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Abstract

Objectives. This study aimed to obtain ethers containing gem-dichlorocyclopropane and
1,3-dioxolane fragments and evaluate their cytotoxic properties against HEK293, SH-SY5Y, MCF-7,
and A549 cell lines.

Methods. The qualitative and quantitative compositions of the reaction masses were determined
using mass spectrometry (using a Chromatek-Kristall 5000M device with the 2012 National
Institute of Standards and Technology, USA database) and nuclear magnetic resonance
spectroscopy (using a Bruker AM-500 device with operating frequencies of 500 and 125 MHz).
Results. Ethers containing gem-dichlorocyclopropane and 1,3-dioxolane fragments were
synthesized in the presence of a catamine AB catalyst. The structures of the obtained substances
were confirmed using gas-liquid chromatography, mass spectrometry, and nuclear magnetic
resonance spectroscopy. The cytotoxicity of the esters was studied against HEK293, SH-SYS5Y,
MCF-7, and A549 cell lines.
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Conclusions. Ethers containing gem-dichlorocyclopropane and 1,3-dioxolane fragments were
obtained in quantitative yields; however, only 4-{[(2,2-dichloro-3-{[(2,2-dichlorocyclopropyl)
methoxy[methyl}cyclopropyl)methoxymethyl}-2,2-dimethyl-1,3-dioxolane exhibited cytotoxic
activity against HEK293, SH-SY5Y, MCF-7, and A549 cell lines.
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AHHOMaAyust

ITenu. ITonyuums npocmele apupsbl, cooeprkaujue 2em-ouxiopyurionponarosstit u 1,3-0uoxco-
JlaHo8bLl hpazmeHmbl U OUEHUMb UX YUMOmMoKCUUeckue ceolticmaa 8 OmHOWEeHUU KAeMmMOUHbIX
aunuit HEK293, SH-SYS5Y, MCF-7 u A549.

MemoobL. /s onpedeneHuss KauecmsgeHHo20 U KOAUUEeCMEEeHH020 COCMAA PeAKUUOHHBIX MACC
6bLIU UCNOABL308AHbL Caedyouue mMemoobl AHANMU3A: 2A302KUOKOCMHAs xpomamozpagust (Ha
annapamHo-npozpammHom komnaekce «Kpucmann 2000»), macc-cnekmpomempus (Ha npubope
Xpomamar-Kpucmann 5000M» ¢ 6azoti NIST 2012), u cnekmpockonust si0epH020 MA2HUMHO20
pesoHaHca (AMP-cnekmpockonus) (Ha npubope «Bruker AM-500» ¢ pabouumu uacmomamu 500 u
125 MT u).

Pesynoemamet. CunmesuposaHsL npocmele 9pupsl, cooeprrauiue 2em-0UxXI0pYUUKI0NponaHo8sLil
u 1,3-0uorconanosslii ppazmermel 8 npucymemeuu kamaauzamopa kamamura AB. CmpoeHue
NONYUEHHBbLX geujecmea O6bllo NOOMBEPIKOEHO C NOMOUWbLH 2030XKUOKOCMHOU Xpomamozpagul,
Mmacc-cnekmpomempuu u AMP-cnekmpockonuu. Jnsi a¢pupos usyueHa yumomorcuueckas ak-
MUBHOCMb 8 OMHOWEHUU KaemoUuHblx AuHutl HEK293, SH-SY5Y, MCF-7 u A549.

Boigodsl. C KOAUUECMEEHHBILMU 6blX00aMU NOAYUEHbL Npocmble 9pupbl, codeprkauiue
2em-ouxnopyurionponaHosslilt u 1,3-0ouokcosarosslii ppazmeHmosl. YCmMAaHO8/MEHO, UMO YUmo-
moKcuuecKyro aKkmueHoOCms 8 OmHouleHUU KaemouHolx aunutt HEK293, SH-SY5Y, MCF-7 u A549
cpedu psida NOAYUeHHbLX COeOUHeHUll npossasem moavko 4-{[(2,2-0uxnopo-3-{[(2,2-0uxnopyu-
Kaonponui)memoxKcu/memuntyuraonponusimemoxcu/memun}-2, 2-oumemut- 1,3-0u0KCONAH.

