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addition

A series of novel benzo[6,7]cyclohepta[1,2-b]pyridine-1,2,3-triazole hybrids (7a-j &
8a-]J) have been designed and synthesized in excellent yields by Huisgen's [3+2] cyclo
reaction of
benzo[6,7]cyclohepta[1,2-b]pyridine (5) with various alkynes 6 in presence of copper
sulphate and sodium ascorbate and their structures were confirmed by IR, 'H NMR,

3-(azidomethyl)-2-methyl-6,7-dihydro-5H-

BC NMR and HRMS. The newly synthesized compounds 7a-j & 8a-j were evaluated
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for their in vitro anti-mycobacterial activity against Mycobacterium tuberculosis
H37Rv (ATCC 27294). Among the compounds tested, the compounds 7i and 8g
displayed most potent activity with MIC value of 1.56 pg/mL with low cytotoxicity.

2009 Elsevier Ltd All rights reserved.

Tuberculosis (TB) is a potential and: chronic: infectious
disease caused by Mycobacterium tuberculosis.'* About one-
third of the current world population have TB in its latent form.’
In 2015, there were approximately 10.4 million cases of active
TB and this disease caused approximately 1.8 million deaths
(World Health Organization 2017).% Additionally, the resurgence
of its new virulent forms like multidrug-resistant (MDR-TB) and
extremely drug resistant (XDR-TB) has become a major threat to
mankind.”® The worsening situation necessitated an urgent need
for discovery of modern curative drugs active to all forms of
TB.*!° All these facts prompted various research groups across
the globe to revisit some of the natural and synthetic bioactive
compounds for the development of new anti-tubercular drugs
with novel mechanism of action to achieve effective TB
control, "

A large number of heterocyclic compounds containing
pyridine  rings were associated with diverse g)harmacological
properties such as antimicrobial,***® anticancer,"® anticonvulsant,

antiviral,” anti-HIV," antifungal and anti-mycobacterial
activities.® The condensed derivatives of pyridines play
significant role in bioactive molecules, especially in the form of
benzocyclohepta[1,2-b]pyridines which are structural analogues
of benzosuberone. The benzocyclohepta[1,2-b]pyridine is an
important core biologically active compound with diverse
biological activities, such as antihistamine as well as antitumor
and anti-inflammatory activities®? Fig.1(i). It is a highly potent
pharmacophore with wide use for drug molecular design.

In the recent years, the nitrogen containing heterocyclic
compounds have become potential targets for drug discovery 2"*
1,2,3-triazoles have been studied for over a century as an
important class of heterocyclic compounds and still continue to

attract considerable attention due to their synthetic and effective
biological properties like anti-tubercular, anti-HIV, anti-fungal,
anti-HSV, anti-platelet, anti-microbial, and anti-inflammatory
activities.®* The 1,2,3-triazole scaffold is being frequently used
as a pharmacophore for the modification of known
pharmaceuticals. Currently, there is a significant need to identify
new scaffolds as anti-tubercular agents that can form an effective
anti-tubercular therapy.*** N-acylhydrazones (NAH)** and
several 1,2,3-triazole analogues®*’ have been reported to possess
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Figure 1: (i) Representative examples of biological active

benzo[5,6]cyclohepta[1,2-b]pyridine derivatives and (ii) Pyridine
substituted tuberculostatic agents.

Based on the biological significance of triazole and
benzocyclohepta[1,2-b]pyridine moieties we have made an
attempt to design amalgamation of three biologically versatile
heterocyclic scaffolds like benzosuberone, pyridine and 1,2,3-
triazole in a single molecular platform and synthesized new
molecules with better anti-TB properties as depicted in Fig. 2. In
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continuation to our ongoing research programme,** we

designed and synthesized a  series of novel
benzo[6,7]cyclohepta[1,2-b]pyridine-1,2,3-triazole hybrids (7a-j
& 8a-j) in excellent yields by employing copper-catalyzed click
chemistry,®® and further explored their anti-mycobacterial
activity against Mycobacterium tuberculosis H37Rv. Compounds
7i and 8g exhibited very promising activity with MIC value of
1.56 pg/mL.

1,2,3-triazole
backbone

Portion varied for
better interactions

Benzo[6,7]cyclohepta
[1,2-b]pyridine

Figure 2: Design strategy for new benzo[6,7]cyclohepta[1,2-
b]pyridine -1,2,3-triazole hybrids.

To begin with, substituted benzosuberone (1), the
required starting compounds were synthesized by using Friedel-
Crafts acylation of aromatic hydrocarbons with glutaric
anhydride furnishing arylbutyric acid which on Clemmensen
reduction followed by cyclization with excess polyphosphoric
acid gave substituted benzosuberones (la-b). This substituted
benzosuberones undergo Vilsmeier-Haack-Arnold. reaction by
treating with POCI;, dimethyl formamide at 0 °Cto 60 °C for 4 h
to afford the (2)-9-chloro-6,7-dihydro-5H+=benzo [7] annulene-8-
carbaldehyde (2a-b). The key intermediate
benzo[6,7]cyclohepta[1,2-b]pyridine~ derivative  3a-b  was
accomplished by Hantzch-type reaction via Michael addition by
treating with S-chloroacroleins, ethyl acetoacetate and NH,OAc
in presence of ethanol at reflux temperature for 8 h [51]. The
ester group of compound 3a-b-was reduced by using lithium
aluminum hydride at 0°°C in dry THF under nitrogen atmosphere
to afford the corresponding alcohols 4a-b. The corresponding
alcoholic group was protected with TsCl and the subsequently
corresponding tosyl- derivative was then reacted with sodium
azide in DMF at 80 °C for 12 h to afford its azides 5a-b in good
yield (Scheme 1) and confirmed by absorption of a strong band
at 2104 cm™, attributing to the stretch vibrations of the N; bond
of the azide group.
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Reagents and conditions: i) POCl;, DMF, 0 °C - 80 °C; ii)

Methyl acetoacetate (MAA), NH,OAc, EtOH, reflux, 8 h; iii)

LiAIH,, THF, 0 °C; iv) a) Ts-Cl, dry DCM, DMAP, Et;N, 2 h,
rt; b) NaNs;, DMF, 80 °C, 12 h.

