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For over half a century, the carbazole skeleton has been the key structural motif of many biologically
active compounds including natural and synthetic products. Carbazoles have taken an important part in
all the existing anti-cancer drugs because of their discovery from a large variety of organisms, including
bacteria, fungi, plants, and animals. In this article, we specifically explored the literature from 2012 to
2018 on the anti-tumor activities reported to carbazole derivatives and we have critically collected the
most significant data. The most described carbazole anti-tumour agents were classified according to
their structure, starting from the tricyclic—carbazole motif to fused tetra-, penta-, hexa- and heptacyclic
carbazoles. To date, three derivatives are available on the market and approved in cancer therapy.
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INTRODUCTION

Heterocyclic compound is defined as any
organic compound where their molecules are
characterized by rings containing at least one
atom other than carbon. These compounds are
structurally ~ similar  to  cyclic  organic
hydrocarbons, but their properties can vary
widely from those of their hydrocarbon
counterparts and are largely governed by the
identity, location and number of heteroatoms
present in the molecule. It is this rich diversity of
physical and biological properties that has led to
intense study of heterocyclic compounds. It
follows then that heterocyclic chemistry is the

study of all aspects of heterocyclic compounds.'!
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Heterocyclic systems are ring compounds
containing atoms of at least two different
elements as ring members. Organic heterocyclic
systems contain one or more "foreign" elements
such as oxygen, sulphur or nitrogen in addition
to T Meghani et al Asian Journal of
Pharmaceutical Research and Development.
2020; 8(3): 152-161 ISSN: 2320-4850 [153]
CODEN (USA): AJPRHS carbon; atoms of such
elements conceptually replacing carbon in a ring
system have long been called hetero atoms. In
recent years, however, the meaning of the term
heteroatom has been broadened to include

atoms other than carbon occurring in chains as
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well as in rings. The general method of naming
organic ring and chain systems based on the
hetero atom concept is known as replacement
nomenclature4  Compounds classified as
heterocyclic probably constitute the largest and
most varied family of organic compounds. After
all, every carbocyclic compound, regardless of
structure and functionality, may in principle be
converted into a collection of heterocyclic
analogues by replacing one or more of the ring
carbon atoms with a different element. Even if
we restrict our consideration to oxygen, nitrogen
and sulphur (the most common heterocyclic
elements), the permutations and combinations

of such a replacement are numerous.
Pharmacological activity:

1. Anticancer activity:

Devender Pathak etal. (2012) have been
synthesized of some newer carbazole
derivatives from a starting key product
carbazole. carbazole on reacting with
chloroacetyl chloride managed NO-
(chloroacetyl)-carbazole. Condensation of with
various aromatic aldehydes managed NO9-
(arylidene hydrazinoacetyl)-carbazoles followed
by cycloaddition reaction to give the final
product. All the synthesized compounds (1a-1k)
structure characterization by applying FT-IR,
MS, "H NMR, and elemental analysis. After
structure  confirmation  goes  for  their
pharmacological activity in SRB assay compare

with their standard drug such as Adriamycin
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compounds 1a, 1d, 1hand 1ishows the
promising anticancer activity against the A549
cell lines, but a substituted fluoro group in
compound 1don Para position it forms a

significant anticancer active compound.

s

2-(2-(4-fluorophenyl)-3a,4-dihydroimidazo[4,5-b]indol-1(8bH)-ylamino)- 1-(9H-carbazol-9- yl)ethanone

2. Antioxidant activity:

Pedavenkatagari Narayana Raddy etal(2017)
newly synthesize a carbazole derivatives from
(2a-2n) by Mannich bases using 4-
hydroxycarbazole as starting material and
evaluated for their antioxidant activity. Mostly
newly synthesized compounds show a higher
active radical- scavenging activities than
ascorbic acid. But Compound 2c show the
largest  Antioxidant  activity  (IC50=161M)

compare with their standard drug ascorbic acid

OH
‘ ‘ N
H

3-((2-nitrophenyl)(pyrrolidin-1-yl)methyl)-9H-carbazol-4-ol
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and rutin. The synthesized derivatives were
characterized by use of IR, 1H NMR, and Mass
spectroscopy and elemental analysis. Ascorbic

acid and rutin use as a reference. -4

3. Antibacterial activity:

Sherg-liang Zhou et al. (2019) have
synthesiszed a new fluorine-substituted
carbazole series (1-8). All the compounds
indicated possible activity against G-positive
bacteria. Among the compound 1,2,4shows the
good antibacterial activity but compound
2displays highly active antibacterial activity
compare with their standard drug Meropenem.
The structure was affirmed by IR, 1H & 13C
NMR, MS. Bl

