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Abstract: Amongst many nitrogen-containing heterocycles, carbazole frame is the building block of various biologically active compounds,
including both synthetic and natural products of which its antimicrobial and antifungal activities are the most examined. In this review, 3, 4 and
N- substituted carbazole derivatives and their antimicrobial activities are discussed (articles published from 2013 to 2022).
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INTRODUCTION

R ESEARCH on novel chemotherapy has been very
important in controlling different types of diseases in
humans and animals caused by microorganisms. Various
chemotherapeutic agents are isolated from living organisms
known as antibiotics such as penicillin and tetracycline or
they are certain synthetic organic compounds such as
sulpha drug.[! Microorganisms generated disease have the
capacity to resist these chemotherapeutic agents, thus
such microbial strains produce a major effort in the
treatment of microbial infections.[?l To overcome this
intricacy study of new antimicrobial agents is a continual
process, which led to develop new chemical compounds
with good antimicrobial activities and suitable to be used
as chemotherapeutic agents.

The heterocyclic framework of aromatic carbazole is
an advantageous pharmacophore skeleton found in various
biologically active compounds from different sources,
covering both natural and synthetic sources. The parent
compound 9H-carbazole was first described by Graebe and
Glaser in 1872, which was obtained from the anthracene
fraction of coal tar distillate.! This outline has since grown
the consideration by researchers as it has been highlighted
in molecules that intervene a wide range of biological
activities.[45] The biological properties of active carbazole
alkaloids, isolated mainly from taxonomically similar plants
of the genus Murraya,!59 Clausenal'®12 and Glycosmis!'3-15]
that belongs to the citrus family Rutaceae caused that

many research groups became interested in the structural
modifications of natural compounds and synthesis of new
derivatives of carbazole.l’¢! The biologically active fused
aromatic systems are known of natural origin (alkaloids) or
synthetic drugs containing component of carbazolel!7-2¢ in
their structure which possess anti-cancer, antibacterial,
antifungal, anti-inflammatory, hepatoprotective, anti-HIV,
antiprotozoan and sedative properties, or topoisomerase Il
inhibition ability.

In this article | will present the antimicrobial
potential of carbazole derivatives reported from the years
2013 to 2022, which are interesting because of their
biological and photophysical properties.l27-%6] Some of
carbazole compounds have a very high activity against
many organisms, bacteria, fungi, parasites.34-38l

Antibacterial and Antifungal
Activities of Carbazoles
A potent antibacterial activity of N-substituted benz-
imidazole incorporating with carbazole namely N-((1-(4-
(9H-carbazol-9-yl) butyl)-1H-benzo[d]imidazol-2-yl) methyl)-
2-fluoroaniline 1 and its corresponding salt 1a (Figure 1.)
reported by HuiZhen and coworkers in 2013.

The antibacterial activity revealed that carbazole 1
gave good antibacterial activity against B. subtilis (MIC =
64 pg/mL) and P. aeruginosa (MIC = 64 pg/mL), than the
reference drug chloromycin. Corresponding salt com-
pound 1a showed the best antibacterial activity, at the
concentrations of 8-32 pg/mL, it is more sensitive to the
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Figure 1. Structures of carbazole frame benzimidazole and
its salt.[47]

S. aureus, B. subtilis, and M. luteus species (MIC = 8 ug/mL)
which was nearly equipotent or even higher to the refer-
ence drug chloromycin 8 ug/mL. The study has shown the
introduction of carbazole ring was advantageous to the
benzimidazole for enhancement antimicrobial activity.!4]

Synthesis and spectral characterization of sulfonamide and
carbamate derivatives of 4-(oxiran-2-ylmethoxy)-9Hcarbazole
(2a—d and 3a—f) as shown in Figure 2. were described by
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Figure 2. Structures of carbazole based sulfonamide and
carbamate (2a—d and 3a—f) derivatives.[8!

