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New derivatives of the known antipsychotic drug olanzapine have been obtained as potential
compounds with anticancer activity in two metabolically different breast cancer cell lines: MCF-7
and triple negative MDA-MB-231. The compounds were obtained under phase transfer catalysis
(PTC) in the presence of microwave irradiation (MW) or ultrasound ("))"), evaluating the effect of
solvents such as dimethylformamide, water, or choline chloride/urea (natural deep eutectic solvent,
NaDES). In the best option, the compounds were obtained within 2 minutes with a yield of 57-86%
in MW. Two of the obtained compounds which have a naphthalimide moiety and a pentyl (7) or
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Introduction

Olanzapine is an atypical antipsychotic that is approved by the
FDA for use in the treatment of schizophrenia and bipolar
disorder, including mixed or manic episodes. In addition,
olanzapine may be used with fluoxetine, a selective serotonin
reuptake inhibitor (SSRI), in patients who experience depressive
episodes associated with bipolar I disorder and in treatment-
resistant depression.' Interestingly, olanzapine can be also
used in combination with samidorphan to alleviate olanzapine-
induced weight gain in schizophrenia and bipolar I disorder.*?
Moreover, it can be used in cancer patients as an anti-emetic,
but it can also have a beneficial effect on enhancing the effect
of chemotherapeutic agents,** as well as in the treatment of
insomnia®® and as an analgesic agent.’** Additionally, it has
also been tested in patients with Anorexia Nervosa."*™” These
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show pronounced

cytotoxicity. Interestingly, neither olanzapine nor

desmethylolanzapine (DOLA), which was one of the substrates for the synthesis reaction, showed
any significant activity in the study.

numerous advantages of olanzapine prompted scientists to
search for olanzapine derivatives, which are tested, for example,
as selective ligands of 5HT,,/D, receptors for more effective
treatment of schizophrenia*® as PDE4B inhibitors. This means
the derivatives can have procognitive, neuroprotective, and anti-
inflammatory effects.”***

In recent years, antipsychotic drugs have often been assessed
with regard to their anticancer potential.**~** It should be noted
that olanzapine, as an antipsychotic drug, has an antagonistic
effect on dopamine D, receptors and serotonin 5-HT,, recep-
tors. In many studies, it has been observed that D, receptor
antagonists exhibit anticancer properties both in vitro and in
animal models to reduce tumor growth, cause apoptosis and
induce autophagy.”” The D, receptor pathway is hypothesized to
play a role in promoting cell death due to reduced survivin
expression. Some known psychotropic drugs which include
olanzapine were previously considered as potential chemo-
therapeutic agents for the treatment or adjuvant treatment of
cancer.* In recent years, many studies have focused on
discovering the link between serotonin and breast cancer.
Undoubtedly, there is a connection here, because serotonin
antagonists are known to prevent the development of breast
cancer, but the full mechanism is still not understood****

It is known that such an activity profile, i.e. an antagonist of
serotonin and dopamine receptors, is very beneficial in anti-
cancer chemotherapeutics. This justifies undertaking research
in the context of the use of olanzapine itself as well as its
structural analogues for anti-cancer research, especially with
regard to breast, lung, and ovarian cancers.

RSC Adv, 2023, 13, 20467-20476 | 20467


http://crossmark.crossref.org/dialog/?doi=10.1039/d3ra03926a&domain=pdf&date_stamp=2023-07-07
http://orcid.org/0000-0002-4629-2059
http://orcid.org/0000-0001-6855-3531
https://doi.org/10.1039/d3ra03926a
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d3ra03926a
https://pubs.rsc.org/en/journals/journal/RA
https://pubs.rsc.org/en/journals/journal/RA?issueid=RA013030

Open Access Article. Published on 10 July 2023. Downloaded on 12/4/2025 7:38:47 AM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

RSC Advances

Considering the already known evidence for the anticancer
activity of olanzapine*® and the recent results of studies in the
context of the assessment of activity to MCF-7 human breast
cancer cells,* we decided to synthesize four new olanzapine
derivatives and evaluate their activity to both MCF-7 and triple
negative MDA-MB-231.