Knroueevte cnoea: 2,2-oumemun-4-okcumemun-1,3-ouorconaH, kapbeHupogaHue, KiemouHsble
JUHUU, YWUMOMOKCUUHOCMb

Jna yumuposanusa: Jxymaes I.11., bopucosa 0., Packunsauna I'.3., Kysemuna V.., [lamunes P.P., 3norckuii C.C.
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Synthesis of ethers containing 1,3-dioxolane and gem-dichlorocyclopropane fragments

INTRODUCTION

Compounds containing cycloacetal and gem-dichloro-
cyclopropane fragments are important intermediate
and final products in the pharmaceutical, perfume, and
polymer industries and, depending on the structure of
the substituents, exhibit a wide spectrum of biological
activity [1-10]. For example, 2-{(4R)-4[(benzyloxy)-
methyl]-1,3-dioxolan-2-yl}phenol, diisopropyl-(4R-5R)-
2-(2-hydroxyphenyl)-1,3-dioxolane-4,5-dicarboxylate,
diisopropyl-2-(2-hydroxyphenyl)-1,3-dioxolane-4,5-
dicarboxylate, dimethyl 2-(2-hydroxyphenyl)-1,3-di-
oxolane-4,5-dicarboxylate, and 2-[(4S,5S)-4,5-bis(benzyl-
oxymethyl)-1,3-dioxolane-2-yl] phenol have been shown
to exhibit pronounced antibacterial properties against
Staphylococcus aureus and Staphylococcus epidermidis
as well as antifungal activity against Candida albicans [5].

Ozkanli and co-authors, demonstrated that new
derivatives of 2-acetylnaphthalene with the dioxolane
structure have an anticonvulsant effect [11]. In addition,
it has been shown that 1,3-dioxolane heterocyclic
compounds are not only effective anticancer agents
but are able to overcome the phenomenon of multidrug
resistance, which is one of the main problems in
successful cancer therapy [12]. We have previously
reported compounds containing 1,3-dioxolane and
gem-dichlorocyclopropane fragments with potential
antitumor activity [3], and these heterocyclic
compounds have also been shown to have herbicidal
[1], antioxidant [3], antiviral [13, 14], anticoagulant,
antiaggregatory [7], and anesthetic [15] activities. This
breadth of activities and the fact that many groups
are only partially studied means that the synthesis of
novel 1,3-dioxolane and gem-dichlorocyclopropane
fragment-containing compounds is a promising route
to finding biologically active substances.

This study aimed to develop new methods for
preparing novel bi- and polycyclic compounds, where
1,3-dioxolane and gem-dichlorocyclopropane fragments
are bound by the stable but mobile CH,~O-CH, group in
acidic and alkaline media, as well as assessing their
cytotoxic properties in vitro.

MATERIALS AND METHODS

The analysis of the reaction masses and the
recording of the mass spectra of the compounds
were carried out on a Chromatec-Kristall 5000M
(CHROMATEC, Russia) hardware—software complex
using the National Institute of Standards and Technology
2012 database (NIST, USA). The analysis conditions
were as follows: 30 m long capillary quartz column,
20 min duration, 260°C ion source, 300°C transition
line, 30—300 Da scanning range, 37—43 mTorr pressure,
helium carrier gas, and a heating rate of 20°C/min. The
mass spectra of the compounds were obtained using

electron impact ionization. 'H and *C nuclear magnetic
resonance (NMR) spectra were recorded using a
Bruker AM-500 spectrometer (Bruker Corporation,
USA) with operating frequencies of 500 and 125 MHz,
respectively, and a CDCI, solvent. The chemical
shifts were reported on a & (ppm) scale relative to an
internal tetramethylsilane standard. Spin-spin coupling
constants (J) were recorded in Hz.

