Crown Ethers WMlalikoorere ooty Paper
KpayH-acpupe! http://macroheterocycles.isuct.ru Cratbs

DOI: 10.6060/mhc170406a

Synthesis and Cytotoxicity of Dibenzo[(y—aryl)pyridino]laza—17—
crown-95 Ethers

Le Tuan Anh,® Nguyen T. Thanh Phuong,® Truong Hong Hieu,’
Anatoly T. Soldatenkov,© Bui T. Van,® Tran T. Thanh Van,® Dao T. Nhung,®
Leonid G. Voskressensky,© To Hai Tung,®and Victor N. Khrustaleve?

*Department of Pharmaceutical Chemistry, Faculty of Chemistry, VNU University of Science, 100000 Hanoi, Vietnam
®Department of Biotechnology, Vietnam-Russia Tropical Centre, 100000 Hanoi, Vietnam

‘Faculty of Science, Peoples’ Friendship University of Russia, 117198 Moscow, Russian Federation

4X-Ray Structural Centre, A.N. Nesmeyanov Institute of Organoelement Compounds, Russian Academy of Sciences, 119991
Moscow, Russian Federation

@Corresponding author E-mail: huschemical.lab@gmail.com

For the development of new anticancer agents, dibenzo[(y-aryl)pyridino]aza-17-crown-5 ethers containing
2,4,6-triarylpyridine were synthesized successfully by one-step domino-condensation of 1,8-bis(2-acetylphenoxy)-3,6-
dioxaoctane, arylaldehydes and ammonium acetate according to the conditions of Hantzsch reactions. The synthesized
y-arylpyridine derivatives show high cytotoxic activity against human cancer cell lines: Hep-G2, RD, FL, Lul.
Compounds (3b,c) showed significant cytotoxicity against all four human cell lines whereas the similar synthesized
compound (3d) possessed cytotoxicity against HepG2, Lul and RD cell lines. Meantime, both compounds (3f.g)
containing y-heteroaryl only exhibited cytotoxicity against RD and FL cell lines. Azacrown ethers (3b-d) exhibited low
activity on the Vero cell line, meaning that they can be evaluated for their potential as promising anticancer agents.
X-Ray structure study was performed to determine the structure of the representative compound 3a.
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s paspabomku  HOGHIX NPOMUBOONYXONEEHIX ALEHMO8 O0OHOCMAOUIIHOU OJoMuHOKoHOeHcayueu 1,8-Ouc(2-
ayemuingpenoxcu)-3,6-0UOKCOOKMANA, apuianrb0ecudos u ayemama amMmonus no peakyuu I anua ObLiu yCneuHo cum-
me3uposamvl Ouben3o[(y-apun)nupuounojaza-17-kpayn-5-s¢hupsi, cooepoicawue 2,4, 6-mpuapurnupuoun. Cunmesupo-
BAHHbBLE NPOUZBOOHDLE YP-APUINUPUOUHA NOKAZANU BLICOKYIO YUMOMOKCUHECKYIO AKMUBHOCb NPOMUG IUHULL PAKOBbIX
knemox uenogexa: Hep-G2, RD, FL, Lul. Coedunenusi (3b,c) noxasanu snauumensnyio yumomoxkCuueckyo aKmue-
HOCMb NPOMUB 6Cex Yemvlpex JUHUL PAKOSbIX Kilemok, a coeounenue (3d) — npomue munutt HepG2, Lul u RD. Meoicdy
mem, 0b6a coedunenus (3f,g), cooepacawgue y-eemepoapu, nPoAGUIU YUMOMOKCUYHOCMb MOIbKO Npomus aunui RD
u FL. Azakpayn-s¢puper (3b-d) nposieunu Huzkyio axmusHoOCms HA KIemOoYHOU JUHUU Vero, umo no3eonsiem oyeHums
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Synthesis and Cytotoxicity of Dibenzo[(y-aryl)pyridino]aza-17-crown-5 Ethers

UX NOMEHYUAL ONIsL UCNOIL30BANUS 8 Kadecmee NePCneKmuUGHbIX NPOMUBOPAKOBbIX a2eHmos. [lisi onpedenenus cmpyk-
mypul coeounenusi 3a Ovliu nPoeedeHbl PEHMeeHOCMPYKMYpPHbLE UCCAE008AHUSL.

