
lable at ScienceDirect

Dyes and Pigments 88 (2011) 403e412
Contents lists avai
Dyes and Pigments

journal homepage: www.elsevier .com/locate/dyepig
Short communication

The synthesis and photophysical studies of pyridinyl-1,2,4-triazine derivatives
and use as a fluorescent sensor for ferric salts

Prakasam Thirumurugan, Paramasivan T. Perumal*

Organic Chemistry Division, Central Leather Research Institute, Adyar, Chennai 600 020, India
a r t i c l e i n f o

Article history:
Received 31 May 2010
Received in revised form
28 July 2010
Accepted 29 July 2010
Available online 7 August 2010

Keywords:
Pyridinyl-1,2,4-triazine
Sensors
Fluorescent dyes
Fluorescent lifetime
Microwave irradiation
Cinnamils
* Corresponding author Tel.: þ91 44 24913289; fax
E-mail address: ptperumal@gmail.com (P.T. Perum

0143-7208/$ e see front matter � 2010 Elsevier Ltd.
doi:10.1016/j.dyepig.2010.07.013
a b s t r a c t

A simple method is described for the efficient synthesis of bisaryl-3-pyridinyl-1,2,4-triazine derivatives
via condensation of cinnamils with pyridine carboxtrisamidrazone in methanol under both conventional
heating and microwave irradiation in high yield (85e66%). Photophysical analysis revealed that the
derivatives displayed good fluorescent properties and bisaryl-3-pyrazine-1,2,4-triazine derivatives
selectively bound Fe(III) ions.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

The structural diversity and biological importance of nitrogen
containing heterocycles have made them attractive synthetic
targets over many years and they are found in various natural
products. Substituted 1,2,4-triazines represent an important class
of nitrogen containing heterocycles. 1,2,4-Triazines and their
derivatives occupy a pivotal position in modern medicinal chem-
istry because of their high potential for biological activity [1]. Thus,
the 1,2,4-triazine ring is a prominent structural motif found in
numerous natural and synthetic biologically active compounds. For
example well-known antiviral drug azaribine is structurally based
on the 1,2,4-triazine scaffold [1,2]. In addition, certain azanucleo-
sides, for example, 6-azacytosine and 6-azauracil, bearing the 1,2,
4-triazine heterocycle, have displayed an impressive array of
biological activities such as antimicrobial [3], antiviral [4], anti-
inflammatory [5] and antimalarial.[6] activities. Furthermore,
6-azaisocytosine (3-amino-1,2,4-triazin-5(2H)-one), an isosteric
isomer of 6-azacytosine and 6-azauracil, is a great biological
interest due to its resistance to deaminase [7].

The 1,2,4-triazine core is a versatile synthetic platform to access
a wide range of condensed heterocyclic ring systems via
: þ91 44 24911589.
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intramolecular DielseAlder reactions with a vast array of dien-
ophiles. In addition, the triazine ring system is a key component of
commercial dyes, herbicides, insecticides and more recently,
pharmaceutical compositions [8]. As our efforts are directed at an
iterative analog library approach to support nascent medicinal
chemistry programs, this latter application for the triazine scaffold
attracted our attention.

Fluorescent property is the ultimate tool for the identification of
chromosomes and ultra fast DNA sequencing by showing different
colours with each DNA base pairs via fluorescence resonance
energy transfer [9,10]. Many nitrogen containing heterocyclic
compounds have displayed photoluminescence and electrolumi-
nescence properties. Compoundswith fused 1,2,4-triazine aromatic
rings are used as raw material for organic light-emitting devices,
light emitting cells and optoelectronic devices [11e13].

The wide-ranging biological activity associated with 1,2,4-
triazine derivatives, both naturally occurring and synthetic, ensures
that the synthesis of this important ring system remains a topic of
current interest. Various methods for the preparation of these
compounds have been reported. However these methods suffer
from tedious synthetic routes, longer reaction time, drastic reaction
conditions, as well as narrow substrate scope [14e17]. To the best of
our knowledge, there have been very few reports for the synthesis
of 1,2,4-triazine derivatives in literature [18e21]. As part of our
ongoing research on the development of novel synthetic routes for
the synthesis of biologically active heterocyclic compounds and use
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of green chemical techniques in organic synthesis [22e24], herein,
we report a simple and facile one pot procedure for the synthesis of
1,2,4-triazine derivatives under reflux condition.

2. Experimental

2.1. General

All the substituted aldehydes, biacetyl, and all the substituted
cyanopyridines were purchased from Aldrich Chemicals. Piperi-
dine and other reagents were purchased from S. D. Fine. Chem.
India Limited. Methanol was distilled with Mg/I2 under nitrogen
and stored over 3A� molecular sieves. IR measurements were
done as KBr pellets for solids using Perkin Elmer Spectrum RXI FT-
IR. 1H and 13C NMR spectra were recorded in CDCl3 using TMS as
internal standard with JEOL 500 MHz and Bruker 300 MHz high
resolution NMR spectrometer respectively. Multiplicities were
abbreviated as follows: singlet (s), doublet (d), triplet (t), multiplet
(m), and broad (br). Mass spectra were recorded using Electron
Spray Ionization method with Thermo Finnigan mass spectrom-
eter. Melting points were determined in capillary tubes and are
uncorrected. Analytical TLC was performed on precoated plastic
sheets of silica gel G/UV-254 of 0.2 mm thickness (Macherey-
Nagel, Germany). Elemental analysis data were recorded using
Thermo Finnigan FLASH EA 1112 CHN. The electronic spectral
measurements were carried out in PerkineElmer Lambda 35
double beam spectrometer at room temperature. The steady state
emission spectra were recorded on Hitachi 650e40 spectrofluo-
rometer at room temperature. Time-resolved fluorescence
measurements were determined using picosecond laser excited
Horibajobinyvon time correlated single photon counting spectro-
fluorometer. The excitation source was a tunable Ti-sapphire laser
(Tsunami, Spectrometer, USA) with a pulse width of <2 ps and
repetition rate of 82 MHz, AreH. The sample was excited at its
corresponding wavelength and the emission was monitored
between 400 to 600 nm using a MCP-PMT detector. Decay traces
were deconvulated using a non-linear least-squares analysis using
IBH software.

