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ABSTRACT
A new series of indole-2-carboxamides 5a-g, 6a-f and pyrido[3,4-b]indol-1-ones 7a and 7b have been devel-
oped as new antiproliferative agents that target both wild and mutant type EGFR. The antiproliferative effect of
the new compounds was studied. 5c, 5d, 5f, 5g, 6e, and 6f have the highest antiproliferative activity with GI50
values ranging from 29nM to 47nM in comparison to the reference erlotinib (GI50 ¼ 33nM). Compounds 5d,
5f, and 5g inhibited EGFRWT with IC50 values ranging from 68 to 85nM while the GI50 of erlotinib is 80nM.
Moreover, compounds 5f and 5g had the most potent inhibitory activity against EGFRT790M with IC50 values of
9.5±2 and 11.9±3nM, respectively, being equivalent to the reference osimertinib (IC50 ¼ 8±2nM).
Compounds 5f and 5g demonstrated excellent caspase-3 protein overexpression levels of 560.2±5.0 and
542.5±5.0pg/mL, respectively, being more active than the reference staurosporine (503.2±4.0pg/mL). they
also increase the level of caspase 8, and Bax while decreasing the levels of anti-apoptotic Bcl2 protein.
Computational docking studies supported the enzyme inhibition results and provided favourable dual binding
modes for both compounds 5f and 5g within EGFRWT and EGFRT790M active sites. Finally, in silico
ADME/pharmacokinetic studies predict good safety and pharmacokinetic profile of the most active compounds.
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Introduction

Cancer, defined as the uncontrolled, rapid, and pathological prolifer-
ation of abnormal cells, is the second leading cause of death after car-
diovascular disease1. Every year, cancer claims the lives of
approximately 9.6 million people2. While significant progress has been

made in the development of anticancer drugs, there are still many bar-
riers to cancer treatment, such as poor efficacy, high toxicity, and drug
resistance, all of which have had a significant impact on patients’ daily
lives3. The search for active, safe anticancer compounds with high
selectivity is thus a critical issue in contemporary cancer research4.
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As a transmembrane-bound molecule, the epidermal growth
factor receptor (EGFR) regulates cell proliferation, apoptosis,
migration, differentiation, and survival5. Increased EGFR activity
caused by EGFR gene overexpression, mutation, or amplification
contributes to many human cancers, including glioblastoma, epi-
thelial cancers of the head and neck, breast cancers, and lung can-
cers, particularly non-small-cell lung cancers (NSCLCs)6. As a result,
blocking the EGFR signalling pathway, either extracellularly by
blocking the EGFR binding site or intracellularly by inhibiting tyro-
sine kinase activity, is significant in cancer prevention and treat-
ment7. Advanced EGFR mutant NSCLC patients’ survival has been
significantly improved by first (gefitinib or erlotinib) and second
(afatinib or dacomitinib)-generation EGFR tyrosine kinase inhibitors
(TKIs) (Figure 1)8,9. But the appearance of acquired point muta-
tions, particularly the T790 M mutation, has reduced their thera-
peutic efficacy and resulted in drug resistance10. As a result, third-
generation EGFR inhibitors targeting the T790 M mutation (osi-
mertinib and rociletinib) have been developed11. Unfortunately,
the C797S point mutation and/or other mechanisms have been
linked to acquired resistance to third-generation EGFR TKIs12. As a
result, fourth-generation EGFR TKIs such as EAI045 and other
inhibitors are being developed to provide a significant break-
through against this mutations13. However, the need for novel
small molecule inhibitors or therapeutic strategies to treat EGFR
multipoint mutations remains unfulfilled.

On the other hand, the indole skeleton, which can be found in
many active ingredients and natural products, is one of the most
popular structures with potent antitumor activity14. Many indole
derivatives are potent anticancer drugs thus far, and some of
them have even been applied in clinics15–17. A large number of
indole-based derivatives with TK inhibitory activity were also dis-
covered in the literature review18–21. Li et al. reported compound I
to have potent anticancer activity against a panel of four cancer
cell lines (IC50 ¼ 1.43–5.48mM)18. A western blot mechanistic assay
of compound I revealed promising EGFR inhibitory activity.
Compound II was discovered to be a dual EGFR (T790M)/c-MET
inhibitor capable of targeting resistant NSCLC19. Compound II
inhibited EGFR (T790M), EGFR (L858R), and c-MET with IC50 values
of 0.094, 0.099, and 0.595 mM, respectively (Figure 1).

Song et al. reported a series of indole derivatives as dual
EGFR/VEGFR-2 inhibitors20. Compound III demonstrated dual
inhibitory activities against EGFR and VEGFR-2, with IC50 values of
18 and 45 nM, respectively. Compound IV was also reported as a
dual EGFR/VEGFR-2 inhibitor, with a prominent effect against
EGFR compared to III, indicating the significance of morpholino
moiety for EGFR inhibitory activity. Osimertinib (V) is an EGFR TKI
with a selectivity index of about 200-fold towards EGFR
T790M/L858R protein over wild-type EGFR21. Because of its select-
ivity and activity, osimertinib was approved by the FDA in 2015 to
treat EGFR T790M-positive NSCLC21. We recently22 reported on
the development of a novel series of 5-chloro-3-hydroxymethyl-
indole-2-carboxamides VIa-l (Figure 1) as EGFR-TK antiproliferative
agents. The most potent antiproliferative agent, compound VIc
(R¼ 4-morpholin-4-yl), demonstrated significant EGFR inhibitory
activity with an IC50 value of 0.12 mM.

Herein, we present the synthesis and antiproliferative evalu-
ation of a number of new 5-chloro-3–(2-methoxyvinyl)-indole-2-
carboxamides 5a-g (Scaffold A), 6a-f (Scaffold B), and pyrido[3,4-
b]indol-1-ones 7a and 7b (Scaffold C) derivatives as EGFR inhibi-
tors (Figure 2). In order to increase the binding affinities of the
newly designed compounds towards the EGFR active sites, the
new compounds were subjected to structural modifications,
including the extension of the hydroxymethyl group at C3 of com-
pounds VIa-l to methoxyvinyl group. The chlorine atom in pos-
ition C8 of the new compounds was retained because it produces
the best results when compared to the other groups.
Furthermore, amidic NH and methoxyvinyl groups were cyclized
to pyridine moiety in compounds 7a and 7b to evaluate the effect
of cyclisation on the antiproliferative action of these compounds.

MTT assay was used to assess the antiproliferative activity of
the target compounds against a panel of four different cancer cell
lines [A-549 (epithelial cancer cell line), MCF-7 (breast cancer cell
line), Panc-1 (pancreas cancer cell line), and HT-29 (colon cancer
cell line)]. Furthermore, the most active compounds were tested
for EGFR (EGFRWT and EGFRT790M) inhibitory activity. Additionally,
apoptosis assays against caspase 3, caspase 8, Bax, and antiapop-
totic Bcl2 have been accomplished for the most effective com-
pounds. Finally, docking and ADME experiments for the most
active compounds will be performed to determine their binding

Figure 1. Structures of indole-based EGFR inhibitors I-VI.
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modes within the active sites of the target enzymes or to deter-
mine their pharmacokinetic and pharmacodynamic features.

