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New p-tert-butyl thiacalix[4]arene derivatives containing simultaneously the 4-amidoazobenzene and ethoxycarbonyl
fragments at the lower rim in cone and 1,3-alternate conformation of tri- and tetrasubstituted derivatives,
correspondingly, were synthesized. It was shown that the replacement of the hydroxyl group by ethoxycarbonyl fragment
in a 1,3-disubstituted macrocycle with 4-amidoazobenzene groups leads to the binding of fluoride- and chloride-anions.
The substitution of two hydroxyl groups by ethoxycarbonyl fragments dramatically changed the binding properties of
tetrasubstituted p-tert-butyl thiacalix[4]arene derivative.
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Cunmesuposansl HOGble MPU U MEMPA3AMEUJeHHbIE NO HUNCHEMY 0000y NPOU3BOOHbIE N-Mpem-0yMUImuakaiuxc[4]-
apena, cooepaicauiue 00HOBPEMEHHO 4-amudoazo0beH30bHble U IMOKCUKAPOOHUTbHBLE (PPaAcMeHmbl 8 KOHPOpMayuu
xonyc u 1,3-anemepuam, coomeemcmeenno. Ioxazano, umo 3amewenie 00HOU 2UOPOKCUTLHOU 2PYNNbL HA IMOKCU-
KapOonubHbllL ppacmenm 6 1,3-0uzameujeHHoM MaKpoyurie ¢ 4-amuooazo0eH30IbHbIMU SPYNRAMU NPUSOOUM K
CBAZBIBAHUTIO PMOPUO- U XJOPUO-AHUOHOB. 3amewerue dice 08YX 2UOPOKCUNLHBIX SPYAN HA IMOKCUKAPOOHULbHbIE
@pazmenmsl npusoOOUM K OPAMAMUYECKOMY UMEHEHUIO KOMNJIEKCOOOPA3VIOWUX CEOUCME Mempa3amMeujeHHo20
npou3eo0H020 n-mpem-oymunmuaxaiuxc/4japena.
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Synthesis of Photo-Switchable Thiacalix[4]arenes

Introduction

The photo-induced structural transformations have
found a wide application in material sciences and biology.['
The photo-switchable receptors containing azastilbene,!
spiropyranet’ ! and chromenel'*'? fragments are described.
The azobenzene group is the most known fragment applied in
photo-switchable receptors. Now, some examples of photo-
switchable synthetic receptors on aza-crown ether!*'¥ and
aza-calixarene!'> ' platform in relation to some cations have
been published. Today, despite of considerable successes
in development of photo-switchable receptors of cations,
a limited number of publications on photo-switchable
synthetic receptors on anions are presented.

Previously, selective synthesis of 1,3-disubstituted
thiacalix[4]arene derivative containing 4-amidoazobenzene
fragments!'” was successfully performed. Therefore, in
an attempt to develop new approaches to the synthesis of
heterofunctionalized photoactive derivatives, selective
introduction of azobenzene fragments and ester groups to
the lower rim of a macrocycle is of interest. It is well known
that ester fragments can participate in competitive formation
of hydrogen bonds with acid amide protons that significantly
change the selectivity of anion binding.['®]

Experimental

General

'H NMR spectra were recorded on a Bruker Avance-400 (400
MHz) spectrometer and *C and 2D NOESY NMR spectra were
obtained on an impulse spectrometer Bruker Avance II (with 125
MHz and 500 MHz respectively). Chemical shifts were determined
relative to the signals of residual protons of the deuterated solvent
(CDCL,). The concentration of sample solutions was 3-5 %.

Attenuated total internal reflectance IR spectra were recorded
with Spectrum 400 (Perkin Elmer) Fourier spectrometer.

Absorption spectra were recorded on a Lambda 35 (Perkin
Elmer) UV-spectrometer. Quartz cuvettes with optical path
length of 10 mm were used. Solutions of thiacalix[4]arenes in
dichloromethane with concentration of C=10° M were prepared
and the spectra recorded after 10 minutes of incubation. Efficiency
of anions binding was estimated by addition of 200-fold excess of a
tetrabutylammonium salts in dichloromethane. The experiment was
carried out at 25 °C.

Elemental analysis was performed with Perkin Elmer 2400
Series II instrument.