2.2. General procedure for the synthesis of bisaryl-3-
pyridinyl-1,2,4-triazine derivatives (3ael)

Method: A
A mixture of cinnamil (1.0 mmol) and pyridine carboxtrisami-

drazone (1.0 mmol) in methanol (30 mL) was refluxed for the
appropriate time as described in Table 1. After completion of the
reaction, as indicated by TLC, the precipitated solid was filtered,
washed with water and dried. The obtained crude solid was puri-
fied further by recrystalization with ethanol.

Method: B
A mixture of cinnamil (1.0 mmol) and pyridine carboxtrisami-

drazone (1.0 mmol) in methanol (2 mL) was irradiated in a micro-
wave oven (BPL BMG 800 TS model) at 80 W for the appropriate
time displayed in Table 1. After completion of the reaction, as
indicated by TLC, the precipitated solid was filtered, washed with
water and then dried. The obtained crude product was recrystal-
lized with ethanol.

2.2.1. 3a. 5,6-bis[(E)-2-phenylvinyl]-3-pyridin-2-
yl-1,2,4-triazine (Table 1 entry 1)

Yellow solid; mp 72e74 �C; Rf 0.80 (40% AcOEt/Petroleum
ether); IR (KBr): 1072, 1365, 1484, 1623 cm�1; 1H NMR (500 MHz,
CDCl3): d 7.38e7.43 (m, 8H, eAreH), 7.45 (d, 1H, J ¼ 8.4 Hz,
eAreH), 7.50 (s, 1H, eAreH), 7.67e7.70 (m, 3H, eAreH), 7.91e7.94
(m, 1H, eAreH), 8.13 (d, 1H, eAreH), 8.39 (d, 1H, J ¼ 15.3 Hz,
eAreH), 8.69 (d, 1H, J ¼ 7.6 Hz, eAreH), 8.89 (d, 1H, J ¼ 3.8 Hz,
eAreH); 13C NMR (75 MHz, DMSO-d6): 118.5, 119.4, 127.8, 128.3,
129.0, 129.1, 129.7, 130.5, 135.3, 135.9, 139.2, 143.2, 144.6, 145.6,
145.9, 148.8, 151.4, 152.6, 159.1; MS (EI): m/z 363.27 [Mþ þ Hþ];
C24H18N4. Anal. Calcd for C24H18N4. C 79.54 H 5.01 N 15.46. Found:
C 79.49 H 5.03 N 15.49.

2.2.2. 3b. 5,6-bis[(E)-2-(4-methylphenyl)vinyl]-3-
pyridin-2-yl-1,2,4-triazine (Table 1, entry 2)

Yellow solid; mp 168e170 �C; Rf 0.83 (40% AcOEt/Petroleum
ether); IR (KBr): 1065, 1180, 1363, 1400, 1481, 1623 cm�1; 1H NMR
(500 MHz, CDCl3): d 2.40 (s, 3H, AreCH3), 2.41 (s, 3H, AreCH3),
7.22e7.26 (m, 4H, eAreH), 7.30e7.39 (m, 2H, eAreH), 7.54e7.60
(m, 2H, eAreH), 8.10 (d, 1H, J ¼ 15.3 Hz, eAreH), 8.30 (d, 1H,
J ¼ 15.3 Hz, eAreH), 8.43 (d, 1H, J ¼ 6.1 Hz, eAreH), 8.82 (d, 1H,
J ¼ 4.6 Hz, eAreH); 13C NMR (75 MHz, DMSO-d6): 21.4, 21.5, 117.9,
118.8,124.0,125.1,127.7,128.2,129.6,129.7,132.9,133.4,137.0,138.3,
139.7, 140.7, 142.6, 150.3, 151.4, 152.2, 153.4, 160.3; MS (EI): m/z
391.20 [Mþ þ Hþ]; Anal. Calcd for C26H22N4. C 79.97 H 5.68 N 14.35.
Found: C 79.87 H 5.66 N 14.29.

2.2.3. 3c. 5,6-bis[(E)-2-(4-methoxyphenyl)vinyl]-3-
pyridin-2-yl-1,2,4-triazine (Table 1, entry 3)

Yellow solid; mp 62e64 �C; Rf 0.64 (40% AcOEt/Petroleum
ether); IR (KBr): 822, 1026, 1171, 1278, 1301, 1508, 1602 cm�1; 1H
NMR (500 MHz, CDCl3): d 3.84 (s, 6H, AreOCH3), 6.92 (d, 5H,
J ¼ 9.2 Hz, eAreH), 7.22e7.30 (m, 2H, eAreH), 7.59 (d,
2H, J ¼ 16.1 Hz, eAreH), 7.63 (d, 2H, J ¼ 16.1 Hz), 8.09 (d, 1H,
J ¼ 16.1 Hz, eAreH), 8.30 (d, 1H, J ¼ 16.1 Hz, eAreH), 8.71 (d,
1H, J ¼ 2.3 Hz, eAreH), 8.81 (d, 1H, J ¼ 2.3 Hz, eAreH), 8.84 (d,
1H, J ¼ 1.6 Hz, eAreH); 13C NMR (75 MHz, DMSO-d6): 55.3, 55.4,
117.2, 117.6, 123.8, 125.0, 127.2, 128.4, 129.0, 129.2, 129.5, 129.9,
130.8, 136.4, 137.0, 137.7, 142.0, 147.4, 150.2, 151.3, 152.1, 155.5,
160.7; MS (EI): m/z 423.27 [Mþ þ Hþ]; Anal. Calcd for
C26H22N4O2. C 73.92 H 5.25 N 13.26. Found: C 73.84 H 5.23 N
13.23.

