
RSC Advances

PAPER

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

1 
M

ay
 2

02
0.

 D
ow

nl
oa

de
d 

on
 8

/1
7/

20
25

 9
:3

1:
24

 P
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
View Journal  | View Issue
Discovery of hyd
aChemistry Department, Faculty of Science,

E-mail: ahmed_sarhan252@yahoo.com
bChemistry Department, Faculty of Science,

Egypt. E-mail: Mohamed_nae@science.sue
cChemistry Department, College of Science

Riyadh 11451, Saudi Arabia. E-mail: ambar
dChemistry Department, Faculty of Scienc

Ibrahimia, Alexandria 21321, Egypt

† Electronic supplementary informa
10.1039/d0ra02798g

‡ M. S. N. carried out the experimental an

Cite this: RSC Adv., 2020, 10, 19534

Received 26th March 2020
Accepted 28th April 2020

DOI: 10.1039/d0ra02798g

rsc.li/rsc-advances

19534 | RSC Adv., 2020, 10, 19534–1
razide-based pyridazino[4,5-b]
indole scaffold as a new phosphoinositide 3-kinase
(PI3K) inhibitor for breast cancer therapy†

Ahmed A. M. Sarhan, *a Ahmed T. A. Boraei, b Assem Barakat cd

and Mohamed S. Nafie ‡*b

Herein, the mono and dialkylation of pyridazino[4,5-b]indole were achieved with a set of alkylating agents,

including amyl bromide, allyl bromide, benzyl bromide and ethyl chloroacetate in the presence of K2CO3/

acetone or KOH/DMSO. The hydrazinolysis of mono and di-esters 10 and 11 gave the target hydrazides 12

and 13, which displayed promising, potent, and significant cytotoxic activity against the MCF-7 cell line with

IC50 values of 4.25 and 5.35 mm compared to that of the standard drug 5-FU (IC50 6.98 mm), respectively.

RT-PCR analysis of the most active compound 12 was performed to determine its mode of action

through the up-regulation of pro-apoptotic genes and inhibition of anti-apoptotic and PI3K/AKT/mTOR

genes. The findings were consistent with the proposed mechanism illustrated in the in silico study.

Further, the in vivo analysis exhibited its potent anti-cancer activity through the prolongation of survival

parameters, and inhibition of ascetic fluid parameters in EAC-bearing mice.
1. Introduction

Targeted drug therapy for cancer treatment is one of the most
important challenges in the new era because traditional cancer
treatments have adverse side effects and drug resistance prob-
lems, resulting in the urgent need for safer, more effective tar-
geted drug therapies with less side effects, which from an
economical point of view is still a major challenge.1

One of the targeted receptors that play a signicant role in
cancer treatment is phosphatidylinositol 3-kinase (PI3K),2

which is a lipid kinase and plays a crucial role in the signaling
pathway of the PI3K/AKT/mTOR genes.3,4 In diseases such as
cancer and diabetes, the PI3K pathway has a high impact on the
cell growth of cancer, motility, survival and metabolism. Thus,
the design and development of drugs that may work as an
inhibitor of PI3K singling in tumor therapy are highly inter-
esting. Pyridazino[4,5-b]indol-4-ones and its analogues display
signicance in cancer therapy via the inhibition of DYRK1A5

and PI3Ka in various human cancer cell lines.6 Additionally,
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this interesting scaffold has been discovered to exhibit other
pharmacological features such as HIV-1 reverse transcriptase
inhibition,7 and blood platelet aggregation,8 as a selective
thromboxane synthetase, and anti-hypertensiveness9,10 and
antimicrobial activities.11,12 Indeed, pyridazino[4,5-b]indoles are
considered as aza-heterocycle alkaloids of both the b-carboline
and g-carboline scaffolds,8–10 which exhibit cytotoxic, muta-
genic, and genotoxic activities with high binding affinity to
DNA.13

Several examples based on the carbazole scaffold show
pharmacological features such as the SSR180575 analogue
derived from pyridazino[4,5-b]indole, which showed highly
potency and was a specic ligand for the PBR or TSPO receptor
with high binding affinity (Kd ¼ 1.95� 0.22 and 4.58� 0.83 nM,
respectively).14,15 Harmane is a b-carboline alkaloid, which has
been discovered to be an anti-tumor agent with high binding
affinity to DNA and works as a Topo I inhibitor.16 Mahanine is
another example derived from the carbazole scaffold, which is
utilized for the treatment of breast cancer and subtype cell lines
via the activation of caspases and AKT deactivation.17,18 Addi-
tionally, ellipticine is considered to be a potent antineoplastic
agent,19 as shown in Fig. 1.