Mass spectra were recorded with the MALDI-TOF Dynamo
Finnigan (using 1,8,9-trihydroxyanthracene or 4-nitroaniline
matrices).

Melting points were determined using the Boetius Block
apparatus.

Additional control of purity of the compounds and monitoring
of the reaction was carried out by thin-layer chromatography using
Silica G, 200 um plates, UV 254.

5,11,17,23-Tetra-tert-butyl-25,27-dihydroxy-26,28-
bis[4°-(2’-0x0-2’-{(E)-4"’-(phenyldiazenyl)anilino } methoxy]
-2,8,14,20-tetrathiacalix[4]arene (cone-2) and 5,11,17,23-tetra-
tert-butyl-25,27-dihydroxy-26,28-di[ (ethoxycarbonyl)methoxy]
-2,8,14,20-tetrathiacalix[4]arene  (cone-3) were synthesized
according to the literature procedure.!'”-1°!

5,11,17,23-Tetra-tert-butyl-25,27-dihydroxy-26,28-bis[4 -
(2’-0x0-2-{(E)-4"-(phenyldiazenyl)anilino}methoxy[-27- [ (ethoxy-
carbonyl)methoxy]-2,8,14,20-tetrathiacalix[4]arene (cone-4).
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p-tert-Butyl thiacalix[4]arene 2 (1.00 g, 0.83 mmol) suspended in
30 ml of acetone containing anhydrous Na,CO, (0.36 g, 3.35 mmol).
The reaction mixture was stirred while refluxing for 1 hour. To the
obtained suspension, ethyl bromoacetate (0.37 ml, 3.35 mmol) in
40 ml of acetone was added. The reaction mixture was stirred while
refluxing for 60 hours. After cooling, the residue from the reaction
mixture was filtered off, dissolved in chloroform (20 ml) and
organic phase was washed with 2M HCI (10 ml). The organic phase
was separated, dried over 3 A molecular sieves. The solvent was
removed under reduced pressure. The residue was recrystallized
from dichloromethane-ethanol mixture. A light orange powder was
obtained. Yield 0.32 g (30 %). Mp: 290 °C. '"H NMR (CDCl,) 3,
ppm (J/Hz): 0.96 (3H, t, °J,;,=7.2 Hz, O-CH,-CH,, 0.99 (18H, s,
(CH,),C), 1.22 (%9H, s, (CH,),C), 1.30 (9H, 5, (CH,),C), 3.87 (2H, q,
3J,=7.2 Hz, O-CH -CH,), 442 (2H, d AB-system, %/, ;= 15.2 Hz,
O-CH,C(O)NH-), 4.80 (2H, s, O-CH,-), 5.21 (2H, d AB-system,
%)= 15.2 Hz, O-CH,C(O)NH-), 7.18 (4H, AB-system, *J, = 2.4
Hz, ArH), 7.37 (6H, m, Ar*H), 7.55 (2H, s, ArH), 7.64 (2H, s, ArH),
7.76 (4H, m, ArH), 7.86 (8H, AABB -system, 2/, +3/, . = 8.8
Hz, Ar'H), 8.52 (1H, s, OH), 10.17 (s, 2H, NH). *C NMR (CDCl,)
8. ppm: 14.02; 29.85; 31.08; 31.33; 31.54; 74.79; 119.73; 119.99;
120.16; 122.95; 124.11; 129.06; 129.24; 130.59; 133.27; 133.96;
134.98; 135.06; 140.62; 149.04; 167.54. '"H-'H NOESY spectrum
(the most important cross-peaks): H/H*, H*/H*®, H3*/H**, H/H*",
HY/HY, HY/HR, HY/H, Ho/H™, HY/HY, H'YHY, H'Y/H, H/H™. IR v
cm': 3341 (OH), 3313 (NH), 1750 (C(O)OEt), 1537 (C(O)NH).
MALDI-TOF MS: calculated [M+] m/z = 1280.46, found [M+Na]*
m/z=1303.4, [IM+K]" m/z = 1319.4. Found (%): C, 67.80; H, 7.24;
N, 6.40; S, 10.38. Calculated for C,,H, NOS: C, 67.47; H, 5.98;
N, 6.56; S, 10.01 %.

