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Abstract This paper concerns the design, synthesis, structur-
al characterization, thermal stability evaluation and fluores-
cence properties of novel triazolothiadiazole derivatives. The
target compounds 6a—e were synthesized by condensing 4-
amino-3-(4-methoxybenzyl)-1H-1,2,4-triazole-5 (4H)-thione
(5) with biphenyl, naphthyl, p-terphenyl, pyrenyl and
ferrocenyl carboxylic acid in the presence of phosphorous
oxychloride. The structures of newly synthesized compounds
were characterized by IR,'"H NMR and '>C NMR analysis.
The photophysical properties of synthesized compounds were
measured in a variety of organic solvents of variable polarities.
Spectral properties of the compounds were highly dependent
on the nature of the substituent and coupling components
attached to the triazolothiadiazole skeleton as well as slightly
affected by the solvent polarities. Correlation of the absorption
spectra and fluorescence emission response of 6a—¢ with the
substituent revealed that the fluorescent properties can easily
be tuned by varying conjugation length of side coupled
groups. The newly synthesized derivatives represent a new
type of fluorescent materials with efficient visible absorption
and surpassing brightness which could be a promising candi-
date for bioimaging, photonic applications, organic light emit-
ting diodes and dye sensitized solar cells.
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Introduction

There is a growing interest for the design and development of
efficient fluorescent heterocyclic compounds with high fluo-
rescent quantum yield, larger Stokes shift, relatively high mo-
lar absorption coefficient and facile synthetic strategy due to
their potential applications in biotechnology, textile and poly-
mer field, dye and plastic industry, liquid crystal technology,
fluorescent whitening agent, photoconducting materials,
bioimaging and biosensing [1, 2]. The application of fluores-
cent dyes in textiles is becoming more fashionable due to their
low cost and color durability [3]. Organic compounds with
extended conjugation have received prodigious interest in
electronic devices such as organic light emitting diodes, or-
ganic photovoltaics, organic thin film transistors, flat-panel
displays, photoelectric cells, and solar batteries [4—7]. The
slightly basic fluorescent dyes used as selective in vivo stain-
ing and visualization of acidic subcellular vesicles such as
lysosomes, endosomes, and Golgi vesicles for biomolecule
characterization employing various labelling techniques. [8,
9] Fluorescent dyes found applications as fluorescent probes
and marker in varieties of electrophoresis techniques [10].
Fluorescent organic dyes fabricated in photoelectrochemical
cells proved be a cheaper alternative to the commercialized
silicon-based solar cells in power generation attracting signif-
icant academic and commercial interest as viable energy
source [11-17].

Fluorescent imaging by using fluorescent organic dyes is
emerging as a very promising technique for drug discovery
and development. Organic dyes have been extensively used
for fluorescent labelling of biomolecules and cells in order to
investigate the in vivo or in vitro mechanism in living cells
and tissues due to their commercial availability and ease of use
by incorporating optical properties [18, 19]. The prerequisite
criteria in the selection of organic dyes include the best fluo-
rescence response on irradiation in the visible range and less
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toxicity toward the living cells and tissues. Among several
heterocyclic compounds, the fused heterocyclic derivatives
including triazolothiadiazole have received considerable at-
tentions owing to their synthetic and potent pharmacological
applications. Due to friendly nature toward biomolecules, the
triazolothiadiazole derivatives might be frontier candidates for
fluorescent imaging, fluorescent labelling of biomolecules
and bioimaging assay.

The present study was aimed to design and synthesize a
series of biphenyl, naphthyl, p-terphenyl, pyrenyl and
ferrocenyl bearing 3,6-disubstituted 1,2,4-triazolo [3,4-b] 1,
3,4-thiadiazole derivatives and evaluated their photophysical
properties, solvatochromism behavior and thermal stability.
All the synthesized derivatives exhibited interesting
photophysical properties with improved molar absorption co-
efficient, Stokes shift and considerable fluorescent quantum
yield. The optical behavior of triazolothiadiazole drivatives
can easily tuned toward longer wavelength by incorporating
extended conjugation on substituting fluorophore at position 3
and 6 of the fused triazolothiadiazole core skeleton. The target
molecules showed commodious bathochromic shift by
substituting the p-terphenyl, pyrenyl and ferrocenyl group
which indicate that emission color of triazolothiadiazole can
easily be tuned from blue to red by increasing conjugation
length. The considerable high thermal stability of synthesized
fused triazolothiadiazole molecules fulfils the thermal stability
requirement for energy storage devices and these kind of ma-
terials might be used in organic light emitting diodes (OLED)
and dye sensitized solar cells (DSSC). The synthesized
triazolothiadiazole derivatives represent a new type of fluores-
cent materials which could be a promising candidate for pho-
tonic applications possessing efficient visible absorption, larg-
er quantum yields and higher brightness. The synthetic proto-
col for the synthesis of target compounds was quite simple
which give high product yield without involvement of com-
plex chromatographic techniques for purification of
compounds.

