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Educacao

A two-step experiment is proposed for a third year class in experimental organic chemistry. Over a period of five weeks, the students
synthesized calix[4]pyrrole, a receptor that is highly selective for fluoride, and a pyridinium N-phenolate dye. Subsequently, the
students used the synthesized compounds to investigate a displacement assay on the basis of the competition in acetonitrile between
fluoride and the dye for calix[4]pyrrole. The experiment increased the students’ skills in organic synthesis and in the characterization

of organic compounds, provided a very attractive and accessible illustration of important supramolecular phenomena, and allowed

the study of a chromogenic chemosensor.
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INTRODUCTION

Supramolecular chemistry represents a field in which inter-
molecular interactions are used to design informed systems able
to exhibit a series of programmable functions.! Within the domain
of supramolecular chemistry, the study of supramolecular devices!
has gained increased attention due to the enormous number of their
potential applications, such as in the development of chemosensors
for the analytical purposes to detect chemical species.>* The basic
design of a chemosensor, illustrated in a generalized way in Figure 1,
involves the linkage, through covalent or non—covalent interaction, of
arecognition site and a signalizing unit (for instance, a chromophore).
The recognizing site has all the information required to distinguish
the analyte from various species. The complexation of the analyte
causes a change in the optical properties of the signalizing unit, which
is reflected by changes in both the color and the UV-vis spectra in
the case of the chromogenic chemosensors. Over the past few years
many advances have been made in this field, which Anslyn has named
“supramolecular analytical chemistry”.* Many chromogenic chemo-
sensors for fluoride*have been studied, because it plays an important
role in many diseases, in industry, and in environmental pollution.’
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Figure 1. Generalized representation of a chemosensor

Many strategies have been applied to the development of chro-
mogenic chemosensors. One of the most commonly used involves
the concept of displacement assays (Figure 2), which is based on the
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idea of competition between the analyte and a dye for the receptor
site.*The complexation of the dye with the receptor through intermo-
lecular interactions causes a change in the color of the solution. With
the addition of the analyte, if the interaction of the analyte with the
receptor is stronger than that of the dye, a dislodgement of the dye
occurs and a change in the color of the solution is observed.
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Figure 2. Generalized representation of a displacement assay

Meso—octamethylcalix[4]pyrrole (1; Figure 3) is an interesting
anion receptor which is highly selective for fluoride.” This com-
pound, which is easily and rapidly synthesized,*® was originally
discovered by Baeyer in 1886'° but its anion binding properties
were recognized only a century later.” Gale and co—workers have
demonstrated that an originally yellow p—nitrophenolate solution
in dichloromethane became colorless with the addition of 1 and the
solution changed back to yellow after adding the fluoride anion,
which is able to bind strongly at the receptor site, displacing p—
nitrophenolate.!" Shriver and Westphal proposed an experiment
involving the synthesis of 1 and its use to gain visual evidence
of the presence of fluoride in dichloromethane and benzene by
means of a displacement assay involving 1 and p—nitrophenolate.’
The same approach has been used to study a displacement assay
in acetonitrile based on the interaction of 1 with dyes containing a
phenolate moiety donor group in their structure.'>!?

Pyridinium N—phenolate betaine dyes represent a class of solva-
tochromic dyes, and the best known example is Reichardt’s betaine
2.1415These compounds are commonly used to probe the polarity of a
medium, since the color of their solutions changes when the solvent is
altered.'*!> Many experiments with the use of pyridinium N-phenolate
betaine dyes have been proposed to demonstrate the polarity of a
medium and their potential applications.'® The synthesis of compound
2 was proposed as an advanced undergraduate project.'’

Herein, we report an advanced organic chemistry lab project
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performed by a third year class of experimental organic chemistry.
This set of experiments involves the synthesis of compound 1 and
a pyridinium N-phenolate, 4—(2,4,6—triphenylpyridinium—1-yl)
phenolate (compound 3). Subsequently, the synthesized compounds
are used to investigate, in acetonitrile, a displacement assay based
on the competition between fluoride and 3 for 1. The experiment
increased the skills of the students in organic synthesis, purification,
and the characterization of organic compounds. In addition, a very
attractive and accessible illustration of an important supramolecular
phenomena and the molecular/ionic recognition, together with the
study of a chromogenic chemosensor based on a displacement assay,
are provided by this experiment.
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Figure 3. Representation of the molecular structures of compounds 1-3

EXPERIMENTAL
Part A — Synthesis

Melting points were obtained on a Kofler hot stage and were
uncorrected. The NMR spectra were recorded on a Varian AS—400
spectrometer. Chemical shifts were recorded in ppm with the solvent
resonance as the internal standard. Data are reported as follows:
chemical shift, multiplicity (s = singlet, d = doublet, dd = doublet
of doublets, ¢ = triplet, m = multiplet), coupling constants (Hz) and
integration. FTIR spectra were obtained with an ABB FTLA 2000
spectrophotometer, with KBr pellets.