5,11,17,23-Tetra-tert-butyl-25,27-bis[4’-(2 -oxo0-2"-{(E)-
47 (phenyldiazenyl)anilino}methoxy]-26,28-di[ (ethoxycarbonyl)-
methoxy[-2,8,14,20-tetrathiacalix[4]arene(1,3-alternate-5). p-tert-
Butyl thiacalix[4]arene 3 (0.50 g, 0.56 mmol) suspended in 30 ml
of acetone containing anhydrous Cs,CO, (0.73 g, 2.24 mmol)
or K,CO, (0.31 g, 2.24 mmol). The reaction mixture was stirred
while refluxing for 1 hour. To the obtained suspension, N-[(E)-4’-
(phenyldiazenyl)phenyl]-2-bromoacetamide (0.71 g, 2.24 mmol) in
20 ml of acetone was added. The reaction mixture was stirred while
refluxing for 60 hours. After cooling, the residue from the reaction
mixture was filtered off, dissolved in chloroform (20 ml) and
organic phase was washed with 2M HCI (10 ml). The organic phase
was separated, dried over 3 A molecular sieves. The solvent was
removed under reduced pressure. The residue was recrystallized
from dichloromethane-ethanol mixture. A light orange powder
was obtained. Yield 0.23 g (30 %) and 0.35 g (45%) when Cs,CO,
and K,CO, respectively were used. Mp: 258 °C. '"H NMR (CDCI,)
3, ppm (J/Hz): 0.69 (18H, s, (CH,),C), 1.25 (6H, t, °J,,=7.2 Hz,
O-CH,CH,), 1.31 (18H, s, (CH,),C), 421 (4H, q, *J,,=7.2 Hz,
O-CH,CH,), 4.64 (4H, s, -OCH,-), 4.81 (4H, s, -OCH -), 7.30 (4H,
s, ArH), 7.44-7.55 (4H, m, Ar’H), 7.59 (4H, s, ArH), 7.72 (4H, AB
part of the AA’BB’-system, *J, , +°J, = 8.8 Hz), 7.91 (4H, A’B”
part of the AA’BB’-system, *J, . +°J, .= 8.8 Hz), 7.94-7.96 (6H, m,
Ar’H), 8.95 (s, 2H, NH). "C NMR (CDCl,) 5 ppm: 14.25; 30.61;
31.09; 30.70; 60.87; 66.13; 120.45; 123.02; 124.11; 126.18;128.20;
128.36; 128.99; 129.22; 130.92; 133.27; 132.34; 139.99. 'H-'H
NOESY spectrum (the most important cross-peaks): HH”", H/
H*®, H/H*, HY/H*®, H7/H*, H7/H, H/H", H/H™2, H/H7, H'/HY".
IR vem™: 3385 (NH), 1771 (C(O)OEY), 1531 (C(O)NH).

Results and Discussion

Synthesis of Thiacalix[4]arenes

The p-tert-butyl thiacalix[4]arene macrocyclic platform
is attractive because it is possible to obtain its stereoisomers
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(cone, partial cone, 1,2-alternate and 1,3-alternate) with
different spatial arrangement of functional groups.**?”
The current main objective is the regioselective synthesis
of partially substituted p-tert-butyl thiacalix[4]arene
derivatives, with further functionalization to differently
substituted thiacalix[4]arenes with predetermined spatial
orientation of binding sites.

The development of the photosensitive systems able
to change the structure under the light influence is of main
interest. It can be expected that the combination of the ad-
vantages of thiacalix[4]arene platform with photo-switch-
able fragments will provide the control of the selectivity
and specificity of the substrate binding. Amidoazobenzene
group was chosen as a photoactive fragment. It contains po-
lar NH group required for anion binding and is able to re-
verse E/Z-isomerization under light influence.?*3% Introduc-
tion of ester fragment in a macrocycle structure is necessary
for realization of the template effect of alkali metal cations at

Fe-ZN

2 (45%)

I. 1. Stoikov et al.

the synthesis of thiacalix[4]arene stereoisomers. Besides, it
is known that introduction of an ethoxycarbonyl fragment in
the lower rim of a macrocycle significantly influences on the
complex formation with anions.!'®!

Previously, 1,3-disubstituted at lower rim thiacalix[4]
arene derivatives 2 and 3 (Scheme 1) containing the
4-amidoazobenzene!'? and  ethoxycarbonyl fragments,
respectively, were synthesized.!”!