Based on the above ndings and in continuation of our
research on the discovery and development of novel anti-cancer
leads,20–22 the present study, we established new pyridazino[4,5-
b]indole derivatives and evaluated them against a breast cancer
cell line (in vitro, in vivo and in silico). Two hits showed potent
inhibition activity against phosphatidylinositol 3-kinase. These
leads are expected to be future drugs and efficient for further
investigations.
This journal is © The Royal Society of Chemistry 2020
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Fig. 1 Bioactive compounds containing indole with other rings.

Scheme 2 Alkylation of 3,5-dihydro-4H-pyridazino[4,5-b]indol-4-
one 2.
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2. Results and discussion
2.1. Synthesis and characterization

The reaction of ethyl 3-formyl-1H-indole-2-carboxylate 1 with
hydrazine hydrate in ethanol via reux afforded 3,5-dihydro-4H-
pyridazino[4,5-b]indol-4-one 2 in good yield. The Michael
addition of nucleophile 2 to acrylonitrile as the Michael
acceptor in ethanol containing Et3N yielded the Michael adduct
3 in excellent yield (Scheme 1).

Alkylation of 2 with a set of alkylating agents, namely amyl
bromide, allyl bromide and benzyl bromide in the presence of
K2CO3 in acetone afforded a mixture of two products, which
were separated by column chromatography and identied to
include alkylation at the indole nitrogen 4–6 and alkylation at
both the indole and pyridazine nitrogens 7–9. The bis(alkylated)
products 7–9 were selectively obtained in excellent yields either
from 2 or from the respective monoalkylated products 4–6 using
KOH as a base in dimethyl sulfoxide as a solvent (Scheme 2).

Coupling of 2 with ethyl chloroacetate using K2CO3 in
acetone afforded a mixture containing the monoester product
10 and the bis(ester) product 11, while, KOH/DMSO afforded
the bis(ester) 11. Hydrazinolysis of the monoester 10 gave the
monohydrazide 12, whereas, hydrazinolysis of the bis(ester) 11
afforded the bis-hydrazide 13 (Scheme 3).
Scheme 1 Synthesis of 2 and 3.

This journal is © The Royal Society of Chemistry 2020
2.2. Structural assignments

The NMR spectrum of 2 showed the four aromatic protons as
two doublet of doublets and two doublets at d 7.33, 7.51, 7.63
and 8.16 ppm. The pyridazine CH appeared as a singlet at
d 8.74 ppm, whereas, the indole and pyridazine NHs were found
at d 12.66 and 12.76 ppm, respectively. Its 13C NMR spectrum
displayed the pyridazine C]O at 156.19 ppm.

The NMR spectrum of theMichael adduct 3 did not show any
NH signal, additionally the four methylene triplet signals
appeared at d 3.08, 3.15, 4.49 and 5.06 ppm. The methylene
carbons appeared at d 17.04, 19.39, 40.79, and 46.26 ppm,
respectively, which conrm that the reaction proceed via aza-
Michael not oxa-Michael addition.

The NMR spectra of the mono-alkylated products 4–6 and 10
showed only one NH signal at around d 12.80 ppm, proving the
alkylation of the other NH. The N-alkylation was deduced from
the methylene carbon signal which was found in the 13C NMR
spectra of the abovementioned compounds at d 44.74, 46.93,
47.86 and 45.99 ppm, respectively.

The dialkylated products 7–9, and 11 did not exhibit any NH
signals, which supports the dialkylation. Both alkylations were
achieved by alkylation at the indole and pyridazine nitrogens.
This result was obvious from 13C NMR spectra, which displayed
themethylene carbon signals directly attached to the indole and
RSC Adv., 2020, 10, 19534–19541 | 19535
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Scheme 3 Synthesis of the target hit compounds 12 and 13.

Table 1 Cytotoxic activity against MCF-7 and HepG2 cancer cell lines
and a normal cell linea

Compound

IC50 (mM)

MCF-7 HepG2 GMSC

2 9.43 22.78 ND
3 ND >50 ND
5 >50 >50 >50
6 29.51 ND >50
8 16.99 ND ND
9 >50 ND ND
10 12.4 36.67 >50
11 9.07 18.76 >50
12 4.25 12.75 >50
13 5.35 ND >50
5-FU 6.98 ND >50

a ND ¼ not determined.
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pyridazine nitrogens at 44.70 and 50.38 ppm in 7, d 46.93 and
52.95 ppm in 8, d 47.87 and 54.04 in 9 and d 46.47 and
52.86 ppm in 11, respectively.

