upramolecular

Eromistry Supramolecular Chemistry

- f}k‘“\f'\ ; I

— r“-{.a—' - _!“\__: o
1 \‘,1:\- i ™
s

ISSN: 1061-0278 (Print) 1029-0478 (Online) Journal homepage: http://www.tandfonline.com/loi/gsch20

Taylor & Francis

Taylor & Francis Group

Unexplored metallic cation effect in the acidity
constants of p-t-butylthiacalix[4]arene, p-t-
butylcalix[4]arene and p-t-butylcalix[6]arene in
agueous-organic media

Guadalupe G. Mifiambres, Marcio Lazzarotto & Alicia V. Veglia

To cite this article: Guadalupe G. Mifiambres, Marcio Lazzarotto & Alicia V. Veglia (2017):
Unexplored metallic cation effect in the acidity constants of p-t-butylthiacalix[4]arene, p-t-
butylcalix[4]arene and p-t-butylcalix[6]arene in aqueous-organic media, Supramolecular Chemistry,
DOI: 10.1080/10610278.2017.1337907

To link to this article: http://dx.doi.org/10.1080/10610278.2017.1337907

A
h View supplementary material &

@ Published online: 15 Jun 2017.

N\
CJ/ Submit your article to this journal &

A
& View related articles &'

(&) View Crossmark data &

Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalinformation?journalCode=gsch20

(Download by: [Univ Nac De Cordobal] Date: 15 June 2017, At: 08:47 )



http://www.tandfonline.com/action/journalInformation?journalCode=gsch20
http://www.tandfonline.com/loi/gsch20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/10610278.2017.1337907
http://dx.doi.org/10.1080/10610278.2017.1337907
http://www.tandfonline.com/doi/suppl/10.1080/10610278.2017.1337907
http://www.tandfonline.com/doi/suppl/10.1080/10610278.2017.1337907
http://www.tandfonline.com/action/authorSubmission?journalCode=gsch20&show=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=gsch20&show=instructions
http://www.tandfonline.com/doi/mlt/10.1080/10610278.2017.1337907
http://www.tandfonline.com/doi/mlt/10.1080/10610278.2017.1337907
http://crossmark.crossref.org/dialog/?doi=10.1080/10610278.2017.1337907&domain=pdf&date_stamp=2017-06-15
http://crossmark.crossref.org/dialog/?doi=10.1080/10610278.2017.1337907&domain=pdf&date_stamp=2017-06-15

SUPRAMOLECULAR CHEMISTRY, 2017 e Taylor & Francis

https://doi.org/10.1080/10610278.2017.1337907 Taylor &Francis Group

M) Check for updates

Unexplored metallic cation effect in the acidity constants of p-t-butylthiacalix[4]-
arene, p-t-butylcalix[4]arene and p-t-butylcalix[6]arene in aqueous-organic
media

Guadalupe G. Mifambres?, Marcio Lazzarotto® and Alicia V. Veglia?

?Facultad de Ciencia Quimicas, Departamento de Quimica Orgénica, Instituto de Investigaciones en Fisicoquimica de Cérdoba (INFIQQC),
Universidad Nacional Cérdoba, Ciudad Universitaria, Cordoba, Argentina; PDepartamento de Quimica Orgénica, Instituto de Quimica, Universidad
Federal de Rio Grande del Sur, Porto Alegre, Brasil

ABSTRACT ARTICLE HISTORY

The influence of the metallic cation of the base (Li*, Na* or K*) was determined on the acid-base Received 17 December 2016
constants of p-t-butylthiacalix[4]arene (TC4), p-t-butylcalix[4]arene (CA4) and p-t-butylcalix[6]arene Accepted 30 May 2017
(CA6) in ethanol/water in an large interval of pH values by potentiometry and spectrophotometry.
The pK, values determined by both methods correlate very well and these are characteristic for each M ; .