Experimental
Substrate and Reagents

The biphenyl, naphthyl, p-terphenyl, pyrenyl and ferrocenyl
carboxylic acids and phosphorous oxychloride were pur-
chased from Aldrich. Hydrazine hydrate (80 %), TEA, CS,,
KOH, sodium hydrogen carbonate were obtained from Sig-
ma-Aldrich. Ethanol, methanol, chloroform, water, acetoni-
trile, dimethyl sulfoxide, petroleum ether, ethyl acetate, n-hex-
ane (Samchun Chemicals, Korea), H,SO,4, HCI (Jin Chemical
& Pharmaceutical Co. Ltd., Korea) were used in these
experiments.
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Instrumentations

The reaction progress was monitored by thin layer chromato-
graphic (TLC) analysis and the Ry values were determined by
employing pre—coated silica gel aluminum plates, Kieselgel
60 F,s4 from Merck (Germany). TLC was visualized under a
UV lamp (VL4 LC, France). The melting points were deter-
mined on a Fisher Scientific (USA) melting point apparatus
and are uncorrected. The IR spectra were recorded in KBr
pellets on a SHIMADZU FTIR-8400S spectrometer (Kyoto,
Japan). Proton and carbon nuclear magnetic resonance (‘H
NMR & '*C NMR) spectra were recorded on a Bruker Avance
400 MHz spectrometer with TMS as an internal standard. The
chemical shifts are reported as ¢ values (ppm) downfield from
the internal tetramethylsilane of the indicated organic solution.
Peak multiplicities are expressed as follows: s, singlet; d, dou-
blet and m, multiplet. Abbreviations are used as follows:
DMSO-dg, Dimethyl sulfoxide-ds; FT-IR spectroscopy, Fou-
rier transform infrared spectroscopy. The schematic represen-
tation of synthetic route adopted to obtained 3,6-disubstitut-
ed-[1,2,4] triazolo [3,4-b] [1,3,4] thiadiazoles (6a—¢) are
shown in Scheme 1.

Synthesis of 2-(4-Methoxyphenyl) Acetohydrazide (3)

2-(4-Methoxyphenyl) acetyl chloride (2) were synthesized by
the reaction of 2-(4-methoxyphenyl) acetic acid 1 (1 mmol) in
the presence of 1,2—dichloroethane (12 mL) solvent and phos-
phorous oxychloride (0.4 mL) chlorinating agent under reflux
for 3 h. Then, the resulting solution was cooled to room tem-
perature, and the solvent was removed under reduced pressure
to afford 2-(4-methoxyphenyl) acetyl chloride (2), which was
directly used in the next step without further purification. 2-(4-
Methoxyphenyl) acetyl chloride (2) was dissolved in acetoni-
trile (80 mL), added drop wise to a solution containing hydra-
zine hydrate (1 mmol), TEA (0.5 mL), acetonitrile (20 mL) are
allowed to reflux for 3 h with monitoring by TLC. After con-
sumption of the starting material, the reaction mixture was
cooled to room temperature. Evaporation of the solvent under
reduced pressure yielded crude 2-(4-methoxyphenyl)
acetohydrazide (3) as a white solid on cooling, which was
purified by column chromatography if needed and crystallized
in methanol [20].

2-(4-Methoxyphenyl) Acetohydrazide (3)

White solid; yield: 86 %; mp 134-136 °C; Ry 0.54 (n-hexane :
ethyl acetate, 1:1); FT-IR (v /em '): 3334, 3302 (NH,), 3205
(NH) 3037 (sp> CH), 2958, 2837 (sp> CH), 1610 (C=0),
1541, 1511, 1497 (C=C of phenyl ring);'H NMR
(400 M Hz, DMSO-dg) § 9.21 (s, 1H, NH), 7.19 (aromatic,
d, 2H, J=8.4 Hz), 6.86 (aromatic, d, 2H, J=8.4 Hz), 4.23 (s,
2H, broad, NH,), 3.71 (s, 3H, OCHj3), 3.28 (s, 2H, CH,);'*C
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Scheme 1 Synthesis of 3,6-
disubstituted-[1,2,4] triazolo
[3,4-b] [1,3,4] thiadiazoles
(6a—e): Reagents and conditions:
(i) POCl3, CICH,CH,CI, reflux

3 h; (ii) Hydrazine hydrate, TEA,
MeCN, reflux 3 h; (iii) CS,,
KOH, methanol, stirring, 0 °C,

1 h; (iv) Hydrazine hydrate

(80 %), water, reflux, 10—12 h; (v)
POCIs, carboxylic acids
(biphenyl, naphthyl,
pyrenyl and ferrocenyl carboxylic
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acids), reflux, 4-6 h
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NMR (100 MHz, DMSO-dg) § 170.7, 159.6, 143.2, 129.7,
120.8, 114.6, 111.7, 55.3, 35.4.

Synthesis of 4-Amino-3-(4-Methoxybenzyl)
-1H-1,2,4-Triazole-5 (4H)-Thione (5)

Potassium hydroxide (0.125 mol) was dissolved in dry meth-
anol (50 mL). To the solution, 2-(4-methoxyphenyl)
acetohydrazide (3) (0.125 mol) was added and cooled the
solution in ice. To this, carbon disulfide (0.125 mol) was
added in small portions with constant stirring for 2-3 h. The
solid product of potassium 2-[2-(4-methoxyphenyl) acetyl]
hydrazinecarbodithioate (4) formed, was filtered, washed with
chilled diethyl ether and dried. It was directly used for next
step without purification. The potassium 2-[2-(4-
methoxyphenyl) acetyl] hydrazine carbodithioate (4) was tak-
en in deionized water (20 mL) and hydrazine hydrate
(0.250 mol) was added, and followed by refluxed for 8—
10 h. The reaction mixture turned to yellow green with evo-
lution of hydrogen sulfide and finally it became homoge-
neous. It was then poured in crushed ice and acidified with
hydrochloric acid. The white precipitates of 4-amino-3-(4-
methoxybenzyl)-1H-1,2,4-triazole-5 (4H)-thione (5) was fil-
tered, washed with cold water and crystallized from aqueous
methanol [21, 22].

