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ABSTRACT: In this work, we synthesized a new 5,6,7,8-tetrahydroisoquinolines and
6,7,8,9-tetrahydrothieno[2,3-c] isoquinolines based on 4-(2-nitrophenyl moiety) as
anticancer drugs. These newly synthesized compounds were characterized by spectral
date (FT-IR, 'HNMR, '*C NMR) and elemental analysis. Also, the synthesized
compounds were evaluated for their anticancer activity against eight cell lines as one spot
concentration, and one normal human skin fibroblasts cell line HSF, then use different
concentrations to calculate the ICso of our compounds against two selective cell lines. We
found that compound 3 is the most active compound against HEPG2 cell line. Also the
most active compound against HCT116 cell line was compound 9¢. Generally, the
results revealed moderate anticancer activity for most of the tested compounds. After that
we examined the impact of compound 3 on the growth of HEPG?2 cell lines, employing
flow cytometry and an Annexin V-FITC apoptotic assay. Compound 3 caused cell cycle
arrest at the G2/M with a 50-fold increase in apoptosis of HEPG2 cell line. Finally, The
molecular docking study for the two compounds 3, 7 were studied against RET enzyme.
We found that compound 3 inhibit RET enzyme by AG -5.2 (kcal/mol) and compound 7
inhibit RET enzyme by AG -5.6 (kcal/mol). Compared with Standard (alectinib) which
can inhibit RET enzyme by AG -7.2 (kcal/mol). This mean that these compounds can

used as anticancer drug and RET inhibitors.
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isoquinolines.
1. INTRODUCTION

Today Cancer diseases are the leading cause of death in the world [1]. There are various
types of cancer disease that require treatment, including breast cancer, lung cancer, liver
cancer, colon cancer, and brain cancer. Colon cancer (CC) also named as Colorectal cancer
(CRC) that is a major cause of cancer mortality and morbidity globally [2]. Especially in
developed and developing countries [3]. In 2023, approximately 153,020 individuals will be
diagnosed with CRC and 52,550 will die from the disease, including 19,550 cases and 3750

deaths in individuals younger than 50 years [4].

Hepatocellular carcinoma (HCC) also one of the leading cause of cancer-related deaths in
the world [5]. Which usually caused by non-alcoholic fatty liver disease (NAFLD) [6].

Also, viruses' C and B can cause liver cancer [7].

Heterocyclic compounds include isoquinolines, tetrahydroisoquinolines are reported to
treat liver and colon cancer diseases. For example, for treatment colon cancer by
Thiophene Heterocyclic Compound [3], 6,7-dimethoxy-1,2,3,4-tetrahydro-isoquinoline-
3-carboxylic acid [8], benzimidazole-isoquinolinones [9], Tetrahydroisoquinoline
Derivatives [10]. Also liver cancer can treatment by 3-arylisoquinoline [11], 1-styrenyl
isoquinoline [12].

Isoquinolines, tetrahydroisoquinolines compounds were reported to has various
biological activities. including antimicrobial [13], anti-oxidant [14], anti-inflammatory

[14,15], antipyretic [15], antihypertensive [16], antitumor [17-25].

5,6,7,8-Tetrahydroisoquinoline ring is a structural moiety of many alkaloids [26, 27].
That include potent cytotoxic agents display a range of antitumor activities [23, 24]. On
the other hand, many nitro-group-containing compounds are reported to possess many
applications in the fields of biochemistry and medicine [28-31]. In view of the above

observations and as a continuation of our previous work on tetrahyroisoquinolines [32,
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33]. The current work was planned to synthesize and characterize a new 5,6,7,8-
tetrahyroisoquinolines compounds with the hope that these new compounds will find
good applications in both biological and medicinal fields owing to their incorporation of
various pharmacophores. Also, the study these synthesized compounds as anticancer
against two cell line HEGP2 (Liver cell line) and HTC116 (Colon cell lines) have been
carried out. And the obtained results are reported herein. Moreover, we study the
mechanism of cell cycle arrest and apoptosis percent when treat HEGP2 cells with
compound 3. Finally, we apply the molecular docking study to some compounds to find

the enzyme that can react with our compounds.
2. RESULTS AND DISCUSSION
2.1. Synthesis

The starting materials, 7-acetyl-4-cyano-1,6-dimethyl-6-hydroxy-8-(2-nitrophenyl)-
5,6,7,8-tetrahydrosoquinoline-3(2H)-thiones 2 were prepared via cyclocondensation of
2,4-diacetyl-5-hydroxy-5-methyl-3-(2-nitrophenyl) cyclohexanones 1 with 2-cyanothio-
acetamide by refluxing in ethanol containing pipridine as a basic catalyst in analogy to

the reported procedures (Scheme 1) [26-29].

Treatment of compound 2 with some halocompounds namely; ethyl iodide, ethyl
chloroacetate or 2-chloroacetamide by refluxing in ethanol, in the presence of slightly
excess molar amounts of sodium acetate trihydrate, for one hour led to the formation of
S-substituted thio-5,6,7,8-tetrahydroisoquinoline-4-carbonitriles 3, 4, and 5 respectively
(Scheme 1). Cyclization of compounds 4 into the corresponding 2-funcutionally
substituted 1-amino-6,7,8,9-tetrahydroisoquinolines 6 achieved by heating with catalytic

amounts of sodium ethoxide in abs. ethanol for 5 min. (Scheme 1).

In a similar manner, reaction of compound 2 with N-aryl-2-chloroacetamides 8a-e
under the same (above) conditions afforded the corresponding N-aryl-(5,6,7,8-
tetrahydroisoquinolin-3-ylthio) acetamides 9a-e in excellent yields. Cyclization of
compounds 9a-e into the corresponding 7-acetyl-1-Amino-N-aryl-5,8-dimethyl-8-
hydroxy-6-(2-nitrophenyl)-6,7,8,9-tetrahydrothieno[2,3-c] isoquinoline-2-carboxamides



10a-e was acheived by heating with catalytic amounts of sodium ethoxide in abs. ethanol
for 5 mins. Compounds 10a-e were also synthesized via heating compound 2 with the
respective N-aryl-2-chloroacetamides 8a-e in abs. ethanol in the presence of slightly
excess molar amounts of sodium carbonate for 60 min. (Scheme 1). Conversion of 9a-e
into the corresponding 10a, d obeys intramolecular Thorpe-Ziegler cyclization which its

mechanism is outlined before in our publication [30].