KoaroueBble ciioBa: ApwinupuanH, azakpayH-3(Upbl, IUTOTOKCHYHOCTh, NPOTHBOPAKOBBIM areHt, peakuus ['aHua,

PEHTTeHOCTPYKTYPHBIN aHAJIH3.

Introduction

Multi-substituted pyridine derivatives occupy a cen-
tral position in modern heterocyclic chemistry, particularly
in pharmaceutical, bioorganic and medicinal chemistry.['
Due to these interesting biological properties, the synthe-
sis of functionalized heterocycles containing y-arylpyridine
fragment is one of the major objectives for various labora-
tories.[*% In addition, several prepared (y-aryl)pyridinoaza-
14-crown-4 ethers (1a-d) were evaluated as to their cytotox-
icity to human cancer cell lines: Hepatocellular carcinoma
(HepG2), Rhabdosarcoma (RD), Human Uterine (FL), Hu-
man Breast adenocarcinoma (MCF7), Human Prostate Can-
cer (PC3).[1%121 Base on these results of previous studies, it
would be very interesting to evaluate the cytotoxicity of sys-
tem aza-17-crown-5 ether. Due to its ability to form metal
complexes and its status as an anticancer agent, azacrown
ether has valuable applications.

In the past, a similar system containing a polyether
bridge was also reported.['*'* The main drawbacks of these
methods were multi-step synthesis, the amount of time spent
for reactions, separation and purification. Here, in connec-
tion with published studies,!'*!'"! we present a simple, one-pot
domino Hantzsch-type reaction to obtain the desired com-
pounds, namely dibenzo[(y-aryl)pyridino]aza-17-crown-5
ethers from arylaldehyde, 1,8-bis(2-acetylphenoxy)-3,6-
dioxaoctane and ammonium acetate. The combination
of y-arylpyridines and crown ether promises to bring a novel
class of bioactive compounds.

Experimental

Reagents were purchased from commercial sources (Sigma-
Aldrich) and were used without any additional purification. 'H
and "C NMR spectra were recorded in CDCI, solutions at 25 °C,
using a 500 MHz NMR spectrometer; chemical shifts are given

Cl

(1a) (1b)
RD (ICs( 1.89 pg/ml) HepG2 (ICs, 2.79 ng/ml)
MCF7 (IC504.56 pg/ml)
RD (ICs 1.46 pg/ml)
FL (ICs50 1.51 pg/ml)
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in parts per million (8) and referenced to the appropriate solvent
residual peak. Mass spectra were recorded on LTQ Orbitrap XL
using electrospray ionization source. IR spectra were recorded
in FTIR Affinity — 1S SHIMADZU.

General method for synthesis of bis(benzo)(y-arylpyridino)
aza-17-crown-5 ethers (3a—g). Equimolar amounts of 1,8-bis(2-
acetylphenoxy)-3,6-dioxaoctane 2 (1.71 g, 5.00 mmol), aromatic
aldehyde (5.00 mmol) and ammonium acetate (10 g, 13 mmol) were
refluxed in acetic acid (50 ml). The reaction was monitored by TLC
and was complete in 3h. The mixture was allowed to cool to room
temperature and neutralized with sodium carbonate solution; then,
the product was extracted with ethyl acetate (3x50 ml), drying
over Na SO,. After filtration, the solvent was evaporated in vacuo;
the residue was first purified by column chromatography with
a gradient elution of ethyl acetate/n-hexane affording the white
solid which was then recrystallized from ethanol to obtain the pure
azacrown ether product.