4-Amino-3-(4-Methoxyphenyl)-1H-1,2,4-Triazole-5
(4H)-Thione (5)

White solid; yield: 75 %; mp 215-217 °C; Ry: 0.71 (pet ether :
ethyl acetate, 7:3); IR (v /em ') 3294, 3130 (NH), 33503273
(NH,), 2937 (sp*> CH), 1585 (C=N), 1561-1506 (C=C), 1335
(C=S);'"H NMR (400 MHz, CDCl5) & 13.81 (s, 1H, NH),
7.98-7.95 (m, 2H, Ar-H), 7.07-6.97 (m, 2H, Ar-H), 5.76 (s,
2H, NH,), 3.72 (s, 3H, OCH;);'*C NMR (100 MHz, CDCl5)
5167.12, 161.31, 158.22, 132.57, 130.11, 118.61, 56.32.

Synthesis of 3,6-Disubstituted-[ 1,2,4] Triazolo [3,4-b] [1,3,4]
Thiadiazoles (6a—¢)

A mixture of 4-amino-3-(4-methoxybenzyl)-1H-1,2,4-tri-
azole-5 (4H)-thione (5) (1 mM) and biphenyl, naphthyl, p-
terphenyl, pyrenyl and ferrocenyl carboxylic acids (1 mM)
in phosphorous oxychloride (8-10 mL) were refluxed for 5—
6 h. The reaction mixture was slowly poured in crushed ice
with stirring and neutralizes it with sodium hydrogen carbon-
ate. Solid material was filtered, washed with cold water and
dried to furnish 3,6-disubstituted-[1,2,4] triazolo [3,4-b] [1,3,
4] thiadiazoles (6a—e) as different color solid [23].

6-[(1,1"-Biphenyl)-4-yl]-3-(4-Methoxybenzyl)-[1,2,4]
Triazolo [3,4-b] [1,3,4] Thiadiazole (6a)

Yellow solid; yield: 77 %; Ry 0.43 (chloroform : methanol,
9:1); IR (v /em ™ "): 3018 (sp> CH), 2930, 2854 (sp° CH), 1577
(C=N), 1544, 1521, 1496 (C=C), 1021 (C-S); '"H NMR
(400 MHz, CDCl5) & 8.01-7.95 (m, 2H, Ar-H), 7.75-7.45
(m, 2H, Ar-H), 7.31-7.27 (m, 2H, Ar-H), 7.75-7.67 (m, 2H,
Ar-H), 7.59-7.51 (m, 2H, Ar-H), 7.50-7.39 (m, 3H, Ar-H),
7.25-7.15 (m, 2H, Ar-H), 6.97-6.92 (m, 2H, Ar-H), 4.51 (s,
2H, CH,), 3.89 (s, 3H, OCH3); >°C NMR (100 MHz, CDCl5)
5 163.3, 160.2, 159.4, 149.1, 133.4, 131.0, 128.5, 128.4,
126.4, 125.3, 122.4, 122.1, 122.0, 119.7, 118.7, 115.6,
114.5, 55.7, 28.9.

3-(4-Methoxybenzyl)-6-(Naphthalen-2-yl)-[1,2,4] Triazolo
[3,4-b] [1,3,4] Thiadiazole (6b)

Off white solid; yield: 81 %; Rz 0.47 (chloroform : methanol,
9:1); IR (L /em ™ "): 3021 (sp® CH), 2935, 2894 (sp° CH), 1588
(C=N), 1540, 1507, 1478 (C=C), 1017 (C-S); '"H NMR
(400 MHz, CDCl3) 5 8.00-7.91 (m, 1H, Ar-H), 7.86-7.81
(m, 2H, Ar-H), 7.76-7.74 (m, 1H, Ar-H), 7.67-7.64 (m, 1H,
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Ar-H), 7.50-7.47 (m, 2H, Ar-H), 7.27-7.18 (m, 2H, Ar-H),
6.96-6.91 (m, 2H, Ar-H), 4.49 (s, 2H, CH,), 3.87 (s, 3H,
OCH3); '*C NMR (100 MHz, CDCl;) & 163.7, 161.0,
158.9, 149.7, 134.2, 134.0, 130.1, 128.7, 127.1, 126.4,
123.8, 119.4, 118.9, 118.4, 115.7, 114.8, 114.5, 55.6, 28.1.

6-[(1,1":4',1"-Terphenyl)-4-y1]-3-(4-Methoxybenzyl)-[1,2,4]
Triazolo [3,4-b] [1,3,4] Thiadiazole (6¢)

Sea green solid; yield: 75 %; Ry 0.48 (chloroform : methanol,
9:1); IR (v /em ™ "): 3037 (sp*> CH), 2936, 2874 (sp> CH), 1578
(C=N), 1534, 1517, 1487 (C=C), 1024 (C-S); 'H NMR
(400 MHz, CDCl5) & 7.81-7.79 (m, 2H, Ar-H), 7.67-7.61
(m, 2H, Ar-H), 7.24-7.14 (m, 2H, Ar-H), 7.05-6.64 (m, 11H,
Ar-H), 4.51 (s, 2H, CH,), 3.87 (s, 3H, OCH;); '*C NMR
(100 MHz, CDCl3) & 163.5, 161.1, 160.0, 149.4, 135.6,
134.1, 133.1, 130.4, 127.4, 127.3, 127.0, 125.6, 122.3,
121.8,120.7, 118.7, 118.2, 115.6, 114.3, 55.6, 28.7.

