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Design, synthesis and selective functionalization of a rigid,
truxene derived pure blue-emitting chromophore
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Abstract: A novel, rigid, solution processable, blue emitting
chromophore based on an extended core of truxene (ExT) was
designed and synthesized. The core, ExT based on a fused cyclic
trimer of indenofluorene, was found to be planar in nature and a
potential precursor for blue emission. This could be selectively
brominated under mild conditions to generate a tribromo derivative
which underwent ready Suzuki coupling to generate a trisubstituted
pyrene derivative, ExT-P. This coupling alters the kinetics of the
excited state considerably as evident from transient absorption
spectroscopy, showing faster singlet state decay and less triplet state
formation in the case of the pyrene coupled ExT-P (~1.6 ns)
compared to ExT (~17 ns). The ExT-P shows emission maxima at
441 nm and 442 nm in tetrahydrofuran solution and film, respectively,
with high fluorescence quantum yield (0.97). The negligible
bathochromic shift in the solid-state emission and narrow full width at
half maximum suggests practically no aggregation and pure blue
emission in the target molecule due to bulky and rigid core.

Introduction
Polycyclic aromatic hydrocarbons are one of the most extensively
researched materials in the field of organic electronics. These
conjugated materials have found applications in organic
photovoltaics (OPV),[1] organic light emitting diodes (OLED), [2]
organic field effect transistors (OFET), [3] light emitting
electrochemical cells (LEC),[4] dye-sensitized solar cells (DSSC)[5],
etc, primarily due to their ease of chemical tailoring, which
ultimately helps in achieving the desired properties by structural
modification.[6] These materials also exhibit high thermal and
oxidative stability, high quantum efficiency, along with good
charge carrier mobilities.[2a, 7] Pope et al. were the first to
demonstrate electroluminescence (EL) from anthracene crystals
albeit at a high voltage of 400 V.[8] Since then, various conducting
organic materials, both small molecules and polymers, have been
explored for various organic electronic applications. Polycyclic
aromatic hydrocarbons continue to attract interest from industry
and academia alike due to their interesting optoelectronic
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properties obtained by virtue of their delocalized π-electrons and
planar rigid structures.[9] Additionally, they have found
applications as active materials for blue electroluminescence. [10]
Unlike their red and green counterparts, blue materials have been
plagued by several problems due to their intrinsic wide band
gap.[11] Moreover, problems of colour purity and quenching due to
aggregation, have also been encountered in these materials
resulting in low energy emissions.[12]
Various design alterations have been explored to counter the
aforementioned issues, amongst which star-shaped polycyclic
aromatic compounds have emerged as a potential alternative. [13]
Truxene, a fluorene based cyclic trimer, has been identified as an
excellent building block among the larger polyarenes for organic
electronics due to easy chemical engineering. [14] There are
several reports of utilizing truxene based star-shaped molecules
for OLEDs,[15] OPVs,[16] and OFETs[17]. However, to construct
pure blue emitting materials, bulkier side moieties are required to
be coupled with truxene core due to its planar nature. [6b]
Alternatively, even larger polyarene systems based on truxene
scaffold could be explored to prevent aggregation and to achieve
pure emission.[18] Star-shaped materials based on indenofluorene
are expected show huge potential as active blue emitting
materials. Indenofluorene has been reported to have high
fluorescent emission yields along with their emission maxima in
the blue region, 410-450 nm.[19] Additionally, it has been reported
that blue emitting compounds based on indenofluorene show
better OLED properties in comparison with the fluorene
derivatives.[20]
In this article, we report the design and synthesis of a novel rigid,
blue emitting chromophore based on an extended core of truxene,
which is primarily a fused indenofluorene cyclic trimer. We
demonstrate that this bulky core can be suitably functionalized to
modulate the optical properties of the resultant materials. The
photophysical, electrochemical and computational studies of the
synthesized materials are presented and their potential for
applications in OLEDs as blue emitting materials are discussed.

Results and Discussion
Synthetic methodology
The extended core of truxene, ExT was prepared through
multistep synthesis as shown in Scheme 1. First, the
functionalized truxene core 1 was prepared by alkylation and
further bromination of truxene with molecular bromine.[6a, 21] The
tribrominated truxene core 1 was then utilized as the precursor to
carry out Suzuki cross-coupling with methyl 2-(4,4,5,5tetramethyl-1,3,2-dioxaborolan-2-yl)benzoate 2 in the presence of
tetrakis(triphenylphosphine)palladium (0) as catalyst, potassium
carbonate (K2CO3) as base and tetrahydrofuran (THF) as solvent,
to generate trimethyl 2,2',2''-(5,5,10,10,15,15-hexahexyl-10,15-
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dihydro-5H-diindeno[1,2-a:1',2'-c]fluorene-2,7,12-triyl)tribenzoate
3. The
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Scheme 1. Synthesis of the extended truxene core, ExT and its derivatives 6 and 7.