Synthesis of 2,2-dimethyl-4-hydroxymethyl-1,3-
dioxolane 1. A mixture of 0.49 mol of glycerol, 49 mol
of acetone, and 0.22 g of p-toluenesulfonic acid was
vigorously stirred at room temperature for 18 h followed
by the addition of 3 g (anhydrous) K,CO, and stirring
for 1 h. The mixture was then filtered, concentrated,
and the residue distilled at reduced pressure.

Physicochemical constants corresponded with
previously reported data [16-22].

Synthesis of compounds 4-6, 11, and 15.
Catamin-AB catalyst (0.22 g) and 100 g of 50% NaOH
solution were added with vigorous stirring at 50°C
(or 30°C for allyl chloride) to a solution of 0.06 mol
2,2-dimethyl-4-hydroxymethyl-1,3-dioxolane in 60 mL
of benzene. After 2 h, 0.30 mol of the corresponding
halogenated derivatives were added dropwise. Upon
completion of the reaction, the mixture was washed
with water, extracted with ethoxyethane (3 x 30 mL),
and dried over anhydrous MgSO,. Following the
removal of the solvent, the residue was distilled under
reduced pressure (a detailed procedure is described
in [23]).

According to this method, the following were
obtained:

4-[(Allyloxy)methyl]-2,2-dimethyl-1,3-
dioxolane 4. The NMR spectrum of the compound is
given in [24]. Yield (4) 90%, boiling temperature
bp = 52-54°C (10 mm Hg). Mass spectrum, m/z (1 , %):
172 (22) [M]+, 157/70, 101/100, 73/25, 55/30.

4-({[(2Z)-4-chlorobut-2-en-1-yl]oxy}-
methyl)-2,2-dimethyl-1,3-dioxolane 5. Yield (5)
80%, bp = 81-83°C (5 mm Hg). '"H NMR spectrum
(CDCL), 6, ppm (J, Hz): 1.33 t (3H, CH,, J = 7.0),
1.40 t BH, CH,, J=7.3),3.44 t (1H, C°H, J = 9.9,
5.2), 3.51 d (1H, C°*H,, J = 10.0, 3.0), 3.70 t (1H,
CH,J=28264),403d (1H, CH,, J = 8.2, 6.5),
4.09 d (2H, C'H,, J = 11.8, 7.5), 4.14 d (2H, C'°H,,
J = 11.1, 5.8), 4.22-4.27 m (1H, C*H), 5.69-5.81
m (2H, C*H, C°H). "C NMR spectrum (CDCl,), 3,
ppm: 25.31 (CH,), 26.68 (CH,), 38.98 (C'), 63.88
(C%), 66.62 (C°), 71.33 (C7), 74.65 (C*), 109.44 (C?),
128.37 (C®), 130.53 (C°). Mass spectrum, m/z (I, %):
220/222 (<1) [M]*, 205/207 (40/15), 115/117 (10/5),
101/100, 89/91 (55/30), 73 (25), 43 (90).