Venkata et al. in 2013, in order to study the change in subs-
tituent might affect the antimicrobial activity. Antimicrobial
property of all the synthesized compounds (2a—d and 3a—f)
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Figure 3. Structures of the carbazole derivatives reported by Bandgar et al.[49.50
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Figure 4. Structures of carbazole incorporated oxadiazole derivatives (6a—0).1>l

examined against (S. aureus, B. subtilis, and E. coli) bacterial
and (F. oxysporum, C. albicans, and A. niger) fungal strains
through the agar well diffusion method. All the compounds
(2a—d and 3a—f) discovered modest to strong antimicrobial
activities at a concentration of 200 pg/mL, and the results
were comparable to the standard drugs ciprofloxacin and
fluconazole. Amongst the synthesized compounds, the
functional groups such as p-NO, in 2a and 3e, p-Cl-m-NO;
in 2c against C. albicans, p-Br in 2b against E. coli, p-F-m-Cl
in 2d, CCl3 in 3a and isobutyl in 3¢ against B. subtilis might
be responsible for good activity.[48]

In 2013, Bandgar et al. evaluated the antimicrobial
activities of a series of novel carbazole chalcones (4a—o)
(Figure 3.). The antibacterial screening data of the
compounds 4a, 4e and 4m displayed significant inhibition
zone (4.5 = 2.5 mm) against all the three bacterial growth.
Whereas compounds 4b, 4g and 4h inhibited (6.0 £ 1.5 mm)
zone against P. vulgaris and E. coli selectively, but
compounds 4c and 40 had valuable results against S. aureus
with inhibition zone (2.5 + 2.0 and 4.5 * 1.5 mm)
respectively. Compounds 4h and 4m showed good
antifungal activity with inhibition zone (5.5 £ 5.0 mm),
while the rest of the compounds were inactive against
C. albicans.l*

The pyrimidine moiety is one of the most exposed
structures found in the nucleic acid. The same year, Bandgar
et al. also described the antimicrobial activity of a series of
new carbazole substituted aminopyrimidines (5a—p) as
drawn in Figure 3. using the disk diffusion method.
Carbazole derivatives 5¢, 5g, 5j and 50 showed upright
activity in the range of inhibition zone (18.0 = 8.00 mm)
against all designated bacterial strains at a concentration of
1 mg/mL as compared to standard drug tetracycline.
Notably carbazole derivative 50 showed comparable
activity with inhibition zone (18 * 10 mm) as that of
standard, against B. subtilis. S. aureus and S. flexenari. On
the other hand, compounds 5b, 5¢, 5m and 50 showed
good activity with inhibition zone (15 + 10 mm) against
selected fungal strains at a concentration of 1 mg/mL as

compared to standard drug nystatin. Compounds 5m and
50 showed comparable activity with inhibition zone (14 +
10 and 15 + 12mm) respectively as that of standard, against
C. albicans and A. niger.59

In 2014, Sharma et al. evaluated the antimicrobial
activity of a series of new carbazole derivatives (6a—o)
(Figure 4.) with oxadiazole moiety is one of the most
perceptible pharmacophore integrated at position 9 of
carbazole nucleus. The antimicrobial activity was inter-
preted in terms of diameter (mm) of the zone of inhibition
by disc diffusion method on nutrient agar medium against
four bacterial and two fungal strains. Among the screened
carbazoles, 6a, 6d, and 6n were found to be more potent
with inhibition zone (16.2 £ 0.1, 24.2 + 0.1 and 23.6
0.1mm) against all tested bacterial and fungal strains at a
concentration 50 ug/mL respectively.[51]

Synthesis of solvent—free carbazole chalcones (7a-i)
and its benzofuran derivatives (8a—i) (Figure 6) described by
Ashok et al. in 2014. The antimicrobial activity was
examined against Gram positive S. aureus (ATCC 6538),
B. subtilis (ATCC 6633) and Gram negative E. coli (ATCC
25922), K. pneumoniae (ATCC 13883) bacterial and three
pathogenic fungi, F. oxysporum, A. nigerzeae, and A. flavus
strains at 20 and 40 pg/mL concentrations. All the
compounds (7a—i and 8a-i) revealed moderate to strong
antimicrobial activities at concentration of 20 pug/mL, and
the results were comparable to the standard drugs
ciprofloxacin and amphotericin-B.[52

