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Abstract

Tetraphenylethene (TPE) substituted pyrazabole 2 was designed and synthesized by the Pd-
catalyzed Suzuki cross-coupling reaction. The pyrazabole exhibits strong aggregation induced
emission (AIE) and reversible mechanochromic behavior with high color contrast between blue
and green. The powder XRD studies show that destruction of crystalline state into amorphous

state is responsible for mechanochromism.
Introduction

In recent years research on design and synthesis of organic molecules exhibiting AIE and
mechanochromism has gained momentum due to their applications in mechano-sensors, optical
data storage, and security papers." Molecular systems exhibiting strong solid state fluorescence
and high color contrast are essential for mechanochromism.”> The conventional organic
fluorescent dyes are non-fluorescent in solid state due to the notorious effect called aggregation
caused quenching (ACQ).> Tang er al. has introduced the concept of aggregation induced
emission (AIE) to overcome the ACQ.* Generally, the propeller-like conformation of AIE active
molecules restrict tight packing in the aggregated state, which minimizes the chance of
intermolecular 7t-m stacking and results in highly fluorescent solid.”

The tetraphenylethene is AIE active molecule and widely studied for numerous
applications.” However, there is huge space for developing TPE-based functional materials. The
TPE derivatives, containing electron donor as well as acceptor moieties have been used to
develop piezochromic, mechanochromic, vapochromic, thermochromic, and solvatochromic
materials.'” Our group is involved in design and synthesis of mechanochromic materials.’

Recently we have shown, that the TPE substituted phenanthroimidazole and benzothiazole can

Page 2 of 12



Page 3 of 12

RSC Advances

be used as mechanochromic materials. The literature reveals that, variety of weak acceptor units
(phenanthroimidazole, benzothiazole, aldehyde and triazolyl units) have been attached to weak

678 We were interested to see the effect

donor TPE for synthesizing mechanochromic materials.
of TPE substitution on the pyrazabole.

The organoboron compounds are of great interest due to their potential applications in
OLEDs, organic photovoltaics (OPVs), organic field effect transistor (OFET), and NLO
materials.” Pyrazabole is a class of organoboron compound, which is synthesized by
condensation of two pyrazole units with triabutylboranes. The pyrazabole act as a weak acceptor
and has been explored for variety of applications such as liquid crystalline material, multiphoton
absorption, and luminescent polymers.'® Recently we have reported high two photon absorption
(2PA) and three photon absorption (3PA) in ferrocenyl substituted pyrazaboles.''

Herein, we have attached TPE unit on the pyrazabole through single bond and explored
its AIE and mechanochromic properties. The TPE substituted pyrazabole exhibits strong blue
colored emission upon aggregation, and highly reversible mechanochromism between blue and

green color.

Result and discussion

n-Bu. /n -Bu -(1,2,2-triphenylvinyl)phenylboronic n-Bu.__
N~ \ acnd pinacol ester \N'B\
{ } > \ N
> / Pd(PPhz)s, K;CO4 "B
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1 80°c, 12 h 2

Scheme 1 Synthetic route for the TPE substituted pyrazabole 2.

The TPE substituted pyrazabole 2 was synthesized by the Pd-catalyzed Suzuki cross-

coupling reaction of 2,6-diiodopyrazabole with the 4-(1,2,2-triphenylvinyl)phenylboronic acid
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pinacol ester in 45% yield (Scheme 1). The precursors 2,6-diiodopyrazabole and 4-(1,2,2-
triphenylvinyl) phenylboronic acid pinacol ester were synthesized by reported procedures.''?
The TPE substituted pyrazabole was well characterized by usual spectroscopic techniques.
Thermo gravimetric analysis (TGA) of TPE substituted pyrazabole show good thermal stability

with thermal decomposition temperature (T4) at 307 °C corresponding to 5% weight loss under

nitrogen atmosphere (Fig. S1).