ST . . . . acrocycles; polyprotic
macrocycle with influence of the cation of the base without a straight evidence of an effect by the acids; metallic cation effect;
size of the metallic cation. In the case of TC4, pK,, and pK,, were lower to Li* and Na* than with K*. ethanol-water
For CA4, an effect of K* on the pK_, with respect to Li* was observed. A very different behaviour was
observed for CA6 with Li* and K* showing a lower pK_, and a higher pK_, than with Na*. These effects
were interpreted on the basis of the interaction/complexation of each cation with each macrocycle.
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1. Introduction shape, which makes them versatile receptors for neutral
and charged molecules. The CAn are basket-shaped
metacyclophanes synthesised first by condensation of
p-alkyl-substituted phenols (n units) and formaldehyde
in the presence of alkalis (4,5).

By other way, the thiacalix[n]arenes (TCn) are CAn
where the methylene bridge has been replaced by Sulfur
(S). In this case the S atom gives to the macrocycle (TCn) a

In recent years molecular containers have attracted con-
siderable attention owing to their potential application
in catalysis, stabilisation of reactive intermediates, and
binding, separation, and sensing of small molecules and
ions (7-3).

Among them, a system of current interest is that
formed by calix[n]arenes (CAn) as a result of their intrinsic
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particular structure and electronic characteristics in com-
parison with the methylene group, showing different reac-
tivity than their homologue CAn (6,7).

These macrocycles have a dual characteristic as recep-
tors and polyprotic acid-base compounds (8,9). The
solubility of these macrocycles depends highly of their
substituents (10). The p-alkyl-phenol-macrocycles are
slightly soluble in some organic solvents and practically
insoluble in water (77). Experimental results in organic or
organic mixture solvents are frequently used (72,13) but
in agqueous—organic media (ethanol 95%) (8) have been
scarcely reported because their poorer solubility and the
impossibility of pH measures.

Water soluble derivatives have been synthesised (74,15)
and their acid-base properties have been established as
in the case of p-sulfonate-calix(n)arenes (16). The values
reported indicate the dependence with the number of
monomeric units and in all cases the first pK_ is lower than
the corresponding phenol (pK, ~10.0) by the formation of
hydrogen bonds between the phenolate and the others
phenols of the macrocycle.

In the Bronsted acid-base reactions, the nature of the
counter-ion of the base used for the titration is not con-
sidered since it interacts with the solvent. But this is not
probably the case with CAn and TCn since the complex
formation with the counter ion could affect the stability
of the system.

In order to explore experimentally this effect, in
this work the polyprotic acid-base properties of p-t-
butylthiacalix[4]arene (TC4), p-t-butylcalix[4]arene (CA4)
(see below TC4 y CA4 structure) and p-t-butylcalix[6]arene
(CA6) in aqueous/organic media (ethanol/water 3/1 V/V)
was explored together with the metallic cation effect on
the acid-base constants (K) by potentiometry and spec-
trophotometry. This study makes it possible to establish
the correct electronic characteristic of the macrocycle
depending on the pH and the counter ion of the base
employed, in order to deduce and interpret the favour-
able interactions with substrates of different electronic
contents.

TC4 (n=4)

2. Experimental
2.1. Chemicals and Instruments

The water was obtained using a Millipore apparatus; etha-
nol was HPLC grade (Sintorgan); CA4 and CA6 (95% purity)
(Aldrich) were used as received. TC4 was synthesised in
one pot as described in literature (6) and was recrystallised
from chloroform and dried at 100 °C for four hours, the
ESI mycroTOF-Q and 'H NMR (Bruker 400 MHz) confirm
the structure. The buffers used for the calibration of the
pH meter, the basic and the acid solutions were prepared
from commercial reagents of analytical grade. The con-
centrations of the concentrated basic and acid solutions
were determined by potentiometric titration with primary
standards (potassium biphthalate and Na,B,0,.10 H,0,
respectively).