A detailed description of the synthesis and characterization of
the compounds is given below and the results (amounts of reactants,
yields, and spectrometric data) obtained by one of the student groups
are used to illustrate the experimental procedures.

Compound 1

Pyrrole (2.5 mL) and acetone (12.5 mL) were placed in a 50 mL
round-bottomed flask coupled to an addition funnel, under magnetic
stirring and in an ice bath. The solution was cooled for 20 min and
concentrated HCI (1.2 mL) was then added to the addition funnel.
HC1 was added dropwise to the acetone solution and after each drop
a change in color and effervescence in the reaction mixture were
observed, followed by rapid precipitation of 1 as a white solid. After
the addition of HCI, stirring was continued for 1 h. The solid was
then filtered, washed with cold acetone (16.0 mL) and dried in oven at
40°C for 1 htoyield 1.2 g of a white solid (31% yield) with a melting
point of 294-296 °C (lit."*296 °C). IR (KBr, v, /em™): 3443 (N-H
aromatic), 2972, 2931, 2870 (C-H); 1577, 1506, 1448, 1414 (C-C
and C-N). '"H NMR (400 MHz, CDCL,): 6/ppm 7.06 (4H, s, NH1)
5.91 (8H, s, H2), 1.53 (24H, s, H3). *C NMR (100 MHz, CDCl,): &/
ppm 138.4, 102.8, 35.1, 29.1.

Compound 4"

10 mL of an aqueous solution of NaOH (11%) and absolute
ethanol (5 mL) were mixed in a 50 mL Erlenmeyer flask equipped
with a magnetic stirrer. The flask was placed in an ice bath and
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freshly distilled acetophenone (2.62 g, 21 mmol) was then added. The
mixture was stirred and pure benzaldehyde (2.07 g, 0.019 mol) was
added. The temperature of the mixture was maintained at 25 °C while
stirring vigorously until the mixture became thick (2-3 h). Stirring
was discontinued and the reaction mixture was left in a refrigerator
overnight. The precipitate was filtered through a Biichner funnel,
washed with cold water until the washings showed neutral pH and
then the solid was washed with cold ethanol (10 mL). The product
was recrystallized from ethanol at 50 °C, to give 2.61 g (64% yield)
of a solid with a melting point of 55-57 °C (1it." 56-57 °C). IR (KBr,
V,./em™): 1664 (C=0), 1607 (C=C), 1336, 1207 (C-C(=0)-C).
'H NMR (400 MHz, DMSO-d,): &/ppm: 8.15 (2H, d, J = 7.2 Hz,
Ar-H6) 7.94 (1H, d, J = 15.6 Hz, H5), 7.89 (2H, dd, J = 7.4 and 3.1
Hz, Ar-H3), 7.75 (1H, d, J = 15.6 Hz, H4), 7.67 (1H, t, / = 7.4 Hz,
Ar-H8),7.57 (2H, t,J=7.4Hz, Ar-H7),7.47-7.44 (3H, m, Ar-H1,2).
C NMR (100 MHz, DMSO-d,): 8/ppm: 188.9, 143.8, 137.3, 134.4,
132.9,130.4, 128.7, 128.6, 124.0, 128.3.