4,4-[(2Z)-but-2-en-1,4-diyl(oxymethylene)]-
bis-(2,2-dimethyl-1,3-dioxolane) 6. Yield (6) 60%,
bp = 101-103°C (3 mm Hg). 'H NMR spectrum
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(CDCL,), 8, ppm (J, Hz): 1.35 s (6H, 2 CH,), 1.42 s (6H,
2 CH,), 3.44 t (2H, C**H_, J = 9.1, 6.9), 3.51 d (2H,
C*H,, J=10.7, 7.0), 3.72 t (2H, C**'Ha, J = 8.0, 6.2),
4.00d (2H, C**"Hb, J = 8.2, 6.1), 4.08 dt (4H, C""'"°H ,
J=11.8,7.5),4.15 dd (4H, C""H , J = 11.1, 5.8),
4.24-4.29 m (1H, C**H), 5.69-5.81 m (2H, C¥H, C°H).
"C NMR spectrum (CDCL,), §., ppm: 25.28 (CH,),
26.44 (CH,), 64.23 (C**), 66.62 (C**%"), 71.35 (C""%),
73.69 (C**7), 109.44 (C*?"), 127.32 (C?), 130.55 (C°).
Mass spectrum, m/z (I, %): 316 (<1) [M]", 300 (70),
215 (50), 101 (100), 73 (20), 43 (70).
4-({[(2Z)-4-(alloxy)-but-2-en-1-ylJoxy} methyl)-
2,2-dimethyl-1,3-dioxolane 11. Yield (11) 40%,
bp=99-101°C (4 mm Hg). '"H NMR spectrum (CDCl,),
d, ppm (J, Hz): 1.41 t 3H, CH,, J = 7.7), 1.45 t (3H,
CH,,J=17.5),3.45t(1H,C°H ,J=8.9,5.9),3.54 1 (1H,
CH,, J = 10.0), 3.74 t (1H, C°H_, J = 8.0, 6.0), 4.11 d
(IH, C°H,, J = 8.2), 3.72 t (1H, C""H_, J = 10.3,
5.8),4.06 d (3H, C"H,, J=5.9),4.09d (2H, C'H,,
J=1.7),417t(2H, C'H,, /=104, 5.9), 425-4.29 m
(1H, C*H), 5.18d (1H,C"H,,/=1.3,10.4),5.26 d (1H,
C"H,, J = 15.0), 5.83-5.93 m (1H, C"*H), 5.70-5.81
m (2H, C*H, C°H). "C NMR spectrum (CDCIl,),
8., ppm: 25.31 (CH,), 26.68 (CH,), 63.84 (C'’), 65.30
(C5), 67.02 (C%), 67.77 (C7), 69.32 (C'), 71.55 (C%),
107.50 (C%), 122.92 (C"), 127.93 (C%), 131.02 (C?¥).
132.53 (C'™). Mass spectrum, m/z (I, %): 242 (<3)
[M]7, 300 (70), 275 (60), 215 (35), 145 (60), 101 (100),
73 (34), 43 (50).
4-[(benzyloxy)methyl]-2,2-dimethyl-1,3-
dioxolane 15. SIMP cnekrp coeauHEHUs ONUCaH B
pabore [25]. Yield (15) 90%, bp = 138°C (5 mm Hg).
Mass spectrum m/z (I, %): 222 (<1) [M]’, 207 (27),
164 (34), 101 (41), 91 (100), 43 (23).
4-[(2-chloromethyl-benzyloxy)methyl]-2,2-
dimethyl-1,3-dioxolane 16. Yield (16) 90%, bp = 138°C
(5 mm Hg). '"H NMR spectrum (CDCL,), 6, ppm (J,
Hz): 1.33 t 3H, CH,, J = 7.5), 1.41 t (3H, CH,, 6.8),
3.49t(1H, CH,,J=11.5),3.54d (1H, C°H_, J=11.2),
3.67t(1H, C°H,, J=9.6),3.78 d (1H, C°H,, J = 10.0),
4.45-4.82 m (1H, C,H), 4.89 (s, 1H, C*H,), 4.91 (s, 1H,
C*H,), 7.07-7.16 m (4H, 4 CH). "C NMR spectrum,
8., ppm: 25.47 (CH,), 26.54 (CH,), 47.13 (C*H,), 66.43
(C°H,), 67.83 (C°H,), 68.37 (C'H,), 68.28 (C*H), 105.29
(C?), 127.07-139.61 (Ph). Macc-cnextp m/z (I, %):
270/272 (<1) [M], 255/257 (25/5), 101 (40), 73 (56),
91 (70), 77 (100), 41 (30).
Synthesis of compounds 7-9 and 12. Compounds
7-9 and 12 were obtained similarly to the procedure
[25-27] using chloroform, 50% alkali solution, and
catamine AB phase transfer catalyst.
4-{[(2,2-dichlorocyclopropyl)methoxy]-
methyl}-2,2-dimethyl-1,3-dioxolane 7. Yield (7)
70%, bp = 74-76°C (8 mm Hg). 'H NMR spectrum
(CDCl,), 8, ppm (J, Hz): 0.95-0.1.04 m (1H, C*H), 1.37