In contrast, reaction of 2 with chloroacetonitrile under the same (above) conditions
yielded 1-amino-2-cyano-6,7,8,9-tetrahydrothieno[2,3-c] isoquinoline 7 directly (Scheme

1). For full result see supporting data S1-S35.



Scheme 1. Synthesis of compounds 2-7, 9a-e and 10a,d
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2.2. Cytotoxic activity
2.2.1. Cytotoxic activity

The inhibition activity of all compounds 3-7, 9a-e and 10d was tested as one

concentration spot 100 pg/ml against eight human cancer cell lines (Figurel) (human

liver carcinoma HEPG2, and HUH7, human breast carcinoma MCF7, human colon

carcinoma HCT116 and CACO2, human lung carcinoma H460 and A459, and human

C6H5 93%

CH,CLQ2) 94%



osteosarcoma MG-63 and on normal human skin cell line HSF). All cell lines were
obtained from national cancer institute, Cairo - Egypt:

From the activity of theses compound aganist normal human skin cell line HSF show
that compound 4, 5, 9¢, 9d and 9e have inhabition percent aganist normall cell line less
than Doxorubicin it self this indicat that these compounds more safe and specific than
douxrbin it self. (Table 1) for more test details and for the raw data see supporting
information Table S1.

Then two cell line HEPG2 and HCT116 has evaluated in vitro at different
concentrations ranged from 0 to 100 pg/ml using the MTT assay method. In this work,
doxorubicin was used as a positive control drug for comparison purposes with the drug
candidates 3-7, 9a-e and 10d under the same experimental conditions. Different
concentrations of these compounds were tested to reach the concentration which could

cause death for 50 % of the cancer cells after 48 hr.

The results obtained revealed that among all tested compounds: (i) four compounds 3,
6, 4 and 10 showed the most active cytotoxic activity against HEPG2 with ICso of
31,40,42 and 42 pg/ml respectively (Fig. 2) (Table 2) compared with (Doxorubicin
standard drug). for the raw data see supporting information Table S2,4 (FigureS34).

, (1) and three compounds 7, 9a and 9¢ showed considerable cytotoxic activity against
HCT116 with ICso 50, 55 and 49 pg/ml respectively (Fig. 3). also (Figure 4, Table 2)
show 1Cso of all synthesized compounds compared with (Doxorubicin standard drug). for

the raw data see supporting information Table S3,5 (FigureS35).
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Figurel: Inhibition percent of one spot 100 pg/ml concentration of each synthesized

compounds against eight cell lines in compared with Doxorubicin.

Table 1: Inhibition activity in one spot 100 ug/ml concentration of all compounds against

normal skin cell line HSF in compared with Doxorubicin.

Compd.no. Inhibition Compd.no. Inhibition
percent of HSF percent of HSF
cell line cell line

2 65 9b 58

3 60 9¢ 48

4 50 9d 50

5 50 9e 53

6 57 10d 57
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Figure 2: Cell viability of compounds 2-6,9a-e,9a and 9d against HEPG?2 cell lines.

11

1.04

0.9

0.8

0.7 1

0.6

Surviving Fraction

0.5 1

0.4 1

0.3 1

HCT116

20

40 60
Concentration Microgram

80

Surviving Fraction

0.9

0.8

0.7

0.6

0.5

0.4

0.3

HCT116

Concentration Microgram

Figure 3: Surviving fraction of compounds 2-6, 9a-e and 10d against HCT116 cell lines.




Table 2: ICso of all synthesized compounds against two cell line HCT116 and HEPG2.

Compd.no. ICs50£S.D. pg/ml | ICs50+S.D. pg/ml
against HCT116 | against HEPG2

2 >100 47+0.028

3 98+ 0.083 31+0.013

4 90+0.022 42+0.024

5 95+0.036 76+0.095

6 >100 40+0.029

7 50+0.031 38+0.026

9a 55+0.014 >100

9b 87+0.048 87+0.058

9c 49+0.081 85+0.032

9d >100 48+0.055

9e 67 92

10d >100 >100

DOX 4.19 4.58
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with the S.D. error bar.

11



2.2.2. Cell cycle arrest of HEPG2 Cells

To examine the growth inhibition mechanism of compounds 3 in relation to cell cycle
progression and regulation in HEPG2 cancer cells, we investigate the growth inhibitory
cell cycle mechanism of HEPG2 cell lines after adding compound 3 using flow
cytometry. The impact on cell cycle distribution was assessed by a DNA flow cytometry
analysis, through the incubation of a HEPG2 cell with compound 3 at its ICso
concentration (31 pg/ml) for 48 h (Figure 2). From the obtained results, it was found that:
(1) HEPG2 cells exposed to compound 3 arrested at the G2/M phase of the cell cycle,
with the G2/M phase fraction increasing from 12.12% (in control cells) to 19.45% after
being treated with compound 3 (Figure 5 and Table 3).

Table 3. Cell cycle analysis of HEPG2 treated with compound 3.

code %G0-G1 %S %G2/M
3/HEPG2 3245 234 19.45
Cont.HEPG2 34.54 23.51 12.12
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m 3/HEGP2 15
™ Cont.HEGP2 4,

5

0

%G2/M

%S

%G0-G1

Figure 5: Cell cycle analysis of HEPG2 cells treated with compounds 3.
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2.2.3. Induced apoptosis

Apoptosis induction is another approach to study the anti-proliferative action of
compound 3 against HEPG2 cells, which demonstrates an increased cell population in

G2/M phases in compound 3-treated HEPG2 cells.

