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Pyrrole as an Important Scaffold of Anticancer Drugs: Recent Advances
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ABSTRACT-- With the significant increase of patients suffering from different types of cancer, it is evident
that prompt measures in the development of novel and effective agents need to be taken. Pyrrole moiety has
been found in various active compounds with anti-inflammatory, antiseptic, antibacterial, lipid-lowering and
anticancer properties. Recent advances in the exploration of highly active and selective cytotoxic structures
containing pyrrole motifs have shown promising data for future investigations. Accordingly, this review
presents an overview of recent developments in the pyrrole derivatives as anticancer agents, with a main focus
towards the key moieties required for the anti-tumor activities. Pyrrole molecules comprising prominent
targeting capacities against microtubule polymerization, tyrosine kinases, cytochrome p450 family 1, histone
deacetylase and bcl-2 proteins were reported. In addition, several mechanisms of action, such as apoptosis,
cell cycle arrest, inhibiting kinases, angiogenesis, disruption of cell migration, modulation of nuclear receptor
responsiveness and others were analyzed. Furthermore, in most of the discussed cases we provided synthesis
schemes of the mentioned molecules. Overall, the utilization of pyrrole scaffold for the design and synthesis
of novel anticancer drugs could be a promising approach for future investigations.

INTRODUCTION are being utilized to overcome the former challenge
7).

Cancer stands as one of the greatest challenges to ") Recent advances in the development of N-
global health worldwide as it is ranked second for containing heterocycles with anticancer activity
the cause of deaths worldwide (1) The Steadily have been made by numerous research groups (8_
increasing number of patients suffering from 11). The introduction of heterocyclic fragments in
cancer, together with the cost of therapy are the such molecules has been found to be useful
main factors which Ignlte the search for novel and practice for m0d|fy|ng physicochemica| properties
effective Chemotherapeutic agents with minimal or and Obtaining the opt|ma| ADMET results for drug
no toxicity to normal cells (2). Genetic disorders candidates (12). However, the demand for novel
caused by heritance or inheritance factors have a and selective anticancer agents is emerging as a
major role in the initiation and dEVE|Opment of major Cha"enge for the medicinal chemists,
mutations in the human genes (3). Overall, cancer considering the non-selective cytotoxic profiles of
affects the function of vital genes while causing the current treatment (13). Specifically, an
cell cycle arrest and therefore abnormal cell increased interest has been observed in the design
proliferation, with a subsequent conversion of of novel anticancer molecules comprising pyrrole
proto-oncogenes to oncogenes (4). Among the moieties (14). The broad pharmacological profile
widespread types of cancers are breast cancer, of the latter heterocycle, together with the
prostate cancer, colon cancer, lung cancer, colon accessible synthetic schemes and low-cost starting
and rectum cancer, and bladder cancer. Breast and materials have provided further investigations in
prostate cancers are the most common types of that area (15).

tumors in women and men, respectively (5). In the current work, we provided a short
Despite the tremendous efforts in the field of tumor insight into the chemistry of pyrrole, followed by
cells biology, the drug treatment of cancers has not its pharmacological profile, focusing mainly on the
changed significantly and in most cases the current anticancer properties of the latter. Subsequently,
chemotherapy do not discriminate between normal the synthetic schemes, biological evaluations and
and tumor cells (6). Moreover, the occurring drug SAR studies of recently reported anticancer pyrrole
resistance has been identified as a major problem derivatives were discussed. After each reported
in patients with cancer, thus numerous techniques case a modest table, comprising the essential
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moieties required for the anticancer effects was
constructed.

PYRROLE - PHARMACOLOGY PROFILE
and ANTICANCER PROPERTIES

Among the N-containing heterocyclic scaffolds,
pyrrole has gained considerable interest due to its
broad spectrum of pharmacology effects, its
growing abundance in natural products,
pharmaceuticals, and new materials. Pyrrole is
defined as a five membered heterocyclic
compound with a molecular formula of C4HsN. It
is a volatile liquid which obtains dark color when
exposed to air. Initially, pyrrole was identified as a
coal tar component in 1834, however it was
isolated 23 years later from the pyrolysate of a bone
(16). Pyrrole is characterized as an aromatic five
membered N-containing heterocycle, differing in
several key physicochemical parameters when
compared to its saturated analog — pyrrolidine
(Table 1) (17).

The presence of a nitrogen atom drastically
increases the polarity of the structures generating a
dipole moment and a marked power surface area
(PSA) value, which is lacking in cyclopentane. The
PSA and the lipophilicity values of pyrrole and
pyrrolidine are similar, as shown above. However,
the planar structure, the shorter bond lengths, as
well as the higher binding free energy, represent
the major dissimilarities between both N-
containing molecules. Therefore, the saturated
heterocyclic system — pyrrolidine, enables a greater
chance of generating structural diversity (18). The
aforementioned statement has been confirmed in a
paper published by Vitaku et al. (12). Moreover,
the work has reported that the pyrrolidine ring is
the 5" most common five-membered N-
heterocycle accounting for 37 approved drugs.
Interestingly, there are an insufficient number of
pyrrole-containing FDA drugs, which places the
former ring out of the top 10 scaffolds included in
approved medicines. However, the pyrrole ring has
a significant importance for the living organism
(19). The azo-containing heterocycle is an essential
part in the chlorophyll, vitamin B12, myoglobin
and bile pigments (20). Moreover, the pyrrole
derivatives possess a vast pharmacological profile
which is of interest in various recent studies
(Figure 1) (21).