The methods of obtaining olanzapine by N-methylation of
desmethylolanzapine (2-methyl-4-piperazin-1-yl-10H-thieno
[2,3-b][1,5]benzodiazepine, DOLA) known so far in the literature
are based on syntheses in the presence of sodium hydroxide or
hydride, potassium carbonate, triethylamine. This is because an
alkaline environment that favors the reaction needs to be
created. The most common solvents used are methanol,
acetone, dichloromethane, tetrahydrofuran, tert-butanol.*>*¢
The reaction time is 2-4 hours.

Thanks to previous experience where we successfully ob-
tained olanzapine and its derivatives in conditions in the
presence of microwave irradiation in less than one minute or
using ultrasound conditions, we decided to use this greener
alternative.”” Reactions were carried out under phase transfer
catalysis conditions using dimethylformamide as solvent and
more ecofrienly options like choline chloride/urea, which is
a deeply eutectic solvent. Deep Eutectic Solvents (DES) and
Natural Deep Eutectic Solvents (NADES) are eutectic mixtures
comprised of one or more hydrogen bond donors and hydrogen
bond acceptors (from natural origin in the case of NADES) and
have shown great potential as solvents and catalysts for a variety
of organic reactions.***' The advantages of DES and NADES
over conventional organic solvents include low vapor pressure,
low production costs, usually high biodegradability and recy-
clability. Moreover, DES and NADES can be prepared by a 100%
atom economy, simply by mixing the components in the proper
ratio and heating for a few hours.
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Results
Synthesis of olanzapine

We started our research by developing a method of olanzapine
synthesis in the presence of microwave irradiation. In this case,
instead of the previously used microwave oven, we used a CEM
Discovery reactor. In the first reactions, we tested the participation
of a phase-transfer catalyst (PTC), i.e. TBAB (tetrabutylammonium
bromide), as before. We conducted the experiment under pressure
(entries 1, 2, Table 1) and under reflux (entry 3, Table 1). The
reaction progress was assessed with TLC. In the next step, we
assessed the effects of the addition of DABCO (1,4-diazabicyclo
[2.2.2] octane) (entry 4, Table 1), which is often recommended for
N-alkylation reactions®>** and other PTCs (entries 5-9, Table 1),
such as BTBAC (benzyltributylammonium chloride), TEAC (tet-
raethylammonium chloride), TMAB (tetramethylammonium
borohydride), TEBA (benzyltriethylammonium chloride), CTAB
(hexadecyltrimethylammonium bromide). The reactions pro-
ceeded by nucleophilic substitution, which is favored by an alka-
line environment. That is why potassium carbonate or in one case
DIPEA (N,N-diisopropylethylamine) was used in the process. DMF
(dimethylformamide) was used as the solvent in the reactions, but
a greener solvent, i.e. choline chloride/urea (NaDES), was also used
for comparison (Scheme 1).

The experiments carried out proved that olanzapine could be
effectively obtained using all tested catalysts (Table 1) and
solvents. In the case of reactions carried out in the presence of
microwave irradiation and using DMF, the highest yields were
obtained for CTAB (Y = 95%) and TEBA (Y = 87%). In other
cases, the efficiency was not much lower and amounted to 69—
73%. When no catalyst was used (entry 10, Table 1) only 38%
yield was observed after 60 seconds. In the case of using NaDES,
within 2 minutes, a yield of 46% was obtained with the catalyst

Table 1 Conditions for the synthesis of olanzapine derivatives in the reaction of DOLA (1 eq.) : CHsl (1.5 eq.) : K,COs3 or DIPEA (3 eq.) : catalyst
(0.01 eq.) in the presence of microwave irradiation (MW) and ultrasound (")))")