Scheme 2. Synthesis of extended truxene core derived blue emitting ExT-P.

cyclization reaction of 3 was carried out in the presence of
concentrated sulphuric acid (H2SO4), which resulted in the
formation of the intermediate compound 4. The keto groups
present in compound 4 were then reduced by Wolff-Kishner
reduction reaction in the presence of hydrazine hydrate and
diethylene glycol as solvent, to give compound 5. Further
alkylation of 5 with 1-hexylbromide generated the extended
truxene core, ExT. The completely alkylated core, ExT was
further functionalized by bromination reaction under different
conditions.
For
bromination,
molecular
bromine
in
dichloromethane (DCM) was used to obtain 6 and alternatively,
copper(II) bromide adsorbed onto? aluminium oxide (CuBr2Al2O3) was used as a selective brominating agent for controlled
bromination reaction to obtain the tribrominated derivative of the
extended truxene core, 7. The functionalized precursor 7 was
then coupled with boronate ester of pyrene 8 through Suzuki
cross-coupling reaction, as shown in Scheme 2, to obtain the
target molecule ExT-P. All the compounds and the intermediates

were purified through column chromatography and were
characterized by 1H and 13C NMR, and elemental analysis.

Figure 1. The absorbance spectra of the synthesized compounds, ExT and
ExT-P, in THF (10-5 M).

Photophysical studies
Steady-state spectroscopy and computational studies
The UV-vis and fluorescence emission spectra of the extended
core of truxene based compounds were recorded in THF solution
(10-5 M) and as spin-coated and drop casted (5mg/mL in toluene)
films. Figure 1 shows the absorption spectra of the extended core
of truxene and the target molecule ExT-P. The high energy peak
around 250 nm is attributed to the π-system of the truxene
scaffold (Table 1).[15d] The same has also been confirmed
theoretically by time dependent density functional theory (TDDFT)
studies (Table 2), where electronic transitions show high energy
peak at 219 nm with oscillator strength of 0.2558 (vide infra).
Additionally, the peak around 280 nm in the experimentally
obtained absorption spectrum of ExT-P could be attributed to the
localized transitions of the pyrene moiety present in the target
molecule.[22] The extended core of truxene, ExT gave an
absorption maximum at 352 nm, which was found to be redshifted (~45 nm) when compared with the truxene scaffold.[6b]
Theoretically, the TDDFT studies revealed the first transition for
ExT at 312 nm (vide infra). Furthermore, ExT-P exhibits an
absorption maximum at 372 nm due to the extended conjugation
obtained upon coupling with pyrene moieties. The TDDFT studies
supports this inference, as it revealed a red-shifted maximum for
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ExT-P at 350 nm with an oscillator strength of 2.6961, when
compared to the extended core, ExT.
The time dependent computational studies were carried out to
gain further insight into the absorption behaviour of these
extended truxene core based molecules. These studies were

functional theory (DFT) calculations. The DFT studies were
performed in the gaseous state, whereas IEFPCM model was
used for THF solvent for performing TDDFT. The optimized
geometries of the compounds ExT and ExT-P are shown in
Figure 3 with their electron density distributions in the highest

performed on the optimized geometries obtained from density

occupied molecular orbital (HOMO) and lowest unoccupied

Figure 2. The emission spectra of ExT and ExT-P (a.) in solution, inset showing emission under long wavelength UV-vis (10-5 M) (b.) in thin film.

Table 1. The photophysical properties of ExT and ExT-P.
Solution

Film
λedge (nm)

ΦF

403

392

0.18 (0.10)

442

445

0.97 (0.29)

Compound
λabs(nm)

λemis(nm)

λabs(nm)

λemis (nm)