In 2014, Malani et al. explored the antimicrobial
activities of carbazonyloxy fB-hydroxy amine-based
chalcones (9a-1) as shown in Figure 5. by the broth dilution
method. New chalcones were examined with bacteria
E. coli (MTCC 443), P. aeruginosa (MTCC 1688), S. aureus
(MTCC 96), S. pyogenus (MTCC 442C), Fungi C. albicans
(MTCC 227), A. clavatus (MTCC 1323) taking ampicilin,
chloramphenicol, ciprofloxacin, gentamycin, norfloxacin
and nystatin as standard drugs respectively. From this
study, it was determined that compounds 9b and 9j proved
at least as persuasive as the reference drug ampicillin in the
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Figure 5. Structures of carbazonyloxy -hydroxy amine-based chalcones (9a—).53!

case of E. Coli. The antifungal activity of compounds 93, e,
g and j that they were comparable with the standard drug
greseofulvin in the case of C. albicans, while compounds 4d
and f are more active compared with Greseofulvin in the
case of C. albicans.153]
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Antimicrobial activities of carbazole incorporated
chromones (10a—i) as drawn in Figure 6. reported by Ashok
and colleagues in 2015. The antimicrobial activity examined
against four bacterial and two fungal strains using agar
diffusion and poison plate technique express in terms
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Figure 6. Structures of the carbazole derivatives reported by Ashok et al (2014, 2015, 2016).6525455]
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Figure 7. Structures of carbazole aminothiazoles (13a—j), their forerunner (12a—j).1°%!

zone of inhibition diameter (mm). Amongst all, compounds
10a, 10h and 10i showed maximal zones of inhibition in the
range of (30-12 mm, 32-13 mm, 33—14 mm), respectively,
against the tested bacterial and fungal strains. The study
exposed the importance of 3-hydroxy chromenones with
electron releasing groups, such as methoxy, ethoxy and
unsubstituted compounds, showed the maximum activity.[>4

In 2016, Ashok et al. also reported the novel series of
1,2,3- triazolo- carbazole chalcones (11a-i) as depicted in
Figure 6. and examined against a panel of bacterial and
fungal microorganism by the agar diffusion and poison
plate technique using ciprofloxacin, tetracycline and
hymexazole standard drugs respectively. The zone of
inhibition (in mm) was compared with standard drugs,
antimicrobial data revealed that compounds 11e, 11g, and
11h showed maximum zone of inhibition in the range of
(23.5-15.8mm, 24.2-16.7mm and 24.5-14.2mm) respec-
tively against Gram-positive and negative bacterial strains
at the concentration of 20 pg/mL, as compared the
standards tetracycline. Among all, compounds 11e, 11f,
11g, 11h and 11i showed maximum activity against the
tested fungal strains.[>%]

In 2016, Addla et al. reported the preparation of new
carbazole aminothiazoles and their precursor’s (13a—j and
12a-j) as DNA-targeting prospective antimicrobial agents
(Figure 7.). All new compounds were examined against four
Gram-positive bacteria, four Gram-negative bacteria and
five fungi by the standard two folds serial dilution method
using chloromycin, norfloxacin and fluconazole as standard
drugs. The antimicrobial data revealed that, better
antibacterial efficacies in preliminary active screening
displayed by the carbazole aminothiazoles (13a—j) than
their precursors (12a—j) which exposed that the 2-amino-
thiazole fragment was important in exerting antimicrobial
activities. Noticeably heptyl derived carbazole amino-
thiazole 13f could efficiently inhibit the growth of
methicillin-resistant S. aureus (MRSA) with a MIC value of
4 ug/mL, which was greater to the reference drugs.
Compounds 13h and 13i exhibited good activities against
fluconazole-insensitive A. flavus with MIC value 128 pg/mL
as compared to that fluconazole (MIC = 256 ug/mL). Study
also exposed moderation in length of alkyl groups exhibited
good activities against some tested bacteria. Specifically,