t 3H, CH,, J = 7.0), 1.43 t (3H, CH,, 6.8), 1.62 t (1H,
C°H,J=5.3),1.68d (1H, C'H, J = 5.4), 3.45 t (1H,
C'H,J=11.0,7.0),3.57d (1H, C'H,, J = 11.2), 3.61
t (IH, C°H,, J = 9.0, 7.0), 3.69 d (1H, C°H,, J = 8.9),
3.84 d (1H, C°*H_, J = 6.0), 4.02 t (1H, C°*H,, J = 6.7),
4.33-4.38 m (1H, C*H). "C NMR spectrum, 3, ppm:
24.52 (CH,), 25.46 (CH,), 27.34 (CH,), 28.49 (CH),
61.03 (C), 67.83 (CH,), 68.58 (CH,), 69.42 (CH,),
69.78 (CH), 108.96 (C). Mass spectrum, m/z (I, %):
225/227/229 (<3) [M]’, 219/221 (40/15), 145 (45),
115/117 (30/8), 101 (100), 89/91 (60/35), 43 (80).
4-({[2,2-dichloro-3-(chloromethyl)-
cyclopropyllmethoxy}methyl)-2,2-dimethyl-1,3-
dioxolane 8. Yield (8) 50%, bp = 88-90°C (8 mm Hg).
'H NMR spectrum (CDCI,), 8, ppm (J, Hz):
1.36 t (3H, CH,, J=7.0), 1.41 t (3H, CH,, J = 6.8),
1.54-1.58 m (1H, C*H), 1.78-1.85 m (1H, C°H), 3.46
t(1H,C'H,J=9.0),3.51d (1H,C'H,, J=9.3),3.63 t
(IH,CH_,J=9.2),3.71 d (1H, C"°H,, J = 8.8), 3.88
d (1H, C°H, J=6.5),3.93 t (1H, C°H,, J = 6.6), 4.04
d (IH, C°*H, J = 6.8), 4.07 t (IH, C°H_, J = 6.5),
4.28-4.35 m (1H, C*H). "C NMR spectrum, 3., ppm:
24.48 (CH,), 25.49 (CH,), 34.87 (C°H), 36.39 (C*H),
43.42 (C'H,), 63.06 (C), 67.86 (C°H,), 68.73 (C'H,),
69.42 (C°H,), 71.74 (C*H), 108.69 (C?). Mass spectrum,
m/z (I, %): 304/306/308 (<2) [M]", 269/271/273
(35/15/4), 219/221 (60/45), 145/65, 101/100, 89/91
(30/15), 41 (70).
4.4-[(3,3dichlorocyclopropane-1,2-diyl)
bis(methyleneoxymethylene)|bis(2,2-dimethyl-
1,3-dioxolane) 9. Yield (9) 60%, bp = 102-104°C
(5 mm Hg). 'H NMR spectrum (CDCI,), 3, ppm
(/, Hz): 1.29 t BH, CH,, J=6.9), 1.34 t (3H, CH,,
J=6.7),2.24 dt (2H, 2 C¥°H, J = 5.9, 8.9), 3.39 t
(2H, 2 C™H, J=10.9), 3.42d (2H, 2 C"""*H,,
J=10.2),3.56 t (2H, 2 C**“H_, J=9.6),3.63 d (2H,
2C%%H,,J=8.2),3.82d (2H,2 C**H ,J=6.4),4.00
t(2H,2 C**"H, J = 6.6), 4.45-4.60 m (2H, 2 C***H).
"C NMR spectrum, 5., ppm: 25.45 (CH,), 26.30
(CH,), 34.76 (2 C**H), 64.55 (C), 67.93 (2 C***H,),
68.81 (2 C7"'°H,), 72.66 (2 C**“H,), 72.75 (2 C**H),
106.44 (C). Mass spectrum, m/z (I, %): 400/402/404
(<10) [M]7, 384/386/388 (30/14/6), 298/300/302
(40/22/12), 145/40, 115/117 (32/11), 101/100, 89/91
(80/30), 43 (80), 41 (50).
4-{[(2,2-dichloro-3-{[(2,2-
dichlorocyclopropyl)-methoxy|methyl}-
cyclopropyl)methoxy|methyl}-2,2-dimethyl-1,3-
dioxolane 12. Yield (12) 50%, bp = 134-136°C
(2mm Hg). "H NMR spectrum (CDCl,), 3, ppm (J, Hz):
0.90-1.01 m (1H, C"H), 1.26 t (3H, CH,, J = 6.4),
1.31t(3H, CH,,J=6.3), 1.57 t (IH, C"H , J = 6.9),
1.62d (1H, C"H,, J=15.9),2.05qu (1H, C*H,
J=9.7),2.23 qu (IH, C°H, J = 9.9), 3.56-3.61 m
(4H, 2 C™'°H,), 3.66 t (1H, C"H, J = 10.0), 3.73 d
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(IH, C"H,,J=9.9),3.85d (1H,CH,,J=7.9),4.00 t
(IH, C°H,, J=6.9),4.22d (1H, C°'H,, J=6.9),4.25 t
(IH, C°H,, J=17.8),4.42-4.63 m (1H, C*H). "C NMR
spectrum, &, ppm: 24.44 (C"H,), 25.45 (CH,), 26.30
(CH,), 28.56 (C"H), 35.39 (2 C*°H), 61.20 (C),
63.91 (C), 67.58 (C°H,), 67.92 (C'°H,), 69.34 (C''H,),
70.62 (C°H,), 71.28 (C'H,), 72.55 (C*H), 110.29 (C).
Mass spectrum, m/z (I, %): 408/410/412/414 (<5)
[M]*, 393/395/397/399 (35/40/16/9/3), 372/374/376/378
(17/25/8/3),298/300/302 (60/35/18), 154/156/158 (55/36/14),
115/117 (32/11), 101/100, 89/91 (70/25), 41 (70).

