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/ ABSTRACT N
A large number of medicinal compounds which have been discovered belong to a major class of heterocyclic\I

:' compounds containing nitrogen as a hetero atom. The versatile synthetic applicability and biological activities |
| of these heterocyclic compounds has helped the medicinal chemist to plan, organize and implement newi
i approaches towards discovery of novel drugs. . B-carboline also known as nor-harmane is a nitrogen containing
| heterocyclic compound. It belongs to the group of indole alkaloids and consists of pyridine ring that is fused to E
i an indole skeleton. The structure of B-carboline is similar to that of tryptamine, with the ethylamine chain re-
i connected to the indole ring via an extra carbon atom, to produce a three- ringed structure. It is a keyi
i pharmacophore present in a large number of natural tricyclic alkaloids. The natural and synthetic p-carboline i

1

derivatives are reported to have pharmacological effects in several aspects, such as the anticancer activity !
against colon and lung cancers, central nervous system activity in mammals and also as the biological control
agent for receptor research on bio-enzyme inhibitors. Some B-carbolines are known to bind with high affinity to
the central benzodiazepine receptors with anticonvulsive and anxiolytic properties. Nor-harmine also prevents |
bone loss by suppressing osteoclastogenesis. The Pictet-Spengler condensation is commonly used to synthesize i
B-carbolines, This comprehensive overview summarizes the medicinal importance of synthetic betacarboline |

derivatives, which may be useful for researchers to explore the hidden potential of nor-harmine.
‘\\ Keywords: Betacarboline, Nor-Harmane, Tryptamine, Indole, Pictet-Spengler Condensation, /

INTRODUCTION indole alkaloids and consists of pyridine ring that is
fused to an indole skeleton. The structure of f-
carboline is similar to that of tryptamine with the
ethylamine chain re-connected to the indole ring
via an extra carbon atom, to produce a three- ringed
structure. [1- 2]

B-Carboline  (9H-pyrido[3,4-b]indole), also
known as norharmane is a tricyclic alkaloid that
was originally isolated from seeds of Peganum
harmala in 1847. It is nitrogen containing
heterocyclic compound, belongs to the group of
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It is a key pharmacophore present in a large
number of natural tricyclic alkaloids. Naturally
occurring PB-carboline alkaloids and synthetic
analogues containing [-carboline subunit are
endowed with diverse pharmacological properties
including anticancer activity against colon and lung
cancers, central nervous system activity in
mammals and also as the biological control agent
for receptor research on bio-enzyme inhibitors.
Some f-carbolines are known to bind with high

affinity to the central benzodiazepine receptors
with anticonvulsive and anxiolytic properties.
Norharmine also prevents bone loss by suppressing
osteoclastogenesis. [3-12]

The Pictet-Spengler condensation is commonly
used to synthesize B-carbolines, due to its analogy
to the biosynthesis of these systems. This reaction
needs an arylethylamine, an aldehyde and an acid
catalyst. This reaction can be considered a special
case of the Mannich reaction.

NH,
_— N

Some groups describe a sequence of Pictet-
Spengler condensation followed by oxidation,
without the isolation of the intermediate
tetrahydrocarbolines (THC), to prepare the
carbolines. A variety of substituted B and gama-
carbolines have been prepared in good to excellent
yields by the cyclization of internal acetylenes by
the tert-butylimines of N- Substituted 3-iodoindole-
2-carboxaldehydes and 2-Haloindole-3-
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carboxaldehydes, respectively, in the presence of a
palladium catalyst. The reaction mechanism occurs
by initial formation of an iminium ion (2) followed
by electrophilic addition at the 3-position, in
accordance with the expected nucleophilicity
of indoles, to give the spirocycle 3. After migration
of the best migrating group, deprotonation gives the

product (5) [13-17].
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Anti-cancer activity

Shashikant et al'®. worked on Synthesis of p-
Carboline-Based N-Heterocyclic Carbenes and
Their  Antiproliferative  and  Antimetastatic
Activities against Human Breast Cancer Cells 1.

