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This research involves the study of the syntheses of the derivatives of 1,8-
naphthalimide, thiadiazole, and naphtho[2,3-c][1,2,5]thiadiazole as light-emitting
materials for organic light-emitting diodes. The 1,8-naphthalimide derivatives to be
used as emissive materials, including compounds 49, 50, and 51 were designed and
synthesized as electron donor-electron acceptors. It was found that the compound 51
had the best performance in the device with a maximum EQE value of 1.42%. The 1,8-
naphthalimide derivatives to act as single emissive and hole transport materials,
including compounds 53, 54, 55, and 56 were designed and synthesized as electron
donor-n-electron acceptors. Their HOMO and LUMO energy levels obtained from the
cyclic voltamograms were equal to -5.06 and -2.59, -4.62 and -2.32, -4.56 and -2.18,
and -4.88 and -2.18 eV, respectively. The thiadiazole derivatives to act as single
emissive and hole transport materials, including compounds 63, 64, 65, and 66 were
designed and synthesized as electron donor-m-electron acceptors. Their HOMO and
LUMO energy levels obtained from the cyclic voltamograms were equal to -5.11 and
-3.21, -5.18 and -3.20, -5.13 and -3.19, and -5.20 and -3.20 eV, respectively. The

naphtho([2,3-¢c][ 1,2,5]thiadiazole derivatives to act as single emissive and hole transport



1II

including compounds 67 and 68 were designed and synthesized as electron
_electron acceptors. Their HOMO and LUMO energy levels obtained from the

voltamograms were equal to -5.31 and -3.55, and -5.17 and -3.48 eV,

ively.
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CHAPTER I

INTRODUCTION

1.1 OLEDs

Organic molecules are generally considered to be insulators. This general concept
has been changing since the discovery of conducting polymers in 1977s by A.J.
Heeger, A.G. MacDiarmid, and H. Shirakawa. In 1987, a semiconducting organic small
molecule was found to be emissive with film layers under the application of an electric
field (Tang T.W. and VanSlyke, S. A. 1987). Organic light-emitting diodes (OLEDS)
have attracted increasing interest over the last few years because of their potential to
achieve low- cost, full-color and flat- panel displays (Shirota et al., 2000). One of the
key developments in OLED display technology can be attributed to the discovery of
the guest- host doped emitter system in which a single host material with optimized
transport and luminescent properties may be used together with a variety of highly
fluorescent guest dopants, leading to its electroluminescence (EL) of desirable hues
with very high efficiencies (Hung et al., 2002). However, phosphorescent materials
containing noble metals are difficult for OLEDs to become competitive in the markets
because these materials are rather expensive and unsustainable. Therefore, a new
method for obtaining materials with high external EL efficiency is required (Gaj et al.,

2015 and Lee, Park et al., 2016).



1.2 Structures of organic light emitting diodes (OLEDSs)

An OLED is a thin film optoelectronic device, consisting of a single layer, double
layer or multi- layer of organic materials sandwiched between two electrodes, one of
which must be transparent, as shown in Figure 1.1. The emissive layer comprises of a
thin film of an organic compound such as a small molecule, dendrimer or polymeric
substance that allows the deposition. OLEDs can be used in light sources for general

space illumination (Thejokalyani and Dhoble, 2014).

Cathode

ETL

Cathode Cathode HBL
—— EML ETL EML,doped

EML/doped HTL

EML bl HTL HIL

Anode Anode Anode Anode

Single layer Double layer Triple layer Multi-layer

Figure 1.1 The general structures of OLED devices where ETL stands for electron
transport layer, HBL for hole blocking layer, EML for emissive layer, HTL for hole

transport layer and HIL for hole injection layer (Thejokalyani and Dhoble, 2014).

OLEDs have attracted enormous attention in the scientific community due to their
potential applications for full-color flat- panel display and large area solid state lighting.
Moreover, OLEDs are considered to be the next generation of flat panel displays

because of their advantages, such as high brightness, high luminous efficiency, fast



response time, wide viewing angle, low power consumption, light weight and easy
fabrication of potentially large-area in comparison to liquid crystal displays (LCDs) and
plasma display panels (PDP). A single-layer OLED consists of an emissive layer which
contains organic materials that are capable of emitting light, so called organic emitting
layer, sandwiched by an anode and a cathode layer. The cathode is usually made of
metal with low work function (e.g. Al, Ca) while the anode is made of transparent
materials such as indium tin oxide. (ITO). These layers are coated on a transparent
substrate such as glass or flexible polymer as thin films. (Quirino et al., 2009) as shown
in Figure 1.2.

IIV

I W
Cathode
Emitting Layer
Anode

L Substrate J

Figure 1.2 The structure of the first single layer OLED device.

When voltage is applied to the device in Figure 2, holes from anode and electrons
from cathode are injected to the organic emitting layer. Excitons are generated after the
combination of the holes in HOMOs and the electrons in LUMOs of the molecules in
emitting layer. Upon relaxation of the excitons, the light is emitted from the emitting

layer. The energy diagram of the process is depicted in Figure 1.3.
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Figure 1.3 Energy diagram of a single-layer OLED.

Multilayer OLEDs, represented in Figure 1.4, consist of different layers namely an
ITO glass plate, hole injection layer (HIL), emission layer (EML), electron transport
layer (ETL) and anode. The materials to be used for different layers for OLEDs should
meet the requirements like high luminescence efficiency, adequate conductivity, narrow
spectra, correct Commission International de I’Eclairage (CIE) coordinates, good
temperature stability and also good oxidative stability (to water and oxygen).
Additionally, it should be mentioned that the transport layers can readily be used for
increasing the efficiencies of the corresponding light-emitting devices (Thejokalyani et

al., 2015).
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Figure 1.4 General structure of a multilayer OLED device.

Thickness of these layers can be adjusted to optimize the mobility of the carriers
injected from the electrodes aiming at their recombination in the emitting layer. Another
advantage of the multilayer OLED is the possibility of tuning energy levels of the
materials to achieve good overlapping energy levels in each layer of the device, thus
high carriers transporting efficiency is reached. A simple energy diagram of the device is

shown in Figure 1.5.
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Figure 1.5 Energy diagram of a multilayer OLED.



The discovery phosphorescent organic light emitting diodes (PhOLEDs) materials
containing the different transition metals, such as iridium(l11), platinum(11), osmium(ll),
and rhenium(l) was a major breakthrough towards high performance OLEDs. According
to spin statistics, 75% of triplet (T1) and 25% of singlet (S1) excitons are formed by the
recombination of a hole and an electron under electrical excitation. In conventional
fluorescent organic materials, only up to 25% of the total generated excitons from singlet

(S1) can be used for light emission.

1.3 The components of organic light emitting diodes (OLEDS)

The OLED device comprises of several organic layers in order to improve its
efficiency. The organic materials used in each layer must have good thermal stability,
low turn-on voltage, high conductivity, and high electroluminescence efficiency. A
different layer of devices employs different materials, depending on the requirements as

described below (Thejokalyani and Dhoble, 2014).

