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The synthesis and complexing properties of p-aminoazobenzene-derived mono-, bis-,
and trisamides were described. Ligands 3 and 4 bind anions, including fluorides, chlorides,
bromides, acetates, benzoates, dihydrogen phosphates, hydrogen sulfates, and
p-toluenesulfonates, in chloroform forming 1 : 1 complexes. The highest value
of stability constant was evaluated for the 4-F- complex (log K = 5.63 £ 0.21). On the basis
of 'H NMR, and FTIR spectroscopy, the possible nature of the ligand—anion interactions was
proposed. The E 2 Z isomerization process of tripodal amide 4 in chloroform was studied.

The effect of anions on Z to E thermal back isomerization was investigated.

Introduction

For years one of the most active fields of supramolecular chemistry has been
the design, synthesis, and study of the complexing properties of organic compounds acting as
host molecules for negatively charged guests.! Appropriate anion receptors can find a vast
variety of  applications, including in anion separation from industrial
and radioactive waste,? in the development of anion sensors working under real-world
conditions? or in catalysis where ligand—anion interaction is crucial for reaction effectiveness.*
In analytical supramolecular chemistry, relatively simple molecules enabling selective anion
detection can be successfully used.> Important structural features of receptors are binding
sites and signalling units, thanks to which chemical information is converted into a useful,

e.g. optical or electrical, signal. Incorporation into the ligand structure of several groups
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of different character allows molecular recognition to be studied through various analytical
methods providing more detailed information on the nature and mechanism of host—guest
interactions. Unique in this respect are azocompounds, which have been known for more than
100 years. These compounds are still of high interest due to their efficient methods
of synthesis® and interesting properties, such as photo and redox activity,” enabling their
application in various fields from materials science to neurobiology.

For example, an azo moiety is often incorporated into macrocyclic compounds acting
as a host molecule for metal cations.® On the other hand, decoration of proteins with
an azobenzene unit enabled photoswitchable K* channels, GABA receptorst®
and transcription factors to be obtained.!! Photoisomerization of azocompounds is also often
used in the development of photo-responsive smart polymers, information storage materials,
and molecular machines.!?

Taking into account the high importance of anion recognition and interesting properties
of azocompounds, we decided to synthesize a series of simple compounds bearing one, two
or three amide moieties and azo residues. We expect that the combination of H-bond donating
amide residue(s) and azo group(s) in one molecule will result in receptors enabling optical
and electrochemical anion sensing. The skeleton of the receptors proposed here is based
on an aromatic platform: a benzene or pyridine ring. The ion binding, optical,

and electrochemical properties of the obtained ligands are described.
Experimental section

General considerations

All chemicals of the highest available purity were purchased from commercial sources
and used without further purification. The reaction progress was monitored
by TLC using aluminium sheets covered with silica gel 60Fzsa (Merck). NMR spectra
in DMSO-ds and chloroform-d were recorded on Varian apparatus at 200 or 500 MHz
for 'H and 125 MHz for 3C. Chemical shifts are reported as & [ppm] values in relation
to TMS. FTIR spectra were recorded on Nicolet iS10 apparatus.

UV-Vis titrations in DMSO (Sigma-Aldrich) or chloroform (StanlLab, distilled before use)
were carried out using a UNICAM UV 300 spectrophotometer. For spectrophotometric

measurements, 1 cm quartz cuvettes were used. Cyclic voltammetry was performed
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on an AUTOLAB 302N potentiostat—galvanostat (AUTOLAB, Eco Chemie, B.V., Netherlands)
using GEPS Manager software. The electrochemical experiments were carried out with the use
of a conventional three-electrode cell consisting of a glassy carbon working electrode,
a platinum wire counter electrode, and an Ag|AgCl| 0.1 M KCl reference electrode. Disc shaped
glassy carbon electrodes (2 mm) were purchased form MINERAL (Warsaw, Poland).
UV irradiation experiments were carried out in a chamber equipped with a UVA lamp

(Spectroline, model ENF-240C/FE, 4 W, Amax= 365 nm).

