Journal of Sensor Science and Technology
Vol. 21, No. 1 (2012) pp. 13-20
http://dx.doi.org/10.5369/JSST.2012.21.1.13
PISSN 1225-5475/eISSN 2093-7563

Synthesis and Characterization of 2, 6-Di-(4'-Methyl Phenyl)
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Abstract

Due to its high conductivity, pyrylium has been frequently used in electron transfer reactions or in the synthesis of various organic
materials. It has also been used as a sensor material. Traditionally, the compounds have been synthesized using various methods; mostly
in a multiple steps. In this study, two pyrylium salts, 2, 6-di-(4'-methylphenyl) pyrylium fluoroborate and perchlorate were synthesized.
The synthesis of these products was confirmed by 1H-NMR, LC/TOF-MS and FT-IR analyses while their photo-properties were
analyzed using UV/VIS spectrophotometry. In addition, the electron transfer capacities of the salts were analyzed with a conductivity
meter, it was found that their electron conductivities were high. When the synthesized compounds were dissolved in acetone, a green

fluorescent material was observed to form. The fluorescent material can be used as a sensitizer in the electrical industry.

Keywords : Pyrylium Salts, Synthesis, Sensitizer, LC/TOF-MS, UV-vis

1. INTRODUCTION

In recent years, positively charged pyrylium salts have
been attracting attention from chemists. A pyrylium cation
and its derivative are conjugated 6-membered carbon ring
systems with one carbon atom replaced with a positively
charged oxygen atom(i.e., an oxonium ion). Unlike in
other compounds, the oxonium ion in a pyrylium
compound is much less reactive due to aromatic
stabilization. However, if a pyrylium containing salt is
present in water at a neutral pH, it becomes unstable like
ordinary oxonium salts. The high electronegativity of the
oxygen results in the strongest single perturbation of the
one heteroatom in a six-membered ring[ 1, 2], and pyrylium
ions have the highest conductivity among the compounds
with benzene rings. The high conductivity of pyrylium ions
can form different derivatives that can be utilized in a
variety of products such as functional pigments, nonlinear
optical glasses, phototherapeutic agents and anticancer

medicine[3-6].
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The reactivity of pyrylium salts towards nucleophiles
allows them to easily obtain electrons from any compound
with aromatic rings, as such, they react with nucleophiles
in the 2, 4 and 6 positions, which may result in ring-
opening. In fact, the reactivity of pyrylium makes it useful
in many different fields.

First, pyrylium salt is a main source of two-photon
absorption, which can be applied in two-photon
microscopy, optical power limiting, single molecule
detection, micro-fabrication and 3-dimensional data
storage[7, 8]. Since some pyrylium salts even have high
photoluminescence so they are excellent candidates for
laser technology[6].

Second, due to their complex heterocyclic skeletons and
physical properties, pyrylium salts are utilized in
pharmaceutical material synthesis as a versatile synthetic
intermediate. For example, a novel 3-arylisoquinoline can
be synthesized by electrophilically cyclizing pyrylium
compounds. 3-arylisoquinoline derivatives are valuable
intermediates in the synthesis of morphinan derivatives,
especially dextromethorphan[9].

Third, pyrylium salts are a kind of ionic liquid crystal
that can be used in displays[10,11].

Fourth, materials with photoelectric characteristic are
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useful as a sensor material. In fact, pyrylium salts have
been used in biochemical optical sensors and ion
detectors[12-14].

Finally, it is known that the absorption spectrum bands
of the unsubstituted pyrylium cation, at A,,, of 219 and
269 nm, correspond to the transition from 7 to 7*. Any
material with a high UV absorption capacity can be used as
a sensing membrane or a sensitizer, as such, pyrlium salts
have been utilized in designing sensors for anions, amines,
amino acids and proteins[15].

Traditionally, pyrylium salts have been synthesized in
multiple steps; the synthesis reactions precede one after the
other[16]. The followings are examples of these multi-step
pyrylium synthesis processes. 2, 4, 6-trimethylfurano[3, 2-
c]pyrylium perchlorate as shown in Fig. 1 is synthesized by
acetylating 2-methyl-5-acetonylfuran, which is obtained by
a reduction of the product from alkaline condensation of
furfural with nitroethane[17].
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Fig. 1. Example of pyrylium salt synthesis.

2, 4, 6-tris(dialkylamino)pyrylium salts and 2, 6-
bis(dialkyl-amino)pyran-4-pyrylium as well as their thio-
analogues, are prepared by a multi-step route starting with
1, 1, 5, 5-tetrachloro-penta-1, 4-dien-3-one. The
tris(dialkylamino)-subs-tituted undergoes electrophilic
substitution [18]. The above-mentioned methods, however,
take considerable time and their yields are low; the yield of
the first method is only 17 %[ 1, 17], for example.

In this study, we synthesized 2, 6-di-(4'-methyl)
pyrylium fluoroborate and perchlorate in one step[16]. The
syntheses of 2, 6-di-(4'-methyl) pyrylium salt was
confirmed by analyzing the products with 'H-NMR,
LC/TOF-MS and FT-IR. A UV-VIS spectrophotometer
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was used to characterize the UV absorption capacity of the
products[19]. Finally, the conductivity of the produced
salts was also analyzed.