ExT

242, 352

398

368

ExT-P

243, 282, 372

441

378

molecular orbital (LUMO) levels shown in Figure 4. The time
dependent computations were used to obtain the values of
possible vertical transition energies, their contribution and
oscillator strengths (Table 2). In case of the molecule ExT, the
TDDFT studies revealed the first transition at 312 nm, showing its
major contribution from the HOMO→LUMO transition and
oscillator strength of 2.0714. This value can be correlated with the
experimental absorption maximum value of 352 nm. In case of the
compound ExT-P, the first energy transition from TDDFT studies
was observed at 350-347 nm which could be attributed to π-π-

transition of truxene. This transition showed major contribution
from HOMO→LUMO, with its oscillator strength values
corresponding to 2.6961 and 0.6123, respectively. The
computationally simulated absorption spectra of the compounds
are shown in Figure S2 (Supplementary information).
The emission spectra of the compounds in solution (10 -5 M) and
as thin film are shown in Figure 2. The emission spectrum of the
extended core of truxene shows vibronic features. However, a
broad and featureless emission spectrum was obtained in the
case of the target molecule ExT-P. In solution, the emission for
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ExT-P is red-shifted compared to the rigid extended core of
truxene with its emission maximum at 441 nm (Table 1).
Furthermore, in the solid state the emission maximum of the
extended core of truxene is slightly red shifted due to its planar
structure. However, the solid state emission maxima of ExT-P
was obtained at 442 nm, with a minor red shift of ~1 nm
attributable to the non-planarity induced into the molecular system
by incorporation of the pyrene groups as side moieties and
additionally to the larger and rigid extended truxene moiety at the
core. A similar inference can be drawn while comparing the
emission maxima of truxene-pyrene conjugate, in both solution
and solid-state, as reported in our earlier report.[23] While moving
from the solution to solid-state spectrum of truxene-pyrene
conjugate, a large red-shift of 42 nm and peak-broadening was
obtained, attributable to aggregation, whereas in the case of ExTP, this shift was very minor (~1 nm).[23-24] Furthermore, the full
width-half maximum (FWHM) value of solid-state emission in
ExT-P was found to be 75.9 nm, a much lower value when
compared to FWHM value of the previously reported truxenepyrene conjugate (111.9 nm).[23] The lower FWHM value suggests
better colour purity for ExT-P in solid state emission.[25] The

computational studies also support the experimental data
obtained from solid-state emission. The extended truxene core,
ExT was found to be planar in nature, similar to its truxene
precursor.[6b] However, the target compound, ExT-P with pyrenyl
moieties was found to be non-planar in nature with a dihedral
angle of 54° (Figure 3). Even though, the dihedral angle of ExTP was found to be similar to its truxene-pyrene based analogue,
reported in our previous report, the solid state emission of the
ExT-P suggests no aggregation unlike the truxene-pyrene
conjugate, reinforcing the assertion that the presence of a bulkier
core and additional hexyl chains help in preventing the
aggregation in solid-state. Therefore, while keeping the side
moieties same, but changing the core to bulky and much rigid
molecular system, the aggregation in solid-state can be
prevented.[18, 26] The photoluminescence quantum yield, ΦF
(PLQY) of the compounds ExT and ExT-P was recorded in both
solution and solid-state. In (THF) solution, the PLQY values were
found to be 0.18 and 0.97 for ExT and ExT-P, respectively,
whereas in toluene drop casted films the values obtained were
0.10 and 0.29 for ExT and ExT-P, respectively.

Figure 3. Optimized geometries of the molecules (a.) ExT, (b.) planar view of the ExT core, with alkyl groups sticking out, (c.) ExT-P.
Table 2. The representative wavelengths and the oscillator strength values
obtained from time-dependent studies

Compound

Wavelength
(nm)

312

ExT

219

206

Major Contribution (%)

HOMO→LUMO (73.23%)
HOMO→LUMO+1 (9.67%)
HOMO-1→LUMO (8.14%)

Oscillator
Strength
(f)

2.0714

HOMO→LUMO+2 (13.42%)
HOMO→LUMO+3 (6.81%)
HOMO-2→LUMO (8.67%)
HOMO-3→LUMO (4.61%)
HOMO-4→LUMO (23.78%)
HOMO-4→LUMO+1 (8.14%)

0.2558

HOMO→LUMO+3 (10.34%)
HOMO-2→LUMO (15.51%)
HOMO-3→LUMO (4.96%)
HOMO-6→LUMO (5.56%)

0.6526
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350

HOMO→LUMO (28.31%)
HOMO→LUMO+1 (12.01%)
HOMO-1→LUMO (12.35%)
HOMO-2→LUMO+2 (5.01%)