N-pentyl carbazole aminothiazole 13d displayed strong
inhibition against P. aeruginosa with a MIC value of 2 pug/mL,
which was 8-fold more active than reference drug
chloromycin (MIC = 16 pg/mL). From this study, it was
determined that prepared compounds with long hydro-
phobic alkyl chains such as pentyl and heptyl groups
showed superior antimicrobial activities.[5¢!

In 2017, Clausen et al. reported four N-substituted
carbazoles (14a—d) (Figure 8.) in order to study the
inhibition activity of the fungal plasma membrane H*-
ATPase, which is necessary for fungal growth and survival.
The H*-ATPase inhibitory activity of the synthesized
compounds conducted at a concentration of 20 uM. The
compounds were characterized for H*-ATPase inhibition
and antifungal activity by means of an ATP hydrolysis assay
and a fungal growth inhibition assay, respectively. The
study has shown that compounds (14a—d) were identified
as novel H*-ATPase inhibitors and the ATP hydrolysis 1Csg
was determined together with antifungal activity against S.
cerevisiae and C. albicans. Notably compound 14d with two
chloro substituents was recognized as the most potent
antifungal which displayed H*-ATPase
inhibitory activity. Also compound 14a displayed the
highest potency for H*-ATPase inhibition, with ICso values of
1.1 and 2 mM for C. albicans and S. cerevisiae H+-ATPase,
respectively, as compared to the parent compounds.l57]

PLX01107 and PLX01008 are xenomycins as drawn in
Figure 9., new subclass of antimicrobial carbazole deriv-

compound,

atives were designed and prepared by Zhanataev et al. in
2017. Both newly synthesized compounds showed strong anti-
fungal activity in vitro and examine potential genotoxicity. The
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Figure 8. Carbazole scaffold (left) and structures of initial H*-
ATPase inhibitor hits.[57]
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Figure 9. Structures of xenomycins PLX01107 and
PLX01008.1°8]
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Figure 10. Structures of fluorocarabazole and its quionone
derivatives (15a—c and 16a—c).l*9

antimicrobial activity performed by bacterial reverse mutation
assay (Ames test), in vitro cytokinesis-block micronucleus
assay, and chromosome aberration test in mouse bone
marrow cells, to investigate the possible genotoxicity of these
compounds. The bacterial reverse mutation assay was
performed with S. typhimurium TA98, TA100, TA1535, TA1537
and combination of E. coli WP2 uvrA and WP2 [pKM101]
bacterial strains using the Ames MPF™ PENTA | kit and Aroclor
1254-induced rat liver fraction S9. The results obtained by
Ames assays observed that, PLX01107 did not show a
progressive response for S. typhimurium or E. coli strains in
the absence or presence of S9, but it displayed a cytotoxic
response for strains TA98, TA100, and TA1535 without S9. In
contrast, PLX01008 was found to be mutagenic in S.
typhimurium strains TA98 and TA1537, with or without S9
activation. The strain TA1535 indicated optimistic response
only at 0.4 ug/mL in the absence of 59.[58]

In 2017, Chakraborty et al. reported the preparation
and antimicrobial activities of fluorocarabazole and their
respective quinone derivatives (15a—c and 16a-c) as
presented in Figure 10. using standard agar well diffusion
method (NCCLS 2000).

