrysaniline or
3,6,diamino-9-phenyl acridine which is a

dye-stuff phosphine obtained as by-product
in the manufacture of rosaniline.

Reaction of Acrdines: The 2" and 7" position of
acridine moiety is highly suspectable to number of
reactions like nucleophilic addition, electrophilic
substitution,  oxidation, reduction, reductive
alkylation, and photoalkylation reactions. This is
mainly due to the presence of unsaturation in the
aromaticity and delocalization of the bonds and
moving of electrons to best suit the stability of the
nucleus and the attachment with other molecules or
moieties °.

Reaction of Heteroatoms: Acridine serves as a
weaker base than the pyridine and quinolone
moiety. Thus, it forms rapidly to acridinium salts
and in the presence of N-oxidation, turns to peroxy-
carboxylic acid *.

-
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}I‘I I
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Acridinium chlonde

HCI G
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—
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CH;COOO0OH

G CH3-1 T
*
I

i,

CH,COOH N-Methyl acridinium Iodide

Acridineg N-Oxide

FIG. 6: REACTION OF HETEROATOMS
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Electrophilic Substitutions of Acridine: Acridine  nitric acid to form 2,7 dinitroanthracene which is
undergoes nitration in the presence of Concentrated  an electrophilic substitution reaction *.

g g 1 1 g g
P s 2 HNO,+H80), 0,N. 2 NO,
Ha Ba 7
) .._“_\-:DB . -Ii-ﬁ ’.
6 M 3 Mitration 3 6
5 g 4 4 10 5
acridine 2, T=dhimtroanthracene

FIG. 7: ELECTROPHILIC SUBSTITUTIONS OF ACRIDINE

Reactions towards Nucleophiles: Acridine shows leads to acridine- 9- amine (9-aminoacridine),
variable regiochemistry towards nucleophiles. whereas in N,N-dimethylaniline the main product
Reaction with NaNH, in liquid ammonia, which  formed is 9,9-biacridanyl .

B ] 1
2 ™, -ditnethy]l aniline
Mol T
A
]

peridin-S-amiimne

FIG. 8: REACTIONS TOWARDS NUCLEOPHILES

permanganate in alkaline medium forming

Oxidation of Acridine: Acridine is oxidized by
quinoline- 2,3-dicarboxylic acid *.

dichromate in presence acetic acid to yieldacridin-
9(10H)-one (acridone), whereas it gets degraded by
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FIG. 9: OXIDATION OF ACRIDINE

Reductive Alkylation: Acridine on reaction with n-pentanoic acid, in the presence of ultraviolet light,
gives 9-n-butylacridine .
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FIG. 10: REDUCTIVE ALKYLATION OF ACRIDINE
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Photoalkylation: In the presence of ultraviolet
light, N-methylacridine hydrochloride reacts with
methanol to give 10-methyl-9,10-dihydroacridin-9-
yl-methanol *.

CH,0H
Ly
\
909 > UL
N CH,COOH N
| . A
(_"H;k CH;
FIG. 11: PHOTOALKYLATION
Pharmacological Importance: It plays an

important role in various medicines. A number of
therapeutic agents are based on acridine nucleus
such as quinacrine (antimalarial), acriflavine, and
proflavine (antiseptics), ethacridine (abortifacient),
amsacrine and nitracine (anticancer), and tacrine.

Pharmacological Scaffold:

ANTFBACTERIAL

ANTMALARUAL | ¢=5|  ACRIDINE | =/ ANTLCANCER

ANTVRAL _ ANTILESEMANTE
ALTEIVER'S DISEASE

FIG. 12: PHARMACOLOGICAL SCAFFOLD OF ACRIDINE

Anticancer Derivative: Cancer is one of the major
health and social-economic problems despite
considerable progress in its early diagnosis and
treatment. Cytotoxic drugs work by interfering with
DNA replication. Since the cancer cells are rapidly
dividing so they rapidly synthesize new DNA- and
if this is damaged the cell will die *. There are three
main groups of molecules that can be used to
interfere with DNA replication-Antimetabolites:
they are molecules that appear to be as nucleotides.
Alkylating agents: those are molecules that
permanently attach to the DNA, distorting its shape
! Unfortunately, these also attach to many other
molecules in cells. DNA-binding agents: molecules
that attach to the DNA chain break it, disengage
from the chain, and then attach to another chain to
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repeat the process. These usually function in
conjunction with an enzyme 2.