Then, the interaction of p-tert-butyl thiacalix[4]
arenes 2 and 3 with ethyl bromoacetate and N-[(E)-4’-
(phenyldiazenyl)phenyl]-2-bromoacetamide, respectively,
in acetone, in the presence of alkali metal carbonates has
been investigated. The base and solvent were chosen in
accordance with their efficiency in the reaction of alkylation
of p-tert-butyl thiacalix[4]arene at the lower rim.!

As a result of the interaction of 1,3-disubstituted
thiacalix[4]arene derivative 2 with ethylbromoacetate in the
presence of sodium carbonate as a base, macrocycle 4 in

Scheme 1. Reagents and conditions: i, N-[(£)-4’-(phenyldiazenyl)phenyl]-2-bromoacetamide/Na,CO,, acetone, reflux!”; ii, ethyl

bromoacetate/Na,CO,, acetone, reflux.!"”!

HN

o\
107 4

4 (30%)

1
)%
o~! ¢ o§¢°
9/NH79’

Scheme 2. Reagents and conditions: i, ethyl bromoacetate/Na,CO,, acetone, reflux.
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Synthesis of Photo-Switchable Thiacalix[4]arenes

cone conformation was isolated with 30 % yield (Scheme 2).
It should be noted that the reaction in the presence of
potassium and cesium carbonates resulted in a mixture of
products which was difficult to separate and characterize.
In '"H NMR spectra of the mixtures obtained, a number of
signals of tert-butyl and oxymethylene fragments were
observed. In the field of aromatic fragments the systems of
blocked multiplets were found out. It testifies the presence of
several products in a sample.

The interaction of thiacalix[4]arene 2 with ethylbromo-
acetate (Scheme 2) was not succeeded to obtain the tetra-
substituted derivatives. Thus, it was offered to use the
return approach with thiacalix[4]arene diester 3 as a parent

macrocycle.l'” In the interaction of macrocycle 3 with
N-[(E)-4’-(phenyldiazenyl)phenyl]-2-bromoacetamide  in
the presence of potassium and cesium carbonates in acetone,
the tetrasubstituted at the lower rim macrocycle 5 in the
1,3-alternate conformation was isolated with 30-45 % yield
(Scheme 3).

The reaction in the presence of Na CO, did not lead to
the formation of target products owing to small activity of
the base and rather bulky alkylation reagent.

The structure and composition of new thiacalix[4]-
arene derivatives 4 and 5 were characterized by 'H and "*C
NMR, 2D NMR NOESY 'H-'H, IR spectroscopy, mass
spectrometry (MALDI-TOF) and elemental analysis.
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Scheme 3. Reagents and conditions: i, N-[(E)-4’-(phenyldiazenyl)phenyl]-2-bromoacetamide/K,CO, or Cs,CO,, acetone, reflux.
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Figure 1. '"H NMR spectrum of compound 4 (CDCl,, at 25 °C, Bruker Avance-400).
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In the 'H NMR spectrum of the compound 4
(Figure 1), the signals of tert-butyl protons were observed
as three singlets with intensity ratio of 2:1:1 (0.99, 1.22 and
1.30 ppm). This confirms the formation of the trisubstituted
product. The oxymethylene protons of the ethoxycarbonyl
group were observed as singlets while the oxymethylene
protons of 4-amidoazobenzene fragments as AX-spin
system (4.22 and 5.22 ppm) with a spin-spin interaction
constant of 15.1 Hz. The signals of the aromatic protons
of the macrocycle were observed as two singlets (7.55 and
7.64 ppm) and two doublets of AB-spin system (7.16 and
7.20 ppm) with a spin-spin interaction constant of 2.4 Hz,
and the signals of the azobenzene fragments as multiplets
in the field of 7.37-7.90 ppm. The signals of the hydroxyl
and amide protons gave singlets in a weak field at 8.52 and
10.17 ppm, respectively. The chemical shifts, multiplicity
and the integral intensity of the proton signals in 'H NMR
spectrum of the compound 4 are in good agreement with the
proposed structure of p-tert-butyl thiacalix[4]arene 4.

