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Abstract

Pyrene and its derivatives exhibit thermal stability, high extinction coefficients,
excimer formation, high photoluminescence, long fluorescence lifetime, fluorophoric
properties and enhanced charge carrier mobility which make them find applications in
optoelectronic area and are useful as large planar synthetic building blocks in
supramolecular chemistry. One of the approaches to overcome this downside is the
introduction of bulky aryl/alkyl substituents or incorporation heteroatoms into the =n-
extended conjugated system of pyrene. In this work, Some new derivatives of 4-Aryl-
2, 6-di(pyren-1-yl)pyridines have been synthesized through one-pot reaction and were
formed with cyclization of arylalaldehydes, 1-acetylpyrene and ammonium acetate in
acetic acid. The products were confirmed by FT-IR, Mass, *H-NMR, *C-NMR and
elemental analysis. These new compounds were subsequently studied for their
fluorescence properties.

Keywords: 4-Aryl-2,6-di(pyren-1-yl)pyridines;
reactions; fluorescence.

1-actylpyrene  multicomponent

Introduction

The increasing attention during the last
decades for environmental protection
has led both modern academic and
high-wrought platoons to expand
chemical activities with superlative
efficiency and minimum cost whenever
exerting  non-poisonous  reagents,
solvents, and catalysts or solvent-free
condition [1-2]. One of the tools used to
combine economic aspects with the
environmental ones is the multi
component reaction (MCR) strategy.
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MCRs have attracted much interest and
are highly regarded in modern organic
synthesis and pharmaceutical chemistry
insomuch  they are  single-pot
procedures that fetch three or more
components and show high atom
economy and wide selectivity [3-4].
MCRs have been widely used in the
convergent synthesis of complex and
significant organic molecules from easy
and useful inception substances, and
have emerged as powerful tools for
drug discovery [5-6].

Iran. Chem. Commun. 7 (2019) 214-221

Page | 214


http://icc.journals.pnu.ac.ir/

M.R. Asaadi et al. / Iranian Chemical Communication 7 (2019) 214-221

4a : R =4-OMe 4d : R=4-Cl
4b : R = 4-Me 4e : R=4-Br
4c:R=H 4f : R = 4-NO,

Scheme 1. Synthesis of 4-aryl-2,6-di(pyren-1-yl)pyridines

Pyrene and its derivatives are m-
extended conjugated  polyaromatic
systems. They exhibit thermal stability,
high extinction coefficients, excimer
formation, high photoluminescence,
long fluorescence lifetime, fluorophoric
properties and enhanced charge carrier
mobility which make them find
applications in optoelectronic area and
are useful as large planar synthetic
building blocks in supramolecular
chemistry [7]. However, the blue light
emitting properties of pyrene are
greatly diminished due to its high
tendency to aggregate by virtue of
intermolecular n—r stacking in the solid
state or at higher concentrations, and
eventually leadingto quenching of
fluorescence emission. One of the
approaches to overcome this downside
is the introduction of bulky aryl/alkyl

substituents or incorporation
heteroatoms into the mw-extended
conjugated  system  of  pyrene.

Furthermore, the pyridine ring systems
are also useful due to the incidence of
their saturated and partially saturated
derivatives in biologically strenuous
combinations and natural yields such as
NAD nucleotides, pyridoxol (vitamin
B6), and pyridine alkaloids [8]. Due to
their m-stacking capability, some
pyridines are used in supramolecular
chemistry [9]. Some instances are used
as medicals, pigmentations,

increasables (as antioxidant),
agrochemicals, veterinary [8,10-13].
There have been many procedures
for the procurement of pyridines [14].
Formerly, 2, 4, 6-triarylpyridines have
been generated by the condensation of
1,5- diketones with formamide-formic
acid [15] and by other synthetic
methods containing the Chichibabin
procedure [16-19]. These combinations
have also been synthesized via the
reaction of Pyridinium salts with a,f-
unsaturated ketones in the attendance of
ammonium acetate [20]. Lately, many
corrected procedures for generation of
2,4,6-triarylpyridines have been
reported for example reaction of a-
ketoketenedithioacetals with methyl
ketones in the attendance of ammonium
acetate  [21], reaction of N-
phosphinylethanimines with aldehydes
[22], addition of lithiated b-
enaminophosphonates to  chalcones
[23]. In some of these methods, which
is used to provide triarylpyridine
derivatives, acetophenones,
benzaldehydes and NHsOAc are
condensed together in the presence of
NaOH or lonic liquids under solvent-
free conditions [24-25]. We have used
these methods to synthesis of Aryl
(pyren-1-yl) pyridine derivatives in the
similar way. Thus, in this article, we
report an appropriate synthesis of some
4-Aryl-2, 6-di(pyren-1-yl)pyridines 4a-
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f by a one-pot three- component
reaction  of  1-Acetylpyrene 1,
arylalaldehydes 2a-f and ammonium
acetate 3 in refluxing glacial acetic acid
(Scheme 1).

