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a b s t r a c t 

In this study, a series of novel β–hydroxy ketone derivatives 3a-o were designed, synthesized, and evalu- 

ated for their anticancer activity. The structure of these compounds were characterized by IR, 1 H and 13 C 

NMR, mass spectrometry and elemental analysis methods. All the synthesized compounds were screened 

for anticancer activity against MCF-7 and U87 cells. Among them, compound 3l was appeared to be the 

most potent compound on both cancer cells; and IC 50 dose was determined as 145 μM for MCF-7 cells 

and 6,6 μM for U87 cells. DNA ladder and Annexin V apoptotic marker tests were used and as a result, 3l 

caused the initiation of apoptosis on U87 cells. VDAC protein expression increased dramatically after U87 

glioblastoma brain cancer cells were treated with compound 3l Additionally, the molecular modeling of 

these compounds was studied in FLT3 receptor, Estrogen receptor, and PARP2 receptor for the treatment 

of Acute Myeloid Leukemia (AML), breast cancer, and Glioblastoma (GBM) respectively. Their binding mo- 

tifs and drug-like properties were investigated, and the results are highlighted in the discussion. Based on 

the results, compound 3l may have a potential drug candidate profile that can reverse the drug resistance 

profile. 

© 2021 Elsevier B.V. All rights reserved. 
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. Introduction 

β–hydroxy ketone moiety constitutes a significant class of com- 

ounds frequently found as precious building blocks in the syn- 

hesis of diols [1–3] , amino alcohols [4] , lactones [5 , 6] , and poly

etides [7 , 8] for their high biological activity. Especially in terms 

f clinical use, as seen in Fig. 1 , poly β-keto chain structure is a

ery important intermediate step in the synthesis mechanisms of 

olyketides used as antibiotics (Erythromycin A), cholesterol lower- 
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ng (Lovastatin), antiviral (complex polyketide A-74,528), antitumor 

Daunomycin), and anti-fungal (Patulin) agents [9–12] . 

The focus has been on developing new synthetic methods to 

arget this important motif β–hydroxy ketone [13–16] . The aldol 

eaction has been one of the most efficient methods for leading 

o β–hydroxy ketones [17–21] . However, this process often leads 

o the formation of α, β- unsaturated ketones (dehydrated prod- 

cts). Taking into account our research into β–hydroxy ketones 

22–24] , in this paper we prepared a novel series of β–hydroxy 

etones with high yields (80–95%). Then, they were investigated 

or their biological activity process with certain cancer cell lines. 

mong these compounds, compound 3l showed the most potent 

nticancer activity against MCF7 and U87 cancer cell lines, since 

he lowest and biologically most active IC 50 value was obtained in 

ompound 3l against U87. Some apoptotic tests were used in order 

o detect the detailed biological activity compound 3l at a cellular 

evel. Future in vivo efficacy studies remains to be seen as an actual 

nticancer activity. 

https://doi.org/10.1016/j.molstruc.2021.131772
http://www.ScienceDirect.com
http://www.elsevier.com/locate/molstr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.molstruc.2021.131772&domain=pdf
mailto:baspinar@iuc.edu.tr
mailto:mguzel@medipol.edu.tr
https://doi.org/10.1016/j.molstruc.2021.131772
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Fig. 1. Examples of biological active polyketides. 

Table 1 

The effects of catalyst and reaction temperature. 

Enrty Base Temperature ( °C) Yield (%) ( 3a ) a Yield (%) ( 4 ) a 

1 KOH Rt 8 90 

2 KOH 0 22 70 

3 NaOH Rt 40 50 

4 NaOH 0 58 25 

5 Na 2 CO 3 Rt 66 15 

6 Na 2 CO 3 0 62 20 

7 K 2 CO 3 Rt 78 10 

8 K 2 CO 3 0 75 10 

a Isolated yield. 
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. Result and discusssion 