2.2.4. 3d. 5,6-bis[(E)-2-(3,4-dimethoxyphenyl)vinyl]-
3-pyridin-2-yl-1,2,4-triazine (Table 1, entry 4)

Yellow solid; mp 180e182 �C; Rf 0.35 (40% AcOEt/Petroleum
ether); IR (KBr): 963, 1019, 1140, 1260, 1511, 1624 cm�1; 1H NMR
(500 MHz, CDCl3): d 3.90 (s, 6H, AreOCH3), 3.92 (s, 3H, AreOCH3),
3.93 (s, 3H, AreOCH3), 6.88 (d, 2H, J¼ 8.4 Hz,eAreH), 7.15e7.23 (m,
4H, eAreH), 7.25e7.31 (m, 2H, eAreH), 7.41e7.43 (m, 1H, eAreH),
7.87e7.90 (m,1H, eAreH), 8.02 (d, 1H, J¼ 16.2 Hz, eAreH), 8.29 (d,
1H, J ¼ 15.3 Hz, eAreH), 8.65 (d, 1H, ¼ 7.6 Hz, eAreH), 8.87 (d, 1H,
J ¼ 4.6 Hz, eAreH); 13C NMR (75 MHz, DMSO-d6): 55.9, 56.0, 110.2,
110.7, 111.3, 117.1, 117.8, 121.5, 122.2, 123.9, 125.0, 128.7, 129.3, 137.0,
138.0, 142.3, 149.2, 150.2, 150.5, 151.1, 151.3, 152.1, 153.4, 160.0; MS
(EI): m/z 483.20 [Mþ þ Hþ]; Anal. Calcd for C28H26N4O4. C 69.70 H
5.43 N 11.61. Found: C 69.81 H 5.45 N 11.57.

2.2.5. 3e. 5,6-bis[(E)-1-napthylvinyl]-3-pyridin-2-
yl-1,2,4-triazine (Table 1, entry 5)

Yellow solid; mp 68e70 �C; Rf 0.82 (40% AcOEt/Petroleum
ether); IR (KBr): 1024, 1251, 1395, 1465, 1621 cm�1; 1H NMR
(500 MHz, CDCl3): d 6.88e6.93 (m, 6H, eAreH), 7.22e7. 32 (m, 4H,
eAreH), 7.41e7.43 (m,1H, eAreH), 7.56e7.64 (m, 5H, eAreH), 7.76
(d, 1H, J ¼ 16.1 Hz), 7.86e7.88 (m, 1H, eAreH), 8.05 (d, 1H,
J ¼ 15.3 Hz, eAreH), 8.33 (d, 1H, J ¼ 15.3 Hz, eAreH), 8.64 (d, 1H,
J ¼ 15.3 Hz, eAreH), 8.86 (d, 1H, J ¼ 3.6 Hz, eAreH); 13C NMR
(75 MHz, DMSO-d6): 121.0, 121.8, 122.1, 123.4, 123.7, 124.5, 125.3,
125.6, 126.3, 126.4, 126.9, 127.1, 128.7, 128.9, 130.0, 130.8, 132.9,
133.8, 136.0, 139.7, 150.7; MS (EI):m/z 463.27 [Mþ þ Hþ]; C32H22N4.



Table 1
Synthesis of bisaryl-3-pyridinyl-1,2,4-triazine derivatives.

Entry Cinnamil 2 Triazinea Conventional heating Microwave irradiation

Time (h) Yield (%)b Time (min) Yield (%)b

1 OO

1a

2a N
N

N
N

3a

2.5 81 12.0 84

2
OO

1b

2a
N

N

N
N

3b

1.5 85 14.0 86

3
OO

MeO
OMe

1c

2a
N

N

N
N

MeO

MeO

3c

2.0 84 12.0 86

4
OO

MeO
OMeOMe MeO

1d

2a
N

N

N
N

MeO
OMe

MeO
OMe

3d

2.5 80 11.0 86

5 OO

1e

2a
N

N

N
N

3e

4.0 76 14.0 78

6 OO

O
O

1f

2a
O

N
N

N
N

O

3f

2.5 79 12.0 81

7 OO

1a

2b N
N

N
N

3g

3.0 76 12.0 79

(continued on next page)
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Table 1 (continued )

Entry Cinnamil 2 Triazinea Conventional heating Microwave irradiation

Time (h) Yield (%)b Time (min) Yield (%)b

8
OO

1b

2b N
N

N
N

3h

3.5 74 12.0 78

9
OO

MeO
OMe

1c

2b N
N

N
N

MeO

MeO
3i

4.0 71 14.0 74

10
OO

MeO
OMeOMe MeO

1d

2b N
N

N
N

MeO
OMe

MeO
OMe

3j

4.5 69 14.0 75

11 OO

1e

2b N
N

N
N

3k

4.5 66 14.0 76

12 OO

O
O

1f

2b O
N

N

N
NO

3l

4.0 71 14.0 76

a All products were confirmed by IR, NMR, mass and elemental analysis.
b Isolated yield.
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Anal. Calcd for C32H22N4. C 83.09 H 4.79 N 12.11. Found: C 83.04 H
4.78 N 12.07.