A series of novel p-carboline-based N-
heterocyclic carbenes was prepared via Mannich
reaction between methyl 1-(dimethoxymethyl)-9H-
pyrido[3,4-b]indole-3-carboxylate, formaldehyde,
and primary amines. All compounds were evaluated
for their antiproliferative activity using human
breast cancer and lung cancer cell lines. Three
compounds, 3c, 3j, and 3h, were discovered to
display 1C50 less than 10 uM against human breast
cancer MDA-MB-231 cells at 24 h of treatment.

Pharmacologically these compounds lead to G2/M
phase cell cycle arrest and induction of cellular
apoptosis by triggering intrinsic apoptotic pathway
through depolarization of mitochondrial membrane
potential and activation of caspases. At lower
concentrations, these compounds also showed
antimigratory and antiinvasive effects against
highly metastatic human breast cancer MDA-MB-
231 cells via aberration of MAPKkinase signaling
and by the inhibition of matrix metalloproteinases.
However, these analogues lack in vivo effect in
mouse model. which may be attributed to their
strong affinity to HSA that was investigated
spectroscopically with compound 3h.

Cong Zheng et al*®. Synthesis and Biological
Evaluation of Novel Tetrahydro-p-carboline
Derivatives as Antitumor Growth and Metastasis
Agents through Inhibiting the Transforming
Growth Factor-p Signaling Pathway 0000

The transforming growth factor beta (TGFp)
signaling cascade is considered as one of the
pivotal oncogenic pathways in most advanced
cancers. Inhibition of the TGFp signaling pathway
by specific antagonists, neutralizing antibodies, or
small molecules is considered as an effective
strategy for the treatment of tumor growth and
metastasis. Here we demonstrated the identification

of a series of tetrahydro-B-carboline derivatives
from virtual screening which potentially inhibit the
TGFB signaling pathway. Optimization of the
initial hit compound 2-benzoyl-1,3,4,9-tetrahydro-
B-carboline (8a) through substitution at different
positions to define the structure—activity
relationship resulted in the discovery of potent
inhibitors of the TGFf signaling pathway. Among
them, compound 8d, one of the tested compounds,
not only showed potent inhibition of lung cancer
cell proliferation and migration in vitro but also
strongly suppressed growth of lung cancer and
breast cancer in vivo.
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Jahan B. et al®®. worked on 3D-QSAR and
Docking Studies of a Series of B-Carboline
Derivatives as Antitumor Agents of PLK1.

An alignment-free, three dimensional
quantitative structure-activity relationship (3D-
QSAR) analysis has been performed on a series of -
carboline derivatives as potent antitumor agents
toward HepG2 human tumor cell lines. A highly
descriptive and predictive 3D-QSAR model was
obtained through the calculation of alignment-
independent descriptors (GRIND descriptors) using
ALMOND software. For a training set of 30

R7

Some related compounds are:

Ri:- H, CH3z; Ry- CH, CgHs, CH,), CeHs, CH5)3CsH5
Rs-H, CHO, CH,0H, CONH(CH,),0H,
CONH(CH,)NH,

R;- H, OH, OCHj3;, OC,Hs5

Ro- H, C,Hs, C4Hg(n), C4Ho(i)

Han X et al®. Worked on A series of beta-
carboline derivatives inhibit the kinase activity of
PLKs.

Polo-like kinases play an essential role in the
ordered execution of mitotic events and 4
mammalian PLK family members have been
identified. Accumulating evidence indicates that
PLK1 is an attractive target for anticancer drugs. In
this paper, a series of beta-carboline derivatives
were synthesized and three compounds, DH281,
DH285 and DH287, were identified as potent new
PLK inhibitors. We employed various biochemical
and cellular approaches to determine the effects of
these compounds on the activity of PLK1 and other

compounds, PLS analyses result in a three-
component model which displays a squared
correlation coefficient () of 0.957 and a standard
deviation of the error of calculation (SDEC) of
0.116. Validation of this model was performed
using leave-one-out, of 0.85, and leave-multiple-
out. This model gives a remarkably high (0.66) for
a test set of 10 compounds. Docking studies were
performed to investigate the mode of interaction
between -carboline derivatives and the active site
of the most probable anticancer receptor, polo-like
kinase protein.