Effects, such as anti-inflammatory (22),
inhibition of HMG-CoA reductase (23), anticancer
activity (24), inhibition of 5-hydroxytryptamine
transporters (25), antihypertensive effects (26),
DPP inhibition (27), modulation of AMPA (28),
dopaminergic antagonism (29), progesterone

receptor antagonism (30), antimalarial activity (31)
and cannabinoid receptor agonism have been
identified. Furthermore, numerous commercially
available drugs are derivatives of pyrrole. Some
examples are Atorvastatin, drug applied in the
treatment of hypercholesterolemia (32), Tolmetin,
used in patients with osteoarthritis and rheumatoid
arthritis  (33), the antibacterial macrolide
Nargenicin (34) and the anticancer compound with
three pyrrole scaffolds — Prodigiosin (35).
Recently, a lot of attention has been drawn to the
pyrrole containing antiviral agent Remdesivir, due
to its potential effects against COVID-19 (Figure
2) (36).
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Figure 1. The pharmacological profile of pyrrole
derivatives.

The cytotoxic pyrrole agents exert their
anticancer effects by aiming at one or several of the
following targets: Bcl-2 family proteins,
microtubules, EGFR, VEGFR-2 and AURKA
kinases or inhibition of CYP1, Nuclear Factor Y
and Hypoxia-inducible factors (37). The utilization
of human cancer cell lines is essential for the rapid
determination of cytotoxic activities of novel
compounds, although the accuracy of preclinical
assessment of the anticancer lead candidates
remains questionable by some authors (38-40). The
selective cytotoxicity of pyrrole containing
compounds against cancer cell lines such as SOX2,
K562, MDA-MB-231, HepG2, Hepal-6, HT-29,
and NIH3T3 have been recently reported (41-43).

Lamellarins alkaloids are suitable examples
of anticancer agents including pyrrole motifs. They
were initially isolated in 1985 from oceanic snails
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Table 1. 3D structures and molecular descriptors of pyrrole and pyrrolidine.

Pyrrole Pyrrolidine
D -2.930 D-1.411
PSA —13.364 PSA —16.464

LogPo/w —0.750
AcceptHB — 0.500
LogS - -0.175

LogPo/w — 0.459
AcceptHB — 1.500
LogS —0.854

D —dipole moment of the molecule; PSA — power surface area; LogPo/w — octanol/water partition coefficient; AcceptHB — estimated number of hydrogen
bonds accepted by the solute from water molecules in aqueous solutions; LogS — predicted aqueous solubility (in mold m -3).
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Figure 2. Commercial drugs containing pyrrole moieties.

and soon after lamellarins were categorized as
potent antagonizing agents towards topoisomerase
I (44). Another natural product which comprises
pyrrole as a main scaffold is tambjamine D. The
former has been found in the sea slug Tambja
eliora and several reports have discussed its
prominent effect towards the DNA intercalation
(45).

Another greatly studied group of pyrrole-
based compounds are the tetrapyrroles (46). The
latter have been widely employed in cancer
treatment as photosensitizers. Recent studies
reported by Konickova et al. have evaluated the
possible anticancer effects of Spirulina platensis
and Spirulina platensis-derived tetrapyrroles
against pancreatic cancer cell lines (47).
Furthermore, the phyllobilins are a group of
chlorophyll-derived bilin-type linear tetrapyrroles

with a significant potential in the anticancer
treatment (48).

Corroles (present in vitamin B12) and
porphyrins  are  significant  oligopyrrolic
macrocycles utilized in the treatment of cancer.
Corroles are stable molecules which function as
both therapeutic and imaging anticancer agents
(49). Recently, Xie et al. have reported a prominent
anticancer capacity of novel tin(IV) corroles
towards A549 tumor cell lines (50).

In contrast to the corroles, there has been a
greater research interest for the anticancer effects
of porphyrins and their derivatives (51, 52). A
recent paper has described a considerable
suppression of cell viability and tumor growth,
when cationic Mn porphyrin (MnP)-based redox
active compounds were administered (53). The
study has discussed that the accumulation of
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cationic MnPs, together with their significant
potency as catalysts for the oxidation of ascorbate,
protein cysteines and glutathione controls the
magnitude of their anticancer therapeutic effects.
Mn porphyrins have been tested in vitro and in vivo
for their effects against hematologic malignancies,
breast cancer, head and neck cancer, glioma,
prostate cancer and others. Furthermore, two Mn
porphyrin analogues are already in clinical trials
(Phase | and Il) as radioprotectors in cancer
treatment (54).

Additionally, syntheses of various promising
cytotoxic agents containing pyrrole scaffolds have
been  recently  reported  (55-57). The
aforementioned data demonstrates the eminent
activity of the pyrrole moiety in the search for
novel and selective anticancer agents. Therefore,
novel pyrrole-containing anticancer agents were
grouped by their main mechanism of action (or
activity against specific cancer cell lines) and
further discussed.

MICROTUBULE

TARGETING AGENTS
Microtubules play a crucial role in the formation of
the mitotic spindle and the movement of the
chromosomes. The latter dynamic structures have
turned into a successful target of anticancer drugs.
Therefore, the  development of  novel
antimicrotubule agents that possess diverse
chemical profiles has led to promising activity
against the proliferation of various cancer cell
lines, as well as in multidrug-resistant cancers (58).

The antitumor capacity of Combretastatin A-
4 is well known (59). Several papers describing the
synthesis of hybrid molecules between
combretastatin A-4 and 1H-pyrrole-2-carboxylates
have also been reported (60). In 2016, pyrrole
analogues of combretastatin A-4 have been
discussed by Jung et al. (61). The initial diketones
have been obtained through acyl-Claisen approach
and after Paal-Knorr condensation the desired
pyrroles have been acquired (Figure 3).

