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New tetrahydroisoquinolines bearing s

nitrophenyl group targeting HSP90 and RET
enzymes: synthesis, characterization
and biological evaluation
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Abstract

In this study, new tetrahydroisoquinoline compounds were synthesized by reaction of 7-Acetyl-4-cyano-1,6-di-
methyl-6-hydroxy-8- (3-nitrophenyl or 4-nitrophenyl)-5,6,7 8-tetrahydrosoquinoline-3(2H)-thiones with methy!

iodide, chloro acetonitrile, ethyl chloroacetate to produce compounds 3-5 and reacted with N-arylchloro-
acetamides reagents to gave tetrahydroisoquinolin-3-ylthio) acetamides compounds 6a-¢, 8a-b which can

cyclized to 6,7,8,9-tetrahydrothieno[2,3-c]lsoquinoline-2-carboxamides compounds 7a-c, 9a-b. Also react

with N-(benzthiazol-2-yl)-2-chloroacetamideto give compound 10. The structures of all newly synthesized com-
pounds were characterized by elemental and spectral analyses. Also, most of the synthesized compounds were
evaluated for their anticancer activities aganist MCF7 and HEPG2 cell lines. From the result we found that the most
active compound against the MCF7 cell lines was compound 8b, and the most active compound against HEPG2 cell
lines was compound 3. Then the effects of compound 3 on the HEPG2 cell line was investigated using an apoptotic
Annexin V-FITC test and flow cytometry. Compound 3 induced a 59-fold increase in HEPG2 cell line apoptosis and cell
cycle arrested at the GO-G1, G2/M phases. Moreover, the molecular docking study was applied and the result showed
that compounds 8b bind to the RET enzyme with binding energies of —6.8 kcal/mol in comparison with standard
alectinib, which exhibits a binding energy of —7.2 kcal/mol. Compound 3 can bind with HSP 90 with a binding
energy (AG) of —6.8 kcal/mol, which was comparable to the standard Onalespib (- 7.1 kcal/mol).
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Introduction

Cancer is unbalanced cell proliferation results from
changes in genetic expression, which causes cells to
divide uncontrollably [1, 2]. Cancer is a form of heredi-
tary disease. It is the main factor that causes mortal-
ity and morbidity [3]. Treating cancer diseases has been
an important issue [4]. Common method, such as sur-
gery, chemotherapy, and radiotherapy were used but in
recent years more safe methods for cancer treatment are
favorable like stem cell therapy, targeted therapy, abla-
tion therapy, nanoparticles, natural antioxidants and new
anticancer chemical compounds [4].

Liver cancer is the most prevalent cause of cancer-
related fatalities, and it ranks sixth in the US [5]. Only
this cancer has an annual percentage rise in frequency
among the top five deadly cancers [6, 7]. Developed
countries have Liver diseases are more common in
developing nations [8]. Liver cancer can caused by hep-
atitis B and C viruses [9], fatty liver disease, cirrhosis

caused by alcohol [7], smoking, obesity, diabetes, iron
overload, and other dietary exposures are risk factors.
Nevertheless, the success rate of chemotherapeutic
therapy is less than one-third of patients, and after a
few months of the program’s initiation, medication
resistance develops [10, 11]. Eating more fruits and veg-
etables reduces the chance of acquiring cancer, accord-
ing to a European study [10-12]. Some chemicals
exhibited cytotoxicity to cancer cells while leaving non-
cancerous cells unharmed [13] such as Piperine, inhib-
its enzymes required for drug metabolism, implying
that co-administration with existing chemotherapeu-
tic medicines may be used to raise plasma concentra-
tions [14]. Furthermore, polysaccharides derived from
Tricholoma matsutake and Lentinus edodes enhance
the inhibitory effect of 5-fluorouracil (5-FU) [15].
Moreover, tetrahydroisoquinoline compounds have the
potential to treat liver cancer. For example, 3-aryliso-
quinoline-based natural products based on corydamine
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exhibited a significant inhibitory effect, and mecha-
nistic studies suggested that the compound was a dual
inhibitor of Topo I and Topo II, with Topo II inhibitory
activity [16]. Additionally, the 1-styrenyl isoquinoline
compound demonstrated anticancer properties against
Huh7 and SK-Hep-1 cells [17].

Breast cancer is the most frequent type of cancer in
women worldwide, accounting for 2.26 million cases
annually, 11.7% of all cancer cases, and 24.5% of female
cancer cases [18, 19]. Cytotoxic chemotherapy medi-
cations, including capecitabine, 5-fluorouracil (5-FU),
doxorubicin, epirubicin, gemcitabine, methotrexate,
paclitaxel, tamoxifen citrate, and nucleosides, are the
standard treatment for breast cancer [20]. They are still
considered hazardous compounds even though they have
been linked to negative long-term side effects [20, 21]. An
ongoing research project is underway to develop effective
new drugs or improve chemotherapy regimens.

A new compounds derivative based on tetrahy-
dro-[1,2,4]triazolo[3,4-a]isoquinolin-3-yl)—3-arylprop-
2-en-1-one was produced and evaluated on mouse
(Luc-4T1) and human (MDA-MB-231) breast cancer cell
lines [18]. Also, a cycloplatinated (II) complex based on
isoquinoline alkaloid induces ferritinophagy-dependent
ferroptosis in triple-negative breast cancer cells [22].

Another, methods for decrease cancer diseases spread-
ing are inhibition the enzymes responsible for cancer
multiplicity and spreading like DHFR, CDK2, RET, TUL-
BIN, HSP90, HSP70, EGR...etc.

A molecular chaperone known as heat shock pro-
tein 90 (HSP90) is required for the stability and func-
tionality of a number of conditionally activated and/or
expressed signaling proteins [23, 24], as well as a number
of mutant, chimeric, or overexpressed signaling proteins
that promote the survival, proliferation, or both of can-
cer cells [25]. Through their specific engagement with
a single molecular target, HSP90 inhibitors inactivate,
disrupt, and eventually destroy HSP90 client proteins. It
has shown promising antitumor potential in preclinical
model systems [26-28].

The tyrosine kinase receptor, or RET, often engages
in interactions with ligands at the cell surface and is
essential for a variety of cellular processes, including as
migration, metabolism, survival, differentiation, and pro-
liferation [29]. At every stage of life, RET is expressed,
starting at the very beginning of embryogenesis. A vari-
ety of aggressive diseases, such as Hirschsprung disease
and cancer, are brought on by mutations that either acti-
vate or suppress RET [29]. Because the RET receptor is
essential for hunger, weight gain management, and the
survival and maintenance of multiple sclerosis, its impor-
tant to inhibat RET enzyme to decrease disease spread-
ing specially cancer diseases [30].
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The 5,6,7,8-tetrahydroisoquinoline ring system is
a structural element of numerous alkaloids [31, 32].
5,6,7,8-Tetrahydroisoquinoline compounds have biologi-
cal activities like enzyme inhibitors against many types
of enzymes like DHFR, CDK2, RET, HSP90, EGFR and
tulbin [33-36] and viral infections [37]. Also the were
reported to have anticonvulsant properties [38]. Antibac-
terial [39], neurotropic [40], and antibacterial properties
[41]. Also, 5,6,7,8-tetrahydroisoquinoline compounds
have been used as anticancer agents [42—44].

On the other hand, numerous nitro-group-containing
compounds have been shown to have a wide range of
applications in biochemistry and medicine, including
antioxidants and anticancers [45-48].