R3
——
\ +
N\
7 R2
N
| R1
RO

mitotic kinases and on cell cycle progression. We
found that these three compounds could selectively
inhibit the kinase activity of purified PLK1, PLK2
and PLK3 in vitro. They show strong antitumor
activity against a number of cancer cell lines with
relatively low micromolar ICsgs, but are relatively
less toxic to non-cancer cells (MRC5). Moreover,
these  compounds could induce  obvious
accumulation of HelLa cells in G,/M and S phases
and trigger apoptosis. Although MRC5 cells show
clear S-phase arrest after treatment with these
compounds, the G2/M arrest and apoptosis are less
insignificant, indicating the distinct sensitivity
between normal and cancer cells. We also found
that HelLa cells treated with these drugs exhibit
monopolar spindles and increased Weel protein
levels, the characteristics of cells treated with
PLK1 inhibitors.  Together, these results
demonstrate that DH281, DH285 and DH287 beta-
carboline compounds are new PLK inhibitors with
potential for cancer treatment.
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Ravindra Kumaret al?®. worked on QSAR analysis

for some B-carboline derivatives as anti-tumor.

Quantitative  structure—activity  relationship
(QSAR) studies have been performed on f-
carboline derivatives to explore the structural
necessities for antitumor activity. 3D QSAR studies
were done using V-Life Sciences MDS 3.0 drug
designing module to explain the structural
requirements for the anti-tumor activity. The 3D-
QSAR was performed using the Step Wise K
Nearest Neighbour Molecular Field Analysis [(SW)
kNN MFA] technique with the partial least-square
(PLS) method on a database. Obtained best 3D-
QSAR model having high predictive ability with
q°=0.743, r?>=0.721, pred_r?=0.708 and
standard error = 0.346, explaining the majority of
the variance in the data with partial least square
(PLS) components. The results of the present study
may be useful on the designing of more potent
compounds as antitumor drugs.

Li al et al. 2 Worked on Synthesis and bioactivity
of beta-carboline derivatives.

A series of beta-carboline derivatives were
synthesized from L-tryptophan through the Pictet-
Spengler reaction and oxidation of K2Cr207 by a
sequential one-pot synthesis method. In vitro anti-
bacterial, insecticidal, and cytotoxic activities of all
synthesized compounds were investigated by the
tablet diffusion, leaf disc, and MTT methods,
respectively. Some of the compounds (1-1, 1-2, 1-3

and 1-12) exhibited obvious anti-bacterial effects
and some (1-3) had significant cytotoxic activities
against tumor cells 3LL, MCF-7, BGC-823 and
QGY-7701, with IC50 values of 7.79, 5.75, 3.53
and 4.02 microg/mL, respectively. No insecticidal
activity against third stage instar larvae of
Mythimna separata Walker were observed under
the tested concentration.
Guang Shao et al ?* worked on Synthesis and
biological evaluation of piperazine group-linked
bivalent B-carbolines as potential antitumor agents

A series of novel bivalent B-carbolines with a
piperazine group spacer between 3-methylene units
were synthesized and evaluated as antitumor
agents. The results demonstrated that
compounds 7e and 7g exhibited the most potent
cytotoxic activities against ten tumor cell lines.
Structure—activity relationships analysis indicated
that (1) the substituents in positions 1 and 9 of the
B-carboline ring played a significant role in
modulating the antitumor activity; (2) the
introduction of alkyl groups into position-9 of the
B-carboline nucleus enhanced their cytotoxic
potencies and the butyl substituent was the optimal
group. Investigation of the preliminary mechanism
of action demonstrated that compound 7g showed
obvious anti-angiogenic  activity in the in
vivo CAM assay, and the potency was similar to
that of CA4P (200 uM).
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Antioxidant activity

Koteppa Pari et al®®. Worked on p-Carbolines
That Accumulate in Human Tissues May Serve a
Protective Role against Oxidative Stress