The in vitro anticancer activity has been
assessed against two human cell lines — K-562 and
MDA-MB-231. The collected data showed that the
diaryl substitution at 2C and 3C in the pyrrole ring
has elevated the activity against the latter cancer
lines. Furthermore, when aryl substitution has been
presented in the pyrrole ring, the anticancer activity
has decreased compared to benzyl substituent
(Figure 4). Two compounds have demonstrated
moderate anti-proliferative activities, however
they exhibited approximately half the anticancer
effect of combretastatin A-4. The most active
compounds have represented 1Csp values of 0.21

POLYMERIZATION-

uM and 0.07 uM against K-562 and MDA-MB-231
cell lines, respectively.

R'-R’ = H, OH, OMe, MeO, O'Pr,
OTBDPS, CHO
n=CH,

Figure 3. Synthesis of 1,2-diaryl-pyrrolic analogues of
combretastatin A-4.
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Figure 4. Key functional moieties accountable for the
cytotoxic effects of pyrrole analogues of combretastatin
A-4.,

Novel derivatives of pyrrole-3-carboxylates
have been assessed for their anticancer activity by
Boichuk et al. (62). The authors have evaluated the
anti-tumor properties of the described compounds
against leiomyosarcoma (SK-LMS-1),
gastrointestinal stromal tumor (GIST-T1), Ewing’s
sarcoma (A-673), RD (rhabdomyosarcoma) and
(osteosarcoma) U-2 cancer cell lines and examined
two novel molecules with moderate activities
(Figure 5). It has been noted that the
antiproliferative properties of the most prominent
compounds were dose dependent. As well as
inducement of G2/M cell-cycle arrest, it was
observed that the aforementioned compounds have
induced tumor cell death by apoptosis.
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HyC \ Methoxy and ethoxy fragments
A demonstrate prominent effects
AN —
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Figure 5. Fragments responsible for the anticancer
effects of novel ethyl-2-aminopyrrole-3-carboxylates
(EAPCs).

Span0 et al. have tested 25 novel
pyrrolo[2°,3°:3,4]cyclohepta[1,2-d][1,2]oxazole-
based compounds for their anti-tumor activities
against nine human cancer cell lines (leukemia,
non-small cell lung, colon, central nervous system,
melanoma, ovarian, renal, prostate, and breast
cancer cell lines) (63). The synthetic scheme of the
aforementioned molecules is given in Figure 6.

S CHs
o \
L NF MFDMA (1:1), DMF ___MHOHHO K ~
\ p r' %(F%E—M' R' &thanol, reflux, 50 min. "‘_
R
R, R', R* = H, Me, 2-OMeBn, 3-OMeBn, 2,5-(0OMe),Bn,
CO,Et,
Figure 6. Synthesis of novel
pyrrolo[2°,3°:3,4]cyclohepta[ 1,2-d][1,2]oxazoles.
The most prominent structures have

demonstrated antiproliferative activities against all
cancer cell lines within nM Glso range. The authors
have noted that the presence of an ethoxycarbonyl
group at 8" position was crucial for activity (Figure
7). Moreover, 3,5-dimethoxybenzyl fragments at
the pyrrole nitrogen have shown the most
prominent anticancer effects against melanoma,
prostate and renal cancer lines. After tubulin
assays, it has been discussed that the most active
compounds inhibited tubulin polymerization, with
ICso values of 1.9-8.2 uM. The docking studies
have been performed in three crystallographic
structures of tubulin (PDB codes: 1Z2B, 3N2G and
402B) utilizing the docking software Glide
(Schrodinger). The virtual simulations have
demonstrated that the improved tubulin
interactions were granted from the lipophilic
energy  components.  Moreover, molecular
dynamics simulations of the most potential
compounds in complex with the 402B model have
been carried out.

3,5-dimethoxybenzyl moiety
demonstrate the most prominent
effects against melanoma, prostate

-—— and renal cancer cell lines. Placing
methoxy group at p-position in the
benzene ring significantly decreases

the activity.
N

:r The presence of an
ethoxycarbonyl group is
crucial for the anticancer
activity.

Electron-donating groups
reduce the cytotoxic effects.
~——— Unsubstituted R” fragments
provide optimal anti-tumor
capacities.

Figure 7. Key functional moieties responsible for the

anticancer effects of novel
pyrrolo[2',3":3,4]cyclohepta[1,2-d][1,2]oxazole
derivatives.

MODULATORS OF BCL-2 FAMILY
MEMBERS

A recent work published by Kilic-Kurt et al. has
discussed the synthesis and anticancer properties of
novel pyrrolopyrimidine derivatives (64). The
synthetic scheme is given in Figure 8.
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Figure 8. The synthetic scheme of novel pyrrolo[2,3-
d]pyrimidine derivatives.

R'. R*=H, CL F. Br, CF,

R

a

Three cancer cell lines have been utilized for
the initial evaluation - A549, PC3 and MCF-7.
Most of the synthesized compounds have
demonstrated higher anticancer properties against
A549 and PC3 cells when compared to Imatinib.
The most promising  pyrrolopyrimidines
demonstrated ICso values of 0.35, 1.48 and 1.56
MM, respectively, against A549 cancer cell lines. In
addition, it has been found that the pyrrole
compounds had induced activation of the pro-
apoptotic proteins in the Bcl-2 family. Overall, the
demonstrated anticancer capacities have shown
that ICso values against A549 cell lines were under
6 UM, which encouraged further research in that
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area. The structure-activity relationship is provided
in Figure 9.
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Figure 9. Essential moieties required for the anticancer
effect of novel pyrrolopyrimidine derivatives.