26-(4-Methoxyphenyl)-8,11,14,17-tetraoxa-28-azatetra-
cyclo[22.3.1.0°7.0'% % [pentacosa-2,4,6,18(23),20,22,24,27,1(28)-
nonaene (3a). Yield: 0.72 g (30 %), white crystals. M.p. 198—
199 °C (from EtOH). R=0.43 (n-hexane:ethylacetate=1:1). m/z
(HRMS) Calc. for C, H, NO,": 484.2118, found 484.2105 [M+H]".
IR (KBr) v, cm™: 1606 (CNPyri sin)» 1545, 1514, 1492 (aromatic),
1182, 1120, 1058, 1029 (COC). 'H NMR (500 MHz, CDCl,, Me,Si)
3, ppm: 3.89 (s, 3H, Me), 3.19 (s, 4H, OCH,CH,), 3.62 (m, 4H,
OCH,CH,), 4.10 (m, 4H, OCH,CH,), 6.98-7.02 (m, 4H,), 7.12
(t,2H,, J=7.5 Hz), 7.35 (td, 2H, , J=7.5 Hz, 2 Hz), 7.64-7.68 (m,
4H,), 7.72 (s, 2H_;...)- BC NMR (125 MHz, CDCL,) . ppm:
55.51,69.56,70.58, 71.16, 114.52, 114.62, 121.63, 121.95, 128.47,
129.67, 130.76, 131.35, 132.60, 146.77, 156.40, 156.94, 160.43.

26-(4-Methylphenyl)-8,11,14,17-tetraoxa-28-azatetracyclo
[22.3.1.0°7.0"%%|pentacosa-2,4,6,18(23),20,22,24,27,1(28)-
nonaene (3b). Yield: 0.9 g (40 %), white crystals. M.p. 156156 °C
(from EtOH). R =0.62 (n-hexane:ethylacetate=1:1). m/z (HRMS)
Calc. for C, H, NO,": 468.2175, found 468.2166 [M+H]". IR (KBr)
v, cm': 1606 (CNpyri ine)» 1543, 1514, 1493 (aromatic), 1159,
1122, 1056 (COC). 'H NMR (500 MHz, CDCl,, Me,Si) 5, ppm:
2.42 (s, 3H, Me), 3.18 (s, 4H, OCH,CH,), 3.62 (m, 4H, OCH,CH,),
4.10 (m, 4H, OCH,CH,), 6.99 (d, 2H, , J=8.5 Hz), 7.11 (td, 2H
J=7.5Hz, 1 Hz),7.29 (d, 2H, , /=8.5 Hz), 7.35 (td, 2H
2 Hz), 7.62 (d, 2H, , J=8.5 Hz), 7.65 (dd, 2H

Ar’

A0 J=8.0 Hz,
J=7.5 Hz, 1.5 Hz),

Ar? Ar

CLJ0 CL e
) )