2.6961

Transient absorption spectroscopy

The excited state spectra and dynamics of both ExT and ExT-P
were monitored by transient absorption (TA) spectroscopy. [27]
HOMO→LUMO (55.31%)
Figures 5a-b show the nanosecond-microsecond (ns-µs) TA
HOMO-1→LUMO (14.26%)
0.6123
347
HOMO-2→LUMO (4.85%)
spectra and dynamics of ExT after excitation at 355 nm,
HOMO-2→LUMO+2 (6.05%)
measured in degassed solution. Note that the TA signal is
ExT-P
negative for photo-induced absorption (PA) and positive in the
HOMO→LUMO+2 (22.68%)
case of the photo-bleach (PB). The singlet states (black line,
HOMO→LUMO+3 (4.69%)
0.9376
314
HOMO-2→LUMO+2 (20.32%)
panel b) are created instantaneously (within the laser pump
HOMO-2 →LUMO (17.41%)
pulse duration) and then decay within several tens of
nanoseconds. A slight red shift of the peak of the PA to 450 nm
HOMO→LUMO+4 (10.70%)
is observed at early times, indicating the generation of longerHOMO-2→LUMO+2 (21.65%)
0.3275
HOMO-3→LUMO+1 (5.65%)
265
lived triplet excited states, likely via intersystem crossing (ISC)
HOMO-4→LUMO (13.07%)
of singlet states. The band prominent at 750 nm is assigned to
the singlet excited states and the bands at 450 nm and 650 nm
represent the features of triplet excited states, however, convoluted with the singlet-induced absorption at early delay times. Figure 5b
shows the normalized integrated kinetics of selected spectral regions of panel (a) as indicated in the legend. The dynamics at 460-475
nm (green line, assigned to triplet states) show no signal decay until 1 µs, while the dynamics monitored at 850-890 nm (black line,
assigned to singlets) decay entirely within tens of nanoseconds. The strong signal amplitude remaining at 100s of nanosecond delays
times implies that a significant amount of singlet states have been converted into long-lived triplets via ISC in this system.
To further quantify the rate of the generation and decay dynamics of the excited states, we performed multivariate curve resolution –
alternating least squares (MCR-ALS) data analysis method of the data obtained by TA spectroscopy. MCR-ALS is a soft modeling tool
introduced earlier by Tauler et al. and previously used by us and others to analyse TA data. [27-28] Figure 5c represents the de-convoluted
kinetics of excited states of ExT as obtained from MCR-ALS (for MCR-ALS spectra, see Figure S1). As seen in Figure 5c, the decay
of single
Figure 4 The HOMO-LUMO distributions of the target molecules ExT
and ExT-P

states for ExT is relatively slow (black open circles) and yields an
inverse decay rate constant of 17 ns. All inverse rate constants
are obtained by exponential fits (solid lines) to the MCR-ALS
kinetics. In line with the singlet state decay, the triplet state
generation shows an inverse rate constant of 16 ns.

The lower panels of Figure 5 represent the nanosecondmicrosecond TA spectra (c) and kinetics (d) of the target molecule
ExT-P. The spectral position of the singlet states is virtually similar
to that of ExT, however, the triplet-induced absorption spectrum
is very different (see the inset of (d)). We note that more than
~90 % of the singlet state population decayed in 7-8 ns, as the
signal at 750 nm implies (black line in panel e), while generating
only few triplet states, as indicated by the weak remaining tripletinduced absorption signal. For comparison, in the case of ExT,
the respective decay is only
~24 % of the signal amplitude at 10 ns. This is in good agreement
with the high fluorescence quantum yield observed for ExT-P,
indicating that non-radiative processes are reduced and most
states recombine radiatively. In fact, PLQY measurements
showed 0.97 quantum yield in solution, which is significantly
higher than 0.18 obtained for ExT. Unlike in ExT, the MCR-ALS
analysis of ExT-P show nanosecond singlet decay (~1.6 ns) and
corresponding triplet generation dynamics (~2.3 ns). However, we
note that these values are close to our temporal resolution. We
further note that, as seen from the Figure 5d,e, ~90% singlets
decayed without generating any triplet states. These results
clearly indicate that the extended core of the target molecule
enhances the radiative singlet state decay leading to strong
fluorescence and thus inhibits triplet formation via ISC.
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Figure 5. a) Nanosecond-microsecond TA spectra of ExT in THF b) Nanosecond-microsecond excited state dynamics of selected spectra regions of (a). c) The
kinetics obtained from MCR-ALS analysis for ExT. The solid lines represent the exponential fit to the MCR-ALS data. d,e) The nanosecond-microsecond spectra
and excited state dynamics of target molecule ExT-P. f) The kinetics obtained from MCR-ALS analysis for ExT-P.