Reaction time

No. Conditions Temp.“ [°C] Pressure” [bar] Solvent/base/catalyst [min] Yield [%]
1 MwW 147 2.3 DMEF/K,CO3/TBAB 2 57
2 MwW 150 4.7 DMF/K,CO;/TBAB 1.5 69
3 MwW 105 Atm DMF/K,CO;/TBAB 1.5 48
4 MwW 150 3.2 DMF//K,CO3/DABCO 1 71
5 MW 150 1.9 DMEF/K,CO5/BTBAC 1 69
6 MwW 150 2.6 DMF/K,CO;/TEAC 1 73
7 MwW 150 2.3 DMF/K,CO3;/TMAB 1 72
8 MwW 150 2.2 DMF/K,CO;/TEBA 1 87
9 MW 150 2.5 DMF/K,CO;/CTAB 1 95
10 MW 150 0.5 DMEF/K,CO,/- 1 38
11 MW 150 0.5 NaDES/K,CO;/TBAB 2 46
12 MwW 150 0.5 NaDES/K,CO;/- 2 37
13 MwW 150 2.5 NaDES/Glycerine/K,CO3/TBAB 2.5 53
14 ) 45 Atm DMF/K,CO,/TBAB 120 40
15 ) 45 Atm DMF/K,CO;/DABCO 120 45
16 ) 45 Atm DMF/K,CO,/- 120 15
17 ) 45 Atm NaDES/K,CO,/TBAB 120 25
18 ) 45 Atm NaDES/DIPEA/TBAB 120 61

“ Highest observed data entered, the maximum temperature was set to 150 °C; reactions in the presence of ultrasound were carried out under reflux,
due to the boiling point of CH;I (43 °C). ? Highest observed data entered, the maximum pressure was set to 10 bar.
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Scheme 1 Synthesis of olanzapine.

and 25% in the reaction without the catalyst. When, apart from
NaDES, glycerin was also used as a solvent, the yield of olan-
zapine was 53%.

We decided to choose TBAB and DABCO to continue
research on olanzapine synthesis in ultrasound conditions,
because it has several advantages: it is eco-friendly, inexpensive,
acts as a non-toxic base, and can be recycled and reused.**** In
the presence of ultrasonics in DMF, within 2 hours, the highest
efficiency was obtained with DABCO, but in the case of TBAB it
was also satisfactory (40%). As in the case of microwave irradi-
ation, the lack of the catalyst caused a significant, i.e. more than
two-fold decrease in the efficiency of obtaining olanzapine at
the same time. In the case of NaDES, in the reaction in the
presence of potassium carbonate, the yield was only 25%, but
the exchange of the basic medium from solid to liquid
increased the yield to 61%.
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Synthesis of olanzapine derivatives

In the next stage, a study was carried out to obtain four new
naphthalimidoalkyl derivatives of olanzapine (5-8), which
differed only in the length of the alkyl chain (Scheme 2).
Introduction of naphthalimidoalkyl moiety to DOLA core was
aimed to augment the compound with structure bearing nico-
tinamide part of nicotinamide adenine dinucleotide (NAD+),
which serves as an endogenous substrate of poly(ADP-ribose)
polymerase (PARP) family of enzymes.*®
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Based on the experience in the synthesis of olanzapine, we
decided to carry out the synthesis in the presence of microwave
irradiation and ultrasound using similar reaction conditions
(Table 2).

For each of the compounds, we performed syntheses in the
presence of microwave irradiation using DMF and NaDES. In
each case, higher yields (57-86%) were obtained with DMF, but
despite the lower yields with NaDES (30-47%) or NaDES/
Glycerine (5-53%), it is a very interesting synthesis option due
to the non-toxic nature of the solvent. WhenNaDES was used in
MW-assisted reactions, it was observed that the yield clearly
decreases with the elongation of the linker, so the highest yields
are observed for the compound with the propyl chain, and the
lowest for the compound with the hexyl linker. In reactions in
the presence of ultrasound, the highest yields for derivatives 5, 7
and 8 (Y = 27-51%) were obtained in the reaction with water as
a solvent, in the presence of potassium carbonate and TBAB as
a catalyst. In the case of derivative 6, product formation was
observed only in the NaDES reaction (Y = 10%).