3-(4-Methoxybenzyl)-6-(Pyren-4-yl)-[1,2,4] Triazolo [3,4-b]
[1,3,4] Thiadiazole (6d)

Antique white solid; 77 %; Ry 0.40 (chloroform : methanol,
9:1); IR (L /em™"): 3022 (sp® CH), 2933, 2861 (sp° CH), 1578
(C=N), 1540, 1521, 1500 (C=C), 1023 (C-S); '"H NMR
(400 MHz, CDCl3) & 7.90-7.56 (m, 9H, Ar-H), 7.18-7.11
(m, 2H, Ar-H), 6.96-6.87 (m, 2H, Ar-H), 4.52 (s, 2H, CH,),
3.88 (s, 3H, OCHs); '>C NMR (100 MHz, CDCl5) & 165.3,
164.0,159.8, 149.4, 134.6, 133.2, 132.4, 130.4, 132.4, 130.2,
129.5,127.3,127.6, 126.3, 125.5, 124.1, 122.0, 119.5, 118.3,
114.1.

6-(4-Ferrocenyl)-3-(4-Methoxybenzyl)-[1,2,4] Triazolo
[3,4-b] [1,3,4] Thiadiazole (6¢e)

Dark pink solid; yield: 86 %; Ry 0.53 (chloroform : methanol,
9:1); IR (L /em ™ "): 3018 (sp® CH), 2941, 2850 (sp° CH), 1578
(C=N), 1540, 1496 (C=C), 1024 (C-S); "H NMR (400 MHz,
CDCls) b 7.18-7.14 (m, 2H, Ar-H), 6.96-6.93 (m, 2H, Ar-H),
4.51 (s, 2H, CH,), 4.08-4.12 (m, 9H, Ferrocene), 3.84 (s, 3H,
OCH;); '*C NMR (100 MHz, CDCl5) & 163.4, 161.0, 160.1,
149.5, 131.2, 129.5, 117.4, 90.1, 88.2, 68.6, 68.1, 67.9, 55.9.

Results and Discussions

Synthesis

The conversion of 2-(4-methoxyphenyl) acetic acid (1) to
2-(4-methoxyphenyl) acetyl chloride (2) was indicated in the

IR spectral data by the disappearance of broad signal in the
range of 3400-2500 cm ' due to acid hydroxy group
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stretching vibrations. The formation of 2-(4-methoxyphenyl)
acetohydrazide (3) was indicated in the IR spectral data due to
appearance of new signal at 3334, 3302 and 3205 due to
primary and secondary amino group of acid hydrazide. Mean-
while there was slight shift in the carbonyl stretching vibration
from 1733 to 1620 cm ™ indicate the successful conversion of
2-(4-methoxyphenyl) acetyl chloride (2) into 2-(4-
methoxyphenyl) acetohydrazide (3). The appearance of broad
singlet at 9.21 as well as 4.23 ppm further confirms the 2-(4-
methoxyphenyl) acetohydrazide (3) formation. The structures
of 4-amino-3-(4-methoxybenzyl)-1H-1,2,4-triazole-5 (4H)-
thione (5) was characterized by IR, "H NMR and '*C NMR
spectral analysis. In IR spectrum, a peak in the range of 3294,
3130 cm ! for NH stretching and a relatively strong peak with
shoulder in the range of 3350-3273 cm ™' for NH, stretching
were observed. In the 'H NMR, NH proton appear at
13.81 ppm and this proton exists as thione-thiol tautomeric
form and the dominant form is thione indicated in the IR
spectral data as there was no peak for SH group in IR spectrum
in the range of 2500-2400 cm . Synthesis of 3,6-disubstitut-
ed-[1,2,4] triazolo [3,4-b] [1,3,4] thiadiazoles (6a—¢) were
confirmed by IR as well as NMR spectra by the disappearance
of signals for NH and NH, group while appearance of new
signal in both "H NMR and '>C NMR spectra confirm the
formation of fused heterocyclic compounds 3,6-disubstitut-
ed-[1,2,4] triazolo [3,4-b] [1,3,4] thiadiazoles (6a—e).

Photophysical Properties and Solvatochromism Study

The UV-visible properties, fluorescence emission characteris-
tics and photophysical parameters of the target compounds
6a—e (1x107> molL™") are summarized in Figs. 1, 2, S1-3
(Supporting information) and Table 1. To evaluate the effect
of solvent polarities on the absorption and emission character-
istics of the synthesized triazolothiadiazole derivatives, all the
synthesized compounds 6a—e were tested in the different sol-
vents of variable polarities including chloroform, ethanol, ace-
tonitrile, methanol and dimethyl sulfoxide. The
solvatochromism study of the compound 6a shows that there
was single absorption peak ranging from 389 to 399 nm in
relatively less polar solvent including chloroform, ethanol and
acetonitrile with least molar absorptivity of 19.3x
10*M " em ™, 17.6x10* M em ™' and 15x10* M em ™',
respectively while there was two distinct absorption signal,
one in the range of 237-253 nm and the other in the range
of 301-303 nm with higher molar absorptivity values of
41.6x10* M ' em !, 40.6x10* M ! ecm ! for shorter wave-
length signal and 23x10* M cm ™, 19x10* M™' em ™! for
longer wavelength range signal. The highest absorption signal
was observed in methanol with molar absorptivity’s of 41.6x
10*M " em ™" and 23x10* M ™' em ™! in case of compound 6a.
The compound 6a exhibit emission spectra in the range of
389—415 nm in varieties of solvent with Stokes shift of
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Fig. 1 UV-visible absorption 6a

spectra (6a) and fluorescence
emission spectra (6a’) of 6a

35

3.0

—— DMSO ——DMSO
e e
EtOH 5 OH
—— Chloroform 5 —— Chloroform

éa'

(1x107° molL ") in varieties of
solvents

Absorbance

Fluorescence intensity (a

30 253 276

8240-11467 cm™ " for longer wavelength signal while 15429—
17803 cm ™' for shorter wavelength signal. The compound 6a
shows largest Stokes shift of 11467 cm ™' in chloroform with
hypsochromic shift of 34 nm and fluorescence quantum yield
0f'0.006. The relative fluorescence quantum yield of 6a varies
from 0.0051 to 0.0071 in various solvents of different polari-
ties (Fig. 1 and Table 1).