Owing to the emergence and increase of multidrug
resistance to various conventional drugs and the
continuing importance on healthcare expenditure,
many researchers have focused on developing
novel and effective anticancer compounds.

Acridine as an Anticancer Derivative: DNA is
considered as one of the main targets for anticancer
drug design. The planar structure of acridines
confers to the molecules the ability to bind DNA by
intercalation and, therefore, to interfere with the
metabolic process. A large number of natural
alkaloids and synthetic acridine derivatives have
been tested as anticancer agents .

Owing to the versatile chemotherapeutic activities
of acridine, a significant amount of research
activity has been directed toward this class in
recent years, which is as below.

Literature Review: Puneet Kumar et al., (2013)
prepared Some 9-aminoacridine derivatives and in
preparation compound 7 and compound 9 was
found to be effective against lung cancer and
Cervical cancer HelLa cell line, Compound 9
exhibited potent anticancer activity with CTC50
(13.75 & 18.75 pg/ml) for cervical cancer cell
(HeLa) line and lung cancer cell (A-549) lines
respectively °.

CF, CF;

NH NH
‘ L ‘\)”lm{c
‘ NT . Nig

Compound-7 Compound-9

FIG. 13: COMPOUND 7 AND COMPOUND 9

Sondhi SM et al., in 2010 reported some novel
acridine derivatives, among them 3g, 3m and 5g
exhibited good anticancer activity against breast
(MCF-7), liver (HEP-2), colon (COLO-205,
502713, HCT-15), lung (A-549) and neuroblastoma
(IMR-32) cancer cell lines at a concentration of 1 x
10°uM.?
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FIG. 14: COMPOUND 3g,
COMPOUND 5g

COMPOUND 3m AND

Luan X et al., in 2011 reported a series of novel
acridine derivatives as a multi-target VEGFR-2 and
Src kinase inhibitors, compound (7r) showed low
MM activity against K562 and HepG-2 cancer cell-
lines, and inhibited VEGFR-2 and Src at inhibition
rates of 44% and 8% at 50 UM, respectively,
without inhibition of topoisomerase °.

OCH;

MNH
(L
Cl M

Compound 7r

FIG. 15: COMPOUND 7r

Kalirajan R et al., in 2012 reported 9-anilino-
acridines substituted with oxazine derivatives.
Among these agents, compounds 5a, 5h, 5i, 5j were
the most cytotoxic with CTC50 value of 140e250
mg/mL. The docking studies of the synthesized
compounds were performed towards the key
Topoisomerase Il (1QZR) by using Schrodinger
Maestroactivity as topoisomerase 11 inhibitors .

International Journal of Pharmaceutical Sciences and Research

FIG. 160 COMPOUND 5a, COMPOUND 5h,
COMPOUND 5i AND COMPOUND 5j

Francis WA Barros et al., in 2012 reported novel
hybrid 5-acridin-9-ylmethylene-3-benzyl-thiazoli-
dine-2,4-diones as a tumor suppressor agents and
the structure of compound is as below ®.

FIG. 17: COMPOUND 9, COMPOUND 10, COMPOUND
11 AND COMPOUND 12. R=CH; (Compound 9),
Br(Compound 10), (Compound 11), Cl(Compound 11),
F(Compound12)

Xuliang Lang et al., in 2013 prepared some Novel
synthetic acridine derivatives by analogues were
synthesized by modifying previously unexplored
linkers between the acridine and benzene groups
and their antiproliferative activity and the DNA-
binding ability were evaluated. Among these
derivatives, compound 5c demonstrated DNA-
binding capability and topoisomerase | inhibitory
activity. In K562 cell lines, 5c¢ induced apoptosis
through mitochondria-dependent intrinsic pathways.
as potent DNA-binding and apoptosis-inducing
antitumor agent *°.
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FIG. 18: COMPOUND 5C

Xuliang Lang et al, (2013) reported 9-
benzyloxyacridine analogue as both tyrosine kinase
and topoisomerase | inhibitor, among which the 9-
benzyloxyacridine analogue, LXL-5, showed
inhibitory activity against tyrosine kinases,
VEGFR-2 and Src. *

<

e OCHS3
-
Cl ‘ N ‘

LXL-5
FIG. 19: COMPOUND LXL-5

Pawetl Szymanski et al., in 2017, prepared some
Novel tetrahydroacridine and cyclopentaquinoline
derivatives with fluorobenzoic acid moiety for lung
cancer treatment *2