ZT

2,4,6—Triﬂuoro—;H—carbazole

4.  Anticancer Activity:

Nitin kumar etal. (2016) have synthesized a
series of novel carbazole based derivatives (1a-
1e) (2a-2e). all recently synthesized structure
simply described by utilizing an IR, 1H NMR,
13C NMR, MS and elemental investigation. And
tested in-vitro anticancer activity against human
breast cancer cell using assay method of
sulphorodamine B. Rebeccamycin used as a

standard drug. Compound 1c and 2ahaving
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hydroxyl and dimethoxy group as substituent

respectively showed highest activity.(!

(7
oh

2-[4,5-dihydro-2-(4-hydroxyphenyl) imidazol-1-ylamino]-1-(9H-carbazol-9-yl) ethanone
(le)

O —
|

2-(9H-carbazol-9-yl)-N'-[ {(3,4-dimethoxyphenyl) (piperazin-1-yl)} methyl] acetohydrazide
(22)

5. Antimicrobial activity:

Ling Zhanget al. (2016)have synthesized a
novel carbazole aminothiazoles series as a
antimicrobial derivative (1a-j) were synthesized
by involving a Friedel-crafts reaction a starting
key a carbazole react with a alkyl bromides in a
nitrogen atmosphere and follow Friedel-crafts
reaction and then compounds treat with thiourea
reflux absolute ethanol gave a N-alkyl carbazole
aminothiazoles using Friedel craft reaction. All
newly synthesized compound designed and
characterized by using 1H NMR, 13C NMR, IR,
MS and HRMS spectra. Compounds may
synthesize were analyse for antimicrobial
activities in vitro against Gram-positive bacteria
(S. aureus ATCC25923, etc.), four Gram-
negative bacteria (E. coli JM109, etc.) also five
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fungi (C. utilis ATCC9950, efc). carbazole
aminothiazole 1f shows better inhibition activity
against a MRSA (MIC = 4 ug/mL) Chloromycin

& Norfloxacin as a reference drug.[7]

H,N
4-(3-(2-aminothiazol-4-yl)-9-hexyl-9H-carbazol-6-yl) thiazol-2-amine

6. Anti-inflammatory activity:

Babasaheb P. Bandgaret al.(2012) have
synthesized a 3-(substituted)-aryl-5-(9-methyl-3-
carbazole)-1H-2-pyrazolines series by using a
Vilsmeier-Haack and  Claisen  schimdt
condensation reaction starting key material a
methylation of carbazole with methyl iodide give
9-methyl carbazole whi on Vilsmeier-Haack
schimdt

formylation and then Claisen

condensation  with  avarious  aromatic
acetophenone and hetroaromatic acetophenone
in sodium hydroxide and then compound further
ethanol in hydrazine hydrate treated and it gave
a final target compound (1a-0). All synthesized
compound were descrived by IR, 1H NMR and
Mass spectroscopy and all compound analyze

for in vitro &in vivo anti- inflammatory activity.
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Compound 1c¢ shows a potential anti-
inflammatory activity against COX inhibitor
compare with their refrence indomethacin

drug B

3-(3-(3,4-Dimethoxyphenyl)-4,5-dihydro-1H-pyrazol-5-y1)-9-methyl-9H-carbazole

7. Antifungal activity

Periyasamy Parthiban etal. (2014) have
synthesized a novel series of N-((5,6,7,8-
tetrahydro carbazol-9-yl) methyl) substituted
amines (PM1-PM5) derivatives follow mannich
reaction.  First step  condensation  of
cyclohexanone, phenyl hydrazine, and glacial
acetic acid yield 1,2,3,4, -tetrahydro carbazole
mix with formaldehyde and with aromatic amine
by mannich base reaction obtain final yield
compound. The
characterized by IR, 1H NMR, and MS. Its