Zhu et al. have discussed the synthesis and
anticancer screening of novel substituted
thiosemicarbazones with included pyrrole ring
(65). The authors have discussed moderate
synthetic yields after direct condensation of
formyl-1H-pyrrole and 4-substituted
thiosemicarbazide (Figure 10).

EtQ0C. NH S NH_

NH
~ ,
\f CHO HoN J\ R —i . M- N T\/ o
/4 + PN S Refw " gi005—( i
N

R=H, Me, Et, ‘Pro, Ph

Figure 10. Reaction scheme for the synthesis of
anticancer thiosemicarbazones with a pyrrole fragment.

Lung cancer PC-9, esophageal cancer Eca-
109 and gastric cancer SGC-7901 cell lines were
employed for the determination of the cytotoxic
activity. Methyl, ethyl, i-propyl and phenyl
moieties were applied as substitutions at fourth
position in the thiosemicarbazone structure (Figure
11). It has been noted that unsubstituted core
structures have produced the most prominent
results in all three cancer cell lines — PC-9, Ecal09
and SGC-7901, with ICso values of 44.87 157.75
33.52, respectively. The work concluded that
thiosemicarbazones with pyrrole rings could be
applied for the development of novel anticancer
agents.

Great variety of N-substituted pyrroles have
been synthetically implemented at place 14 in the
matrine skeleton by Li et al. (Figure 12) (66).

The obtained compounds have been
biologically assessed for their anticancer activity
against three human cancer cell lines-SMMC-
7221, CNE2 and A549. Two compounds with the
most significant anticancer activities against the
latter cancer cell lines showed ICsy values in the

N\
\ Fluoro moiety demonstrated the

range of 3.42-8.05 UM, which demonstrated better
activity compared to matrine. A structure-activity
relationship has shown that the methoxybenzyl
moiety at N-position in the pyrrole ring
considerably elevated the antitumor effect of the
compounds (Figure 13). Moreover, the integration
of additional methoxy groups at third position have
yielded double substituted phenyl rings with the
most prominent antineoplastic activity. An
apoptosis of the human cancer cell lines as a result
of the activity of the described compounds has
been further investigated.

HaC

—o a s
< &
! N (R
0 NH S S S e

Unsubstituted at derivatives
demonstrated the most prominent
results against lung (PC-9),
esophageal (Eca-109) and gastric
(SGC-7901) cell lines. Including
i-propyl moiety provided the highest

IC,, values.

Figure 11. Key fragments responsible for the cytotoxic
effects of novel N(4)-substituted thiosemicarbazones.

Fatahala et al. have reported the synthesis
and the antiproliferative effects of novel
substituted pyrroles (67). The synthetic scheme is
given in Figure 14.

R
/ H

N
e
+ { NaH, Dry THF, 24h, reflux
L Y

R =Me, Bn, 3-OMe¢Bn, 2-Br-3-OMeBn, 3,5-di-OMeBn, 3,4,5-tri-OMe¢Bn, 2-Me¢Bn,
3-MeBn, 4-MeBn, 3,5-di-McBn, 4-tBuBn, 3,5-di-tBuBn, 2-CIBn,3-CIBn, 4-CIBn,
2-BrBn, 3-BrBn, 4-FBn, 4-BnOBn, 2-Naphthalenylmethyl

Figure 12. Synthetic route for matrine derivatives.

Their anticancer effects have been
established against HepG-2 and Panc-1 cell lines.
The most effective compound against both lines
comprised p-methoxybenzyl and phenyl as
substituents and established 1Cso values in the
range of 31-13 pM. A phenyl moiety situated at
fifth position and a 3,4-dichlorophenyl group on
the nitrogen atom, resulted in moderate
antineoplastic effect against HepG-2 and Panc-1
(Figure 15). Furthermore, good DPPH scavenging
activity of the aforementioned compounds has
been detected.
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Methoxy group at m-position of

the benzyl moiety is required for
the anticancer activity.

3,5-dimethoxy units on benzyl ring
- — displayed most potest cytotoxic
activity.

Figure 13. Key functional moieties responsible for the
cytotoxic effects of new matrine derivatives with
pyrrole moiety at 14 position.
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Ar =4-CH,-C H,, 4-OCH;-C H,, Antipyrine

Figure 14. Reaction scheme for the synthesis of
substituted pyrroles with cytotoxic properties.

Q_(CN
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fragment results in higher \ /

activity.

p-methoxyphenyl moiety
produces the most
prominent cytotoxic
agents.

Figure 15. Key functional moieties responsible for the
cytotoxic effects of novel substituted pyrroles with
antiproliferative properties.

TYROSINE KINASE INHIBITORS

Bavadi et al. have reported the synthesis, in vitro
and virtual evaluation of novel pyrrole derivatives
with sulfonamide groups incorporating anticancer
activity (68). The synthetic route to obtain pyrrole
compounds bearing sulfonamide groups is given in
Figure 16.

Three cancer lines were utilized for the
detection of cytotoxic activity- MCF7, MOLT-4
and HL-60. The most prominent compounds have
been examined to possess morpholine ring and
fully substituted pyrrole ring (Figure 17).
Furthermore, the authors have noted that the

replacement of the morpholine moiety with phenyl
or chloro groups has led to decreased cytotoxic
activity. However, the demethylation of the
barbituric acid at 3C had not affected the effect
towards the cancer cell lines. Docking studies
utilizing Autodock Vina, have shown seven
hydrogen bonds between the active site of FGFR1
(PDB: 4ZSA) and the pyrrole derivatives.