2 2

(Hz ':.,1-1 {ll(]

o o
2o

LH-:CJ:

o o

;H:;E]g

FIG. 20: COMPOUND 1, COMPOUND 2, COMPOUND
3 AND COMPOUND 4
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Li D et al.,, in 2017 reported a series of novel
azaacridine derivatives were synthesized as DNA
and topoisomerases binding agents, among which
compound 9 displayed the best antiproliferative
activity with an 1Csy value of 0.57 pM against

U937 cells =,

NH. .M

J

M
cl NT ~F

Compound-9

FIG. 21: COMPOUND 9

Moacyr J.B. de Melo Régo et al., in 2017 reported
Thiazacridine derivatives (LPSF/AC-99), (LPSF/
AC-119) and (LPSF/AC-129) which were found
more cytotoxic to neoplastic cell death primarily by

apoptosis ™
0
S

| \ S’&D
LPS F/ACYY

0
LU,

LPSF/IACTI9

CHy

- Ol/\©/[3
0

LPS F/ACI29

0
FIG. 22: COMPOUND LPS F/AC99, COMPOUND LPS
F/AC119 AND COMPOUND LPS F/AC129

Rajesh Kumar et al., in 2017, prepared 2-methyl-9-
substituted acridines Derivatives, and in them,
Compound AS-2 showed good activity against A-
549 and MCF-7 cancer cell lines with CTC50
187.5, AS-1 and AS-5 showed significant activity
against(A-549) cancer cell lines with CTC50 300
and 262.5 Ig/ml. Also, AS-1 and AS-5 showed
significant activity against (MCF-7) cancer cell
lines with CTCso 237.5 and 337.5 pg/ml, respectively
212.5 pg/ml respectively *
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FIG. 23: COMPOUND AS-01, COMPOUND AS-02 AND
COMPOUND AS-05

Sarip R et al, in 2017, synthesized novel
anticancer compound, N-(3,5 Dimethoxyphenyl)
Acridin-9-amine (G4), and evaluate toxicity study
with a good result on cell (WRL 68) and cancer cell
lines (MCF-7, HT29, and HL60) *°.

D

OCH;

(_ompc'rund G4 Compound 5h

FIG. 24: COMPOUND G4 AND COMPOUND 9b

Haider MD et al., in 2019 synthesized Novel 9-(2-
(1-arylethylidene) hydrazinyl) acridine derivatives
for Target Topoisomerase 1 and growth inhibition
of HelLa cancer cells, among them compound 4b,
compound 4d, and Compound 4e found very
effective in S phase and consequently induces cell
death through DNA damage in HeLa cells *".

@

Compoand S
OH HO
= < ﬁ
' N
™ A
-
—
M

TN
e
|
Commpaourid Ge

Commpeourad <o
FIG. 25: COMPOUND 4b, COMPOUND 4d AND
COMPOUND 4e
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Zhang B et al, in 2019 synthesized N-
phenylbenzamide- 4-  methylamine acridine
derivatives as a potential topoisomerase I/1l and
apoptosis-inducing agents, among them compound
9b effectively inhibited the activity of Topo I/Il and
induced DNA damage in CCRF-CEM cells and,
moreover, significantly induced cell apoptosis in a
concentration-dependent manner *8

o

Compound 9b

FIG. 26: COMPOUND 9b

Behbahani FS et al., in 2019 synthesized and
evaluated novel benzo[c]acridine-diones as potential
anticancer agents and tubulin polymerization
inhibitors, on the PC3 cell line, among them,
compound 4g showed necrosis in PC3 and MCF-7
cancer cells at higher concentration and proved to
be an inhibitor of tubulin polymerization *

Compound 4z

FIG. 27: COMPOUND 4g

CONCLUSION: By reviewing the novel acridine
derivatives it is clearly seen that the particular
heterocycle has a diverse and varied capacity to be
a capable neoplastic agent treating various targeting
cells of cancer, Acridine with its effective activity
and Capability to combine with other heterocycles
can easily be used to prepare and synthesis various
neoplastic derivatives. Acridine orange and
acridione derivatives were also found to be potent
antitumor agents and hybrid derivatives of the
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heterocycle and capacity to affect various cell line,
which can be effective against versatile anticancer
agents. From the resources, it is very much clear
and static that cancer cells grow in their own
pattern, and they proliferate according to the
division of cell growth. Thus still, it becomes of
utmost need to search for a lead compound or
molecule which can counteract or stop the
mechanism of proliferation at early or divided
stages of growth. So, acridine and their derivatives
will be beneficial in this aspect, which can serve as
a potent anticancer agents.
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