Synthesis

The carboxamides 1-4 were prepared using a simple synthetic method.3
The appropriate acid chloride (benzoic, pyridine2,6-dicarboxylic, isophthalic or trimesic,
1 mmol) was added stepwise to a solution of 4-aminoazobenzene (1, 2 or 3 mmol
for obtainment of amide 1 or 2 and 3 or 4 respectively, Fig. 1) and triethylamine (1, 2 or 3 mmol)
in 10 mL of dimethylformamide (DMF). The reaction mixture was magnetically stirred for
16 hours at 60 °C. To the cooled reagents, water was added and the precipitate was filtrated

off. Pure products were obtained after crystallization from ethyl acetate or methanol.
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Fig. 1 Synthesis of compounds 1-4. UV-Vis (CHCI3): Amax(€) = 350 nm (1.4 x 10%), 434 nm (1.4 x 103).

Compound 1: Yield 95% (0.28 g), lit. 90%, mp. 202—-204°C,'* orange solid, Rf= 0.92
(CH2Cl; : MeOH 15 : 1); mp. = 203-204 °C; IR (KBr pellet) cm™: 3369, 3056, 1665, 1601, 1526,


http://mostwiedzy.pl

A\ MOST

843, 688; 'H NMR (200 MHz, DMSO-ds, 6 [ppm]), E-isomer: 7.53-7.64 (5H, m); 7.86—7.97 (9H,
m); 10.60 (1H, s);

Compound 2: Yield 75% (0.39 g), orange solid, Rf = 0.84 (CHCls : acetone 10 : 1),
mp. >300°C, IR (nujol) cm™: 3250, 1673, 1662, 1539, 1239, 1151, 1106, 999, 838, 766, 685;
IH NMR (500 MHz, DMSO-ds, & [ppm]), all-E isomer: 7.58-7.62 (6H, m); 7.92 (4H, d,
J=7.3Hz); 8.05 (4H, d, J = 8.8 Hz); 8.25 (4H, d, ) = 8.8 Hz); 8.39 (1H, t, ) = 7.8 Hz); 8.48 (2H, d,
J = 7.8 Hz); 11.35 (2H, s); 3C NMR (125 MHz, DMSO-ds, & [ppm]): 121.82, 123.12, 124.31,
126.47, 130.16, 131.94, 140.90, 141.85, 148.94, 149.31, 152.74, 162.66; UV-Vis (CHCl3):
Amax(€) =351 nm (5.4 x 10%), 440 nm (3.7 x 103); HRMS(EI): 525.19023 for formula C31H23N702,
calculated: 525.19132.

Compound 3: Yield 64% (0.34 g) orange solid, mp. >300 °C; Rf = 0.89
(CHCI3 : acetone 10 : 1), IR (KBr pellet) cm™: 3274, 3063, 1649, 1598, 1528, 1406, 686;
'H NMR (500 MHz, DMSO-ds, & [ppm]), all-E isomer: 7.55 (2H, t, J = 3.7 Hz), 7.58 (4H, t,
J=7.3Hz),7.74 (1H, t, ) = 7.8 Hz), 7.87 (4H, d, J = 7.3 Hz), 7.95 (4H, d, J = 8.8 Hz), 8.06 (4H, d,
J = 8.8 Hz), 820 (2H, d, J = 7.8 Hz), 8.60 (1H, s), 10.80 (2H, s); UV-Vis (CHCl3):
Amax(€) =352 nm (3.3 x 10%), 434 nm (2.3 x 103).

Compound 4: Yield 68% (0.51 g), lit. 70%, mp. 317 °C,*> orange solid, Rf = 0.56
(CHsCl : acetone 10 : 1), mp. >300 °C, IR (KBr pallet) cm~: 3431, 3063, 1677, 1596, 1533, 1405,
687; 'H NMR (500 MHz, DMSO-ds, & [ppm]), all-E isomer: 7.50-7.68 (9H, m); 7.89 (6H, d,
J=7.1Hz); 7.99 (6H, d, J = 9.1 Hz); 8.11 (6H, d, J = 8.9 Hz); 8.83 (3H, s); 10.97 (3H, s); UV-Vis
(CHCI3): Amax(€) =353 nm (8.3 x 10%), 437 nm (5.3 x 103).