As an example, the MALDI-TOF mass spectrum of the
trisubstituted at the lower rim p-tert-butyl thiacalix[4]arene
4 (M(C,,H, N,O.S )=1281.67) is shown in Figure 2. In the
MALDI-TOF mass spectrum of the compound 4 the peaks
of the molecular ion with sodium cation (m/z (M+Na")=
1303.4) and with potassium cation (m/z (M+K*)=1319.4) are
presented.

Thus, the obtained thiacalix[4]arenes 4 and 5 are in the
cone and in the /,3-alternate conformation, respectively. The
structure has been confirmed by 2D NMR NOESY 'H-'H
spectroscopy. The presence of two proton singlets for the
tert-butyl groups, two singlets for the oxymethylene protons
and two singlets for the aromatic protons of the macrocycle
in the "H NMR spectrum of the lower rim tetrasubstituted
p-tert-butyl thiacalix[4]arenes 5 shows the symmetry in the
structure. However, in the 'H NMR spectrum of the thiaca-

I. 1. Stoikov et al.

lix[4]arenes 4, the signals of the oxymethylene protons were
observed as singlet and an AX system due to the diastereo-
topy of the -O-CH.- protons of the 4-amidoazobenzene sub-
stituent. Also, the presence of hydroxyl proton signals at 8.54
ppm in the '"H NMR spectrum of compounds 4 indicates an
incomplete alkylation of the lower rim of initial thiacalix[4]
arene 2.

In the IR spectrum of the macrocycle 4 (Table 1),
an absorption band for the valence vibrations of the ester
fragment appeared (v, 1694-1701 cm™), which was absent
in the parent thiacalix[4]arene 2. Also, in the IR spectrum
of thiacalix[4]arene 4 an absorption band for the valence
vibrations of the hydroxyl and amide groups (v, 3341 and
3313 cm’!, respectively) was observed indicating incomplete
substitution of the lower rim of the initial macrocycle
2. In the IR spectrum of the macrocycle 5 in contrast to
the thiacalix[4]arene 4, only valence vibrations of the
amide group (3385 cm™) are presented. This testifies full
replacement of hydroxyl protons of the parent macrocycle 3.

Table 1. The values of the valence vibrations of the macrocycle 2,
4 and 5 in the IR spectra.

v (-OH), v (-NH), v (-C(O)OEY),
compound om’! om’! om!
2 3389 3334 -
4 3341 3313 1750
- 3385 1771

Thus, new tri- and tetrasubstituted derivatives of
thiacalix[4]arene  containing 4-amidoazobenzene and
ethoxycarbonyl fragments have been synthesized. The
structure of the obtained compounds was characterized by
'"H and "C NMR, IR spectroscopy and mass spectrometry
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Figure 2. MALDI-TOF mass spectrum of compound 4.
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Synthesis of Photo-Switchable Thiacalix[4]arenes

(MALDI-TOF). The spatial structure of the new
heterofunctionalized thiacalix[4]arenes was established by
two-dimensional 2D NMR NOESY 'H-'H spectroscopy.

Photoisomerization and Complexation Study

It is well known that azobenzene fragments belong to
photochrome groups. Configuration transition from £-form to
Z-form appears under irradiation by UV light of wavelength
360-370 nm. The reverse process from Z-form to E-form
appears under visible light irradiation with wavelength of
420 nm or in a darkness under heating.**

The ability of the synthesized p-tert-butyl thiacalix[4]
arenes 4 and 5 and parent 1,3-disubstituted macrocycle 2
to change configuration under UV irradiation at 365 nm as
a result of the E/Z-isomerization of the photo-switchable
fragment was investigated by electron spectroscopy. It was
found that for E-configuration of the compound 2 several
absorption band maxima at 300 nm, characteristic for the
macrocyclic ring of the p-fert-butyl thiacalix[4]arene,
and those at 350 nm and 450 nm, corresponding to m-nt*
and n-7* electron transition of the azobenzene fragments
were observed (Figure 3). By irradiating the sample with
UV light at 365 nm for two minutes, the £E-configuration

0.8
0,7
a
0,6
05
< 04 1 1 =2 E form
0,3 2 =27 form
0,2
01
0
250 300 350 400 450 500 A, HM
0.8 0.8
07 b 07 c
0.6 0.6
1
05 05
< 04 1 1 ——4 E form < 04 1——5E form
0.3 2=—47 form 0.3 2 =57 form
02 02
0.1 0.1
0 0
250 300 350 400 450 500 A, HM 250 300 350 400 450 SOOA, HM

Figure 3. Absorption spectra (a-d) of the macrocycles 2, 4 and 5 before UV irradiation (E-configuration) and after UV irradiation

(Z-configuration) (A=365 nm, CH,Cl,).