Results and discussions

Chemistry

Scheme 1 describes the synthesis of target compounds 5a-g, 6a-f,
7a, and 7b. 5-chloro-3-formyl indole-2-carboxylate (1) was reacted
with NaH and Di-tert-butyl dicarbonate [(Boc)2O] in DMF to afford
the protect N-Boc indole (2)23. The aldehyde (2) was treated with
CH3OCH2P

þ(C6H5)3Cl
- in the presence of potassium tert-butoxide in

dry THF under Wittig reaction conditions to yield intermediate
(3)24. The trans (E) isomer of 3 was hydrolysed with aqueous NaOH
to afford corresponding carboxylic acid (4)25. The carboxylic acid
(4) was coupled with appropriate amine derivatives using BOP as
the coupling reagent in the presence of DIPEA in DCM to obtain
carboxamides (5a-g and 6a-f). Carboxamides 5a and 5b were
cyclised by PTSA in the reflux toluene to yield the desired pyr-
ido[3,4-b]indol-1-one products 7a and 7b. NMR spectroscopy and
mass spectral analysis were used to determine the structures of
new compounds 5a-g, 6a-f, 7a, and 7b. The presence of additional
peaks in the 1H and 13C NMR spectra of the new compounds distin-
guished them from the carboxylic acid starting material 4. In the 1H
NMR spectrum of 5e (as a representative example), the disappear-
ance of the acidic OH signal and the appearance of the amidic NH
singlet signal at d 6.60ppm (1H) indicate amide formation. In add-
ition, the 1H NMR spectrum of 5e revealed the characteristic signals
of the methoxyvinyl group at 3-position in the form of two doublet
signals of one proton each at d 6.81 and d 5.59 ppm corresponding
to two vinyl protons (CH¼CHOCH3). and a singlet signal of methyl
protons at 3.52ppm (CH¼CHOCH3). The spectrum also showed

two signals (each of 2H) at 3.77 (q) and 2.85 (t) ppm corresponding
to NCH2CH2 group, as well as the pyrrolidinyl protons. The 13C NMR
spectrum of 5e revealed two signals at d 41.20 and d 34.61ppm for
(NCH2CH2) and (NCH2CH2), respectively, as well as four additional
carbon signals in the aromatic. HRESI-MS with [MþH]þ ion at m/z
424.1789 also validated the 5e structure.

Biology

Antiproliferative assay
Cell viability assay. A cell viability assay was performed on the
MCF-10A (human mammary gland epithelial) cell line to investi-
gate the effect of compounds 5a-g, 6a-f, 7a, and 7b on normal
cell lines26,27. This study employs a concentration of 50mM of the
investigated compound for four days before assessing cell viabil-
ity. Compounds 5a-g, 6a-f, 7a, and 7b have no toxic effect and
have greater than 87% cell viability, as shown in Table 1.

Antiproliferative assay. The newly synthesised compounds 5a-g,
6a-f, 7a, and 7b were tested for antiproliferative activity against
four different types of cancer cells28,29: A-549 (epithelial cancer
cell line), MCF-7 (breast cancer cell line), Panc-1 (pancreas cancer
cell line), and HT-29 (colon cancer cell line). The results of calculat-
ing the IC50 of each compound using erlotinib as the reference
are shown in Table 1.

In general, the newly investigated compounds 5a-g, 6a-f, 7a,
and 7b demonstrated promising antiproliferative activity against
the four cancer cell lines tested, with mean GI50 ranging from
29 nM to 102 nM against the four cancer cell lines when compared
to the reference erlotinib, which had a GI50 of 33 nM. The com-
pounds with the highest antiproliferative activity were 5c, 5d, 5f,

Figure 2. Structures of new targets 5a-g, 6a-f, 7a, and 7b.
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5g (Scaffold A), 6e, and 6f (Scaffold B), with GI50 values ranging
from 29nM to 47 nM. With a GI50 of 29 nM, compound 5f (R¼ p-2-
methyl pyrrolidin-1-yl, Scaffold A) was the most potent derivative,
outperforming the reference erlotinib’s GI50 of 33 nM. Compound
5f suppressed all cancer cell lines more efficiently than erlotinib
except HT-29 (colon cancer cell line). Compounds 5g (R¼ p-4-
morpholin-1-yl, Scaffold A) and 5d (R¼ p-N,N-dimethyl amino,

Scaffold A) ranked second and third in activity, with GI50 values of
31 nM and 36 nM, respectively, and were comparable to the refer-
ence erlotinib against the four tested cancer cell lines. The unsub-
stituted derivative, 5a (R¼H, Scaffold A), was 2.5-fold less potent
than compound 5f, whereas compounds 5b (R¼ p-piperidin-1-yl,
Scaffold A) and 5e (R¼ p-pyrrolidin-1-yl, Scaffold A) showed mod-
erate antiproliferative action with GI50 values of 77 nM and 70 nM,
respectively, indicating the significance of the para substitution on
the phenethyl ring of compounds 5a-g, with activity increasing in
the following order: 2-methyl pyrrolidine > 4-morpholine>N,N-
dimethylamine>pyrrolidine>H > piperidine.

Compound 5c (R¼m-piperidin-1-yl, Scaffold A) demonstrated
good antiproliferative activity against the four tested cell lines,
with a GI50 value of 47 nM, being 1.6-fold more potent than com-
pound 5b (R¼ p-piperidin-1-yl, Scaffold A), indicating that the
meta position of the phenethyl ring moiety may be tolerated for
antiproliferative action than the para one. However, because only
one meta-derivative (5c) is being prepared in the current study,
this argument may require further investigation in the future.

Scaffold B compounds 6e (R1 ¼ 4-benzylpiperidin-1-yl) and 6f
(R1 ¼ 1H-benzo[d]imidazole-2-yl)methyl) showed promising anti-
proliferative action with GI50 values of 45 nM and 41 nM, respect-
ively, approximately 1.5-fold less potent than 5c. The remaining
Scaffold B compounds 6a-d showed moderate to weak GI50 values
ranging from 66 nM to 102 nM.

Finally, Scaffold C compounds 7a (R2 ¼ H) and 7b (R2 ¼
p-piperidin-1-yl) demonstrated greater antiproliferative activity

Scheme 1. Synthesis of compounds 5a-g, 6a-f, 7a, and 7b. Reagents and conditions: (a) NaH, (Boc)2O, DMF, 0 �C to rt, overnight, 79%; (b) CH3OCH2P
þ(C6H5)3Cl

-,
t-BuOK, THF, 0 �C to rt, overnight, 76%; (c) 5% NaOH, EtOH, 40 �C, 93%; (d) Amine, BOP, DIPEA, DCM, rt, overnight; (e) PTSA, toluene, reflux, overnight.

Table 1. IC50 of compounds 5a-g, 6a-f, 7a, and 7b against four cancer cell lines.

Comp.
Cell

viability %

Antiproliferative activity IC50 ± SEM (nM)

A-549 MCF-7 Panc-1 HT-29 Average (GI50)

5a 91 75 ± 8 79 ± 8 73 ± 7 75 ± 8 76
5b 89 76 ± 7 79 ± 7 75 ± 7 78 ± 7 77
5c 87 45 ± 5 49 ± 5 45 ± 5 47 ± 5 47
5d 89 34 ± 4 38 ± 3 35 ± 3 38 ± 4 36
5e 90 70 ± 7 73 ± 7 67 ± 7 71 ± 7 70
5f 87 28 ± 3 30 ± 3 27 ± 3 30 ± 3 29
5 g 89 30 ± 3 32 ± 3 30 ± 3 32 ± 3 31
6a 86 89 ± 9 92 ± 9 85 ± 9 89 ± 9 89
6b 87 102 ± 10 105 ± 10 97 ± 10 104 ± 10 102
6c 85 67 ± 6 69 ± 6 62 ± 6 64 ± 6 66
6d 89 85 ± 8 87 ± 8 81 ± 8 85 ± 8 85
6e 91 45 ± 5 47 ± 5 43 ± 4 45 ± 5 45
6f 89 40 ± 4 42 ± 4 38 ± 4 42 ± 4 41
7a 90 53 ± 5 57 ± 5 51 ± 5 55 ± 5 54
7b 89 57 ± 6 59 ± 6 55 ± 5 57 ± 6 57
Erlotinib ND 30 ± 3 40 ± 3 30 ± 3 30 ± 3 33

ND: Not determined
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than their open-form Scaffold A counterparts 5a and 5b. The GI50
values for 7a and 7b were 54 nM and 57 nM, respectively, com-
pared to 76 nM and 77 nM for 5a and 5b, indicating that the
cyclized 1H-pyrido[3,4-b]indol-1-ones 7a and 7b are more toler-
ated for antiproliferative activity than the uncyclized. 3–(2-methox-
yvinyl)-1H-indole-2-carboxamides 5a and 5b. Unfortunately, only
two 1H-pyrido[3,4-b]indol-1-one derivatives (Scaffold C) have been
synthesised. However, more Scaffold C derivatives are required to
obtain a precise SAR.