In light of the foregoing discoveries and as a continu-
ation of our previous [49-52] work on tetrahyroisoqui-
nolines, the purpose of this research was to synthesize
and analyze the title compounds in the hope that these
new compounds will find useful applications as anti-
cancer drugs. And the difference between this work and
pervious nitrophenyl tetrahydroisoquinoline work are:
(a) In this article we synthesized meta and pare tetrahy-
deroisoquinolines but in the previous study we use ortho,
tetrahyderoisoquinolines. (b) We used different cell lines
HEPG2, MCF?7. (c) We used different enzymes RET and
HSP90.

Results and discussion

Synthesis part

Cyclocondensation of  2,4-diacetyl-5-hydroxy-5-me-
thyl-3-(2-nitrophenyl, 3-nitrophenyl, or 4-nitrophenyl)
cyclohexanones la-b with 2-cyanothioacetamide by
refluxing in ethanol using pipridine as a basic cata-
lyst formed the starting components are 7-acetyl-
4-cyano-1,6-dimethyl-6-hydroxy-8-(3-nitrophenyl,  or
4-nitrophenyl)—5,6,7,8-tetrahydrosoquinoline-3(2H)-
thiones 2a—b (Scheme 1).

Refluxing compounds 2a—b with halocompounds like
methyl iodide, ethyl chloroacetate, and chloroacetonitrile
in ethanol with slightly excess sodium acetate trihydrate
for one hour resulted in the formation of 3-(un)substi-
tuted methylthio-5,6,7,8-tetra-hydroisoquinoline-4-car-
bonitriles 3-5 (Scheme 1).

Also, compounds 2a-b reacted with N-aryl-2-chlo-
roacetamides III(a-c) to produce the correspond-
ing N-aryl-(5,6,7,8-tetrahydroiso-quinolin-3-ylthio)
acetamides 6a—c in excellent yields. Compounds 6a—c
undergo cyclization by heating with catalytic quantities
of sodium ethoxide in sodium carbonate 3 h to provide
the equivalent 7-acetyl-1-amino-N-aryl-5,8-dimethyl-
8-hydroxy-6-(3-nitrophenyl/4-nitrophenyl)—6,7,8,9-
tetrahydrothieno[2,3-c]Isoquinoline-2-carboxamides
7a—c. Compounds 7a—c were also synthesized via heating



Bakhite et al. BMC Chemistry (2025) 19:46 Page 4 of 20

R
I
AcONa3H,0/ EtOH
2a, R=NO,(3)
1 b, R= NO,(4)
H i
N M
a’ Y C'ﬁof '
0 IMI(a-c)
III (a-c)
< T
AcONa3H,0/ EOH 2?6%03/
H
N
S/ﬁ( Mr
0
6a-c
Ta-c
Na,CO/ EtOH
Compd. R Yeild % compd| R Ar compd. | Ar
3 H  NOy3) 6a7a | NO,(3) |CgH;COMe (a)=Ili(b) | C4HsCOMe
4 COEt NOo3) 6b,7b | NO,(4) | C¢HsCOMe Mli(c) CeHsCl
5 CN  NO,(4) 6c | NOy4) |CgHsCI
7c | NO,(3) |CgHsCI

Scheme 1 Synthesis of compounds 2a-b, 3-5, 6a—c, 7a—c

compounds 2a-b with the respective N-aryl-2-chloro- ethanol, in the presence of slightly excess molar amounts
acetamides III(a—c) in absolute ethanol in the presence of sodium acetate trihydrate, for one hour gave the cor-
of slightly excess molar amounts of sodium carbonate responding N-(1-naphthyl)-(5,6,7,8-tetrahydroisoquino-
for 3 h (Scheme 1). Conversion of 6a—c into the corre- lin-3-ylthio)acetamides 8a, b which can cyclized to 9a, b
sponding 7a—c obeys intramolecular Thorpe-Ziegler  (Scheme 2).
cyclization. In contrast, reaction of 2a with N-(benzthiazol-
In a similar manner, reaction of compound 2a—b with ~ 2-yl)-2-chloroacetamide (V) under the same
N-(1-napthyl)—2-chloroacetamide (IV) by refluxing in (above) conditions vyielded the cyclized form
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1-amino-2-[(N-(benzthiazol-2-yl)]-6,7,8,9-tetrahydro-
thieno[2,3-c]isoquinoline-2-carboxamide 10 directly
(Scheme 2).

The FT-IR, ! HNMR, *CNMR spectra of all synthe-
sized compounds were in agreement with the expected
results (supplementary date S1-S42).

Cytotoxic activity

Compounds 3-5, 12, 2a, 6a, 7a, 8a, 8b and 9b were
evaluated against nine human cancer cell lines at a sin-
gle concentration point of 100 pg/ml to determine their
inhibitory efficacy. The cell lines are: (human liver car-
cinoma (HEPG2 and HUH7?). human breast carcinoma

AcONa/ EtOH

S

10, R = NOy(3) @

(MCF7), colon carcinoma human (HCT116 and
CACO2). human lung carcinoma (H460 and A459).
human osteosarcoma (MG-63). normal human skin cell
line (HSF) (Table 1, Fig. 1). According to the results in
(Table 1, Fig. 1), all synthetic compounds are more tar-
geted and have a lower percentage of inhabitation against
the human skin cell line HSF than doxorubicin (positive
control), indicating that they are safer for normal cell
lines. The raw data can be found in supplementary Table
(S1-S4), Figure (S43-S44).

Using the MTT test method, the in vitro cytotoxicity
of our synthesized compounds at different doses rang-
ing from 0 to 100 g/MI was examined in two cell lines,
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Table 1 Inhibition activity in one spot 100 pg/ml concentration
of all compounds against normal skin cell line HSF in compared
with Doxorubicin

Compd.no Inhibition percent Compd.no Inhibition
of HSF cell line percent of HSF
cell line
3 52 8a 59
50 8b 50
5 70 9b 58
10 56 Doxorubicin 60
2a 48
6a 56
7a 55

HEPG2 and MCF?7, to examine 50% of the cancer cells
dying.

According to the results (Fig. 2, Table 2) two com-
pounds, 3 and 2a, showed the most potent cytotoxic
activity against HEPG2, with IC;, values of 75 and
82 g/ml, respectively when compared to the stand-
ard doxorubicin for the raw data, see (Table S3) in the
accompanying information.

Also four compounds 8b, 3, 5 and 2a exhibited sig-
nificant cytotoxic action against MCF7, with corre-
sponding IC., values of 12, 33, 33 and 35 g/ml (Fig. 3,
Table 2). For the raw data in the supporting informa-
tion (Table S4).

BY calculating the selectivity index (SI) of the syn-
thesized compounds and Doxorubicin. (SI)=I1C,, of
compound in normal cell lines \IC;, of the same com-
pound in cancer cells [53, 54]. The synthesized com-
pounds show selectivity index and the compounds 3, 4,
4, 2a, 6a and 8b showed SI >2 when divided on MCF7
cell line that mean that this compounds safe and selec-
tive as anticancer drugs.