2. DESIGN

2.1 Materials

Analytical-grade chemicals including acetic-
anhydride(96 %, Daejung, Korea), fluoroboric acid(50
wt%, Alfa Aesar, USA), perchloric acid(60 %, hayashi
purechemical, Japan), 4'-methyl acetophenone(95 %,
Aldrich, USA), triethyl orthoformate(98 %, Acros
organics, USA) and diethyl ether(99 %, Daejung, Korea)
were purchased and used in this study. These materials
were not further refined before use.

IH-NMR(Inova AS400, Varian, USA), LC/IT-TOF-
MS(Shimadzu, Japan) and an FT-IR(Spectrum RX,
Perkin-Elmer, USA) instruments were used to analyze the
structure of the synthesized 2, 6-di-(4'-methyl phenyl)
pyrylium.

The UV absorption capacity of the salt was analyzed by
a UV/VIS spectrometer(S-4100, SCINCO, Korea). The
conductivity and melting point were measured by an
electrical conductivity meter(EcoMet, Woongki, Korea),
and a J-293(JISICO, Korea), respectively.

2.2 Experiment

2.2.1 Synthesis step

The theoretical synthetic reaction of the salt is illustrated
in Fig. 2. The synthesis is initiated with an exothermic
reaction between 4'-methyl acetophenone and triethethyl
orthoformate.

This reaction spontaneously proceeds through step (a)
and (b) (Fig. 2). In this reaction, acetic-anhydride along
with fluoroboric acid or perchloric acid can be used as an
accelerator; the hydro ion in the mixture attacks one of the
oxonium ion of the compound shown in Fig. 2(b). Finally,
the oxonium ion is removed to synthesize 2,6-di-(4'-methyl
phenyl) pyrylium fluoroborate (or perchlorate) salt, which
is substituted with a tetrafluoroborate (or perchlorate) anion

via anion-bonding.
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Fig. 2. Mechanism of synthesis of 2, 6-di-(4'-methyl phenyl)
pyrylium salts.

2.2.2 Experiment procedure

In our study, 2, 6-di-(4'-methyl) pyrylium salt was
synthesized in a single step by mixing two previously
prepared solutions, i.e., solutions A and B that are shown in
Fig. 3. First, solution A was prepared by slowly adding
fluoroboric acid(5.9 g) or perchloric acid(6.7 g) into acetic-
anhydride(20 mL) for 30 min at 5 C~10 C. To release the
heat from the resulting exothermic reaction, the solution
was placed in an ice bath filled with acetone.
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Fig. 3. Experiment procedure to synthesize pyrylium salts in a single
step.

Solution B was prepared by slowly adding 4'-methyl
acetophenone(10 g) into 20 mL of triethyl orthoformate for
two hours. After solution (B) was cooled, it was added to
solution (A). Then the mixture was stirred for 24 h to
precipitate the pyrylium salt. Finally, the synthesized
pyrylium salt was harvested from the solution by applying
a vacuum for 30 min.

The structure of the harvested product was analyzed by
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high resolution LC/IT-TOF-MS and 'H-NMR spectroscopy.

Samples for analysis were prepared by dissolving 80 mg
of the product in 100 mL of acetone. Samples for FT-IR
analysis were prepared by mixing 2 mg of this with 100
mg of KBr. For UV-VIS analysis, samples were prepared
by dissolving 0.8 g of salt in 100 mL of acetonitrile. By
analyzing the UV/VIS light absorbed by the product, its
optical properties were confirmed. Finally, the conductivity
of the product was analyzed by measuring the conductance
of 0.001 to 0.01 M sample solutions prepared by adding
the product salts to acetone at 7 “C. Once the product was
dissolved in acetone, it produced brown or green
fluorescent light.

3. RESULTS AND DISCUSSIONS

In this study, two pyrylium salts were synthesized(Table
1), i.e., 2, 6-di-(4'-methyl phenyl) pyrylium perchlorate
(yellow colored), and 2, 6-di-(4'-methyl phenyl)pyrylium
fluoroborate(brown colored). The yield of 2, 6-di-(4'-
methyl phenyl) pyrylium perchlorate was higher than that
of fluoroborate salt; the yield of former was 69 %, while
that of latter was 53 %. Compared to pyrylium yields
reported in other literature[1, 16], ours are slightly or

considerable higher.