2.2.6. 3f. 5,6-bis[(E)-2-furyl vinyl]-3-pyridin-2-
yl-1,2,4-triazine (Table 1, entry 6)

Yellow solid; mp 148e151 �C; Rf 50 (40% AcOEt/Petroleum
ether); IR (KBr): 1375, 1470, 1511, 1615 cm�1; 1H NMR
(500 MHz, CDCl3): d 6.51e6.53 (m, 2H, eAreH), 6.63 (d, 1H,
J ¼ 3.1 Hz, eAreH), 7.33e7.46 (m, 3H, eAreH), 7.54e7.57 (m,
2H, eAreH), 7.90e7.93 (m, 1H, eAreH), 7.95(d, 1H, J ¼ 16.1 Hz,
eAreH), 8.20 (d, 2H, J ¼ 15.3 Hz, eAreH), 8.65 (d, 1H,
J ¼ 8.4 Hz, eAreH), 8.88 (d, 1H, J ¼ 3.9 Hz, eAreH); 13C NMR
(75 MHz, DMSO-d6): 112.5, 112.8, 113.6, 115.4, 116.4, 117.1,
124.0, 124.6, 125.1, 125.2, 128.6, 137.1, 144.1, 145.0, 150.4, 150.9,
151.7, 152.4, 152.6, 154.4, 160.2; MS (EI): m/z 343.33
[Mþ þ Hþ]; Anal. Calcd for C20H14N4O2. C 70.17 H 4.12 N 16.37.
Found: C 70.30 H 4.11 N 16.32.

2.2.7. 3g. 5,6-bis[(E)-2-phenylvinyl]-3-pyridin-4-
yl-1,2,4-triazine (Table 1, entry 7)

Yellow solid; mp 192e194 �C; Rf 0.80 (40% AcOEt/Petroleum
ether); IR (KBr): 1070, 1363, 1401, 1482, 1622 cm�1; 1H NMR
(500 MHz, CDCl3): d 7.38e7.46 (m, 8H, eAreH), 7.47e7.49 (m, 4H,
eAreH), 8. 13 (d, 1H, J ¼ 16.1 Hz, eAreH), 8.31 (d, 1H,
J ¼ 15.3 Hz, eAreH), 8.43 (d, 2H, J ¼ 15.3 Hz, eAreH), 8.82 (d, 2H,
J ¼ 6.2 Hz, eAreH); 13C NMR (75 MHz, DMSO-d6): 118.2, 119.4,
121.6, 127.8, 128.3, 129.0, 129.1, 129.7, 130.5, 135.3, 135.9, 138.7,
142.5, 142.7, 150.6, 152.2, 159.1; MS (EI): m/z 363.27 [Mþ þ Hþ];
Anal. Calcd for C24H18N4. C 79.54 H 5.01 N 15.46. Found: C 79.60 H
5.00 N 15.42.
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2.2.8. 3h. 5,6-bis[(E)-2-(4-methylphenyl)vinyl]-3-pyridin-
4-yl-1,2,4-triazine (Table 1, entry 8)

Yellow solid; mp 182e184 �C; Rf 0.83 (40% AcOEt/Petroleum
ether); IR (KBr): 1065, 1180, 1363, 1400, 1481, 1623 cm�1; 1H NMR
(500 MHz, CDCl3): d 2.40 (s, 3H, AreCH3), 2.41 (s, 3H, AreCH3),
7.22e7.26 (m, 4H, eAreH), 7.30e7.39 (m, 2H, eAreH), 7.54e7.60
(m, 4H, eAreH), 8.10 (d, 1H, J ¼ 15.3 Hz, eAreH), 8.30 (d, 1H,
J ¼ 15.3 Hz, eAreH), 8.43 (d, 2H, J ¼ 6.1 Hz, eAreH), 8.82 (d, 2H,
J ¼ 4.6 Hz, eAreH); 13C NMR (75 MHz, DMSO-d6): 23.3, 23.4, 119.2,
120.2, 123.5, 129.7, 130.2, 131.6, 131.8, 134.6, 135.2, 140.5, 141.9,
142.9, 144.3, 144.8, 152.5, 152.7, 154.2, 160.9; MS (EI): m/z 391.20
[Mþ þHþ]; Anal. Calcd for C26H22N4. C 79.97 H 5.68 N 14.35. Found:
C 79.87 H 5.66 N 14.29.

2.2.9. 3i. 5,6-bis[(E)-2-(4-methoxyphenyl)vinyl]-3-pyridin-
4-yl-1,2,4-triazine (Table 1, entry 9)

Yellow solid; mp 178e180 �C; Rf 0.64 (40% AcOEt/Petroleum
ether); IR (KBr): 1253, 1294, 1479, 1512, 1601 cm�1; 1H NMR
(500 MHz, CDCl3): d 3.84 (s, 3H, AreOCH3), 3.86 (s, 3H, AreOCH3),
6.93e6.96 (m, 4H, eAreH), 7.18e7.26 (m, 2H, eAreH), 7.57e7.65
(m, 4H, eAreH), 8.07 (d, 1H, J ¼ 16.1 Hz, eAreH), 8.26 (d, 1H,
J ¼ 15.3 Hz, eAreH), 8.40 (d, 2H, J ¼ 6.2 Hz, eAreH), 8.79 (d, 2H,
J ¼ 5.4 Hz, eAreH); 13C NMR (75 MHz, DMSO-d6): 55.5, 55.6, 117.3,
11.9, 123.7, 125.4, 127.2, 128.5, 129.1, 129.4, 129.6, 130.0, 130.9, 136.5,
137.1,137.9,142.2,147.5,150.2,151.4,152.3,155.6,160.8; MS (EI):m/z
422.48 [Mþ þ Hþ]; C26H22N4O2. Anal. Calcd for C26H22N4O2. C 73.92
H 5.25 N 13.26. Found: C 73.80 H 5.29 N 13.30.