Cytotoxicity

As a result of the synthesis reaction, four new olanzapine
derivatives 5-8 were obtained, which were then purified by
crystallization from methanol. Next, they were subjected to
biological tests to assess their anticancer potential against
breast cancer cells, i.e triple negative MDA-MB-231 and

W

[::izi p +  Br(CH)—N —— y
NHZ | O NHL |
S 0 S
DOLA 1:n=3, 5 n=3,
2: n=4, 6: n=4,
3:n=5, 7: n=5,
4 n=6 8: n=6

Scheme 2 Synthesis of olanzapine derivatives 5-8.
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Table 2 Conditions for the synthesis of olanzapine derivatives in the reaction of DOLA (1 eq.) : 1-4 (1 eq.) : K,COs (3 eq.) : DABCO or TBAB (0.01

eg.) in MW or ultrasound

Reaction time

EntryEE no. Comp. n Conditions Temp.? [°C] Press.” [bar] Solvent/base/catalyst [min] Yield [%]
1 5 3 MW 150 2.8 DMF/K,CO3;/DABCO 2 86
2 5 3 MW 150 0.3 NaDES/K,CO;/TBAB 2 30
3 5 3 MW 150 4.3 NaDES/Glycerine/K,CO;/TBAB 1.5 57
4 5 3 ) 45 Atm DMF/K,CO3/TBAB 60 16
5 5 3 ) 45 Atm DMF/K,CO3/TBAB 120 30
6 5 3 ) 45 Atm H,0/K,CO;/TBAB 60 0
7 5 3 ) 45 Atm H,0/K,CO;/TBAB 120 6
8 5 3 ) 45 Atm H,0/K,CO;3/DABCO 60 0
9 5 3 ) 65 Atm H,0/K,CO;3/DABCO 180 51
10 5 3 ) 45 Atm NaDES/K,CO;/TBAB 120 1
11 5 3 ) 45 Atm NaDES/K,CO;/TBAB 180 30
12 5 3 ) 45 Atm NaDES/DIPEA/TBAB 120 10
13 6 4 MW 150 2.7 DMF/K,CO;3/DABCO 2 65
14 6 4 MW 150 0.5 NaDES/K,CO;/TBAB 2 47
15 6 4 MW 150 1.5 NaDES/Glycerine/K,CO;/TBAB 3 40
16 6 4 ) 45 Atm H,0/K,CO;/DABCO 120 1
17 6 4 ) 65 Atm H,0/K,CO;3/DABCO 180

18 6 4 ) 45 Atm NaDES/K,CO;/TBAB 120 0
19 6 4 ) 45 Atm NaDES/DIPEA/TBAB 120 10
20 7 5 MW 150 2.3 DMF/K,CO3;/DABCO 2 57
21 7 5 MW 150 0.5 NaDES/K,CO3/TBAB 2 36
22 7 5 MW 150 4.2 NaDES/Glycerine/K,CO;/TBAB 2 13
23 7 5 ) 45 Atm H,0/K,CO3/DABCO 120 7
24 7 5 ) 65 Atm H,0/K,CO3/DABCO 180 27
25 7 5 ) 45 Atm NaDES/K,CO;/TBAB 120 2
26 7 5 ) 45 Atm NaDES/DIPEA/TBAB 120 0
27 8 6 MW 150 2.6 DMEF/K,CO3/DABCO 2 70
28 8 6 MW 150 0.8 NaDES/K,CO;/TBAB 2 31
29 8 6 MW 150 2.8 NaDES/Glycerine/K,CO3;/TBAB 3 5
30 8 6 ) 45 Atm H,0/K,CO3/DABCO 120 0
31 8 6 ) 65 Atm H,0/K,CO;/DABCO 180 31
32 8 6 ) 45 Atm NaDES/K,CO;/TBAB 120 2
33 8 6 ) 45 Atm NaDES/DIPEA/TBAB 120 0

¢ Highest observed data entered; the maximum temperature was set to 150 °C; reactions in the presence of ultrasound were carried out under reflux.
b Highest observed data entered; the maximum pressure was set to 10 bar.

whether they were hormone-dependent (both estrogen and
progesterone receptor positive) MCF7. The derivatives showed
dose-dependent inhibitory effect against the viability of the
cultured breast cancer cells (Fig. 1). The compounds 7 and 8
showed more pronounced cytotoxicity characterized by gener-
ally lower half maximal inhibitory concentration (ICs,) and
higher maximal inhibition compared to other derivatives
(Table 3). Interestingly, both parent DOLA and olanzapine itself
elicited little to no effect on cell fitness under the conditions of
our assay.