Table 3. The electrochemical properties of ExT and ExT-P.
Compound

EHOMO[a] (eV)

ELUMO[a] (eV)

Egopt (eV)

EHOMO[b] (eV)

ELUMO[b] (eV)

Eg[b] (eV)

Eg[c] (eV)

ExT

-4.98

-1.81

3.17

-5.22

-1.23

3.99

3.97 (3.18[d])

ExT-P

-5.45

-2.61

2.84

-5.10

-1.64

3.49

3.53 (2.79[d])

[a] experimental values using CV [b] obtained using DFT calculations [c] obtained from time-dependent studies [d] obtained from
vertical optical gap by TDDFT

Electrochemical studies
The electrochemical properties of the compounds based on the
extended truxene core were studied by cyclic voltammetry. The
cyclic voltammograms (Figure S3) were used to estimate the
HOMO energy levels of the compounds. The onset of the
oxidation potential of the extended truxene core ExT was found
to be much lower than the target molecule ExT-P, suggesting
higher oxidative stability of the target molecule. The HOMO
energy level of the target molecule ExT-P was found to be
matching well with ITO and PEDOT:PSS. The LUMO energy
levels were estimated from the HOMO energy levels and the

optical bad gap, Egopt.[29] The optical band gap values were
obtained from the onset of the absorption and were observed at
3.17 eV (392 nm) for the extended core and at 2.84 eV (445 nm)
for ExT-P (Table 3). Therefore, the value of the LUMO energy
level was found to be -1.81 eV for the extended truxene core
whereas the target molecule ExT-P showed a comparatively
deeper LUMO value at -2.61 eV. The computationally obtained
band gap values from DFT studies for the HOMO-LUMO energy
levels for ExT and ExT-P were found to be 3.99 eV and 3.46 eV,
respectively. The experimentally obtained HOMO level of ExT-P
was found to be much lower than the computationally obtained
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value when compared to ExT as the DFT computational studies
do not consider the role of the solvent. [30] Additionally, the band
gap values were also obtained from the TDDFT studies as shown
in Table 3. The band gap values obtained from the lowest singlet
excited state transition energies closely matched with the
experimental values.[31]

Conclusions
A novel, rigid and extended core of truxene was designed and
synthesized as a potential blue emitting chromophore. The
additional methylene bridges in the extended core can be easily
alkylated to render it and its derivatives readily solution
processable. This core can be readily and selectively brominated
making it an attractive core for further functionalization. This was
demonstrated by the introduction of three pyrene substituents
symmetrically substituted along the periphery to synthesize ExTP. UV-vis absorption studies of the extended core showed its
absorption maximum at 352 nm showing a bathochromic shift
when compared to the truxene core due to the extended πconjugation. The pyrene derivative, ExT-P showed emission
maximum at 441 nm in THF solution revealing its blue emitting
nature with high PLQY value of 0.97 and optical band gap value
at 2.84 eV. The solid state emission spectra of both the extended
core ExT and target molecule ExT-P showed very minor to
negligible red shift revealing negligible aggregation, even with the
planar structure of the ExT. Besides, TA studies on the molecules
in solution demonstrated shorter singlet state lifetimes of the
pyrene coupled ExT-P molecule and significantly less triplet state
formation. Altogether, the results suggest that the extended core
coupled with pyrene might show improved electroluminescence
in devices due to the presence of the highly fluorescent pyrene
moiety. Beyond the materials presented in here, the selective
functionalization of the core paves the path for development of
pure blue emitting materials through cross-coupling reactions.
Therefore, it can be concluded that the extended core of truxene
prevents aggregation in the solid state due to its much bulkier and
rigid structure and highlights the potential for the use of this core
derived materials as blue emitters.