2.2.10. 3j. 5,6-bis[(E)-2-(3,4-dimethoxyphenyl)vinyl]-3-
pyridin-4-yl-1,2,4-triazine (Table 1, entry 10)

Yellow solid; mp 208e210 �C; Rf 0.35 (40% AcOEt/Petroleum
ether); IR (KBr): 1023, 1135,1260, 1419, 1478, 1260, 1419, 1478, 1514,
1598, 1623 cm�1; 1H NMR (500 MHz, CDCl3): d 3.93 (s, 3H,
AreOCH3), 3.95 (s, 3H, AreOCH3), 3.96 (s, 12H, AreOCH3),
6.91e6.95 (m, 2H, eAreH), 7.16e7.24 (m, 2H, eAreH), 7.25e7.28
(m, 3H, eAreH), 7.30e7.34 (m, 1H, eAreH), 8.08 (d, 1H, J ¼ 15.3 Hz,
eAreH), 8.29 (d, 1H, J ¼ 15.3 Hz, eAreH), 8.44 (d, 2H, J ¼ 6.2 Hz,
eAreH), 8.82 (d, 2H, J ¼ 5.4 Hz, eAreH); 13C NMR (75 MHz, DMSO-
d6): 56.0, 56.1, 56.2, 110.2, 110.7,111.4, 116.6, 117.4, 121.7, 122.4, 128.5,
129.2, 138.5, 142.3, 142.9, 149.3, 149.4, 150.6, 150.7, 150.9, 151.4,
152.3, 158.9; MS (EI): m/z 483.27 [Mþ þ Hþ]; C28H26N4O4. Anal.
Calcd for C28H26N4O4. C 69.70 H 5.43 N 11.61. Found: C 69.61 H
5.41 N 11.58.

2.2.11. 3k. 5,6-bis[(E)-1-napthylvinyl]-3-pyridin-4-yl-1,2,4-
triazine (Table 1, entry 11)

Yellow solid; mp 180e182 �C; Rf 0.82 (40% AcOEt/Petroleum
ether); IR (KBr): 959, 1071, 1359, 1401, 1482, 1616 cm�1; 1H NMR
(500 MHz, CDCl3): d 7.34e7. 42 (m, 8H, eAreH), 7.55e7.67 (m, 10H,
eAreH), 7.96 (d, 1H, J ¼ 15.3 Hz, eAreH), 8.28e8.34 (m, 2H,
eAreH), 9.02e9.04 (m, 1H, eAreH); 13C NMR (75 MHz, DMSO-d6):
112.4, 112.8, 113.8, 115.4, 115.8, 116.9, 121.6, 124.7, 128.1, 142.9, 144.1,
145.1, 150.3, 151.7, 152.1, 152.4, 158.6; MS (EI): m/z 464.40
[Mþ þ Hþ]; C32H22N4. Anal. Calcd for C32H22N4. C 83.09 H 4.79 N
12.11. Found: C 83.04 H 4.80 N 12.15.

2.2.12. 3l. 5,6-bis[(E)-2-furyl vinyl]-3-pyridin-4-yl-1,2,4-
triazine (Table 1, entry 12)

Yellow solid; mp 174e176 �C; Rf 0.5 (40% AcOEt/Petroleum
ether); IR (KBr): 1019, 1258, 1311, 1356, 1399, 1456, 1621, cm�1; 1H
NMR (500 MHz, CDCl3): d 6.49e6.60 (m, 3H, eAreH), 6.73 (s, 1H,
eAreH), 7.22e7.31 (m, 2H, eAreH), 7.51 (s, 1H, eAreH), 7.56 (s, 1H,
eAreH), 7.91(d, 1H, J ¼ 15.3 Hz, eAreH), 8.06 (d, 1H, J ¼ 4.6 Hz,
eAreH), 8.38 (d, 2H, J ¼ 4.6 Hz), 8.77 (d, 2H, J ¼ 3.8 Hz eAreH); 13C
NMR (75MHz, DMSO-d6): 112.7,113.1,114.0,115.7,116.2,117.2,121.8,
125.0, 128.4, 143.1, 144.4, 145.4, 150.4, 150.7, 152.0, 152.5, 152.7,
159.0; MS (EI): m/z 343.20 [Mþ þ Hþ]; C20H14N4O2. Anal. Calcd for
C20H14N4O2. C 70.17 H 4.12 N 16.37. Found: C 70.10 H 4.11 N 16.40.

2.3. General procedure for the synthesis of bisaryl-3-
pyrazine-1,2,4-triazine derivatives (5aee)

Method: A
A mixture of cinnamil (1 mmol) and pyrazine-2-carbox-

trisamidrazone (1 mmol) in methanol (30 ml) was refluxed for the
appropriate time as displayed in Table 3. After completion of the
reaction, as indicated by TLC, the solid precipitated was filtered,
washed with water, dried and recrystallized with ethanol.

Method: B
A mixture of cinnamil (1 mmol) and pyrazine-2-carboxtrisami-

drazone (1mmol) inwater (2ml) was irradiated inmicrowave oven
(BPL BMG800 TSmodel) irradiated at 80W for the appropriate time
listed in Table 3. The progress of the reactionwas monitored by TLC.
After completion of the reaction, the precipitated solid was filtered,
washedwith water and then dried. The obtained crude product was
purified by recrystalization with ethanol.

2.3.1. 5a. 5,6-bis[(E)-2-phenylvinyl]-3-pyrazin-2-yl-
1,2,4-triazine (Table 3, entry 1)

Yellow solid; mp 78e80 �C; Rf 0.61 (40% AcOEt/Petroleum
ether); IR (KBr): 970, 1070, 1362, 1395, 1488, 1624 cm�1; 1H NMR
(500 MHz, CDCl3): d 7.41e7.48 (m, 7H, eAreH), 7.51 (s, 1H, eAreH),
7.68e7.72 (m, 4H, eAreH), 8.18 (d, 1H, J ¼ 16.1 Hz, eAreH), 8.38 (d,
1H, J ¼ 16.1 Hz, eAreH), 8.75 (d, 1H, J ¼ 2.3 Hz, eAreH), 8.85 (s, 1H,
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eAreH), 9.88 (d, 1H, J ¼ 1.6 Hz); 13C NMR (75 MHz, DMSO-d6):
118.8, 119.8, 124.0, 125.2, 127.8, 128.2, 128.8, 128.9, 129.0, 129.5,
130.2, 135.5,136.1, 137.1, 138.5, 142.7, 150.3, 151.3, 152.1, 153.2, 160.4;
MS (EI): m/z 364.13 [Mþ þ Hþ]; C23H17N5. Anal. Calcd for C23H17N5.
C 76.01 H 4.71 N 19.27. Found: C 75.95 H 4.70 N 19.23.