1.3.1 Anode
The anode material must be transparent in order to inject holes into organic
layers and highly conductive and has high work function. In tradition, the most widely
used material as an anode is ITO, because it has low roughness, good conductivity, high
chemical stability, high work function (&w = 4.5 t05.1 eV) and good transparency in
the visible range (Schlaf et al., 2001). The general requirements for an anode material

are high conductivity so as to reduce contact resistance, high work function (WF) (¢ >



4.1 eV) to promote efficient hole injection, good film-forming and wetting properties of

applied organic materials, good thermal and chemical stability, and good transparent.

1.3.2 Hole injection layer (HIL)

The materials for the hole injection layer must have high hole mobility, high
glass transition temperature and high electron blocking capacity in order to reduce the
barrier for hole injection into the OLED device. Copper phthalocyanine CuPc (1) and
4,4' 4"~ Tris(3- methyl- phenylphenylamino) triphenylamine m- MTDATA (2) are
favorably used as material for HIL because their HOMOs are comparable to the work

function of ITO. Their structures can be seen in Figure 1.6.

WAL

m-MTDATA (2)

Figure 1.6 The structures of materials for HIL layer.

1.3.3 Hole transport layer (HTL)
The hole transporting materials must have low ionization potential with low
affinities and high hole mobility in order to accept and carry a positive charge. The most
widely used materials for HTL are N, N’- bis(naphthalen- 1- yl)- N,N’- bis(phenyl)-

benzidine (NPB), N,N’-bis(3-methylphenyl)-N,N’-bis(phenyl)-benzidine (TPD), N,N’-



bis(naphthalen-1-yl)-N,N'-bis(phenyl)-2,2’-dimethylbenzidine (o-NPD) and Di-[4-(N,N-
ditolyl-amino)- phenyl] cyclohexane (TAPC). Their structures are depicted in Figure

1.7.
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Figure 1.7 The structures of NPB (3), TPD (4), a-NPD (5) and TAPC (6).

1.3.4 Emissive layer (EML)

The material that gets most of the glory in OLEDs device is naturally the
one that generates the light output. The EML is actually a mixture of two or more
materials, wherein there is at least one electroluminescent emissive material in
conjugation with a charge transporting host material. This layer can be a material made
of organic molecules or polymer dendrimer with high efficiency, lifetime and color
purity. The EML materials should have a good emission of visible photons and high
glass transition temperature to obtain devices with longer lifetime. Depending on the
color required, we can select materials such that the energy gap, i. e., the distance
between HOMO and LUMO, will give the light released during recombination with the

desired wavelength. (Chihaya et al., 2011). Examples are shown in Figure 1.8.
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Figure 1.8 The structures of materials for EML layer.

1.3.5 Electron transport layer (ETL)

ETL materials should have high electron affinities with high ionization
potentials in order to transport of electrons by accepting negative charges and allowing
them to move through the molecules. This layer provides an electron conductive
pathway for negative charge carriers to migrate from the cathode into the emission layer.
This layer functions as a conducting material to help transport electrons from the
cathode and into the organic emissive layer of the device. The materials need to have a
LUMO level close in energy to the WF of the cathode material to easily charge injection.
Moreover, they should have good electron transporting, hole blocking property, and
high electron affinity, together with high ionization potentials, since they usually
function as electron transporting materials by accepting negative charges and allowing
them to move through the molecules. Aluminum tris- 8- hydroxyquinoline Alg3 (9) and
9, 10- di(2- napthyl) anthracene AND (10) are the most common ETL materials

(Thejokalyani and Dhoble, 2014).
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Figure 1.9 The molecular structures of some ETL materials.

1.3.6 Cathode materials

The function of this layer is to inject electrons into emitting layers. The work
function of cathode material should be relatively small (pw ~ 2.9-4.0 Ev) so as to
minimize the barrier of electron injection. Moreover, this layer should have high
conductivity, good film-forming ability, and good stability. Completely transparent
OLEDs are needed (windshield and heads-up displays), ITO may also be used as the
cathode with suitable modification. The materials such as lithium, calcium and
magnesium have low work function but they are not used because of their reactive

nature.

1.4 Light emitting mechanism from OLED devices

As shown in Figure 1.10, when a voltage is applied across the OLED devices,
injected electrons and holes are transferred into emissive layer. An exciton is formed
when electrons and holes are recombined. An exciton generates a photon whose
wavelength corresponds to the energy gap after completion of its exciton lifetime. The

possibility of electron-hole recombination can be increased by the use of multiple
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material layers as shown in Figure 1.11. The electrons and holes can be dammed by the
HOMO/LUMO band energy difference, therefore the recombination position can be

controlled. Then, the high efficiency OLED can be achieved (Tsujimura, 2012).
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Figure 1.10 OLED band diagram for multiple organic layers (Tsujimura, 2012).

Figure 1.11 The light emitting mechanism in OLED devices (Thejokalyani et al.,

2015).

The emitting color of the OLED device depends on the type of organic molecules

in emissive layer and the energy gap between HOMO and LUMO of the emitting
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material. The intensity or brightness of the light depends on the amount of electrical

current applied through the device.

1.5 Luminescence in OLED devices

The light which is emitted by a substance, not the energy relaxation resulting from
heat, is called luminescence. Therefore, luminescence can be found in cold body
materials radiation. This radiation can be caused by a spontaneous emission, such as
chemical reactions, electrical energy, subatomic motions, or stress on a crystal. The
various types of luminescence are classified according to the mode of excitation, such
as photoluminescence, chemiluminescence, bioluminescence, electroluminescence,
cathodoluminescence, radiolu- minescence, sonoluminescence, thermoluminescence,

triboluminescence (Valeur and Berberan-Santos, 2011).

1.5.1 Electroluminescence

Electroluminescence is luminescence caused by an electric current. The
application of electric fields can produce luminescence in many phosphors. The well-
known of electroluminescence is injection luminescence. Electrons are injected from an
external supply across a semiconductor p-n junction. When applying a voltage across
the junction, such as the electrons flow to the p-region, luminescence is produced by the
electron-hole recombination in that region. Light-emitting diodes (LEDs) are commonly
used as display devices in many instruments based on this principle. Because

electroluminescence is usually performed on the finished devices, the fabrication of
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devices are usually time-consuming and costly, so the conventional device could not

provide a fast response for material development (Valeur, 2001).

1.5.2 Photoluminescence

Photoluminescence is the process of photon excitation followed by photon
emission. Electrons in a solid, which are not attached to the atom, can be hopped from
one atom to another. These electrons are bound in the solid by differing amounts, so it
has quite different energies. Electrons with high energies called conduction electrons,
while electrons with low energies called valence electrons. There is an energy gap
between the conduction and valence electron states. Under normal conditions, electrons
are not allowed to have energies between the valence and conduction bands. In the
process of photo excitation, when electrons are absorbed light, they can be raised from
the valence band up to the conduction band. After that, the electron falls back down to
the valence band and emits light. Thus, the energy of the emitted photon is a direct
measure of the band gap energy (Eg). The photoluminescence process is shown in Figure
12 (Shinde et al., 2012). Photo luminescence should not interfere with reflection,
refraction, or scattering of light, which cause most of the colors in daylight or bright

artificial lighting.