—2 E form

—2 Z form

=2 E form + F-
excess

—32 Z form + F-
excess

280 330 380

230

180 A HM

Figure 4. The UV spectra of macrocycle 2 (£- and Z-forms) at addition of 200-fold excess of fluoride anions (CH,Cl,).
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of p-tert-butyl thiacalix[4]arene 2 transformed to the
Z-configuration. The observed absorption band at 350 nm
disappeared and that at 450 nm increased. Changes were
also observed in the 300 nm region. Specifically, the band
transfer intensity at 310 nm decreased (Figure 3). This
process is reversible, and in 6 minutes the macrocycle
2 fully returned to its initial state with the £-configuration.
The UV spectrum recorded after an hour remained
the same.

In the case of the macrocycles 4 and 5, the similar
changes were observed. In the case of tri- and tetra-
substituted derivatives 4 and 5, the only difference
between the absorption spectra of parent compound 2 and
new synthesized macrocyles 4, 5 was in the 260-320 nm
region (Figure 3). Also, nature of change in absorption
spectra under UV irradiation (A=365 nm) differs at an
E/Z-isomerization. The intensity of an absorption band
enhanced at 270 nm and at 260 nm for compounds 4 and
5, respectively. The £/Z-isomerization of the macrocycles 4
and 5 was achieved during 1 minute and the reverse process
took about 10 minutes for the macrocycle 4 and 30 minutes
for the compound 5. Increasing time of the reversed process
to the initial £-configuration of the compound 5 is possibly
due to the steric barrier of the thiacalix[4]arene macrocyclic
platform following the introduction of the ethoxycarbonyl
groups.

To establish the dependence of the efficiency of a
complex formation for E- and Z-configuration of thiacalix[4]
arenes containing a photo-switchable fragment, we studied
the receptor properties of the parent 1,3-disubstituted
macrocycle 2 and synthesized thiacalix[4]arenes 4-5 in
relation to some anions: F, CI, Br, I', H,PO,;, CH,CO,,
NO;,". It was shown that the macrocycle 2 selectively binds
fluoride ion. Thiacalix[4]arene 4 exerted analytical response
toward fluoride- and chloride anions. The macrocycle 5 did
not bind the anions studied because of negative allosteric
effect of the /,3-alternate conformation.

In the Figure 4, the absorption spectra of 1,3-di-
substituted thiacalix[4]arene 2 in the presence and absence
of the excess of fluoride anion are presented. The addition of
the excess of fluoride ions to the receptor 2 in £-configuration
resulted in hypochromic effect of the maximum of absorption
band at 350 nm with simultaneous hyperchromic effect of
the maximum absorption band at 260 nm. In the case of
Z-form of the compound 2, excess of fluoride anion with the
subsequent radiation for 2 minutes produced hyperchromic
effect of the maximum absorption bands at 250 nm and
350 nm.

The change of absorption spectra at interaction of
macrocycle 4 with excess of fluoride anion is similar in case
of the macrocycle 2. The addition of excess of chloride anion
to the receptor 4 led to hypochromic effect of the maximum
absorption bands at 350 and 270 nm. Introduction of one
etoxycarbonyl group in the structure of the 1,3-disubstituted
thiacalix[4]arene 2 led to binding of chloride anions
together with fluorides by the macrocycle 4. Probably, the
carbonyl group of the ester fragment as the proton-acceptor
changed a macrocycle conformation through hydrogen
binding with hydroxyl and amide protons. As a result, it
influenced the cavity size of the receptor and selectivity
of binding.

Maxkpozemepoyuxavt / Macroheterocycles 2013 6(3) 219-226
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The interaction of the macrocycle 5 with an excess
of the studied anions did not follow considerable changes
in the adsorption spectra. Compound 5 has /,3-alternate
conformation and probably the volume of fert-butyl groups
prevents the foramotion of the complex with anions. It is
also known that the realization of negative allosteric effect
interfering with a complex formation can take place at the
substrate binding by derivatives of calix- and thiacalix[4]
arene in /,3-alternate conformation.* ¥

Thus, the existence of the hydroxyl groups in structure
of the receptors 2 and 4 and also their cone conformation are
necessary criterion for anion binding.