In general, MDA-MB-231 cell line was more susceptible to the
generated naphthalimidoalkyl derivatives of olanzapine
compared to MCF7. As the naphthalimidoalkyl moiety is
supposed to affect the activity of PARP enzymes, we decided to
investigate the expression of PARP1 gene in cancer cell lines and
to cross-compare the expression levels with the CRISPR-Cas9
viability screens using https://depmap.org/portal (Fig. 2). The
gathered data indicate that MDA-MB-231 cells express more
PARP1 and the MDA-MB-231 cell line is more susceptible to

20470 | RSC Adv, 2023, 13, 20467-20476

PARP1 knock-down compared to MCF7 cell line. These facts are
in line with the cytotoxicity data.

Molecular modeling

To further corroborate the effects of the obtained naph-
thalimidoalkyl derivatives, compounds 5-8 were evaluated in
a molecular modeling procedure using the known crystal
structures of three key PARP polymerases, namely TNKS2,
TNKS1, and PARP1 (ref. 57-59). In the case of synthesized
olanzapine derivatives, the presence of a hydrogen bond with
Gly 1032 and a w7 interaction with Tyr 1071 was observed in
the complex with TNKS2. The 1,8-naphthalimide moiety was the
most important fragment of the structure, directed deep into
the binding pocket. Interactions of this type also appear in the
reference complex (55)-5-methyl-5-[4-(4-o0x0-3,4-
dihydroquinazolin-2-yl)phenyl]imidazolidine-2,4-dione ~ with
TNKS2, playing the key role in the activity. No additional
stabilization was noted through the interactions in the tricyclic
terminal region (Fig. 3A).

© 2023 The Author(s). Published by the Royal Society of Chemistry
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Fig. 1 Dose-response curves for olanzapine, DOLA, and its derivatives
(compounds 5-8). The MCF7 (left column) and MDA-MB-231 (right
column) cell lines were exposed to the increasing concentrations of our
compounds of interest or vehicle (0.1% DMSO). The viability of the cells
was measured using MTS assay (see Materials and methods for more
details). The obtained values were normalized to vehicle control and
three-parameters sigmoidal curve was fitted. Half-maximal inhibitory
concentrations (ICsq values, red dotted lines) and levels of maximal
inhibition (Max;nn, values, green dotted lines) were calculated.

© 2023 The Author(s). Published by the Royal Society of Chemistry

View Article Online

RSC Advances

In conformations representing the binding mode in
complexes with TNKS1, stabilizing -7 interactions with Tyr
1213 and Tyr 1224 residues were observed. In the designed
molecules, there was no key interaction with Gly 1185, which
may suggest a lack of affinity towards the tested protein target
(Fig. 3B).

In complexes with PARP1, a coherent binding mode was
obtained as compared to the conformation of the reference
compound. In the docked poses of the designed ligands,
stabilizing hydrogen bonds with Gly 863 and m-stacking with
Tyr907 were observed, which are key interactions for the
stability of the complex. Importantly, the long-chain derivatives
showed a slightly biased orientation as compared to olaparib in
the central region of the binding pocket. However, in the
docked poses, additional stabilizing hydrogen-type and m-m
interactions were observed in the terminal imide fragment
(Fig. 3C).