Ligand—-ion interaction studies

The binding properties of the obtained amides were tested using UV-Vis
spectrophotometry, 'H NMR, and FTIR spectroscopy. In complexation studies, many metal
cations (alkali, alkaline earth, and heavy divalent metal cations) in the form
of perchlorate salts as well as anions of different sizes and shapes
(as tetra-n-butylammonium (TBA) salts) were used. Spectrophotometric titrations were
carried out in DMSO, acetonitrile or chloroform. On the basis of experimental data,
the stability constant values and stoichiometry of formed species were determined using
OPIUM software.’® Molecular models of amides 3 and 4 were calculated using the

MM:UFF method with ArgusLab software.'” In the 'H NMR experiments, DMSO-ds
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or chloroform-d as a solvent was used. In the voltammetric experiments, the electrolyte
— 0.1 M tetra-n-butylammonium perchlorate — was initially purged with argon for 40 min
in order to remove oxygen. All electrochemical tests were performed under argon atmosphere.
The cyclic voltammetry curves were registered for the “free” ligand 4 solution
(ca= 2.48 x 10™* M) and after addition of a 100-fold molar excess of the respective TBA salt

solution in acetonitrile with a scan rate of 50 mV s71.

Photoisomerization process studies

The photostationary state was obtained after 3 minutes of irradiation of the ligand 4
solution (ca=2.01 x 10 M) in chloroform placed in a quartz cuvette (I = 1 cm) with ultraviolet
light (365 nm). The progress of the photoisomerization process was monitored using UV-Vis

spectrophotometry. Z to E back isomerization was conducted at 50 °C in the dark.

Results and discussion

Amides 1-4 were prepared as shown in Fig. 1 using p-aminoazobenzene
and the respective acid chloride as substrates. Compounds 1, 3, and 4 are known
in the literature; however, their ion binding properties have not been studied before. Synthesis
of compound 3 was described in a US patent;'® however, neither its spectral characteristics
nor its complexing properties were described. Tripodal amide 4 was tested in photoinduced
mass transport processes.'® To the best of our knowledge (according to Chemical Abstracts),
amide 2 is a new compound and has not been described in the literature before. As presented
here, a simple synthetic method can serve as a facile procedure for amide synthesis
with a satisfactory yield (64—95%).

Amides, due to the presence of an NH group, can serve as potential anion receptors.
lon—ligand interactions for compounds 1-4 reported here were studied using UV-Vis
spectrophotometry in solvents of different polarity: DMSO, acetonitrile and chloroform.

In dipolar DMSO, changes in the UV-Vis spectra of ligands 1-4 were observed only
in the presence of tetra-n-butylammonium hydroxide (TBAOH) and highly basic fluorides (TBAF)
among all the tested anions of different sizes and shapes. No spectral changes were observed
in the presence of metal cations (as perchlorate salts). Addition of TBAF
or TBAOH to the ligand solutions caused a large bathochromic shift of the ligand absorption

band and a change in color from yellow to intensive orange. This indicates that ligand
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deprotonation may be the dominant process, as fluoride and hydroxide ions are strong bases
in polar DMSO. Lee et al' reported that addition of a fluoride salt
to an agqueous DMSO solution of ligand 4 caused destruction of the microfiber morphology
existing under such conditions (10 mM, DMSO : H20 1 : 1 v/v), which
is a result of compound deprotonation. In our studies, only for ligand 2 (the derivative
of pyridine-2,6-dicarboxylic acid) changes observed in the spectrum upon titration with TBAF
solution indicate more complex behavior than just deprotonation (Fig. 2a).
It is possible that in the initial phase of titration, fluoride anions are coordinated
by ligand 2; however, a higher concentration of the salt causes ligand deprotonation, which is
indicated by the appearance of a characteristic triplet at 16.20 ppm
in the 'H NMR spectrum (ESI: Fig. ESI11). The stoichiometry of the species formed during the
initial stage of spectrophotometric titration is 1 : 2 (ligand to salt, obtained from
the molar ratio plot). A change of solvent to the less polar acetonitrile (in which
the fluoride anion is a weaker base than in DMSO) decreases the probability
of deprotonation. Under these conditions, the system with compound 2 equilibrates
at a 2-fold molar excess of the salt in relation to the ligand, indicating F,L type stoichiometry

