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Condensations of 1,5-bis(2-formylphenoxy)-3-oxapentane (la) or 1,8-bis(2-formylphenoxy)-3,6-dioxanoctane (1b)
podands and 1,8-bis(2-acetylphenoxy)-3,6-dioxanoctane (2) gave two novel crown ethers: tetrakis-(benzo)-31-crown-7
ether (5) and tetrakis(benzo)-34-crown-8 ether (6). Their molecular structures were established by IR, NMR and MS
methods.
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Konoencayuss nooanoos, 1,5-6uc(2-popmungpenoxcu)-3-okcanenmana (la) wru 1,8-6uc-(2-gpopmungpenoxcu)-3,6-
ouoxcanokmana (1b), ¢ 1,8-6uc(2-ayemungenoxcu)-3,6-ouokcanoxmanom (2) npueena Kk 00paz08anuio 08yX HOBbIX
KpayH-3¢upoe — memparxuc(6enzo)-31-kpayn-7 spupa (5) u memparxuc(benso)-34-kpayn-8 sgpupa (6). Ux monexyusap-
Has cmpykmypa 6vLia noomesepacoena memooamu UK, AMP cnekmpockonuu u Macc-cnekmpomempuu.

KaroueBnbie cioBa: Terpakuc(0en3o)-31-kpayn-7 adup, terpakuc(0eH30)-34-kpayH-8 a¢up, peakius [lerpeHko-
KpuueHko, IMKETOH, AUATbICT U],

94 © ISUCT Publishing Maxpozemepoyurnvt / Macroheterocycles 2017 10(1) 94-97



In the previous publications,>3 we have reported on
the preparations of dibenzo[y-(aryl)pyrido]aza-14-crown-4
ethers from arylaldehyde, 1,5-bis(2-acetylphenoxy)-3-
oxapentane and ammonium acetate by Petrenko-Kritchenko
reaction. These new compounds containing y-phenylpyridine
ring exhibited cytotoxicity to several cancer cell lines:
Hepatocellular  carcinoma (Hep-G2); Rhabdosarcoma
(RD), Human Uterine (FL); Human Breast adenocarcinoma
(MCF7).l'3! In addition, using the similar domino reaction
for synthesis of new azacrown ether, we have obtained
a macroheterocyclic system containing two azacrown ether
fragments.™

With the aim of preparing ditopic systems (3a,b), we
have studied condensation of bis(2-formylphenoxy)-3,6-di-
oxaoctane (1a) or bis(2-formylphenoxy)-3-oxapentane (1b)
with bis(2-acetylphenoxy)-3-oxapentane and ammonium
acetate. However, instead of the expected azacrown systems
(3a,b) the tetrakis(benzo)crown ethers (4a,b) were isolated
by column chromatography with the low yield (20-28 %).5%

The structure of (4a,b) were determined by IR, NMR,
MS and X-ray analysis. The volume of internal cavity of
macrocycle (4b) is equal to 125 A3. The dihedral angles
between the benzene planes of Cl, C43-C47/C5-Cl10,
C5-C10/C18-C23, C18-C23/C27-C32 and C27-C32/C1,C43-
C47 are 64.91(8), 65.14(8), 61.64(8) and 56.67(9)°, respec-
tively.5!

To optimize the reaction and continue developing of
novel tetrakis(benzo)crown ethers, the similar condensa-
tions of two dialdehydes (1a,b) with diketones (2) without
ammonium acetate were studied. The reaction was stirred in
system K,CO,/H,O/C,H,OH for 3 h at 50 °C. The formed
yellow wax-like precipitate was separated and recrystallized
from ethanol. Macroheterocycles 31-crown-7 ethers (5) and
34-crown-8 ether (6) were obtained in good yields (up to
88 %).