.1.Synthesis 

In this study, an aldol condensation reaction was applied 

n the presence of acetone and 2-arenoxybenzaldehyde or 2- 

hioetherbenzaldehyde derivatives for the synthesis of β–hydroxy 

etones. The aldehydes used as starting materials were synthe- 

ized from various substituted phenol or thiophenol derivatives 

nd 2-fluoro benzaldehyde according to the Ullmann coupling re- 

ction procedure [25 , 26] . Based on our literature search, aldol con- 

ensation reaction with such aldehydes has not been tried be- 

ore. When we applied the classical aldol reaction procedures, only 

lkene formation was observed. Because of the high conjugation, 

- β-unsaturated ketones are more stable and β–hydroxy ketones 

re transformed into α- β-unsaturated ketones as a result of de- 
2 
ydration. In the preparation of β–hydroxy ketones, optimum re- 

ction conditions were determined to minimize α- β-unsaturated 

etone formation in order to increase β–hydroxy ketone yield. 

In the initial experiments, we studied the aldol reaction using 

cetone and 2-phenoxy-benzaldehyde. The reaction conditions pa- 

ameters, such as catalyst, temperature, solvent, and reaction time 

ere firstly evaluated. Usage of the catalyst and reaction tempera- 

ure parameter, this reaction was carried out at room temperature 

nd 0 °C in the presence of KOH, NaOH, Na 2 CO 3 , and K 2 CO 3 as

he base catalysts, and the effects of these variables on the reac- 

ion yield were investigated ( Table 1 ). When obtained yields were 

xamined, it was observed that alkene formation was high when 

sing KOH ( Table 1 , entries 1 and 2) and NaOH ( Table 1 , entries

 and 4) as basic catalysts. It was determined that the β–hydroxy 

etone yield was the highest and the α- β-unsaturated ketone yield 



H.B. Kucuk, G. Kanturk, S. Yerlikaya et al. Journal of Molecular Structure 1250 (2022) 131772 

Scheme 1. Synthesis of 4-[4-(4-Bromo-phenylsulfanyl)-phenyl] −4-hydroxy-butan-2-one (3 m). 

Table 2 

Optimization of solvent and reaction time. 

Enrty Solvents Time (h) Yield (%) a 

1 Acetone 5 60 

2 Ethanol 10 67 

3 Chloroform 2 53 

4 Dichloromethane 2 45 

5 Acetonitrile 5 48 

6 Water 10 45 

7 Dimethylsulfoxide 2 66 

8 Toluene 2 10 

9 Tetrahydrofuran 2 26 

10 Dimethylformamide 5 82 

11 Dimethylformamide 10 92 

12 Methanol 10 82 

a Isolated yield. 
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as the lowest, when we used K 2 CO 3 as the base catalyst at room

emperature ( Table 1 , entry 7). 

We next checked the effect of various solvents for better yield. 

s shown in Table 2 , different solvents were employed. Toluene 

 Table 2 , entry 8) and tetrahydrofuran ( Table 2 , entry 9) gave

ery poor yields. The moderate yields were obtained with the 

ther solvents used except dimethyl formamide. Among the sol- 

ent screened, dimethyl formamide was found to be the best sol- 

ent in a reaction time of 10 h ( Table 2 , entry 11). With these op-

imal conditions in hand, we next sought to investigate the scope 

f this aldol reaction ( Table 3 ). 

The synthesis steps used in the preparation of the compounds 

re detailed in the supporting information. The structures of the 

ompounds have been elucidated based on spectral data such as 

T-IR, 1 H NMR, 13 C NMR, and LC-MS. When looking at the FTIR 

pectrum of the compounds in general, the typical band of OH 

roup between 3422 and 3535 cm 

−1 and the band of C = O group

etween 1693 and 1707 cm 

−1 was observed. The presence of bands 

haracteristic to these functional groups is proof that the keto al- 

ohol structure has been formed. When 

1 H NMR spectra of the 

ompounds are examined; hydrogens belonging to the -CH 3 group 

djacent to the carbonyl group were observed as singlets around 

= 2.00 ppm, and the hydrogens belonging to the -CH 2 group 

s a doublet of a doublet. Hydrogens belonging to the -OH group 

ere observed as broad singlets in the range of δ = 3.05–3.32 ppm 
3 
n compounds 3a, 3c and 3i , and hydrogen belonging to the -CH 

roup as a doublet-doublet in the range of δ = 5.0 0–6.0 0 ppm. 