The compound 6b exhibited single absorption signal in the
range of 271-306 nm in chloroform, ethanol and acetonitrile
with molar absorptivity’s of 22x10* M™" em™, 17x
10* M~ ecm™" and 20.6x10* M™' em ™, respectively. The
two absorption signal was observed in methanol and DMSO
at 236, 253 and 306 nm, 319 nm with molar absorptivity’s of
32.6x10* M cm_l, 453%x10* M ' em ! for shorter wave-
length signal and 23.3x10* M ' ecm ™!, 20.6x10* M ' ecm !
for longer wavelength signal, respectively. The compound 6b
emits in the range of 410-449 nm with Stokes shift 0f 9848 to
12510 cm ™' for longer wavelength signal and 17253 cm ',
19697 cm ' for shorter wavelength absorption signal. The
largest hypsochromic shift of 48 nm was observed in chloro-
form with least quantum yield of 0.0032 while maximum
quantum yield of 0.016 was harvested by 6b in DMSO
(Fig. 2 and Table 1).

The compound 6¢ shows one absorption signal at 265 nm
with shoulder at 252 nm, 253 nm in chloroform and acetoni-
trile except in DMSO where no prominent shoulder signal was

299
Wavelength/nm

390 420 450 480

Wavelength/nm

510 540

570

322 345 360

observed while 6¢ exhibited additional prominent isolated sig-
nal in shorter wavelength region at 236 nm, 237 nm in ethanol
and methanol (Fig. S1). The maximum molar absorptivity of
17x10*M ' em ! was exhibited by 6¢ in acetonitrile at longer
wavelength while at shorter wavelength the maximum molar
absorptivity of 40.6x10* M cm™' was found in methanol.
The compound 6¢ emits in the range of 438-448 nm with
Stokes shift of 16851-20001 cm™ "' for shorter wavelength
signal and 14904-15701 cm™" for longer wavelength signal,
respectively. There was shoulder peak for 6¢ in all solvents
except DMSO in between 330 and 340 nm. The compound 6¢
exhibited relative fluorescence quantum yield ranging from
0.011 to 0.014. The maximum quantum yield of 0.014 was
harvested in methanol and DMSO while minimum quantum
yield of 0.011 was harvested in ethanol (Fig. S1 and Table 1).

The compound 6d exhibited three distinct absorption max-
ima at 226-239, 276280 and 352-374 nm in all tested sol-
vents of different polarities with the molar absorptivity’s at
37.3-443x10* M' em™', 25.6-36.3x10* M ecm ™' and
21.6-25x10* M ' cm ™', respectively. The maximum absorp-
tion coefficient of 44.3x10* M em ™', 36.3x10* M' cm™
and 25x10* M' cm™' was observed by 6d in acetonitrile
while minimum molar absorptivity of 37.3x10* M™! cm ™",
25.6x10* M™" cm ™' and 21.6x10* M™' em™" was exhibited
by 6d in chloroform. The compound 6d emits in the range of
393-456 nm with Stokes shift of 14432-19911, 10786-13784

Fig. 2 UV-visible absorption 6b
spectra (6b) and fluorescence
emission spectra (6b”) of 6b

(1x107° molL ") in varieties of

—— DMSO —— DMSO
—— MK - —y o5

e e
—— EtOH 5 800 —— EtOH
—— Chloroform —— Chloroform

6b
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Fluorescence intensity (a.u)
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o o o o o
=] (=] (=] (=] =]

N
Q
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(=]
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Table1 Observed UV-visible absorption maxima, fluorescence emission maxima, molar absorptivity, Stokes shift and relative fluorescence quantum
yield of substituted fused triazolothiadiazole derivatives 6a—e in different solvents
Comp. Solvents Aabs (1) Aem (1) e 10* (M ' em™) 43 shift (cm ™) *OFL
6a Chloroform 269 389 19.3 11467 0.006
Ethanol 298 395 17.6 8240 0.0051
Acetonitrile 300 399 15 8270 0.0067
Methanol 237,301 410 41.6,23 17803, 8832 0.0071
DMSO 253,303 415 40.6, 19 15429, 8906 0.0067
6b Chloroform 271 410 22 12510 0.0032
Ethanol 304 435 17 9906 0.0053
Acetonitrile 306 438 20.6 9848 0.0061
Methanol 236, 306 441 32.6,23.3 19697, 10004 0.0084
DMSO 253,319 449 45.3,20.6 17253, 9076 0.016
6¢ Chloroform 252,265 438 13.6, 13.6 16851, 14904 0.0120
Ethanol 237,265 440 26.6,5.3 19466, 15008 0.011
Acetonitrile 253,262 446 17.6, 17 17104, 15746 0.0121
Methanol 236, 265 447 40.6, 14.3 20001, 15364 0.014
DMSO 263 448 313 15701 0.014
6d Chloroform 226,276, 352 393 37.3,25.6,21.6 18802, 10786, 2963 0.0130
Ethanol 228,277,363 399 39,25.6,22 18796, 11038, 2485 0.0129
Acetonitrile 227,278, 366 400 44.3,36.3,25 19052, 10971, 2322 0.0133
Methanol 254,277, 367 401 44.3,32.6,23 14432, 11163, 2310 0.0130
DMSO 239, 280, 374 456 43.3,273,20 19911, 13784, 4808 0.0131
6e Chloroform 275,318, 431 453 48.3,18.6, 15.6 14288, 9371, 1126 0.010
Ethanol 275, 320, 435 438 483,183,163 13532, 8418, 157 0.009
Acetonitrile 276, 320, 437 459 484,183, 16.6 14445, 9463, 1096 0.011
Methanol 278, 326, 437 464 48.4,19.0,17.0 14419, 9123, 1331 0.0140
DMSO 284,333,471 494 48.6,19.3,18.3 14968, 9787, 988 0.0193