The Annexin V-FITC/PI assay results indicated that: (i) compound 3 treatment of
HEPG?2 cells resulted in early and late cellular apoptosis, as evidenced by a significant
increase in the percentage of apoptotic cells in both the early apoptotic phase (from
0.31% to 15.3%) and the late apoptotic phase (from 0.20% to 11.41%), indicating a high
increase in total apoptosis when compared to the untreated control. Also, the number of
necrosis cells increased from 1.36% to 3.10% (Figures 6 and 7). The aforementioned
results show a 50-fold increase in in HEPG2 cellular apoptosis after treatment with
compounds 3. So compound 3 possesses a biological mechanism that inhibits HEPG2

cell development, resulting in an anticancer cytotoxic impact.

35
30
25
20
m 3/HEGP2
15
B Cont.HEGP2
10
5
o il
Necrosis Late Early Total

Figure 6: Apoptosis/necrosis assessment of HEPG2 cells after treatment with compounds
3. Different cell populations were plotted as a percentage of total events. Data are

presented as mean + SD; n =3.
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2.2.4. Structure action relationship(SAR)

5,6,7,8-tetrahydroisoquinoline is consist of two ring pyridine ring and unsaturated

benzene ring which enrich the antiprofilate activity also the substitution in position C8

with OH group and C7 with AC group can make hydrogen bond with the enzymes
responsible for the cancer disease such as DHFR, CDK2, Eef2, tubulin, EGFR.... Also

the NH2 substitution in C1 position in the cyclized compounds give hydrophobic

interaction with the enzymes. Moreover, the nitro phenyl substitution the nitro group is

strong with drawing group which can make ionic bond with a donor group in the

enzymes. Theses reason prove that our compounds can inhibit the enzymes responsible

for cancer disease by several bonds. And from the previous study we show that

tetrahdroisoquinoline is potent anticancer drugs against [24, 32, 33] breast cancerous cell,
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lung cancerous cell line, pancreatic cancerous cell line, liver cancerous cell line, colon
cancerous cell line. Moreover, isoquinoline is commonly used as anticancer drug such as
papaverine, quinapril.

Scheme 2: SAR study of interaction position of isoquinoline compound 3.

lonic interaction

O,N

Hydrogen bond \ N

Me
HO
Hydrogen bond CN

lonic interaction
2.2.5. Molecular docking against RET enzyme.

Molecular docking studies were performed in (I Mole Lab for Bioinformatics-Cairo).

The molecular docking results presented in Table 4 provide valuable insights into the
binding affinities of various ligands with the RET (Rearranged during Transfection)
tyrosine kinase receptor. It is important to note that RET is a tyrosine kinase receptor,
playing a crucial role in cell signaling pathways involved in cell growth, differentiation,
and survival. The biological activity of these compounds as potential RET inhibitors is of
particular interest due to the involvement of RET in various cancers, particularly thyroid

cancer and some forms of lung cancer.

The Gibbs free energy (AG) values obtained from the docking simulations offer a
quantitative measure of the ligand-protein interactions, with more negative values

indicating stronger binding.
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Compounds 3 and 7, have important binding energies interactions with the RET
receptor. Compound 3 forms a conventional hydrogen bond with ILE890 and several
hydrophobic interactions, while compound 7 interacts through a hydrogen bond with

ARG789 and a Pi-Cation interaction with ARG&854

Also the standard compound (alectinib) exhibits interactions, primarily relying on a

carbon hydrogen bond and hydrophobic interactions.

Table 4: AG (kcal/mol) for each ligand with protein (RET).

Ligand AG (kcal/mol)
3 -5.2
7 -5.6
Standard (alectinib) -7.2

Table 2: 3D and 2D for (3,7 and Standard) ligands against RET enzyme.

Compound 3 interaction

Interaction Distance Category Type

A:ILE890:HN - :UNL1:N 2.45117 Hydrogen Bond Conventional Hydrogen
Bond

A:VAL892:CG2 - :UNL1 3.78473 Hydrophobic Pi-Sigma

A:VAL892 - :UNL1 4.54808 Hydrophobic Alkyl

A:PRO934 - :UNL1 4.45101 Hydrophobic Alkyl

:UNL1 - A:VAL892 5.00294 Hydrophobic Pi-Alkyl

:UNL1 - A:LEU900 5.10055 Hydrophobic Pi-Alkyl

Compound 7 interaction
Interaction Distance category Type
A:ARG789:HH21 - 2.93466 Hydrogen Bond Conventional Hydrogen

16



:UNL1:0 Bond
A:ARG854:NH1 - :UNL1 4.33613 Electrostatic Pi-Cation
A:PRO934 - :UNL1 4.40121 Hydrophobic Alkyl
Standard interactions
Interaction Distance category Type
A:GLU935:CA - :UNL1:0 3.21679 Hydrogen Bond Carbon Hydrogen Bond
A:ILE890:CD1 - :UNL1 3.38069 Hydrophobic Pi-Sigma
A:HIS903 - :UNL1:C 4.53641 Hydrophobic Pi-Alkyl
A0
| V.
ILE890 — "
G \ { ,'}
o= :\\0 0 ;_'}’f
vm‘
A:892
PRO
A:934
LEU900
Interactions
m Conventional Hydrogen Bond 'j Alkyl
ﬁ Pi-Sigma |:| Pi-Alkyl

3D, 2D interactions of Compound 3 with RET receptor.
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3D, 2D interactions of Compound 7 with RET receptor.

4

3D, 2D mteractions of standard compound (alectinib) with RET receptor.
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3. EXPERIMENTAL

3.1. Instrumentations

Melting points were measured using a Gallan-Kamp device and are uncorrected. The

compounds' purity was confirmed by TLC and spectroscopic examination.

IR spectra were obtained using a Shimadzu 470 IR-spectrophotometer (KBr; vmax in cm-
1). The '"HNMR and 13C NMR spectra were obtained on a Varian A5 500 MHz
spectrometer with DMSO-d6 as the solvent and tetramethylsilane (TMS) as the internal
reference. Coupling constants (J values) are expressed in Hertz. Elemental studies were

carried out using a Perkin Elmer 2400 LS Series CHN/O analyzer.