EGFR inhibitory assay

The six most potent antiproliferative derivatives (5c, 5d, 5f, 5g, 6e,
and 6f) were tested for inhibitory action against wild-type EGFR
(EGFRWT)30,31 as a potential target for their antiproliferative activity.
Results are presented as IC50 values in Table 2. The results of this
assay are consistent with those of the antiproliferative assay, in
which the most potent antiproliferative derivatives, compounds 5f
(R¼ p-2-methyl pyrrolidin-1-yl, Scaffold A) and 5g (R¼ p-4-morpho-
lin-1-yl, Scaffold A), were the most potent EGFRWT inhibitors, with
IC50 values of 68±5nM and 74±5nM, respectively, being more
potent than the reference erlotinib (IC50 ¼ 80±5). Compound 5d
(R¼ p-N,N-dimethylamino, Scaffold A) is the third most active com-
pound, with an IC50 value of 85±5, which is equivalent to erlotinib.

Compounds 5c (R¼m-piperidin-1-yl, Scaffold A), 6e (R1 and R2 ¼
4-benzylpiperidin-1-yl, Scaffold B) and 6f (R1 ¼ H, R2 ¼ 1H-benzo[d]i-
midazole-2-yl)methyl, Scaffold B) exhibited moderate anti-EGFR activ-
ity with IC50 values of 102±7nM, 98±07nM, and 93±06,
respectively being less potent than erlotinib. These findings demon-
strated that compounds 5f and 5g have potent EGFRWT inhibitory
activity and are potential antiproliferative candidates.

The inhibitory activity of the most potent compounds, 5f and
5g, against mutant-type EGFR (EGFRT790M) was assessed using the
HTRF KinEASE-TK assay30,31, with Osimertinib as the positive control.
Compounds 5f and 5g, as shown in Table 2, had excellent inhibi-
tory activity against EGFRT790M, with IC50 values of 9.5 ± 2 and
11.9± 3nM, respectively, being equivalent to the reference osimerti-
nib (IC50 ¼ 8±2nM), which may explain their potent antiprolifera-
tive activity. These findings suggested that 2-methyl pyrrolidine and
morpholine substitutions in the para-position of the phenethyl moi-
ety are essential for the inhibitory effect on EGFRT790M.

Apoptotic marker assays

The development of novel medications that target apoptosis has
become vitally important for clinical application since aberrations
in apoptosis in cancer cells represent the main obstacle to the
therapeutic efficacy of anticancer treatments32. Compounds 5f
and 5g were evaluated for their ability to initiate the apoptosis
cascade in order to reveal their proapoptotic potential.

Caspase-3 assay
Caspases have an important role in the induction and completion
of apoptosis33. Among caspases, caspase-3 is an important cas-
pase that cleaves various proteins in cells, resulting to apoptosis34.
Compounds 5f and 5g, the most potent derivatives, were tested as
caspase-3 activators against pancreatic cancer cell line (Panc-1)32,
and the results are shown in Table 3. Compounds 5f and 5g dem-
onstrated excellent caspase-3 protein overexpression levels of
560.2 ± 5.0 and 542.5± 5.0pg/mL, respectively. They increased the
protein caspase-3 in the Panc-1 human pancreatic cancer cell line
by approximately 8 times when compared to control untreated
cells, and they were even more active than the reference stauro-
sporine (503.2± 4.0pg/mL). These results indicate that the tested
compounds act as caspase-3 activators and can therefore be
regarded as apoptotic inducer agents.

Caspase 8, Bax, and Bcl-2 assay
Compounds 5f and 5g were further examined for their effect on
caspase-8, Bax, and Bacl-2 levels against the human pancreatic
cancer cell line (Panc-1)32 using staurosporine as a reference, as
presented in Table 4. The results showed that 5f and 5g signifi-
cantly raised the levels of caspase-8 and Bax when compared to
staurosporine.

Compound 5f had the maximum level of caspase-8 overexpres-
sion (2.10 ng/mL), followed by 5g (1.97 ng/mL), and reference
staurosporine (1.75 ng/mL). 5f and 5g elevated the caspase-8 level
by 25-folds and 23-folds, respectively in comparison to the control
untreated cell.

Additionally, in comparison to untreated Panc-1 cancer cells,
compounds 5f and 5g produced 37- and 36-fold higher levels of
Bax induction (305 pg/mL and 299pg/mL, respectively) than staur-
osporine (276 pg/mL, a 33-fold induction). Finally, compounds 5f
and 5g induced equipotent down-regulation of anti-apoptotic
Bcl-2 protein levels in the Panc-1 cell line when compared to
staurosporine.

Molecular modeling

The most active antiproliferative compounds (5c, 5d, 5f, 5g, 6e,
and 6f) were subjected to in silico docking study with the aim of
studying their binding modes within EGFRWT active site. Molecular

Table 2. IC50 of compounds 5c, 5d, 5f, 5 g, 6e, and 6f against EGFRWT and
EGFRT790M.

Compound
EGFRWT inhibition EGFRT790M inhibition
IC50 ± SEM (nM) IC50 ± SEM (nM)

5c 102 ± 7 ND
5d 85 ± 5 ND
5f 68 ± 4 9.5 ± 2
5g 74 ± 5 11.9 ± 3
6e 98 ± 7 ND
6f 93 ± 6 ND
Erlotinib 80 ± 5 ND
Osimertinib – 8 ± 2

ND: Not determined

Table 3. Caspase-3 level for compounds 5f, 5 g, and staurosporine in human
pancreatic cancer cell line (Panc-1).

Compd. No.

Caspase-3

Conc (Pg/ml) Fold change

5f 560.2 ± 5.0 8.5
5g 542.5 ± 5.0 8.3
Staurosporine 503.2 ± 4.0 7.6
Control 65.6 1

Table 4. Caspase-8, Bax and Bcl-2 levels for compounds 5f, 5 g and staurospor-
ine on human pancreatic cancer cell line (Panc-1).

Compd. No.

Caspase-8 Bax Bcl-2

Conc
(ng/ml)

Fold
change

Conc
(Pg/ml)

Fold
change

Conc
(ng/ml)