14

excited
_states
nonradiative
relaxation
—\_ conduction
—— band
excitation
photon 3
NN e
§ NN\
S luminescence
.§ photon
valence
band
electrons

Figure 1.12 Photoluminescence process (Shinde et al., 2012).

Fluorescence, phosphorescence and delayed fluorescence are well- known

forms of photoluminescence.

1.5.2.1 Fluorescence
Fluorescence is the emission of light by a substance that has emitted
the energy from singlet state (S1) to ground state (So). When electrons in the ground
states are excited by light or other electromagnetic radiation, it raises to the excited
singlet states with the same spin state. The electron configurations in the ground and
excited states are shown in Figure 1.13. A binding state of a pair of excited electrons
and hole due to Coulomb force is called a singlet exciton. These excitons relax to ground

state by emitting light, as shown in Figure 1.14.
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Figure 1.14 The energy diagram of fluorescence and phosphorescence processes

(Valeur and Berberan-Santos, 2011).

OLED devices are based on organic fluorescent emitters whose
efficiency was intrinsically capped at 25% due to only being able to recruit singlet
excitons, because exciton formation results in 25% singlet excitons and 75% triplet
excitons. Although these devices have achieved a high reliability practically, the

external electroluminescence efficiencies (7eL) are intrinsically limited to
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approximately 5%, due to limitations of their singlet- exciton production efficiency

(77exciton~25%) under electrical excitation (Adachi et al., 2014).

1.5.2.2 Phosphorescence

Phosphorescence is the emission of light by a substance that has
emitted the energy from triplet state (T1) to ground state (So). Before excitation, the
electrons in the ground states are placed with both upward spin and downward spin.
When excited, the electron in the upper spin state is allocated with the reversed spin via
intersystem crossing (ISC) as shown in Figure 1.14. The binding states between the
electrons in excited states with the reversed spin and holes called triplet exciton. Light
emission from the lowest triplet state (Ti) and the ground state (So) is called
phosphorescence. From the Pauli Exclusion Principle, when electron pairs are allocated
to the same orbital, two electrons are not allowed to have the same quantum state at the
same time. Therefore, when the electron is changed from the T; to the So state, the spin
direction must be reversed. This change takes a long time, so the exciton decay time of
the triplet state is relatively longer than that for singlet emission. Also, the triplet state
has lower energy than singlet state. Thus, the wavelength of triplet emission is longer
than the long wavelength extreme of the visible spectrum (Tsujimura et al., 2012). In
OLED devices, the phosphorescent materials revealed a #exciton Of almost 100% by
harvesting both singlet and triplet excitons for emission due to the enhanced intersystem
crossing (ISC) mediated by the large spin-orbit coupling of the heavy metals such as
iridium(l11) and platinum(Il). The molecular structures of iridium(l1l) complexes are

shown in Figure 1.15.
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Ir(ppy); 11)  Ir(piq); (12)
Figure 1.15 Example structures of phosphorescent dopant materials, Ir(ppy)s (11),

Ir(pig)s (12).

1.5.2.3 Non-doped organic light emitting diodes

The doping process is the process of chemical dopants are added into
the layer of OLED devices. The purpose of doping is to increase the number of free
charges that can be moved by an externally applied voltage. As shown in Figure 16, the
dopant has to donate electrons to the lowest unoccupied molecular orbital (LUMO)
states called n-type doping, while p-type dopants extract electrons from the highest
occupied molecular orbital (HOMO) states, generates holes. The dopant with n-typing
doping is a donor, while the dopant with p-type doping is an acceptor (Lussem et al.,

2013).
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Figure 1.16 Scheme of the doping process for molecular p-type and n-type doping.
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Lee et al. reported new twisted pyrene derivatives as a material for non-doped blue
OLED. The fabricated devices exhibited an EQE of 3.69% with CIE colorcoordinates
(x, y: 0.15, 0.06) (Lee et al., 2016). The structures of the twisted pyrene derivatives

BDPP and BDNP are shown in Figure 1.17.

Figure 1.17 The structures of twisted pyrene derivatives.

1.6 Literature review

OLEDs displays with high performance in flexibility over a large area, low- cost
fabrication and high optical and electrical properties are required in order to improve
the electroluminescence efficiency of OLEDs. Various materials have been developed
(Endo et al., 2009). In recent years, many studies about the materials based on 1,8-
naphthalimide have been reported as effectively transporting both holes and electrons.
1,8- Naphthalimide derivatives represent an interesting group of electron- deficient
organic materials with promising electron- transporting properties, high
photoluminescence, quantum yields (QYs) and good optical, thermal and chemical
stabilities. Among those, the use of pyrene core 1,8-naphthalimide as emitting materials
for OLEDs had not been studied much (Gudaika et al., 2014).1,8 - Naphthalimide

compounds are an attractive class of electron-deficient organic materials for OLEDs.



19

They have high electron affinities and related naphthalene tetracarboxylic diimide
compounds have electron mobilities as high as 0.16 cm?/ (Vs). 1,8-Naphthalimides can
have wide energy gaps and low reduction potentials, making them good candidates for
use as n-type materials in OLEDs. While many 1,8-naphthalimide derivatives have low
luminescence efficiencies at room temperature, due to strong intersystem crossing to
their triplet states. 1,8 - Naphthalimides substituted at the 4 position with electron-
donating groups can have high fluorescence quantum yields. When 1,8 -naphthalimides
are substituted by an electron-donating substituent at the 4 -position, the fluorescence
quantum vyields can be increased and the emission peaks can be shifted to a longer
wavelength (Gudeika et al., 2014).

In 2013, Mi-Seon and co-worker synthesized a new series of green dopants based
on 2,2- diphenylvinyl end- capped bithiophene, as shown in Figure 1.18. The
photophysical properties of 9a, 9b and 9c shown in Figure 18 were reported. The

strongest PL emitting compound with the 9-phenylcarbazole moiety has been used for

fabricating an OLED device with good overall performance.
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Figure 1.18 The molecular structures of 9a (15), 9b (16), and 9c (17).

In the same period, Hidayath and co-worker designed and synthesized a new series
of naphthalimide derivatives by substituting with an electron donating phenoxy group
at the 4th position of 1,8-naphthalimide. Their ionization potential and electron affinity
were in the range of 6.30-6.36 eV and 3.31-3.43 eV, respectively, with energy band-
gap in the range of 2.93-3.0 eV. The resulting energy values were relatively higher than
the commonly used electron transporting compounds and hole blocking blue emitters as

shown in Figure 1.19.
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Figure 1.19 Structures of target compounds 6a (18), 6b (19), and 6c (20).