ydrogens belonging to aromatic groups are generally seen as 

oublet and multiplet peaks in the range of δ = 7.67–6.78 ppm. 

he presence of these peaks proves the formation of keto alco- 

ol. When 

13 C NMR spectra are examined, it is seen that carbons 

elonging to −CH 3 group at around 30.0 ppm, carbons belonging 

o −CH 2 group around 50.0 ppm, and carbons belonging to −CH 

roup at 64.0 ppm values. Aromatic carbons are in the range of 

15.0–154.0 ppm and carbonyl carbon is in the range of 209.0–

09.4 ppm. The presence of all these peaks supports the accuracy 

f the structures. When the LC-MS spectra of the compounds were 

xamined, it was observed that additional H 2 O signals came out of 

he structures besides the molecular peaks. 

Then we investigated the biological activity of these com- 

ounds. Initially, the similar pharmacophores were possessing 

ome anti-cancer activity. Thus we also wanted to investigate anti- 

ancer activity behavior of these compounds. The biological ac- 

ivity study results are comprehensively discussed in Section 2.4 . 

ince the biological activity of the compound 3l was the best 

mong the synthesized compounds, we then initially derivatized 

l as p -substituted (4–bromo-phenoxy) phenyl (3 m) ( Scheme 1 ). 

ater, we oxidized compound 3l via m- CPBA, and obtained sulfox- 

de ( 3n ) for the sulfoxide group was discovered as a key group in

 large number of biologically active molecules ( Scheme 2 ) [27] . 
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Table 3 

Scope of β-hydroxy ketones a . 

a Isolated yield. 

F
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inally, compound 3l was converted to 1,3-diol ( 3o ) by reduction 

ith NaBH 4 ( Scheme 2 ). So we have synthesized a total of 15 novel

–hydroxy ketone derivatives and fully characterized their struc- 

ures with known spectroscopic methods then turned our atten- 

ion to biological activity studies. 
4 
.2. Molecular docking studies 

Antiproliferative effects of these novel compounds have been 

nvestigated with molecular docking studies and the best-docked 

oses of the molecules have been thoroughly evaluated. The best 
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Table 4 

Docking results of 1 × 7B, Breast Cancer, Estrogen Receptors. 

Comp No. X Y 

Docked aminoacid residues 

(vdW interactions) Energy Score RMSD Value H bond (distance Å) 

3a O -H ALA302, LEU339, PHE356 −9.57 0.95 H-b with O-1 of GLU305 (1.859) 

3b O -CN ALA302, PHE356, HIS475 −10.83 0.59 H-b with O-1 of GLU305 (2.041) 

3c O -F LEU298, ALA302, LEU339 −10.23 0.21 H-b with O-1 of GLU305 (1.916) 

3d O -Cl LEU339, ARG346, PHE356 −10.06 0.19 H-b with O-1 of GLU305 (2.007) 

3e O -CH 3 MET295, MET340, LEU476 −10.16 0.30 O-b with H-1 of HIS475 (2.127) 

3f O -Naphtalen LEU298, LEU243, ILE373 −11.19 0.42 O-b with H-1 of HIS475 (2.149) 

3 g S -H LEU298, LEU343, MET336 −9.55 0.28 H-b with O-1 of GLU305 (2.029) 

O-a with H-1 of ARG346 (2.046) 

3h S -Cl MET340, LEU343, HIS475 −10.12 0.26 –

3i S -CH 3 ALA302, LEU339, LEU343 −9.90 0.25 H-b with O-1 of GLU305 (1.771) 

3j S -F LEU339, MET340, LEU343 −9.82 0.26 H-b with O-1 of GLU305 (1.776) 

3k S –OCH 3 ALA302, MET336, HIS475 −10.04 0.18 –

3l S -Br LEU298, MET340, LEU343 −10.38 0.19 H-b with O-1 of GLU305 (1.870) 

( R ) −3l S -Br LEU298, MET340, LEU343 −10.57 0.48 H-b with O-1 of GLU305 (1.870) 

( S ) −3l S -Br LEU295, MET340, LEU476 −10.66 0.40 O-b with H-1 of HIS475 (1.879) 

Tamoxifen – – THR299, LEU339, PHE377 −10.20 1.20 O with H-1 of GLU305 (2.898) 

Table 5 

Docking Results of 4RT7, Acute Myeloid Leukomia, FLT3 receptors. 