Assessment of the cytotoxicity

of the substances in vitro

The cytotoxicity of the substances was studied
using SH-SY5Y (human neuroblastoma), A549
(human lung adenocarcinoma), and MCF-7
(adenocarcinoma of the human mammary gland
ducts) tumor cell lines and the HEK293 (immortalized
human embryonic kidney cells) normal cell line,
which were obtained from the Russian collection
of cell cultures (Institute of Cytology, Russian
Academy of Sciences, St. Petersburg). HEK293 cells
(25 x 10° cells per well), SH-SY5Y (50 x 10° cells per
well), MCF-7 (12 x 103 cells per well), and A549
(10 x 10° cells per well) were seeded in 96-well plates
in 100 uL of DMEM medium containing 10% FBS
(Gibco, USA), 2 mM L-glutamine (PanEco, Russia),
and 50 pg/mL gentamicin (Biolot, Russia). After 24 h,
the candidate substances were added to the cells at
concentrations of 1, 10, and 100 puM in 0.1% DMSO,
followed by incubation for 48 h at 37°C in 5% CO,.
The cytotoxic properties of the substances were then
assessed using PrestoBlue® vital dye according to
the manufacturer’s protocol (/nvitrogen, USA), and
fluorescence was detected using a 2300 EnSpire®
Multimode Plate Reader (Perkin Elmer, USA).
The IC,, value (substance concentration at which
50% inhibition of cell viability is observed) was
calculated using the GraphPad Prizm 4.0 program
(GraphPad Software Inc., USA).