Compound 5

Chalcone 4 (2.03 g; 97 mmol) was placed in a 25 mL Erlenmeyer
flask, on a heating plate and under magnetic stirring, and the com-
pound was heated until complete melting (70 °C). Subsequently,
0.4 mL of 70% HC1O, was added dropwise cautiously (WARNING:
perchlorates are explosives! The students and the instructor need to be
careful in the manipulation of perchlorates)® and previously distilled
acetophenone was then added (0.5 g; 40 mmol). This mixture was
kept at 70 °C for 2-3 h. After this time the solution became thick
and 5.0 mL of ethyl ether were added. The precipitate obtained was
filtered, washed with cold ethyl ether (5.0 mL) and the solid was
recrystallized twice from methanol to give 0.63 g (37.5%) of a yel-
low solid with a melting point of 288-290 °C (1it.! 290 °C). IR (KBr,
V. /em™): 1623, 1593 (C=C), 1248 (C-0O-C), 772 (C10,). 'HNMR
(400 MHz, DMSO-d,): 8/ppm 9.16 (2H, s, Ar-H4) 8.59 (6H, d, J =
7.4 Hz, Ar-H3,4,5),7.87 (3H, t, J = 7.4 Hz, Ar-H1,2),7.79 (6H, 1, J
=7.4 Hz, Ar-H6,7). *C NMR (100 MHz, DMSO-d,): &8/ppm 170.1,
135.0, 129.94, 129.9, 129.9, 129.1, 128.8, 115.2.

Compound 3

4—Aminophenol (0.08 g; 0.73 mmol) and the pyrylium salt §
(0.3 g; 0.73 mmol) were dissolved in absolute ethanol (8.0 mL)
with magnetic stirring in a 10 mL three—neck round-bottom flask
attached to a flux condenser and coupled to a birthday balloon filled
with argon. The system was immersed in an oil bath, which was
placed on a heating plate. The reaction mixture was heated under
stirring for 1 h at 70 °C. Subsequently, a drop of glacial acetic acid
was added and the heating and stirring was continued for a further 3
h. After cooling to reach room temperature, the mixture was placed
in a refrigerator overnight and the precipitate was filtered off, washed
with cold ethanol and recrystallized in ethanol, yielding 0.23 g (78%
yield) as a white solid with a melting point of 246-248 °C (lit.*?
250 °C). IR (KBr, v, /cm™): 3062 (C-H), 1622, 1513 (C=C, C=N).
'H NMR (400 MHz, DMSO-d,): 6/ppm 9.85 (1H, s, Ar-OH) 8.62
(2H, s, Ar-H4), 8.33 (2H, d, J = 7.0 Hz, Ar—-H3), 7.69-7.62 (3H,
m, Ar-H1,2), 7.44-7.18 (10H, m, Ar-H5,6,7), 7.19 (2H, d, J = 8.8
Hz, Ar-H8), 6.48 (2H, d, J = 8.8 Hz, Ar-H9). *C NMR (100 MHz,
DMSO-dy): &/ppm: 157.8, 156.7, 155.2, 133.4, 133.3, 130.4, 129.8,
129.6, 128.7, 128.0, 125.0, 114.8.

In order to obtain the deprotonated form of 3, 0.20 g of the com-
pound was stirred at room temperature with 2.0 mL of an aqueous
solution of NaOH 5% in a 5.0 mL beaker. The formation of a red solid
occurred, which was filtered off, washed with iced water, and finally
dried in desiccators with silica, which causes the color to change
from red to deep violet. This solid has a melting point of 222-224 °C.
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Part B — Anion detection

All UV-vis experiments were performed on Varian Cary Bio 50
and HP 8452A spectrophotometers equipped with a thermostated
bath, and all measurements were performed at 25 °C, employing
a l-cm quartz cuvette hermetically sealed with a rubber stopper
in order to minimize the evaporation of the solvent and to avoid
the entrance of water into the system. The maxima of the UV-vis
spectra (A,,) were calculated from the first derivative of the absorp-
tion spectrum. All stock solutions were prepared by adding specific
amounts of the compounds or the anions as tetra-n-butylammonium
(TBA) salts in acetonitrile previously dried with molecular sieves
(Sigma—Aldrich, 4 A).

Studies on 1 and 2 in acetonitrile

An experiment was carried out to verify whether the interaction
of compound 1 with 2 in acetonitrile occurs. Initially, (a) 264 uL of
a stock solution of 1 (5.3x103 mol L") in acetonitrile was used to
prepare 2.464 mL of 1 in acetonitrile in a concentration of 6.2x10
mol L'; (b) 200 pL of a stock solution of 2 (5.0x10 mol L) in
acetonitrile was used to prepare 2.464 mL of 2 in acetonitrile in a
concentration of 4.1x10~*mol L', providing the colored solution of
2; (¢) 264 pL of a stock solution of 1 (5.3x103mol L) plus 200 pL
of a stock solution of 2 (5.0x10mol L") into 2 mL of acetonitrile
provided the same color as the solution obtained in (b).