Compound 15b and its corresponding quinone
compound 16b showed the positive activity against E. coli,
B. subtilis and Methicillin-resistant S. aureus with MIC value
25 pg/mL. Also compound 15¢ and 16¢ showed optimistic
activity against E. coli and S. aureus with MIC value 50

pg/mL. The present study lead to the conclusion that
properly substituted fluorocarbazole and fluorocarbazole
quionones are highly promising scaffolds for further
antimicrobial evaluation.[>9

Chromone is a natural molecule existing in the diet
of human and animals and shows less toxicity to
mammalian cells. In 2018, Kadnor et al. examined the
antimicrobial activity of new carbazole substituted
chromone derivatives (17a—d, 18a—d and 19a—d) as drawn
in Figure 11. using agar diffusion method ampicillin as
standard drug. Carbazole derivatives 17b and 17d exhibited
strong activities against Gram positive bacteria S. lactis and
inhibit the growth of Penicillium sp. and C. albicans fungal
strain as compare to the standard drug ampicillin. Notably,
Compound 18a gave nearly equipotent antibacterial
broader bioactive spectrum against P. putide B. subtilis and
S. lactis strains as compared to the standard drugs, while
compounds 19b and 19c exhibited a broad spectrum
against S. lactis bacterial strain. The results also suggested
that electron withdrawing substituent chlorine and
bromine on aromatic ring were more active against all test
microbes than compounds with electron donating ones.[6!
The same year, Kadnor and coworkers also investigated new
9-ethyl-9H-carbazole-3-carboxylic acid derivatives (20a—e,
21a—e and 22a-e) as depicted in Figure 11. Carbazole acid
derivatives were examined against four bacteria (E. coli,
P. putide, B. subtilis, and S. lactis) and three fungi (A. niger,
Penicillium sp. and C. albicans) by agar well diffusion
method using ampicillin and greseofulvin as positive
control. Compounds 20a, 20b and 20c gave stronger
antibacterial efficacies and broader bioactive spectrum
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Figure 11. Structures of the carbazole derivatives reported
by Kadnor et a/.[60.61]
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Figure 12. Structures of 6-chloro-9H-carbazol and 1,3,4-
oxadiazol derivatives.62

against S. lactis, and B. subtilis with the MIC values in the
range (30-40 ug/mL) and broad spectrum of antifungal activ-
ities (45-55 pg/mL) against C. albicans and Penicillium sp.
as comparable to the standard drug ampicillin and
griseofulvin (25 pg/mL) respectively. Compounds 21a, 21b,
21c, 21d and 21e displayed significant inhibition activities
with a MIC > 30 pg/mL against all tested fungal strains,
while compounds 21d and 21e are passive for C. albicans
fungal strain. Carbazole based pyrazoles 22a and 22b show
remarkable antibacterial activity against tested pathogens,
namely S. lactis, B. subtilis and P. putide compared to
standard drug ampicillin at lowest concentration ranging
from (35-55 pg/mL) with nearly equipotent of inhibition
zone.[61]

In 2020, Bordei Telehoiu et al. reported the synthesis
of 6-chloro-9H-carbazol and 1,3,4-oxadiazol scaffolds (23a—
cand 24a—c) as drawn in Figure 12. This novel adducts were
examined against a panel of Gram-negative E. coli (ATCC
25922), P. aeruginosa (ATCC 27853) and Gram-positive
S. aureus (ATCC 25923), E. faecalis (ATCC 29212) bacteria,
as well as the fungal strain C. albicans (ATCC 90029) using
the microdilution method in liquid Mueller Hinton medium

at a concentrations in the range of 5-0.009 mg/mL. The
best antibacterial was recorded for 23a against E. coli, with
MIC of 1.25 mg/mL and for 24c against C. albicans, with MIC
of 0.625 mg/mL.[62]