Experimental Section

supporting electrolyte at room temperature. The computational studies on
the synthesized compounds were performed utilizing Gaussian 09
package using the basis set B3LYP at 6-31G (d,p) level.[33] The
computation time was reduced by replacing the hexyl chains with methyl
groups in the molecules.
Transient absorption spectroscopy
TA spectroscopy was carried out on blend films using a homebuilt pump–
probe setup. The output of a titanium:sapphire amplifier (Coherent
LEGEND DUO, 4.5 mJ, 3 kHz, 100 fs) was split into three beams (2, 1,
and 1.5 mJ). Two of them were used to separately pump two optical
parametric amplifiers (OPA) (Light Conversion TOPAS Prime). TOPAS 1
generates tunable pump pulses for picosecond-nanosecond TA
spectroscopy, while TOPAS 2 generates signal (1300 nm) and idler (2000
nm) only. TOPAS 2 was used to produce a white-light super continuum
from 350 to 1100 nm by sending the 1300 nm pulses through a calcium
fluoride (CaF2) crystal which is mounted on continuously moving stage.
For the 1 ns to 10 μs delay (long delay) TA measurements, the excitation
light (pump pulse) was provided by an actively Q-switched Nd:YVO4 laser
(InnoLas picolo AOT) frequency-doubled to provide pulses at 532 nm and
355 nm. The pump laser was triggered by an electronic delay generator
(Stanford Research Systems DG535) itself triggered by the transistor–
transistor logic (TTL) sync from the Legend DUO, allowing control of the
delay between pump and probe with a jitter of roughly 100 ps. Pump and
probe beams were focused on the sample which was kept under a
dynamic vacuum of <10−5 mbar. The transmitted fraction of the white light
was guided to a custom-made prism spectrograph (Entwicklungsbüro
Stresing) where it was dispersed by a prism onto a 512 pixel
complementary metal-oxide semiconductor (CMOS) linear image sensor
(Hamamatsu G11608- 512DA). The probe pulse repetition rate was 3 kHz,
while the excitation pulses were directly generated at 1.5 kHz frequency (1
ns to 10 μs delays), while the detector array was read out at 3 kHz.
Adjacent diode readings corresponding to the transmission of the sample
after excitation and in the absence of an excitation pulse were used to
calculate ΔT/T. Measurements were averaged over several thousand
shots to obtain a good signal-to noise ratio. The chirp induced by the
transmissive optics was corrected with a homebuilt Matlab code. The delay
at which pump and probe arrive simultaneously on the sample (i.e., zero
time) was determined from the point of maximum positive slope of the TA
signal rise for each wavelength.
Synthesis
The compounds 2,7,12-tribromo-5,5',10,10',15,15'-hexahexyltruxene (1),
methyl 2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzoate (2) and
4,4,5,5-tetramethyl-2-(pyren-1-yl)-1,3,2-dioxaborolane (3) were prepared
according to the literature.[21b, 34]

Methods and materials
Synthesis of compound 3
All the chemicals used for synthesis were obtained from Merck, and
Spectrochem and Sigma Aldrich. The chemicals were used without further
purification, unless mentioned otherwise. 1H and 13C NMR spectra were
recorded on a Bruker Avance III 400 MHz spectrometer. The absorption
spectra were recorded on T90+ UV-vis spectrophotometer. PL studies
were done using Agilent Cary Eclipse fluorescence spectrophotometer.
The PLQY of the solutions were recorded through relative method where
anthracene was used as the standard (ΦF= 0.27, in ethanol).[32] The PLQY
of the thin films drop casted in toluene (5 mg/mL, annealed at 60oC) were
obtained by using an Edinburgh Instruments integrating sphere with a
FLS920 fluorescence spectrometer. Cyclic voltammograms of the
compounds were obtained using Biologic-SP 150 electrochemical quartz
crystal microbalance with 0.1 M tetrabutylammonium perchlorate as the