Table 1. The physical properties of the pyrylium salts

produced in this study
Compound Melting  Empirical Color Yield
name point, C  formula ol (%)
2, 6-id-(4'-
C,oH;,0™.
methylphenyl) 55 S0 pon 5265
pyrylium BF,
fluoroborate
2, 6-id-(4'-
C,oH;,0™.
2 methlphenyl) oy SO Vlow 6942
pyrylium C104
perchlorate

After each salt product was harvested, its structure was
analyzed with 1H-NMR to confirm the synthesis of 2, 6-di-
(4'-methyl phenyl) pyrylium salts. The peaks from 1H-
NMR analysis of the salts were compared to those with

other reference compounds with a similar chemical
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structure(Fig. 4(a)). Fig. 4(a) shows the respective peaks of ~ FT-IR analysis identified the product as 2, 6-di-(4'-methyl
the synthesized products at 2.5, 7.6, 8.4, 8.8, and 9.2 ppm.  phenyl) pyrylium salt[11].
The ratio of proton atoms was 6:4:4:2:1 in the 2, 6-di-(4'-

methyl phenyl) pyrylium fluoroborate. Similarly, 2, 6-di- ifen.10.000,000)
(4'-methyl phenyl) pyrylium perchlorate had an almost * 2611240
equivalent area and location to pyrylium fluoroborate salt 0
(Fig. 4(b))[20, 21]. 150
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‘ Fig. 5. LC/TOF-MS spectra of 2, 6-di-(4'-methyl phenyl) pyrylium
' fluoroborate (a), and 2, 6-di-(4'-methyl phenyl) pyrylium

perchlorate (b).
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fluoroborate (a), and 2, 6-di-(4'-methyl phenyl) pyrylium
perchlorate (b).

(@)

Analysis of the product with a mass spectrometer(in this L
study, LC/IT-TOF-MS was used) also confirmed the
existence of [C;y H;;O]* fragment ions with m/z =
261.1(Figs. 5(a) and (b)). Considering the accuracy of our
test setup the error in the m/z of 261.1 is estimated to be 1
only 0.00012 %.

The two synthesized salts were also analyzed by FT-IR %00 oo 30 2300 20 2000 few 1200 500 omd
(Figs. 6(a) and (b)). The peaks in the FT-IR analysis were
observed at around 1,600 cm! and 2,900 cmrl. The peaks
had similar areas, so we can say the analyzed salts are very

o

(b)

Fig. 6. FT-IR spectra of 2, 6-di-(4'-methyl phenyl) pyrylium
fluoroborate (a), and 2, 6-di-(4'-methyl phenyl) pyrylium
similar to each other in their structures[4, 17]. In short, the perchlorate (b).
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After the structure of the synthesized pyrylium salts was
confirmed their physical properties, such as melting point,
optical absorption, and electron transferring capacities,
were analyzed. The melting point of the synthesized
pyrylium perchlorate salt was higher than that of the
pyrylium fluoroborate. It is advantageous for the pyrylium
salt to have a high melting point because LCDs are heated
by other components[22]. The former’s melting point was
found to be 240 C, while the latter’s was 210 C.

To analyze optical properties of the 2, 6-di-(4'-methyl
phenyl) pyrylium salts, UV-VIS spectra were analyzed.
The UV-VIS spectra of the two salts confirmed that there
was conjugated 7 bonding. Theoretically, three aromatic
rings commonly have a A, at 350 nm~450 nm. The 2, 6-
di-(4'-methyl phenyl) pyrylium salts synthesized in our
study showed a A,,, at 439 nm(Fig. 7), indicating the

presence of aromatic rings.
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Fig. 7. UV-VIS spectra of 2, 6-di-(4'-methyl phenyl) pyrylium of 2,

6-di-(4'-methyl phenyl) pyrylium fluoroborate (a), and 2, 6-di-
(4'-methyl phenyl) pyrylium perchlorate (b).
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Finally, the electron transfer capacities of the synthesized
2, 6-di-(4'-methyl phenyl) pyrylium salts were measured
with a conductivity meter(Fig. 8(a) and (b)). These
pyrylium salts had higher conductivity than others in
organic compounds such as sodium hydroxide, sodium
chloride, potassium chloride and so on, but a little lower
than those found in electrolytes such as polymers with

lithium perchlorate and trifluoromethane sulfonate(Table 2).

Table 2. Conductivity of selected compounds(0.05 M)[23, 24]

value Compound name EC(£S/cm)
Reference E?Ji( 1.n watter) 221
(Experimental) (H,l water) 129
NaOH (in water) 107
LiC10, (in EtOH) 6.0%100
NaCF;S0; (in water) 8.2*106
2, 6-id-(4"-methylpheny1)
Measurement li hl i 3.10%103
pyrylium perchlorate(in Acetone)
: '
2, 6-id-(4'-methylpheny1) 3.38%103
pyrylium perchlorate(in Acetone)
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Fig. 8. Conductivity of 2, 6-di-(4'-methyl phenyl) pyrylium
fluoroborate pyrylium fluoroborate (a), and 2, 6-di-(4'-methyl
phenyl) pyrylium perchlorate (b).
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4. CONCLUSIONS

In this study, we synthesized 2,6-di-(4'-methyl phenyl)
pyrylium fluoroborate and 2,6-di-(4'-methyl phenyl)
pyrylium perchlorate in single step. In addition, their
physical and optical properties were characterized. The A,
identified from UV absorption spectra of the pyrylium salts
was 439 nm. Since the synthesized pyrylium salts have
higher electron transferring capacity than traditional
electrolytes, they can be used as a good sensitizer to detect

ionic chemicals.
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