(10) (1d)
HepG2 (IC5( 4.367 pg/ml) MCEF7 (ICs(4.78 pug/ml)
MCF7 (ICs 1.977 pg/ml)
PC3 (ICs( 4.063 pg/ml)
RD (ICs0 4.113 pg/ml)
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7.75 (s, 2H ,.0)- “C NMR (125 MHz, CDCL,) 8. ppm: 14.4, 19.4,
33.7, 55.8, 101.6, 113.0, 115.9, 116.5, 119.0, 119.6, 128.0, 145.0,
146.3, 156.0.
26-(4-Hydroxyphenyl)-8,11,14, 17-tetraoxa-28-azatetracyclo
[22.3.1.0%7.0"%3]pentacosa-2,4,6,18(23),20,22,24,27,1(28)-
nonaene (3c). Yield: 0.58 g (25 %), white crystals. M.p. 140-141°C
(from EtOH). R =0.40 (hexane:ethylacetate=1:1). m/z (HRMS)
Calc. for C29H28N0 :470.1967, found 470.1950 [M+H]". IR (KBr)
Y, €M 3240 (OH), 1608 (CN_ .. ), 1593, 1547, 1493 (aromatic),
1159, 1122, 1056 (COC). 'H NMR (500 MHz, CDCIl,, Me,Si) 3,
ppm: 3.19 (s, 4H, OCH,CH,), 3.62 (m, 4H, OCH,CH,), 4.10 (m,
4H, OCH,CH,), 6.93 (d, 2H, , J/=8.5 Hz), 6.98 (d, 2H, , J=8.0 Hz),
7.11 (t, 2H, , J=8.5 Hz), 7.35 (td, 2H,, J=8.5 Hz, 1.5 Hz), 7.62
(d 2H, , J=8.5 Hz), 7.64 (dd, 2H, , J=8.5 Hz, 1.5 Hz), 7.71 (s,
rldme) 3C NMR (125 MHz, CDCl) 3. ppm: 14.4, 19.4, 33.7,
55 8 101.6, 113.0, 115.9, 116.5, 119.0, 1196 128.0, 145.0, 146.3,
156.0.
26-(2-Methoxyphenyl)-8,11,14,17-tetraoxa-28-azatetracyclo
[22.3.1.0%7.0"%3]pentacosa-2,4,6,18(23),20,22,24,27,1(28)-
nonaene (3d). Yield: 0.65 g (27 %), white crystals. M.p. 180—182
°C (from EtOH). R =0.48 (hexane:ethylacetate=1:1). m/z (HRMS)
Calc. for ConsoNO : 484.2118, found 484.2100 [M+H]". IR (KBr)
Vo €M 1610 (CN Lo ), 1581, 1547, 1491 (aromatic), 1168, 1126,
1047, 1026 (COC). '"H NMR (500 MHz, CDCl,, Me,Si) &, ppm:
3.85 (s, 3H, Me), 3.25 (s, 4H, OCH,CH,), 3.65 (m, 4H, OCH,CH,),
4.12 (m, 4H, OCH,CH,), 6.98 (d, 2H, , /=8.0 Hz), 7.02 (d, 1H,,
J=8.5Hz), 7.11 (m, 3H, ), 7.35 (td, 2H, , J=8.5 Hz, 2 Hz), 7.40 (td,
2H, ,J=8.0 Hz, 1.5 Hz), 7.47 (dd, 1H, , J=7.5 Hz, 1.5 Hz), 7.66 (dd,
2H,, J=7.5 Hz, 1.5 Hz), 7.71 (s, 2H ;. ). "C NMR (125 MHz,
CDCl) 6. ppm: 14.4, 19.4, 33.7, 55.8, 101.6, 113.0, 115.9, 116.5,
119.0, 119.6, 128.0, 145.0, 146.3, 156.0.
26-(2-Thienyl)-8,11,14,17-tetraoxa-28-azatetracyclo
[22.3.1.0%7.0"%3]pentacosa-2,4,6,18(23),20,22,24,27,1(28)-
nonaene (3e). Yield: 0.96 g (42 %), white crystals. M.p. 147-148
°C (from EtOH). R =0.50 (hexane:ethylacetate=1:1). m/z (HRMS)
Calc. for C27H26NO S*: 460.1577, found 460.1606 [M+H]". IR
(KBr) v cm™: 1604 (CN]J aine)> 839 (B-thiophen), 1548, 1493