The selectivity index (SI) of each substance was
determined to reveal the possible selectivity of its
cytotoxic effects against tumor cells, i.e., its potential
antitumor properties. The HEK293 cell line served
as control cells of normal origin, and the SI of the
substance was calculated as the ratio of the IC, value
in HEK293 cells to the IC, in tumor cells.

Statistical analysis of the obtained data was carried
out using the standard Statistica 6.1 software package
(StatSoft Inc., USA). The results were presented as the
arithmetic mean of 3 independent experiments (M),
including the standard error of the mean (+m). Analysis
of variance using the Dunnett’s test was used to determine
the significance of differences in the IC, values of the
substances between cells of normal and tumor origin.

RESULTS AND DISCUSSION

The O-alkylation of 2,2-dimethyl-4-hydroxy-
methyl-1,3-dioxolane 1 with allyl chloride 2 and
cis-1,4-dichlorobutene-2 3 resulted inthe corresponding
ethers 4-6 being obtained in yields of 60-90%. The
subsequent dichlorocarbenation of compounds 4-6
according to a previously reported procedure [25-27]
synthesized products 7-9 in yields of 50-70%, which
contained heterocyclic and carbocyclic fragments
(Scheme 1).

Chloromethyl derivative 5 was used for the
O-alkylation of allyl alcohol 10, which produced
compound 11 with two double bonds in a yield of 40%.
Its exhaustive dichlorocarbenation led to diester 12
(50% yield), which contained one 1,3-dioxolane and
two gem-dichlorocyclopropane fragments (Scheme 1).

Competitive kinetics was used to determine the
relative reactivity of chlorides 2 and 3 in the reaction
with 2,2-dimethyl-4-hydroxymethyl-1,3-dioxolane 1.
Judging by the rate of product accumulation of 4 and
5, allyl chloride 2 was 2 times more active than
cis-1,4-dichlorobutene-2 3. By considering the number
of reaction centers, the CH,Cl group in olefin 2 is 4 times
more active than the analogous group in compound 3,
which is likely due to the chlorine atoms in position
1 and 4 making it difficult for the bulky alcoholate
to approach the CH,-CI group. This assumption
was confirmed by the competitive O-alkylation of
2,2-dimethyl-4-hydroxymethyl-1,3-dioxolane 1 with
benzyl chloride 13 and 1,2-dichloromethylbenzene 14
(Scheme 2) resulting in the accumulation of esters 15
and 16, which means that monochloride 13 is also 1.5
times more active than dichloride 14.

The structures of 4-9, 11, 12, 15, and 16 were
elucidated by 'H and "“C NMR spectroscopy and
chromatomass spectrometry.

The initial biological screening of new substances,
regardless of their intended use, is the assessment of
their basic cytotoxicity in vitro, which is defined as
the negative effect of chemical compounds on the vital
functions of the cell, e.g., damage to cell membranes,
disruption of the metabolic activity of cells, changes
in the processes of cell division, and protein synthesis.
Continuous cell lines of various origins are used in
this analysis.! The in vitro cytotoxicity assessment
of polycyclic compounds 7-9 and 12 was performed
using normal (HEK293) and tumor (SH-SYS5Y, MCF-7,
A549) cell lines to reveal both possible cytotoxicity and
also the selectivity of their action, e.g., organ specificity
or antitumor activity. The PrestoBlue® test used for

! Vakhitova Yu.V., Tselousova O.S. Kletochnye mekhanizmy
toksichnosti ksenobiotikov (Cellular mechanisms of xenobiotic
toxicity). Textbook. 2nd ed., revised and add. Ufa: BSPU,
2015. 104 p.
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Scheme 2. Alkylation of 2,2-dimethyl-4-hydroxymethyl-1,3-dioxolane 1 by chlorides 13 and 14.

these screens allows for the detection of changes in the
metabolic activity of cells against the background of
the substances under study, which acts as a proxy for
cell viability.