UV-vis spectrofluorimetric determinations were carried
out on a Shimadzu UV-2101 PC or a Shimadzu UV-1800.
The pH was measured using an Orion model 720 or an
Orion 520 pH meter with a Ross combination pH electrode.
The pH-meter was calibrated using standard buffers (pH
2.932;4.955; 6.994 and 9.155) prepared according to liter-
ature (77). In all experiments the temperature was main-
tained at (25.0 + 0.1) °C with a thermostatic bath.

2.2. General procedures

2.2.1. Solutions

Concentrated solutions (10 mg/5 mL) of TC4 and CA6 were
done in chloroform and in dichloromethane for CA4, these
solutions were stored in the refrigerator (4 °C) entrapped
with aluminium foil. Stability of the stock solutions was
periodically checked by spectrophotometry before pre-
paring the appropriate dilute solutions for the determi-
nations. The dilute solutions were prepared with no more
than 1% of the concentrated solutions (chloroform or
dichloromethane) in 3/1 V/V ethanol/water since this was
the optimal ratio of ethanol/water supported for the high
hydrophobicity of the macrocycles and the required sta-
bility of the pH meter measurements.

CA4 (n=4)
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Figure 1. UV-vis spectra of TC4 = 2.3 uM (optical length = 4 cm)

at different pH (a-3.41; b-7.02; c-12.98) in ethanol/water (3/1) and
25.0°C.
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Figure 2. UV-vis spectra of CA4 = 50 uM (optical length = 4 cm)
at different pH (a-2.03; b-13.12; ¢-8.02) in ethanol/water (3/1) and
25.0°C.

|
|
04654 | i
W —— apH=1.60
03724 i \g/: - - bpH=757
_ LT s cpH=13.34
) oy
é 02794 i i
< l\ : ::[ '
01864 )
\ /
0.093
0.000

) ) ) ) ) ) )
250 300 350 400 450 500 550 600
Alnm

Figure 3. UV-vis spectra of CA6 = 5.5 uM (optical length =5 cm)
at different pH (a-3.34; b-1.60; c-7.57) in ethanol/water (3/1) and
25.0°C.
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2.2.2. Potentiometric titrations

The potentiometric titrations were done from pH 2.00
to pH 12.00. Firstly the pH was changed from the nearly
neutral pH of the solvent mixture (ethanol/water 3/1, pH
7.5-8.0) to pH 2.00 with small amounts of diluted HCl acid;
then the pH was increased adding small volumes of the
corresponding aqueous alkaline hydroxide (Li*, Na* and
K*) of a known concentration previously determined in
order to maintain the water percentage in the solvent mix-
ture and the influence of the metallic cation in the com-
plete interval. From the titration plots of pH vs hydroxide
volume and the Equation (1) the potentiometric pK, values
were calculated.

Final point Volume/2 = Volume corresponding to (pH = pK))
M

The PK, values and the influence of the cations (Li*, Na*
and K*) were confirmed doing reversed titrations from
pH 12.00 to acidic values with diluted HCl acid in each
case. These results indicate that, in the experimental
conditions used for this study, the variation of the con-
centration of the cation is not evidenced in the values
of pKa obtained within experimental error. Also, the
titrations of the initial solutions of the macrocycles in
the solvent mixture (pH 7.5-8.0) with diluted HCl were
performed.

2.2.3. Spectrophotometric titrations

The UV-vis spectra of the macrocycles were measured
at different pH (acid, neutral and basic) in order to select
the wavelengths (A) where the differences in absorbance
(A) between the protonated and deprotonated forms are
higher. Quartz cells of reduced volume and masked black
walls with different path length (1, 2, 4 or 5 cm) were used
depending the A value.

Final solutions of 5.00 mL were done contained
20-50 pL of the concentrated solution of the macrocy-
cle (final concentration 5.0-7.0 uM, final percentage of
CHCI, or CH,Cl, 1%); 20 uL of HCl of adequate concentra-
tion and variable volume of the hydroxide (10-100 pL)
of the appropriate concentration; completing the vol-
ume with 3:1 ethanol: water. The temperature of the
solutions was maintained at 25.0 °C for 20 min before
taking the spectrum. After that the pH was measured at
the same temperature. All the experiences were done
by triplicate.