Fold
reduction

5f 2.10 25 305.50 37 0.80 6
5g 1.97 23 299.40 36 0.84 6
staurosporine 1.75 21 276.20 Fold reduction 0.98 5
Control 0.085 1 8.25 1 5.08 1
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Operating Environment (MOE) software35 was used along with the
crystal structure of the wild-type EGFRWT (PDB: 1M17)36. According
to the prior report37,38, ligand and protein files were prepared
into the pdbqt format. The accuracy of docking simulation within
the binding site of EGFR was validated via redocking the co-crys-
tallized ligand showing S score of �9.37 kcal/mol with RMSD value
of 1.39 Å, (S1) (Table 5). Analysis of the binding score amongst the
examined compounds revealed that compounds 5f and 5g
showed the highest negative scores (-9.88 and �9.47 kcal/mol,
respectively) comparable to the co-crystalized ligand. Binding
mode analysis revealed that all compounds tested fit comfortably
within the large active site. Compounds 5d, 5f and 5g with
(R¼ p-N,N-dimethyl amino, p-2-methylpyrrolidin-1-yl and p-4-mor-
pholin-1-yl moieties), respectively, exhibited better binding confor-
mations within the binding pocket than compounds 5c, 6e and
6f. Compounds 5f and 5g showed almost similar binding modes.
The indolyl NH of 5f and 5g ligands donates an H-bond to the
key amino acid Asp831 (3.25 and 3.19Å, respectively). Also, they
formed additional p-H interactions with Cys773 and Gly772
(Figure 3(A,B)). Moreover, the p-2-methyl pyrrolidin-1-yl moiety of
compound 5f forms an ionic bond (4.00 Å) as well as donates an
H-bond (3.40 Å) to the amino acid residue Asp776 at the gate of
the active site. The later interaction augments the binding pattern
of compound 5f over compound 5g. Both compounds exhibited
comparable hydrophobic interactions and fulfilled the electrostatic
interaction surface of the protein binding site (Figure 3(A,B)).
Compound 5d exhibited also good binding mode but with differ-
ent orientation within the EGFR active site. Compound 5d extends
deeply into the hydrophobic pocket with its p-N,N-dimethylamino
phenyl moiety forming ionic interaction with Glu738 (3.69 Å). The
complex also is stabilised by accepting H-bond interaction from
the key amino acid Met769 (2.84 Å) residue to the ligand amidic
carbonyl group. In addition, the ligand forms pi-H interaction with
Leu694 from the 5-chloro-indolyl moiety which projects parallel to
the erlotinib ether chain. Compounds 5c and 6e resemble com-
pounds 5f and 5g in their binding modes, however losing inter-
action with Asp766 at the opening of the active site. Furthermore,
compound 6f probes the space of the active site in an analogous
pattern to that of compound 5d while missing interaction with
the amino acid residue Glu738 at the hydrophobic pocket. Other
ligands interactions within the active site include hydrophobic
ones with Leu694, Leu820, Val702, Gly722, Thr766 and Phe771.

The most potent compounds 5f and 5g were further subjected
to a docking study within the active pocket of the EGFR mutant
type T790M for a deep understanding of their inhibition mode
using the crystal structure of protein entry (PDB: 5J9Z)39 for a

deep understanding of their inhibition mode. The docking proto-
col was validated by redocking the co-crystallized ligand that
exhibited S score of �10.42 kcal/mol with RMSD value of 0.88 Å,
(S2). Compounds 5f and 5g showed good negative scores (–9.43
and �9.31 kcal/mol) (Table 6) comparable to the co-crystalized lig-
and although they did not bind in a covalent fashion. The ligand
5-chloro-indolyl moiety is inserted deeply inside the hydrophobic
pocket where the indolyl NH donates an H-bond interaction to
the amino acid Asp855 (2.99 and 3.01Å). Also, their quaternary
amine moieties form ionic bonds (2.98 and 2.94 Å) as well as H-
bond interactions with Asp800 (3.31 and 3.17Å) at the gate of the
binding site. Moreover, the compounds formed additional p-H and
p-cation interactions with Leu844 and Lys745, respectively,
although they missed interactions with Met790, Gln791 and
Met793 amino acid residues at the hydrophobic pocket. (Figure
3(C,D)). They exhibited comparable hydrophobic interactions with
Asp800, Phe723, Leu844, Cys797, Leu718, Val726, Met790, Lys745
that strengthen the stability of the complexes within the protein
binding site. The docking simulations tried to examine the binding
mode of the most active compounds within the binding site of
wild-type EGFR as well as EGFR mutant type T790M and con-
firmed the dual inhibitory effects of compounds 5f and 5g.

In silico ADME/pharmacokinetics studies

The most potent compounds 5f and 5g were subjected to in sil-
ico ADME studies using the web tool SwissADME40 by entering a
list of two compounds’ SMILES (Simplified Molecule Input Line
Entry Specification) provided by ChemDraw software. The in silico
pharmacokinetic data (Table 7) showed that both compounds are
orally active as they obey Lipinski’s rules of five with zero viola-
tion. Both compounds are actively effluxed by P-gp and exhibit
high intestinal absorbance. Also, both compounds are capable to
cross BBB. Drug permeability is a significant parameter that pre-
dicts the destiny of a drug. Based on Lipinski’s rules, it should be
� 5. Both compounds exhibited good permeability as indicated
by logP values of 4.68 and 3.83. Only compound 5f is likely to be
metabolised by CYP1A2 while both compounds are going to be
CYP2D6, CYP3A4, CYP2C19 and CYP2C9 inhibitors. The results pre-
dict that both compounds exhibit good Pharmacokinetics and
ADME properties (Tables 7 and 8).

Conclusion

A new series of 5-chloro-3–(2-methoxyvinyl)-indole-2-carboxamide
and pyrido[3,4-b] Indol-1-one derivatives were synthesised and

Table 5. Ligand-protein complex interactions of the tested compounds 5c, 5d, 5f, 5 g, 6e and 6f within the active site of EGFRWT.

Compd.
MOE Score
kcal/mol Hydrogen bond interactions

Hydrophobic
interactions Other interactions

Erlotinib �9.37 Met769 Leu694, Leu820, Val702, Lys721
Gln767 Gly722, Thr766, Thr830

5c �8.85 Asp831 Leu694, Leu820, Asp776, ————————
Gly722, Cys773, Asp831.

5d �9.30 Met769 Leu694, Leu820, Val702, Glu738 (ionic)
Gly722, Thr766, Pro770. Leu694 (Pi-H)

5f �9.88 Asp831 Leu694, Leu820, Asp776, Asp776 (ionic)
Asp776 Gly722, Cys773, Asp831. Cys773, Gly772 (Pi-H)

5g �9.47 Asp831 Leu694, Leu820, Asp776, Cys773, Gly772 (Pi-H)
Gly722, Cys773, Asp831.

6e �8.69 Asp831 Leu694, Leu820, Asp776, Cys773 (Pi-H)
Gly722, Cys773, Asp831.

6f �9.01 Met769 Leu694, Leu820, Val702, Leu820 (Pi-H)
Gly722, Thr766, Asp776,
Glu780

6 L. H. AL-WAHAIBI ET AL.



structurally characterised utilising several spectroscopic methods
of analysis. The compounds had no cytotoxic effects on normal
cell lines but showed promising antiproliferative properties against

four human cancer cell lines. Some of the compounds tested
showed potent inhibitory activity against both wild-type and
mutant-type EGFR, as well as apoptotic-inducing activity. In silico
docking studies attempted to explore the binding mode of the
most active antiproliferative compounds within the binding site of
EGFRWT-TK. Results proved the best binding modes for com-
pounds 5f and 5g that confirmed their highest potency com-
pared to erlotinib. Also, docking results of both compounds
against EGFRT790M conclude that addressing the hydrophobic

Figure 3. Docking representation models for compounds 5f and 5 g; (A) 3D-docked models of compound 5f (green) aligned with 5 g (purple) within the active site of
EGFRWT showing the interaction surface of the protein (electrostatics; green: hydrophobic, blue; positive and red: negative); (B) 2D-docked model of compound 5f
within the active site of EGFRWT; (C) 3D-docked models of compound 5f (green) aligned with 5g (purple) within the active site of EGFRT790M showing the interaction
surface of the protein (electrostatics; green: hydrophobic, blue; positive and red: negative); (D) 2D-docked model of compound 5f within the active site of EGFRT790M.

Table 6. Ligand-protein complex interactions of the tested compounds 5f and 5 g within the active site of EGFRT790M.