#UV-visible absorption maxima
® Fluorescence emission maxima
¢ Malar absorption coefficient

4 Stokes shift

¢Relative fluorescence quantum yield

and 23104808 cm ', respectively. The compound 6d shows
hyperchromic shift of 12, 14, 15 and 24 nm in ethanol, aceto-
nitrile, methanol and DMSO as compare to chloroform. The
highest fluorescence quantum yield 0of0.0133 and 0.0131 was
observed in MeCN and DMSO, respectively while minimum
quantum yield of 0.0129 was observed in ethanol (Fig. S2 and
Table 1).

The compound 6e exhibited three distinct absorption sig-
nals with the absorption maxima at 275-284, 318-333, 431—
471 nm with molar absorptivity in the range of 48.3—48.6x
10* M em ™, 18.6-19.3x10* M ecm™' and 15.6-18.3x
10* M ! em ™, respectively. The maximum absorption coeffi-
cient was observed for DMSO while minimum molar absorp-
tivity was shown by 6e in ethanol. The emission maxima for
compound 6e were recorded in the range of 453—494 nm in
variety of solvents (Fig. S3). The compound 6e exhibited
hyperchromic shift of 41 nm in DMSO as compare to

@ Springer

chloroform with maximum quantum yield of 0.0193 while
the quantum yield of 6e in various solvent are in the range
0f 0.009-0.0193 and quantum yield was found to reduce by
decreasing solvent polarity as shown in Table 1.

The Stokes shift of triazolothiadiazole derivatives 6a—e was
calculated by using Eq. 1 and molar absorption coefficient
was calculated by using Beer Lambert law [24, 25].

(LVA-VF) = (}\IA—)\IF) x 107 (1)

The fluorescent quantum yield was calculated by using
Eq. 2 [26]. All the compounds exhibited moderate to low
fluorescent quantum yield and the experimental values are
tabulated in Table 1. Quinine sulfate (0.5 M stock solution
in 0.1 N sulfuric acid) was used as reference standard for
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relative fluorescence quantum yield determination of
triazolothiadiazole derivatives [27-29].

Dy = Dy (]unk/Aunk) (Astd/lstd) (nunk /nstd)2 (2)

Where @, is the fluorescence quantum yield of the sam-
ple, Dy is the quantum yield of the standard, /7, and Iy are
the integrated fluorescence intensities of the sample and the
standard, respectively, Ay and Agq are the absorbance’s of
sample and the standard at the absorption wavelength, respec-
tively, 7y and ngg are the refractive indices of corresponding
solvents.

From the fluorescent quantum yield data (Table 1), the
result indicates that the quantum yield of the
triazolothiadiazole derivatives 6a—e were directly dependent
on the substituent attached to the triazolothiadiazole skeleton.
The relative fluorescence quantum yield of pyrenyl and
ferrocenyl substituted triazolothiadiazole derivatives 6d and
6e were higher as compare to other derivatives 6a—c. The p-
terphenyl substituted triazolothiadiazole derivative 6¢ exhibit
moderate fluorescence quantum yield among the series while
least fluorescence quantum yield were harvested for biphenyl
and naphthy] substituted triazolothiadiazole derivatives 6a and
6b. The structure activity relationship of the synthesized com-
pounds 6a—e revealed that on substituting more conjugated
side coupled R group, there was momentous increment in
the fluorescent quantum yield and the derivatives with less
conjugated side coupled group displayed decline in the rela-
tive fluorescent quantum yield.

Thermogravimetric Analysis

The thermal stability of organic materials is prerequisite for
the durability, lifetime and efficiency of OLED devices. Deg-
radation of amorphous organic layer due to high temperature
may reduce the efficiency of OLED. To assess the thermal
stability of newly synthesized derivatives 6a—e, thermogravi-
metric analysis (TGA) was performed by flowing drying ni-
trogen atmosphere at the heating rate of 10 °C/min using ap-
proximately 7.85 mg sample in the temperature range of 25—
700 °C. All the compounds 6a—e shows very good thermal
stability above 300 °C with approximately 20 % weight loss
except 6e which showed 20 % weight loss at 225 °C but it
exhibit very interesting thermal stability profile with only
46 % weight loss up to 700 °C. There was a sharp weight loss
below 100 °C in the TGA curve of compound 6a and 6d
which was probably due to loss of moisture from the com-
pounds. None of the compounds 6a—e completely
decomposed up to 700 °C (Fig. 3). This considerable high
thermal stability of synthesized fused triazolothiadiazole mol-
ecules 6a—e fulfils the thermal stability requirement for energy
storage devices and these kind of materials might be used in
organic light emitting diodes (OLED) and dye sensitized solar
cells (DSSC).