Design, synthesis, and antitumor activity of
novel pyrimidine-pyrroles have been discussed by
Thiriveedhia et al. (69). The synthetic path of the
aforementioned compounds is provided in Figure
18.

,

MeO,C~

CO,Me
iy
| N SO,NRR’
= + OCH;@

¢ \_/ \\

e ’\\/\ |
N
R
" 50,NRR
o j\ OH OCH;,
Ot \ Hy JL CHy
1\1‘ j\/t PO >
M o 0

Figure 16. Synthesis of novel pyrrole derivatives
bearing sulfonamide groups.

The compounds were tested against the

breast cancer cell MCF-7 and the melanoma cell
line B16F10. Two molecules have demonstrated
ICso values in the micromolar range (13.25-18.37
uM). A biological in vitro evaluation together with
molecular docking studies has enabled a
construction of the structure-relationship of the
synthesized compounds. It has been postulated that
polar substitutes increase the cytotoxic effect of the
compounds. The research group has also discussed
the anticancer effect of some electron withdrawing
groups. It has been noted that substituents with
such properties have enhanced the overall activity
of the triazoles (Figure 19). In the final stage of the
work, Glide has been utilized for the docking
simulations of the most prominent compounds in
the active site of EGFR tyrosine kinase (PDB:
2J5F). It has been demonstrated that Cys797
played an important role in the stabilization of the
complex.
P450 (CYP) are heme-containing enzymes, which
participate in phase | metabolism as they
hydroxylate pharmaceuticals and exogenous
substances (70).
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The sulfonamido group is crucial
for the anticancer activity.

Replacement of the
1.3-dimethylbarbiturate with
barbiturate do not change the

cytotoxic activity.

The morpholine moiety is
- essesntial for the cytotoxic
activity.

Figure 17. Essential moieties required for the anticancer effect of novel pyrrole derivatives with sulfonamide groups.
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R = MeOH, Bu, Pen, Hex, p-MePh,
3,4-dichlorophenyl, 3-aminophenyl
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+ HC=—R TCul, DIPEA, Cat. AcOH,

DCM, 2530 °C, 3 h

N7 R

'\Q-‘\

)LN//\NmN

@ Nf:\\}\ﬁ

Figure 18. Synthesis of pyrimidine-pyrrole appended substituted triazole derivatives with anticancer effects.

Polar substituents contribute for greater
cytotoxic effect. Polynuclear and alkly
substituted aromatic hydrocarbons decrease the

activity.

Figure 19. Key functional moieties responsible for the cytotoxic effects of novel pyrimidine-pyrrole derivatives.

Overexpression of CYP1A1 isoform may lead to
DNA damage due to the formation of quinone
intermediates, while the overexpression of
CYP1BL1 could result in enhanced metabolism of
cisplatin and therefore significant reduction of its
activity (71).

Recent report published by Williams et al.
(72) has discussed the molecular modeling of
twenty-three novel pyrrole based chalcones. The
one-step synthetic scheme is given in Figure 20.

o]

o
N NH_ Ar
Ar—CHO  + | / o 5 eq. NaOH/KOH <\ I
3 NI

Ar = Ph (4-Br), Ph (3-Br, 4-OMe), Ph (2-Cl), Ph (3-Cl), Ph (3-OMe), Ph
(2,6-di-OMe), Ph (2-Cl, 5-NO,), Ph (2,4-di-OMe), Cinnamyl, Cinnamyl
(4-OMe), Ph (3,5-di-OMe), Ph (2-F), Ph (2-OMe), Ph (4-OMc), Ph
(3-Br), Furan-2-yl (5-Et), Ph (4-OCF,)

Figure 20. Synthesis of novel pyrrole-based chalcones
with anticancer activities.

HEK?293 cell lines have been used to identify
the most prominent molecules. The authors have
found that two scaffolds comprising methoxy and

chloro substituents at second position possessed
inhibitory effect towards all CYP1 isoenzymes,
and they could be implemented for the prevention
of drug-resistance in cancer therapies (Figure 21).
The most prominent compounds have inhibited
both CYP1Al and CYP1B1 with an ICs of 0.9
mM. The authors have also emphasized on the
prominence of the alkoxy group for the cytotoxic
activity. Molecular docking studies were also
carried out in CYP1A1 and CYP1B1 isoforms.

HISTONE DEACETYLASE
(HDACI)

INHIBITORS

HDACI inhibits the histone deacetylase which
contributes to normal cell growth and function. The
inhibitors of the latter enzyme enhance histone
acetylation which leads to modification in gene
expression,  angiogenesis,  apoptosis  and
metastasis. Therefore, HDACI have turned into a
suitable therapeutic class to control the tumor cell
growth and promote normal cellular functions (73).

31



J Pharm Pharm Sci (www.cspsCanada.org) 25, 24 - 40, 2022

Methoxy and chloro groups are
essential for the cytotoxic
activity,

Chloro atom significatly
increases selective CYPBI
activity.

Figure 21. Key functional moieties responsible for the
cytotoxic effects of pyrrole based chalcones.

Singh et al. have incorporated the pyrrole
group as a connecting unit in hydroxamic acid-
based histone deacetylase inhibitors (Figure 22)

(74).
X e
§

N ’YO R
& Methylacetcacetate, aromatic aldehydes,
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R = Ph, Ph (4-C1), Ph (3-C1), Ph (2-Cl), Ph (4-Br), Ph
(4-F1), Ph (2-F), Ph (4-Mc), Ph (4-OMe), Ph
(@-dimethylaming), Ph (4-NO,, Ph (4-OH), Ph ( 4-OH,
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Figure 22. Synthesis of novel anticancer pyrrole
derivatives.