In 2015, Arunchai and co- workers synthesized three new triphenylamino-
naphthalimide (TPN1, TPN2 and TPN3 shown in Figure 20) using Suzuki cross-
coupling reactions between N-phenyl-1,8-naphthalimide and triphenylamine precursors.
The compounds in this series contain a phenyl-1,8- naphthalimide donor unit and a
triphenylamine acceptor unit for a separated HOMO and LUMO with a small energy
band gap 2.48, 2.52, and 2.54 eV, respectively. When TPN1-doped BCP was used as a
hole- transporting material in the OLED device with ITO/PEDOT: PSS/TPNL1:
CBP/BCP/LIF/Al structure, a yellowish green light with a maximum brightness of
10404 cdm at an applied voltage of 19 V was observed in Figure 21 (Arunchai et al.,

2015).



o i‘
@No

TPN1 (21) TPN2 (22)

22

O!N!O

TPN3 (23)

Figure 1.20  Structures of target compounds TPN1 (21), TPN2 (22), and TPN3 (23)

(Arunchai et al., 2015).
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Figure 1.21 Structures of target compounds TPN1 (21), TPN2 (22), and TPN3 (23)

showing their HOMO and LUMO calculated at the B3LYP/6-31G (d) level. (Arunchai

et al., 2015).
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In the same period, Reghu and co-workers synthesized triphenylamine core
linked with the different alkoxyphenyl substituents through olefinic spacers. Their
thermal, photophysical and photoelectrical properties were investigated. The

synthesized compounds showed relatively good thermal stability. 24, 25, 26, and 27.
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Figure 1.22  Structure of target compounds 24, 25, 26, and 27.

Shuai and co-workers synthesized donor-acceptor structures, consisting of D-n-A
structures with an aromatic amine as the donor, ethene-1,2-diyl as the pi-bridge, and
1,8-naphthalimide. These compounds were used as the acceptor including Npl (28),
Np2 (29), and Np3 (30) (Figure 1.23). With Nap3 as the guest dopant, a heavily doped
standard-red OLED was achieved with CIE coordinates, EQEmax and CEmax values of

(0.67, 0.32), 1.8% and 0.7 cd. A, respectively.
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Figure 1.23  Structures of target compounds Np1 (28), Np2 (29), and Np3 (30).

In 2016, Gudaika and co-workers synthesized two D-n-A type organic compounds
31 and 32 (Figure 1.24) based on 1,8-naphthalimide derivatives as electron acceptor and
triphenylamine as electron donor that were connected with olefinic linkages between
the donor and acceptor. The obtained compounds were capable of forming molecular
glasses with glass transition temperature of 56 and 75 °C recorded for mono- and di-
substituted derivatives of triphenylamine, respectively. They exhibited high thermal
stabilities with 5% weight loss at 350-363 °C. Fluorescence quantum yields of the dilute
solution of the synthesized compounds range from 0.065 to 0.72, while of the solid films
are 0.028 and 0.034, respectively. The compound 31 is indicated as good hole

transporting material.
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Figure 1.24 Structures of target compounds 31 and 32 (Gudaika et al., 2016).

In 2017, Shuai and co-workers designed and synthesized two molecules of chiral
1,8- naphthalimide- based enantiomers incorporating D/L- alanine and pyrene
fluorophore moieties. The obtained compounds showed fluorescence emission
gradually changing from bright-yellow to red when the fraction of the poor solvent
methanol increased from 0 to 99 vol %. The molecular structure of structure D/L-1 (33)
and D/L-2 (34) are shown in Figure 1.25. Organic light-emitting diodes (OLEDS)
displaying with high performance, flexibility over a large area, low- cost fabrication and
good optical and electrical properties are required. In order to improve the
electroluminescence efficiency of OLEDs, various materials have been developed

(Endo et al., 2009).
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Figure 1.25 The molecular structures of D/L-1 (33) and D/L-2 (34).

Tetrasubstituted- pyrene containing peripheral diarylamine (35-38) or fluorenes
(39-40) are non-doped blue-emitting devices (Rossatorn et al., 2014). Their compounds
are highly fluorescent and possess high morphological stability and thermal stability.
The compounds of arylamines (35-37 in Figure 1.26) can be used as the hole-transport
and green- emitting materials and fluorenes (39-40) are efficient blue emitters,
ambipolar carrier- transport characteristics with high electron mobilities (103- 107

cm?/Vs.) and high hole mobilities (> 10 cm?/Vs.).
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Figure 1.26 The structures of arylamine and fluorene compounds 35-40.

In 2014, Gudaika and co- workers synthesized four targeted molecules of
triphenylamine containing different numbers of naphthalimide derivative moieties. The
compounds (4, 5, 6, and 7 in Figure 1.27) obtained are capable of forming molecular
glasses with glass transition temperatures ranging from 429 to 483 °C. Fluorescence

quantum yields of the dilute solution in nonpolar solvents of the synthesized materials
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range from 0.63 to 0.78, while emission yield of the neat films are in the range of 0.10

- 0.23. Compound 41, with a polar methoxy group in the donor triphenylamino moieties,

showed the strongest solvatochromic effect, with electron mobilities of 7.5 x 10 cm?
V1st and hole mobilities of 1.1 x 10* cm? Vst
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Figure 1.27 The structures of triphenylamine compounds 41, 42, 43, and 44.

1,8 -Naphthalimide compounds are an attractive class of electron-deficient organic
materials for OLEDs. They have high electron affinities, and related naphthalene
tetracarboxylic diimide compounds have electron mobilities as high as 0.16 cm?/(Vs).
1,8 -Naphthalimides can have wide energy gaps and low reduction potentials, making
them good candidates for use as n-type materials in OLEDs. While many 1,8 -
naphthalimide derivatives have low luminescent efficiencies at room temperature, due
to strong intersystem crossing to their triplet states, 1,8-naphthalimides substituted at
the 4 position with electron-donating groups can have high fluorescent quantum yield
(Lee et al., 2016a). Naphthalimides have been utilized in both small molecule and
polymer-based OLEDs. The small molecule based devices, utilizing 4 - amino-1,8 -

naphthalimides as light-emitting material, showed performance inferior to that of Alg3 -
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based OLEDs. Emission from intramolecular charge-transfer states contribute greatly to
electroluminescence of these devices. Doping an orange/red fluorescent dye (DCM) into
a 4-amino- 1,8-naphthalimide matrix shifted the EL spectra to correspond exactly to the
PL spectrum of DCM, but did not noticeably improved performance of the devices. The
authors concluded that there was no energy transfer from the naphthalimide matrix to
DCM, but the dye molecules could efficiently trap charge carriers in the devices, leading
to electron-hole recombination at the DCM dopants followed by DCM emission.
OLED:s utilizing side-chain naphthalimide polymers showed that these materials affect
the device charge transport properties significantly and, in particular, reduce the bias

necessary for electroluminescence.

1.7 Scope and limitations

1. The designed pyrene cored 1,8- naphthalimides 49, 50, and 51 will be
synthesized, and characterized as electroluminescent materials. Their structures are

shown in Figure 1.28.
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Figure 1.28 The structures of compounds 49, 50, and 51.

2. A new series of triphenylamine cored 1,8-naphthalimide 53, 54, 55, and 56 will be
synthesized and characterized as hole transporting materials. Their structures are shown

in Figure 1.29.
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Figure 1.29 The structures of compounds 53, 54, 55, and 56.
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3. A new series of the designed D-r-A-rt-D based on pyridinthiadiazole acceptor of 63,
64, 65, and 66 will be synthesized and characterized as hole-transporting deep red emitters.

Their structures are shown in Figure 1.30.

Figure 1.30 The structures of compounds 63, 64, 65, and 66.

4. To synthesize new series of designed triphenylamine cored 1,8- naphthalimide 67

and 68. Their structure are shown in Figure 1.31.