The NMR spectrum of our targeted hit 12 revealed that the
hydrazide (–CONHNH2) signals were D2O exchangeable, which
appeared at d 4.26 ppm for NH2 and 9.35 ppm for NH. The
carbonyl carbon of the hydrazide group was observed at
d 167.00 ppm. The structure of the other hit molecule 13 was
deduced from the exchangeable signals of the two hydrazino
groups at 4.12 ppm for 2NH2 and d 9.23 and 9.34 ppm for the
two NH. The carbonyl carbons were detected at d 166.96 ppm.
Fig. 2 Sigmoidal IC50 calculation curve for the most promising
derivatives against the MCF-7 cell line.
2.3. In vitro results

2.3.1. Cytotoxic screening against two cancer cell lines and
normal cell line. The cytotoxic activity of the synthesized
derivatives was screened against two cancer cell lines, MCF-7
and HepG2, and non-cancer cell line, GMSC, to investigate
their activity and safety. The results illustrated in Table 1 reveal
potential cytotoxic activity, especially for compounds 12 and 13
with IC50 values of 4.24 and 5.35 mM, respectively, compared to
5-FU (6.98 mM) against the MCF-7 cell line, as shown in Fig. 2.
Some derivatives, including 2, 10 and 11 showed moderate
activity with IC50 values of 9.43, 12.4, and 9.07 mM, respectively.
On the other hand, the tested derivatives showed a weak to
moderate cytotoxic effect against the HepG2 cell line. In the trial
to investigate the safety of the treatment with the tested
compounds, they were found to be non-toxic against the normal
cell line GMSC with non-detectable or high IC50 values. The
structure–activity relationship of the potent hits 12 and 13 is
attributed to the presence of the hydrazide group attached to
pyridazino[4,5-b]indol-4-one, which provides hydrogen bond
acceptors and hydrogen bond donors that best t with the
molecular targets, and thus this type of hit is expected to act as
an interesting pharmacophore for anti-tumor activity.
19536 | RSC Adv., 2020, 10, 19534–19541
2.3.2. RT-PCR results. Compound 12 was found to be the
most active member in this series with an IC50 value of 4.25 mM
against the MCF-7 breast cancer cell line. To control the
apoptosis, both the intrinsic and extrinsic genes were investi-
gated by gene expression analysis. The following genes
including pro-apoptotic (P53, Bax, MDM2, and PUMA) and anti-
apoptotic (Bcl-2, PI3K, AKT, and mTOR) plus b-actin, as
a housekeeping gene, were collected for real-time PCR analysis.
Fig. 3 illustrates that compound 12 has potential in inducing
the expression of pro-apoptotic genes, such as P53, MDM2, Bax,
and PUMA, with fold changes of 5.75, 6.01, 3.39, and 6.88,
respectively. Moreover, it inhibited the expression of anti-
apoptotic genes, such as Bcl-2, PI3K, AKT, and mTOR, with
fold changes of 0.38, 0.316, 0.283, and 0.44, respectively, relative
to b-actin (fold change ¼ 1) as a house-keeping gene. Thus, the
up-regulation of pro-apoptotic genes and down-regulation of
anti-apoptotic genes by compound 12 relative to the control
indicate its induction of apoptosis through the inhibition of the
PI3K/AKT/mTOR pathway in the treated breast cancer cells.
This journal is © The Royal Society of Chemistry 2020
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Previous results demonstrated that 5H-pyridazino[4,5-b]indoles
exhibit promising and signicant anti-proliferative effects in
various cell types through the PI3K/AKT/mTOR pathway.6

The in silico study indicated that compound 12 could bind effi-
ciently with the 1e7v protein, representing the PI3K/mTOR targets.
Validation of this binding was assessed on the gene expression level
through the down-regulation of PI3K, AKT and mTOR.

Besides down-regulation of the PI3K/AKT/mTOR pathway,
this was further validated by the activation of both extrinsic and
intrinsic pathways, as a set of P53 and BAX genes, which were
signicantly up-regulated, while the down-regulation of the
anti-apoptotic gene BCL-2 gene is in agreement with the report
by Khodair et al., 2019.23 Therefore, inhibition of the PI3K/AKT/
mTOR pathway resulted in the mediation of apoptosis. Our idea
of using the gene expression level for elucidating the PI3K/AKT/
mTOR pathway agrees with the previous study Kattan et al.,
2020,24 which linked the gene expression to the inhibition of the
PI3K/AKT/mTOR pathway and apoptosis.
Fig. 4 In vivo anti-tumor activity in 12-treated EAC-bearing mice. (A)
Survival parameters, including mean survival time (MST), percentage
increase in life span (ILS%), percentage MST ratio (T/C%), and
percentage increase in body weight (IBW%). (B) Anti-tumor potential
against ascetic fluid, including tumor volume, tumor cell count,
packed cell volume (PCV%), percentage of viable cells, and cell growth
inhibition (CGI%).
2.4. In vivo results