The structure of compounds (5, 6) was determined by
NMR, IR spectrometry and MS spectrometry. Thus, in the
'"H NMR spectra of macroheterocycle tetrakis(benzo)31-
crown-7 ether (5) the signals of sixteen aromatic proton ap-
peared in the region 6 6.85-7.54 ppm and four vinylketone
protons (CH=CH—-C=0) were observed in the weak field at &
7.60 ppm and & 7.78 ppm as two doublets (2H of each: H-2,
H-3 and H-28, H-29). Spin-spin coupling constant °J of

(1a, b)
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Figure 1. General view and crystallographic numeration of
compound (4b) according to X-ray study data.

ethylene protons is equal to 16.5 Hz in both cases, which in-
dicated the trans-position of —Ph and —(C=0)—Ph substitu-
ents. Signals from the polyether groups (~CH,O-) appeared
as four multiplets in the region & 3.54-4.17 ppm. The "*C
NMR spectra show many pairs of symmetric carbon atoms.
All methylene carbon appear in the region of 6 68.65, 68.73,
69.27, 70.01, 70.70 ppm, and Carony (C4, C27) is observed
at 194.46 ppm. Its IR spectrum displays absorption bands at
1643 cm™ which is characteristic for C=0 bonds. HPLC-MS
(ESI) gave a clear [M+Na]* peak at 687.25671 which agrees
with the overall molecular formula of 31-crown-7 ether (5).
Compound (6) is a 34-membered crownophane with the vi-
nylketone protons resonate in the weak field at & 7.36 and
7.88 ppm with the spin-spin coupling constant 3/ = 16.0 Hz
in both cases. All the signals of aromatic proton appear in
the region & 6.80—7.56 ppm and the signals of twenty four
methylene protons (-CH,O-) overlap each other and give
rise to six multiplets in the region of 6 3.26—4.13 ppm. The

(4a, 4b)

Scheme 1. Synthesis of non-nitrogenous macroheterocycles under the Petrenko-Kritchenko conditions.
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Synthesis of tetrakisbenzo-31(34)-crown-7(8)ethers
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Scheme 2. Synthesis of tetrakis(benzo)-31-crown-7 ether and tetrakis(benzo)-34-crown-8 ether.

IR absorption band near 1654 cm™ confirmed the presence
of C=0 functional groups. The structure of compound (6)
was further supported by its LC-MS spectra (ESI), indicat-
ing the clear [M+H]" ion peak at m/z 709.2.

All of non-nitrogenous macroheterocycles (4a,b, 5, 6)
are interesting as effective complexing ligands in the coordi-
nation chemistry.

Experimental

Melting points were determined using a Raga melting point
apparatus. IR spectra were recorded on Shimadzu FT IR PC
(S) 8201spectrometer by using KBr pellets and the absorption
frequencies are expressed in reciprocal centimeters (cm™). NMR
spectra was taken on BRUKER 500 MHz spectrometer using
TMS as an internal reference. The chemical shifts were expressed
in parts per million (ppm). ESI-MS were recorded in LTQ orbitrap
XL mass spectrometer, Thermo Scientific Company

(2E,28E)-11,14,17,20,36,39,42-Heptaoxapentacyclo-
[41.4.0.0°1°.0°1:2° 0393 ] -heptatetraconta-1(43),2,5(10),6,8,
21,23,25,28,30,32,34,44,46-tetradecaen-2,28-dione (5). A solution
of'1,5-bis(2-formylphenoxy)-3-oxapentane (1a) (0.41 g, 1.30 mmol)
in ethanol (10 ml) and a solution of 1,8-bis(2-acetylphenoxy)-3,6-
dioxanoctane (2) (0.50 g, 1.30 mmol) in ethanol (10 ml) were added
simultaneously to a suspension of K,CO,(5.0 g, 36 mmol) in 30 ml
water/ethanol (1:1). The reaction mixture was magnetically stirred
at 50 °C for 3 days. The formed precipitate was filtered off, washed
with ethanol and chromatographically purified on silica gel (eluat-
ing with hexane-ethylacetate, 2:1). Compound (5) was obtained as
0.74 g light-yellow crystals (85.0 %). R,=0.64 (n-hexane/EtOAc,
1:1). M.p. 126-128 °C. IR (KBr) v cm™: 2920, 2870, 1643, 1599,
1485. '"H NMR (CDCl,, 500 MHz, 300 K) &, ppm: 3.54, 3.88, 4.00
and 4.17 (all m, 6H, 5H, 5H and 4H, respectively, -CH,CH,0-);
6.85-7.54 (16H, m, H__ ), 7.60 and 7.78 (both d, 2H each, O=C-
CH,_, A =CH, J=16.5 Hz). "C NMR (CDCl,, 125 MHz, 300 K) &_