Chemicals used in this work include ortho nitrobenzaldhyde, cyanothioacetamide,
piperidine, methyl iodide, ethyl chloroacetate, 2-chloroacetamide, chloroacetonitrile,
ethanol, and sodium acetate.3H20, sodium carbonate) were acquired from Sigma Aldrich

CO.

All the cancer eight cell lines (human liver carcinoma HEGP2, and HUH7, human
breast carcinoma MCF7, human colon carcinoma HCT116 and CACO2, human lung
carcinoma H460 and A459, and human osteosarcoma MG-63 and on normal human skin

cell line HSF) were obtained from national cancer institute, Cairo - Egypt:

3.2.1. 7-Acetyl-4-cyano-1,6-dimethyl-6-hydroxy-8-(2-nitrophenyl)-5,6,7,8-tetra-
hydroisoquinoline-3(2H)-thione (2).

A mixture of compound 1 (3. 3 g, 10 mmol), 2-cyanothioacetamide (1.0 g, 10 mmol) and
piperidine or morpholine (2 mmol) in ethanol (100 mL) was refluxed for 2 h. The yellow
crystals that formed on hot were collected, washed with methanol, dried in air to give
compound 2. Yield: 95 %; m. p: 279-280 °C. IR: 3411 (O-H); 3278 (N-H); 2979, 2922
(C-H, sp?); 2219 (C=N); 1690 (C=0, acetyl). 'H NMR: & 13.82 (s, 1H, NH); 7.3-7.82
(dd, J = 32, 29 Hz, 4H, 4Ar-H); 4.95- 5.03(d, J =28 Hz, 2H, OH, C®H), 3.08-3.11 (d, J
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=16.0 Hz, 2H, C°H, C'H), 2.82-2.85 (d, J =17.5 Hz, 1H, C°H); 1.94 (s, 6H, CHs,
COCH3);1.25 (s, 3H, CH3). Anal. calcd for C20H19N304S (397. 1): C, 60.44; H, 4.82; N,
10.57, Found C, 60.70; H, 4.80; N, 10.78%.

Reaction of compound 2 with ethyl iodide, ethyl chloroacetate, 2-chloroacetamide
or its N-aryl-2-chloroacetamides 8a-e; Synthesis of compounds 3, 4, 5 and 9a-e;

general method.

A mixture of 2 (10 mmol), appropirate halocompound (10 mmol) and sodium acetate
trihydrate (1.50 g, 11 mmol) in ethanol (100 mL) was refluxed for one hour. The solid
that formed after cooling was collected and then recrystallized from ethanol to give white

crystals of compounds 3, 4, 5 and 9a-e.5.

3.2.2. 7-Acetyl-4-cyano-1, 6-dimethyl-3-ethylthio-6-hydroxy-8-(2-nitrophenyl)-5,6,
7,8-tetrahydroisoquinoline (3): It was synthesized by reaction of 2 with ethyl iodide.
Yield: 87 %;168-170 m. p.: °C. IR: 3515 (O-H); 3066-2965 (N-H); 2932-2896 (C-H,
sp?); 2217 (C=N); 1705 (C=0, acetyl). 'H NMR: 7.19-7.82 (dd, J = 18 Hz, 17 Hz, 4H,
4Ar-H); 5.09 (d, J = 30 Hz, 1H, OH), 4.96- (s, Hz, 1H, C¥H), 3.12-3.19 (dt, J =12.6, 6.8
Hz, 4H, SCH2, C°H, C'H), 2.82-2.87 (dd, J =17.2, 5.5 Hz, 1H, C°H); 1.95-2.02 (m, 6H,
COCHs3, CH3);1.23 (s, 6H, 2 CH3). Anal. calcd for C22H23N304S (425.1): C, 62.10; H,
5.45; N, 9.88. Found C, 61.85; H, 5.87; N, 10.10 %.

3.2.3. Ethyl 2-[(7-acetyl-4-cyano-1,6-dimethyl-6-hydroxy-8-(2-nitrophenyl)-5,6,7,8-
tetra-hydroisoquinolin-3-yl)thio]acetate (4): It was synthesized by reaction of 2 with
ethyl chloroacetate. Yield: 91%; m. p.: 180-182°C. IR: 3445 (O-H); 2992(N-H); 2968,
2944 (C-H, sp?); 2214 (C=N); 1728,1714 (C=0, acetyl). 'HNMR : 7.62 (s, J = 8.0
Hz,1H, Ar-H); 7.60 (d, J=7.6 Hz, 1H, Ar-H); 7.52(d, J=8.0 Hz, 1H, Ar-H); 7.19-(d,
J =17.8 Hz, 1H, Ar-H); 5.13 (d, J = 9.7 Hz, 1H, OH) , 4.95(d, J = 33.2 Hz, 1H,
C3H),4.05-4.09( m, 4H, SCH2, OCH2) 3.16(t, J =12.6 Hz , 2H, C°H, C'H), 2.90 (d, J =
17.3 Hz, 1H, C°H);1.95 (sd, J = 18, 16 Hz 6H,CH3, COCHj3 ), 1.30 (m, 3H, CH3),
1.13(t, J = 7.1 Hz, 3H, CH3).
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3C NMR (101 MHz, DMSO) § 209.16, 168.94, 151.09, 149.34, 137.30, 134.13, 131.62,
129.01128.8, 125.31, 115.31, 104.52, 68.13, 65.05, 61.42, 43.48, 32.53, 31.84, 28.07,
24.03, 14.44.

Anal. calcd for C24H27N306S (485.2): C, 59.37; H, 5.60; N, 8.65. Found C, 57.95; H,
5.77; N, 8.80%.