Comp. No X Y 

Docked aminoacid residues (vdW 

interactions Energy Score RMSD Value H bond (distance Å) 

3a O -H LYS644, VAL675, LEU818 −9.94 0.27 O-a with H-1 of CYS694 (2.011) 

3b O -CN VAL624, LEU818, ASP829 −10.59 1.66 O-b with H-1 of CYS694 (2.041) 

H-b with O-1 of CYS694 (2.157) 

3c O -F VAL624, CYS694, LEU818, −10.16 1.16 –

3d O -Cl −10.71 0.54 O-a with H-1 of CYS694 (1.905) 

3e O -CH 3 LYS644, LEU818, ASP829 −10.45 1.00 O-a with H-1 of CYS694 (2.107) 

3f O -Naphtalen LYS644, ILE674, LEU818 −11.86 0.61 O-a with H-1 of CYS694 (2.099) 

3 g S -H LYS644, ILE827, CYS828 −9.81 1.20 –

3h S -Cl VAL675, LEU818, ASP829 −10.34 0.57 O-a with H-1 of CYS694 (1.847) 

3i S -CH 3 LYS644, VAL675, LEU818 −10.03 1.53 O-a with H-1 of CYS694 (1.907) 

3j S -F ALA642, CYS828, ASP829 −9.08 1.97 O-b with H-1 of LYS644 (2.051) 

H-b with O-1 ’karbonil’ of GLU661 

(2.011) 

3k S –OCH 3 ALA642, LYS644, LEU818 −10.48 1.34 O-b with H-1 of CYS694 (2.128) 

H-b with O-2 of GLU692 (2.022) 

3l S -Br LEU616, GLY697, ASP829 −10.61 1.20 C with H-1 of CYS694 (2.129) O-a 

with H-1 of LYS644 (2.075) 

( R ) −3l S -Br LEU616, GLY697, ASP829 −10.96 0.31 C with H-1 of CYS694 (2.129) O-a 

with H-1 of LYS644 (2.075) 

( S ) −3l S -Br LYS644, ILE674, ASP829 −10.73 0.40 O-a with H-1 of CYS694 (1.906) 

Doxorubicin – – LYS644, ASP829, PHE830 −8.99 0.30 O-1 of Dox. with H-1 of CYS694 

(1.731) 
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inding affinity and receptor-ligand interaction of every compound 

ave been assessed and well- established good interactions of 

ompounds withinside the receptor’s active pocket of the target re- 

eptor proteins have been demonstrated in Table 4 . Based on the 

revious research of similar structures possessing aryl hydroxy ke- 

one derivatives, we have decided to look for possible binding mo- 

ifs for estrogen receptors to investigate their anti-cancer activity 

or breast cancer, Acute Myeloid Leukemia (AML), and Brain Tu- 

or [28 , 29] . We compared our results with often used anti-cancer 

edicines Tamoxifen, Doxorubicin, and Temozolomide. 

The conformation with the reasonably low docking energy 

cores is chosen after the docking interactions because the lowest 

egative binding energy values indicate the most powerful bind- 

ng capability of the ligand withinside the target. Nearly all the 

ompounds confirmed appropriate binding free energies towards 

LT3, Estrogen Receptors and Glioblastoma (or PARP2 receptors) 

ells which have been acquired in a selection between –9.55 and 

11.74 Kcal/mol for Estrogen Receptor, –9.08 and –11.96 Kcal/mol 

or FLT3 and −8.55 and −10.73 Kcal/mol for Glioblastoma cells. 
5 
We also docked the collective best scored compound 3l for each 

arget with its both enantiomers ( R ) −3l and ( S ) −3l Their energy

cores and RMSD values showed reasonably high similarities. 