For the quantitative characterization of complexation
ability of the compounds 2 and 4 toward anions (X = F-, CI,
Br, I, CH,CO,, H,PO,, NO,), the association constants
(Table 2) and stoichiometry of the complexes formed were
determined. By isomolar series method, it was established
that the thiacalix[4]arenes studied form 1:1 complexes with
the tetrabutylammonium salts in CH,Cl,. The association
constants for the complexes studied were determined in
CH,CI, by dilution method. Calculation of the association
constants (Table 2) was carried out by the Benesi-Hildebrand
method.P

Table 2. The logarithms of the association constant (log K, )
for the receptors 2 and 4 with anions, the stoichiometry of the
host:guest complexes is 1:1.

Anion
Receptor
F- Cr
2 E form 3.34+0.21 -
2 Z form 2.54+0.17 -
4 E form 3.26+0.25 3.53+0.18
4 Z form 2.844+0.30 3.24+0.23

From Table 2, the biggest difference in the binding
constants between E- and Z- configurations was found for
parent 1,3-disubstituted macrocycle 2. Introduction of one
ethoxycarbonyl group in the receptor structure decreased
distinction of binding between E- and Z- configurations,
meanwhile the receptor 4 has an advantage toward chloride
anion.

Conclusion

New photo-switchable substituted at the lower rim
p-tert-butyl  thiacalix[4]arenes containing 4-amidoazo-
benzene and ethoxycarbonyl groups were synthesized.
It is shown that replacement of one hydroxyl group by
ethoxycarbonyl fragment in the 1,3-disubstituted macrocycle
containing 4-amidoazobenzene groups resulted in binding
fluoride and chloride anions. Replacement of two hydroxyl
groups with ethoxycarbonyl fragments significantly changed
the binding properties of the tetrasubsituted p-tert-butyl
thiacalix[4]arene derivative.

Acknowledgements. The work was supported by the Federal
Program “Research and scientific-pedagogical personnel
of innovative Russia” for 2009-2013 (Ne 16.740.11.0472
on 13th May 2011), RFBR (12-03-31314 mol a,
12-03-90414-Ukr_a).

225



Synthesis of Photo-Switchable Thiacalix[4]arenes

References

10.

I1.

12.

13.

14.

15.

16.

17.

18.

226

Dugave C., Demange L. Chem. Rev. 2003, 103, 2475-2532.
Renner C., Moroder L. ChemBioChem 2006, 7, 868-878.
Shinkai S., Shigematsu K., Sato M., Manabe O. J. Chem.
Soc., Perkin Trans. 11982, 2735-2739.

An H.Y., Bradshaw J.S., Izatt R.M., Yan Z.M. Chem. Rev.
1994, 94, 939-991.

Gokel G.W., Leevy W. M., Weber M. E. Chem. Rev. 2004, 104,
2723-2750.

Akabori S., Miura Y., Yotsumoto N., Uchida K., Kitano M.,
Habata Y.J. Chem. Soc., Perkin Trans. 11995, 2589-2594.
Aakeroy C.B., Hurley E.P., Desper J., Natali M., Douglawi A.,
Giordani S. CrystEngComm. 2010, 12, 1027-1033.

Giordani S., Cejas M. A., Raymo F.M. Tetrahedron 2004, 60,
10973-10981.

Raymo F.M., Alvarado R.J., Giordani S., Cejas M.A. J. Am.
Chem. Soc. 2003, 125, 2361-2364.

Kumar S., Hernandez D., Hoa B., Lee Y., Yang J. S., McCurdy
A. Org. Lett. 2008, 10, 3761-3764.

Stauffer M. T., Knowles D.B., Brennan C., Funderburk L.,
Lin F.T., Weber S.G. Chem. Commun. 1997, 287-288.
Paramonov S., Delbaere S., Fedorova O., FedorovY.,
Lokshin V., Samat A., Vermeersch G. J. Photochem. Photo-
biol., 42010, 209, 111-120.