shows antifungal activity against C.albicans and

®/N\/N F

N-((5,6,7,8-tetrahydrocarbazol-9-yl) methyl) benzenamine

synthesized  compound,

A. niger at 50 and 100 0g/ml level, griseofulvin
use as a standard drug. Compounds PM1 and

PM5 shows a better antifungal against 100 ig/ml
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concentration-L°

8.  Anti-HIV Activity:

Fedora Grande etal(2018) have synthesized
novel chain of carbazole 3-Nitro-1,4-dimethyl-
9H-carbazole from a starting reaction 6-chloro-
1.4-dimethyl-9H-carazoles (2a, b-4a, b) an
indole reacts with a carbazole by a Cranwell and
Saxton method yield 3-amino-1,4-dimethyl-9H-
carbazole added to a solution of 1,4-dimethyl-
9H-carbazole in dichloromethane added in
acetic anhydride and nitric acid then obtain pure
yield product. In all compounds the compound
(3b) shows a potent activity. All synthesized
compound were distinguished by Infrared, 1H
Nuclear magnetic resonance, and elemental
analysis and a column chromatography. All
compound Testing in luciferase and Escherichia
coli B-galactosidase expressing CCR5+,
CXCR4+, CD4+, TZM-bl cells. Maraviroc used

as standard drug. [10-19]

ZT

Cl N*

7-chloro-1,4-dimethyl-3-nitro-9H-carbazole

9. Alzheimer disease activity:
Chantana Boonyarat et al (2014) have
discovered a new tacrine-carbazole hybrid as a
anti-alzheimer agents for their cholinesterase
activities.  These

inhibitory developing
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derivatives having high inhibitory activity against
acetylcholinesterase with 1C50 value from 0-48
to 1.03Im range. The compounds (S1-S3) were
synthesized by reaction of antioxidant moiety
with alkylenediamine it gave a target compound.
The synthesize derivatives are distinguished by
IR, MS, and 1H and 13C NMR. Compound $1
having high potency for AChE inhibitory and
radical scavenging activity also S1 improve
memory defect in mice by reference
scopolamine. At last, Tacrine-carbazole
derivatives as a potent pharmacological

development in Alzheimer’s disease. [16-17]

Conclusion:

Carbazole moiety is present in many
compounds possessing various biomedical
applications. Various synthetic drug molecules
contain acarbazole nucleus as a part of their
pharmacophore structure and it helps in affixing
drugs to the residues of the binding site of

desired targets.

Derivatives holding carbazole core exhibit
different biological activities namely antidiabetic,
anticancer, antimicrobial, anti-HIV, antiviral, anti-
inflammatory, antioxidant, anticholinesterase,
antitubercular, and antimalarial activities, etc.
Due to these activities, carbazole has attracted
the attention of researchers in the discovery of
novel chemical entities. These chemical entities
may be safer and effective drugs for various
ailments. Summarizing the literature reports

described above, we can say that carbazole
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displays a diverse spectrum of biological
activities. carbazole has an immense potential to
be investigated for newer therapeutic
possibilities. Chemistry of carbazole derivatives
described in this review would help the
researchers worldwide in the design and
synthesis of novel drugs useful in the mitigation

of various disorders.

REFERENCE

1. Amit Kumar Dwivedi, Sujeet Kumar Gupta
and Ram Sevak Verma” A Review on Various
Pharmacological Activity of Newly Synthesized
Carbazole Moieties” Volume 9, Issue 11, 590-
604.

2. Talhout, Reinskje; Schulz, Thomas; Florek,
Ewa; Van Benthem, Jan; Wester, Piet;
Opperhuizen, Antoon (2011). "Hazardous
Compounds in Tobacco Smoke". Int. J. Environ.
Res. Public Health. 8 (12): 613-628.

