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An improved and rapid synthesis of mefenamic acid based indole derivatives has been achieved via the ligand
free Cu-catalyzed coupling-cyclization method under ultrasound irradiation. This simple, straightforward and
inexpensive one-pot method involved the reaction of a terminal alkyne derived from mefenamic acid with 2-
iodosulfanilides in the presence of Cul and K,CO3 in PEG-400. The reaction proceeded via an initial C—C bond
formation (the coupling step) followed by C—N bond formation (the intramolecular cyclization) to afford the

mefenamic acid based indole derivatives in good to acceptable yields. Several of these compounds showed
inhibition of PDE4 in vitro and the SAR (Structure Activity Relationship) within the series is discussed. The
compound 3d has been identified as a promising and selective inhibitor of PDE4B (ICso = 1.34 + 0.46 uM) that
showed TNF-a inhibition in vitro (ICso = 5.81 + 0.24 uM) and acceptable stability in the rat liver microsomes.

Nonsteroidal Anti-Inflammatory Drugs (NSAIDs) are well-known
group of agents used to treat and prevent inflammation. Several studies
have indicated that NSAIDs possess ability to inhibit the viability of
colon,"™ breast,” prostate,” and stomach’ cancer cells in vitro. The
mefenamic acid (A, Fig 1), one of the prominent members of NSAIDs
showed anti-proliferative effects/apoptosis against human liver cancer
cell lines® and cytotoxic effects against colon cancer cell lines (HCT 116
and CaCo-2).° Prompted by these earlier observations we have reported
the synthesis and anti-proliferative effects of a series of mefenamic acid
based novel indole derivatives against oral (CAL 27) and breast (MCF-7)
cancer cell lines. One of these compounds A (Fig 1) showed promising
growth inhibition (55.56 = 6.05%) of CAL 27 cancer cells at 10 uM
but no effect on normal (HEK293T) cells indicating its potential se-
lectivity towards oral cancer.'® However, no further studies especially
on exploring the pharmacological target or mechanism of action of this
compound were performed at that time. Herein we report not only the
further pharmacological evaluation of this class of compounds but also
an improved synthesis for their more convenient access compared to
that reported earlier.'”

* IPDOIPM clearance number IPDOIPM-00640
* Corresponding authors.

In our another study earlier we have observed that compounds
possessing PDE4 inhibitory properties have potential to show sig-
nificant growth inhibition of oral cancer cells (CAL 27).'' This prior
observation encouraged us to assess the PDE4 inhibitory potential of
compound A at the initial stage. In order to verify the prediction that
compound A might inhibit PDE4 the molecule A along with mefenamic
acid B and the reference compound rolipram C was docked into the
PDE4B (ID: 4MYQ) in silico (Fig 2 and Table 1). With a strong binding
affinity (—11.7 Kcal/mol that was better than rolipram’s —9.3 Kcal/
mol) the molecule A showed two H-bonds with HIS406 and HIS450,
and one aromatic pi interaction with PHE618. Additionally, it formed
several other non-bonded contacts (like hydrophobic/VdW) with hy-
drophobic residues ILE582, PHES586, LEU674, MET519, LEUS565,
PHE678, TYR405 and hydrophobic regions of polar or charged residues
like; ASN567, SER454, LYS677, THR517, GLN615 etc. The mefenamic
acid on the other hand missed those two H-bonds and showed fewer
aromatic pi interactions with residues PHE618 and PHE586 (binding
affinity —8.5 Kcal/mol) (Fig 3). Though it formed hydrophobic con-
tacts with hydrophobic residues ILE582, TRP578, TYR575 and
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Fig. 1. The mefenamic acid based indole derivative (A) that showed promising
effects on oral cancer cell line.
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Fig. 2. 2D (H-bond in magenta color, pi-pi in green) and 3D interaction dia-
gram between PDE4B (ID: 4MYQ) and the molecule A, prepared by using in
Maestro visualizer (Schrédinger, LLC) (H-bond and pi-pi stacking are shown in
yellow and cyan dashed lines, respectively).

hydrophobic regions of polar or charged residues like ASN567,
THR579, GLN615 etc the numbers however were relatively low.
Overall, the docking study suggested potential PDE4 inhibitory prop-
erties of molecule A that might be better than mefenamic acid, the
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Table 1
Docking of molecules into PDE4B.

Molecules Binding affinity (kcal/mol) for

PDE4B (ID: 4MYQ)

Me Me -117
SN
T

N
=0
Me/§
(e}
A
A
Me Me —-85
HO,C HN*@
B
B
o -93
‘dNH
MeO
O
C
C

B = Mefenamic acid and C = Rolipram.

molecule of its origin. It was therefore become essential to test the
molecule A and its analogues against PDE4.