(Fig. 2b).
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Fig. 2 Changes in the UV-Vis spectra upon titration of ligand 2 (a) in DMSO (c2 = 1.49 x 107 M,
0 £ R £40.10) and (b) in acetonitrile (c2 = 1.24 x 10> M, 0 £ R < 10.91) with tetra-n-butylammonium fluoride;

R = salt/ligand molar ratio; inset: molar ratio plot.

The interactions of ligands 1-4 with anions were also investigated in chloroform.
A solvent of low polarity is less competitive in the process of host—guest recognition, which

may have a positive influence on the strength of ligand—ion interactions. Although ligands
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capable of selective analyte binding in aqueous solutions are highly desirable,
the use of a less polar solvent is also useful as it may to some extent reflect the processes
occurring in hydrophobic membranes. In order to test the complexing properties
of amides 1-4 in chloroform, the influence of metal cations and anions of different sizes
and shapes on the ligand absorption spectra was studied. No significant spectral changes were
observed upon titration of ligands 1-4 with metal perchlorates. TBA salts also caused
no changes in the spectra of amide 1 and 2 solutions. This is opposite
to amides 3 and 4 — derived from isophthalic and trimesic acids — which showed
a response towards anions, including fluoride, chloride, bromide, acetate, benzoate,
dihydrogen phosphate, hydrogen sulfate, and p-toluenesulfonate. Moreover, ligand 4
also exhibits the ability to bind nitrate anions. In the UV-Vis spectra of the ligand solutions,
a bathochromic shift upon TBA salt addition was observed, which was accompanied
by a deepening of the ligand solution color. As an example, in Fig. 3, a comparison
of the spectrophotometric titration traces for ligands 3 and 4 with dihydrogen phosphate salt

in chloroform is shown.
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Fig. 3 Changes in the UV-Vis spectra upon titration of the ligand (a) 3 (c3= 1.49 x 10° M, 0 < R < 37.78)

and (b) 4 (ca=1.37 x 10 M, 0 < R < 10.75) with tetra-n-butylammonium dihydrogen phosphate in chloroform;
R: salt/ligand molar ratio; photo: 1 — ligand 4 in chloroform, and 2 — ligand 4 with an equimolar amount

of dihydrogen phosphate salt in chloroform.

According to molar ratio plots (Fig. ESI2t) it can be concluded that for both ligands 3
and 4 equilibrium is reached at an equimolar ratio of ligand to salt. This suggests 1 : 1 complex
type formation under these measurement conditions. On the basis of titration data, the values

of the stability constants for ligands 3 and 4 were evaluated using OPIUM software
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and compared (Fig. 4). In general, tripodal amide 4 forms more stable complexes with anions
than dipodal derivative 3, with the highest value for fluorides and chlorides. However,
the effect of the tripodal platform is the most significant in the case of acetates, where
the difference in the stability constant values (Alog K) between complexes of 3
and 4 is 1.26. The values of the stability constants determined for complexes of amide 3 or 4
with halide ions decrease with an increase in ion size. Among all the tested anions, ligand 3
shows the highest affinity to spherical fluoride anions and tetrahedral, hydrophilic dihydrogen
phosphate ions. The stronger affinity of amide 4, than dipodal ligand 3, to anions may
be explained in two ways. The presence of the third amide arm
in compound 4, due to its —M and —I effects on the central benzene ring, causes a change
in the electron density distribution, which increases the partial positive charge
on the carbon atom between the two amide arms in the para position in relation
to the third arm and decreases the electron density on the nitrogen atom making
the neighboring amide hydrogen more acidic. This effect facilitates interactions
with negatively charged species. Moreover, tripodal amide 4, as it can be seen in models of 3
and 4in Fig. 5, is preorganized for ion binding, forming a pseudo-cavity between the two amide
arms (marked with a red circle). All amide residues in ligands 3 and 4 remain in the coplanar
position with the central benzene ring. If the anion is complexed by two amide moieties
in an appropriate conformation, statistically for tripodal compound 4 there is a higher
probability of such interaction. In conclusion, stronger binding of anions by tripodal amide 4
can be explained by the additive and cooperative action of multiple factors, being a result
of the electronic effect of the third amide residue (—M and —l), the probable conformation