Scheme 1: Synthesis of 3-(azidomethyl)-2-methyl-6,7-dihydro-
5H-benzo [6,7] cyclohepta[1,2-b] pyridine.

To construct the desired analogues, 3-(azidomethyl)-2-
methyl-6,7-dihydro-5H-benzo[6,7]cyclohepta[1,2-b]pyridine
(5a) was further reacted with various aromatic and aliphatic
alkynes 6a-k using click chemistry (Scheme 2). For example,
compound 5a was reacted with alkyne 6a in presence of CuSO,-
5H,0 and sodium ascorbate in THF and water (1:1, v/v) to give
2-methyl-3-((4-phenyl-1H-1,2,3-triazol-1-yl)methyl)-6,7-
dihydro-5H-benzo[6,7]cyclohepta[1,2-b]pyridine (7a) with 82%
yield. Under similar conditions, compounds 7a-j was synthesized
in high yields (80-88%) and fully characterized based on the 'H
and °C NMR, IR and Mass spectral data.
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8j : R'=3-thiophene, 82%

Reagents and conditions:
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Scheme 2: Synthesis of novel 2-methyl-6,7-dihydro-5H-
benzo[6,7]cyclohepta[1,2-b]pyridine triazole derivatives 7a-j &
8a-j.

The formation of compound 7a was evident from the ESI-MS
spectrum with the appearance of [M+H]" peak at m/z 367, while
the FT-IR spectrum revealed the absence of stretching vibrations
of the azide group (2104 cm™) and the presence of an absorption
band at 1734 cm™ indicated the formation of triazole ring in 7a.
A singlet observed in the 'H NMR spectrum at & 7.69 ppm
confirmed the presence of the triazolyl hydrogen, supported by
the signals in the *C NMR spectrum at & 119.4 ppm. The
proposed structure was substantiated by its mass spectra, which
exhibited molecular ion peak at m/z 367 [M+H]".

All the synthesized compounds were screened for their in vitro
anti-tubercular activity against M. tuberculosis H37Rv (ATCC
27294) by using agar dilution method. The MIC was determined
for each compound which was measured as the minimum
concentration of compound required to completely inhibit the



bacterial growth. The MIC values (ug/mL) of all the synthesized
compounds (7a-j & 8a-j) and three standard anti-tubercular drugs
(Isoniazid, Rifampicin, Ethambutol) determined in triplicate at
pH 7.40 are presented in Fig. 3. Almost all synthesized
compounds showed anti-tubercular activity against MTB with
MICs ranged between 1.56 to 25 pg/mL. Among the tested
compounds 7i and 8g showed a potent anti-tubercular activity
with MIC value of 1.56 pg/mL, two compounds 7e and 8e
inhibited MTB with MIC value of 6.25 pg/mL and seven
compounds 7b, 7d, 7h, 7j, 8b, 8i, and 8j inhibited MTB with
MIC at 12.5 pg/mL. When compared with the first-line anti-
tubercular drug, Ethambutol (MIC 3.13 pg/mL) two compounds
7i and 8g were found to be more active (1.56 pg/mL) as
compared to the standard drug Ethambutol. All the other
compounds showed moderate activity when compared with other
anti-TB drugs, isoniazid (MIC 0.1 pg/mL) and rifampicin (MIC
0.2 pg/mL).
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Figure 3: Anti-tubercular evaluation of novel analogues 7a-j & 8a-j against
M. tuberculosis Hy;RV.

The safety profile of . anti-tubercular active
benzo[6,7]cyclohepta[1,2-b]pyridine-1,2,3-triazole  derivatives
with MIC <12.5 pg/mL were assessed by testing the in vitro
cytotoxicity against Human <Embryonic Kidney (HEK-293T)
cells using 3-(4,5-dimethyl-thiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay. Fig. 4. describes the percentage Cell
Viability of twelve analogues at 50 pug/mL concentration. The
results clearly indicated that the potent analogues 7i and 8g did
not exhibit significant- changes in viability (cytotoxicity) as
compared to vehicle (DMSO) treatment and can form as good
leads suitable for further mechanistic evaluation.
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Figure 4: Percentage cell viability of benzo[6,7]cyclohepta[1,2-b]pyridine-
1,2,3-triazole derivatives on HEK-293T cells at a concentration of 50pug/mL.

In  conclusion, we developed a novel series of
benzo[6,7]cyclohepta[1,2-b]pyridine-1,2,3-triazole hybrids
bearing interesting bioactive triazole scaffold using click
chemistry and evaluated their in vitro anti-mycobacterial activity
against Mycobacterium tuberculosis H37Rv (ATCC 27294).
Among the compounds tested, the compounds 7i and 8g
displayed most potent activity against M. tuberculosis H37Rv
with MIC value of 1.56 pg/mL with low cytotoxicity. These
findings suggest that these lead compounds would be worth
investigating in the near future for the mechanistic aspects.
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Benzo[6,7]cyclohepta[1,2-b]pyridine -1,2,3- triazole hybrids (7a-j and 8a=j) were synthesised and screened against
Mycobacterium tuberculosis H37Rv. Preliminary results were promising with MIC values in the range 1.56-25 pg/mL.
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