In vivo experiments were performed to test the activity of
compound 12 against EAC-bearing mice, which were divided
into three groups, EAC-bearing mice as the positive control,
compound 12-treated, and 5-FU-treated EAC-bearing mice. For
the analysis of the measured parameters, the survival analysis
and anti-cancer efficacy of the ascetic peritoneal uid of the
mice at the end of the experiment duration (day 18) are dis-
cussed similarly as in the report by El Gohary et al.25

Treatment with compound 12 signicantly increased the
mean survival time (MST) to 17.2 days compared to 10 days in
the EAC control, increased the life span (ILS%) by 72% and the
mean survival ratio to (T/C%) 172% compared to the EAC
control group. The 5-FU treatment group showed an increase in
the survival parameters to 16.6 days, 66%, and 166%, respec-
tively, as shown in Fig. 4A. Additionally, treatment with
compound 12 inhibited the increase in body weight (IBW%) to
Fig. 3 RT-PCR analysis of (A) pro-apoptotic genes (P53, Bax, MDM2,
and PUMA) and (B) anti-apoptotic genes (Bcl-2, PI3K, AKT, and mTOR)
was performed after the MCF-7 cells were treated with compound 12
(5 mM) for 48 h. Red column represents that of the house-keeping
gene (Fold change ¼ 1).

This journal is © The Royal Society of Chemistry 2020
19.27% relative to the untreated EAC control values. An increase
in life span is an essential criterion for anti-cancer efficiency
and is directly related to a decrease in the number of viable cells
and the accumulation of ascetic uid.

Fig. 4B shows the effects of compound 12 and 5-FU treat-
ments on the ascetic peritoneal uid of the EAC-bearing mice.
Compound 12 treatment signicantly decreased the tumor
volume from 19.5 to 11.9 mL, packed cell volume (PCV%) from
36.72% to 19.32%, total tumor cell count from 19.9 to 9.8 � 107

cells per mL, percentage of viable cells from 91.9% to 59.6%,
and body weight from 43.65% to 15.56% relative to the
untreated EAC control. Accordingly, the percentage growth
inhibition (CGI%) of compound 12 signicantly increased to
50.74%, proving that its anti-cancer effectiveness is superior to
that of 5-FU. Treatment with 5-FU decreased the tumor volume
to 12.6 mL, packed cell volume (PCV%) to 23.78%, total tumor
cell count to 12.2 � 107 cells per mL, and percentage of viable
cells to 68.46%. Accordingly, its percentage growth inhibition
(CGI%) signicantly increased to 38.67%. The decrease in the
parameters of ascetic peritoneal uid may be due to the anti-
proliferative action against EAC cells. The in vivo results
RSC Adv., 2020, 10, 19534–19541 | 19537
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Fig. 5 Binding disposition and ligand–receptor interactions of the co-
crystallized ligand (orange) and docked compounds (green). (A)
compound 12 and (B) compound 13.
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followed the same trend for the elucidation of the anti-cancer
activity as that by Medhat et al., 2017.26

According to the in vivo results, hit 12 exhibited better
activity than 5-FU, which in accordance with the in vitro results.

2.5. In Silico study

The synthesized compounds were docked for their binding
affinities towards phosphoinositide 3-kinase inhibition (PDB:
1e7v) as a molecular target.27 According to the in silico results,
the following molecules, 2, 10, 11, 12, and 13, have similar
interaction inside the pocket matching with the co-crystallized
ligand via the amino acid Val882, with good binding energies
(�10.6 to �18.87 kcal mol�1) and also exhibit good lipophilic
interaction inside the pocket of the target protein with Ile 881,
Val 882, Met 953, Ile 879, Met 804, Trp 812, Phe 961 and Ile 963,
as illustrated in the 2D images in Table 1, ESI.† The other
derivatives did not show this type of interaction with this
receptor binding site. Therefore, the molecular docking study
demonstrates the same perspective as the RT-PCR results to give
an overview for the mode of action of compound 12 against
MCF-7 cells, which may be due to the inhibition of the PI3K/
AKT/mTOR pathway (Fig. 5).

3. Experimental

General: all general information about the apparatus used to
conrm the chemical structure assignment can be found in the
ESI.†

3.1. Synthesis of the target compounds

3.1.1. Synthesis of 3,5-dihydro-4H-pyridazino[4,5-b]indol-
4-one 2. A mixture of 1 (1.0 mmol) and NH2NH2$H2O (2.0
mmol) was reuxed in 5 mL ethanol for 3 h, and le to cool, and
19538 | RSC Adv., 2020, 10, 19534–19541
the formed crystals were collected by ltration and recrystal-
lized from ethanol.