The plots of A at the selected A were done at increasing
pH from 2.00 to 12.00. The Equation (2) was used for fit
the experimental K values using Sigma Plot 10 or Origin
8.0 programs.

X T0PHPEI] /[(10PTP) 1]
@

ApH = [Alower + Ahigher
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Table 1. Molar absorptivity coefficient (€, M= cm~") for TC4, CA4
and CA6 in ethanol/water (3/1) at pH 6.00 and 25.0 °C.

TC4 g, . =13200 g, =32000 €, —=26400 ¢,  =1000
c4 €50nm=3800 €, =3600 g, ~=2000 @€, =1500
CA6 &,,,,=4800 &, ~=2600 €&, =2000 g, =1900
12 e e °
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Figure 4. Potentiometric titration of TC4 with LiOH in ethanol/
water (3/1) and 25.0 °C. (The pK, informed in the plot is the
average of at least three titrations (three similar plots).
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Figure 5. Potentiometric titration of TC4 with NaOH in ethanol/
water (3/1) and 25.0 °C. (The pK, informed in the plot is the
average of at least three titrations (three similar plots).

3. Results and discussion
3.1. UV-vis Characteristic of the macrocycles

The changes on the spectra of TC4, CA4 and CA6 pro-
duced by the variation of the pH are shown in Figures
1-3 (these figures correspond to solutions prepared as
described in 2.2.3 with HCl and NaOH and are represent-
atives of the changes observed by the speciation of the
macrocycle involved). As can be observed the spectra are
characteristic for each macrocycle.

The spectra for TC4 show little changes with the
increasing of the pH, the absorbance at the maximum
wavelength (301.0 nm) decreases and a weak shoulder at
325.0 nm appear.

In the case of CA4 the maximum at 270.0 nm and the
shoulder a 295.0 nm in acid media exhibits a bathochro-
mic shift of 20 nm with a very clear difference of ratio in
absorbance between then in basic media, also is evident
the increase in absorbance at 290.0-315.0 nm at higher
pH (see Figure 2 in basic media).

For CA6 the wavelength of maximum absorption
is 294.0 nm, showing the higher intensity at basic pH.
A shoulder at 275.0 nm is observed in acid and neutral
media, with a higher absorbance at acid pH. In very acid
media (below pH 2.00) a tail at longer wavelengths could
indicate scatter due to the incomplete solubilisation of the
neutral macrocycle. In neutral and basic pH a shoulder at
300.0 nm is noticeable with higher intensity at basic media.

The molar absorptivity coefficients for the macrocycles
at different A at pH 6.00 and in the selected experimental
conditions are presented in Table 1.

3.2. Potentiometric and Spectrophotometric
titrations

Following the procedures described in the experimental
section, the pH values were plotted vs the increasing vol-
ume of each base added (LiOH, NaOH and KOH) for each
macrocycle (Figures 4-6 are representative for TC4 with
LiOH, NaOH and KOH; see Supplementary Information (SI)
for the others systems). Mainly one or two pK for each
system with each base could be determined from the
application of the Equation (1); these were named pK, and
pK,.The higher values of pK_ were not clearly observed by
this technique.

The spectrophotometric titrations were followed at dif-
ferent wavelengths in order to observe the better changes
as shown for CA6 in Figure 7 with NaOH (Figure 7 is rep-
resentative, see Supplementary Information (Sl) for exam-
ples with the others systems (Figure S7 for TC4 with LiOH
and Figure S8 for CA4 with KOH. Similar behaviours (not
shown) were found with the other systems). Some inter-
vals of pH were amplified, doing the titrations with more
diluted hydroxides in order to include more data for the
determination of the corresponding pK, (Figure 8, for CA6
with NaOH pH values from 6.00 to 11.00). In the case of
CA6 it was possible determined a third value of pKa (pK,).