Interaction of 1 with 3 and of 1:3 with fluoride in acetonitrile

For the experiments related to the mixture involving compounds
1 and 3, as well as 1:3 and TBAF, the procedure was the same as
that described before, but using the following quantities: (a) 190 pL
of a stock solution of 1 (5.3x10= mol L) into 2.238 mL of pure
acetonitrile, obtaining ¢ (1) =4.1x10*mol L'; (b) 175 pL of a stock
solution of 3 (4.0x10° mol L) into 2.253 mL of pure acetonitrile
obtaining ¢ (3) = 2.9x10*mol L™; (¢) 190 pL of a stock solution of
1 (5.3x10° mol L) and 175 pL of a stock solution of 3 (4.0x107
mol L) into 2.063 mL of pure acetonitrile, obtaining the solution
of the complex 1:3; (d) 190 pL of a stock solution of 1 (5.3x10~ mol
L), 175 uL of a stock solution of 3 (4.0x10= mol L"), and 63 pL
of a stock solution of TBAF (1.58x102mol L) into 2.0 mL of pure
acetonitrile for the formation of free 3 in solution.

Competition assay involving 1, 3, and the anionic species

For the experiments related to the mixture involving compounds
1, 3, and the anions, to observe the selective anion detection, the pro-
cedure was the same as that described above, with the addition of the
following steps: (e) 190 uL of a stock solution of 1 (5.3x10mol L),
plus 175 pL of a stock solution of 3 (4.0x10mol L), and 43 pL of
a stock solution of TBACI (2.34x102mol L) into 2.0 mL of pure
acetonitrile; (f) 190 uL of a stock solution of 1 (5.3x107 mol L),
plus 175 pL of a stock solution of 3 (4.0x10° mol L"), and 84 pL of
a stock solution of TBABr (1.24x102mol L) into 2.0 mL of pure
acetonitrile; (g) 190 uL of a stock solution of 1 (5.3x10 mol L),
plus 175 L of a stock solution of 3 (4.0x103 mol L), and 93 uL
of a stock solution of TBAI (1.08x102mol L) into 2.0 mL of pure
acetonitrile.

RESULTS AND DISCUSSION

The experiments were divided into two steps, the first involving
the synthesis of the compounds (calix[4]pyrrole 1 and pyridinium
N-phenolate 3) and their characterization by spectrometric tech-
niques. The second step involved the use of the compounds in the
study of a displacement assay, in order to show its efficiency in the
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selective detection of fluoride in the presence of other halides. The
total experimentation time was planned to fit within the context of
one 4 h laboratory per week for a S—week period. The experiments
were performed by a class composed by eight students, divided into
four groups of two students.

Synthesis of the compounds

The synthesis of compound 1 followed the procedure reported
by Sobral (Scheme 1),® by the acid—catalyzed condensation reaction
between pyrrole and acetone, in one step, giving the product in yields
varying between 31 and 89%. The yield and purity of the product were
dependent on the experimental conditions used. It was observed that
the best results were obtained by the groups that previously purified the
original pyrrole and that followed exactly the methodology proposed
by Sobral.® The impurities present in the product include the N—con-
fused calixpyrrole® and polymeric material resultant from the pyrrole.’
The use of freshly distilled pyrrole and application the experimental
conditions described in the Experimental Section yielded the product
with the purity and amount required for the subsequent assays. This
compound was characterized using NMR spectrometry. The analysis
of the '"H NMR spectrum showed the presence of three singlet signals:
the first at 1.53 ppm related to the hydrogen methyl groups, the second
at 5.91 ppm related to the hydrogens of the atomatic rings and the third
at 7.06 attributed to the NH pyrrolic groups. The *C NMR spectrum
verified the presence of methyl groups and the quaternary alkyl carbons
at 29.1 and 35.1 ppm, respectively, while the carbons of the aromatic
rings appeared at 102.8 and 138.4 ppm.