Cell cycle arrest of HEPG2 Cells

After adding compound 3, we explore the growth
inhibitory cell cycle mechanism of HEPG2 cell lines
using DNA flow cytometry to examine the control and
advancement of the cell cycle in HEPG2 cancer cells.
Compound 3 was incubated with HEPG2 cells for 48 h
at an IC;, of 75 pg/ml. When compound 3 was applied
to HEPG2 cells, the cells cycled between the GO0-G1
and G2/M phases (Fig. 4, Table 3). The G2/M phase
fraction increased from 12.12% (in control cells) to
25.67%. Compound 3 can also stop HEPG2 cells at the
GO0-G1% stage of the cell cycle, with an increase in the
G0-G1phase fraction from 34.54 to 40.10.
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Apoptosis induced

When compound 3 was applied to HEPG2 cells, early
and late cellular apoptosis increased (from 0.20 to
13.45%) and (from 0.31 to 16.78%), respectively, accord-
ing to the results of the Annexin V-FITC/PI assay.
Showing a marked rise in overall apoptosis relative
to the untreated control. Furthermore, (Table 4 and
Figs. 5 and 6) show that the percentage of necrotic
cells increased from 1.36 to 2.96%. HEPG2 cell death
increases by 59 times following treatment with com-
pounds 3. Therefore compound 3 has a biological
mechanism that inhibits the proliferation of HEPG2
cells and has cytotoxic effects against cancer.

Structure activity relationship (SAR)

The antiprofilate activity of tetrahydroisoquinoline is
enhanced by its pyridine and benzene rings [31, 32, 43,
55-63]. Additionally, the three chiral centers in the
synthesized compounds show the potential interac-
tion with chiral biological molecules within cells, such
as proteins, sugars, amino acids, enzymes, and nucleic
acids [64—66]. The biomolecules can interact with the
Asymmetric carbon centers with a variety of functional
groups like acetyl, methyl, hydroxyl, cyano, amino in the
cyclic form which found in our synthesized compounds.
This interaction could result in biological activities such
antioxidant, enzyme-inhibitory, and anticancer effects.
Moreover, nitro groups allow for the formation of ionic
connections with donor groups in the enzymes, which
may enhance the biological activity [45-48]. Addition-
ally, the synthesized compounds have high purity unless
they three stereogenic centers, which means that each
compound could have eight diastereomers. But due to
the potential for hydrogen bonds between the acetyl and
hydroxyl groups two chiral center cancel each other [49,
67-69]. According to the Structure—Activity Relationship
(SAR) (Scheme 3) of the function group in the produced
compounds and the anticancer activity, tetrahydroisoqui-
noline plays a significant role in biological activity [31,
32, 43, 55-60]. And the function groups were the mainly
cause of biological activities. Compounds with carboxyl
groups have been shown to exhibit anticancer properties
against colon, breast, and lung cancer [70-72]. Methyl
group-containing compounds are cytotoxic to lung,
breast, and colon cancer cell lines [73]. Amino group-
containing compounds show anticancer properties
against lung and breast cancer [74]. Chlorine-containing
compounds have anticancer effects on lung and breast
cancer [75, 76]. Additionally, nitrile-group chemicals
are cytotoxic to breast and lung cancer [77, 78]. Finally
tetrahydroisoquinoline containing naphthyl groups are
cytotoxic to liver, breast, and lung cancers [70, 79, 80].
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Fig. 2 Surviving fraction of HEPG2 cell lines after treatment by the synthesized compounds
Table 2 IC, of the synthesized compounds against MCF7 and HEPG2 cell lines and their selectivity index
Compd.no IC5o FORHSF£S.D.  IC;,for MCF7+S.D  Selectivity Index=ICj, of IC5, for HEPG2+S.D  Selectivity
pg/ml pg/ml HSF/ IC5, of MCF7 pg/ml Index=1Cy, of HSF/
ICs, of HEPG2
3 96 33+0.034 29 75%0.063 12
100 47+0.055 2.1 80+0.070 1.2
5 71 33+0.042 2.1 97+0.053 0.73
10 89 >100 - >100 -
2A 100 35+0.061 2.8 82+0.054 12
6A 89 21+0.057 4.2 >100 -
7A 90 50+£0.031 1.8 97+£0.054 0.92
8A 84 50+0.019 1.6 88+0.072 0.95
8B 100 12+£0.056 8.3 94+0.82 1.1
9B 86 80+0.050 1.1 87+0.61 0.98
DOX 83 4.58+0.081 18.1 4.13+0.054 20.1

Molecular docking of the synthesized compounds binding
with RET, HSP90 enzymes

Molecular docking experiments were done in I Mole
Lab for Bioinformatics in Cairo, Egypt. Table 5 dis-
plays the results of the molecular docking on the vari-
ous ligand (compound) binding affinities with the
RET enzyme (Rearranged during Transfection) was
provided by the results. Because it participates in cell
signaling pathways that are critical for cell growth, dif-
ferentiation, and survival RET a tyrosine kinase recep-
tor, is important for antiprolifate. Given that RET is
linked to several cancers, including thyroid cancer and
several forms of lung cancer, the biological activity

of these compounds 8b as potential RET inhibitors
is very noteworthy. The ligand—protein interactions
are numerically represented by the Gibbs free energy
(AG) for compound 8b (— 6.8 kcal/mol). Values of the
docking simulations; bigger negative values indicate
higher binding. Compound 8b demonstrated encour-
aging outcomes, forms a carbon hydrogen bond with,
PRO892, Pi-sigma bond with VAL892, Pi-alkyl bond
with ARG889, PRO931 and convential hydrogen bond
with LYS893 (Figs. 7, 8, Table 5). In comparison with
the standard compound (alectinib) (AG) for compound
8b (—7.2 kcal/mol).exhibits interactions, primarily
relying on a carbon-hydrogen bond and hydrophobic
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Fig. 3 Surviving fraction of MCF7 cell lines after treatment by the synthesized compounds
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Fig. 4 Cell cycle analysis of HEPG2 treated with compound 3

Table 3 Cell cycle analysis of HEPG2 treated with compound 3

Code %G0-G1 %S %G2/M
3/HEPG2 40.1 22.10 25.67
ContHEPG2 34.54 23.51 1212

Table 4 Apoptosis/necrosis assessment of HEPG2 cells after
treatment with compounds 3

Code Apoptosis Necrosis
Total Early Late

3/HEPG2 33.19 1345 16.78 296

ContHEPG2 1.87 0.2 0.31 1.36

interactions (Fig. 8) for more details see the supple-
mentary information (Table S5, S6).

The strong binding affinities observed, especially for
compound 8b suggest that these ligands may effectively
inhibit RET kinase activity by occupying its ATP-binding
site or inducing conformational changes that prevent
kinase activation. This inhibition could potentially dis-
rupt the aberrant signaling cascades associated with RET
enzyme driven cancers.

In conclusion, this molecular docking study has identi-
fied several promising lead compounds, particularly com-
pound 8b which demonstrate strong binding affinities to
the RET tyrosine kinase receptor. These findings provide
a solid foundation for further optimization and develop-
ment of potent RET inhibitors, potentially leading to new
therapeutic options for RET-associated malignancies.

Also the molecular docking study for compound
3 was performed in (I Mole Lab for Bioinformatics-
Cairo-Egypt) tested for binding with heat shock protein
(HSP90) and the result showed that our tested compound
3 exhibited promising binding affinity to HSP90, with a
binding energy (AG) of —6.8 kcal/mol, which is compa-
rable to the standard Onalespib (—7.1 kcal/mol). This
relatively small difference of 0.3 kcal/mol suggests that
our tested compound could potentially serve as an effec-
tive HSP90 inhibitor, though slightly less potent than
Onalespib (Table 6, Figs. 9, 10).