For the better comparison of the results, all the values of
pK, from the two techniques are presented in Table 2. In the
cases where it was possible determined a pK, by the two
techniques the values were the same within experimen-
tal errors. In others cases, the magnitude of the changes
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Figure 6. Potentiometric titration of TC4 with KOH in ethanol/
water (3/1) and 25.0 °C. (The pK, informed in the plot is the
average of at least three titrations (three similar plots).
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Figure 7. Spectrophotometric titration of CA6 with NaOH in
ethanol/water (3/1) and 25.0 °C.

in each method allowed the determination of a pK, from
only one of them. Both techniques are complementary.

Although the analysis of the Table 2 indicates the
dependence of the values of pK_ of these macrocycles with
the counter ion of the base (the metallic cation), there is
not a straight correlation between the pK, values with the
radius of the alkaline cations or their electronic character-
istic, neither with the diameter or the number of units of
the macrocycle.

For example in the case of TC4 the pK, and pK, values
for Li* and Na* are practically the same; but both of them
are one unit higher for K*. This was interpreted as the bet-
ter interaction of the smaller ions with the narrow rim. For
CAA4 a similar behaviour was observed in the value of pK,
for Li* in comparison with the value obtained for K*; but

SUPRAMOLECULAR CHEMISTRY e 5
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Figure 8. Amplification of the spectrophotometric titration of
CA6 with NaOH between pH 6.00-11.00 in ethanol/water (3/1)
and 25.0°C.

in this case the first pK, (pK,) is the same, within experi-
mental errors, for the three cations. The higher basicity of
pK, for K* indicates a more effective interaction (stabilisa-
tion) between the mono-ionised CA4 and this cation. In
the case of CA6, the values of pK, are similar for the three
cations but the pK, and the pK, values for Na* are higher
and lower, respectively, than for Li* and K*. The increases
in basicity must be rationalised as an assistance of Na*
in the stabilisation of the mono-ionised CA6 (higher pK,)
and a similar effect for Li* and K* for the double-ionised
CAG6 (higher pK,).

Also it is possible some comparison between the three
macrocycles. For example, the low acidity of TC4 than CA4
can be explained by the relative strength of hydrogen
bonds in the stabilisation of the conjugated base, related
to slight variations of the conformation of the calix. The
sulfur bridge is longer than the methylene, and the con-
sequence is an increase in the distance in the phenolic
hydroxyls, as shown by the increase in stretch of the O-H
bond in the infrared spectra and the lower chemical shift
for hydroxyls in "H NMR (78).

The pK, values obtained by reverse experiments from
neutral to acidic pH with HCl (assigned as pK; in Table 2)
are 4.2, 3.9 and 4.9 for TC4, CA4 and CAG6, respectively.
These values are slightly different to those determined in
the complete titration from pH 2.00 with alkaline bases,
confirming the influence of metallic cation of the base in
the pK, values. We define the pK values reported in this
work by titration with alkaline bases as apparent values
because they involve the proton transfer reaction from the
macrocycle to the base and the complex formation of the
macrocycle with the alkaline cation.

The differences in the pKa values may be also explained
by the preferred approximation side of the cations to the
macrocycles. The assistance and the complexation of the
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Table 2. Potentiometric and Spectrophotometric pK, values for TC4, CA4 and CAG6 in ethanol/water (3/1) and 25.0 °C. Influence of the

metallic cation of the hydroxide.