B-Carbolines are tricyclic nitrogen heterocycles
formed in plants and animals as Maillard reaction
products between amino acids and reducing sugars
or aldehydes. They are being detected increasingly
in human tissues, and their physiological roles need
to be understood. Two [-carboline carboxylates
have been reported to accumulate in the human eye
lens. We report here on the identification of another
B-carboline, namely 1-methyl-1-vinyl -2,3,4-
trihydro-p-carboline-3-carboxylic  acid, in the
lenses of some cataract patients from India.
Analysis of these three lenticular PB-carbolines
using photodynamic and antioxidant assays shows
all of them to be inert as sensitizers and effective as
antioxidants; they quench singlet oxygen,

Iz

Prevents bone loss by  suppressing
osteoclastogenesis

Takayuki Yonezawaet al®®. Worked on
Harmine, a B-carboline alkaloid, inhibits osteoclast
differentiation and bone resorption in vitro and in
vivo. 18

Bone homeostasis is controlled by the balance
between osteoblastic bone formation and
osteoclastic bone resorption. Excessive bone
resorption is involved in the pathogenesis of bone-
related disorders such as osteoporosis, arthritis and
periodontitis. To obtain new antiresorptive agents,
we searched for natural compounds that can inhibit

superoxide and hydroxyl radicals and inhibit the
oxidative formation of higher molecular weight
aggregates of the test protein, eye lens y-crystallin.
Such antioxidative ability of [-carbolines is of
particular relevance to the lens, which faces
continual photic and oxidative stress. The fB-
carboline diacid 1V is also seen to display an
unexpected ability of inhibiting the thermal
coagulation of y-crystallin and the dithiothreitol-
induced precipitation of insulin. These results offer
experimental support to earlier suggestions that one
of the roles that the B-carbolines have is to offer
protection against oxidative stress to the human
tissues where they accumulate. Several reports have
appeared in recent literature of the presence of B-
carbolines in human tissues. It thus becomes
important to understand their physiological role in
human health.

COOH

N H
COOH

CH,

osteoclast differentiation and function. We found
that harmine, a [-carboline alkaloid, inhibited
multinucleated osteoclast formation induced by
receptor activator of nuclear factor-kB ligand
(RANKL) in RAW264.7 cells. Similar results were
obtained in cultures of bone marrow macrophages
supplemented with macrophage colony-stimulating
factor and RANKL, as well as in cocultures of bone
marrow cells and osteoblastic UAMS-32 cells in
the presence of vitamin D(3) and prostaglandin
E(2). Furthermore, harmine prevented RANKL-
induced bone resorption in both cell and bone
tissue cultures. Treatment with harmine (10
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mg/kg/day) also prevented bone loss in
ovariectomized  osteoporosis  model mice.
Structure-activity relationship studies showed that
the C3-C4 double bond and 7-methoxy group of
harmine are important for its inhibitory activity on
osteoclast differentiation. In mechanistic studies,
we found that harmine inhibited the RANKL-
induced expression of c-Fos and subsequent
expression of nuclear factor of activated T cells
(NFAT) cl1, which is a master regulator of
osteoclastogenesis. However, harmine did not
affect early signaling molecules such as ERK, p38
MAPK and IkBa. These results indicate that
harmine inhibits osteoclast formation via down
regulation of c-Fos and NFATcl induced by
RANKL and represses bone resorption. These
novel findings may be useful for the treatment of
bone-destructive diseases.

Carboline Based PDES5 Inhibitors.

A series of structurally related tetrahydro-p-
carboline  derivatives were prepared. The
tetrahydro-p-carboline skeleton was fused either to
a hydantoin or to a piperazindione ring, the pendant
aryl group attached to C-5 or C-6 was changed to a
3, 4-dimethoxyphenyl or a 3-pyridinyl ring;
different N-substituents on the terminal ring were
introduced, a straight chain ethyl group, a branched
tert. butyl and P-chlorophenyl group rather than n-
butyl group of the lead compound. All four possible
diastereomers of target tetrahydro-B-carboline
derivatives were prepared, separated by column
chromatography and the significance of these
stereo chemical manipulations were studied.
Synthesized compounds were evaluated for their
inhibitory effect versus PDES5. Seven hits were
obtained with appreciable inhibitory activity versus

PDES5 Inhibitors

Ahmed Kumar et a

PDES with 1Cs05 0.14 - 4.99 pM.

12" Worked on a Novel Access to

Arylated and Heteroarylated Beta-
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