Experimental

All the chemicals were purchased from
Merck Company. 1-acetylpyrene were
prepared according to the literature
procedures. Melting points  were
measured on Stuart SMP3 apparatus.
FT-IR spectra were recorded using a
Bruker Tensor 27 spectrometer on KBr
discs. *H and *C NMR spectra were
determined on a Bruker 300 DRX
Avance instrument using DMSO-d6 as
solvent and tetramethylsilane as an
internal standard. Elemental analysis
was performed on a ThermoFinnigan
Flash EA microanalyzer. Absorption
and fluorescence spectra were recorded
on a Varian 50-bio UV-Vis
spectrophotometer and a Varian Cary
Eclipse spectrofluorometer,
respectively. UV—Vis and fluorescence
scans were recorded from 350 to 600
nm.

Synthesis of 4-aryl-2, 6-di(pyren-1-
yl)pyridines 4a-f; (general
procedure).

A mixture of 1-actylpyrene 1 (2 mmol),
an arylaldehyde 2a-f (1 mmol), and
ammonium acetate 3 (1.2 mmol) in
glacial acetic acid (5 mL) was heated
under reflux for 6 hours. After the
completion of the reaction, the solvent
was evaporated in vacuum. The crude
product was gathered and recrystallized
in DMSO to give compounds 4a-f in
68-86% vyields.

4-(4-Methoxyphenyl)-2,6-di(pyren-1-
yDpyridine (4a)

Yield 68%, brown powder, mp 140-143
°C, IR spectrum, v, cm™: 3038 (arom-
CH), 1593, 1514, 1249, 1178, 1032,
840; 'H NMR spectrum (DMSO-ds), §,
ppm (J, Hz): 3.85 (s, 3H, OCHg), 7.11-

8.68 (m, 12H, arom-H); C NMR
(DMSO-ds), 5, ppm: 55.80, 115.15,
121.42, 124.45, 124.68, 125.39, 125.68,
126.04, 126.91, 127.85, 128.45, 128.63,
129.22, 129.93, 130.82, 131.38, 131.41,
136.23, 148.89, 159.65, 160.97; Mass
spectrum (El, 70 eV), m/z: 585.2[M]";
Found, %: C 89.18; H 4.38; N 2.31.
Ca4H27NO. Calculated, %: C, 90.23; H,
4.65; N, 2.39; O, 2.73.

2,6-Di(pyren-1-yl)-4-p-tolylpyridine
(4b)

Yield 65%, brown powder, mp 129-131
°C, IR spectrum, v, cm™: 3038 (arom-
CH), 1591, 1535, 1393, 1185, 842; H
NMR spectrum (DMSO-ds), 6, ppm (J,
Hz): 2.41 (s, 3H, CHa), 7.39-8.69 (m,
12H, arom-H); *C NMR (DMSO-ds),
o, ppm: 21.18, 119.27, 122.49, 124.17,
124.38, 125.80, 126.59, 126.76, 127.31,
127.66, 129.57, 130.69, 132.77, 132.92,
133.18, 139.01, 139.70, 149.95, 159.02;
Mass spectrum (El, 70 eV), m/z
569.2[M]*; Found, %: C90.08; H4.53;
N2.36. CaH27N. Calculated, %: C,
92.76; H, 4.78; N, 2.46.

4-Phenyl-2,6-di(pyren-1-yl)pyridine
(4c)

Yield 79%, light green powder, mp
199-202 °C, IR spectrum, v, cm™: 3036
(arom-CH), 1589, 1538, 1396, 840,
757, 716; *H NMR spectrum (DMSO-
ds), 0, ppm (J, Hz): 7.56-8.71 (m, 10H,
arom-H); 3C NMR (DMSO-ds), 5,
ppm: 122.10, 124.46, 124.70, 125.41,
125.70, 126.07, 126.93, 127.85, 127.94,
128.43, 128.52, 128.64, 129.76, 129.96,
130.83, 131.39, 131.47, 136.08, 137.94,
149.43, 159.76; Mass spectrum (EI, 70
eV), m/z: 555.1[M]*; Found, %:
C90.87; H4.46; N 2.45. CasHxN.
Calculated, %: C, 92.94; H, 4.53; N,
2.52.