The use of transition metal catalyzed approaches for the synthesis of
2-subsituted indole derivatives via the one-pot coupling/cyclization
strategy has become a popular method.'*® Generally, a 2-haloanilide
is coupled with an appropriate terminal alkyne in the presence of one or
more transition metal catalysts under suitable reaction conditions. The
use of an appropriate Pd-salt as a catalyst and Cu-salt as a co-catalyst is
common for this purpose. In our earlier method we employed 10% Pd/
C-PPh3—Cul as a catalyst system in combination with Et;N in MeOH for
the synthesis of A (Fig 1) and related analogues. However, the use of bi-
metallic salts as catalysts and expensive PPhs as a ligand appeared to be
drawbacks of this methodology. Moreover, the use of Et;N and MeOH
was not an environmentally friendly option at all. We therefore became
interested in exploring a faster as well as more environmentally friendly
method for the synthesis of A and it’s derivatives. Thus the mefenamic
acid based indole derivatives were synthesized via a Cu-catalyzed one-
pot method involving the coupling of terminal alkyne 1 (prepared from
mefenamic acid following the known method)'® with 2-iodoanilides (2)
under ultrasound irradiation (Scheme 1). The reaction was performed
in PEG-400 and was free from the use of any ligand. The details of this



R. Venkateshwarlu, et al.

PHE
L e 678

ILE
52

Fig. 3. 2D and 3D interaction diagram between PDE4B and mefenamic acid B
(pi-pi stacking are shown in cyan dashed lines).
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Scheme 1. Ultrasound assisted synthesis of mefenamic acid based indole de-
rivatives (3) under ligand free Cu-catalysis.
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Table 2
Effect of reaction conditions on coupling of terminal alkyne 1 with 2a.?
|
Me, Me
M ngtat
—a= NH (0]
NH o _ o =2 N
- O:S/\
)))) T Me
o
1 Cu-cat 3a
base, solvent

Entry Cu-cat (mol%) Base Solvent Time  Yield®
1. Cul (10) K,CO; PEG-400 5 47
2. Cul (20) K,CO; PEG-400 1 78
3. Cul (30) K,COs PEG-400 1 75
4 Cul (20) K,CO; EtOH 3 62
5 Cul (20) K,COs n-BuOH 3 59
6 Cul (20) EGN PEG-400 5 60
7. CuBr K,CO; PEG-400 7 54
8 CuCl K,CO; PEG-400 7 45

9 No catalyst K,COs3 PEG-400 7 No reaction

10. Cul (20) K,CO; PEG-400 12 43¢

@ All reactions were carried out using alkyne 1 (1 equiv.), 2a (1 equiv.), a Cu-
catalyst and base (2 equiv.) in a solvent (5.0 mL) at 60 °C under ultrasound
irradiation.

® Isolated yields.

¢ The reaction was performed in the absence of ultrasound.

study are presented.

Over the years the ultrasound assisted reactions have attracted
considerable interest in organic synthesis and enormous applications of
these reactions have been reported.”® This is because the ultrasound
assisted reactions (i) are considered as green approaches in organic
synthesis,?” (ii) play important role in waste minimization and reduc-
tion of energy requirements®® and (iii) are efficient (e.g. shorter reac-
tion time, milder conditions, higher yields etc) for the synthesis of
various organic molecules.”>*° The PEG-400 on the other hand is
considered as an environmentally friendly solvent® due to its high
boiling, non-hazardous and polar nature that allows its easy recovery
(from the reaction mixture) and recyclability. Due to our long standing
interest in the use of ultrasound assisted reactions as well as use of PEG-
400 as a solvent we decided to explore these reaction conditions in our
current effort. Accordingly, to establish the optimized reaction condi-
tions the coupling of alkyne 1 with 2-iodosulfanilide 2a was examined
under various reaction conditions and the results are summarized in
Table 2. The reaction proceeded well when carried out using 10 mol%
Cul as a catalyst and K,CO3 as a base in PEG-400 under ultrasound
using a laboratory ultrasonic bath SONOREX SUPER RK 510H model
producing irradiation of 35 kHz (entry 1, Table 2). However, the de-
sired product 3a was obtained in 47% yield after 5 h. The use of higher
quantity of Cul e.g. 20 mol% improved the product yield significantly
and the reaction was completed within 1 h (entry 2, Table 2). We were
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Scheme 2. Proposed reaction mechanism for the Cu-catalyzed formation of 3 via the coupling-cyclization under ultrasound irradiation.