of the amide and statistical factors.
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Fig. 5 A comparison of molecular models of (a) dipodal amide 3 and (b) tripodal amide 4 by using

anions (as TBA salts) in chloroform.

the MM: UFF method. Red circle: proposed binding site.

As amide 4 interacts with the tested anions stronger than dipodal ligand 3, other
experiments were carried out for the derivative of trimesic acid 4. The process
of molecular recognition was investigated using 'H NMR spectroscopy on the example
of interactions between amide 4 and tetra-n-butylammonium benzoate in chloroform-d
(Fig. 6).

In the spectra below, it can be seen that the presence of a benzoate ion causes
a significant shift and broadening of the signal assigned to the protons of the amide groups
towards higher ppm values (A6 = +1.65 ppm). This can indicate the formation
of hydrogen bonds between the NH— groups of the ligand and anion. Signals of protons from
the benzene platform marked as A are also shifted to higher ppm values

(A8 = +0.21 ppm), which may suggest the influence of potentially forming hydrogen bonds
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on these protons. In the 4-PhCOO~ complex spectrum, aromatic proton signals marked as B

and C are also shifted (A6: +0.14 and +0.13 ppm respectively).
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Fig. 6 A comparison of the partial 'H NMR spectra of free ligand 4 (top) and its complex (1 : 1) with

tetra-n-butylammonium benzoate (bottom) in chloroform-d.

Additional information regarding the nature of the tripodal ligand 4-PhCOO-
interactions was acquired by FTIR spectroscopy (Fig. 7). The most significant spectral changes
are observed in the region of the amide bands. The amide | band (vC=0)
in the complex is shifted towards higher frequencies (+12 cm™) in relation to the “free” ligand.
The amide Il band, resulting mostly from 8N-H bending and vC—N stretching vibrations,
is shifted from 1530 cm™in the free ligand to 1537 cm™. These changes suggest hydrogen

bond formation between the amide N-H protons and the anion.
The band of the (vC=C) aromatic ring vibration (at ~1600 cm™) is not changed due

to the ligand—ion interactions, which may indicate that the changes observed

in the 'H NMR spectra are a consequence of hydrogen bond occurrence.
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Fig. 7 A comparison of the partial (1700-1200 cm™) FTIR spectra (KBr pellet) of 4 and its complex with
tetra-n-butylammonium benzoate (1 : 1).

'H NMR spectra of the amide 4 solution were also registered in the presence
of tetra-n-butylammonium fluoride and nitrate in chloroform-d (Fig. ESI3t). Similar
to the case of benzoate ions, the presence of fluoride or nitrate anions causes a shift
of the amide proton signals to higher ppm values, which indicates the formation
of hydrogen bonds between ligand 4 and the tested anions (Table 1). Taking into account
the chemical shift values of these signals, it can be concluded that amide 4 forms stronger
hydrogen bonds with fluoride ions than with nitrate, which is in accordance with the stability
constant values determined from spectrophotometric titrations (log K: F-> PhCOO~> NOs"). In
the 4-F spectrum (Fig. ESI3t), two broadened signals of NH protons are observed, whereas in
the spectrum of the free ligand, these protons occur as one singlet. This may indicate
the different involvement of the NH group in the guest coordination or slow proton exchange
under the measurement conditions. Signals of protons from the benzene platform (labeled
as A analogously to Fig. 6) seen in the spectrum of the “free” ligand solution as one singlet,
in the 4-F~ spectrum, similarly to the NH proton signals, are observed as two separated singlets