As shown in the Figs. 2–7 , compounds bonded to the active site 

nd overlapped with reference compounds. Our preliminary re- 

ults showed that these compounds demonstrate reasonably good 

igand-receptor binding interactions. 

Compounds 3b, 3d, 3f, 3l has the lowest binding energy scores 

ith the small RMSD scores in each target. They also showed 

trong hydrogen bonds with similar aminoacid residues as ex- 

lained in the tables. As seen in the figures active conformations of 

ach compound bonded active site and overlapped with each other. 

he results verified these compounds predicted the best ligand- 

eceptor binding interactions ( Tables 5 and 6 ). 

The binding energies for re-docked reference structures are: 

10.77 for 1 × 7B Estrogen Receptors; −9.77 for 4RT7 FLT3 re- 

eptors and −12.80 for 4ZZY PARP2 receptors. We also calculated 

MSD values between the native structures in solvent and docked 

tructures as follow: 0.54 for 1 × 7B; 0.48 for 4RT7 and 0.67 
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Scheme 2. Derivatization of β-hydroxy ketone 3l 

Fig. 2. Interaction of the best-docked poses of compounds 3b, 3f, 3l and reference drug Tamoxifen to 1 × 7B target. 

f
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or 4ZZY. All threee re-docked reference structures conformations 

howed high similarity to native conformations. 

.3. Drug-like properties 

To better understand the structure-activity relationships of 

ompounds, drug-likeness rankings have been calculated through 
6 
he usage of Swiss ADME Calculation program. The molecular 

eight, logP, TPSA, crossing the BBB, GI absorption properties and 

ort of CYPP450 inhibition type of compounds have been pro- 

ided in Table 7 . Nearly all compounds have been discovered to 

ave relatively affordable values which will pass the lipid barriers. 

ipophilicity values of compounds have been found lower than 4. 
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Fig. 3. Superimposing poses of best scored compounds with and without reference drug Tamoxifen against 1 × 7B. 

Fig. 4. Interaction of the best-docked poses of compounds 3d, 3f, 3l and reference drug Doxorubicin to 4RT7 target. 

Fig. 5. Superimposing poses of best scored compounds with and without reference drug Doxorubicin against 4RT7. 

7 
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Fig. 6. Interaction of the best-docked poses of compounds 3b, 3f, 3l and reference drug Temozolomide to 4ZZY target. 

Fig. 7. Superimposing poses of best scored compounds with and without reference drug Temozolomide against 4ZZY. 
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.4. Biological activity 

A cell viability assay test was used to calculate an Inhibitory 

oncentration of 50 (IC 50 ). Cells were treated with minimum IC 50 

oses DNA fragmentation and Annexin V kits were used for detec- 

ion of apoptosis. Real time PCR analysis was carried out to analyze 

poptotic and anti-apoptotic gene expressions. Relation of apop- 

osis and voltage-gated ion channels protein expression was ac- 

omplished by western blot. Detailed information for experimental 

rocedures was demonstrated in the supporting information docu- 

ent. 

.5. Evaluation of anticancer effects 

Cytotoxic activity of compounds 3a-o on MCF-7 breast cancer 

ells and U87 brain cancer cells were determined by using a cell 
8 
iter GLO cell viability test. Cells were treated with compounds for 

4 and 48 h. As a result, IC 50 doses were determined and used 

or analyzing the effects of compounds on a biological process at a 

ellular level. As illustrated in Figs. 8–11 the cell viability of MCF-7 

nd U87 cells was decreased with time and dose-dependent man- 

er. Minimum IC 50 values were obtained for compound 3f , 3 g, 3 h, 

j and 3l for MCF-7 cells and determined as 172,8; 375,6; 349,1; 

55,1; and 145 μM, respectively. Additionally, IC 50 values was ob- 

ained for compound 3 h, 3 i, 3j, 3k, 3l , 3 m, 3n and 3o and de-

ermined as 3,6; 3,6; 7,4; 3,1; 6,6; 134,6; 333,5 and 107,3 μM, for 

87 cells respectively. Furthermore, compound 3l was determined 

o be the most active compound on both cancer cells, and IC 50 val- 

es being as 145 μM for MCF-7 cells and 6,6 μM for U87 cells. 