3. Lide DR.Handbook of chemistry and
physics. 84. Boca Raton: CRC Press; 2003.

4. Arya, K. R., & Rajendra Prasad, K. J. (2018).
Rational  eco-compatible  synthesis  and
biological screening of new highly functionalized
pyrido [2, 3-a] carbazole derivatives: A novel
class of antioxidant and  anticancer
agents. Synthetic
1465-1481.

5. Tamene, D., & Endale, M. (2019).

Antibacterial activity of coumarins and carbazole

Communications, 48(12),

alkaloid from roots of clausena

www.pharmaerudition.org  Aug. 2021, 11(2), 85-91

ISSN 2249-3875

nternational Jowrnal of Pharmaceutical Evudition

anisata. Advances in pharmacological
sciences, 2019.

6. Kumar, N., & Pathak, D. (2016). Design,
synthesis and anticancer activity of 9-substituted
carbazole derivatives. International journal of
pharmaceutical sciences and research, 7(8),
3291.

7. Yaqub, G., Hannan, A., Akbar, E., Usman,
M., Hamid, A., Sadiq, Z., & Igbal, M. (2013).
Synthesis, antibacterial, and antifungal activities
of novel pyridazino carbazoles. Journal of
Chemistry, 2013.

8. Johansen SS, Hansen AB, Mosbaek H,
Arvin E. Identification of heteroaromatic and
other organic compounds in ground water at
creosote-contaminated sites in
Denmark. Groundw Monit Rem. 1997; 17:106-
115.

9. Zhang, F. F., Gan, L. L., & Zhou, C. H.
(2010). Synthesis, antibacterial and antifungal
activities of some carbazole
derivatives. Bioorganic & medicinal chemistry

letters, 20(6), 1881-1884.

10.collin G, Hoke H. Carbazole. In: Elvers B,
Hawkins S, Schultz G, editors. Ullman’s
encyclopedia of industrial chemistry. 5. New
York: VHS; 1986.

11. Odabasi M, Cetin B, Sofuoglu A. Henry's
law constant, octanol-air partition coefficient and
super cooled liquid vapour pressure of

carbazole as a function of temperature:

90 |rage



application to gas/particle partitioning in the

atmosphere. Chemosphere. 2006

12.Nojiri H, Omori T. Carbazole metabolism by
Pseudomonads. In: Ramos J-L, Filloux A,
editors. Pseudomonas. New  York:  Springer;
2007.

13. Xu P, Yu B, Li F, Cai X, Ma C. Microbial
degradation of sulfur, nitrogen, and oxygen
heterocycles. Trends Microbiol. 2006;

14. Smith CJ, Hansch C. The relative toxicity of
compounds in mainstream cigarette smoke

condensate. Food Chem Toxicol. 2000

15. W. Borsche (1908). "Ueber Tetra- und
Hexahydrocarbazolverbindungen und eine neue
Carbazole synthase. (Mitbearbeitet von. A. Witte
und W. Bothe.)". Justus Liebigs Ann. Chem. (in

German).

www.pharmaerudition.org  Aug. 2021, 11(2), 85-91

ISSN 2249-3875

nternational Jowrnal of Pharmaceutical Evudition

16.E. Drechsel (1888). "Ueber Elektrolyse des
Phenols mit  Wechselstromen". J.  Prakt.
Chem. (in German).

17.Rogers, Crosby U. Corson, B. B.
(1950). "1,2,3,4-Tetrahydrocarbazole
1,2,3,4-tetrahydro-)". Organic
Syntheses. 30 Collective Volume, 4, p. 884.

(Carbazole,

18.Wang, Zerong (2010). "Bucherer Carbazole
Synthesis". Comprehensive  Organic  Name
Reactions and Reagents.

19. Carl Graebe; Fritz  Ullmann (1896). "Ueber
eine neue Carbazolsynthese". Justus Liebigs
Ann. Chem. (in German).

20. O. Bremer (1934). "Uber die Bedeutung der
Graebe-Ullmannschen Carbazolsynthese und
deren Ubertragung auf N-substituierte Pyridino-
triazole". Justus Liebigs Ann. Chem. (in
German). 514 (1)

Q
(9N

jl | Paog