Compd.
MOE Score
kcal/mol

Hydrogen bond
interactions

Hydrophobic
interactions Other interactions

Co-crystalized ligand (6HJ)a �10.42 Met790 Leu844, Cys797, Leu718, Val726, Met790 Val726 (Pi-H)
Gln791 Cys797 (covalent)
Met793

5f �9.43 Asp855 Asp800, Phe723, Leu844, Cys797, Leu718, Val726, Met790, Lys745. Asp800 (Ionic)
Cys797 Leu844 (Pi-H)
Asp800

5g �9.31 Asp855 Asp800, Phe723, Leu844, Cys797, Leu718, Val726, Met790 Asp800 (Ionic)
Asp800 Lys745 (Pi-cation)

Leu844 (Pi-H)
a (R)-1–(3-(4-amino-3–(1-methyl-1H-indol-3-yl)-1H-pyrazolo[3,4-d]pyrimidin-1-yl)piperidin-1-yl)prop-2-en-1-one.

Table 7. Physicochemical and pharmacokinetic properties (Lipinski parameters)
of compounds 5f and 5 g.

Compd. MW nROTB HBA HBD Violations MR TPSA Log P

5f 438 8 2 2 0 131.03 57.36 4.68
5g 440 8 3 2 0 127.31 66.59 3.83
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pocket that comprises the Met790 amino acid with lipophilic scaf-
fold may explain their affinity owing to reduced interactions with
the polar Thr790 in EGFRWT. In silico ADME and pharmacokinetic
prediction validated that the most potent compounds 5f and 5g
have good bioavailability and pharmacokinetic profiles. After
structural modifications, 5f and 5g may act as anticancer agents
targeting EGFRT790M, but more in vitro and in vivo testing is
required.

Experimental

General details: See Appendix A (Supplementary File)

Chemistry

Synthesis of 1-tert-butyl 2-ethyl 5-chloro-3-formyl-1H-indole-1,2-
dicarboxylate (2)
A solution of indole ester 1 (1 g, 3.97mmol) in DMF (0.2M) was
added dropwise at 0 �C to a suspension of NaH (0.25 g, 5.96mmol,
60% dispersion in mineral oil) in DMF (0.2M). After stirring 0.5 h,
the resulting mixture was treated dropwise with (Boc)2O (1.34 g,
5.96mmol). The cooling bath was removed, and the mixture was
stirred overnight at rt. The reaction mixture was diluted with
EtOAc and successively washed twice with water. EtOAc layer was
washed with brine, dried over MgSO4, and concentrated under
reduced pressure to yield compound 2 (1.1 g, 71%) as a white
solid after purification by flash chromatography on silica gel using
a mixture of EtOAc, hexanes (1:10) as eluent; mp 58–59 �C.

� max (KBr disc)/cm�1 2983, 2939, 2872, 1750 (C¼O), 1721
(C¼O), 1670 (C¼O), 1555, 1443, 1384, 1225, 1150, 840, 802, 764,
697. 1H NMR (250MHz, CDCl3): d 10.11 (1H, s, CHO); 8.29 (1H, s);
7.95 (1H, d, J¼ 8.8 Hz); 7.39 (1H, d, J¼ 9.3 Hz); 4.49 (2H, q,
J¼ 7.0 Hz); 1.60 (9H, s); 1.43 (3H, t, J¼ 7.0 Hz). 13C NMR (62.5MHz,
CDCl3): d (62.5MHz, CDCl3): d 185.6; 160.7; 147.9; 138.9; 133.9;
131.1; 127.7; 125.8; 122.5; 119.9; 116.0; 87.2; 63.0; 27.8; 14.2. HRESI-
MS m/z calcd for [MþH]þ C17H19ClNO5: 352.0946, found:
352.0950.

Synthesis of (E)-1-tert-butyl 2-ethyl 5-chloro-3–(2-methoxyvinyl)-
1H-indole-1,2-dicarboxylate (3)
To a stirred suspension of CH3OCH2P

þ(C6H5)3Cl
- (2.17 g, 3 equiv)

in anhydrous THF (20ml) at 0 �C under N2 atmosphere, t-BuOK
(2.17 g, 3 equiv) was added. The resulting mixture was stirred for
additional 10min at 0 �C before treating dropwise with a solution
of 2 (0.74 g, 2.10mmol, 1 equiv) in THF (20ml). The cooling bath
was removed, and the mixture was stirred overnight at rt. After
concentration of the solvent in vacuo, the residue was taken up in
EtOAc, washed with saturated solution of NaHCO3, brine, dried
over MgSO4, and concentrated under reduced pressure. Flash
chromatography of the crude product using (1:10) EtOAc/hexanes
provided 3 (E) (0.53 g, 66%) as a white solid; mp 98–99 �C which
was used for alkaline hydrolysis step and cis (Z) isomer (0.12 g,
15%) as a yellow oil.

Compound 3 (E): � max (KBr disc)/cm�1 2981, 2935, 1729
(C¼O), 1710 (C¼O), 1635 (C¼C), 1532, 1447, 1353, 1209, 1123,
1123, 962, 827, 777, 642. 1H NMR (250MHz, CDCl3): d 8.00 (1H, d,

J¼ 6.3 Hz); 7.65 (1H, s); 7.32 (1H, d, J¼ 9.3 Hz); 7.23 (1H, d,
J¼ 13.5 Hz); 5.98 (1H, d, J¼ 13.3Hz); 4.34 (2H, q, J¼ 7.0 Hz); 3.68
(3H, s); 1.60 (9H, s); 1.34 (3H, t, J¼ 7.0 Hz). 13C NMR (62.5MHz,
CDCl3): d 162.5; 152.5; 149.1; 135.2; 128.9; 128.3; 126.9; 121.1;
120.7; 116.3; 94.5; 84.9; 61.5; 56.5; 53.5; 27.9; 14.2. HRESI-MS m/z
calcd for [MþH]þ C19H23ClNO5: 380.1259, found: 380.1261.

Synthesis of (E)-5-Chloro-3–(2-methoxyvinyl)-1H-indole-2-carbox-
ylic acid (4)
To a solution of compound 3 (trans isomer) (0.67 g, 1.76mmol) in
ethanol, (0.5M), 5% NaOH (9ml, 5 equiv) was added. The reaction
mixture was kept at 40 �C with stirring overnight. The residue after
removal of ethanol under reduced pressure was then taken into
water, precipitated out at pH ¼ 1 using 5% HCl and the precipi-
tate extracted with EtOAc, dried over MgSO4, and evaporated
under reduced pressure to afford 4 (0.41 g, 93%) as a pale-yellow
solid; mp 132–134 �C.

� max (KBr disc)/cm�1 33427 (NH), 3100 (br, OH), 2941, 1680
(C¼O), 1643 (C¼C), 1529, 1448, 1333, 1256, 1114, 929, 814, 796,
778. 1H NMR (250MHz, CD3OD): d 7.78 (1H, s); 7.48–7.10 (3H, m);
6.65 (1H, d, J¼ 13.3 Hz); 3.76 (3H, s). 13C NMR (62.5MHz, CD3OD):
d 163.5; 149.8; 135.1; 125.6; 125.2; 124.9; 123.6; 120.5; 118.1; 113.2;
98.0; 55.2. HRESI-MS m/z calcd for [MþH]þ C12H11ClNO3:
252.0422, found: 252.0425.

Synthesis of compounds 5a-g and 6a-f
A mixture of indole-2-carboxylic acid 4 (0.52mmol), BOP (0.34 g,
0.77mmol), and DIPEA (0.17ml, 1.03mmol) in DCM (0.05M) was
stirred for 10min at rt before addition of the appropriate amine
(0.62mmol), and the resulting reaction mixture was stirred over-
night at rt. After removing of the solvent in vacuo, the residue
was extracted with EtOAc, washed with 5% HCl, saturated
NaHCO3 solution, brine, dried over MgSO4, and evaporated under
reduced pressure to give a crude product which was purified by
flash chromatography on silica gel using a mixture of EtOAc, hex-
anes (1:2) as an eluent.