Fig. 1 Energy optimized structure of pyrazabole 2 at the B3SLYP/6-31G (d) level.

In order to understand the geometrical structure of the pyrazabole 2, computational
calculation was performed using density functional theory (DFT) at the B3LYP/6-31G(d) level
using the Gaussian 09 program." The energy minimized structure of the pyrazabole 2 show
twisted geometry for TPE unit, while pyrazabole core show planar geometry (Fig. 1). The central
core of pyrazabole show chair conformation. The pyrazabole and TPE units are non-planar with

dihedral angle of 27° between pyrazabole and phenyl of TPE.
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Fig. 2 (A) Fluoroscence spectra of pyrazabole 2 in THF-water mixtures with different water fractions,
(B) Plot of Photoluminiscence intensity (PL) vs. % of water fraction (f,;). Luminogen concentration: 10
UM excitation wavelength: 340 nm; intensity calculated at A.,,. Inset photograph of 2 in THF—water
mixtures with different water fractions (10 xM) under 365 nm UV illumination.

The electronic absorption spectra of the TPE substituted pyrazabole 2 exhibit absorption band
between 250-380 nm. The TPE substituted pyrazabole 2 is weakly fluorescent in solution, due to
free molecular rotations of phenyl rings of tetraphenylethylene unit. The AIE property of TPE
substituted pyrazabole was studied by absorption and fluorescence spectroscopy (Fig. 2, Fig. S2).
The TPE substituted pyrazabole is highly soluble in tetrahydrofuran (THF) and insoluble in
water, therefore the small aggregate particles were prepared by increasing the water fraction in
the THF—water mixture. In pure THF solution the TPE substituted pyrazabole 2 exhibit poor
fluorescence quantum yield, which remains constant until the molecules start aggregating
significantly (AIE effect). The fluorescence of TPE substituted pyrazabole in THF water mixture
remains constant upto the 60% water fraction (f,) and above 60% f,, molecules started
aggregating with enhanced fluorescence. At 90% water fraction the fluorescence intensity was
enhanced by 578 fold (Fig. 2). The photograph of 2 in THF—water mixtures with different water

fractions under 365 nm UV illumination shows the AIE behavior (Fig. 2). The study of
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absorption behavior of AIE show noticeable change after 60% water fraction, and started to

show light scattering of the nanoaggregate suspension in the THF—water mixtures (Fig. S2).

Mean diameter
180 nm
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Fig. 3 The particle size distributions of 2 in THF—water mixture (10:90, v:v) (Left) and SEM
image (right).

In order to determine the dimensions of the nano-aggregates formed, the nanoaggregates at
90% water fraction (fy,) were studied with the help of dynamic light scattering (DLS) and
scanning electron microscopy (SEM). The DLS study shows the average hydrodynamic diameter
of 180 nm for nano-aggregates (Fig. 3). The SEM study reveals rectangular sized nanoaggregates
were formed with average size of ~115 nm. These studies confirm the formation of
nanoaggregates at 90% (fy,).

The mechanochromic properties of TPE substituted pyrazabole 2 was explored by the emission
studies. The pristine form of 2 emits blue light at 453 nm which upon grinding using a spatula or
a pestle exhibits drastic 44 nm change in the emission behavior and emits green light at 497 nm
(Fig. 4). This color contrast mechanochromic effect of TPE substituted pyrazabole 2 can be
reverted to its original color either by annealing or fuming with dichloromethane vapor. The

grinded form of 2 upon annealing at 150 °C for 5 min or fuming with dichloromethane vapor for

6
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4 min restored the original blue emission. This reversible mechanochromic behavior can be
repeated between blue and green emission and proves these stimuli does not cause any chemical

change (Fig. S3).
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Fig. 4 Emission spectra of 2 as Pristine, Grinded and Fumed solids and photograph taken under

365 nm UV illumination.