3.1.2. 3,5-Dihydro-4H-pyridazino[4,5-b]indol-4-one 2.
Yield: 75%, mp 322–323 �C [Lit. 324–326 �C 10]. 1H NMR (400
MHz, DMSO-d6) d 7.33 (dd, 1H, J 7.2, 7.6 Hz), 7.53 (dd, 1H, J 7.2,
8.0 Hz), 7.63 (d, 1H, J 8.4 Hz), 8.16 (d, 1H, J 8.0 Hz), 8.74 (s, 1H,
CH), 12.66 (s, H, NH), 12.76 (s, H, NH); 13C NMR (100 MHz,
DMSO-d6): d 113.45, 117.98, 121.26, 121.79, 121.89, 127.44,
132.14, 133.78, 139.39, 156.19; CHN analysis calc. for C10H7N3O
[185.0]: C, 64.86; H, 3.81; N, 22.69 found: C, 64.66; H, 3.91; N,
22.55.

3.1.3. Synthesis of 3,30-(4-oxo-3H-pyridazino[4,5-b]indole-
3,5(4H)-diyl)dipropanenitrile 3. A mixture of 2 (1.0 mmol) and
acrylonitrile (2.2 mmol) in 10 mL ethanol containing Et3N (3
mmol) was reuxed for 4 h, and le to cool at room tempera-
ture, and the precipitate was collected by ltration, dried and
recrystallized from ethanol. Yield: 89%, mp 197–198 �C. 1H
NMR (400 MHz, DMSO-d6) d 3.08 (t, 2H, J 6.4 Hz, CH2), 3.15 (t,
2H, J 6.4 Hz, CH2), 4.49 (t, 2H, J 6.4 Hz, CH2), 5.06 (t, 2H, J
6.4 Hz, CH2), 7.42 (dd, 1H, J 7.2, 8.0 Hz), 7.62 (dd, 1H, J 7.2, 8.4
Hz), 7.94 (d, 1H, J 8.4 Hz), 8.21 (d, 1H, J 8.0 Hz), 8.85 (s, 1H, CH);
13C NMR (100 MHz, DMSO-d6): d 17.04 (CH2), 19.39 (CH2), 40.79
(NCH2), 46.26 (NCH2), 112.03, 118.29, 118.73, 118.92, 120.38,
122.05, 122.76, 128.05, 129.89, 133.72, 140.04, 155.12; CHN
analysis calc. for C16H13N5O [291.1]: C, 65.97; H, 4.50; N, 24.04
found: C, 66.01; H, 4.44; N, 23.99.
3.2. General procedure for the alkylation

3.2.1. Method A. A mixture of 2 (1.0 mmol) and K2CO3 (2.2
mmol) in a mixture of acetone/DMF (10: 2 mL) was stirred at
room temperature for 1 h, then the appropriate alkyl halide (2.2
mmol) was added dropwise, and stirring was continued over-
night. Then the solvent was evaporated under vacuum, water
was added, and the precipitate was ltered. The product was
puried via column chromatography using silica and 2 : 8 EA/n-
hexane.

3.2.2. Method B. A mixture of 2 (1.0 mmol) and KOH (2.2
mmol) in 10 mL DMSO was stirred at room temperature for 1 h,
and then the appropriate alkyl halide (2.2 mmol) was added
dropwise, and subsequently stirred overnight (monitored by
TLC until all 2 was converted to the dialkylated product). Then
water was added, the precipitate was ltered and the products
were puried either by recrystallization from ethanol or column
chromatography using silica and 2 : 8 EA/n-hexane.