2.3.2. 5b. 5,6-bis[(E)-2-(4-methoxyphenyl)vinyl]-
3- pyrazin-2-yl-1,2,4-triazine (Table 3, entry 2)

Yellow solid; mp 78e80 �C; Rf 0.29 (40% AcOEt/Petroleum
ether); IR (KBr): 815, 1025, 1174, 1254, 1375, 1474, 1602 cm�1; 1H
NMR (500 MHz, CDCl3): d 3.86 (s, 6H, AreOCH3), 6.95 (d, 4H,
J ¼ 9.2 Hz eAreH), 7.25e7.34 (m, 2H, eAreH), 7.61e7.67 (m, 4H,
eAreH), 8.11 (d, 1H, J ¼ 16.1 Hz), 8.33 (d, 1H, J ¼ 15.3 Hz, eAreH),
8.73 (d, 1H, J ¼ 1.3 Hz, eAreH), 8.83 (s, 1H, eAreH), 9.86 (d, 1H,
J ¼ 1.3 Hz, eAreH); 13C NMR (75 MHz, DMSO-d6): 55.4, 55.5, 114.4,
114.5,116.1, 116.8, 128.2,128.8,129.4,130.1, 138.5, 142.6,144.6,145.7,
149.0, 151.5, 152.6, 158.7, 160.9, 161.6; MS (EI): m/z 424.70
[Mþ þ Hþ]; Anal. Calcd for C25H21N5O2. C 70.91 H 5.00 N 16.54.
Found: C 70.84 H 5.01 N 16.57.

2.3.3. 5c. 5,6-bis[(E)-2-(3,4-dimethoxyphenyl)vinyl]-
3- pyrazin-2-yl-1,2,4-triazine (Table 3, entry 3)

Yellow solid; mp 194e196 �C; Rf 0.11 (40% AcOEt/Petroleum
ether); IR (KBr): 803, 1022, 1262, 1471, 1514, 1621 cm�1; 1H NMR
Table 2
Photo physical properties of bisaryl-3-pyridinyl-1,2,4-triazine derivatives.

Entry lmax (nm) lemi (nm) Life time of pyrido-1,2,4-triazines derivatives

s (ns) c2

3a 251.75,
311.35,

nt nt nt

3b 328.54 nt nt nt
3c 333.83 507.92 2.96 (92.16), 1.12 (7.84)a 1.09
3d 386.85 545.02 3.98 (85.67), 0.68 (14.33)a 1.15
3e 356.46 535.37 0.71 (62.69), 1.42 (20.18), 2.84 (17.14)b 1.22
3f 351.93 491.49 0.9 (28.4), 4.24 (71.6)a 1.25
3g 343.05 nt nt nt
3h 355.56 nt nt nt
3i 373.86 542.55 4.13 (13.93), 1.10 (86.07)a 1.19
3j 387.82 572.55 3.88 (90.34), 0.57 (9.66)a 1.05
3k 374.58 500.60 4.91 (52.04), 1.33 (47.96)a 1.08
3l 374.28 553.93 3.63 (66.37), 1.32 (33.63)a 1.12

nt-not studied.
a Fluorescence lifetime associated with the bi exponentials.
b Fluorescence lifetimes associated with the tri exponentials.
(500 MHz, CDCl3): d 3.93 (s, 6H, AreOCH3), 3.92 (s, 6H, AreOCH3),
6.91e6.93 (m, 2H,eAreH), 7.17e7.19 (m, 2H,eAreH), 7.23e7.26 (m,
2H, eAreH), 7.29e7.32 (m, 2H, eAreH), 8.08 (d, 1H, J ¼ 16.2 Hz,
eAreH), 8.30 (d, 1H, J ¼ 15.3 Hz, eAreH), 8.73 (d, 1H,
J ¼ 2.3 Hz, eAreH), 8.83 (d, 1H, J ¼ 2.3 Hz, eAreH), 9.86 (d, 1H,
J ¼ 1.6 Hz, eAreH); 13C NMR (75 MHz, DMSO-d6): 55.4, 55.5, 114.4,
114.5, 116.1, 116.8, 128.2, 128.8, 129.4, 130.0, 130.9, 138.4, 142.5,
144.5,145.4,145.6,149.0,151.4, 152.5, 158.7, 160.9,161.5; MS (EI):m/
z 484.20 [Mþ þ Hþ]; Anal. Calcd for C27H25N5O4. C 67.07 H 5.21 N
14.48. Found: C 67.20 H 5.19 N 14.43.

2.3.4. 5d. 5,6-bis[(E)-1-napthylvinyl]-3- pyrazin-2-yl-1,2,
4-triazine (Table 3, entry 4)

Yellow solid; mp 168e170 �C; Rf 0.70 (40% AcOEt/Petroleum
ether); IR (KBr): 1077, 1293, 1511, 1615 cm�1; 1H NMR (500 MHz,
CDCl3): d 7.52e7.60 (m, 8H, eAreH), 7.88e7. 92 (m, 6H, eAreH),
8.32 (d, 2H, J ¼ 8.5 Hz, eAreH), 8.77 (s, 1H, eAreH), 8.87 (s, 1H,
eAreH), 9.04 (d, 1H, J ¼ 15.3 Hz, eAreH), 9.21 (d, 1H, J ¼ 15.3 Hz,
eAreH), 9.93 (s, 1H, eAreH); 13C NMR (75 MHz, DMSO-d6): 112.1,
112.7, 113.4, 115.4, 116.7, 121.4, 124.5, 128.0, 130.2, 140.7, 142.6, 145.1,
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Fig. 4. Emission spectrum of compounds 3iel.
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150.1, 151.4, 153.2, 155.6, 158.6; MS (EI): m/z 464.20 [Mþ þ Hþ];
Anal. Calcd for C31H21N5. C 80.32 H 4.57 N 15.11. Found: C 80.40 H
4.58 N 15.16.