The study of cell death involves characterizing mortality as 

poptotic or necrotic. Apoptosis can be characterized by prelytic, 

on-random fragmentation of DNA (“ladder” pattern after agarose- 
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Fig. 8. Cell-titer cell viability test of MCF-7 breast cancer cells after treatment of various concentrations of β-hydroxy ketones with 24 h. Control cells were treated with 

0.1% of DMSO solution. ∗ indicates p < 0.05. 

Fig. 9. Cell-titer cell viability test of MCF-7 breast cancer cells after treatment of various concentrations of β-hydroxy ketones with 48 h. Control cells were treated with 

0.1% of DMSO solution. ∗ indicates p < 0.05. 

9 
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Fig. 10. Cell-titer cell viability test of U87 neuronal glioblastoma cancer cells after treatment of various concentrations of β-hydroxy ketones with 24 h. Control cells were 

treated with 0.1% of DMSO solution. ∗ indicates p < 0.05. 

Fig. 11. Cell-titer cell viability test of U87 neuronal glioblastoma cancer cells after treatment of various concentrations of β-hydroxy ketones with 48 h. Control cells were 

treated with 0.1% of DMSO solution. ∗ indicates p < 0.05. 

10 
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Table 6 

Docking results of 4ZZY, Glioblastoma (or Brain Tumor), PARP2 receptors. 

Comp No. X Y 

Docked Aminoacid 

residues (vdW interactions) Energy Score RMSD Value H bond (distance Å) 

3a O -H HIS428, TYR462, SER470 −8.65 0.90 O-b with H-1 of GLY429 (2.013) 

3b O -CN ALA446, TYR462, SER470 −10.17 0.16 O-b with H-1 of GLY429 (1.978) 

3c O -F TYR462, PHE463, SER470 −9.02 0.48 O-b with H-1 of GLY429 (1.970) 

3d O -Cl TYR462, LYS629, SER470 −9.43 0.35 O-b with H-1 of GLY429 (2.060) 

3e O -CH3 TYR462, PHE463, SER470 −9.30 0.28 O-b with H-1 of GLY429 (1.904) 

3f O Naphtalen GLY460, TYR462, SER470 −10.08 0.30 O-b with H-1 of GLY429 (2.011) 

3 g S -H HIS428, GLY460, SER470 −8.86 0.21 O-b with H-1 of GLY429 (2.109) 

3h S -Cl MET456, TYR462, SER470 −9.31 0.65 O-b with H-1 of GLY429 (1.981) 

3i S -CH3 TYR462, PHE463, SER470 −9.15 0.30 O-b with H-1 of GLY429 (1.861) 

3j S -F HIS428, TYR462, SER470 −9.00 0.26 O-b with H-1 of GLY429 (2.044) 

3k S -OCH3 HIS428, TYR462, SER470 −9.66 0.25 O-b with H-1 of GLY429 (2.056) 

3l S -Br ALA446, TYR462, SER470 −10.49 0.52 O-b with H-1 of GLY429 (1.963) 

( R ) −3l S -Br ALA446, TYR462, SER470 −10.48 0.57 O-b with H-1 of GLY429 (1.963) 

( S ) −3l S -B HIS428, TYR462, SER470 −10.35 0.66 O-b with H-1 of GLY429 (2.053) 

TMZ - - GLU558, ALA464, SER470 −8.77 0.73 N-1 with H-1 of GLY429 (2.081) H 

of NH2 with O-1 of GLY429 

(1.886) 

Table 7 

Drug-like properties of β-hydroxy ketones 3a-l calculated by Swiss ADME online software program. 