3.2.3. 5-Pentyl-3,5-dihydro-4H-pyridazino[4,5-b]indol-4-
one 4. Yield: 44%Method A, mp 161–162 �C. 1H NMR (400 MHz,
DMSO-d6) d 0.82 (t, 3H, J 7.2 Hz, CH3), 1.23–1.32 (m, 4H, 2 CH2),
1.77–1.84 (m, 2H, CH2), 4.80 (t, 2H, J 7.2 Hz, NCH2), 7.37 (dd,
1H, Jz 7.6 Hz), 7.58 (dd, 1H, J 8.0, 7.6 Hz), 7.79 (d, 1H, J 8.4 Hz),
8.20 (d, 1H, J 8.0 Hz), 8.74 (s, 1H), 12.72 (s, 1H, NH); 13C NMR
(100 MHz, DMSO-d6): d 14.19 (CH3), 18.79 (CH2), 22.20 (CH2),
28.60 (CH2), 30.38 (CH2), 44.74 (NCH2), 111.84, 117.84, 120.59,
122.01, 127.56, 130.54, 133.58, 139.75, 156.46; CHN analysis
calc. for C15H17N3O [255.1]: C, 70.56; H, 6.71; N, 16.46 found: C,
70.44; H, 6.73; N, 16.33.
This journal is © The Royal Society of Chemistry 2020
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3.2.4. 5-Allyl-3,5-dihydro-4H-pyridazino[4,5-b]indol-4-one
5. Yield: 35%Method A, mp 237–238 �C. 1H NMR (400 MHz,
DMSO-d6) d 4.92 (dd, 1H, Jtrans 17.1, 1.4 Hz, Htrans), 5.12 (dd, 1H,
Jcis 10.3, 1.3 Hz, Hcis), 5.48 (d, 2H, J 5.2 Hz, NCH2), 6.02–6.08 (m,
1H, –CH]CH2), 7.38 (dd, 1H, J 7.3, 7.6 Hz), 7.58 (dd, 1H, J 8.1,
8.2 Hz), 7.79 (d, 1H, J 8.4 Hz), 8.22 (d, 1H, J 8.0 Hz), 8.78 (s, 1H),
12.83 (s, 1H, NH); 13C NMR (100 MHz, DMSO-d6): d 46.93
(NCH2), 112.14, 117.04, 117.97, 120.61, 122.08, 122.26, 127.66,
130.29, 133.74, 134.50, 139.70, 156.49; CHN analysis calc. for
C13H11N3O [225.1]: C, 69.32; H, 4.92; N, 18.66 found: C, 69.21; H,
4.79; N, 18.59.

3.2.5. 5-Benzyl-3,5-dihydro-4H-pyridazino[4,5-b]indol-4-
one 6. Yield: 51%Method A, mp 231–232 �C. 1H NMR (400 MHz,
DMSO-d6) d 6.10 (s, 2H, NCH2), 7.37–7.30 (m, 5H), 7.37 (dd, 1H, J
7.6, 7.4 Hz), 7.54 (dd, 1H, J z 7.7 Hz), 7.75 (d, 1H, J 8.40 Hz),
8.23 (d, 1H, J 8.0 Hz), 8.82 (s, 1H), 12.92 (s, 1H, NH); 13C NMR
(150 MHz, DMSO-d6): d 47.86 (NCH2), 112.33, 118.16, 120.81,
122.17, 122.39, 127.58, 127.80, 127.89, 129.07, 130.34, 133.86,
138.19, 139.69, 156.70; CHN analysis calc. for C17H13N3O
[275.1]: C, 74.17; H, 4.76; N, 15.26 found: C, 74.20; H, 4.86; N,
15.24.

3.2.6. 3,5-Dipentyl-3,5-dihydro-4H-pyridazino[4,5-b]indol-
4-one 7. Yield: 29% Method A, 71%Method B, oil.

1H NMR (400MHz,
DMSO-d6) d 0.82 (t, 3H, J 6.8 Hz, CH3), 0.87 (t, 3H, J 6.8 Hz, CH3),
1.24–1.37 (m, 8H, 4 CH2), 1.78–1.81 (m, 2H, CH2), 4.22 (t, 2H, J
7.2 Hz, NCH2), 4.82 (t, 2H, J 7.2 Hz, NCH2), 7.38 (dd, 1H, J 7.2,
7.6 Hz), 7.58 (dd, 1H, J 7.2, 8.0 Hz), 7.79 (d, 1H, J 8.4 Hz), 8.20 (d,
1H, J 8.0 Hz), 8.76 (s, 1H); 13C NMR (100MHz, DMSO-d6): d 14.22
(CH3), 22.20 (CH3), 28.47 (CH2), 28.61 (CH2), 28.74 (CH2), 30.41
(CH2), 44.70 (NCH2), 50.38 (NCH2), 111.88, 117.42, 120.36,
121.95, 122.14, 127.59, 130.54, 130.23, 132.92, 140.05, 155.10;
CHN analysis calc. for C20H27N3O [325.2]: C, 73.81; H, 8.36; N,
12.91 found: C, 73.91; H, 8.31; N, 12.90.

3.2.7. 3,5-Diallyl-3,5-dihydro-4H-pyridazino[4,5-b]indol-4-
one 8. Yield: 33% Method A, 69%Method B, oil.