2.3.5. 5e. 5,6-bis[(E)-2-furyl vinyl]-3- pyrazin-2-yl-1,2,4-
triazine (Table 3, entry 5)

Yellow solid; mp 168e170 �C; Rf 0.53 (40% AcOEt/Petroleum
ether); IR (KBr): 1079, 1204, 1295, 1379, 1408, 1576, 1616 cm�1; 1H
NMR (500 MHz, CDCl3): d 6.50e6.52 (m, 2H, eAreH), 6.63 (d, 1H,
Table 3
Synthesis of bisaryl-3-pyrazine-1,2,4-triazine derivatives.

Entry Cinnamil Triazinea

1 OO

1a

N
N

N
N

N

5a

2
OO

MeO
OMe

1b

N
N

N
N

N

MeO

MeO

5b

3
OO

MeO
OMeOMe MeO

1c

N
N

N
N

N

MeO
OMe

MeO
OMe

5c

4 OO

1d

N
N

N
N

N

5d

5 OO

O
O

1e
O

N
N

N
N

NO

5e

a All products were confirmed by IR, NMR, mass and elemental analysis.
b Isolated yield.
J ¼ 3.1 Hz, eAreH), 6.73 (d, 1H, J ¼ 3.1 Hz, eAreH), 7.25e7.37 (m,
2H, eAreH), 7.53 (d, 2H, J ¼ 16.2 Hz, eAreH), 7.96 (d, 1H,
J ¼ 16.1 Hz, eAreH), 8.15 (d, 1H, J ¼ 15.3 Hz, eAreH), 8.72 (d, 1H,
J ¼ 16.1 Hz, eAreH), 8.81 (s, 1H, eAreH), 9.83 (d, 1H, J ¼ 1.6 Hz,
eAreH); 13C NMR (75 MHz, DMSO-d6): 112.4, 112.8, 113.9, 115.7,
115.9, 116.7, 125.1, 128.8, 144.2, 144.5, 145.1, 145.3, 145.7, 148.9,
150.9, 152.1, 152.4; MS (EI): m/z 344.20 [Mþ þ Hþ]; C19H13N5O2.
Anal. Calcd for C19H13N5O2. C 66.47 H 3.82 N 20.40. Found: C 66.37
H 3.83 N 20.34.
Conventional Heating Microwave Irradiation

Time (h) Yield (%)b Time (min) Yield (%)b

3.0 75 12.0 79

3.5 78 13.0 81

4.0 81 14.0 85

4.5 68 14.0 74

4.0 76 15.0 81
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3. Results and discussion

On continuation of earlier work [22], in an initial endeavor, we
carried out the reaction of tolylcinnamil (1b) and pyridine-2-car-
boxtrisamidrazone [20,21] (2) in various solvents at reflux
temperature. Excellent results were obtained with methanol as
a solvent at reflux temperature in the shorter reaction time. After
completion of the reaction, the reaction mixture was poured into
ice cold water and extracted with ethyl acetate and then dried with
sodium sulphate. The crude product was purified by using column
chromatography. The purified bisaryl-3-pyridin-2-yl-1,2,4-triazine
derivative gave good yield of 85% (Scheme 1).

The substrate scope of the reaction under the optimized
conditions was investigated, and the reaction was amendable to
a wide variety of substituents on cinnamils. We extended our
investigation on microwave irradiated synthesis of substituted
triazines and the results, are summarized in Table 1. Microwave
reactions were rapid and resulted in high yields of substituted
1,2,4-triazine derivatives.

The structures of products 3ael were confirmed by spectral
studies and elemental analysis as exemplified for compound 3b as
follows: The IR spectrum showed a peak at 1623 cm�1 which
indicated the presence of C]N group. In the 1H NMR spectrum,
aromatic protons resonated in the region of d: 7.22e8.82 ppm. The
trans olefinic protons were demonstrated at d: 8.10 (J ¼ 15.2 Hz)
andmethyl protons appeared at chemical shift values of d: 2.40 and
2.41 ppm. The 13C NMR studies showed aromatic carbons in the
region of d: 119.2e160.9 ppm and the methyl carbons were seen at
d: 23.3 and 23.4 ppm. The mass spectrum displayed molecular ion
peak at m/z 391.20.
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3.1. Photo physical properties of bisaryl-3-pyridinyl-1,2,
4-triazine derivatives

The photo physical properties of bisaryl-3-pyridinyl-1,2,4-
triazine derivatives were studied in acetonitrile (1 � 10�4 M). The
lmax values of bisaryl-3-pyridinyl-1,2,4-triazine derivatives were
observed in the range of 280e400 nm are due to pep* and nep*
electronic transition in quinoxaline. The absorbance values increase
with the increase in electron donating ability of the substituents
present in the triazine moiety. The bathochromic shift was
observed due to increase in electron donating ability of the
substituents present in the triazine molecule. (Figs. 1 and 2).

The fluorescence spectral data of triazine derivatives (3cef and
3iel) in acetonitrile is shown in Table 2, Figs. 3 and 4. Their fluo-
rescence emission maximum shifted to longer wavelength region
lemi, which mainly depends on the electronic character of the
substituents present in the triazene derivatives. Substituents with
higher electron donating character lead to longer lemi values.
Moreover extended conjugation with fused rings are also respon-
sible for the higher lemi value.

Time correlated single photon counting experiments exhibited
that triazine derivatives have longer life times. Except 3e all other
R

O

R

O N

N

NH2

N
NH2

R

R

N
N

N
N

N

1a-f 4
5a-f

+

Reflux
Methanol 1-2h

M. W. 12-15min

Scheme 2. Synthesis of bisaryl-3-pyrazine-1,2,4-triazine derivatives.
triazine derivatives exhibit a bi-exponential decay and 3e exhibit
a tri-exponential decay. The value of chi-square is in the order of
one, comparatively a good fit with experimental results shown in
Table 2.