(aromatic), 1132, 1057 (COC). 'H NMR (500 MHz, CDCl,, Me,Si)
3, ppm: 3.22 (s, 4H, OCH,CH,), 3.63 (m, 4H, OCH,CH,), 4.12 (m,
4H, OCH,CH,), 6.99 (d, 2H, , J/=8.0 Hz), 7.11 (t, 2H, , J=7.5 Hz),
7.14 (t, 1H, , J=5.0 Hz), 7.36 (td, 2H, , J=8.0 Hz, 1.5 Hz), 7.40 (d,
2H, ,J=5.5Hz), 7.53 (d, 1H, , J=3.5 Hz), 7.63 (dd, 2H, , J=7.5 Hz,
1.5 Hz), 7.73 (s, 2H ., ). "C NMR (125 MHz, CDCL,) &, ppm:
14.4, 19.4, 33.7, 55.8, 101.6, 113.0, 115.9, 116.5, 119.0, 119.6,
128.0, 145.0, 146.3, 156.0.
26-(2-Furanyl)-8,11,14,17-tetraoxa-28-azatetracyclo
[22.3.1.0%7.0"%3]pentacosa-2,4,6,18(23),20,22,24,27,1(28)-
nonaene (3f). Yield: 0.89 g (40 %), white crystals. M.p. 182—-183
°C (from EtOH). R =0.63 (hexane:ethylacetate=1:1). m/z (HRMS)
Calc. for C27H26NO : 444.1805, found 444.1805 [M+H]". IR (KBr)
v em': 1610 (Cprndme) 750 (B-furan), 1577, 1546, 1489, 1446
(aromatic), 1114, 1058 (COC). 'H NMR (500 MHz, CDCI,, Me,Si)
3, ppm: 3.22 (br s, 4H, OCH,CH,), 3.63 (m, 4H, OCH,CH,), 4.11
(m, 4H, OCH,CH,), 6.53 (m, 1H, ), 6.89 (brs, 1H, ), 6.98 (d, 2H, ,
J=8 Hz), 7.10 (td, 3H, , J=7.5 Hz, 1.0 Hz), 7.35 (td, 2H, , J=8.5 Hz,
1.5Hz), 7.55 (brs, 1H, ), 7.61 (dd, 2H, , J=7.5 Hz, 2.0 Hz), 7.76 (s,
2H o) PC NMR(125 MHz, CDCl )8 ppm: 69.41,70.55, 70.88,
108.33, 111.99, 114.14, 118.11, 121 70, 129.63, 130.56, 132.10,
136.55, 143.55, 152.08, 156.22, 157.05.
26-(2-Pyrrolyl)-8,11,14,17-tetraoxa-28-azatetracyclo
[22.3.1.0%7.0"%3]pentacosa-2,4,6,18(23),20,22,24,27,1(28)-
nonaene (3g). Yield: 1.06 g (48 %), white crystals. M.p. 185-186
°C (from EtOH). R=0.40 (hexane:ethylacetate=1:1). m/z (HRMS)
Calc. for C27H27N20 443.1965, found 443.1947 [M+H]". IR
(KBr) v, em': 1608 (CN .. ), 747 (B-pyrrol), 1548, 1493
(aromatic), 1128, 1043 (COC). 'H NMR (500 MHz, CDCl,, Me,Si)
3, ppm: 3.20 (br s, 4H, OCH,CH,), 3.62 (m, 4H, OCH,CH,), 4.10
(m, 4H, OCH,CH,), 6.33 (dt, 1H,, J=6.0 Hz, 2.0 Hz), 6.73 (d,
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H,,J=3.5 Hz), 6.94 (d, 1H, , J=1.5 Hz), 6.98 (d, 2H, , /=8.0 Hz),
7 11 (t, 2H, , J=7.0 Hz), 7.34 (td, 2H, , J=8.0 Hz, 1.5 Hz), 7.59 (s,
2H ), 763 (dd, 2H,,J=7.5 Hz, 1.5 Hz), 8.88 (brs, 1H, NH). °C
NMR (125 MHz, CDCI. )5C ppm: 14.20, 21.05, 60.41, 60.43, 70.37,
71.05, 108.48, 110.60, 114.58, 118.40, 120.53, 121.92, 129.61,
129.98, 130.61, 132.37, 138.55, 156.20, 156.86.