To a solution of 1 (0.50 g, 0.46 mmol) and methyl 2-(4,4,5,5-tetramethyl1,3,2-dioxaborolan-2-yl)benzoate (0.44 g, 1.66 mmol) in 4.6 mL THF,
Pd(PPh3)4 (0.043 g, 8 mol%) was added along with 1 mL of 2M K2CO3
and tetrabutylammoniumbromide (TBAB), with continuous stirring. The
reaction mixture was heated to 80 °C for 24 hours in nitrogen atmosphere.
On completion, the reaction mixture was extracted with chloroform. The
organic phase was washed with water and dried over sodium sulphate.
The solvent was evaporated and the residue was purified using column
chromatography. The product was obtained as a white solid (0.39 g, 68%).
1H NMR (400 MHz, CDCl ):δ 8.39 (d, J = 8.2 Hz, 3H), 7.84 (d, J = 7.5 Hz,
3
3H), 7.61-7.53 (m, 6H), 7.47-7.42 (m, 6H), 7.35 (d, J = 7.7 Hz, 3H), 3.59
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(s, 9H), 3.04-2.97 (m, 6H), 2.14-2.07 (m, 6H), 0.97-0.84 (m, 36H), 0.61 (t,
J = 7.08 Hz, 30H). 13C NMR (75 MHz, CDCl3):δ 169.80, 153.51, 145.18,
142.39, 139.51, 138.13, 131.53, 131.10, 130.63, 129.61, 127.06, 126.34,
124.31, 122.21, 55.77, 51.65, 37.03, 31.91, 29.68, 23.98, 22.28, 14.09.
Anal. calcd for C87H108O6: C, 83.61; H, 8.71. Found: C, 83.43; H, 8.66.
Synthesis of compound 4
The substrate 3 (0.39g, 0.32 mmol) was cyclized in the presence of H2SO4
(conc.), by stirring the mixture at room temperature for 1 hour. The reaction
mixture was diluted with water and was extracted with chloroform. The
solvent was then evaporated and the residue was purified using column
chromatography to obtain the purified product as a yellow coloured solid
(0.32 g, 89%). 1H NMR (400 MHz, CDCl3):δ 8.63 (s, 3H), 7.74 (d, J = 7.5
Hz, 3H), 7.69 (d, J = 7.4 Hz, 3H), 7.63 (s, 3H), 7.56 (dt, Ja = 7.5 Hz, Jb =
0.9 Hz, 3H), 7.34 (t, J = 6.8 Hz, 3H), 3.03-2.96 (m, 6H), 2.25-2.17 (m, 6H),
0.98-0.80 (m, 36H), 0.59-0.55 (m, 30H). 13C NMR (75 MHz, CDCl3):δ
193.74, 161.97, 145.58, 144.63, 143.64, 140.76, 137.80, 135.55, 134.82,
133.77, 129.15, 124.42, 120.70, 120.51, 114.66, 56.54, 37.06, 31.61,
29.52, 24.29, 22.37, 13.95. Anal. calcd for C84H96O3: C, 87.45; H, 8.39.
Found: C, 87.23; H, 8.53.
Synthesis of compound 5
Reduction reaction of 4 (0.20 g, 0.17 mmol) was carried out by WolffKishner reaction by adding hydrazine hydrate (0.34 mL, 6.94 mmol), using
KOtBu (0.39 g, 3.47 mmol) as the base and diethylene glycol (1.75 mL) as
solvent at 190 °C. The reaction was monitored using TLC and upon
complete consumption of the reactants, it was extracted from hexane. The
crude product was purified using column chromatography to obtain yellow
solid (0.09 g, 45%). 1H NMR (400 MHz, CDCl3):δ 8.58 (s, 3H), 7.94 (d, J =
7.3 Hz, 3H), 7.86 (s, 3H), 7.62 (d, J = 7.0 Hz, 3H), 7.44 (t, J = 7.0 Hz, 3H),
7.34 (t, J = 7.2 Hz, 3H), 4.11 (s, 6H), 3.08- 3.07 (m, 6H), 2.23-2.21 (m, 6H),
0.89-0.85 (m, 36H), 0.59-0.54 (m, 30H). 13C NMR (75 MHz, CDCl3):δ
153.33, 144.97, 144.21, 142.12, 141.58, 140.31, 139.81, 138.74, 126.89,
126.57, 125.25, 121.25, 119.99, 113.44, 55.48, 37.76, 37.41, 31.59, 29.85,
24.19, 22.44, 14.01. Anal. calcd for C84H102: C, 90.75; H, 9.25. Found: C,
90.38; H, 9.23.
Synthesis of compound ExT
To a solution of compound 5 (0.40 g, 0.36 mmol) in 3.7 mL THF at -78 °C,
n-BuLi (3.4 mL, 5.40 mmol) was added dropwise under nitrogen
atmosphere. The stirring was continued for 2 hours and then 1bromohexane (0.56 mL, 5.40 mmol) was added. The reaction was
continued overnight at room temperature. Upon completion, it was
extracted with hexane and organic layer was washed several times with
brine and water. The residue was purified by column chromatography over
silica gel using hexane as eluent to obtain white coloured solid (0.34 g,
58%). 1H NMR (400 MHz, CDCl3):δ 8.42 (s, 3H), 7.84 (d, J = 7.2 Hz, 3H),
7.79 (s, 3H), 7.41 (t, J = 7.6 Hz, 6H), 7.36-7.29 (m, 3H), 3.15-3.08 (m, 6H),
2.35-2.28 (m, 6H), 2.09-2.18 (m, 12H), 0.87-0.83 (m, 42H), 0.73 (m, 36H),
0.61 (m, 24H), 0.56-0.54 (m, 30H). 13C NMR (100 MHz, CDCl3):δ 153.26,
151.65, 148.95, 144.65, 141.64, 139.85, 139.71, 138.89, 126.86, 123.00,
119.66, 119.15, 114.22, 113.21, 55.47 54.97, 41.31, 37.69, 33.99, 32.09,
31.84, 30.25, 29.53, 29.12, 24.24, 22.80, 22.38, 14.11. Anal. calcd for
C120H174O6: C, 89.15; H, 10.85. Found: C, 88.65; H, 10.91.
Synthesis of compound 6
To a solution of ExT (0.10 g, 0.06 mmol) in DCM (0.4 mL), molecular
bromine (0.01 mL, 0.18 mmol) dissolved in DCM was added dropwise at
0 °C. The reaction was continued for 24 hours at room temperature. Upon