Computational Study

In order to better understand the electronic transition occurring
in the synthesized organic dyes during fluorescent emission
and UV-visible spectral recording, the frontier molecular
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Fig. 3 Thermogravimetric analysis results for compounds 6a—¢
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orbital i. e., HOMO and LUMO were generated for the
substituted fused triazolothiadiazole derivatives 6a—e
(Table. 2). The electron density distribution pattern was not
linear for HOMO and LUMO of all the compounds 6a—¢. In
HOMO of compounds 6a and 6c, the electron density were
spread over the triazole ring and the aralkyl ring attached to
the fused triazole moiety while there was no electronic cloud
on the side coupled group substituted to the fused thiadiazole
ring. During the time, the case was divergent in LUMO where
an expansion of electronic cloud over the side coupled group
substituted to the central triazolothiadiazole nucleus was

observed. Meanwhile the electron distribution was on the side
coupled naphthyl as well as pyrenyl group attached to the
central fused heterocyclic nucleus, respectively in HOMO of
6b and 6d inversely in LUMO, there was electronic distribu-
tion over triazole and aryl ring. However, the electron distri-
bution pattern was quite different in case of 6e. There was
expansion of electron density over central fused heterocyclic
nucleus as well as side coupled ferrocenyl group in case of
both HOMO and LUMO of 6e while negligible difference
were observed in the electronic distribution pattern between
both the selected orbitals.

Table2  Computer generated frontier molecular orbitals of compounds 6a—e

S. No.

HOMO

6a

6b

6¢

6d

6e
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Conclusion

A series of five 3,6-disubstituted 1,2,4-triazolo [3,4-b] 1,3,4-
thiadiazole derivatives bearing biphenyl, naphthyl, p-
terphenyl, pyrenyl and ferrocenyl group were synthesized
and evaluated their photophysical properties including UV-
visible absorption spectra, fluorescence emission spectra, mo-
lar absorption co-efficient, Stokes shift and the relative fluo-
rescence quantum yield in a variety of organic solvents in
order to investigate their potential as an efficient fluorescent
dyes with maximum light harvesting potential. Spectral prop-
erties of the compounds were highly dependent on the nature
of the substituent and coupling components attached to the
triazolothiadiazole skeleton as well as slightly affected by
the solvent polarities. The thermal stability of the target com-
pounds were evaluated by thermogravimetric analysis. All the
compounds 6a—e shows very good thermal stability above
300 °C with approximately 20 % weight loss except 6e with
20 % weight loss at 225 °C. However, it exhibits very inter-
esting thermal stability profile with only 46 % weight loss up
to 700 °C. The considerable high thermal stability of synthe-
sized fused triazolothiadiazole molecules may fabricate them
in organic light emitting diodes (OLED) and dye sensitized
solar cells (DSSC). Due to low toxicity of triazolothiadiazole
skeleton toward biomolecules, facile synthetic strategy with
economic compatibility and fascinating photophysical proper-
ties may be utilized in bioimaging, fluorescent labelling of
biomolecules and cells.

Acknowledgments This research was supported by the Basic Science
Research Program through the National Research Foundation of Korea
(NRF) funded by the Ministry of Education, Science and Technology
(No. 2011-0015056).

References

1. Patilj VS, Padalkar VS, Tathe AB, Gupta VD, Sekar J (2013)
Synthesis, photo-physical and DFT studies of ESIPT inspired novel
2-(2',4’-dihydroxyphenyl) benzimidazole, benzoxazole and
benzothiazole. J Fluoresc 23:1019-1029

2. Gulcan M, Dogru U, Ozturk G, Levent A, Akbas E (2014)
Fluorescence properties and electrochemical behavior of some schiff
bases derived from N-aminopyrimidine. J Fluoresc 24:389-396

3. Ahmed KS, El-Molla MM, Abdel-Mottaleb MSA, Attia MS, El-
Saadany S (2013) Synthesis and evaluation of novel fluorescent dyes
using microwave irradiation. Res J Chem Sci 3:3-18

4. Yu T, Zhang C, Zhao Y, Guo SQ, Liu P, Li W, Fan D (2013)
Synthesis, crystal structure and photoluminescence of a
cyclometalated Iridium(IIl) coumarin complex. J Fluoresc 23:777—
783

5. Idzik KR, Licha T, Lukes V, Rapta P, Frydel J, Schaffer M, Taeuscher
E, Beckert R, Dunsch L (2014) Synthesis and optical properties of
various thienyl derivatives of pyrene. J Fluoresc 24:153-160

6. Szuster L, Kazmierska M, Krol I (2004) Fluorescent dyes destined
for dyeing high-visibility polyester textile products. Fibres Text East
Eur 12:70-75

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

. Cannestra AF, Pouratian N, Shomer MH, Toga AW (1998)

Refractory periods observed by intrinsic signal and fluorescent dye
imaging. J Neurophysiol 80:1522—1532

. Annenkov VYV, Danilovtseva EN, Zelinskiy SN, Basharina TN,

Safonova TA, Korneva ES, Likhoshway YV, Grachev MA (2010)
Novel fluorescent dyes based on oligopropylamines for the in vivo
staining of eukaryotic unicellular algae. Anal Biochem 407:44-51

. Obrien JA, Lummis SCR (2007) Diolistics: incorporating fluorescent

dyes into biological samples using a gene gun. Trends Biotechnol 25:
530-534

Milanova D, Chambers RD, Bahga SS, Santiago JG (2011)
Electrophoretic mobility measurements of fluorescent dyes
using on-chip capillary electrophoresis. Electrophoresis 32:
3286-3294

Thomas KRJ, Kapoor J, Lee CP, Ho KC (2012) Organic dyes con-
taining pyrenylamine-based cascade donor systems with different
aromatic 7t linkers for dye-sensitized solar cells: optical, electrochem-
ical, and device characteristics. Chem Asian J 7:738-750

Chen KF, Chang CW, Lin JL, Hsu YC, Yeh MCP, Hsu CP, Sun SS
(2010) Photophysical studies of dipolar organic dyes that feature a 1,
3-cyclohexadiene conjugated linkage: the implication of a twisted
intramolecular charge-transfer state on the efficiency of dye-
sensitized solar cells. Chem Eur J 16:12873-12882