N acetone

() T

Scheme 1. Schematic representation for the synthesis of compound 1

Scheme 2 summarizes the synthesis of compound 3, which is
adapted from descriptions in the literature for the synthesis of com-
pound 2.17212224 The condensation of acetophenone with benzalde-
hyde in basic media provided the chalcone 4 (57 to 68% yields were
obtained for the four groups of students involved in the preparations).
It is important to note that two doublets at 7.77 and 7.96 ppm related
to the hydrogens of the CH=CH double bond were observed in the
'"H NMR analysis, which are associated with the coupling constant
of 15.6 Hz, typical of the trans spatial arrangement, and on the '*C
NMR spectrum a signal at 188.9 ppm, related to the ketone carbonyl
group, was present. The pyrylium salt 5 was obtained by reacting
compound 4 with acetophenone in the presence of perchloric acid,
in yields varying from 37 to 65%. The amount of perchloric acid
used in this experiment was very small, and no risks associated with
its utilization were observed. However, this step can be replaced
by other procedure, described by Osterby and McKelvey,'” which
uses sulfuric acid instead of perchloric acid. The '"H NMR spectrum
of the pyrylium salt shows a singlet at 9.16 ppm, attributed to the
hydrogens of the pyrylium ring. Curiously, the ortho hydrogens of
the three rings bound to the pyrylium ring appear as a doublet at the
same position (8.59 ppm). The *C NMR spectrum shows a signal
at 170.1 ppm related to the C2 and C6 atoms of the pyrylium ring,
the deshielding effect being due to the influence of the neighboring
oxygen. Finally, the reflux of compound 5 with 4—aminophenol for
3 h, followed by deprotonation using sodium hydroxide, yielded
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acetophenone,
HCIO,

Scheme 2. Schematic representation for the synthetic route of compound 3

pyridinium N—phenolate 3 in 73-89% yield. The 'H NMR spectrum
shows a signal at 9.85 ppm related to the —OH phenolic group, a
signal at 8.62 ppm related to the hydrogens of the pyridinium ring
and two doublets at 6.48 and 7.19 ppm, related to the hydrogens of
the phenolic moiety of the compound. The *C NMR spectrum shows
three deshielded signals at 155.2, 156.7 and 157.8 ppm, which are
related to the carbon atoms of the pyridinium center. One of the
students was responsible for the preparation of compound 2, which
was obtained from the reaction of compound 5 and 4—amino-2,6—
diphenylphenol, according to a method described in the literature."”
However, the preparation of compound 2 is optional, being used only
for comparison with compound 3.

Anion selective detection based on a pyridinium N—phenolate—
calix[4]pyrrole displacement assay

The procedure to demonstrate the use of the compounds for detec-
tion purposes was divided into three parts. Firstly, compounds 1 and
3 were used in acetonitrile to form complex 1:3. An experiment was
then carried out to verify that the pyridinium N—phenolate betaine
dye 2 is unable to interact with 1. Finally, the experiments involving
1, 3, and the anions were conducted.

Figure 4A shows that compound 3 gives a violet color to the solu-
tion. Compounds 2 and 3 are intramolecularly ionic dyes, which have
an electron—donating phenolate ring linked to an electron—accepting
pyridinium moiety. It is well known that pyridinium N—phenolate be-
taine dyes are solvatochromic, the position of their long—wavelength
visible intramolecular charge—transfer band being highly dependent
on the solvent.'* If 1 is added to the solution of 3, the color immedi-
ately changes to yellow. This is due to the formation of a 1:3 complex
through HB involving the oxygen in the phenolate group of 3 and the
NH groups of 1.!"?Reports in the literature demonstrate that solvato-
chromic merocyanines in acetonitrile interact with hydrogen—bonding
donating species added to the solution, causing a hypsochromic shift
in the solvatochromic band of the dye.” In the present case, the ad-
dition of 1 to a solution of 3 in acetonitrile caused a hypsochromic
shift from 564 nm to 450 nm. No changes occurred when 1 was added
to solutions of 2. The steric hindrance of the phenyl groups at the
phenolate moiety blocks the occurrence of HB with the NH pyrrolic
groups. Figure 4A also shows the effect of the different anions (F-,
CI', Br, and I') on the 1:3 solution. Only F~ caused the reappearance
of the violet color, allowing the visual detection of this anion, distin-
guishing it from the other halides. In acetonitrile, compound 3 has a
band with a maximum at 564 nm which is displaced to 450 nm with
the addition of 1 (Figure 4B). UV—vis spectra show that only F~ was
able to reinstate the original band related to the free dye. The ability
of F~ to easily displace the dye from the receptor site of 1 is due to
the fact that the anion binds to the receptor strongly than the dye. A
titration of dye 3 with compound 1 was performed (see Supporting
Information) and showed that in acetonitrile 3 and 1 form a complex
with a 1:1 stoichiometry, with a binding constant of (2.63+0.18)x10?
L mol'(S.D.=1.0x10*). The value for this binding constant is lower
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1. 4-aminophenol
acetic acid
ethanol