The latter compounds have been tested in
vitro for leukemia, lung, breast, and cervical
human cancer cell lines. The authors have noted
that p-nitro substituted molecules have induced
higher antitumor activity. Moreover, active
compounds have been obtained after electron
donation groups such as dimethylamino, methyl,
methoxy and hydroxyl, have been incorporated in
the phenyl ring (Figure 23). Docking studies in the
active sites of several histone deacetylase proteins
(PDB:4BKX, 4LXZ, 4A69, 2VQM, 5EEI, 3COZ,
1T69, 5TD7, 1Z2Z1) have indicated similar binding
conformations of the aforementioned compounds
as Vorinostat. The mechanism of action of the
following pyrrole derivatives have not been
identified, therefore we group them by the main
cancer cell lines they were active against.

N Mo
fl LN 0

Substitution with nitro group R \
produced the most promising e \
anticancer derivatives. Electron N
withdrawing groups potentiate
the anticancer effects.

Methoxy group leads to higher activities
against lung (A-549), breast (MCF-7), and
cervical (HeLa) cancer cell lines. Several
derivitavies with hydroxyl amine moiety
obtained prominent leukemia (K-562) cell line
activity.

Figure 23. Key functional moieties responsible for the
cytotoxic effects of pyrrole-containing hydroxamic

acid-based histone deacetylase inhibitors.
A549 (LUNG CANCER LINE)

Remarkable cytotoxicity against A549 cancer cells
of novel calix[4]pyrrole derivatives has been
discussed by Gerreto et al. (75). The study has
described meso-(p-acetamidophenyl)-
calix[4]pyrrole as the most active compound in the
series and its pharmacokinetic properties have been
further evaluated in mice. The experiment has
proved moderate lipophilicity of the compound,
which is associated with facile crossing through
Blood-Brain-Barrier (BBB). Comparison between
a meso-(p-acetamidophenyl)-calix[4]pyrrole and
several similar compounds has revealed the
importance of both the calix[4]pyrrole moiety and
the meso acetanilide substituent for the occurring
selective cytotoxicity (Figure 24).

The cleavage of
L T . . culix4Jpyrrole resulls in
» e significant reduction in the
Acetamidophenyl is essential for cytotoxicity.

high cytotoxic activity.

The replacement or
repositioning of the acetumide
group leads to significant "
reduetion of the anticaneer
effect,

Figure 24. Key functional fragments responsible for the
anticancer effects of calix[4]pyrrole derivatives.

HEPG2 (LIVER CARCINOMA)

Santoso et al. have reported four novel isatin-
pyrrole derivatives with moderate activity against
the liver cell line — HepG2 (76). The synthesis of
the former compounds is given in Figure 25.The
authors have noted that the most active compound
have demonstrated 1Cso of 0.47 uM against the
human liver cancer HepG2 cell lines.
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R - R'=H, Me, NO,, NH,

Figure 25. Synthesis of novel isatin-pyrroles with
cytotoxic effects.

Nine new pyrrole-alkaloid derivatives have
been isolated and assessed for their cytotoxic
activities by Liu etal. (77). The alkaloids have been
isolated from Lepidium meyenii and structurally
elucidated by 1D, 2D NMR and HRESIMS.
Subsequently, the cytotoxic effects of the
aforementioned compounds against HL-60, A549,
SMMC-7721, MCF-7, and SW480 cell lines were
evaluated using the MTS method. The most active
pyrrole derivative displayed selective cytotoxicity
against SMMC-7721 cancer cell line with 1Cs
value of 16.78 uM. The essential moieties required
for the cytotoxic activities are given in Figure 26.

Y
YN
et Unsubstituted structures
demonstrate enhanced
CHO anticancer effects.
N7
T T 8\/

=0
|

Bulky fragments significantly ':\Ri,\

increase the cytotoxic effect
against SMMC-7721 cancer
cell line.

Figure 26. Key functional fragments responsible for the
anticancer effects of novel pyrrole-alkaloid derivatives.

HELA (CERVIX CARCINOMA)

Khalipour & Asghari have synthesized and
evaluated the cytotoxic effect of novel
dihydropyrimidone substituted pyrroles (78). The
synthesis has been carried out utilizing three-
component reaction (Figure 27).

R’ E10,C.
L

NH
dry THF HaC N 0
— _dyTHE
—n |‘ D AR~ =
H,C NH (0]
3 R102C~ 7

CO4R,

1
CO:R Ew0,c

R

R;0,C
R = tBu, cyclohexyl, Me, Et, Ph, Ph (4-CI), Ph, Ph 2 NHR
(@-OMe)

Figure 27. Synthesis of novel dihydropyrimidone
substituted pyrroles.

HeLa cancer cell lines have been utilized for
the determination of the cytotoxic effect. Two of
the reported compounds have demonstrated good
ICso values of 10.36 and 9.90 uM against the
former cell line. The authors have noted that the p-
chlorophenyl moiety as R? substitution is essential
for the anticancer effect (Figure 28). Furthermore,
the methyl esters have demonstrated higher
cytotoxicity against cell lines in comparison with
the ethyl esters. The former have displayed
moderate anticancer activity in comparison to
doxorubicin. In addition, the work has discussed
good antioxidant properties of the aforementioned

molecules.
/P-?mphenyl moiety is

5,  Trequired for the anticancer

LR effect.
Tert-butyl group is essential for

COzEL__IC
- NH
,& the cytotoxic activity.
. N (o]
Ethyl esters slightly |
decrease the anticancer I R10:C— Ny
activity, while the methyl N[ e
esters provide the l 1 / \FINHR )
optimal cytotoxic effect. R 0,C N

Figure 28. Key functional moieties responsible for the
cytotoxic effects of novel dihydropyrimidone
substituted pyrroles.