(E)-5-Chloro-3–(2-methoxyvinyl)-N-phenethyl-1H-indole-2-carboxa-
mide (5a). Yield 76%; mp 150–152 �C; � max (KBr disc)/cm�1 3257
(NH), 2950, 1650 (C¼O), 1622 (C¼C), 1637, 1451, 1218, 1163,
960, 801, 700; 1H NMR (250MHz, CDCl3): d 9.84 (s br, 1H, indole
NH), 7.58 (s, 1H, Ar-H), 7.56–7.19 (m, 7H, Ar-H), 6.77 (d,
J¼ 13.00Hz, 1H, CH¼CHOCH3), 6.59 (s br, 1H, amide NH), 5.54
(d, J¼ 13.00Hz, 1H, CH¼CHOCH3), 3.81 (q, J¼ 6.25Hz, 2H,
NHCH2CH2), 3.52 (s, 3H, OCH3), 2.95 (t, J¼ 6.25Hz, 2H, NHCH2CH2);
13C NMR (62.5MHz, CDCl3): d 162.01 (C¼O), 153.41, 138.75,
133.67, 128.94, 128.83, 128.11, 126.72, 126.03, 125.13, 120.04,
113.08, 111.31, 93.37, 56.71, 40.84, 35.64; HRESI-MS m/z calcd for
[MþH]þ C20H20ClN2O2: 355.1208, found: 355.1211.

(E)-5-chloro-3–(2-methoxyvinyl)-N-(4-(piperidin-1-yl)phenethyl)-1H-
indole-2-carboxamide (5b). Yield 81%; mp 170–172 �C; � max (KBr
disc)/cm�1 3378 (NH), 3228 (NH), 2929, 2845, 1634 (C¼O), 1620
(C¼C), 1540, 1451, 1326, 1214, 1162, 1130, 959, 863, 804, 777,
693; 1H NMR (400MHz, Chloroform-d) d 9.66 (s, 1H, indole NH),

Table 8. ADME properties of compounds 5f and 5 g.

Compd. GI Abs. BBB P-gp substrate CYP1A2 inhibitor CYP2C19 inhibitor CYP2C9 inhibitor CYP2D6 inhibitor CYP3A4 inhibitor

5f High Yes Yes No Yes Yes Yes Yes
5g High Yes Yes Yes Yes Yes Yes Yes
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7.59 (d, J¼ 2.0 Hz, 1H, Ar-H), 7.33 (d, J¼ 8.7 Hz, 1H, Ar-H), 7.21 (dd,
J¼ 8.7, 2.0 Hz, 1H, Ar-H), 7.11 (d, J¼ 8.9 Hz, 2H, Ar-H), 6.89 (d,
J¼ 8.6 Hz, 2H, Ar-H), 6.79 (d, J¼ 13.0 Hz, 1H, CH¼CHOCH3), 6.58
(t, J¼ 5.8 Hz, 1H, amide NH), 5.59 (d, J¼ 13.0 Hz, 1H, CH¼CHOCH3),
3.76 (q, J¼ 6.5 Hz, 2H, NHCH2CH2), 3.56 (s, 3H, OCH3), 3.16–3.08
(m, 4H, piperidin-H), 2.86 (t, J¼ 6.6 Hz, 2H, NHCH2CH2), 1.76–1.65
(m, 4H, piperidin-H), 1.63–1.52 (m, 2H, piperidin-H); 13C NMR
(101MHz, cdcl3) d 161.86, 153.29, 151.07, 133.57, 129.28, 128.90,
128.85, 128.21, 125.96, 125.02, 119.98, 116.76, 112.98, 111.20,
93.42, 56.67, 50.67, 40.93, 34.63, 25.89, 24.27; HRESI-MS m/z calcd
for [MþH]þ C25H29ClN3O2: 438.1943, found: 438.1943.

(E)-5-chloro-3–(2-methoxyvinyl)-N-(3-(piperidin-1-yl)phenethyl)-1H-
indole-2-carboxamide (5c). Yield 86%; mp 80–82 �C; 1H NMR
(400MHz, CDCl3) d 10.05 (s, 1H, indole NH), 7.59 (d, J¼ 2.0 Hz, 1H,
Ar-H), 7.36 (d, J¼ 8.7 Hz, 1H, Ar-H), 7.25–7.15 (m, 2H, Ar-H), 6.85–
6.75 (m, 3H, Ar-H, CH¼CHOCH3), 6.70 (d, J¼ 7.5 Hz, 1H, Ar-H), 6.66
(s, 1H, amide NH), 5.59 (d, J¼ 13.0Hz, 1H, CH¼CHOCH3), 3.81 (q,
J¼ 6.7Hz, 2H, NHCH2), 3.55 (s, 3H, OCH3), 3.15–3.08 (m, 4H, piperi-
din-H), 2.91 (t, J¼ 6.7Hz, 2H, NHCH2CH2), 1.71–1.61 (m, 4H, piperi-
din-H), 1.60–1.50 (m, 2H, piperidin-H); 13C NMR (101MHz, CDCl3) d
162.08 (C¼O), 153.26, 152.61, 139.40, 133.79, 129.36, 128.80, 128.12,
125.91, 125.02, 119.96, 119.30, 116.77, 114.59, 113.10, 111.37, 93.44,
56.64, 50.46, 40.87, 35.95, 25.80, 24.25; HRESI-MS m/z calcd for
[MþH]þ C25H29ClN3O2: 438.1943, found: 438.1944.

(E)-5-chloro-N-(4-(dimethylamino)phenethyl)-3-(2-methoxyvinyl)-
1H-indole-2-carboxamide (5d). Yield 82%; mp 177–179 �C; 1H
NMR (400MHz, CDCl3) d 9.72 (s, 1H, indole NH), 7.59 (s, 1H, Ar-H),
7.34 (d, J¼ 8.7, Hz, 1H. Ar-H), 7.21 (dd, J¼ 8.7, 2.0 Hz, 1H, Ar-H),
7.11 (d, J¼ 8.5 Hz, 2H, Ar-H), 6.80 (d, J¼ 13.0 Hz, 1H,
CH¼CHOCH3), 6.71 (d, J¼ 8.5 Hz, 2H, Ar-H), 6.59 (s, 1H, amide
NH), 5.58 (d, J¼ 13.0 Hz, 1H, CH¼CHOCH3), 3.76 (q, J¼ 66Hz, 2H,
NHCH2), 3.53 (s, 3H, OCH3), 2.93 (s, 6H, N(CH3)2), 2.85 (t, J¼ 6.6 Hz,
2H, NHCH2CH2);

13C NMR (101MHz, CDCl3) d 161.87 (C¼O),
153.27, 149.52, 133.60, 129.37, 128.88, 128.23, 126.26, 125.95,
125.00, 119.97, 113.02, 113.00, 111.22, 93.40, 56.56, 41.04, 40.68,
34.53; HRESI-MS m/z calcd for [MþH]þ C22H25ClN3O2: 398.1630,
found: 398.1628.

(E)-5-chloro-3-(2-methoxyvinyl)-N-(4-(pyrrolidin-1-yl)phenethyl)-1H-
indole-2-carboxamide (5e). Yield 83%; mp 185 - 187 �C; 1H NMR
(400MHz, CDCl3) d 9.97 (s, 1H, indole NH), 7.59 (s, 1H, Ar-H), 7.35
(d, J¼ 8.7 Hz, 1H, Ar-H), 7.21 (dd, J¼ 8.7, 2.0 Hz, 1H, Ar-H), 7.09 (d,
J¼ 8.4 Hz, 2H, Ar-H), 6.81 (d, J¼ 13.0 Hz, 1H, CH¼CHOCH3), 6.60
(s, 1H, amide NH), 6.53 (d, J¼ 8.4 Hz, 2H, Ar-H), 5.59 (d, J¼ 13.0Hz,
1H, CH¼CHOCH3), 3.77 (q, J¼ 6.4 Hz, 2H, NHCH2), 3.52 (s, 3H,
OCH3), 3.30–3.22 (m, 4H, pyrrolidin-H), 2.85 (t, J¼ 6.6 Hz, 2H,
NHCH2CH2), 2.05–1.96 (m, 4H, pyrrolidin-H); 13C NMR (101MHz,
CDCl3) d 161.95 (C¼O), 153.21, 146.85, 133.72, 129.44, 128.81,
128.28, 125.88, 124.93, 124.87, 119.93, 113.09, 111.94, 111.20,
93.47, 56.53, 47.64, 41.20, 34.61, 25.47; HRESI-MS m/z calcd for
[MþH]þ C24H27ClN3O2: 424.1786, found: 424.1789.