2. NaOH(aq)

than that for 1 with F- in the same solvent. Schmidtchen?® used ca-
lorimetric measurements to estimate the binding constant for 1 and
F~, obtaining values of 1.53x10° L mol™' (from the titration of F-in a
solution of 1) and 1.29x10° L. mol™' (from the titration of 1 in a solu-
tion of F-). More recently, a competitive spectrophotometric method
was used to estimate the binding constant for 1 and F~ and the result
obtained was 1.09x10° L mol"."?
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Figure 4. (A) Solutions in acetonitrile and (B) UV-vis spectra of (a) 1, (b) 3,
(c) 1:3 complex, and 1:3 complex in the presence of (d) F-, (e) CL, (f) Br-, and
(g) (¢ (anion) = 5.0x 10~ mol L™'). The concentrations of 1 were 5.0x 10~*mol
L' and 3 were 3.5x10*mol L

Scheme 3 summarizes the experiment performed by the students.
Compound 3 is violet in solution, but the solution turns yellow with
the addition of 1 due to the formation of the 1:3 complex. Since
fluoride is an anion able to interact strongly with 1, the pyridinium
N-phenolate is displaced from the receptor site of 1 and the free
betaine dye is again responsible for the original violet color.

As an additional suggestion, the compounds prepared can be easily
used in the study of other physico—chemical phenomena. Compounds
2 and 3 are recognized as a very important class of solvatochromic
dyes,'*!5 and they are used in many undergraduate experiments'® to
demonstrate the concept of solvent polarity to chemistry students or in
other applications, such as to quantify the presence of water in organic
solvents and for the quality control of fuels. Furthermore, compound
1 can be employed together with pyridinium N—phenolate 3 (and even
other phenolate dyes)''~'* in physico—chemical experiments designed
to illustrate the study of chemical equilibrium, allowing the easy
quantification of equilibrium constants.

CONCLUSIONS

The proposed experiment allowed, over a period of five weeks,
the synthesis of a pyridinium N—phenolate betaine dye and a receptor
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Scheme 3. A chromogenic chemosensor based on a displacement assay

highly selective for fluoride. The compounds were characterized
using 'H and *C NMR spectrometric techniques. The synthesized
compounds were applied in the development of a strategy for selective
anion sensing, which is a useful way to illustrate an application in
the field of supramolecular chemistry.

A general balance of the experiment was made with the students
participating in the project, which was considered largely positive.
The most important aspects, considered by the students, were related
to the multidisciplinarity of the experiment performed and the fact
that the compounds were synthesized and used for a purpose, to be
successfully applied in a simple experiment in which changes in the
vivid colors were involved. In addition, the experiment performed
helped the students to comprehend the dimension of chemistry not
only as a science addressing the structure and transformation of the
matter, but also as an information science.”’

SUPPLEMENTARY MATERIAL

Spectrometric data of the synthesized compounds (‘H NMR
and *C NMR spectra), UV-vis spectra, reaction mechanisms, and
exercises are freely available via the Internet at http://quimicanova.
sbq.org.br, as a PDF file.
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Figure 1S. '"H NMR spectrum of compound 1 in CDCI; (400 MHz)
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SUGGESTED EXERCISES

1. Write a mechanism for the reaction involved in the formation
of compound 1 from acetone and pyrrole in the presence of HCl
(hint: pyrrole is extremely reactive towards electrophiles and the
intermediate formed from an attack at the C2 position has a greater
positive charge delocalization than that resulting from an attack at
the C3 position).

2. Postulate the mechanism for the condensation of acetophenone
with benzaldehyde in basic media to provide the chalcone 4.

3. Chalcone 4 is isolated as an E-isomer and this can be confirmed
by the '"H NMR data. Explain.

Selective detection of fluoride based on a pyridinium N—phenolate —calix[4]pyrrole displacement assay S7

4. Suggest a mechanism for the formation of the pyrylium salt 5.

5. Write a mechanism for the formation of the pyridiniophenolates
2 and 3 from compound 5 and the corresponding amines.

6. Explain the intermolecular forces that are responsible for the
formation of the complex formed between 1 and 3 and for the dis-
placement of 3 from the site of 1 by the presence of fluoride.

7. Why did the interaction between 1 and 2 not occur?

8. Suggest molecular structures of other dyes that could potential-
ly be used to construct an anionic chromogenic chemosensor with 1.