trans
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ppm: 68.65 (C38, C40), 68.73 (C13, 18), 69.27 (C15, C16), 70.01
(C12, C19), 70.70 (C37, C41),112.75 (C34, C44), 112.79 (C9,
C22), 120.93 (C7, C24), 121.10 (C46, C32), 124.44 (C3, C28),
128.63 (C6, C25), 129.44 (C1, C30), 130.01 (C33, C45), 130.17
(C5,C26), 131.43 (C31, C47), 132.27 (C8, C23), 139.30 (C2, C29),
157.10 (C35, C43), 157.97 (C10, C21), 194.46 (C4, C27). HRMS
calcd. for C, H, NaO, [M+Na]": 687.25700, found: 687.25671.

(2E,28E)-11,14,17,20,36,39,42,45-Octaoxapentacyclo-
[41.4.0.0°1°.0°2°.0°"3 ] -pentaconta-1(46),2,5(10),6,8,21,23,
25,28,30,32,34,47,49-tetradecaen-2,28-dione  (6). A  solution
of 1,8-bis(2-formylphenoxy)-3,6-dioxanoctane (1b) (0.41 g,
1.30 mmol) in ethanol (10 ml) and a solution of 1,8-bis(2-
acetylphenoxy)-3,6-dioxanoctane (2) (0.46 g, 1.30 mmol) in ethanol
(10 ml) were added simultaneously to a suspension of K,CO, (5.0 g,
36 mmol) in 30 ml water/ethanol (1:1). The reaction mixture was
magnetically stirred at 50 °C for 3 days. The formed precipitate was
filtered off, washed with ethanol and chromatographically purified
on silica gel (eluating with hexane-ethylacetate, 2:1). Compound (6)
was obtained as light-yellow crystals (0.74 g, 1.11 mmol, 88.0 %).
R=0.51 (n-hexane/EtOAc, 1:1). M.p. 174-176 °C. IR (KBr) vem'™:
2932,2872, 1655, 1599, 1485. 'TH NMR (CDCIl,, 500 MHz, 300 K)
o, ppm: 3.26, 3.57, 3.64, 3.87, 4.03 and 4.13 (all m, 4H each,
respectively, -CH,CH,0-); 6.80-7.56 (16H, H__ ), 7.36 and 7.89
(both d, 2H each, O C CH,_ =CH, J= 160Hz) "5C NMR (CDCl,,
125 MHz, 300 K) &, ppm: 68 33 68.51,69.34,69.73, 70.67, 71.11,
112.46, 112.79, 120.87, 120.92, 124.26, 127.95, 128.73, 130.13,
130.17, 131.45, 132.47, 138.61, 157.17, 157.94, 193.87. MS (m/z):
709.2 [M+H]". Found (%): C 71.29; H 6.17. C,,H O requires (%):
C71.17; H 6.26.

In conclusion, two novel crown ethers, tetrakis(benzo)-
31-crown-7 ether (5) and tetrakis(benzo)-34-crown-8 ether
(6), were successfully synthesized by condensation reac-
tion of podands 1,5-bis(2-formylphenoxy)-3-oxapentane
(1a), 1,8-bis(2-formylphenoxy)-3,6-dioxanoctane (1b) and
1,8-bis(2-acetylphenoxy)-3,6-dioxanoctane (2). The molec-
ular structures of non-nitrogenous macroheterocycles were

Maxpozemepoyurnvt / Macroheterocycles 2017 10(1) 94-97



established by IR, NMR, and MS. Both of them are inter-
esting as effective complexing ligands in the coordination
chemistry.
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