4-(4-Chlorophenyl)-2,6-di(pyren-1-
yDpyridine (4d)

Yield 82%, yellow powder, mp 160-
163 °C, IR spectrum, v, cm™: 3041

Page | 216



M.R. Asaadi et al. / Iranian Chemical Communication 7 (2019) 214-221

(arom-CH), 1593, 1537, 1493, 1386,
1093, 838; *H NMR spectrum (DMSO-
ds), 8, ppm (J, Hz): 7.62-8.69 (m, 12H,
arom-H); 3C NMR (DMSO-dg), 3§,
ppm: 121.95, 124.42, 124.67, 125.38,
125.70, 126.07, 126.92, 127.83, 128.44,
128.51, 128.63, 128.68, 129.67, 129.77,
130.80, 131.36, 131.48, 134.89, 135.93,
136.69, 148.10, 159.81; Mass spectrum
(El, 70 eV), m/z: 589.1[M]*; Found, %:
C86.14; H3.97; N 2.29. CazH24CIN.
Calculated, %: C, 87.52; H, 4.10; Cl,
6.01; N, 2.37.

4-(4-Bromophenyl)-2,6-di(pyren-1-
yl)pyridine (4e)

Yield 86%, orang powder, mp 217-219
°C, IR spectrum, v, cm™: 3037 (arom-
CH), 1592, 1536, 1490, 1380, 1011,
837; 'H NMR spectrum (DMSO-ds), §,
ppm (J, Hz): 7.77-8.69 (m, 12H, arom-
H); BC NMR (DMSO-ds), &, ppm:
121.93, 123.64, 124.42, 124.66, 125.40,
125.73, 126.10, 126.96, 127.85, 128.16,

128.47, 128.54, 128.63, 128.70, 130.09,
130.81, 131.26, 131.37, 131.49, 132.42,
132.63, 135.93, 137.10, 148.21, 159.84;
Mass spectrum (El, 70 eV), m/z
633.1[M]*; Found, %: C80.24; H3.75;
N 2.13. Cs3H24BrN. Calculated, %: C,
81.39; H, 3.81; Br, 12.59; N, 2.21.

4-(4-Nitrophenyl)-2,6-di(pyren-1-
yl)pyridine (4f)

Yield 72%, dark green powder, mp
206-209 °C, IR spectrum, v, cm™: 3043
(arom-CH), 1590, 1520, 1344, 1112,
846; 'H NMR spectrum (DMSO-ds), §,
ppm (J, Hz): 7.82-8.71 (m, 12H, arom-
H); C NMR (DMSO-ds), &, ppm:
117.23, 119.29, 122.47, 124.20, 124.41,
125.38, 125.76, 126.63, 126.81, 127.66,
130.69, 132.77, 132.92, 133.20, 138.98,
140.43, 149.82, 159.15; Mass spectrum
(El, 70 eV), m/z: 600.1[M]*; Found, %:
C84.88; H3.95; N 4.53. Ca3H2N20s.
Calculated, %: C, 85.98; H, 4.03; N,
4.66; O, 5.33.

o (O'H oy O OH o
JI\ /k + H,0
_— — _— =
Pyr  CHj3 Pyr CHZ\_A/r4 H Pyr Ar Pyr Ar
.- Ar Ar
o ({)H o A O
J\’%/\ )\ J\)\/u\ 20D air
Pyr Ar + CH; Pyr — Py pyr — OH o —= | || —
- Pyr N Pyr Pyr N Pyr Pyr

Scheme 2. Plausible mechanism for the formation of 4-Aryl-2, 6-di(pyren-1-yl)pyridines

Results and discussion

The new 2,6-di(pyrene-1-yl)pyridine
derivatives 4a—f were synthesized by an
Aldol condensation of 1-actylpyrene 1
with carbonyl group of
Arylaldehydes2a-f and after losing of
water, generating a conjugated enone.
The Michael addition of the second
mole of 1-acetylpyrene to a conjugated
enone, leading to 1,3,5-diaryl-1,5-

diketone. The subsequent cyclization
through the ring closure with
ammonium acetate 3 is followed by air
oxidation to form the products 4a—f
(Scheme 2). The structures of the
productions were concluded from their
spectral and microanalytical data. For
example, the *HNMR spectrum of 4a
which this is a symitrical produce,
exhibited one singlet signal at 6 3.85
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ppm for methyl group, connected with
Oxygen, as well as, the signals in the
aromatic area, 6 7.11-8.68 ppm, due to
12 aromatic protons demonstrating the
organization of the combination 4a. The
IR spectrum of 4a demonstrated strong
absorptions at 3055 and 2994 cm™ due
to the aromatic and aliphatic protons
respectively. The MS (APCI) of 4b
displayed a peak at m/z 327.26
([IM+H]")  corresponding to  the