CACO-2 AND HCT116 (HUMAN COLON
CARCINOMA)

The synthesis and antiproliferation activities of
novel pyrrolidines and pyrroles have been
examined by Ji et al. (79). The synthesis of the
pyrroles is given in Figure 29.

When compared to pyrrolidines, the pyrrole
derivatives did not demonstrate efficient anticancer
properties. The latter have been examined for
inhibition of HCT116 cell proliferation.
Derivatives with m-bromo substituted phenyl
groups were assessed as the most active
compounds (Figure 30). The exact underlying
mechanism of the aforementioned compounds was
not investigated due to the poor performance of the
pyrrole molecules.

ArHzN ArH,N
NHpAr NH,Ar
HO TsOH.H,O / \
RO,CT Ny oH Cﬂ”ﬁ'z RO,C”
[ COR : | COR
Ar Ar

R = H, Br, F, Me, Et, t-Bu, OCF,, CF,,

Figure 29. Synthesis of novel substituted pyrroles.
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Bromo substituted phenyl Unsubstituted at para position

5

ring at meta position \ -~ phenyl groups showed
demonstrated the most Q - enhanced activities when
potent results against v W /\/ compared to trifluoromethyl
HCT116 celllines. / \ substituted.
\ I{/0 Oﬁ
HiC CH3 /
N\ ; /
L ARYT
R Ve

Figure 30. Key functional moieties responsible for the
cytotoxic effects of novel substituted pyrroles with
antiproliferative effects.

The anticancer activity of novel palladium
(1) and platinum (I1) complexes with pyrroles has
been reported by Mbugua et al. (80). The cytotoxic
effects have been examined against one
noncancerous (MCF-12A) and five cancerous cell
lines (Caco-2, HelLa, HepG2, MCF-7, and PC-3).
A compound with dimethyl sulfoxide moiety has
shown the highest selectivity against all cancerous
cell lines. The authors have discussed that the
former molecule have demonstrated 1Cso values of
15.81, 64.5, 24.9, 45.5, 13.0, 20.9 pg/mL against
Caco-2, MCF-7, MCF-12A, HelLa, Hep-G2 and
PC-3, respectively. Furthermore, it has been noted
that the bulky substitutions on platinum atoms did
not yield structures with higher anticancer activity
as described in other works (Figure 31). That
conclusion clearly does not agree with previous
reports, which have discussed low anticancer
activity of bulky Pd or Pt structures (81).

PANC AND ASPC-1 (HUMAN PANCREATIC
CANCER CELL LINES)

Paper published in 2019 presented the microwave
synthesis and anticancer screening of novel
pyrrole-imidazole derivatives (82). The authors
have discussed a facile and efficient method via a
post-Ugi cascade reaction followed by one
purification procedure (Figure 32).

Human pancreatic cancer cell lines PANC
and ASPC-1 have been utilized for the biological
evaluation. Further testing towards prostate cancer
cells A549 and PC-3 has been carried out and it has
been concluded that the most active compound was
more effective towards the pancreatic cancer cells
with 1Cso values of 0.063 and 0.062 uM. From the
results it has been clear that the replacement or the
removal of p-chloro atoms in the phenyl moiety,

MDA-MB AND MCF-7 CELL LINE (HUMAN
BREAST CANCER CELL LINE)

placed at N2, had caused significant drop of the
anticancer activity. The most promising compound
(Figure 33) was 10 times more selective towards
the pancreas than prostate cell lines, which
highlights its high selectivity.

Substitution with dimethyl
sulfoxide (DMSO)
77— significatnly increases
selectivity against cancer
cells.

/
E%}J p
¢ N

( I I; 1 The methyl group decreases

sigma-bonding character of the
Y\
[

Pd-Cl bond in comparison with
the Cl-group.

Figure 31. Key functional moieties responsible for the

cytotoxic effects of palladium anticancer derivatives

complexed with pyrroles.

R-NH, I
RE-NI=CH HN
L.
Boc A\ 0
N 1. MeOH, r.t LN
E/},CHO 2. K,CO,, MeCN >]/N\R1
o
HC=—COOH
RY, R? = Bn, Ph, Ph (3-F), Ph (4-Br), Ph (4-Cl), Ph

(2,4-di-Cl), Ph (4-F), Ph (3-F), Ph (3-F, 4-CI), Piperazine

Figure 32. Synthetic route for pyrrolo-imidazole
derivatives.

= Ta
. / Reduction of the aromatic
o e, ring results in lower activity.
\
\

Removing or replacing the
Cl-atom with -Br or -F leads to
¥ significant decrease of the

When replaced with Cl-atom the CYIOLOXIC Acilivty.

anticancer activity drops.

Figure 33. Key functional moieties responsible for the
cytotoxic effects of pyrrole-imidazole derivatives
possessing anticancer activity.

A recent work has reported the synthesis of a
series of 2,4-dimethylpyrrole derivatives (83). The
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amide coupling reaction scheme is given in Figure

34.
0
Hac\_)\Fg
s
\ ng TCHg
QNH

R'= Propylamine, Isobutylamine, Piperazine, Pyrrolidine, Morpholine,
Cyclohexylamine, Piperidine, Hydrazine, Imidazole, 3,5-Dimethylpyrazole,
Phenylhydrazine, 4-Chlorephenylhydrazine

HAC oH

|
w4 RNA N
CHy TBTU, DIPEA, DMF
\ hH ri, 1day
NH

Figure 34. Synthetic scheme for 2,4-dimethyl-1H-
pyrrole-3-carboxamide anticancer derivatives.