In order to understand the mechanism of mechanochromism in TPE substituted
pyrazabole 2 powder X-ray diffraction (PXRD) analysis was performed (Fig. S4). The pristine
form of pyrazabole 2 exhibit intense and sharp diffraction peaks reflecting the crystalline
behavior. Upon grinding pyrazabole 2 show weak and diffused diffraction peaks suggesting the
transition to amorphous state. The grinded form of pyrazabole 2 when subjected to heating or
fuming, the sharp diffraction peaks were observed again indicating the transformation of

amorphous state of sample to crystalline state. This result concludes that the mechanochromism
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in pyrazabole 2 is associated with the morphological change from the crystalline state to the
amorphous state and vice versa.

Conclusion

In summary, we have designed and synthesized AIE active mechanochromic TPE
substituted pyrazabole 2 by the Pd-catalyzed Suzuki cross-coupling reaction. The geometry
optimized structure shows twisted geometry of TPE unit. The AIE study reveals remarkable 578
folds enhancement in the emission intensity at 90% water fraction. The TPE substituted
pyrazabole 2 show highly reversible mechanochromism between blue and green light with 44 nm
grinding induced spectral shift. The powder XRD results indicate the transformation from
crystalline to amorphous state is responsible for mechanochromism. The results obtained here

will help in design of new mechanochromic molecules for various optoelectronic applications.
Experimental details
General methods

Chemicals were used as received unless otherwise indicated. All oxygen or moisture sensitive
reactions were performed under nitrogen/argon atmosphere. 'H NMR (400 MHz), and >C NMR
(100MHz) spectra were recorded on the Bruker Avance (III) 400 MHz instrument by using
CDCls. '"H NMR chemical shifts are reported in parts per million (ppm) relative to the solvent
residual peak (CDCls, 7.26 ppm). Multiplicities are given as: s (singlet), d (doublet), t (triplet), m
(multiplet), and the coupling constants J are given in Hz. ?C NMR chemical shifts are reported
relative to the solvent residual peak (CDCls;, 77.0 ppm). Thermogravimetric analyses were
performed on the Metler Toledo Thermal Analysis system. UV-visible absorption spectra were

recorded on a Carry-100 Bio UV-visible Spectrophotometer. Emission spectra were taken in a
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fluoromax-4p fluorimeter from HoribaYovin (model: FM-100). The excitation and emission slits

were 2/2 nm for the emission measurements. All of the measurements were done at 25°C.
Synthesis and characterization of TPE substituted pyrazabole 2:

2: Pd(PPhs)4 (0.004 mmol) was added to a well degassed solution of 2, 6-diiodopyrazabole (1)
(0.4 mmol), 4-(1,2,2-triphenylvinyl)phenylboronic acid pinacol ester (0.48 mmol), K,CO;5(1.2
mmol) in a mixture of toluene (12 mL)/ ethanol (4.0 mL)/ H,O (1.0 mL). The resulting mixture
was stirred at 80 °C for 24 h under argon atmosphere. After cooling, the mixture was evaporated
to dryness and the residue subjected to column chromatography on silica to yield the desired
product 2 as colorless powder. The compound was recrystalized from DCM:ethanol (8:2)
mixtures. Yield: 42.0%. 'H NMR (400 MHz, CDCls, 25 °C): & 7.75 (s, 4H), 7.30 (d, 4H, J=4
Hz), 7.02-7.17 (m, 34H), 1.13-1.19 (m, 8H), 0.65-0.82 (m, 28H) ppm; *C NMR (100 MHz,
CDCls, 25 °C): o 143.7, 143.7, 143.6, 142.7, 141.1, 140.3, 132.0, 131.4, 131.3, 130.1, 129.2,

127.8,127.7, 127.6, 126.5, 126.5, 126.4, 124.8, 122.7, 27.5, 26.2, 14.1, 0.00 ppm.
Supplementary data

Electronic supplementary information (ESI) available: Thermogravimetric analysis,

mechanochromic effect and copies of 'H and '*C NMR spectra.
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