3.24. 2-[(7-Acetyl-4-cyano-1,6-dimethyl-6-hydroxy-8-(2-nitrophenyl)-5,6,7,8-tetra-
hydroisoquinolin-3-yl)thio]acetamide (5): It is synthesized by reaction of 2 with
chloroacetamide. Yield: %;95 m.p.:210-211 °C. IR: IR: 3426 (O-H); 3312 (N-H); 2965
(C-H, sp?); 2222 (C=N); 1711 (C=0, acetyl). 'HNMR : & 7.82 (s, J = 8.0 Hz,1H, 1Ar-H);
7.57-7.48 (d,J=7.6 Hz, 4H, 2Ar-H, NH»); ; 7.15-(d, /=10 Hz, 1H, 1Ar-H); 5.09 (d,
J = 9.7 Hz. 2H, OH, C¥H), 3.86(m, 2H, C°H, C’H,), 3.15(dd, J =12.6,15, 2H, SCH>),
2.84 (d, J=17.3 Hz, 1H, C°H), 1.98 (s, 6H, COCHs, CH3), 1.25(s, 3H, CH3).

Anal. calcd for C22H2oN4OsS (454.13): C, 58.14; H, 4.88; N, 12.33%. Found: C, 58.55;
H, 4.95; N, 12.49%.

Reaction of compound 2 with ethyl chloroacetate, 2-chloroacetonitrile; Synthesis of

compounds 6, 7.

A mixture of 2 (10 mmol), appropirate halocompound (10 mmol) and sodium
carbonate (10 mmol) in ethanol (30 mL) was refluxed for one hour. The solid that formed
after cooling was collected and then recrystallized from ethanol to give white crystals of

compounds 6,7.

3.2.5. Ethyl 7-acetyl-1-amino-8-hydroxy-5,8-dimethyl-6-(2-nitrophenyl)-6,7,8,9-
tetrahydrothieno[2,3-c]isoquinoline-2-carboxylate (6): It was synthesized by reaction
of 2 with ethyl chloroacetate. Yield: 88%; m.p.: 285-286°C. IR: 3425 (O-H); 3343(N-H);
2981(C-H, sp?); 1728,1715,1705 (C=0, acetyl). '"H NMR : 10.45(s, IH, NH), 7.83 (s, J =
10.0 Hz, 1H, Ar-H), 7.69 (d, J = 7.6 Hz, 2H, 2Ar-H); 7.60(d, J = 8.0 Hz , 1H, Ar-H);
7.19-(d, J=7.8 Hz, 2H, NH>2); 5.13 (d, J=9.7 Hz 1H, OH) , 4.95(d, J = 33.2 Hz, 1H,
C®H),4.05-4.09( m, 4H, C°H, C’H , CH: acetate) 3.16(d, J =12.6, 6.8 Hz , 1H, C°H),
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2.90 (d, J = 17.3 Hz, 3H, CH3);1.95 (sd, J = 18.5 Hz, 3H, CH3, COCH3 ), 1.30 (m, 3H,
CH3), 1.13(t, J = 7.1 Hz, 3H, CH3).

Anal. caled for C24H27N306S (485.2): C, 59.37; H, 5.60; N, 8.65. Found C, 58.75; H,
5.69; N, 8.92 %.

3.2.6. 7-acetyl-1-amino-8-hydroxy-5,8-dimethyl-6-(2-nitrophenyl)-6,7,8,9-
tetrahydrothieno[2,3-c]isoquinoline-2-carbonitrile (7): It was synthesized by reaction
of 3a with chloroacetoniitrile. Yield: 93 %; m.p.:260-262 °C. IR: 3463 (O-H);
3332,3229 (N-H); 2961, 2915 (C-H, sp?); 2202 (C=N); 1709 (C=0, acetyl). 'H NMR: 3,
7.82(t, J = 63.0, 98.3 Hz, 1H,1 Ar-H),7.59 (t, J = 60.0, 58.3 Hz, 1H, 1Ar-H), 7.49(d, J =
60.0, 68.3 Hz, 1H, 1Ar-H), 7.15 (d, J = 61.0, 48.3 Hz, 1H,1 Ar-H); 6.52(s, 2H, CH>),
5.21 (d, J =38.8 Hz, 1H, OH), 4.74(s, 1H, C®H), 3.55 (d, J =16.0 Hz, 1H, C°H), 3.35(d,
1H, C'H),3.14(d, J =17.5 Hz, 1H, C°H); 2.07 (d, 6H, COCH3, CH3);1.32 (s, 3H, CH3).

13C NMR (101 MHz, DMSO) & 209.67 ,158.96, 158.37, 152.52, 149.51, 144.26, 137.83,
133.86, 131.71 ,128.81, 128.38, 125.24, 121.49, 116.22, 73.89, 67.82, 64.80, 41.95,
31.83, 28.40, 24.15.

Anal. calcd for C23H20N405S(464.1): C, 59.47; H, 4.34; N, 12.06. Found C, 59.71; H,
4.22; N, 12.21 %.

3.2.7. 2-[(7-Acetyl-4-cyano-1,6-dimethyl-6-hydroxy-8-(2-nitrophenyl)-5,6,7,8-tetra-
hydroisoquinolin-3-yl)thio]-N-phenylacetamide (9a). It was synthesized by reaction of
2 with N-phenyl-2-chloroacetamide (9a). Yield: 96%; m. p.: 183-186 °C. IR: 3476 (O-
H); 3308, 3139 (N-H); 2970, 2918 (C-H, sp?); 2216 (C=N); 1687(C=0, acetyl).

'"H NMR (400 MHz, DMSO) 6 10.19 (s, 1H, NH), 7.85 (d, J = 7.9 Hz, 1H, Ar-H), 7.55
(m, 4H, 4Ar-H), 7.25 (m, 3H, 3Ar-H), 7.11 (d, J = 7.3 Hz, 1H, Ar-H), 5.12 (d, J = 9.6 Hz,
1H, OH), 4.94 (s, 1H, C3H), 4.10 (m, 2H, SCH2), 3.17 (dd, J = 29.1, 13.5 Hz, 2H, C°H,
¢H), 2.91 (d, J = 17.2 Hz, 1H, C°H), 1.98 (d, J = 29.0 Hz, 6H, COCH3, CH3), 1.30 (s,
CH3, 3H).