The detailed interaction analysis revealed that our
tested compound 3 forms a complex network of interac-
tions with HSP90, including three conventional hydro-
gen bonds with TYR305 and ARG378 residues, with
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Fig. 5 Apoptosis of HEPG2 after treatment with compounds 3. a Control

distances ranging from 2.41 to 2.71 A. These hydrogen
bonds likely contribute significantly to the stability of
the protein—ligand complex. The presence of a pi-anion
interaction with ASP311 (4.04 A) and a pi-sulfur interac-
tion with PHE341 (5.27 A) further strengthens the bind-
ing. Additionally, the compound forms hydrophobic
interactions through pi-pi T-shaped and pi-alkyl inter-
actions with PHE341, which are crucial for maintaining
the proper orientation of the ligand within the binding
pocket) for more details see the supplementary informa-
tion (Tables S7, S8).

In contrast, the standered (Onalespib) showed a dif-
ferent interaction pattern, primarily forming a carbon
hydrogen bond with ASP364 and a pi-cation interaction
with ARG378. This distinct interaction profile, despite
resulting in a slightly better binding energy, suggests that
our tested compound 3 might offer unique advantages
through its more diverse interaction network.

The biological implications of these findings are par-
ticularly noteworthy. HSP90 plays a crucial role in pro-
tein folding and stability, and its inhibition has been
widely studied as a therapeutic strategy in various

Annaxin V-F1T7C
HEPG2. b Compound 3/HEPG2

diseases, particularly cancer. The strong binding affinity
and multiple interaction points observed with our tested
compound 3 suggest it could effectively disrupt HSP90
function. The involvement of TYR305 and ARG378 in
hydrogen bonding is especially significant, as these resi-
dues are known to be important for HSP90’s chaperon-
ing function.

From a toxicological perspective, the binding energy
and interaction profile suggest that our compound 3
might have a favorable safety profile. The presence of
multiple, specific interactions, rather than random
binding, indicates selective targeting of HSP90. This
specificity is crucial for minimizing off-target effects
and potential toxicity. The similar binding energy to
Onalespib, an established HSP90 inhibitor with known
safety parameters, provides additional confidence in the
potential safety profile of our tested compound.

These molecular docking results complete an impor-
tant piece of the drug development puzzle by provid-
ing detailed structural insights into how our compound
interacts with its target. The combination of favora-
ble binding energy and specific molecular interactions
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Fig. 6 Apoptosis/necrosis assessment of HEPG2 cells after treatment with compounds

suggests that our tested compound could be a viable
candidate for further development as an HSP90 inhibi-
tor. However, these computational findings should be
validated through experimental studies to confirm the
predicted binding mode and biological activity.

Experimental

Instrumentations

Instruments which used to measure the analysis of our
synthesized compounds like melting point and 'HNMR,
IBCNMR, FT-IR, Mass spectroscopy and elemental anal-
ysis were the same used in tour pervious work [50-52].

Reaction of 2-acetylcyclohexanones 1a-b with cyanothio-
acetamide; synthesis of compounds 2a-b; general method
The general procedure for synthesis the starting material
2a, b was mentioned before in our pervious published
papers [50-52].

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

It is synthesized by reaction of 1a with cyanothioaceta-
mide Yield: 96%; m. p: 279-280 °C. Color: yellow to
orange crystals. Recrystallized from ethanol. The FT-IR
spectrum of compound 2a show characteristics band at:
3429 cm™ for (O-H), 3230 cm™ for (N-H); 3139 cm™
for (C-H, sp2); 2971 cm™! for (C-H, sp3); 2221 em™!
for (C=N); 1710 cm™ for (C=0). 'H NMR spectrum of

compound 2a (500 MHz, DMSO-d,) show signals at &:
13.68 (s, 1H, NH); 7.95-8.05 (m, 2H, ArH); 7.51-7.58
(m, 2H, ArH); 5.05 (s, 1H, OH); 4.61-4.63 (d, /=10 Hz,
1H, C3H); 3.23-3.26 (d, /=15 Hz, 1H, C°H), 2.88-2.90
(d, J=10 Hz, 1H, C'H), 2.83-2.87 (d, J=20 Hz, 1H,
C°H); 2.12 (s, 3H, COCHy,); 1.84—1.86 (d, /=10 Hz, 3H,
CH,);1.23 (s, 3H, CHj). Anal. caled for Cy H;4N;0O,S
(397.11): C, 60.44; H, 4.82; N, 10.57%. Found: C, 60.67; H,
5.11; N, 10.28%

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

It is synthesized by reaction of 1b with cyanothioaceta-
mide Yield: 93%; m. p 290-291 °C. The FT-IR spectrum
of compound 2b show characteristics band at: 3482 cm™!
for (O—H); 3235 cm™! for (NH); 3106 cm™ for (C-H,
sp?); 2971, 2872 cm™! for (C-H, sp®); 2220 cm™ for
(C=N); 1708 cm™ for (C=0). 'H NMR spectrum of com-
pound 2b in (500 MHz, DMSO-d,) show signals at &:
513.85(S, H, NH) 7.84-7.86 (d, /=10 Hz, H, ArH); 7.62—
7.64 (d, J=10, H, ArH); 7.51-7.53 (d, J=10 Hz, H, ArH);
7.33-7.34 (d, J=5 Hz, H, Ar), 5.04 (s, 1H, OH); 4.97-4.99
(d, J=10 Hz, 1H, C8H); 3.33 (s, 1H, C°H);, 3.16—3.10 (m,
1H, C"H), 2.86—2.90 (d, /=20 Hz, 1H, C°H); 2.02 (s, 3H,
COCH,); 1.93 (s, 3H, CH3); 1.29 (s, 3H, CH,). Anal. caled
for C,yH19N;0,S (397.11): C, 60.44; H, 4.82; N, 10.57%.
Found: C, 60.32; H, 5.04; N, 10.33%.
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Scheme 3 SAR study of interaction position of tetrahydroisoquinoline derivatives

Reaction of compounds 2a-b with methyl iodide, ethyl
chloroacetate, chloroacetonitrile or its N-aryl-2-chloro-
acetamides lli(a—c), IV; Synthesis of compounds 3-5, 6a-c
and 8a,b general method (A) were carrying according

to the general method in our perivous work [50-52]

A mixture of 2a-b (10 mmol), a halocompound
(10 mmol) was refluxed in ethanol in the presence
of sodium acetate trihydrate (1.50 g, 11 mmol). The
formed solid that were cooling and collected to recrys-
tallized from ethanol to give crystals of compounds
3-5, 6a—c.