shifted towards higher ppm values in comparison to the free ligand spectrum.
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Table 1 The position of the signals of selected protons in the *H NMR spectrum of the free amide 4
and its complexes with tetra-n-butylammonium fluoride and nitrate in chloroform-d (values in ppm; symbols
as in Fig. 6: A — protons of the aromatic ring derived from carboxylic acid; B and C — protons

of the aromatic ring between the amide and azo groups; * signals cannot be clearly assigned)

NH (A6) A B C
4 9.90 8.78 8.00 7.95
4-NO3 10.24 (+0.34) 8.57 * *
4-F 11.21; 10.51 (+1.31); (+0.61) 9.27;8.37 8.35 8.21

Analysis of the FTIR spectra provides additional information regarding the binding
of fluoride ions by ligand 4. In the 4-F spectrum, the amide | band is in the form of two slightly
separated bands. In the free ligand spectrum, one band exists in the range
of (vC=0) vibration (Fig. ESl4at). The amide Il band in the complex spectrum is shifted
to higher wavenumber values (Av = 10 cm™2), which suggests the formation of hydrogen bonds
between the ligand and fluoride anion. Similar character of the changes
in the spectrum of 4-NOsz™ is observed (Fig. ESI4bT). Both the amide | and Il bands
are shifted to higher wavenumber values in comparison to the free amide spectrum
(Av: 14 and 5 cm™, respectively).

The presence of electroactive azo groups in the structures of amides 1-4 makes them
potential materials for electrochemical Sensors. In order to test
the electrochemical response towards anions, cyclic voltammetry was performed
for the most interesting tripodal ligand 4. The cyclic voltammetric curve registered
for the ligand 4 solution in acetonitrile indicates the presence of well seen oxidation peak
at -0.39 V and a reduction peak at -0.60 V. Changes in the formal potential of the ligand 4
solution in the presence of anions of different sizes and shapes (as TBA salts) are listed

in Table 2.

Table 2 Formal potential values of free ligand 4 solution (cs = 2.48 x 107 M) and ligand 4 in the presence

of a 100-fold molar excess of TBA compounds in acetonitrile (AE® = E9complex — ECfreeligand MV vs. Ag/AgCl,

KCl: ¢ =0.1 M)
4 F cr Br PhCOO" | H2PO4™ | OH" NOs HSO4
EC (AE°) -495 -426 -484 -496 -519 -539 -506 -465 -443
[mV vs. Ag/AgCl] (69) (11) (1) (-24) (-44) (-11) (30) (52)
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Anion complexation by receptors with electroactive moieties is mostly connected with
a shift of the cyclic voltammetry curve to lower potential values.?® This effect
in the voltammogram of amide 4 solution is observed in the presence
of tetra-n-butylammonium hydroxide, benzoate, and dihydrogen phosphate. The values
of cathodic shift decrease in the order of AE°: H,POs~ > PhCOO- > OH-, which
is in agreement with the increase in the anion basicity. Different character of changes
are observed in the presence of halides, nitrates, and hydrogen sulfates. In these cases,
the cyclic voltammetry curves of the ligand solution are shifted to higher potential values.
Among the tested halide ions, the largest anodic shift is caused by the smallest fluoride anions.
The AE° values decrease with an increase in the halide ionic radius, which correlates with
the stability constant values obtained from spectrophotometric titrations, despite
the significant difference in the properties of the solvents applied in both experiments.
As an example, a comparison of the voltammograms registered for the free amide 4 and 4

in the presence of dihydrogen phosphate ions is shown in Fig. 8.
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Fig. 8. A comparison of the cyclic voltammetry curves of the free ligand 4 solution (ca = 2.48 x 10 M)
and ligand 4 in the presence of a 100-fold molar excess of tetra-n-butylammonium dihydrogen phosphate

in acetonitrile (electrolyte: 0.1 M tetra-n-butylammonium perchlorate).