1H NMR (600 MHz,
DMSO-d6) d 4.83 (d, 2H, J 5.5 Hz, NCH2), 4.93 (d, 1H, Jtrans
17.1, Htrans), 5.11 (d, 1H, Jcis 10.1 Hz, Hcis), 5.13 (d, 1H, Jtrans
17.0 Hz, Htrans), 5.19 (d, 1H, Jcis 10.3 Hz, Hcis), 5.50 (d, 2H, J
5.0 Hz, NCH2), 6.01–6.07 (m, 2H, 2 –CH]CH2), 7.40 (dd, 1H, J
7.3, 7.7 Hz), 7.59 (dd, 1H, J 8.2, 7.2 Hz), 7.73 (d, 1H, J 8.4 Hz),
8.23 (d, 1H, J 7.9 Hz), 8.82 (s, 1H); 13C NMR (150 MHz, DMSO-
d6): d 46.93 (NCH2), 52.95 (NCH2), 112.21, 117.08, 117.66,
117.71, 120.40, 122.08, 122.43, 127.78, 129.96, 133.41, 133.83,
134.47, 140.03, 154.91; CHN analysis calc. for C16H15N3O
[265.1]: C, 72.43; H, 5.70; N, 15.84 found: C, 72.46; H, 5.84; N,
15.93.

3.2.8. 3,5-Dibenzyl-3,5-dihydro-4H-pyridazino[4,5-b]indol-
4-one 9. Yield: 41%Method A, 86%Method B mp 147–148 �C. 1H
NMR (400 MHz, DMSO-d6) d 5.45 (s, 2H, NCH2), 6.10 (s, 2H,
NCH2), 7.22–7.40 (m, 11H), 7.55 (m, 1H), 7.76 (d, 1H, J 8.5 Hz),
8.23 (d, 1H, J 8.0 Hz), 8.88 (s, 1H); 13C NMR (100 MHz, DMSO-
d6): d 47.87 (NCH2), 54.04 (NCH2), 112.04, 117.99, 120.57,
122.15, 122.62, 127.47, 127.84, 127.99, 128.15, 128.19, 128.93,
129.07, 129.10, 130.08, 133.69, 138.03, 138.12, 140.07, 155.38;
CHN analysis calc. for C24H19N3O [365.1] C, 78.88; H, 5.24; N,
11.50 found: C, 78.99; H, 5.44; N, 11.44.
This journal is © The Royal Society of Chemistry 2020
3.2.9. Ethyl 2-(4-oxo-3,4-dihydro-5H-pyridazino[4,5-b]
indol-5-yl)acetate 10. Yield: 48%Method A, mp 255–256 �C. 1H
NMR (600 MHz, DMSO-d6) d 1.22 (t, 3H, J 7.0 Hz, CH3) 4.17
(q, 2H, J 7.0 Hz, CH2), 5.68 (s, 2H, NCH2), 7.41 (dd, 1H, J 7.4,
7.6 Hz), 7.58 (dd, 1H, J 7.6, 7.9 Hz), 7.80 (d, 1H, J 8.40 Hz),
8.23 (d, 1H, J 7.9 Hz), 8.81 (s, 1H), 12.87 (s, 1H, NH); 13C NMR
(150 MHz, DMSO-d6): d 14.1 (CH3), 45.99 (NCH2), 61.57
(OCH2), 111.97, 121.88, 127.23, 127.80, 132.49, 133.17,
140.47, 148.48, 168.61 (C]O); CHN analysis calc. for
C14H13N3O3 [271.1] C, 61.99; H, 4.83; N, 15.49 found: C,
62.03; H, 4.86; N, 15.48.

3.2.10. Diethyl 2,20-(4-oxo-3H-pyridazino[4,5-b]indole-
3,5(4H)-diyl)diacetate 11. Yield: 38%Method A, 75%Method B, mp
153–154 �C. 1H NMR (400 MHz, DMSO-d6) d 1.18–1.22 (m, 6H, 2
CH3) 4.12–4.19 (m, 4H, 2 CH2), 4.99 (s, 2H, NCH2), 5.66 (s, 2H,
NCH2), 7.43 (dd, 1H, J 7.4, 7.6 Hz), 7.61 (dd, 1H, J 7.2, 8.3 Hz),
7.81 (d, 1H, J 8.4 Hz), 8.25 (d, 1H, J 7.8 Hz), 8.87 (s, 1H); 13C
NMR (100 MHz, DMSO-d6): d 14.44, 14.47 (2 CH3), 46.47
(NCH2), 52.86 (NCH2), 61.51 (OCH2), 61.68 (OCH2), 111.89,
118.34, 120.28, 122.14, 122.81, 128.16, 130.18, 133.81, 140.67,
155.38, 168.41 (C]O), 168.83 (C]O); CHN analysis calc. for
C18H19N3O5 [357.1] C, 60.50; H, 5.36; N, 11.76 found: C, 60.64;
H, 5.37; N, 11.73.