delighted with this observation and continued our effort for possibility
of further increase in yield of 3a. Accordingly, the quantity of Cul used
was increased from 20 mol% to 30 mol% but no further improvement in
product yield was observed (entry 3, Table 2). Change of solvent from
PEG-400 to EtOH or n-BuOH (entry 4 and 5, Table 2) or base from
K>COs3 to Et3N (entry 6, Table 2) did not improve the product yield. The
use of other catalysts e.g. CuBr or CuCl was also examined but found to
be less effective (entry 7 and 8, Table 2). Notably, the reaction did not
proceed in the absence of catalyst (entry 9, Table 2) indicating key role
played by the Cu-sat in the current coupling-cyclization method. The
reaction was also performed under silent condition when the desired
indole 3a was obtained in 43% yield after 12 h (entry 10, Table 2). All
these reactions were performed at 60 °C. The decrease of reaction
temperature to 50 °C or less increased the reaction time and reduced the
product yield. On the other hand increase of temperature to 80 °C or
above did not improve the product yield. Nevertheless, the condition of
entry 2 of Table 2 (i.e. the combination of Cul and K5CO3 in PEG-400 at
60 °C under ultrasound) appeared to be optimum and was used for the
preparation of analogues of 3a.

To prepare a range of analogues of 3a various o-iodosulphanilides

(2a-m) were employed to react with the alkyne 3 under the optimized
conditions (Table 3). All these ultrasound assisted reactions proceeded
smoothly to afford the desired indole derivatives (3). The presence of
substituent like Me, F, Cl, Br and Et on the anilide ring was well tol-
erated in this Cu-catalyzed coupling-cyclization reaction. The common
spectral (*H and '®C NMR and Mass) data were used to characterize the
indole derivatives (3) synthesized (see the Supplementary data file).
A plausible reaction mechanism for the Cu-catalyzed formation of 3
via the coupling-cyclization under ultrasound irradiation is depicted in
Scheme 2. The PEG appeared to play a dual role i.e. as a solvent as well
as ligand in the present reaction.>>>3 Initially, a Cu(I) complex (A)
formed via the interaction of Cul with PEG under ultrasound, under-
went oxidative addition with the 2-iodoanilide (2) to afford the arene-
Cu(III) species E-1. Subsequently, the alkyne 1 reacted with E-1 in the
presence of K,CO3 leading to the arene-Cu(Ill)-alkyne species E-2,
which on reductive elimination furnished the alkynyl derivative E-3
with the regeneration of active Cu(I) catalyst A. The E-3 then under-
went intramolecular ring closure in the presence of A in a regioselective
manner to give the desired indole 3. It is evident from Table 2 that the
current Cu-catalyzed reaction was accelerated considerably by the



R. Venkateshwarlu, et al.

’

1 H, F - generally

1 favorable

1 Me, Cl, Br, Et - less !
:\ effective ' Me Me

0] HN
R ) \ @
, Additional 1

! N

| substituent ‘-0
' not favorable } RS
O

e - N
1

! mesyl was favored
1 over p-tosyl group

Fig. 4. Summary of SAR for PDE4B inhibitory activities of compound 3.
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Fig. 5. Concentration dependent study of compound 3d against PDE4B.

ultrasound irradiation. Indeed, ultrasound causes compression of the
liquid and then rarefaction (expansion), in which a sudden pressure
drop forms small, oscillating bubbles of gaseous substances. These
bubbles expand with each cycle of the applied ultrasonic energy until
they reach an unstable size and then they can collide and/or collapse
violently. This effect causes the increase of local temperature within the
reaction medium (via the violent collapse of the cavitation bubbles)
that eventually facilitate crossing of activation energy barrier.>* Thus
the conversion of reactants to intermediates and subsequently to pro-
duct(s) take place within short period of time. The participation of ul-
trasound in various steps of Scheme 2 explains the rapid formation of
indole 3 from the alkyne (1) and 2-iodoanilide (2).