Azo compounds may exist in the form of two isomers: E (trans) and Z (cis).
The photoisomerization process was studied for the most promising compound, 4, dissolved
in chloroform. In the UV-Vis spectra (Fig. 9a) showing E to Z isomerization induced by UV
irradiation, two  isosbestic  points are observed, which may indicate
that only one process takes place: trans to cis isomerization. After sample irradiation

(at intervals of 30 seconds) hypsochromic shift of the m - n* band and hyperchromic shift
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of the n - mn* band are observed, until the photostationary state is reached. Using
a graphical method (drawing the relationship of In ca4 vs. time), it was determined that UV
induced isomerization is a first-order reaction (Fig. ESI5T). The reverse process — Z to E
isomerization — was carried out in the dark at 50 °C (Fig. 9b). In the UV-Vis spectrum
of the solution of the Z isomer, batho- and hyperchromic shift of the m = n* band
and hypochromic shift of the n -n* band are observed. After 80 minutes of heating
the solution in the dark, the E isomer dominates in solution. According to the graph
(Fig. ESI6T), the thermal back reaction is a first order process with a half-life time

of 24 minutes. The process of Z 2 E isomerization of 4 was also studied in DMSO.?!
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Fig. 9 Changes in the UV-Vis spectra of a ligand 4 solution (csa = 2.01 x 10 M) in chloroform during
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(a) irradiation with a UVA lamp (Amax = 365 nm) and (b) heating at 50 °C in the dark. Arrows indicate

the direction of spectral changes.

As ligand 4 in its E form interacts with anions, the affinity of the Zisomer to anions was
also checked (Table 3). Addition of anionic species to a Z-4 solution accelerates
the rate of Z to E thermal isomerization. This effect seems to be dependent on the type
of added TBA salt and can be rationalized by the strength of ligand 4—anion interactions
determined for its trans form (Fig. 4). The fluorides most strongly bound by E-4 cause
the largest bathochromic shift of the Z m - n™* band and have the highest impact
on the acceleration of the thermal back reaction among all the tested anions. A shown
in Table 3, the time required for the formation of the E isomer is 10-fold shorter
in the presence of fluoride ions than in the absence of anionic species. This can be explained
by the fact that interaction with anions increases the electron density

on the —N = N — moiety of the receptor, and as a consequence increases the repulsion
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between the lone pairs of the azo group. This leads to a decrease in the thermal isomerization
barrier and shortening of the thermal back reaction time. Similar observations were described
for urea derivatives bearing azo groups, for which cis to trans isomerization could
be accelerated by the addition of particular anions.?> On the other hand, Shinkai et al.?3
showed that the presence of certain cations suppresses the thermal isomerization of crown

ethers bearing azo units.

Table 3 Spectral and kinetic data of Z - E thermal isomerization of the Z-4 complex with 100 eq. of selected
tetra-n-butylammonium salts in chloroform; A > n* - shift of the maximum absorption of free z-4

and its complexes with anions

F AcO" PhCOO"
t [min] 8 10 15
A)\r{%n* [nm] 12 10 8

Conclusions

We described a facile synthesis of p-aminoazobenzene-derived acyclic compounds
bearing one, two or three amide moieties. Among the obtained amides, one compound
— ligand 2 — which is a derivative of pyridine-2,6-dicarboxylic acid has not been described
in the literature before. Di- and tripodal receptors 3 and 4 derived
from isophthalic and trimesic acids show affinity to several anions forming 1 : 1 type complexes
in chloroform. Tripodal ligand 4 interacts with anions stronger than its dipodal analogue 3.
Incorporation of azo groups into the ligand structures enables optical and electrochemical
anion recognition. Thermal Z to E isomerization of amide 4 is accelerated in the presence
of anionic species. The effect of acceleration is connected with anion complementarity

to the host molecule.
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