X-Ray diffraction experiment

The crystal of 3a (C,H,,NO,, M=483.54) is monoclinic,
space group P2 /c, at T=120 K: a=10.239(4) A, b=10.344(4) A,
c=23.413(8) A, b=98.648(6)°, V=2451.5(15) A%, Z=4, d_, =1.310
g/em?, F(000)=1024, 41=0.089 mm™'. 21314 total reflections (5116
unique reflections, R._=0.082) were measured on a three-circle
Bruker APEX-II CCD diffractometer ({(MoK )-radiation, graphite
monochromator, j and w scan mode, 20 =54.0°) and corrected
for absorption (7', =0.975; T, =0.980).'""1 The structure was de-
termined by direct methods and refined by full-matrix least squares
technique on F? with anisotropic displacement parameters for
non-hydrogen atoms. The hydrogen atoms were placed in calcu-
lated positions and refined within riding model with fixed isotropic
displacement parameters [U, (H)=1.5 ch(C) for the methyl group
and 1.2ch(C) for the other groups]. The final divergence factors
were R =0.116 for 3809 independent reflections with I > 2s()
and wR,=0.242 for all independent reflections, $=1.031. All calcu-
lations were carried out using the SHELXTL program.['®

Crystallographic data for 3a have been deposited with
the Cambridge Crystallographic Data Center, CCDC 1532287.
Copies of this information may be obtained free of charge from
the Director, CCDC, 12 Union Road, Cambridge CB2 1EZ, UK
(fax: +44 1223 336033; e-mail: deposit@ccdc.cam.ac.uk).

Cytotoxicity assay

Four human cancer cell lines were obtained from the Ameri-
can Type Culture Collection (Manassas, VA) ATCC as FL (human
cervix carcinoma), RD (human rhabdomyosarcoma), Lul (human
lung adenocarcinoma), HepG2 (human hepatocellular carcinoma).
The Vero cell line was initiated from the kidney of a normal adult
African green monkey. They were grown in DMEM (Dulbecco's
Modified Eagle Medium) (Thermo Fisher Scientific, My) supple-
mented with L-glutamine, Sodium piruvat, Na, PSF (Penicillin-
Streptomycin sulfate — Fungizone), NAA (Non-Essential Amino
Acids), 10 % BCS (Bovine Calf Serum). All incubations were
performed at 37 °C for 72 hours in a CO, (5 %) incubator with
the plates capped in the normal fashion.

The MTT is based on the protocol described by Skehan &
CS (1990)!'" and Likhiwitayawuid & CS (1993).1181 This method
has worldwide application and is recommended by National Can-
cer Institute (NCI) and College of Medicine, University of Illinois
at Chicago for routine drug screening.

Results and Discussion

The starting compound (2) was prepared in a similar
way using the reported method."”! The expected dibenzo[(y-
aryl)pyridino]aza-17-crown-5 ethers (3) were prepared
by condensation of diketone (2) with arylaldehyde deriva-
tives and ammonium acetate in acetic acid (Scheme 1).

The structures of compounds (3a-g) were determined
by 'H NMR, C NMR, IR, HRMS and X-ray analyses. For
example, the "H NMR spectrum of the product (3a) showed
a singlet signal at 6=3.87 ppm which is assigned to the three
protons of methoxy group (~OCH,). There are three signals
at 6=3.19 ppm (s, 4H), 3.17 ppm (t, 4H), 4.10 ppm (t, 4H)
for twelve methylene protons of the polyether moiety —
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Q Cl Cl
Me & J
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o + ArCHO
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AcOH, 3h, O (¢}
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/

3a-g

OMe

\
L Oy O O

d e f g

Scheme 1. Synthetic pathway for the dibenzo[(y-aryl)pyridino]aza-17-crown-5 ethers.

(OCH,CH,O)—. Twelve protons of three benzene rings
showed four signals at 7.64 (4H, m), 7.33 (2H, m), 7.10 (2H,
q) and 6.98 (4H, m). Two f-protons belonging to the pyridine
subunit (H-25, H-27) gave a singlet signal at 7.72 ppm.

To further understand of the structure of these
compounds and also to deeper study of the 3D structure-
activity relationship, a substance (3a) was chosen as
a model for acquiring 2D-spectra (HSQC and HMBC)
and X-ray structure analysis, which gave valuable information
to establish its structure.

8 1 1
Q Q

1 4 7 B
Q o
T jsr >12 37< Tf 16f

HHHHHHHHEHRAH

Figure 1. '"H-*C HMBC connectivity of 3a.