Al-Eid M, Lim SH, Park KW, Fitzpatrick B, Han CH, Kwak K, Hong
J, Cooke G (2014) Facile synthesis of metal-free organic dyes featur-
ing a thienylethynyl spacer for dye sensitized solar cellsq. Dyes
Pigment 104:197-203

Choi H, Baik C, Kim HJ, Kim JJ, Song K, Kang SO, Ko J (2007)
Synthesis of novel organic dyes containing coumarin moiety for solar
cell. Bull Korean Chem Soc 28:1973-1979

Wang ZS, Cui Y, Oh YD, Kasada C, Shinpo A, Hara K (2008)
Molecular design of coumarin dyes for stable and efficient organic
dye-sensitized solar cells. J Phys Chem C 112:17011-17017

Hardin BE, Snaith HJ, McGehee MD (2012) The renaissance of dye-
sensitized solar cells. Nat Photonics 6:162—169

Chaurasia S, Hung WI, Chou HH, Lin JT (2014) Incorporating a new
2H-[1,2,3]triazolo[4,5-c]pyridine moiety to construct D-A-1t-A or-
ganic sensitizers for high performance solar cells. Org Lett 16:
3052-3057

Auger A, Samuel J, Poncelet O, Raccurt O (2011) A comparative
study of non-covalent encapsulation methods for organic dyes into
silica nanoparticles. Nanoscale Res Lett 6:328-340

Texier I, Goutayer M, Silva AD, Guyon L, Djaker N (2009) Cyanine-
loaded lipid nanoparticles for improved in vivo fluorescence imag-
ing. J Biomed Opt 14:054005. doi:10.1117/1.3213606

Huang J, Xu'Y, Qian X (2009) A rhodamine-based Hg2+ sensor with
high selectivity and sensitivity in aqueous solution: a NS2-containing
receptor. J Org Chem 74:2167-2170

Lam KW, Syahida A, Ulhaq Z, Rahman MBA, Lajis NH (2010)
Synthesis and biological activity of oxadiazole and
triazolothiadiazole derivatives as tyrosinase inhibitors. Bioorg Med
Chem Lett 20:3755-3759

Li Z, Gu Z, Yin K, Zhang R, Deng Q, Xiang J (2009) Synthesis of
substituted-phenyl-1,2,4-triazol-3-thione analogues with modified D-
glucopyranosyl residues and their antiproliferative activities. Eur J
Med Chem 44:4716-4720

Li D, Fu H (2006) Synthesis and fungicidal activities of 2,5-Bis[(3-
ARYL)-1,2,4-Triazolo[3,4-b]-[1,3,4]Thiadiazole-6-Y1] Pyridines.
Heterocycl Commun 12:383-388

Georgiev NI, Sakr AR, Bojinov VB (2011) Design and synthesis of
novel fluorescence sensing perylene diimides based on photoinduced
electron transfer. Dyes Pigment 91:332-339

Garland CW, Nibler JW, Shoemaker DP (2009) Experiments in phys-
ical chemistry, 8th edn. The McGraw-Hill Companies, Inc., New
York, pp 630-632

@ Springer


http://dx.doi.org/10.1117/1.3213606

226 J Fluoresc (2015) 25:217-226

26. Demas JN, Crosby GA (1971) Measurement of photoluminescence 28. Lakowicz JR (2006) Principles of fluorescence spectroscopy, 3rd

quantum yields. Rev J Phys Chem 75:991-1024 edn. Springer science+business media, LLC, New York, pp 54-55

27. Wurth C, Grabolle M, Pauli J, Spieles M, Genger UR (2013) Relative 29. Brouwer AM (2011) Standards for photoluminescence quantum
and absolute determination of fluorescence quantum yields of trans- yield measurements in solution (IUPAC technical report). Pure
parent samples. Nat Protoc 8:1535-1550 Appl Chem 83:2213-2228

@ Springer



	Synthesis, Characterization and Photophysical Properties of Novel Azole Derivatives
	Abstract
	Introduction
	Experimental
	Substrate and Reagents
	Instrumentations
	Synthesis of 2-(4-Methoxyphenyl) Acetohydrazide (3)
	2-(4-Methoxyphenyl) Acetohydrazide (3)
	Synthesis of 4-Amino-3-(4-Methoxybenzyl)-1H-1,2,4-Triazole-5 (4H)-Thione (5)
	4-Amino-3-(4-Methoxyphenyl)-1H-1,2,4-Triazole-5 (4H)-Thione (5)
	Synthesis of 3,6-Disubstituted-[1,2,4] Triazolo [3,4-b] [1,3,4] Thiadiazoles (6a–e)
	6-[(1,1′-Biphenyl)-4-yl]-3-(4-Methoxybenzyl)-[1,2,4] Triazolo [3,4-b] [1,3,4] Thiadiazole (6a)
	3-(4-Methoxybenzyl)-6-(Naphthalen-2-yl)-[1,2,4] Triazolo [3,4-b] [1,3,4] Thiadiazole (6b)
	6-[(1,1′:4′,1″-Terphenyl)-4-yl]-3-(4-Methoxybenzyl)-[1,2,4] Triazolo [3,4-b] [1,3,4] Thiadiazole (6c)
	3-(4-Methoxybenzyl)-6-(Pyren-4-yl)-[1,2,4] Triazolo [3,4-b] [1,3,4] Thiadiazole (6d)
	6-(4-Ferrocenyl)-3-(4-Methoxybenzyl)-[1,2,4] Triazolo [3,4-b] [1,3,4] Thiadiazole (6e)

	Results and Discussions
	Synthesis
	Photophysical Properties and Solvatochromism Study
	Thermogravimetric Analysis
	Computational Study

	Conclusion
	References