Table 5 AG (kcal/mol) for each ligand with protein (RET)

Ligand AG (kcal/mol)
Compound 8b -6.8
Standard (alectinib) -7.2

7-Acetyl-4-cyano-1,6-dimethyl-6-hydroxy-3-methyl-
thio-8-(3-nitrophenyl)-5,6,7,8-tetrahydroisoquinoline (3)

It is synthesized by reaction of 2a with methyliodide.
Yield: 94%; 150 m.p.: 149-150 °C. The FT-IR spectrum
of compound 3: 3500 cm™! for (O—H); 3077 cm™! for
(C-H, sp?); 2971-2931 cm™! for (C—H, sp®); 2213 cm™!
for (C=N); 1701 cm™ for (C=0 acetyl). 'H NMR spec-
trum of compound 3 in (400 MHz, DMSO-d;) show
signals at &: 7.95-8.09 (m, 2H, ArH); 7.55-7.59 (m,
2H, ArH); —4.98(s, 1H,0H), 4.77- 4.79 (d, J=8 Hz, 1H,
C®H),3.21-3.36 (m, 3H, CH,), 3.13-3.15 (t, ]=8 Hz, 1H,
C"H); 2.87-2.95 (m,2 H, 2C°H); 2.18 (s, 3H, COCH,),
1.98 (s, 3H, CH,;); 1.27-1.29 (s, 3H, CH,). >*C NMR §
208.96, 160.66, 158.33, 150.10, 147.96, 146.09, 135.17,
130.18, 128.28, 122.69, 121.73, 115.18, 104.50, 67.40,
65.96,43.27, 42.9, 31.04, 27.54, 24.90, 23.79, 14.49. Anal.
caled for C,H,;N;0,S (411.13): C, 61.30; H, 5.14; N,
10.21. found C, 62.18; H, 5.44; N, 10.00.
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Fig. 8 3D,2D Molecular Docking of standard (alectinib) with RET receptor

Table 6 AG (kcal/mol) and binding affinity for each compounds
3 tested with protein

compound AG (kcal/mol)
Standard (Onalespib) -7.1
Compound 3 -68

Ethyl 2-[(7-acetyl-4-cyano-1,6-dimethyl-6-hydroxy-8-(3-nitro
phenyl)-5,6,7,8-tetra-hydroisoquinolin-3-yl)thio]acetate (4)

It is synthesized by reaction of 2a with ethylchloroac-
etate Yield:93%; m.p.: 177-180 °C. The FT-IR spectrum
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of compound 4: 3495 cm™ (O-H); 3079 cm™ (C-H,
sp?); 2984-2933 cm™ (C-H, sp®); 2217 cm™! (C=N);
1723, 1700 cm™! (C=0 ester, acetyl). 'H NMR spectrum
of compound 4 in (400 MHz, DMSO-d;) show signals at
§: 8.12-8.14 (m, 1H, ArH); 7.8 (s, 1H, ArH); 7.50-7.54
(t, J=16 Hz, 1H, ArH); 7.35-7.36 (d, ] =4 Hz, 1H, ArH);
4.50-4.52 (d, J=8 Hz 1H,0OH), 4.11-4.14 (m, 2H, CH,
acetate), 3.91 (s, 6.8 Hz, 2H, C® H C°H), 2.98-3.18 (m,
5.5 Hz, 4H, SCH,, C'H, C°H);1.85-1.88 (d, J=12 Hz,
6H,CH,;, COCH,), 1.38 (s, 3H,CHj;);1.2 (s, 3H, CH,).

The mass spectrum show molecular ion peak at m/z
[M+]=483.11 in agreement with its molecular formula:
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Fig.9 3D, 2D Molecular Docking of compound 3 with HSP90 protein
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Fig. 10 3D,2D Molecular Docking of Standard ligand (Onalespib)and protein HSP90

(CyHysN3O(S) with the exact mass: 483.15. The most
abundant peak (base peak) at 439 due to cleavage of
ester group and form the aldehyde (C,,H,,N;O:S). Anal.
caled for C,,H,,N;O,S (485.16): C, 59.37; H, 5.60; N, 8.65
found C, 59.59; H, 5.20; N, 8.75.

2-[(7-Acetyl-4-cyano-1,6-dimethyl-6-hydroxy-8-(4-nitrophen
yl)-5,6,7,8-tetra-hydroisoquinolin-3-yl)thio]acetoonitriile (5)
It is synthesized by reaction of 2b with chloroacetoni-
trile. Yield: 90%; m.p.:183—185 °C. The FT-IR spectrum of
compound 5: 3508 cm™! for (O—H); 3108 cm™! for (C-H,

sp?); 2972, 2931 cm™! for (C—H, sp?); 2250, 2216 cm™! for
(2C=N); 1701 cm™! for (C=0, acetyl). 'H NMR spectrum
of compound 5 in (400 MHz, DMSO-d) show signals
at & &: 8.14-8.16 (d, J=8 Hz, 2H, 2 Ar-H),7.37-7.39 (d,
J=8 Hz, 2H, 2Ar-H), 4.98 (s, 1H, OH), 4.80 (s, 1H, C®H),
4.28-4.33(m, 2H, SCH,), 3.32-3.36 (s, 1H, C°H), 2.92—
2.99 (t, J=12 Hz, 2H, C’H, C°H); 2.19 (d, 3H, COCH,),
2.05 (s, 3H, CH,);1.31 (s, 3H, CH,). *C NMR spectrum of
compound 5 (DMSO-d6) show environments of carbon
as expected at &: 209.08, 161.57, 155.28, 152.02, 151.10,
146.70, 130.07, 124.33, 118.02, 115.02, 106.8, 105, 67.95,
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66.18, 56.52, 43.28, 40.66, 31.65, 27.97, 25.04, 18.98,
15.82. Anal. calcd for C,;HN,O,S (422.10): C, 59.70; H,
4.29; N, 13.26. Found C, 59.55; H, 4.30; N, 12.1%.

2-[(7-Acetyl-4-cyano-1,6-dimethyl-6-hydroxy-8-(3-nitrophen
yl)-5,6,7,8-tetra-hydroisoquinolin-3-yl)thio]-N-(4-acetylphe-
nyl)acetamide (6a)

It was synthesized by reaction of 2a with N-(4-
acetylphenyl)—2-chloroacetamide. Yield: 93%;
m.p.:231-232 °C. The FT-IR spectrum of compound 6a:
3420 cm™' (O-H); 3344 cm™ (N-H); 2970 cm™ (C-H,
sp?); 2925 cm™ (C-H, sp?); 2217 cm™ (C=N); 1702,
1674 cm™! (C=0amide, C=0 acetyl). 'H NMR spectrum
of compound 6a in (400 MHz, DMSO-d;) show signals
at &: 10.56 (s, 1H, NH), 7.50-8.05 (m, 8H, 8ArH), 4.97
(s, 1H, OH), 4.73-4.75 (d, J=8 Hz, 1H, C®H), 4.10-4.18
(m, 2H, SCH,), 3.31 (s, 1H, C°H) 2.87-2.95 (t, J=8 Hz,
2H, C’H and C°H), 2.49 (s, 3H,COCH,), 2.15 (s, 3H,
COCHs;), 1.85 (s, 3H, CH; attached to pyridine ring),
1.26 (s, 3H, CH,). 3C NMR spectrum of compound 6a
(DMSO-d6) show 27 environments of carbon as expected
at § 208.87, 196.18, 166.72, 160.49, 157.53, 150.23, 147.90,
145.96, 143.20, 135.12, 131.71, 130.15, 129.43, 128.70,
122.68,121.70, 118.19, 115.02, 104.02, 67.53, 66.00, 43.26,
42.40, 34.85, 30.96, 27.47, 26.32, 24.57. Anal. Calcd.
for C4)H,gN,O4S (572.17): C, 62.92; H, 4.93; N, 9.78%.
Found: C, 62.95; H, 5.09; N, 9.75%.