33

Figure 1.31 The structures of compounds 67 and 68.

5. The photophysical, electrochemical and thermal properties of the target
molecules were studied by UV-visible spectroscopy, fluorescence spectroscopy, cyclic
voltammetry, and DSC-TGA techniques.

6. The OLEDs properties will be obtained with the fabrication device processing
the desired molecules as non-doped emitters. The structure of the devices will consist
of ITO/PEDOT: PSS/novel non-doped emitters/LiF/Al. The OLEDs devices were
fabricated by The Smart Organic Materials and Semiconductor Devices Laboratory,

VISTEC, Rayong, Thailand.



CHAPTER Il

SYNTHESIS AND CHARACTERIZATION OF PYRENE-

CORE NAPHTHALIMIDE DERIVATIVES AS LIGHT-

EMITTING MATERIALS FOR ORGANIC LIGHT-

EMITTING DIODES

2.1 Introduction

In the past, much attention has been paid to the design and synthesis of new 1,8-
naphthalimide architectures for optoelectronic applications. The optical, photophysical,
photoelectrical, electrochemical properties of 1,8-naphthalimide derivatives are
determined by the nature of the substituents. Linking of electron donating groups at C-
4 position of the naphthalic ring gives a “push—pull” electronic configuration and
generate ICT excited states. This ICT character leads to a large excited-state dipole
moment and broad absorption and emission bands at longer wavelengths. ICT transition
is highly solvent dependent, and the photophysical properties of the compounds with
ICT character, such as the wavelengths of the maxima of absorption and emission
spectra, the fluorescence lifetimes as well as the fluorescence quantum yields, are all
affected by the properties of solvents. In this part, we interest to use the concept of A—
D system based on 1,8-naphthalimide derivatives composing of pyrene as donor and
1,8-naphthalimide derivatives as acceptor for designing new materials for OLED

applications.
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2.2 Aims of the study

1 To design, synthesize and characterize new A-D system based on 1,8-
naphthalimide derivatives (Figure 2.1) using pyrene as a core substituted with 1,8-
naphthalimide moiety for using as electroluminescent materials for OLEDs.

2 To study the photophysical, electrochemical, and thermal properties by UV-
visible spectroscopy, fluorescence spectroscopy, cyclic voltammetry, and DSC- TGA

techniques and investigate their performance in OLEDs.

Figure 2.1 The structures of pyrene-core naphthalimide derivatives 49, 50, and 51.
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2.3 Results and discussion

2.3.1 The synthesis of pyrene-core naphthalimide derivatives 49, 50, and 51.
2.3.1.1 The synthesis of 1,8-naphthalimide derivatives 49.

As described in Figure 2.2, pyrene derivatives 49 could be synthesized
by Suzuki cross coupling reaction of 4-bromo- N- ( 2- ethylhexyl) - 1,8- naphthalimide
dioxaborolane (46) and 1, 6-dibromopyrene (47). The intermediate 46 could be obtained
from 4-bromo-N- (2-ethylhexyl) - 1,8-naphthalimide (45) which could be synthesized by
condensation reaction of 2-ethylhexylamine with 4-bromo-1,8-naphthalimide anhydride

(44).

Br

Figure 2.2 Retrosynthesis of 1,8-naphthalimide derivatives 49.
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First step, 4-bromo-N-(2-ethylhexyl)-1,8-naphthalimide (45) was
synthesized from 4-bromo-1,8-naphthalimide anhydride (44) and 2-ethylhexylamine by
condensation reaction. The intermediate 46 was then synthesized from borylation of
compound 45 with bis(pinacolato)diboron in the presence of Pd(PPh)sCl; as catalyst and

potassium acetate (KOAC) as base in toluene as solvent (Figure 2.3).

o b1s(p1nacolato)d1boron
oBr 2- ethylhexylarnme i:'— - (o] O B/Ot
J ¢ DME/ roflux Pd(PPh);Cl,/ KOAc Ni : o)
Toluene o
44 45, 711% 46, 72%

Figure 2.3 Synthesis of compound 46.

The structure of 45 was confirmed by *H-NMR spectroscopy (Figure
2.4). For synthesis, 45 was using condensation reaction between 44 and 2-
ethylhexylamine in the presence DMF as solvent to give 45 in 71% vyield. The chemical
structure of compound 45 was confirmed by *H-NMR spectrum, 3C-NMR as well as
MALDI-TOF MS. The *H-NMR spectrum collected in CDCls show a triplet signal at
0.95-0.98 ppm (3H), 1.01-1.03 ppm (3H) assigned to methyl groups, the multiplet signal
at 1.99-2.03 ppm (1H) assigned to CH proton and the multiplet signal at 4.19-4.22 ppm
(2H) assigned to CH> proton. Furthermore, the proton signal at aromatic regions were
found at chemical shift at 7.93-7.95 ppm (1H), 8.13-8.15 ppm (1H), 8.50-8.52 ppm

(1H), 8.67-8.69 ppm (1H), and 8.74-8.76 ppm (1H) assigned to aromatic proton of
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naphthalimide. The number of proton aromatic regions are (5H) corresponding to ‘H-
NMR spectrum. In addition, MALDI- TOF MS spectrum was used to confirm the
structure and found to be 388.1105 m/z, agreeing with the calculated mass of

C20H22BrNO2: 389.08.

(0]
O Br 2- ethylhexylamlne Br
(0]
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44
45
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Figure 2.4 The *H-NMR spectrum in CDCls of compound 45.

The reaction mechanism involves firstly a nucleophilic attack on the
fairly positive carbon atom by the lone pair on the nitrogen atom in the amine (2-
ethylhexylamine) (Figure 2.5). Secondly, the carbon-oxygen double bond reforms and

oxygen is pushed off, follow hydrogen transfer, remove hydrogen and water one atom.



39

( 0 0O + 0
mH ;JHR H* transfer NHR
Br 2 — > Br OH ———> on *+
44 ° ° > 10\'
(0]
oL NR
Br Q o)

45

Figure 2.5 Mechanism of condensation reaction of 45.

For synthesis of 46, Miyaura borylation reaction between 45 and bis
(pinacolato)diboron in the presence of, Pd(PPh)sCl, potassium acetate (KOAC) as base in
toluene as solvent gave 46 in 72% yield. The chemical structure of compound 46 was
confirmed by *H-NMR spectrum (Figure 2.6), *C-NMR as well as MALDI-TOF MS.
The 'H-NMR spectrum collected in CDCI; show a triplet signal at 0.85-0.87 ppm (3H),
0.91-0.93 ppm (3H) assigned to methyl groups, the singlet at 1.44 ppm (12H) of methyl
groups, the multiplet 1.92-1.95 ppm (1H) assigned to CH proton and the multiplet signal
at 4.07-4.15 ppm (2H) assigned to CH2 proton. Furthermore, the proton signal at
aromatic regions were found at chemical shift at 7.75-7.78 ppm (1H), 8.28-8.30 ppm
(1H), 8.55-8.59 ppm (1H), and 9.09-9.11 ppm (1H) assigned to aromatic proton of
naphthalimide. The number of proton aromatic regions are (5H) corresponding to *H-
NMR spectrum. In addition, MALDI- TOF MS spectrum was used to confirm the
structure and found to be 434.2339 m/z, agreeing with the calculated mass of

C26H34BNO4: 435.26.
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Figure 2.6 The *H-NMR spectrum in CDCls of compound 46.