Cacciapaglia R., Stefano S.D., Mandolini L. J. Am. Chem.
Soc. 2003, 125, 2224-2227.

Gromov S.P., Vedernikov A.I., Lobova N.A., Kuz’mina L.G.,
Basok S.S., Strelenko Y.A., Alfimov M.V., Howard J.A.K.
New J. Chem. 2011, 35, 724-737.

Liu M., Yan X., Hu M., Chen X., Zhang M., Zheng B., Hu X.,
Shao S., Huang F. Org. Lett. 2010, 12, 2558-2561.

Kim J.S., Shon O.J., Lee J.K., Lee S.H., Kim J. Y., Park K. —
M., Lee S.S. J. Org. Chem. 2002, 67, 1372-1375.

Vavilova A.A., Meleshina M. V., Gorbachuk V.V., Yakimo-
va L.S., Stoikov 1. 1. Butlerov Communication 2012, 8, 18-24.
Stoikov I.1., Yantemirova A.A., Nosov R. V., Rizvanov 1. Kh.,
Julmetov A.R., Klochkov V. V., Antipin I.S., Konovalov A.1.,

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Zharov 1. Org. Biomol. Chem. 2011, 9, 3225-3234.

Iki N., Morohashi N., Narumi F., Fujimoto T., Suzuki T,
Miyano S. Tetrahedron Lett. 1999, 40, 7337-7341.

Stoikov I.1., Zhukov A. Yu., Agafonova M. N., Sitdikov R.R.,
Antipin L. S., Konovalov A. 1. Tetrahedron 2010, 66, 359-367.
Stoikov I.1., Mostovaya O.A., YakimovaL.S., Yantemi-
rova A.A., Antipin L. S., Konovalov A.1. Mendeleev Commun.
2010, 20, 359-360.

Stoikov I.1., Yantemirova A.A., Nosov R.V., Julmetov A.R.,
Klochkov V. V., Antipin [.S., Konovalov A.l. Mendeleev
Commun. 2011, 21, 41-43.

Stoikov I.1., Mostovaya O.A., Yantemirova A. A., Antipin L. S.,
Konovalov A. 1. Mendeleev Commun. 2012, 22, 21-22.
Vavilova A.A.,Nosov R. V.,Yagarmina A. N.,Mostovaya O.A.,
Antipin L. S., Konovalov A. 1., Stoikov L. 1. Macroheterocycles
2012, 5, 396-403.

Galukhin A.V., Zaikov E.N., Antipin [.S., Konovalov A.I.,
Stoikov L. 1. Macroheterocycles 2012, 5, 266-274.

Stoikov I.1., Vavilova A.A., Badaeva R.D., Gorbachuk V. V.,
Evtugyn V.G., Sitdikov R.R., YakimovaL.S., Zharov L.
J. Nanopart. Res. 2013, 5, 1-14.

Vavilova A. A., Mostovaya O.A., Nosov R.V., Yagarmina A.N.,
Stoikov I.1., Butlerov Communication 2012, 29, 8—12.
Bonvallet P.A., Mullen M.R., EvansP.J.,, StoltzK.L.,
Sory E.N. Tetrahedron Lett. 2011, 52, 1117-1120.

Ya Q., Dong X., Chen W., Duan X. Dyes Pigm. 2008, 79,
159-165.

Lee Y., Choi D., Shin E.J. Spectrochimica Acta, Part A 2010,
77,478-484.

Iki N., Narumi F., Fujimoto T., Morohashi N., Miyano S.
J. Chem. Soc. Perkin Trans. 1998, 2, 2745-2750.

Wyman G.M. Chem. Rev, 1955, 55, 625-657.

Stoikov I.1., Omran O.A., Solovieva S.E., Latypov S.K.,
Enikeev K. M., Gubaidullin A.T., Antipin [.S., Konovalov
A.L Tetrahedron 2003, 59, 1469-1476.

Budka J., Lhotak P., Michlova V., Stibor . Tetrahedron Lett.
2001, 42, 1583-1586.

Hirose K. J. Inkl. Phenom. Macroc. Chem. 2001, 39, 193-209.

Received 15.07.2013
Accepted 03.09.2013

Maxkpozemepoyuxavt / Macroheterocycles 2013 6(3) 219-226