13C NMR (101 MHz, DMSO) 6208.28, 166.79, 160.51, 160.21, 160.00, 150.79, 149.93,
149.62, 139.09, 137.85, 134.12, 131.95 ,131.62, 129.61, 125.03, 119.99, 115.71 ,101.17,
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72.42, 68.13, 67.94, 66.99, 65.07, 43.47, 40.50, 40.30, 40.09, 39.88, 39.67, 35.27, 31.82,
28.08, 24.06.

Anal. Calcd. for C2s8H26N4OsS (530.16): C, 63.38; H, 4.94; N, 10.56 %. Found: C, 63.55;
H, 5.00; N, 10.45%.

3.2.8. 2-[(7-Acetyl-4-cyano-1,6-dimethyl-6-hydroxy-8-(2-nitrophenyl)-5,6,7,8-tetra-
hydroisoquinolin-3-yl)thio]-N-(4-tolyl)acetamide (9b). It was synthesized by reaction
of 2 with N-(4-tolyl)-2-chloroacetamide (9b).Yield: 94%, m. p.: 209- 210°C. IR: IR:
3457 (O-H); 3305 (N-H); 3005, 2918(C-H, sp?); 2215 (C=N); 1693 (C=0, acetyl).

"H NMR (400 MHz, ) 6 10.10 (s, 1H, NH ), 7.85 (d, J = 8.2 Hz, 1H,Ar-H), 7.59 (d, J =
7.7 Hz, 1H, Ar-H), 7.50 (t, J = 7.6 Hz, 1H, Ar-H), 7.40 (d, J = 8.4 Hz, 2H, 2Ar-H), 7.19
(d, J=7.8 Hz, 1H, Ar-H), 7.08 (d, J = 8.3 Hz, 2H, 2Ar-H), 5.12 (d, / = 9.6 Hz, IH,OH),
4.94 (s, 1H, C®H), 4.17 — 4.05 (m, 2H, SCH2), 3.17 (dd, J = 28.9, 13.4 Hz, 2H, C°H,
C’H), 2.90 (d, J = 17.2 Hz, 1H, C°H), 2.24 (s, 3H, CHz3), 2.00 (d, J = 29.1 Hz, 6H
COCH3, CH3), 1.30 (s, 3H, CH3).

13C NMR (101 MHz, DMSO) § 209.22, 166.20, 160.50, 158.29, 137.35, 136.86, 134.13,
132.77, 131.60, 129.56, 128.96, 128.59, 125.29, 119.64, 115.41, 104.48, 68.13, 65.04,
56.51,43.47,35.22, 31.84, 28.06, 24.07, 20.86.

Anal. Calcd. Anal. calcd for Ca9H2s8N4OsS (544.18): C, 63.95; H, 5.18; N, 10.29 %.
Found: C, 64.12; H, 5.21; N, 10.19 %.

3.2.9. 2-[(7-Acetyl-4-cyano-1,6-dimethyl-6-hydroxy-8-(2-nitrophenyl)-5,6,7,8-tetra-
hydroisoquinolin-3-yl)thio]-N-(4-acetylphenyl)acetamide (9c): It was synthesized by
reaction of 2 with N-(4-acetylphenyl)-2-chloroacetamide (9¢). Yield: 96 %; m. p.: 210-
212°C: IR: 3447 (O-H); 3267 (N-H); 3005, 2973(C-H, sp?); 22156 (C=N); 1685 (C=0,
acetyl). '"H NMR (400 MHz, DMSO) & 10.55 (s, 1H, NH), 7.87 (dd, J = 22.1, 8.2 Hz,
3H,Ar), 7.67 (d, J = 8.3 Hz, 2H, 2Ar-H), 7.58 (d, / = 7.5 Hz, 1H, Ar-H), 749 (d, J = 7.8
Hz, 1H, Ar-H), 7.18 (d, J = 7.8 Hz, 1H, Ar-H), 5.11 (d, J = 9.7 Hz, 1H, OH), 4.94 (s, 1H,
C3H ), 4.21 (m, 2H, SCH2), 3.27 (dd, J = 28.3, 13.5 Hz, 2H, C°H, C'H),2.91 (d, J=17.3
Hz, 1H, C°H ), 2.51 (s, 4H, C7, CH3), 2.04 (s, 3H,CO CH3), 1.93 (s, 3H, CH3), 1.30 (s,
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3H,CH3). '3C NMR (101 MHz, DMSO) & 209.72 ,167.54, 167.41, 160.52, 158.09,
150.97, 149.25, 143.55, 137.10, 134.14, 132.30, 131.50, 129.93, 129.00, 125.25, 118.90,
115.37, 104.38, 68.16, 64.69, 43.45,35.27, 33.27, 32.11, 27.88, 26.75, 23.93.

Anal. Calcd. for C30H28N4O6S (572.17): C, 62.92; H, 4.93; N, 9.78%. Found: C, 62.80;
H, 5.12; N, 9.89 %.