2-[(7-Acetyl-4-cyano-1,6-dimethyl-6-hydroxy-8-(4-nitrophen
yl)-5,6,7,8-tetra-hydroisoquinolin-3-yl)thio]-N-(4-acetylphe-
nyl)acetamide (6b)

It was synthesized by reaction of 2b with N-(4-
acetylphenyl)—2-chloroacetamide. Yield: 86%. M.p. 193—
194 °C. The FT-IR spectrum of compound 6b: 3540 cm™!
for (O—H); 3337 cm™! for (N-H); 3109 cm™ for (C-H,
sp?); 2968 cm™! for (C—H, sp®); 2220 cm™ for (C=N);
1683 cm™! for (C=0Oacetyl and amide), 1595 for (C=N).
'H NMR spectrum of compound 6b in (400 MHz,
DMSO-d;) show signals at &: 10.57 (s, 1H, NH), 8.06—
8.11 (d, J=25 Hz, 2H, ArH), 7.84 (d, J=10 Hz, 2H, ArH),
7.62— (s, ArH), 7.28-7.31 (d, J=15 Hz, 2H, ArH), 5.02 (s,
1H, OH), 4.67-4.78 (s, 1H, C®H), 4.34 (s, 1H, C°H), 4.11
(s, 2H, SCH,), 2.88-2.89 (d, J=5 Hz, 2H: C'H and C°H),
2.12 (s, 3H, COCHy,), 1.80 (s, 3H, COCHj), 1.23 (s, 3H,
CH, attached to pyridine ring), 1.03 (s, 3H, CH;). Anal.
Caled for Cy0HygN,O(S (572.17): C, 62.92; H, 4.93; N,
9.78. Found: C, 63.00; H, 4.85; N, 10.06.

2-[(7-Acetyl-4-cyano-1,6-dimethyl-6-hydroxy-8-(4-nitrophen
yl)-5,6,7,8-tetra-hydroisoquinolin-3-yl)thio]-N-(4-chlorophe-
nyl)acetamide (6c)

It was synthesized by reaction of 2b with N-(4-
chlorophenyl)—2-chloroacetamide Yield: 94%; m.p.:
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144-145 °C. The FT-IR spectrum of compound 6c:
3563 cm™* for (O-H), 3344 cm™ for (N-H); 3203 cm™
for (C-H, sp?); 2972, 2937 cm™ for (C-H, sp°);
2221 ecm™! for (C=N); 1705 cm™ for (C=0, acetyl);
1681 cm™! for (C=0, amide). 'H NMR spectrum of com-
pound 6¢ in (400 MHz, DMSO-d,) show signals at &:
10.35 (s, 1H, NH), 8.08-8.11 (m, 2H, ArH), 7.60-7.62 (d,
J=8 Hz, 2H, ArH), 7.29-7.54 (m, 4H, ArH), 4.98 (s, 1H,
OH), 4.71-4.73 (d, ]=8 Hz, 1H, CH at C8), 4.06—4.14 (dd,
J=12,12 Hz, 2H, SCH,), 3.42-3.44 (d, =8 Hz, 1H, C°H),
2.90-2.92 (t, J=10 Hz, 2H: C’H and C°H), 2.15(s, 3H,
COCHy,), 1.85 (s, 3H, CH,), 1.27 (s, 3H, CH,). *C NMR
spectrum of compound 6¢ (DMSO-d6) show 28 environ-
ments of carbon as expected at §: 208.53, 166.23, 164.75,
160.47, 157.63, 151.75, 150.04, 146.07, 137.85, 129.52,
128.73, 128.60, 126.83, 123.77, 120.90, 120.53, 114.98,
103.98, 67.39, 65.71, 55.99, 43.21, 42.65, 34.72, 31.02,
27.46, 24.45, 18.50. Anal. Calcd. for C,gH,;CIN,O;S
(564.12): C, 59.52; H, 4.46; N, 9.92%. Found: C, 59.20; H,
4.67; N, 10.07%.

Synthesis of 7-Acetyl-1-amino-2-(N-arylcarbamoyl)—5,8-di

methyl-8-hydroxy-6-(3-nitrophenyl or 4-nitrophenyl)—6,7,

8,9-tetrahydrothieno[2,3-clisoquinolines compounds 7a-c,

9a,b and 10 general method (B).

To a suspension of 6a—c, 8a, b (10 mmol) were refluxed
in absolute ethanol (60 mL) using sodium carbonate for
3 h. The yellow solid that formed and recrystallized from
ethanol to give 7a—c according to the procedure in the
pervious work [50-52].

7-Acetyl-N-(4-acetylophenyl)— 1-amino-5,8-dimethyl-8-hy
droxy-6-(3-nitro-phenyl)—6,7,8,9-tetrahydrothieno[2,3-c]
isoquinoline-2-carboxamide (7a)
It was obtained by cyclization of compound 6a Yield:
90%; m.p.:277-280 °C. The FT-IR spectrum of com-
pound 7a: 3416, 3316 cm™ for (O—H, NH,, NH); 2967,
2917 cm™! for (C—H, sp®); 1701 cm™ for (C=0). 'H NMR
spectrum of compound 7a in (400 MHz, DMSO-d,) show
signals at &: 9.73 (s, 1H, NH), 8.30 (s, 1H, Ar-H), 7.84—
8.08 (m, 6H, 6Ar-H), 7.52-7.58 (m, 2H, NH,), 7.20 (s, 1H,
Ar—H),4.86-4.88(d, ] =8 Hz, 2H, OH, C°H), 3.65-3.68 (s,
1H, C°H), 3.39-3.42 (d, J=12 Hz, 1H, C'H), 2.93-2.95 (d,
J=8 Hz, 1H, C°H), 2.55 (s, 3H COCHS,), 2.20 (s, 3H,CO
CH,), 2.03 (s, 3H, CH,), 1.33 (s, 3H, CH;). ®*C NMR
spectrum of compound 7a (DMSO-d6) show 25 environ-
ments of carbon as expected at §: 209.43, 196.56, 164.35,
158.59, 156.80, 150.17, 147.93, 147.01, 143.60, 143.07,
135.50,131.12, 130.12,129.06, 125.35, 122.81, 122.43,
121.54, 119.93, 96.44, 79.14, 44.28, 42.89, 42.03, 31.17,
28.95, 27.93, 26.44, 24.77, 24.47, 22.08.

Anal. Caled. for Cy3)H,sN,O¢S (572.17): C, 62.92; H,
4.93; N, 9.78%. Found: C, 62.87; H, 5.29; N, 9.88%.
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7-Acetyl-N-(4-acetylophenyl)— 1-amino-5,8-dimethyl-8-hy
droxy-6-(4-nitro-phenyl)—6,7,8,9-tetrahydrothieno[2,3-c]
isoquinoline-2-carboxamide (7b)
It was obtained by cyclization of compound 6b. Yield:
89%; m.p.: 301-302 °C. IR; The FT-IR spectrum of
compound 7b: 3422, 3322 cm™! for (O-H, NH,, NH);
2918 cm™! for (C-H, sp®); 1702, 1679 cm™! for (2
acetyl C=0). '"H NMR spectrum of compound 7b
in (400 MHz, DMSO-d;) show signals at &: 9.71 (s,
1H, NH), 8.11-8.14 (t, j=12 Hz, 3H, 3 Ar-H), 7.83 -
791 (m, 4H, 4Ar-H), 7.16-7.20 (m, 3H, Ar-H, NH,),
4.82-4.84(d, ] =8 Hz, 1H, OH), 3.59-3.70 (s, 1H, C°H),
3.40-3.52 (d, J=12 Hz, 2H, C°H, C'H), 2.86-2.89 (d,
J=8 Hz, 1H, C°H), 2.52-2.58 (s, 3H COCH,), 2.45 (s,
3H,CO CH,), 1.99-2.00 (s, 3H, CH,), 1.30 (s, 3H, CH,).
13C NMR spectrum of compound 7b (DMSO-d6) show
21 environments of carbon as expected at §: *C NMR
0:209.17, 169.80, 156.77, 153.03, 146.12, 132.10, 129.35,
129.02, 125.67, 123.78, 121.39, 120.13, 67.12, 66.11,
65.74, 43.17, 41.95, 31.17, 27.92, 26.35, 24.60. Anal.
Calcd. for C4iH,gN,OS (572.17): C, 62.92; H, 4.93; N,
9.78%. Found: C, 62.87; H, 5.29; N, 9.88%.