PK,
TC4 CA4 CA6
Alkaline cation a P S P S P S
Li+ 1 48+0.2 48+0.5 2.3+0.1 23+0.1 2.5+0.1 24+0.1
2 74+0.2 7.6+0.5 41+0.3 7.6+0.1
3 12.18+0.05
Na* 1 5.10+0.05 2.41+0.01 2.8+0.3 2.9+0.1 2.9+0.5
2 7.35+0.08 8.3+05 8.35+0.07
3 11.8+0.1
K* 1 59+0.2 2.56+0.08 25+03 3.3+0.2 2.8+0.2
2 8.4+05 5.8+0.2 7.6+0.2 7.51+0.01
3 12.37+0.04
HCl acid 42+06 39+03 49+0.2

hard cations Li* and Na* for the narrow or endo rim that
is the harder rim of the macrocycles (hard to hard effect).
Meanwhile, the effects produced for the soft and polaris-
able K* may be rationalised as an interaction or complex-
ation by the wide or exo rim (soft to soft effect).

The values of the pK, are lower than for the monomer
of them, p-terbutylphenol with pK_ = 10.23 in water (79)
and pK, = 11.25 in mixtures ethanol/water 60% (20), by
the’macrocycle effect’attributed to the stabilisation of the
conjugated base by intramolecular hydrogen bonding as
in the case of water soluble derivatives calixarenes and
thiacalixarenes (nitro and sulfonate) (27-24). No further
investigations were performed about the influence of the
cation-calixarene complex formation in aqueous solution
for these soluble derivatives of the macrocycles; or were
interpreted as the possibility that Na* and K* form com-
plexes or the same stability (27).

In the case of a water soluble nitro-CA4 (one t-butyl
group was replaced by nitro and two ones by methyl) at
high concentration of alkaline hydroxides (0.5 M) an hypo
and hypsochromic shift in the absorption spectra with Li*
than for Na* and K* was interpreted in terms of an a better
interaction of the small cation with the calixarene anion
(22).

The acidity in the pK, and pK, of water soluble sulfonate
derivatives (t-butyl groups replaced by sulfonate) of TC4
(2.18 and 8.45) compared to CA4 (3.08 and 12.02), using
NaOH as base (23) contrast with the results obtained in
this paper for the t-butyl-homologues (TC4 more basic
than CA4). Also, the acidity in water of the nitro derivative
(t-butyl groups replaced by nitro) of the TC4 (2.74 and 6.48)
(24) shows a similar value for the pK, and inclusive a lower
pK, than the sulfonate-TC4 (23). These results indicate the
influence of the substituent (electron withdrawing, SO;2
and NO,; or electron donor, alkyl) on the para position to
the hydroxyl group of the macrocycle in the stabilisation
of the neutral and ionised specie (5).

Although the results presented in the present paper
cannot provide further evidence for the conformations of

the different acid—base specie formed, we consider previ-
ous literature data for it. The hydrogen bond network dis-
plays and important role for the conformational dynamics
of calix[n]arenes, directing to the cone conformation for
the monoanion of calix[4]arene (25) and 1,2,3-alternate
for the dianion of calix[6]arenes (26). Solvents that act
as hydrogen-bond acceptor disrupt the hydrogen bond
array (27) and increase the mobility of the calix structure,
whereas cations able to interact by cation-m directs for
1,3-alternated conformations of calix[4]arenes (28,29).

4. Conclusions

The acid-base constants for the polyprotic macrocycles
TC4, CA4 and CA6 were determined in ethanol/water
3/1 by potentiometry and spectrophotometry with good
agreement. The properties of these supramolecular sys-
tems in organic/aqueous media have been up to now
scarcely investigated.

The influence of the metallic cations (Li*, Na* or K*) of
the base used for the deprotonation of the macrocycle
was observed in the pK_ values determined. There is not a
straight correlation between the pK, values with the size
or the electronic characteristic of the macrocycle or the
cations.

These results were attributed as the influence of the
complex formation between the macrocycle and each
counter ion in stabilising the ionised receptor. The acid-
base constants for the macrocycles reported in this work
allow establishing their correct electronic species depend-
ing on the pH and the counter ion of the base employed,
in order to interpret the interactions with substrates of
different electronic characteristics in this media.
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