Comp. No MW (g/mol) a LogP b TPSA c BBB d GI Abs. e Type of CYP Inh. f Rule of Five g 

3a 236.30 2.79 46.53 Å Yes High CYP1A2, CYP2C19, CYP2D6, CYP3A4 Yes 

3b 281.31 2.57 70.32 Å Yes High CYP1A2, CYP2C19, CYP3A4 Yes 

3c 274.29 3.11 46.53 Å Yes High CYP1A2, CYP2C19, CYP2D6, CYP3A4 Yes 

3d 290.74 3.32 46.53 Å Yes High CYP1A2, CYP2C19, CYP2D6, CYP3A4 Yes 

3e 270.32 3.10 46.53 Å Yes High CYP1A2, CYP2C19, CYP2D6, CYP3A4 Yes 

3f 306.60 3.70 46.53 Å Yes High CYP1A2, CYP2C19, CYP2D6, CYP3A4 Yes 

3 g 272.36 3.24 62.60 Å Yes High CYP1A2, CYP2C19, CYP2D6, CYP3A4 Yes 

3h 306.81 3.84 62.60 Å Yes High CYP1A2, CYP2C19, CYP2C9, CYP2D6, CYP3A4 Yes 

3i 286.39 3.54 62.60 Å Yes High CYP1A2, CYP2C19, CYP2D6, CYP3A4 Yes 

3j 290.35 3.52 62.60 Å Yes High CYP1A2, CYP2C19, CYP2D6, CYP3A4 Yes 

3k 302.39 3.31 71.83 Å Yes High CYP1A2, CYP2C19, CYP2C9, CYP2D6, CYP3A4 Yes 

3l 351.26 3.90 62.60 Å Yes High CYP1A2, CYP2C19, CYP2C9, CYP2D6, CYP3A4 Yes 

Doxorubicin 543.5 1.30 206 Å No Low CYP1A2, CYP3A4 Yes 

Tamoxifen 371.51 5.77 12.47 Å No Low CYP2C19, CYP2D6 Yes 

a Molecular weight (recommended value < 500). 
b Logarithm of the partition coefficient of the compound between n-octanol and water (recommended value < 5). 
c Polar surface area (recommended value ≤140 ̊A 2 ). 
d Indicates whether the compound pass Blood Brain Barrier (BBB) or not. 
e Degree of Gastrointestinal Absorption. 
f Represent the inhibition of CYP450 subtypes. 
g Indicates whether the compound obeys Lipinski’s Rule of Five or not. 
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el electrophoresis; formation of membrane-bound vesicles (or 

apoptotic bodies”), and cell shrinkage due to a concentration of 

ytoplasm. Resolving the DNA on a gel provides a quick and doc- 

mentable form of data to differentiate between apoptosis and 

ecrosis [30 , 40] . The most active compounds, 3 h; 3i; 3j; 3k ; and

l were selected and analyzed for apoptotic DNA ladder activity. 

oche apoptotic DNA ladder kit was used for this process and 

poptotic U937 cells were used as a positive control. The most 

poptotic DNA smearing image was seen in compound 3l , as seen 

n Fig. 12 , therefore it was selected to determine the biological pro- 

ess inside cells on U87 brain cancer cells. 

Bcl-2 family proteins control apoptosis and regulate the func- 

ions of cell death proteins [31] . Bax and Bcl-2 genes were used 

or analyzing gene expression level of apoptotic ratio as transcript 

evel. In the logarithmic phase, cells were treated with 10 μM of 3l 

ompound for 36 h. Control cells were treated with 0.1% DMSO. Af- 

er the RNA isolation process, obtained cDNAs were used for Q-PCR 

nalysis to evaluate gene expression level. As seen in Fig. 13 , Bax 

ene expression increased nearly 4 fold, while Bcl-2 gene expres- 

ion decreased after cells were exposed to compound 3l Apoptotic 

NA ladder and Bax/Bcl-2 gene expression results showed that 3l 
11 
an initiate apoptosis on U87 glioblastoma astrocyte cancer cells. 

poptotic cell death was also showed as membrane level and so 

nnexin V staining protocol was used. After U87 cells were treated 

ith 10 μM of 3l for 36 h; as seen in Fig. 12 , compared to control

ate apoptotic index increased to 2,34%. 