In 2021, Xue and coworkers synthesized a collection
of 30 compounds with carbazole moiety containing an
aminoguanidine, dihydrotriazine, thiosemicarbazide, semi-
carbazide or isonicotinic moiety (25a—l, 26a—k, 27a-b, 28,
and 29a-d) as depicted in Figure 13. These thirty deriv-
atives were screened against two Gram-positive strains
S. aureus (4220), S. mutans (3289), one clinical isolate
of multidrug-resistant Gram-positive bacterial strain
Methicillin-resistant S. aureus (CCARM 3167), one Gram-
negative strain E. coli (1924) and one fungus C. albicans
(7535). The MIC values were obtained using a 96-well
microtiter plate and a serial dilution method, with positive
controls gatifloxacin and moxifloxacin and DMSO as a
negative control. All microorganisms showed susceptibility
to most of the compounds with MICs in the range of 1-64
pg/ml. Compounds 25f, 251, 26d and 26e exhibited strong
antibacterial activity against Gram-positive strains and one
Gram-negative strain with MIC values of 0.5 or 1 pg/ml. In
addition, compound 25f demonstrated a strong inhibitory
activity (MIC of 0.5 pg/ml) against E. coli 1924, which was
four-fold greater than the activities of moxifloxacin and
gatifloxacin with (MIC of 2 pg/mL). The phenyl ring
substituted compounds 25a-1 and 26a—k exhibited
significant effect on the potency of antimicrobial activities.
The antibacterial activities were as follows order: phenyl
group > 2,4-dichloro-substitutions > 4-CHs> halogen
substitutions>benzyl group > 4-CN > alkyl group. Moreover,

Figure 13. Structures of the carbazole derivatives reported by Xue and coworkers. (63
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Figure 14. Structure of (4-(4-(benzylamino)butoxy)-9H-
carbazole) derivative 30.64

bromo- and chloro-substitutions on the phenyl ring in
compounds 25a-1 were observed to improve their
antifungal activity against C. albicans 7535.[63

In 2021, Zawadzka and collegues reported (4-
(4-(benzylamino)butoxy)-9H-carbazole) derivative 30
(Figure 14.) was prepared in two substitution steps from
commercially available 4-hydroxycarbazole following
standard procedures. This new adduct was studied against
a Gram-positive S. aureus (ATCC 29213), S. aureus (ATCC
25923), S. aureus (ATCC 6358), S. aureus (ATCC 700699),
S. aureus (ATCC 43300), S. epidermidis (ATCC 12228),
S. pyogenes (ATCC 19615) and Gram-negative E. coli (ATCC
25922), P. hauseri (ATCC 13315), P. aeruginosa (ATCC
15442) bacteria, as well as fungi C. albicans (ATCC 10231),
A. flavus (ATCC 9643).

Antimicrobial study exposed, that fungi and Gram-
negative bacteria were more resistant than Gram-positive
strains, although a positive control is needed to fully assess
these bacterial strains.[64]

Lastly, Kamala and coworkers reported the series of
novel carbazole thiazolidinedione hybrid derivatives
(31a—j) as drawn in Figure 15. This adduct were examined
against gram-positive bacterial strains (S. aureus) and
gram-negative bacterial strains (P. aeruginosa, E. coli,
K. pneumonia) at concentration of 100 ug/mL. The results
were compared with the activity of the standard antibiotic
ciproflaxacin and expressed as zone of inhibition in milli-
meter. Compounds 31c and 31h with nitro at second and
bromo at fourth position on phenyl ring respectively have
shown good antibacterial activity. On the other hand
unsubstituted 31a, chloro substituted 31d, 31e, 31f, 31i,
fluoro substituted 31g and cyano substituted 31j
compound have shown modest zone of inhibition.[65]

31a

CONCLUSIONS

This review summarizes acknowledged reports about
various carbazole derivatives and their antimicrobial
activities that are attractive structural patterns in synthetic
organic chemistry due to their tunable electronic and steric
properties. As summarized above, the existence of
carbazole moieties has confirmed operative in improving
the antimicrobial activity of various compounds. Several
carbazole derivatives displayed strong in vitro inhibitory
activity against bacteria and fungi with analogous or even
greater activity when compared to the standard drugs.
Consequently, this review may therefore propose an
important resource to assist scientists in designing of new,
convincing, and safe carbazole derivatives against microbial
diseases in the near future.
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