The anticancer activities of the latter were
evaluated in NCI 60-cell line panel against
leukemia, melanoma, lung, colon, CNS, ovarian,
renal, prostate and breast cancer cell lines at a
single 10 pM concentrations. The most eminent
structure comprised 1-cyclohexylethylamine as a
substituent (Figure 35). The former have
demonstrated notable growth inhibition against the
epithelial, human breast cancer cell line — MDA-
MB. In silico ADME simulations have obtained
promising results for further evaluation of the
aforementioned compounds.

Qe a .

W

\ \7/‘\ w CHa
NH k

1-Cyclohexylethylamine substituent showes
promising activity against melanoma and
breast cancer cell lines. Removing a methyl
moicty from the latter group significantly
decreases the anticancer activity.

Figure 35. Key functional moieties responsible for the
cytotoxic effects of 2,4-dimethylpyrrole derivatives
with potential anticancer effects.

Toubia et al. have demonstrated the
anticancer evaluation of three novel bimetal
compounds containing a gold(Il) porphyrin
conjugated to a platinum diamine moiety (84).
Three novel complexes differing in the type of
diamine ligand around platinum(ll): ammonia
(NHs), cyclohexanediamine (CyDA), and
pyridylmethylamine (Py), have been discussed in
the paper. The anticancer effects of the conjugates
were screened against human fibroblast cells (FS-
68) and human breast cancer cells (MCF-7). The
CyDA derivative exhibited the most prominent
cytotoxic capacity among the series. The
aforementioned compound has demonstrated an
ICso value of 1,81 uM agsinst MCF-7 cell lines.
Overall, the authors have noted that Au(l11)/Pt(11)
complexes were more effective by 2—5,6 fold
compared to the corresponding platinum
complexes (Figure 36).

Cyclohexane moicty is optimal
~ for the cytotoxic activity aganst
}  FS-68 and MCF-7 cancer cell
lines.

. Au(lI/Pt(I1) conjugates are more potent by 2—5.6-fold
than the corresponding platinum complexes.

Figure 36. Key functional moieties responsible for the
cytotoxic effects of gold porphyrin linked to malonate
diamine platinum complexes.

ACTIVE AGAINST MULTIPLE CANCER
CELL LINES

Zhan et al. have assessed the anticancer activity of
novel 1H-pyrrole derivatives (85). The synthetic
route of the latter compounds is provided in Figure
37.

MeO OMe MeO OMe
MeO TosMIC MeQ o
tBUOK, THF
Ice bath Ar

o Ar </\)

I8} NH

Ar= Ph (2-F), Ph (4-F), Ph (2-Cl), Ph (4-Br), Ph (4-Me), Ph (2,4-di-Me),
Ph (3-Br), Ph (4-C1), Ph (3-OMe), Ph (4-OMe), 2-Pyridinyl, Naphthalene,
Thiophene

Figure 37. Synthetic route of 3-(substituted aroyl)-4-
(3,4,5-trimethoxyphenyl)-1H-pyrrole derivatives.

The cytotoxic evaluation has been carried out
against eleven cancer and two normal lines. The
most prominent pyrrole (ICso = 8.2 —31.7 uM) was
bearing 4-bromophenyl as a substituent at third
position (Figure 38). Replacing the bromine atom
with fluoro, chloro, methyl or methoxy moieties
have drastically reduced the anticancer activity
against A375, CT-26, HeLa, MGC 80-3, NCI-
H460 and SGC-7901 cells. A 2-pyridyl moiety has
been active only against MGC80-3, while a 3-
pyridinyl has not demonstrated any anticancer
activity. It has been also pointed out that a 3,4,5-
trimethoxy phenyl fragment has not shown any
significant activity compared with the 4-methylthio
phenyl group. However, the discussed components
have manifested higher anticancer effects in
contrast with 4-methoxyphenyl moiety. Overall,
the aforementioned compounds have demonstrated
good antiproliferative activity against several
cancer cell lines and low toxic potential.
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T

v Y

:, Br -Cl and -F substitutions reduce
N the anticancer activity.

MeO

Replacing the phenyl moiety with
pyrimydin or naphtyl ring
decreases the cytotoxic effect.

—

Figure 38. Key functional moieties responsible for the
cytotoxic effects of novel 1H-pyrrole derivatives.

CONCLUSION AND FUTURE
PERSPECTIVES

The pyrrole moiety has been extensively examined
over the past few decades for its anti-inflammatory,
antioxidant, anti-depressant, anti-bacterial, anti-
fungal and antihypertensive effects. Among the
broad range of therapeutic applications, the
anticancer activity of the latter scaffold has
emerged recently as a prominent scaffold for future
research. Pyrrole-based compounds demonstrate
prominent in vitro and in vivo capacities against
several types of cancer, including lung cancer,
cervix carcinoma, pancreatic cancer, prostate
cancer, breast cancer and colorectal cancer. This
review described the anti-tumor potential of
various novel pyrrole derivatives that have been
published in the literature. In most of the reported
cases, synthetic schemes together with figures of
the key functional moieties accountable for the
optimal cytotoxic effects, were provided.
Essentially, various substituted pyrrole derivatives
have been discussed as potent anticancer agents
with easily accessible synthetic schemes and low-
cost starting materials. However, further in vivo
studies in most of the papers are needed. Overall,
we believe that the implementation of a substituted
pyrrole nucleus could be essential to establish the
clinical success of novel anticancer compounds
and this work could be beneficial for the design and
synthesis of novel and effective pyrrole-containing
anticancer agents based on the aforementioned
synthetic routes and key moieties required for the
biological activity.
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