Discussion

In conclusion, we obtained new alkyl derivatives of olanzapine
by reaction under PTC conditions. The compounds were ob-
tained in the presence of microwave irradiation or ultrasound.
The main advantage of the 5-8 synthesis method is the possi-
bility to carry out the reaction under green chemistry condi-
tions, i.e. through the use of ecological NaDES solvent and short
reaction time. The obtained compounds were tested for inhi-
bition in tests using two metabolically different breast cancer
cell lines MCF-7 and triple negative MDA-MB-231. The obtained
results, which were additionally justified in the procedure of
molecular modeling for three key PARP polymerases (TNKS2,
TNKS1, PARP1), prove that olanzapine naphthalimides with
a pentyl (7) or hexyl (8) chain have a very interesting profile
because they show a clear activity in both tested cell lines. The
key limitation of the current study is the lack of biological
screening to determine the inhibitory activity of the synthesized
compounds against TNKS2, TNKS1, and PARP1. This will be
addressed in a separate study and will be reported elsewhere.

Methods

Chemistry. The reactions in the presence of microwave
irradiation were carried out in a CEM Discover microwave
reactor, while ultrasonic reactions were carried out in the PS-08
ultrasonic bath (80 W, 40 kHz). All reagents and solvents for the
synthesis were purchased from Sigma-Aldrich, Merck, POCH,
BIOSYNT CARBOSYNTH and used as received. NaDES - choline
chloride/urea — was obtained in accordance with the procedure
described in 2020.%

Sigma-Aldrich silica plates: 200 um, pore diameter: 60 A,
fluorescence index: 254 nm were used to evaluate the reaction
progress with thin-layer chromatography (TLC) using 8:2
methanol : chloroform as eluent. Purification was carried out by
column chromatography using silica gel 0.063-0.200 mm and
methylene chloride: methanol 8:2 as eluent. UPLC-MS
analyzes were performed with a Waters Acquity UPLC system
- a Waters TQD (ESI-tandem quadrupole) mass spectrometer,

RSC Adv, 2023, 13, 20467-20476 | 20471
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Table 3 Toxicity of olanzapine derivatives towards MCF7 and MDA-MB-231 breast cancer cell lines. Half-maximal inhibitory concentrations
(ICs0) and maximal inhibition levels were calculated by fitting the normalized experimental values to three-parameter sigmoidal curve equation®

MCF7 MDA-MB-231

Entry Compound 1Cso Maximal inhibition ICs¢ Maximal inhibition
1 Olanzapine n/d n/d n/d n/d

2 DOLA 10.0 uM 13.8% 38.1 uM 10.8%

3 5 28.6 uM 27.1% 4.0 pyM 40.3%

4 6 n/d n/d 26.4 uM 53.1%

5 7 18.8 uM 50.1% 3.5 uM 51.0%

6 8 13.7 uM 40.4% 29.7 uM 99.9%

“ n/a, not determined due to lack of significant inhibition of cell viability.

* breast cancer cell lines
other cancer cell lines

MCF7

L

MDA-MB-231

PARP1 CRISPR-Cas9 dependency

-1.00 T T T
2 4 6 8 10
PARP1 log2(TPM+1) Expression 22Q2 Public

Fig. 2 Dependency of cancer cell lines on PARP1 gene and the
expression of PARP1 across cell lines. Data were retrieved from the
https://depmap.org/portal.

PDA detector, Acquity UPLC BEH C18 column, 1.7, 2.1 x
100 mm (Waters Corporation, Milford, MA, USA), isocratically
mobile phase: methanol : water + formic acid (4 : 6 + 0.1%, v/v).
The 'H and *C NMR spectra of products were recorded on
a Bruker Avance 400 MHz spectrometer, using TMS as an
internal reference. The detailed description of NMR spectra is
provided in the ESI File.t

Cytotoxicity assessment. The cytotoxicity of the newly
synthesized compounds was assessed using MTS assay as
described before (ref. 60). The cell lines used in this study were
human invasive breast ductal carcinoma MCF7 cell line
(RRID:CVCL_0031) and human breast adeno-carcinoma cell
line MDA-MB-231 (RRID:CVCL_0062). The drug exposure time
was 72 h. DMSO (0.1%) was used as vehicle control.

Datamining. Data on gene expression and gene dependency
were retrieved from DepMap Project portal available at https://
depmap.org/portal/.