Apoptotic defects are seen mostly in neurodegenerative dis- 

ases, tumorigenesis, autoimmune disorders, and viral infec- 

ions. Mitochondria-dependent apoptotic cell death mode depends 

ostly on cytosol of apoptogenic factors such as cytochrome c 

cyto c), AIF, Smac/DIABLO, and Endonuclease G [32–35] . Bcl-2 

amily proteins also affect the mitochondrial permeability directly 

hrough Ca 2 + homeostasis. The uptake of Ca 2 + inside the mi- 

ochondrial matrix needs transportation across two membranes. 

cross the inner membrane, it is regulated by the calcium uni- 

orter, a channel whose features have been specified [36–38] . 

ovement across the outer membrane is controlled mostly by the 

oltage-dependent anion channel (VDAC), a porin channel that reg- 

lates the major diffusion pathway for ions and metabolites [39] . 

n addition, these channels cause to drug resistance mechanism by 

ump pathway proteins outside the cell membrane. In this study, 

s seen in Fig. 13 , there is a significant increase in VDAC protein
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Fig. 12. Left: Apoptotic DNA fragmentation analysis carried out by Roche Apoptotic DNA-Ladder kit. U87 cells were treated for 36 h with compounds at the logarithmic 

phase of growth. Following treatment, DNA was obtained using the Roche Apoptotic DNA Ladder kit as manufacturer protocol. For each DNA sample, equal amounts of DNA 

(1 μg) was loaded on a 1.2% agarose gel. M, 100 bp marker; lane 1, apoptotic U937 cells (positive control); lane 2, negative control; lane 3, 3 h; lane 4, 3i; lane 5, 3j; lane 6, 

3k and lane 7, 3l Right: Determination of apoptotic effects of 3l compound by using Canto BDFACSDiva Analyzer. U87 cells were treated in the logarithmic phase of growth 

with 10 μM compound 3l for 36 h. Following treatment, the cells from each sample were stained using Annexin V and propidium iodide Reagent and analyzed by FACS. 

Results were evaluated as triplicates. 

Fig. 13. Expression profiles of Bax and Bcl-2 activity marker genes by using QRT-PCR analysis and VDAC protein expression detected by western blot analysis on U87 cells 

after treatment with compound 3l GAPDH and β-actin were used as the internal control. ∗p < 0.05. 
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xpression as compared to control. An increase in VDAC expression 

an be related to Ca 2 + transfer to the outer mitochondrial mem- 

rane inside the cytosol due to the apoptosis mechanism initiation. 

. Conclusion 

In conclusion, we have synthesized a handful of novel aryl con- 

aining β–hydroxy ketone derivatives and investigated their be- 

avior and certain cancer cell lines. The results especially with 
12 
he U87 cell line which is the most aggressive and proliferative 

ell line in GBM are noteworthy (see compound 3l IC 50 6,6 μM). 

ain reason for the selection of these two cancer cell lines is 

CF-7 cancer cells are hormone receptor-positive and good models 

or chemotherapeutic drugs in order to investigate drug resistance 

echanisms in cancer cells. Thus, this cell line was used as control 

ells, they are sensitive to hormone therapy not for chemotherapy. 

n the other hand, U87 cells are highly metastatic cancer cells 

nd a good model for searching the relation between drug resis- 
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ance mechanisms and potential anticancer molecules. Most cancer 

herapy targets apoptosis by making drug resistance reversible. Ion 

uxes inside and outside the membrane affects directly drug resis- 

ance activity. Ion fluxes through these channels define cell mem- 

rane potential and volume, are involved in intracellular signal- 

ng events, and activate specific cellular responses. Thus, apoptotic 

arkers and voltage-gated ion channel expression were analyzed 

n U87 brain cancer cells. VDAC protein expression increased and 

t was thought that results are correlated with in silico molecular 

odeling studies, since DNA fragmentation analysis and annexin V 

ests showed apoptosis after U87 cells were exposed to compound 

l 

We are further investigating the lead compound’s ( 3l) binding 

otif, mechanism of action, and specific biological activity profile 

hich will be reported in due course. 
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