Miyaura borylation reaction mechanism of aryl halide and boronate
ester involves firstly the oxidation of Pd(0) and alkyl halide number 2 to from complex
number 3 (organopalladium species). Secondly organopalladium species number 3 reacts
with base give intermediate number 4. Third step intermediate number 4 react with
boronate number 6 via transmetalation reaction and follow with transcis isomerization
to produce organopalladium species number 8. Finally step, organopalladium species
number 8 is elimination by reduction reaction to from product number 9 and original

palladium catalyst number 1 see in (Figure 2.7).
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Figure 2.7 Mechanism of Miyaura borylation reaction of 46.
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Figure 2.8 Synthesis of compound 49 and 48.
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Finally, (Figure 2.8) Suzuki cross coupling reaction between 4-
bromo-N-(2-ethylhexyl)-1,8-naphthalimide dioxaborolane (46) and 1, 6-dibromopyrene
(47) in the presence of Pd(PPhs)s as catalyst in 2M Na>COs as base in toluene as solvent
afforded 49 in 57% vyield and 6 - ( 6 - bromopyren-1 - yl)-2 - ( 2 - ethylhexyl)-1 H-
benzo[de]isoquinoline-1,3(2H)-dione (48).

The chemical structure of compound 49 was confirmed by *H-NMR
spectrum, 3C-NMR as well as MALDI-TOF MS. The *H-NMR spectrum collected in
CDCls3 show a triplet signal at 0.88-0.91 ppm (6H), 0.94-0.95 ppm (6H) assigned to two
side of methyl groups and the multiplet signal at 1.99-2.03 ppm (2H) assigned to CH
proton. Furthermore, the proton signal at aromatic regions were found at chemical shift
at 7.66-7.68 ppm (2H) and 7.75-7.76 ppm (2H) assigned to aromatic proton of pyrene.
The number of proton aromatic regions are (18H) corresponding to *H-NMR spectrum.
In addition, MALDI-TOF MS spectrum was used to confirm the structure and found to
be 817.4456 m/z, agreeing with the calculated mass of CssHs2N2O4: 818.04. (see in

Figure 2.6).

Br Pd(PPhs), /

@ 2 M Na,CO,/
O‘ toluene
—_—

Figure 2.9 The *H-NMR spectrum in CDCls of compound 49.
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Figure 2.9 The *H-NMR spectrum in CDCls of compound 49 (Continued).

The reaction mechanism of palladium-catalyzed Suzuki cross-
coupling reaction of organoboranes with organic halides (Miyaura, 1981, Ishiyama,
1991 and Suzuki 2004) are proposed in (Figure 2.10). The first step was the oxidative
addition of palladium 0 (1) to the pyrene halide starting meterial (2) to form the
organopalladium species (3). The second step was metalthetic exchange with base to
give intermediate (4), which via transmetalation with the boron-ate complex (5) forms
the oganopalladium species (6). Reductive elimination of the desired pyrene product (7)

restores the original palladium catalyst 0.
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Figure 2.10 Mechanism of Suzuki cross coupling reaction of 49.

2.3.1.2 The synthesis of 1,8-naphthalimide derivatives 50.
A described in Figure 2.11, 50 could be formed by the reaction of

1,3,6,8-tetrabromopyrene (52) and 46 using Suzuki cross coupling reaction.

Figure 2.11 Retrosynthesis of 1,8-naphthalimide derivatives 50.
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The synthesis of 50 and *H-NMR are show in (Figure 2.12). The synthesis
of 50 was used the similar conditions with 49. The target molecule 50 was formed
from C-C coupling reaction between 52 and 46 to give 50 in 77% yield. The chemical
structure of compound 50 was confirmed by *H-NMR spectrum, 3C-NMR as well as

MALDI-TOF MS. The *H-NMR spectrum collected in CDCls show a triplet signal at

0.86-0.88 ppm (12H), 0.93-0.95 ppm (12H) assigned to four side of methyl groups and
the multiplet signal at 1.95-1.99 ppm (4H) assigned to CH proton. Furthermore, the
proton signal at aromatic regions were found at chemical shift at 7.82-7.84 ppm (1H)
and 7.90-7.92 ppm (1H) assigned to aromatic proton of pyrene. The number of proton
aromatic regions were (26H) corresponding to *H-NMR spectrum. In addition,

MALDI-TOF MS spectrum was used to confirm the structure and found to be

1432.0879 m/z, agreeing with the calculated mass of CosHgaN4Og : 1433.71.

* ; Pd(PPh3)4
2 M Na,CO,/

toluene

+
Br O Br
o 3
Br Br

52

Figure 2.12 The 'H-NMR spectrum in CDCls of compound 50.
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Figure 2.12 The *H-NMR spectrum in CDCls of compound 50 (Continued).

2.3.1.3 The synthesis of 1,8-naphthalimide derivatives 51.

46

Compound 51 could be prepared from the intermediate 48. These

structures was characterized by 'H-NMR, *3C-NMR and mass spectrometry are shown

in (Figure 2.13).

Figure 2.13 Retrosynthesis of 1,8-naphthalimide derivatives 51.
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The synthesis of 51 and H-NMR are show in (Figure 2.14). The
synthesis of 51 was formed from C-C coupling reaction of 48 in the presence of
Pd(PPh)3Cl, as catalyst in KOAC as base in toluene as solvent to give 51 in 11% yield. The
chemical structure of compound 51 was confirmed by *H-NMR spectrum, *C-NMR as
well as MALDI-TOF MS. The *H-NMR spectrum collected in CDCls show a triplet
signal at 0.90-0.92 ppm (6H), 0.96-0.99 ppm (6H) assigned to four side of methyl
groups, the multiplet signal at 2.01-2.03 ppm (2H) assigned to CH proton and the
multiplet signal at 4.16-4.25 ppm assigned to CH. proton. Furthermore, the proton
signal at aromatic regions were found at chemical shift at 8.18-8.21 ppm (1H) and 8.63-
8.65 ppm (1H) assigned to aromatic proton of pyrene. The number of proton aromatic
regions are (21H) corresponding to *H-NMR spectrum. In addition, MALDI-TOF MS
spectrum was used to confirm the structure and found to be 1017.4105 m/z, agreeing

with the calculated mass of C72HeoN204: 1018.28.
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Figure 2.14 The *H-NMR spectrum in CDCls of compound 51.
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Figure 2.14 The *H-NMR spectrum in CDCls of compound 51 (Continued).

2.4. Photophysical properties.

UV-vis absorption spectra and photoluminescence of the compounds 49, 50, and
51 were recorded in DCM. Representative absorption and emission spectra in solution
are shown in (Figure 2.15a). In the solution phase, each compound exhibited a
characteristic m—n* transition, as observed by the absorption peak around 258-284 nm
along with a charge transfer between the naphthalimide(s) and pyrene group evidenced
by the absorption peak around 351-353 nm (Figure 2.15b). The compound 51 showed
an absorption peak longer than other molecules because it has structure that has the
mostly w-conjugated. Therefore, the molar extinction coefficient of the latter peak
increases with the number of conjugates between naphthalimide and pyrene group.