All the synthesized compounds (3a-m) were evaluated for their
PDE4B inhibitory properties in vitro at 10 uM using an enzyme based
assay.>® Rolipram, a well-known inhibitor of PDE4 was used as a re-
ference compound. Notably, compounds containing mesyl group at
indole nitrogen atom (e.g. 3a-f) showed superior activities over those
(3 g-m) containing p-tosyl group at the same position (Table 4). Among
the N-mesyl indole derivatives the compound 3a, 3b, 3d and 3e showed
PDE4B inhibition > 50% and the compound 3d was identified as most
active one among them. A brief overview of SAR (Structure-Activity-

Bioorganic & Medicinal Chemistry Letters 30 (2020) 127112

Fig. 6. 2D and 3D interaction between PDE4D (ID: 5K32) and the molecule 3d
(or A) (pi-pi stacking are shown in cyan dashed lines).
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Fig. 7. In vitro TNF-a inhibition of compound 3d.
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Table 5

Computational ADME prediction of 3d, mefenamic acid and rolipram
Properties Molecules
(i) Physicochemical 3d Mefenamic acid Rolipram
Molecular Weight (g/mol)  452.54 241.29 275.34

Consensus Log P* 5.04 3.29 2.44

Log S (ESOL)” -5.96 —4.86 —2.90
(moderately (moderately (soluble)
soluble) soluble)

(ii) Pharmacokinetics

GI¢ absorption Low High High

BBB permeation No Yes Yes

P-gp°© substrate No No Yes

(iii) Druglikenss

Lipinski rule 1 Violation (log No violation No
P > 5) violation

Veber rule No violation No violation No

violation

Bioavailability score 0.55 0.56 0.55

2 Log P: Lipophilicity.

b Log S (ESOL): water solubility, calculated by ESOL method which
Quantitative Structure-Property Relationship (QSPR) based model.

¢ GIL: Gastrointestinal.

4 BBB: Blood Brain Barrier.

¢ P-gp: permeability glycoprotein.

Relationship) is presented in Fig 4. In general, the bulkiness of the
group present at the indole nitrogen appeared to be crucial for activity.
A smaller group such mesyl moiety was favored over the bulkier moiety
i.e. p-tosyl group. The size and nature of substituent present at the C-5
position of the indole ring also seemed to be influential for PDE4 in-
hibition. The presence of “H” or “F” at this position was more favorable
than other substituents e.g. Me, Cl, Br or Et that are relatively bigger in
size. Moreover, the presence of additional substituent at C-7 position of
the indole ring was also found to be less effective. Notably, the med-
iocre activity of mefenamic acid indicated the key role played by the
appropriately substituted indole ring in compound 3 that was corro-
borated by the outcome of docking studies (Fig 2 and 3). Nevertheless, a
concentration response study was performed using the compound 3d
(Fig. 5) and the ICsq value was found to be 1.34 + 0.46 uM that was in
the same order of rolipram (IC5o = 1.03 * 0.23 uM). The ICs, value of
3a, 3b and 3e was found to be 1.76 =+ 0.98, 4.13 + 0.25 and
4.48 =+ 0.36, respectively. It was then desirable to examine the po-
tential of 3d to inhibit PDE4D (one of the four sub types of PDE4 i.e.
PDE4A, B, C and D) that was thought to be responsible for emetic side
effects shown by the existing PDE4 inhibitors.>*~>® Due to their PDE4B

Bioorganic & Medicinal Chemistry Letters 30 (2020) 127112

inhibition the compound 3a, 3b and 3e were also included along with
3d and mefenamic acid in this assay (Table 4). All these compounds
showed some inhibition of PDE4D. The compound 3d showed 42%
inhibition at 30 uM but 15% inhibition at 10 pM indicating its se-
lectivity (~4.5 fold) towards PDE4B over PDE4D. In order to under-
stand its interaction with PDE4D the compound 3d was docked into
PDE4D (ID: 5 K32) in silico (Fig 6). The compound 3d showed fewer
interactions with PDE4D (mostly aromatic pi-interactions involving the
residues such as PHE340, PHE 372 and HIS 160 without any H-
bonding) compared to PDE4B providing the plausible reasons in sup-
port of its selectivity towards PDE4B over D.

We have observed that the mefenamic acid based indole derivative
3d (or A, Fig 1) that showed promising effects on oral cancer cell line in
our earlier study possess PDE4 inhibitory properties. To assess its po-
tential for anti-inflammatory effects the compound 3d was evaluated in
a separate study when it showed concentration dependent inhibition of
TNF-a in vitro (Fig. 7) with an ICso value 5.81 + 0.24 puM.