3.2.10. 2-[(7-Acetyl-4-cyano-1,6-dimethyl-6-hydroxy-8-(2-nitrophenyl)-5,6,7,8-tetra-
hydroisoquinolin-3-yl)thio]-N-(4-chlorophenyl)acetamide (9d): It was synthesized by
reaction of 2 with N-(4-chlorophenyl)-2-chloroacetamide (9d). Yield: 92 %; m.p.: 202-
204°C. IR: 3539 (O-H); 3218 (1H, N-H); 3029, 2976 (C-H, sp?); 2209 (C=N); 1716,1697
(C=0, acetyl) . '"HNMR : & (400 MHz) & 10.34 (s, 1H, NH), 7.85 (d, J = 8.0 Hz, 1H, Ar-
H), 7.65 — 7.44 (m, 4H, 4Ar-H), 7.32 (d, J = 8.8 Hz, 2H, 2Ar-H), 7.18 (d, J = 7.8 Hz, 1H,
Ar-H), 5.11 (d, J = 9.8 Hz, 1H, OH), 4.94 (s, 1H, C®H), 4.13 (d, J = 5.2 Hz, 2H, SCH>),
3.19 (dd, J = 26.8, 13.5 Hz, 2H, C°H, C'H), 2.90 (d, J = 17.4 Hz, 1H, C°H), 2.04 (s, 3H,
CH3), 1.95 (s, 3H, CO CH3), 1.30 (s, 3H, CH3). 3*CNMR : § (101 MHz, DMSO) &
209.30, 166.74, 160.49, 158.18, 151.04, 149.28, 138.31, 137.30, 134.15, 131.58, 129.13
,128.9, 127.36, 125.31, 121.07, 115.43, 104.38, 68.09, 64.98, 56.51, 43.48, 35.22, 31.89,
27.99, 24.07.20.01. Anal. Calcd. For C28H25CIN4OsS (564.12) : C, 59.52; H, 4.46; N,
9.92%. Found : C, 59.63; H, 4.20; N, 9.99%.

3.2.11. 2-[(7-Acetyl-4-cyano-1,6-dimethyl-6-hydroxy-8-(2-nitrophenyl)-5,6,7,8-tetra-
hydroisoquinolin-3-yl)thio]-N-(4-methoy- phenyl)acetamide (9e¢): It was synthesized
by reaction of 2 with N-(4-methoxyphenyl)-2-chloroacetamide (9e). Yield: 89 %; m.p.:
195-197 °C. IR: 3583 (O-H); 3303 (N-H); 2998-2944 (C-H, sp?); 2213 (C=N); 1698
(C=0, acetyl). '"H NMR (400 MHz, DMSO) 8 10.05 (s, 1H, NH), 7.86 (d, J = 8.0 Hz, 1H,
Ar-H), 7.65 — 7.36 (m, 4H, 4 Ar-H), 7.19 (d, J = 7.8 Hz, 1H, Ar-H), 6.85 (d, J/ = 8.7 Hz,
2H, 2Ar-H), 5.12 (d, J = 9.6 Hz, 1H, OH), 4.94 (s, 1H, C®H), 4.10 (d, J = 6.8 Hz, 2H,
SCH>), 3.71 (s, 3H, OCH3), 3.18 (dd, J = 27.9, 13.5 Hz, 2H, C'H, C°H), 2.91 (d, /= 17.3
Hz, 1H, C°H), 2.01 (d, J = 24.9 Hz, 6H, COCH3, CH3), 1.30 (s, 3H, CH3).
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13C NMR (101 MHz, DMSO) & 209.24, 165.96, 160.50, 158.30, 155.80, 150.98, 149.33,
137.34, 134.13, 132.50, 131.60, 128.97, 128.58, 125.28, 121.22, 115.41, 114.36, 104.49,
68.13, 65.03, 55.63,40.64, 35.13, 31.86, 28.06, 24.08.

Anal. Caled. for C20H27N4O6S (559.2): C, 62.24; H, 4.86; N, 10.01. Found: C, 62.38; H,
4.90; N, 9.89%.

4. Synthesis of 7-Acetyl-1-amino-2-(N-arylcarbamoyl)-5,8-dimethyl-8-hydroxy-6-(2-
nitrophenyl,  3-nitrophenyl or  4-nitrophenyl)-6,7,8,9-tetrahydrothieno[2,3-

clisoquinolines 10a,d; general methods.
4.1. Method A)

To a suspension of 9a, d (10 mmol) in abs. ethanol (60 mL), a methanolic sodium
methoxide was added (prepared by dissolving 0.25 g of sodium in 30 ml of methanol).
The reaction mixture was stirred for one hour at room temperature. The yellow solid that
formed after dilution with water (60 ml) was collected, washed with water, dried in air

and then recrystallized from dioxane to give 10a, d respectively.

4.1.1. 7-Acetyl-1-amino-5,8-dimethyl-8-hydroxy-6-(2-nitrophenyl)-N-phenyl-6,7, 8,9-
tetrahydrothieno[2,3-c]isoquinoline-N-phenyl-2-carboxamide (10a).

It was obtained by cyclization of compound 9a. Yield: 93%; m. p.: 286-290°C. IR: 3585
(O-H); 3432 (N-H); 2925 (C-H, sp?); 1697 (C=0, acetyl). 'H NMR (400 MHz, DMSO)
0 9.40 (s, 1H, NH), 7.80 (d, J = 8.0 Hz, 1H, Ar-H),7.60 (m, 2H, 2Ar-H), 7.50 (d, /= 7.8
Hz, 1H, Ar-H), 7.33 (d, J = 8.7 Hz, 1H, Ar-H), 7.18 (d, J = 9.6 Hz, 2H, 2Ar-H), 7.1 (m,
4H, NHaz, 2 Ar-H), 5.21 (d, J = 6.8 Hz, 1H, OH), 4.78 (s, 1H, C®H), 3.56 (dd, J = 27.9,
13.5 Hz, 2H, C°H, C'H), 3.1 6 (d, J = 17.3 Hz, 1H, C°H), 2.07 (d, J = 28 Hz, 6H,
COCHs3, CH3), 1.34 (s, 3H, CH3).

13C NMR (100 MHz, DMSO) & 166.86, 149.79, 128.85, 128.72, 122.02, 121.84, 108.92,
67.91, 40.79, 40.56, 40.34, 32.52, 32.21, 28.49, 28.35, 28.17, 27.86, 7.05.
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Anal. Calcd. for C2s8H26N4OsS (530.16): C, 63.38; H, 4.94; N, 10.56 %. Found: C, 63.57;
H, 5.12; N, 10.22%.