Anal. Calcd. for: C4,H4,N,O,S: (570.23): C, 67.35;
H, 6.00; N, 9.82%. 200.42 Found: C, 67.51; H, 6.09; N,
9.74%.

7-Acetyl-1-amino-N-(4-chlorophenyl)-5,8-dimethyl-8-hy
droxy-6-(3-nitrophenyl)-6,7,8,9-tetrahydrothieno[2,3-c]
isoquinoline-2-carboxamide (7¢)

It was obtained by reaction of 2a with N-(4-
chlorophenyl)—2-chloroacetamide in the presence of
sodium carbonate. Yield: 94%; m.p.: 293-294 °C. Anal.
The FT-IR spectrum of compound 7c: 3417, 3383,
3314 cm™ for (O—H, NH,, N-H); 3095 cm™! for (C-H,
sp?); 2967, 2916 cm™! for (C—H, sp®); 1706 cm™ for
(C=0, acetyl); 1622 cm™! for (C=0, amide) .'"H NMR
spectrum of compound 7c in (400 MHz, DMSO-dy)
show signals at &: 9.56 (s, 1H, NH), 8.06-8.08 (m, 1H,
1Ar-H), 7.74-7.84 (m, 3H, 3Ar-H), 7.57 — 7.58 (d, 2H,
2Ar-H), 7.51-7.55 (t, 2H, NH,), 7.13-7.39 (m, 2H,
Ar-H), 4.85-4.88(t, J=12 Hz, 2H, OH, C9H), 3.64-3.67
(s, 1H, C’H), 3.40-3.44 (d, J=12 Hz, 1H, C°H), 2.93—
2.95 (d, J=8 Hz, 1H, C°H), 2.21 (s, 3H,CO CHj,), 2.04
(s, 3H, CH;), 1.33 (s, 3H, CH,). '*C NMR spectrum of
compound 7¢ (DMSO-d6) show 25 environments of
carbon as expected at §: 209.42, 164.35, 158.33, 156.65,
149.62, 147.92, 147.04, 142.94, 135.07, 130.10, 128.27,
128.23, 126.96, 122.95, 122.65, 122.41, 121.51, 96.41,
67.14, 65.88, 42.8, 41.99, 31.17, 27.94, 24.74. Anal.
Calcd. for C,gH,:CIN,O5S (564.12): C, 59.52; H, 4.46;
N, 9.92%. Found: C, 59.3; H, 5.01; N, 9.90%.
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2-[(7-Acetyl-4-cyano-1,6-dimethyl-6-hydroxy-8-(3
-nitrophenyl)-35,6,7,8-tetrahydro-isoquinolin-3-yl)
thio]-N-(naphthalen-1-yl)acetamide (8a)

It was obtained by reaction of compound 2a with N-(1-
naphthyl)—2-chloroacetamide (IV) Yield: 86%; m.p.: 237—
238 °C. The FT-IR spectrum of compound 8a: 3527 cm™
for (O—H); 3401 cm™! for (N-H); 3085 cm™* for (C-H,
sp?); 2970, 2928 cm™! for (C-H, sp®); 2214 cm™ for
(C=N); 1702 cm™! for (C=0, acetyl); 1665 cm™ for
(C=0, amide)0.1597 cm™! for (C=N). 'H NMR spectrum
of compound 8a in (400 MHz, DMSO-d,) show signals at
8:10.19 (s, 1H, NH); 7.37-8.08 (m, 11H, ArH); 5.00-5.01
(s, 1H, OH); 4.75-4.76 (d, ] =8 Hz, 1H, C®H); 4.27 (d, 2H,
SCH,); 3.25-3.26 (d, J=4 Hz, 1H, C°H), 2.87-2.95 (m,
2H: C’H and C°H), 2.14-2.15 (d, ] =12 Hz, 3H, COCH,);
1.96-1.97 (m, J=12 Hz, 3H, CH,); 125 (s, 3H, CH,).
Anal. Calcd. for C33H;,N,0,S (578.69): C, 68.49; H, 5.23;
N, 9.68%. Found: C, 65.88; H, 4.75; N, 9.41%.

2-[(7-Acetyl-4-cyano-1,6-dimethyl-6-hydroxy-8-(4
-nitrophenyl)-5,6,7,8-tetrahydro-isoquinolin-3-yl)
thio]-N-(naphthalen-1-yl)acetamide (8b)

It was synthesized by reaction of 2b with N-(1-
naphthyl)—2-chloroacetamide (IV). Yield: 93%; m.p.:
230-232 °C. The FT-IR spectrum of compound 8b: 3604—
3489 cm™! for (O-H); 3356 cm™! for (N-H); 3252(C—
H, sp?); 2971, 2927 cm™! for (C-H, sp®); 2218 cm™ for
(C=N); 1705-1686 cm™ for (C=0amide, C=0 acetyl).
'H NMR spectrum of compound 8b in (500 MHz,
DMSO-d;) show signals at &: (500 MHz,) § 10.23 (s, 1H,
NH), 7.74-7.90 (m, 5H, Ar-H), 7.54-7.60 (m, 8H, Ar-H),
4.78-4.80 (d, J=10.4 Hz, 1H, OH), 4.33-4.47 (m, 2H,
SCH,), 3.46-3.47 (dd, J=14.1, 7.0 Hz, 1H, C®H), 3.32—
3.35(d, J=17.1 Hz, 1H, C°H), 2.95-2.98 (m, 2H, C’H and
C°H), 2.17 (S, 3H, CH,), 1.99-2.00 (d, J=4 Hz, 3H, CH,),
1.30-1.31 (d, J=4 Hz, 3H, CH,)."*C NMR spectrum of
compound 8b (DMSO-d6) show environments of carbon
as expected at 8: 208.5, 166.87, 165.62, 160.63, 157.87,
151.84, 150. 08, 146.09, 133.69, 131.8, 128.16, 126.12,
126.00, 122.53, 122.52, 121.88, 121.88, 115.1, 104.19,
67.40, 65.7, 61.96, 56.06, 43.35, 31.17, 27.51, 24.63, 18.53.
Anal. Calcd. for C33H;,N,0,S (578.69): C, 68.49; H, 5.23;
N, 9.68%. Found: C, 66.33; H, 4.92; N, 9.68%.

7-Acetyl-1-amino-N-(naphthalen-1-yl)-5,8-dimethyl-8-hy
droxy-6-(3-Nitro phenyl)-6,7,8,9-tetrahydrothieno[2,3-c]
isoquinoline-2-carboxamide (9a).