(E)-5-chloro-3-(2-methoxyvinyl)-N-(4-(2-methylpyrrolidin-1-yl)phenethyl)-
1H-indole-2-carboxamide (5f). Yield 85%; mp 151–153 �C; 1H NMR
(400MHz, CDCl3) d 9.64 (s, 1H, indole NH), 7.59 (s 1H, Ar-H), 7.34
(d, J¼ 8.8 Hz, 1H, Ar-H), 7.21 (dd, J¼ 8.7, 2.0 Hz, 1H, Ar-H), 7.08 (d,
J¼ 8.4 Hz, 2H, Ar-H), 6.81 (d, J¼ 13.0Hz, 1H, CH¼CHOCH3), 6.62–
6.51 (m, 3H, amide NH, Ar-H), 5.59 (d, J¼ 13.0 Hz, 1H,
CH¼CHOCH3), 3.88–3.70 (m, 3H, pyrrolidin-H, NHCH2), 3.52 (s, 3H,
OCH3), 3.41 (dd, J¼ 9.4, 7.3 Hz, 1H, pyrrolidin-H), 3.13 (m, 1H,

pyrrolidin-H), 2.83 (t, J¼ 6.6 Hz, 2H, NHCH2CH2), 2.13–1.93 (m, 3H,
pyrrolidin-H), 1.71 (m, 1H, pyrrolidin-H), 1.17 (d, J¼ 6.2 Hz, 3H,
CHCH3);

13C NMR (101MHz, CDCl3) d 161.82 (C¼O), 153.24,
146.10, 133.56, 129.48, 128.87, 128.28, 125.93, 124.97, 124.66,
119.98, 112.97, 112.00, 111.19, 93.37, 56.48, 53.68, 48.27, 41.13,
34.55, 33.12, 23.31, 19.43; HRESI-MS m/z calcd for [MþH]þ

C25H29ClN3O2: 438.1943, found: 438.1941.

(E)-5-chloro-3-(2-methoxyvinyl)-N-(4-morpholinophenethyl)-1H-
indole-2-carboxamide (5 g). Yield 87%; mp 180–182 �C; 1H NMR
(400MHz, DMSO-d6) d 11.50 (s, 1H, indole NH), 7.90 (t, J¼ 5.6 Hz,
1H, amide NH), 7.74 (s, 1H, Ar-H), 7.40 (d, J¼ 8.7 Hz, 1H, Ar-H),
7.24–7.15 (m, 2H, Ar-H, CH¼CHOCH3), 7.10 (d, J¼ 8.6 Hz, 2H, Ar-
H), 6.85 (d, J¼ 8.6 Hz, 2H, Ar-H), 6.33 (d, J¼ 13.2Hz, 1H,
CH¼CHOCH3), 3.73–3.66 (m, 4H, morph-H), 3.63 (s, 3H, OCH3), 3.48
(q, J¼ 7.8 Hz, 2H, NHCH2), 3.06–2.98 (m, 4H, morph-H), 2.76 (t,
J¼ 7.3 Hz, 2H, NHCH2CH2);

13C NMR (101MHz, DMSO-d6) d 161.87
(C¼O), 150.14, 149.96, 134.58, 130.36, 129.58, 128.80, 126.50,
124.82, 124.30, 120.57, 115.70, 114.20, 113.14, 97.73, 66.57, 56.68,
49.13, 41.26, 34.63; HRESI-MS m/z calcd for [MþH]þ C24H27ClN3O3:
440.1735, found: 440.1737.

(E)-5-chloro-N-(1-hydroxy-3-phenylpropan-2-yl)-3-(2-methoxyvinyl)-
1H-indole-2-carboxamide (6a). Yield 80%; mp 152–154 �C; 1H NMR
(400MHz, CDCl3) d 9.41 (s, 1H, indole NH), 7.58 (s, 1H, Ar-H), 7.35–
7.18 (m, 7H, Ar-H), 6.93 (d, J¼ 7.8 Hz, 1H, Ar-H), 6.82 (d,
J¼ 13.0 Hz, 1H, CH¼CHOCH3), 5.67 (d, J¼ 13.0 Hz, 1H,
CH¼CHOCH3), 4.44–4.40 (m, 1H, NHCH), 3.86–3.71 (m, 2H, CH2OH),
3.68 (s, 3H, OCH3), 3.01 (d, J¼ 7.1 Hz, 2H, CHCH2), 2.56 (t,
J¼ 5.3 Hz, 1H, OH); 13C NMR (101MHz, CDCl3) d 162.19 (C¼O),
153.47, 137.42, 133.58, 129.20, 128.82, 128.73, 127.75, 126.80,
126.12, 125.29, 120.08, 112.93, 111.93, 93.43, 64.06, 56.67, 53.09,
37.17; HRESI-MS m/z calcd for [MþH]þ C21H22ClN2O3: 385.1313,
found: 385.1313.

(E)-5-chloro-N-(9H-fluoren-9-yl)-3-(2-methoxyvinyl)-1H-indole-2-car-
boxamide (6b). Yield 86%; mp 240–241 �C; 1H NMR (400MHz,
DMSO-d6) d 11.46 (s, 1H, indole NH), 8.59 (d, J¼ 8.2 Hz, 1H, amide
NH), 7.88 (d, J¼ 7.6 Hz, 2H, Ar-H), 7.81 (d, J¼ 2.0 Hz, 1H, Ar-H), 7.61
(q, J¼ 7.5 Hz, 2H, Ar-H), 7.48–7.32 (m, 5H, Ar-H), 7.28 (d,
J¼ 13.3 Hz, 1H, CH¼CHOCH3), 7.21 (dd, J¼ 8.7, 2.0 Hz, 1H, Ar-H),
6.65 (d, J¼ 13.3 Hz, 1H, CH¼CHOCH3), 6.25 (d, J¼ 8.1 Hz, 1H,
NHCH), 3.66 (s, 3H, OCH3);

13C NMR (101MHz, DMSO-d6) d 162.73
(C¼O), 149.92, 145.08, 140.63, 134.74, 128.94, 128.12, 127.76,
126.13, 125.50, 124.91, 124.62, 120.84, 120.66, 114.91, 114.21,
98.52, 56.61, 54.85; HRESI-MS m/z calcd for [MþH]þ C25H20ClN2O2:
415.1208, found: 415.1209.

(E)-N-benzyl-5-chloro-3-(2-methoxyvinyl)-1H-indole-2-carboxamide
(6c). Yield 82%; mp 170–172 �C; 1H NMR (400MHz, CDCl3) d 9.82
(s, 1H, indole NH), 7.60 (d, J¼ 2.0, Hz, 1H, Ar-H), 7.41–7.16 (m, 7H,
Ar-H), 6.95 (s, 1H, amide NH), 6.85 (d, J¼ 13.0 Hz, 1H,
CH¼CHOCH3), 5.81 (d, J¼ 13.0 Hz, 1H, CH¼CHOCH3), 4.71 (d,
J¼ 5.7 Hz, 2H, NHCH2), 3.63 (s, 3H, OCH3);

13C NMR (101MHz,
CDCl3) d 161.99 (C¼O), 153.45, 137.85, 133.73, 128.86, 128.85,
127.91, 127.71, 127.58, 126.06, 125.20, 120.00, 113.09, 111.53,
93.80, 56.75, 43.85; HRESI-MS m/z calcd for [MþH]þ C19H18ClN2O2:
341.1051, found: 341.1053.