the completion of the reaction, excess of bromine was quenched by using
saturated sodium sulphite solution and the product was extracted from
DCM. The organic layer was combined, washed with water and dried over
sodium sulphate. The product was then purified over silica gel, using
column chromatography with hexane as eluent. The purified product was
obtained at white solid (0.08 g, 73%). 1H NMR (400 MHz, CDCl3):δ 8.55
(s, 3H), 8.37 (s, 3H), 7.70 (s, 3H), 7.46 (s, 3H), 2.98 (m, 6H), 2.30 (m, 6H),
2.10 (m, 12H), 0.99 (m, 36H), 0.86 (m, 48H), 0.75 (m, 30H), 0.57 (m, 18H).
13C NMR (100 MHz, CDCl ):δ 156.06, 151.98, 149.02, 145.67, 140.34,
3
138.90, 138.21, 133.95, 124.95, 120.21, 118.58, 117.00, 116.69, 55.61,
55.39, 41.32, 37.40, 36.02, 31.67, 29.60, 29.35, 28.80, 26.75, 23.92, 22.68,
22.16, 14.09. Anal. calcd for C120H168Br6: C, 68.96; H, 8.10. Found: C,
69.03; H, 7.83.
Synthesis of compound 7
To a solution of ExT (0.20 g, 0.12 mmol) in carbon tetrachloride (CCl4) (2.5
mL), copper bromide-alumina (0.77 g, 1.73 mmoles) was added. The
solution was stirred at 90 °C for 24 hours. Upon completion of the reaction,
the reaction mixture was filtered and washed with CCl4. The filtrate was
collected and concentrated to obtain the crude product. The crude product
was then purified over silica gel, using column chromatography with
hexane as eluent. The purified product was obtained as white solid (0.22
g, 95%). 1H NMR (400 MHz, CDCl3):δ 8.36 (s, 3H), 7.72 (s, 3H), 7.67 (d, J
= 8.6 Hz, 3H), 7.52-7.50 (m, 6H), 3.03-2.96 (m, 6H), 2.26-2.18 (m, 6H),
2.12-2.07 (m, 12H), 0.88-0.82 (m, 48H), 0.76-0.72 (m, 24H), 0.60-0.52 (m,
30H). 13C NMR (100 MHz, CDCl3):δ 153.29, 151.67, 148.97, 144.67,
141.66, 139.87, 139.73, 139.47, 138.95, 126.89, 123.02, 119.69, 114.26,
113.25, 55.49, 55.00, 41.34, 37.72, 34.02, 32.12, 30.28, 29.56, 29.36,
29.15, 24.35, 22.83, 22.41, 14.31. Anal. calcd for C120H171Br3: C, 77.77; H,
9.30. Found: C, 77.42; H, 9.24.
Synthesis of ExT-P
To a solution of 7 (0.09 g, 0.05 mmol) in dry THF (2.43 mL), 8 (0.06 g, 0.17
mmol) was added with stirring under nitrogen atmosphere followed by
Pd(PPh3)4 (0.005 g, 8 mol%), TBAB and 2M aqueous solution of K2CO3
(0.13 g, 0.97 mmol). The resultant reaction mixture was stirred at 90 °C
and the reaction was monitored by TLC. Upon completion, the reaction
was quenched and the product was isolated in chloroform. The collected
organic layer was washed with water. Then the solvent was evaporated
and the crude product was purified through column chromatography over
silica gel using hexane/ethyl acetate as the eluent. The product was
isolated as a pale yellow solid (0.07 g, 71%). 1H NMR (400 MHz, CDCl3):δ
8.51 (s, 3H), 8.32-8.24 (m, 6H), 8.23-8.18 (m, 6H), 8.14-8.12 (m, 9H), 8.04
(t, J = 9.0 Hz, 9H), 7.91 (s, 3H), 7.70-7.69 (m, 6H), 3.16-3.14 (m, 6H), 2.362.34 (m, 6H), 2.24-2.23 (m, 12H), 1.21-1.14 (m, 36H), 0.97-0.88 (m, 42H),
0.80-0.78 (m, 24H), 0.73-0.72 (m, 12H), 0.64-0.61 (m, 18H). 13C NMR (100
MHz, CDCl3):δ 153.99, 145.64, 139.70, 139.44, 138.39, 131.76, 131.25,
130.76, 128.86, 128.74, 128.53, 127.90, 127.68, 127.58, 126.21, 125.66,
125.35, 125.29, 125.23, 124.97, 124.90, 56.13, 37.21, 31.77, 29.86, 29.74,
24.30, 22.56, 14.20. Anal. calcd for C168H198: C, 91.00; H, 9.00. Found: C,
90.52; H, 9.23.
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