It was obtained by cyclization of compound 8a Yield:
96%; m.p.: 290-293 °C. Color: yellow light powder.
Recrystallized from ethanol. The FT-IR spectrum
of compound 9a: 3404 cm™! for (O-H, NH, NH);
2922 cm™! for (C-H, sp?); 2852 cm™! for (C-H, sp);
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1707 cm™! for (C=0, acetyl). 'H NMR spectrum of com-
pound 9a in (90 MHzCDCI3): § 9.75 (1H, NH), 7.20-8.30
(11H, Ar-H), 6.70 (2H, NH,), 3.6 (1H, OH), 2.70 (1H,
C°H), 2.40 (1H, C°H) 2.10 (1H, C°H), 1.90 (1H, C’H),
1.35 (6H, CH;COCHj;), 0.95 (3H, CH,(. Anal. Calcd
for C;3H4N,O,S (578.69): C, 68.49; H, 5.23; N, 9.68%.
Found: C, 69.1; H, 5.18; N, 9.52%.

7-Acetyl-1-amino-N-(naphthalen-1-yl)-5,8-dimethyl-8-hy
droxy-6-(4-Nitro phenyl)—-6,7,8,9-tetrahydrothieno[2,3-c]
isoquinoline-2-carboxamide (9b).

It was obtained by cyclization of compound 8b Yield:
89%; m.p.: 286-289 °C. Color: yellow light powder.
Recrystallized from ethanol. The FT-IR spectrum of
compound 9b: 3481 cm™ for (O—-H, NH,, NH); 2956,
2924 cm™! for (C-H, sp?); 2853 cm™! for (C-H, sp®);
1706 cm™! for (C=0, acetyl). 'H NMR spectrum of com-
pound 9b in (90 MHzCDCI3): § 3.3 (s, 1H, NH), 7.00—
8.40 (11H, Ar-H), 6.70 (br s, 2H, NH,), 3.8 (s, 1H, OH),
2.20-22.30 (2H, C°H, C°H), 2.00 (1H, C°H), 1.7 (1H,
C’H), 1.40 (s, 3H, CH,, at C-5), 1.20 (s, 3H, COCH,),
1.00 (s, 3H, CH,). Anal. Calcd for C4;3H;,N,O,S (578.69):
C, 68.49; H, 5.23; N, 9.68%. Found: C, 69.33; H, 5.25; N,
9.59%.

Synthesis of 7-Acetyl-1-amino-N-(benzthiazol-2-yl)—5,8-di

methyl-8-hydroxy-6-(3-nitrophenyl)—6,7,8,9-tetrahydrothi

eno[2,3-clisoquinoline-2-carboxamide (10)

It was obtained by reaction of 2a (10 mmol) with
N-(benzthiazol-2-yl)—2-chloroacetamide (V) (10 mmol),
and sodium acetate trihydrate (1.50 g, 11 mmol) in eth-
anol (100 mL) was refluxed for one hour. The solid that
formed after cooling was collected and then recrystal-
lized from ethanol to give white crystals of compound 10
directly.

Yield: 97%; m.p.:300—305 °C. FT-IR: 3431, 3319 cm™! for
(O-H, NH,, NH); 2973 cm™! for (C-H, sp?); 1707 cm™!
for (C=0, acetyl); 'H NMR (400 MHz, DMSO-d,)
showed signals at &: 7.22-8.08 (m, 11H, NH,, 11Ar-H),
4.86-4.88 (s, 2H, OH, C°H), 3.65-3.68 (d, J=12 Hz,
1H, C°H), 3.41-3.44 (d, J=4 Hz, 1H, C’H), 2.90 (s, 1H,
C°H), 2.17 (s, 3H, COCH,), 1.93 (s, 3H, CH,), 1.34 (s, 3H,
CHS).BC NMR of compound 10 (dmso) &§ 209.47, 158.18,
157.84, 147.91, 147.12, 142.94, 135.08, 130.10, 127.91.67,
123.27, 123.1, 122.4, 121.50, 67.16, 65.93, 42.90, 41.97,
31.17, 27.98, 24.74, 18.53. Anal. Calcd. For C,,H,:N:O.S,
(587.67)%: C, 59.27; H, 4.29; N, 11.92; O, 13.61; S, 10.91,,
Found C, 58.07; H, 4.35; N, 12.00.

Cytotoxicity against human cancer cell lines

Some of the synthesized compounds were tested as anti-
cancer activity for the IC,, against two cell lines HEPG2
and MCEF?7 cells according to method [52, 81]. All cell
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lines were obtained from national cancer institute,
Cairo—Egypt.

Cell cycle analysis

The cell cycle arrests of compound 3 against HEPG2
was carried out according to Abcam method (code
ab139418), (www.abcam.co.jp) [52, 82, 83].

Annexin-V FITC apoptosis assay

The Annexin-V FITC apoptosis assay of compounds 3
against HEPG2 was performed according to (BioVision
Research Products (code k101-25). (www.biovision.com)
[52, 84, 85].

Molecular docking Materials and Methods for RET Enzyme
Molecular docking studies were performed in (I Mole
Lab for Bioinformatics-Cairo).

Ligand preparation

The retrieved Ligands structures were subjected to
energy minimization using the Avogadro 1.2.0 software
with the MMFF94 force field [86].

Protein target selection and preparation for RET enzyme

The selected target was the RET tyrosine kinase recep-
tor was retrieved form data base (UniProt ID: QQUMQ4).
The protein structures were prepared using AutoDock
Tools 1.5.7 [87].

Binding site identification for RET enzyme
The potential binding pockets on the selected protein tar-
gets were identified using the CB-Dock 2 webserver [88].

Molecular Docking for RET enzyme
Molecular docking studies were performed according to
method [89].

Data analysis and visualization for RET enzyme

The results from molecular docking prediction were ana-
lyzed using appropriate computational tools and soft-
ware. The visualization of protein-ligand interactions
and the generation of figures were performed using Bio-
via 2020.

Ligand retrieval for HSP90 enzyme

Ligands Were retrieved from Pubchem using CID
(Onalespib: 11955716) using SDF format, then all ligands
were energy minimized using Avogadro 1.2.0 [90] soft-
ware using MMFF94 force field due to Organic nature of
compounds and saved using suitable Format.
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Protein preparation for HSP90 enzyme

Proteins structure for, HSP90 enzyme was retrieved
form data base uniprot ID (P08238), then protein pre-
pared according to [87].

Molecular docking and visualization for HSP90 enzyme
Molecular docking simulation were performed using
Autodock vina [91].

Conclusion

In this article, we synthesized and characterized a new
tetrahydroisoquniolines compounds. Some of the syn-
thesized compounds were examined for their antican-
cer activity towards HEPG2 and MCEF?7 cell lines. They
showed high anticancer activities. Moreover, the cell
cycle arrest and apoptosis induction of the one com-
pounds was studied. Compound 3 caused cell cycle
arrest of HEPG2 cell line at G2/M phase and caused
high increase in the early and late apoptosis and necro-
sis. Furthermore, we applied the molecular docking
study for compound 8a and it showed significant inhi-
bition for RET enzyme while compound 3 exhibited
high binding ability for HSP90 enzyme. This ensure the
pervious article studies reported that tetrahydroisoqui-
noline compounds can be used as enzyme inhibitors.
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