4.1.2. 7-Acetyl-1-amino-N-(4-chlorophenyl)-5,8-dimethyl-8-hydroxy-6-(2-nitro-
phenyl)-6,7,8,9-tetrahydrothieno[2,3-c]isoquinoline-2-carboxamide (10d). It
was obtained by cyclization of compound 9d. Yield:94 %; m. p.: 300-301°C. IR: 3450
(O-H); 2924 (C-H, sp?); 1698 (C=0, acetyl). 'H NMR (400 MHz, DMSO) & 9.52 (s,
1H, NH), 7.83 (d, J = 8.0 Hz, 1H, Ar-H), 7.74 (d, 2H, 2Ar-H), 7.59 (d, J = 7.8 Hz, 1H,
Ar-H), 7.50 (d, J = 8.7 Hz, 1H, Ar-H), 7.38 (d, J = 9.6 Hz, 2H, 2Ar-H), 7.15 (m, 3H,
NHa, Ar-H), 5.21 (s, 1H, OH), 4.78 (s, 1H, C°®H), 3.50 (dd, J = 25, 27 Hz, 2H, C°H, C'H),
3.2 (s, 1H, C°H), 2.09 (d, J = 28 Hz, 6H, COCH3, CH3), 1.34 (s, 3H, CH3).

Anal. Calcd. for C2sH25CIN4OsS (564.12): C, 59.52; H, 4.46; N, 9.92%. Found: C, 60.03;
H, 4.32; N, 9.84%.

4.2. Method B).

To mixture of compound 3a-¢ (10 mmol) and respective N-aryl-2-chloroacetamide 9a-e
(10 mmol) in ethanol (60 mL) a methanolic sodium methoxide (1.30 g) was added. The
resulting mixture was refluxed for 110 mins hours. The solid that formed while hot was

recrystallized from dioxane to give compounds 10a, d; yield: 80-86%.
5.1 Cytotoxicity against human cancer cell lines

In this work, all produced compounds anticancer activity were assessed for ICso against
two cell lines HEPG2 and HCT116 cells were examined using the sulphorhodamine-B
(SRB) test. Cells were seeded at a density of 3 *103 cells/well in 96-well microtiterplates
[34]. They were allowed to connect for 24 hours before incubating with our compounds.
Cells were treated with various doses of our synthesized compounds (0, 12.5, 25, 50, and
100 pg/mL). For each concentration, three wells were employed, and the incubation
period lasted 48 hours. DMSO was employed as the control vehicle (1% v/v). At the end
of the incubation, the cells were fixed with 20% trichloroacetic acid and stained with

0.4% SRB dye. The optical density (O.D.) of each well was measured
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spectrophotometrically at 570 nm with an ELISA microplate reader. The proportion of
cell survival was determined as follows: Survival fraction = O.D. (treated cells) / O.D.
(control cells). Sigmoidal dose-response curve-fitting models (GraphPad Prizm software,
version 5) were used to obtain the ICso (concentration that inhibits cell growth by 50%)

for each chemical.
5.2. Cell cycle analysis:

The cell cycle arrests of compound 3 against HEGP2 at their ICso concentration was
carried out according to Abcam method (code ab139418), (www.abcam.co.jp) . Thus,
HEPG2 cells were collected using 75% ice-cold ethanol and kept at -20 °C for 1 hour
following treatment with an ICso dose of our compounds 3. The cells were then
centrifuged, washed twice with ice-cold PBS, and incubated at 4°C for 20 minutes. The
cell cycle was assessed using a flow cytometry kit (Propidium Iodide [ab13941]). Finally,
use the Cell Quest software to undertake statistical analysis of the cell fractions in sub-

GO0/Gl1, S, and G2/M phases [35,36].
5.3. Annexin-V FITC apoptosis assay

The Annexin-V FITC apoptosis assay of compounds 3 against HEPG2 at their 1Cso
values was performed according to (BioVision Research Products (code k101-25).
(www.biovision.com).Thus, HEPG2 cell line were treated with (6.4 uM) of the
compound 3 for 24 h then collected by trypsin, centrifuged then rinsed with PBS and
suspended in binding buffer, then dual-stained with Annexin V-FITC (5 pL) and
propidium iodide (5 pL) in the dark for 15 min at romm temp. using flow cytometry to
measure the cells with an excitation wavelength of 488 nm and an emission wavelength

of 530 nm. The final results were analyzed with the Cell quest software [37, 38].

6. docking Materials and Methods
Molecular docking studies were performed in (I Mole Lab for bioinformatics-Cairo).

6.1. ligand Preparation:
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The retrieved Ligands structures were subjected to energy minimization using the
Avogadro 1.2.0 software with the MMFF94 force field [39].

6.2. Protein Target Selection and Preparation:

The selected target was RET tyrosine kinase receptor (UniProt ID: Q9UMQ4). The

protein structures were prepared using AutoDock Tools 1.5.7 [40].
6.3. Binding Site Identification:

The potential binding pockets on the selected protein targets were identified using the

CB-Dock 2 webserver [41].
6.4. Molecular Docking:

Molecular docking studies were performed between the energy-minimized
phytochemicals and the prepared protein targets using AutoDock Vina (Eberhardt et al,

2021) to predict the binding affinities and investigate the intermolecular interactions [42].
6.5. Data Analysis and Visualization:

The results from molecular docking prediction were analyzed using appropriate
computational tools and software. The visualization of protein-ligand interactions and the

generation of figures were performed using.
7. Conclusion

This paper introduced a new series 5,6,7,8 tetrahydroisoquniolines and related
tetrahydrothieno[2,3-c] isoquinolines based on 4-(2-nitrophenyl) moieties. These
compounds were evaluated for their anticancer activity against two cell line HEPG2 and
HCT116, Moreover, the cell cycle arrest and apoptosis induction of compound 3 was
studied, which caused cell cycle arrest of HEPG2 cell line at G2/M phase and caused
high increase in the early and late apoptosis and necrosis by 50%. Furthermore, the
molecular docking of two compounds 3, 7 were studied they give good interaction with

the RET enzyme. In the future we intend to synthesis more series of 5,6,7,8-
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tetrahydrothieno[2,3-c] isoquinolines to studied there in vitro anticancer against several

cell lines. Also to apply the in vivo anticancer study.
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