The structure of dibenzo[(y-aryl)pyridino]aza-17-
crown-5 ether (3a) was exactly confirmed by X-ray crys-
tallography. The general shape of the molecule (3a)
and the packing of its molecules in the crystal are shown
in Figures 2, 3. The two intramolecular C—H:--O hydrogen
bonds at positions 12 and 13 explained the lowest chemical
shift of protons of -(OCH,CH,0)— group in the 'H NMR
spectrum.
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Figure 2. Molecular structure of 3a. The dashed and dotted lines
indicate the intramolecular C—H---O hydrogen bonds.

Figure 3. Crystal packing of 3a. The dashed and dotted lines
indicate the intramolecular C—H:--O and intermolecular C—H-*N
and C—H--O hydrogen bonds.
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The molecule of (3a) comprises a fused tetracyclic
system containing the aza-17-crown-5 ether macrocycle,
pyridine and two benzene rings (Figure 2). The aza-17-
crown-5 ether ring adopts a bowl conformation which
is stabilized by two intramolecular C—H---O hydrogen bonds
(Table 1, Figure 2). The configuration of the C7-O8-C9-C10-
0O11-C12-C13-014-C15-C16-0O17-C18  polyether chain
is t-g'-g-g-g-t-g'-g-g - (t=trans, 180°, g=gauche, £60°).
The central pyridine ring is twisted by 45.99(16), 56.32(16)
and 29.06(18)° relative to the two benzene rings, fused
to the aza-17-crown-5 ether moiety, and phenyl substituent,
respectively. The methoxy group lies almost within
the phenyl ring plane (the C33—-C32-032-35 dihedral
angle is 8.9(7)°). In the crystal, the molecules of (3a) form
centrosymmetrical dimers by two weak intermolecular C—
H-*N hydrogen bonds (Table 1). Further, the dimers are
linked by weak intermolecular C—H---O hydrogen bonds into
a three-dimensional framework (Table 1, Figure 3).

Table 1. Hydrogen bonds for 3a [A and °].

D*—H-A* dD-H dH-A) dD—A) /DHA
C9-H9a:--N28* 0.9 259 3491(7) 1519
C12-H12a-017°  0.99 256 3335(7) 135.1
CI2-H12b-08  0.99 239 3.0136) 1199
CI3-H13b--017  0.99 255 2958(6) 10438
C35-H35a011°  0.98 255 3465(7)  156.1

* D — proton donor; A — proton acceptor;
Symmetry transformations used to generate equivalent atoms:
@ —x, —y+l, —z; b —x, y+0.5, —=z+0.5; ¢ x+1, —y+1.5, z+0.5

L. T. Anh et al.

Deep understanding the structure of dibenzo[(y-
aryl)pyridinoJaza-17-crown-5 ethers is very useful for
further study of the structure-activity relationship. All
factors — steric, electrostatic, the intramolecular C—H--O
and intermolecular C—H-*N and C—H--O hydrogen bonds
influence the cytotoxicity of these compounds.

All of the synthesized compounds (3a-g) were evaluated
in vitro for their biological activity against four human tumor
cell lines: FL (human cervix carcinoma), RD (human rhab-
domyosarcoma), Lul (human lung adenocarcinoma), HepG2
(human hepatocellular carcinoma). The bioactivities of syn-
thesized compounds toward human cancer cell lines were
shown in Table 2. Azacrown ethers (3b,c) showed significant
activity against all four cell lines with cell survival (CS) value
as 0 (%). Compound (3d) had positive results on cytotoxicity
in tests against the HepG2, Lul, RD cell lines. In addition, an-
alogues (3f,g) have inhibited RD and FL cell lines. Based on
these results, dibenzo[(y-aryl)pyridinoJaza-17-crown-5 ethers
(3b-d.f,g) were sclected for further evaluation.

To continuously investigate the effectiveness
of (3b-d,f,g) in inhibiting cancer cell lines, an inhibitory
test (IC,)) was conducted. Azacrown ether (3b) showed
the highest activity against all of four human cell lines with
anIC, value below 3.0 pg/ml whereas the similar synthesized
compound (3¢) exhibited potent cytotoxicity against those
cell lines with an IC_ value in the 6.7-8.0 ug/ml. Compound
(3d) possessed cytotoxicity against HepG2, Lul and RD
cell lines. In contrast, both compounds (3f,g) containing
v-heteroaryl only exhibited cytotoxicity against RD and FL
cell lines with an IC, value in the 8.3-10.0 pg/ml. These
results were shown in Table 3.