From the obtained data (see Table) only compound 12
(IC,, < 100 pM) exhibited moderate cytotoxic activity
against the HEK293, SH-SY5Y, MCF-7, and A549 cell
lines. Substances 8 and 9 did not affect the viability of
cell lines in the concentration range of 1-100 uM. The
activity of the tricyclic compound 12 against the
HEK293, SH-SYS5Y, and A549 cell lines is in agreement
with the previously studied corresponding bicyclic

compound 8,8-dichloro-4-isopropyl-3,5-dioxabicyclo-
octane [28] but is inferior to the cinnamaldehyde
derivative 2-(2,2-dichloro-3-phenylcyclopropyl)-1,3-
dioxolane. No pronounced selectivity in the cytotoxic
effects of compound 12 was observed for a particular
tumor cell line (the maximum SI value was 1.18 for
A549 cells).

Considering the structure of the synthesized
substances and their cytotoxicity we assumed that the
toxicity of compound 12 was due to an increase in
the amount of gem-dichlorocyclopropane fragments
compared with compound 8. This is confirmed by
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Influence of compounds on cell viability (48 h, M + m)

IC,, ptM
Formula and compound number
Hek293 SH-SY5Y MCF-7 A549
Of\(\o CI
><0 >100 >100 >100 >100
HiC” Ncp, cr’ I
8
/-\(\O/y/\o/\/\()
O0_ o
o}
100 >100 >100 >100
c” ar 7< >
H3C><CH3 e’ CH
9
o[\(\ 0 0
><O S 4sas 86.2+2.1 727417 48.8+2.3
HiC™ e cr’ cl cr’ al aES SI=0.67** SI=0.79%* SI=1.18%*
12
CIACI *
93.2+9.6 21.0+1.8 56.0+4.2
o 0 73.0%5.7 SI=0.78** SI = 3.45%* SI=1.30%*
H3C:[CH3
Cl %
Cl
58.67 3.6 27.6+0.7 337428
o 48.0%3.1 SI = 0.82%* SI = 1.74%* SI = 1.42%*
0\)

Note: The results are presented as the arithmetic mean of three independent experiments (1/), indicating the standard error
of the mean (+m).

* Results from work [10].

** Selectivity Index (SI) is the ratio of the IC, of the test compound for control HEK293 cells to IC, for tumor cells.
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comparing 12 with substances reported in [28]; the
presence of the gem-dichlorocyclopropane group with
the 1,3-dioxalane radical through oxygen in 12 reduces
its negative impact on cell viability.

Thus, the analysis of compound 12 showed that an
increase in the amount of gem-dichlorocyclopropane
fragments caused cytotoxicity resulting from a change
in the metabolic activity of the studied cells. The exact
mechanism causing this effect is currently unknown
and is the subject of our current research. Our results
elaborate our understanding of the relationship of
the structure of heterocyclic compounds containing
gem-dichlorocyclopropane groups and/or 1,3-dioxalane
radicals and their subsequent cytotoxic activity.
Compounds 8, 9, and 12 may be promising candidates
for the study of other types of biological activity.

CONCLUSIONS

Ethers  containing  gem-dichlorocyclopropane
and 1,3-dioxolane fragments were synthesized in the
presence of a catamine AB catalyst. The structures of
the obtained substances were confirmed using mass
spectrometry and NMR spectroscopy. Only one of
several obtained compounds, 4-{[(2,2-dichloro-3-{[(2,2-
dichlorocyclopropyl)methoxy]methyl}  cyclopropyl)-
methoxy]methyl}-2,2-dimethyl-1,3-dioxolane, had
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