molecular formula Cz2H1sN2O. This
production also gave proton decoupled
13C NMR information in 21.22 (CH3),
118.89, 120.76, 125.27, 126.60, 127.44,
127.48, 128.05, 128.68, 128.84, 128.89,
129.00, 129.97, 130.07, 131.02, 135.54,
138.33, 153.14 (C=0) (see
experimental section). The reaction
conditions andthe melting point of all
products are illustrated in Table 1.

Tablel. Synthesis of 4-Aryl-2,6-di(pyren-1-y)pyridine 4a-f

Product® R Time(hr)  Yield(%)° m.p.(°C)
4da 4-OMe 6 68 140-143
4b 4-Me 6 65 129-131
4c H 6 79 199-202
4d 4-Cl 6 82 160-163
4e 4-Br 6 86 217-219
4f 4-NO; 6 72 206-209

@Reaction conditions : 1-Actylpyrene 1 (2 mmol),

an Arylalaldehyde 2a-f (1 mmol), ammonium acetate 3

(1.2 mmol), glacial acetic acid (5 mL), reflux, 6h.

bAll the products were characterized according to their spectral and microanalytical data.

CIsolated yields.

In order to study the fluorescence
properties of these compositions, we
investigated the fluorescence
absorption and emission spectra of
combinations 4a—f. The Aaps, amounts
of extinction coefficient (g), Aex, Afiu and
fluorescence quantum efficiency (®r)
information of these compounds are
reported in Table 2. Values of the
extinction  coefficient (g)  were
computed from the inclination of the
plan of absorbance against
condensation. The fluorescence
quantum yields (®f) of combinations
4a—f  were characterized  using
comparison procedures, with
fluorescein as a standard sample in 0.1
M NaOH and MeOH solution [26]. It
can be received from the information in

Table 2 that these combinations are
fluorescent. Scheme3 has shown that
the overlap of the electron donors
groups attached to the phenylene ring
such as chlorine and bromine with the
n-system in pyridine ring generates a
highly conjugated system as a result
fluorescence has increased and in the
NO> group, electron  acceptor,
fluorescence dropped (Scheme 3). The
fluorescence  absorption and  of
compound 4d were measured at the
concentration of 1 x 10%mol L! in
several solvents (Scheme 4).As is
illustrated in these schemes, the
fluorescence absorption and emission
spectra of 4d in polar solvents
accomplished a solvatochromic red
shift with increasing solvent polarity.
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Solvent effects shift the emission to
lower energy owing to stabilization of
the excited state by the polar solvent
molecules (Table 2). This type of
treatment is observed for most of the

dyes. For example, in Table 2, one can
see that in the absorption spectrum for
4d, Aabs shifts from 446 to 464 nm as
the solvent is changed from ethanol to
acetone.

Table 2. Photophysical data for absorption and fluorescence of 4a-f

Compound 4a 4b 4c 4d 4e 4f

Xabs /nm? 405 401 411 398 395 406
€x107" /mol*Lcm™ 805 810 826 859 838 8.15
Anu/nme 436 434 464 446 446 462
(I 128 122 121 167 153 10.1

AWVavelengths of maximum absorbance.

bExtinction coefficient.

“‘Wavelengths of fluorescence emission.

dFluorescence quantum yield (%).

Intensity (a.u.)
N
&

——4-Br
—4Cl
e 4-Me

=—=4-NO2
e 4-OMe

390 440 490

Wavelength (nm)

540 590

Scheme 3. Emission spectrum of compound 4a-f in DMSO/MeOH solvent (5 x 10°mol L)

700 -

600 -

500

400 -

300

Intensity (a.u.)

200

100

==Ethanol
=== Methanol

e 1-Propanol

Acetonitrile
e DMSO
——Ethylacetate

DMF

0 o

380 430 480
-100 -

530
Wavelength (nm)

Acetone

Scheme 4. Emission spectrum of compound 4d in several solvents (1 x 10 5mol L™)
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Conclusion

In conclusion, we have found that the
one-pot three-component reaction of
Arylalaldehydes, 1-acetylpyrene and
ammonium acetate in acetic acid leads
to a facile synthesis of 4-Aryl-2,6-
di(pyren-1-yl)pyridine. A plausible
mechanism for the formation of the
products has been also suggested.
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