The absorption spectra of neat films of compounds 49, 50, and 51 are broader and
slightly red shifted. It is presumed that the red shifts of the absorption spectra of films

as compared to those of solutions may be due to smaller dihedral angles in solid state,
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thus giving rise to more efficient mt-conjugation and decreased HOMO-LUMO gap, but
can also be due to more efficient r-stacking and stronger intramolecular interactions in
the films than in dilute solutions. In the solid state, the absorption spectra of these
compounds also have the same pattern as in the solution phase (Figure 2.15b). However,
the maximum absorption wavelengths appear at longer wavelengths (285-289 and 356-

361 nm) because of stacking effect.

The normalized fluorescence spectra in the solution phase and neat films are also
shown in (Figure 2.15a). 49, 50, and 51 exhibited a maximum emission wavelength at
521 - 574, and 508 - 526 nm, respectively. The emission spectra showed deceased,
which increase the number of naphthalimide unite. The fluorescence spectra in thin film

showed emission peaks gradually blue-shifted because of solvent effect.
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Figure 2.15 a) UV-Vis and fluorescence in DCM b) thin film state.
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Figure 2.15 a) UV-Vis and fluorescence in DCM b) thin film state (Continued).

The lifetimes of the materials in the solution increased dramatically to 3.6, 3.7,
and 4.8 ns (Figure 2.16) with increasing the number of n-conjugate. However, the
lifetimes of thin film show decay decrease to 2.2, 2.2, and 2.1 ns, respectively. The

data are summarized in Table 2.1.
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Figure 2.16 a) Fluorescene lifetime in DCM b) thin film state.
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Table 2.1 Photophysical properties of 49, 50, and 51.

52

Comp.  2%%aps/AMMMaps 25 em /MM em T (nS)° QY
(nmy)? (nm)° sol  film  sol film
49 281,351/284360  544/510 36 2.2 39.7 29.6
50 258,352/289,356 521/ 508 3.7 2.2 52.4 34.0
51 284,353/285361 574/ 526 48 21 383 7.8

aMeasured in DCM (10°M) and thin film at 298 K.
b¢ Measured in DCM (10°M) and thin film at 298 K.

The quantum yields of these compounds increases, which the number of

naphthalimide units. The compound 50 has the highest quantum yield of 52.4% in

solution because an increasing number of naphthalimide units made more steric effect

leading to the decrease in nt-stacking and electron quenching. Compound 49 and 51 have

the same number of naphthalimide but compound 51 has 2 pyrene function make

decrease value of quantum yield because the energy band gap of compound 51 has lower

than compound 49 suggesting that it is more planar and higher r stacking.

2.5 Thermal properties

The thermal properties of all the compounds were determined by thermogravimetric

analysis (TGA) and differential scanning calorimetry (DSC) with a heating rate of 10

°C min under nitrogen atmosphere. The TGA curves (Figure 2.17) revealed that 49,

50, and 51 were thermally stable with high 10% weight loss temperatures (T4'°) at 499,

465 and 384 °C, respectively. The melting temperature of 49, 50, and 51 were at 251



53

°C, 280 °C, and 290 °C, respectively. These abilities of forming molecular glasses with
high thermal stability are highly desirable for optoelectronic materials. (Table 2.2)

The thermal properties of 49, 50, and 5 were examined by DSC and TGA under a
nitrogen atmosphere. The values of glass transition temperatures (Tg), melting point
(Tm) and 10% weight loss temperatures (Tq4°) are summarized in (Table 2.2). TGA
revealed that all the target compounds exhibit excellent thermal stabilities. Their (T4'%)
range from 499, 465, and 384 °C, respectively. The high glass transition temperature
(Tg) is usually preferred for OLED materials. From the DSC experiment on 49 (Table
2.2), one sharp endothermic peak at 336.48 °C due to melting temperature (Tm) and no
glass transition temperature suggested that 49 is a crystalline material. For both 50 and
51 there were endothermic baseline shifts, which indicated a glass transition temperature

at 346 °C and 387 °C.
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Figure 2.17 TGA curves of 49, 50, and 51.
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Figure 2.18 DSC analysis of compound 50.
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Table 2.2 Thermal properties of 49, 50, and 51.

Comp. TS (°C) T2 (°C) T? (°C)
49 - 260 499
50 206 280 465
51 229 290 384

& Obtained from DSC measurements during the second heating cycle with a
heating rate of 10 °C min'l under N, atmosphere. ® 10% weight loss temperature
obtained from TGA measurement with a heating rate of 10 °C min"1 under No.

2.6 Electrochemical properties

The electrochemical properties of compounds 49, 50, and 51 were investigated by
CV. As it is shown in (Figure 2.20) compounds 49, 50, and 51 showed ambipolar redox
behavior with only one reversible oxidation and reduction couple waves around -1.6 and
1.8 eV respectively (vs. Ag/AgNQOz). The results of the electrochemical measurements
are listed in (Table 2.3). The reduction peak is predetermined by withdrawing nature of
1.8-naphthalimide moieties, while one reversible oxidation peak is predetermined by
the electron donating nature of pyrene. (Figure 2.20) displays the oxidation behavior in
the CV curves of 49, 50, and 51, (Table 2.3) lists the electrochemical properties of these
molecules. The result of cyclic voltammograms showed related to structures of final
products such as donor of pyrene at the position of oxidation. The compound 51 has 2
pyrene function related to cyclic voltammograms which has 2 lope. The oxidation
potentials (E”on) 0f 49, 50, and 51, were 1.14, 0.88, and 0.86 V, respectively. The value
of E®on 0f 50 was lower than those of 49 and 51 because the former possesses electron-

donating end groups of 1,8-naphthalimide moieties. The HOMO energy levels for 49,
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50, and 51 are -5.58, -5.32, and -5.30 eV, respectively. The HOMO energy levels of 49,
50 are lower than that of 51, consistent with the 1,8-naphthalimide units being strongly
electron-withdrawing end groups. Our calculated LUMO energy levels for 49, 50, and
51 were -2.81, -2.59, and -2.55 eV, respectively.

The calculated LUMO levels of 49, 50, and 51 are -2.55, -2.85 and -2.47 eV,
respectively, while the HOMO levels are -5.72, -5.97, and -5.48 eV accordingly (Figure

2.21).

./
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Figure 2.20 CV curves of 49, 50, and 51 (10 M solutions in DCM with 0.1 M n-

BU4NPF6).

The incorporation of the peripheral electron-withdrawing group of 1,8-
naphthalimide onto molecules results in the decrease of LUMO levels. The trend of the

calculation results does match that of the experimental data.
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HOMO LUMO

49

Figure 2.21 Optimized structures obtained from B3LYP/6-31G d, p) in gas phase.

Table 2.3 Electrochemical and theoretical electronic characteristics of 49, 50, and 51.