3.3. General procedures for hydrazinolysis

To the selected ester 10 or 11 in 10 mL ethanol, hydrazine
hydrate (2.0 mmol10 or 4.0 mmol11) was added and reuxed for
2 h until all the esters were consumed (reaction completion was
monitored by TLC), and then the reaction mixture was le to
cool, and the formed precipitate was ltered, dried and recrys-
tallized from ethanol.

3.3.1. 2-(4-Oxo-3,4-dihydro-5H-pyridazino[4,5-b]indol-5-yl)
acetohydrazide 12. Yield: 91%, mp 280decomp.

�C. 1H NMR (400
MHz, DMSO-d6) d 4.26 (brs, 2H, NH2, D2O exchangeable), 5.49
(s, 2H, NCH2), 7.37–7.63 (m, 3H), 8.21 (d, 1H, J 7.6 Hz), 8.77 (s,
1H), 9.35 (brs, 1H, NH, D2O exchangeable), 12.76 (s, 1H, NH,
D2O exchangeable); 13C NMR (100MHz, DMSO-d6): d 14.1 (CH3),
46.20 (NCH2), 111.80, 118.07, 120.69, 121.96, 122.28, 127.61,
131.12, 133.76, 140.52, 156.71, 167.00 (C]O); CHN analysis
calc. for C12H11N5O2 [257.1] C, 56.03; H, 4.31; N, 27.22 found: C,
56.11; H, 4.31; N, 27.12.

3.3.2. 2,20-(4-Oxo-3H-pyridazino[4,5-b]indole-3,5(4H)-diyl)
di(acetohydrazide) 13. Yield: 89%, mp 293–294 �C. 1H NMR
(400 MHz, DMSO-d6) d 4.26 (brs, 4H, 2 NH2, D2O exchange-
able), 4.79 (s, 2H, NCH2), 5.81 (s, 2H, NCH2), 7.39–7.65 (m,
3H), 8.22 (d, 1H, J 8 Hz), 8.79 (s, 1H), 9.23 (brs, 1H, NH, D2O
exchangeable), 9.34 (brs, 1H, NH, D2O exchangeable); 13C
NMR (100 MHz, DMSO-d6): d 46.17 (NCH2), 52.36 (NCH2),
111.95, 117.97, 120.49, 121.93, 122.46, 127.72, 130.69, 133.39,
140.82, 155.55, 166.96 (2C]O); CHN analysis calc. for
C14H15N7O3 [329.1] C, 51.06; H, 4.59; N, 29.77 found: C, 51.13;
H, 4.55; N, 29.76.

3.4. Biological evaluation

The cytotoxic screening using the MTT assay,28,29 and RT-PCR23

are provided in the ESI.†
RSC Adv., 2020, 10, 19534–19541 | 19539
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3.5. In vivo protocol

All mice were purchased from the Laboratory of the Faculty of
Veterinary Medicine, Suez Canal University. The EAC cells were
purchased from the National Cancer Institute, Cairo, Egypt. In
our protocol, we used a safe concentration of DMSO (5 mL/25 g
for each mouse), and the treated doses were freshly prepared.

The in vivo experiment regarding the implantation of Ehrlich
Ascites Carcinoma (EAC), experiment design, and the
measurement of the parameters in this study were performed
according to Nae et al., 2020.30 and Salem et al., 2016.31 (see
ESI†). All animal procedures were performed in accordance with
the Guidelines for the Care and Use of Laboratory Animals of
Suez Canal University and approved by the Animal Ethics
Committee of the Faculty of Science. From day zero of the
experiment, the mortality and body weight of the mice were
monitored daily for the survival analysis (mean survival time
(MST), percentage of MST ratio (T/C%), percentage increase in
life span (ILS%), and increase in body weight (IBW%)). At the
end of the experiment, on day 18, the mice were anesthetized
and sacriced to determine the anti-cancer potentiality of the
compounds (tumor volume, packed cell volume (PCV%), tumor
cell count, trypan blue exclusion assay,32 and percentage cell
growth inhibition (CGI%)).
3.6. In silico

All parameters and soware used for the molecular docking
study are provided in the ESI.†26,32–34
4. Conclusions

In summary, a series of new mono and dialkylated pyridazino
[4,5-b]indol-4-ones 4–10 were synthesized. All the alkylation
reactions were found to proceed via N-alkylation. Hydrazinol-
ysis of the mono and di-esters 10 and 11 afforded the target hits
mono- and bis-hydrazides 12 and 13, respectively. The hit
compound 12 exhibited interesting PI3K inhibition activity, as
supported by the in vitro, in vivo and in silico results.
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