Molecular modeling. LigPrep 3.7 was used to prepare the
three-dimensional structures. Epic. 2 was used to determine the
respective ionization states at pH 7.4. The bond order and the
respective ionization states of the amino acids were assigned
using the protein preparation wizard. Grids were generated by
centering a 35 A grid field on the appropriate rest using the
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OPLS_2005 force field. Glide version 7.0 with flexible docking
enabled was used for docking.

General procedure for the synthesis of olanzapine in MW. In
a test tube equipped with magnetic stirrer bar, N-desmethylo-
lanzapine (DOLA) (90 mg, 0.3 mmol, 1 equiv.), methyl iodide (28
pL, 0.45 mmol, 1.5 equiv.), potassium carbonate (124 mg,
0.9 mmol, 3 equiv.), PTC catalyst (0.03 mmol, 0.1 equiv.), and
solvent (2 mL) were mixed under microwave irradiation for 1-
2 min. The reaction progress was monitored with TLC. After the
reaction, 15 mL of water was added to the mixture and extracted
with three portions of methylene chloride. The organic layer
was evaporated to dryness, which was then crystallized from
methanol or purified on a column chromatography.

General procedure for the synthesis of olanzapine in ultra-
sound. In a test tube N-desmethylolanzapine (DOLA) (90 mg,
0.3 mmol, 1 equiv.), methyl iodide (28 pL, 0.45 mmol, 1.5
equiv.), potassium carbonate or DIPEA (0.9 mmol, 3 equiv.),
PTC catalyst (0.03 mmol, 0.1 equiv.), and solvent (5 mL) placed
in an ultrasonic bath and kept at 45-50 °C for 1-3 h. The
reaction progress was monitored with TLC. After the reaction,
15 mL of water was added to the mixture and extracted with
three portions of methylene chloride. The organic layer was
evaporated to dryness, which was then crystallized from meth-
anol or purified on a column chromatography.

General procedure for the synthesis of 5-8 in MW. In a test
tube equipped with magnetic stirrer bar, N-desmethylolanza-
pine (DOLA) (90 mg, 0.3 mmol, 1 equiv.), naphthalimide alkyl
derivative 1-4 (0.30 mmol, 1 equiv.), potassium carbonate or
DIPEA (0.9 mmol, 3 equiv.), PTC catalyst (0.03 mmol, 0.1 equiv.),
and solvent (2 mL) were mixed under microwave irradiation for
1-2 min. The reaction progress was monitored with TLC. After
the reaction, 15 mL of water was added to the mixture and
extracted with three portions of methylene chloride. The
organic layer was evaporated to dryness, which was then crys-
tallized from methanol or purified on a column
chromatography.

General procedure for the synthesis of 5-8 in ultrasound. In
a test tube N-desmethylolanzapine (DOLA) (90 mg, 0.3 mmol, 1
equiv.), naphthalimide alkyl derivative 1-4 (0.30 mmol, 1
equiv.), potassium carbonate or DIPEA (0.9 mmol, 3 equiv.),
PTC catalyst (0.03 mmol, 0.1 equiv.) and solvent (5 mL) placed
in an ultrasonic bath and kept at 45-50 °C for 1-3 h. The
reaction progress was monitored with TLC. After the reaction,

© 2023 The Author(s). Published by the Royal Society of Chemistry
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Fig. 3 (A) Binding modes of (55)-5-methyl-5-[4-(4-ox0-3,4-dihydroquinazolin-2-yl)phenyllimidazolidine-2,4-dione (pale green), 7 (green), 8

(orange) into TNKS2. The yellow dash-lines indicate the hydrogen bonds. (B) Binding modes of veliparib (dark green), 5 (magenta), 6 (green), 7
(yellow), 8 (orange) into TNKS1. The yellow dash-lines indicate the hydrogen bonds. (C) Binding modes of olaparib (cyan), 5 (magenta), 8 (orange)

into PARPL. The yellow dash-lines indicate the hydrogen bonds.

15 mL of water was added to the mixture and extracted with
three portions of methylene chloride. The organic layer was
evaporated to dryness, which was then crystallized from meth-
anol or purified on a column chromatography.
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