Next, as part of common Med Chem strategy it was desirable to gain
some preliminary idea about ADME (absorption, distribution, metabo-
lism, and excretion) or pharmacokinetic properties of 3d. Thus the
computational ADME prediction of compounds 3d and mefenamic acid
along with the known inhibitor rolipram was performed using
SwissADME web-tool® and results are presented in Table 5 (among the
various descriptors only notable one are listed in the table). Indeed, the
desirable ADME was predicted for compound 3d and except the low GI
absorption, no BBB (Blood Brain Barrier) penetration and no P-gp
substrate potential have been predicted for 3d with comparable bioa-
vailability score to the reference compound rolipram. Nevertheless, the
compound 3d was taken for in vitro microsomal stability study that was
performed using the rat liver microsomes. At a concentration of 5 pM
the compound 3d showed acceptable stability after 60 min [i.e. the
mean % of 3d remaining after 60 min compared to 0 min ~64.9; half-
life (t;,», min) ~110 and intrinsic clearance (CLj,, ML/min/mg)
~25.2]. Overall, the compound 3d could be a promising inhibitor of
PDE4 and appeared to have medicinal value especially from the view-
point of developing dual anticancer-anti-inflammatory agent.

In conclusion, a rapid synthesis of mefenamic acid based indole
derivatives has been achieved via the ligand free Cu-catalyzed coupling-
cyclization method under ultrasound irradiation. This simple,
straightforward and inexpensive one-pot method involved reaction of a
terminal alkyne derived from mefenamic acid with 2-iodosulfanilides in
the presence of Cul and K,CO3 in PEG-400. The reaction proceeded via
initial C—C bond formation (the coupling step) followed by C—N bond
formation (the intramolecular cyclization) to afford the mefenamic acid
based indole derivatives in good to acceptable yield. Several of these
compounds showed inhibition of PDE4 when tested at 10 uM in vitro.
The SAR (Structure Activity Relationship) within the series is discussed.
The compound 3d has been identified as a promising and selective
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Table 3
Synthesis of mefenamic acid based indole derivatives (3)* (Scheme 1).
5 Me  Me
Me,  Me l R )))) R3
o + Y e NH o 7
NH = HN Cul, K,CO5 N
R-STOR? PEG-400 R1’SI\?O R2
(0] 2 60 °C 3 (0]
1 1-1.5h
Entry o-lodoanilide (2) R!, R%, R® Products (3) Time (h) Yield” (%)
1 Me, H, H 3a 1 78
2a
2 Me, H, Me 3b 1 67
2b
3 Me, Me, Me 3c 1.5 67
2c
4 Me, H, F 3d 1.5 71
2d
5 Me, H, Cl 3e 1 69
2e
6 Me, H, Br 3f 1 73
2f
7 p-MeCgH,, H, H 3g 1.5 72
2g
8 p-MeCgHy, H, Me 3h 1 73
2h
9 p-MeCgHs, Me, Me 3i 1.5 65
2i
10 p-MeCgHy, H, F 3j 1 73
2j
11 p-MeCgHy, H, Cl 3k 1.5 76
2k
12 p-MeCgHy, H, Br 31 1.5 69
21
13 p-MeCgHy, H, Et 3m 1 71
2m

@ All the reactions were carried out by using alkyne 1 (1.0 mmol), an appropriate 2-iodosulfanilide (2, 1.0 mmol), Cul (20 mol%) and K2CO3 (2.0 mmol) in PEG-

400 (5.0 mL) at 60 °C under ultrasound.
b Isolated yield.

inhibitor of PDE4B (ICso = 1.34 * 0.46 uM) that was supported by in
silico docking studies. This compound showed anti-inflammatory ac-
tivity —potential via the inhibition of TNF-a in vitro
(ICso = 5.81 + 0.24 uM). A favourable ADME (absorption, distribu-
tion, metabolism, and excretion) or pharmacokinetic properties were
predicted for 3d in silico that was supported by its acceptable stability in
the rat liver microsomes. Thus, the compound 3d appeared to be in-
teresting hit molecule especially from the viewpoint of developing a
dual anticancer-anti-inflammatory agent. Overall, the current study not
only disclosed a ultrasound assisted rapid synthesis of mefenamic acid
based indole derivatives under ligand free Cu-catalysis but also re-
vealed a new template for the design and identification of future in-
hibitors of PDE4.
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Table 4
In vitro evaluation of compounds against PDE4B and PDE4D2

% inhibition
Entry Compound

PDE4B at 10 uM PDE4D?2 at 30 uM

1 3a 61.45 40.86
2 3b 55.13 38.91
3 3c 37.26 ND
4 3d 67.99 42.05
5 3e 54.93 33.64
6 3f 40.42 ND
7 3g 39.91 ND
8 3h 36.21 ND
9 3 23.06 ND
10 3j 34.56 ND
1 3k 26.82 ND
12 3l 24.57 ND
13 3m 32.09 ND
14 Mfefenamic 3891 35.54
acid
15 ﬁ%ﬂ;‘ﬁgla“ 91.64 88.32

AData represent the mean values of three independent determinations.
ND = not determined.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.bmcl.2020.127112.
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