(E)-(5-chloro-3–(2-methoxyvinyl)-1H-indol-2-yl)(4-phenylpiperazin-
1-yl) methanone (6d). Yield 78%; mp 102–104 �C; 1H NMR
(400MHz, CDCl3) d 9.98 (s, 1H, indole NH), 7.68 (d, J¼ 2.0 Hz, 1H,
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Ar-H), 7.33–7.23 (m, 3H, Ar-H), 7.21–7.14 (m, 1H, Ar-H), 7.00 (d,
J¼ 13.0Hz, 1H, CH¼CHOCH3), 6.96–6.86 (m, 3H, Ar-H), 5.87 (d,
J¼ 13.0Hz, 1H, CH¼CHOCH3), 3.81 (t, J¼ 6.5 Hz, 4H, piperazin-H),
3.72 (s, 3H, OCH3), 3.16 (t, J¼ 5.2 Hz, 4H, piperazin-H); 13C NMR
(101MHz, CDCl3) d 164.47 (C¼O), 150.75, 150.13, 134.78, 129.29,
126.91, 126.50, 125.92, 124.40, 120.71, 119.96, 116.74, 113.07,
111.86, 96.45, 56.88, 49.74; HRESI-MS m/z calcd for [MþH]þ

C22H23ClN3O2: 396.1473, found: 396.1474.

(E)-(4-benzylpiperidin-1-yl)(5-chloro-3–(2-methoxyvinyl)-1H-indol-2-
yl) methanone (6e). Yield 79%; mp 95–97 �C; 1H NMR (400MHz,
CDCl3) d 9.74 (s, 1H, indole NH), 7.65 (s, 1H, Ar-H), 7.33–7.07 (m,
7H, Ar-H), 6.96 (d, J¼ 13.0 Hz, 1H, CH¼CHOCH3), 5.82 (d,
J¼ 13.0Hz, 1H, CH¼CHOCH3), 3.72 (s, 3H, OCH3), 2.89–2.85 (m, 2H,
piperidin-H), 2.53 (d, J¼ 7.0 Hz, 2H, CHCH2), 1.84–1.65 (m, 4H,
piperidin-H), 1.31–1.14 (m, 3H, piperidin-H); 13C NMR (101MHz,
CDCl3) d 164.17 (C¼O), 149.75, 139.73, 134.60, 129.05, 128.32,
127.61, 126.53, 126.10, 125.77, 124.09, 119.84, 112.93, 111.31,
96.61, 56.82, 42.86, 38.16, 32.27; HRESI-MS m/z calcd for [MþH]þ

C24H26ClN2O2: 409.1677, found: 409.1678.

(E)-N-((1H-benzo[d]imidazol-2-yl)methyl)-5-chloro-3–(2-methoxyvinyl)-
1H-indole-2-carboxamide (6f). Yield 80%; mp 205–207 �C; 1H NMR
(400MHz, DMSO-d6) d 12.33 (s, 1H, indole NH), 11.60 (s, 1H, imida-
zol NH), 8.52 (t, J¼ 5.6 Hz, 1H, amide NH), 7.79 (s, 1H, Ar-H), 7.53–
7.40 (m, 3H, Ar-H), 7.31–7.19 (m, 1H, Ar-H), 7.16– 7.12 (m, 2H, Ar-
H), 6.54 (d, J¼ 13.2Hz, 1H, CH¼CHOCH3), 4.74 (d, J¼ 5.6 Hz, 2H,
NHCH2), 3.70 (s, 3H, OCH3);

13C NMR (101MHz, DMSO-d6) d 162.11
(C¼O), 152.47, 150.45, 134.76, 128.08, 126.44, 124.92, 124.60,
121.94, 120.74, 114.28, 114.17, 97.79, 56.65, 38.01; HRESI-MS m/z
calcd for [MþH]þ C20H18ClN4O2: 381.1113, found: 381.1113.

Synthesis of compounds 7a and 7b
A mixture of 5a or 5b (0.32mmol, 1equiv) and PTSA (0.03 g, 0.5
equiv) in toluene (20ml) was refluxed with stirring overnight.
After concentration of the solvent in vacuo, the residue was
extracted with EtOAc, washed with saturated solution of NaHCO3,
brine, dried over MgSO4, and concentrated under reduced pres-
sure to yield a crude product which purified by flash chromatog-
raphy using EtOAc/hexanes (1:1) then EtOAc to yield 7a or 7b

6-chloro-2-phenethyl-2,9-dihydro-1H-pyrido[3,4-b]indol-1-one (7a).
Yield 88%; mp 265–267 �C; �max (KBr disc)/cm�1 3114 (NH), 3029,
2954, 1652 (C¼O), 1581, 1443, 1285, 1258, 805, 781, 745, 699; 1H
NMR (400MHz, DMSO-d6) d 12.12 (s, 1H, indole NH), 8.11 (d,
J¼ 2.1 Hz, 1H, Ar-H), 7.49 (d, J¼ 8.7 Hz, 1H, Ar-H), 7.38 (dd, J¼ 8.8,
2.1 Hz, 1H, Ar-H), 7.29–7.12 (m, 6H, Ar-H, CH¼CHN), 6.96 (d,
J¼ 7.0 Hz, 1H, CH¼CHN), 4.25 (t, J¼ 7.3 Hz, 2H, NCH2CH2), 2.99 (t,
J¼ 7.3 Hz, 2H, NCH2CH2);

13C NMR (100MHz, DMSO): d 155.12
(C¼O); 138.79 (C8a); 138.04 (C1’); 129.63 (C9a); 129.26 (C2’, 60);
129.07 (C3); 128.84 (C3’, 50); 126.83 (C4b); 126.72 (C4’); 124.39 (C6);
123.38 (C7); 123.23 (C5); 121.21 (C4a); 114.55 (C8); 100.16 (C4);
49.77 (NCH2CH2); 35.43 (NCH2CH2).

6-chloro-2–(4-(piperidin-1-yl)phenethyl)-2,9-dihydro-1H-pyrido[3,4-
b]indol-1-one (7b). Yield 81%; mp 293–295 �C; �max (KBr dis-
c)/cm�1 3129 (NH), 2936, 2850, 1657 (C¼O), 1583, 1514, 1449,
1279, 1236, 1131, 810, 781, 754, 652; 1H NMR (400MHz, DMSO-d6)
d 12.12 (s, 1H, indole NH), 8.14 (d, J¼ 2.1 Hz, 1H, Ar-H), 7.52
(d, J¼ 8.7 Hz, 1H, Ar-H), 7.41 (dd, J¼ 8.8, 2.1 Hz, 1H, Ar-H), 7.27
(d, J¼ 7.0 Hz, 1H, CH¼CHN), 7.06 (d, J¼ 8.5 Hz, 2H, Ar-H), 6.99

(d, J¼ 7.0 Hz, 1H, CH¼CHN), 6.83 (d, J¼ 8.6 Hz, 2H, Ar-H), 4.22
(t, J¼ 7.5 Hz, 2H, NCH2CH2), 3.10–3.03 (m, 4H, piperidin-H), 2.90
(t, J¼ 7.5 Hz, 2H, NCH2CH2), 1.65–1.46 (m, 6H, piperidin-H); 13C
NMR (101MHz, DMSO-d6) d 155.08, 150.72, 138.02, 129.68, 129.65,
129.09, 128.47, 126.67, 124.36, 123.38, 123.20, 121.18, 116.35,
114.52, 100.06, 50.18, 50.03, 34.61, 25.71, 24.33; HRESI-MS m/z
calcd for [MþH]þ C24H25ClN3O: 406.1681, found: 406.1676.

Biology

Appendix A has detailed information on all biological tests
(Supplementary File)
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