Table 2. Cytotoxicity tests performed on compounds 3a-g in human cancer cell lines.

Concentration Cell line, cell survival (%) Conclusion
Ne Entry
(hg/ml) HepG2 Lul RD FL
DMSO - 100 100 100 100
Taxol (+) 5 1.34+0.80 3.66+0.90 0.68 £0.30 3.87+1.10 +
1 3a 10 100 99.06+1.50 100 100 -
2 3b 10 0 0 0 + (04 cell lines)
3 3¢ 10 0 0 0 + (04 cell lines)
4 3d 10 20.07+0.80 38.25+0.40 39.26+0.70 64.09+0.8 + (03 cell lines)
5 3e 10 67.61+1.40 64.44+1.50 83.27+1.20 59.3+2.30 -
6 3f 10 58.45+0.80 72.89+2.80 44.83+1.10 13.46+1.60 +(RD, FL)
7 3g 10 60.85+1.40 69.47+2.60 50.09+2.80 41.71+£3.10 + (RD, FL)
Table 3. Results of IC, test.
Cell lines IC,, (ug/ml) Conclusion
Ne Entry
HepG2 Lul RD FL
Taxol (+) 0.290 0.310 0.250 0.330 +
1 3b 2.607 2.664 2.560 1.392 + (04 cell lines)
2 3¢ 7.957 6.946 6.887 6.742 + (04 cell lines)
3 3d 6.586 7.904 7.528 - + (03 cell lines)
4 3f - - 8.881 8.346 + (RD, FL)
5 3g - - 10.00 9.505 + (RD, FL)
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Table 4. Cytotoxicity tests performed on compounds 3b-d in Vero
cell line.

Ent Ent Concentration  Vero cell line, Conclusion
Y y (ug/ml)  cell survival (%)
DMSO — 100
Taxol (+) 5 32.24 +1.70
10 71.60 £2.30 -
1 3b
5 86.55 +0.70 -
10 65.86 £0.80 -
2 3c
5 92.22 +£1.50 -
3 3d 10 80.92 £1.30 —

In the continuing evaluation of potential anticancer
agents, compounds (3b-d) were tested for cytotoxicity on
the normal African green monkey kidney cell line (Vero cell
line). The results are shown in Table 4, and these compounds
are not active on the Vero cell line.

None of the new azacrown ethers (3b-d) had signifi-
cant activity against the Vero cell line achieving an CS value
in the 65.86 to 92.22 (%). Therefore, compounds (3b-d)
could be considered as promising anticancer agents due
to their low cytotoxicity on the Vero cell line and their high
cytotoxic effect on the cancer cells. The results are shown
in Table 4.

Thus, according to the results of the in vitro tests, com-
pounds (3b,¢) containing [y-(4-R-aryl)] have an outstanding
effect in treating HepG2, Lul, RD and FL cell lines. Com-
pound (3d) showed high cytotoxic effect on HepG2, Lul
and RD cell lines. At the same time, both azacrown ethers
(3f,g) containing (y-heteroaryl) had weaker cytotoxicity
against the RD and FL cell lines.

Conclusions

We have demonstrated good prospects for synthesis
and discovery of new potential anticancer agents in the group
of azacrown ethers. Seven new dibenzo[(y-aryl)pyridino]
aza-17-crown-5 ethers containing 2.4,6-triarylpyridine were
synthesized successfully using Hantzsch type multicom-
ponent reaction. Some of the obtained compounds showed
high cytotoxic activity against human tumor cells (HepG2,
Lul, RD, FL), and they were not active on the Vero cell line.
These findings are interesting for further studies on active
azacrown ethers (3b-d) for the proper assessment of their
chemotherapeutic properties as well as for the development
of promising anticancer drugs.
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