Based on the above results, we extended our protocol to the
synthesis of bisaryl-3-pyrazine-1,2,4-triazine derivatives under
optimized condition. 1,6-Diphenylhexa-l,5-diene-3,4dione and
pyrazine-2-carboxtrisamidrazone in methanol under reflux condi-
tion gave bisphenyl-3-pyrazine-1,2,4-triazine derivative in good
yield. (Table 3, Scheme 2) To explore the utility of bisphenyl-3-
pyrazine-1,2,4-triazine derivative, reaction under the optimized
conditions were investigated and the reaction was amendable to
a variety of substituted cinnamils bearing ethers, aromatic ring and
hydrocarbons.

The structure of compounds (5aee) were evaluated based on
detailed spectroscopic studies as exemplified for compound 5d as
follows: IR spectrum of compound (5d) showed an absorption band
in the region of 1615 cm�1 for C]N functional group. Aromatic
protons appeared in the region of d: 7.52e9.93 in the 1HNMR. In 13C
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Fig. 6. Emission spectrum of compounds 5bee.
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Table 4
Photo physical properties of bisaryl-3-pyrazine-1,2,4-triazine derivatives.

Entry lmax (nm) lemi (nm) Life time of pyrazine-1,2,4-triazines

s (ns) c2

5a 344.58 nt nt nt
5b 373.44 506.60 3.96 (91.44), 2.1 (8.56)a 1.06
5c 390.41 568.89 4.2 (78.44), 2.2 (21.66)a 1.12
5d 369.77 467.93 2.83 (55.46), 1.41 (44.54)a 1.16
5e 375.22 510.14 3.33 (68.79), 0.74 (31.21)a 1.19

nt-not studied.
a
fluorescence lifetime associated with the bi-exponential.
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NMR spectra all the aromatic carbons resonated in the region of d:
112.1e158.6. The mass spectra displayed the [Mþ þ Hþ] peak atm/z
464.20.
200 300 400 500 600 700 800

0.0

Wavelength(nm)

Fig. 8. The effect addition of Fe(III) in the absorption spectrum of compound 5b in
acetonitrile.
3.2. Photo physical properties of bisaryl-3-pyrazine-1,
2,4-triazine derivatives

The optical properties of bisaryl-3-pyrazinyl-1,2,4-triazine
derivatives were studied in acetonitrile (1 � 10�4 M). The lmax
values of bisaryl-3-pyrazine-1,2,4-triazine derivatives observed in
the range of 280e400 nm are due to pep* and nep* electronic
transition in quinoxaline. The absorbance values increase with the
increase in electron donating ability of the substituents present in
the triazine moiety. The bathochromic shift was observed due to
increase in electron donating ability of the substituents present in
the triazine molecule (Fig. 5).

Bisaryl-3-pyrazinyl-1,2,4-triazine derivatives (5bee) showed
longer photoluminescence maxima than that of bisaryl-3-pyr-
idinyl-1,2,4-triazine derivatives. The red shift maxima observed in
the region of 450e600 nmwhich strongly depends on the electron
donating character of the substituents present in the pyrazinyl-
1,2,4-triazine moiety. Stronger electron donating groups present in
the pyrazinyl-1,2,4-triazine moiety lead to longer emission values
(Fig. 6 and Table 4).

All bisaryl-3-pyrazinyl-1,2,4-triazine derivatives of entry (5bee)
showed a bi exponential decay. The value of chi-square is in the
order of one comparatively a good fit with experimental results.
Fig. 7. (a) Compound 5b of conc. (b) 5b(50 mM) þ Fe(III)(50 mM); (c) 5b(50 mM) þ Fe(II)
(100 mM); (d) 5b(50 mM) þ Cu(II) (100 mM); (e) 5b(50 mM) þ Co(II) (100 mM) in
acetonitrile.
The fluorescence lifetimes of bisaryl-3-pyrazinyl-1,2,4-triazine
derivatives show higher values on comparison to pyridinyl-1,2,4-
triazine derivatives as shown in Table 4.

Fluorescence modulation upon metal binding is expected
when a fluorophore interacts directly with a nonbonded electron
pair belonging to a metal chelating group. Fluorescence intensity
of the molecules (5b) has been found to change in the presence
of Fe(II) (Ferrous salt of Chloride, Fluoride, Oxalate, Iodide and
sulphate), Fe(III) (Ferric salt of Chloride, Fluoride, Oxalate, Iodide
and sulphate), Co(II) (cobalt salt of Chloride, Fluoride and Iodide)
and Cu(II) (cupric salt of Chloride, Fluoride and Nitate) ions. In
the case of Fe(III), the original green fluorescence has been
found to change to reddish brown upon the addition of 50 mM
of metal ion to 50 mM of compound 5b (Fig. 7) and the corre-
sponding UV and fluorescence spectral changes are shown Figs.
8 and 9.
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Fig. 9. The effect addition of Fe(III), Fe(II), Cu(II) and Co(II) in the fluorescence spec-
trum of compound 5b in acetonitrile.
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4. Conclusion

In conclusion, we have demonstrated a simple and convenient
method for the synthesis of novel bisaryl-3-pyridinyl-1,2,4-triazine
derivative and bisaryl-3-pyrazine-1,2,4-triazine derivatives. This
protocol offers several advantages such as inexpensive starting
material, very simple route of synthesis, no undesired side products
and high yield of products without employing any purification
techniques like column chromatography or recrystallisation, which
makes it an useful and attractive process for the synthesis of
substituted 1,2,4-triazine derivatives. Bisaryl-3-pyrazine-1,2,4-
triazine derivatives showed good sensor property with Fe(III)ions
even inmicro level concentrations also. Further studies to delineate
the scope and limitations of the present methodology are
underway.
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