Comp. EJX E°Pt HOMO LUMO HOMO LUMO E
g

g
(eV)a V)b (eV)c (ev)d (eV)e (eV)e  (eV)e
49 1.14 2.77 -5,58 -2.81 -5.72 -2.55 3.17
50 0.88 2.73 -5.32 (5 -5.97 -2.85 311
51 0.86 2.75 -5.30 -2.55 -5.48 -2.47 3.01

2 Measured by CV in DCM vs Ag/Ag™ at scan rate of 50 mV/s.

b Calculated from A% gnser , Eq = 1240/A% geet

¢ Calculated from onset oxidation potential HOMO = -(E** on + 4.44) eV
d Calculated from LUMO = HOMO + E,

¢ Calculated from DFT B3LYP/6-31G(d, p)
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2.7 OLED device fabrication

For the preliminary investigations on material performance and their electro
luminescence, five non-optimized OLED devices were fabricated between the ITO and
LiF/Al electrodes using PEDOT-PSS as the hole-injection layer (Figure 2.22). The
attempt to fabricate a multi-layer device using 50 as the emissive layer led to poor device
performance (Table 2.4), which might result from an improper barrier for electron
migration at the interface between the emissive layer and the LiF/Al electrode and a
poor film forming ability of 50. When a layer of hole-blocking material, 4,4'-Bis(N-
carbazolyl)-1,1,-biphenyl (CBP), 1,3,5-tri(m-pyrid-3-yl-phenyl)benzene (TmPyPb) as
electron transport and exiton blocking layer were incorporated, these devices showed

blue wish green and yellow green region luminescence with featureless patterns,

emission peaks around 490 nm (Figure 2.23a).
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Figure 2.22 Band diagrams for ITO, PEDOT: PSS, 49, 50, and 51, BCP, TmPyPb, and

LiF/AL
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We therefore fabricated multilayered devices of 49, 50, and 51 using of these
materials doped in 4, 4’-bis(N-carbazolyl)-1,10-biphenyl (CBP) as the emissive layer
(EML). Under the applied voltages, all the fabricated OLEDs Devices of 49, 50, and 51
emit a bright yellowish green emission with featureless patterns, emission peaks around
481-493 nm (Figure 2.23a and Table 2.4). The EL spectra of devices of 49, 50, and 51
were identical to their thin-film PL spectra, indicating that the EL purely originates from
their corresponding EML. The emission of the host BCP showed slightly shoulder of
emission peak the host BCP to 49, 50, and 51. Among these diodes, Device 49, which
has 5% 49 doped 4,40-bis(N-carbazolyl)-1,10-biphenyl (CBP) as the emissive layer,
offers the best performance with a maximum luminance of 1,200 (cd/m?), % EQEmax/V
of 1.42/6.8% and a turn-on voltage of 4.4 V in Figure 2.22. This device also showed a
current density of 194 (mA/cm?) and emitted a yellowish green light with the CIE
coordinates at (0.186, 0.335). Device 51, using 5% 51-doped CBP as the EML, showed
a slightly lower device performance with a maximum luminance of 1,200 (cd/m?),
%EQEmax/V of 1.36/8.8% and emitted a yellowish green light with the CIE coordinates
at (0.233, 0.438). For device 50 was using 5% 50 doped CBP as the EML, exhibited a
poor device performance performance with a maximum luminance of 1,109 (cd/m?),
%EQEmax/V of 1.15/5.0% and emitted a yellowish green light with the CIE coordinates

at (0.208, 0.385).
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The surface morphologies of the 49, 50, and 51 films of were examined by atomic
force microscopy (AFM), with corresponding images shown in (Figure 2.23). One can
clearly observe that the device film based on 50 and 51 exhibited relatively smooth
surface topographic morphology with a root-mean-square (rms) value of 2 um. 49

showed slightly rougher morphology.
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Figure 2.24 (a) Current density-voltage-luminance characteristics (b) External

quantum efficiency-current density characteristics.
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Figure 2.24 (a) Current density-voltage-luminance characteristics (b) External

quantum efficiency-current density characteristics (Continued).

62

(51)

(49) (50)

Figure 2.25 AFM images of the thin films of 49, 50, and 51.
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Table 2.4 Photophysical property of OLEDs based on 49, 50, and 51 series fluorescent

materials dope 5 wt% in CBP by using TmPyPb as electron transport layer.

Comp. ClExy Von Lmax Jmax YEQE max ELmax

(V)  (cd/im?) (mA/cm?) NV (nm)

49 (0.186, 4.4 1,200 194 1.42/6.8 483
0.335)

50 (0.208, 4.0 1,109 216 1.15/5.0 489
0.385)

51 (0.233, 5.1 1,659 202 1.36/8.8 492
0.438)

2.8 Conclusion

A series of ambipolar materials containing electron accepting 1,8 -naphthalimide
moieties and electron-donating pyrene groups were obtained via Suzuki cross-coupling
reaction. The synthesized compounds exhibit high thermal stability. Their 10% weight
loss temperatures range from 384 to 499 °C. The dilute solutions of the compounds in
DCM solvents and thin film show fluorescence quantum yields from 38.3 to 52.4, while
emission yields of the neat films are in the range of 7.8 to 34.0. Due to pronounced
electron donor acceptor characterization. All compounds 49, 50, and 51 were employed
as the emitters as well as the hole-transporting materials in EL devices based on
ITO/PEDOT-PSS/ 49, 50, and 51 doped in CBP/ TmPyPb and LiF/Al, in which
TmPyPb was used as an electron-transporting layer. We found that the device 49
exhibited good performance with a low turn-on voltage of 4.4 V, a high maximum
luminance of 1,200 cd/m? at 6.8 V, a high current maximum of 194 mA/cm?, and a high

power efficiency of 1.42. It suggested the luminogens of pyrene functionalized 1,8-
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naphthalimide may be used as promising materials for the emissive layer materials on

OLEDs.



CHAPTER Il
SYNTHESIS AND CHARACTERIZATION OF
TRIPHENYLAMINE-CORE NAPHTHALIMIDE
DERIVATIVES AS LIGHT-EMITTING MATERIALS

FOR ORGANIC LIGHT-EMITTING DIODES

3.1 Introduction

A new series of triphenylamine-core naphthalimide derivatives 53 and 54 were
designed using the concept of (A-D-A) system contained 1,8- naphthalimide derivatives
as acceptor (A) and triphenylamine as donor (D). For 55 and 56 were designed using the
concept of (A-n-D) system contained 1,8- naphthalimide derivatives as acceptor (A)
combine with thiophene as m-conjugated and triphenylamine as donor (D). The
incorporation of the strong electron acceptor 1,8-naphthalimide was expected to enhance
the ICT effect and decrease the band gap energy, resulting in OLEDs exhibiting
improved %EQEmax. These (A-D-A) and ( A-rn- D-n-A) -structured were exhibited
different absorption behaviors in the visible region, electrochemical properties and hole-

transporting capacities.

3.2 Aims of the study

1 To design, synthesize and characterize new triphenylamine -core with 1,8-

naphthalimide derivatives based electroluminescent materials for OLEDs.
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2 To study the photophysical, electrochemical, and thermal properties by UV-
visible spectroscopy, fluorescence spectroscopy, cyclic voltammetry and DSC-TGA

techniques.

Figure 3.1 The structures of compounds 53, 54, 55, and 56.

3.3 Results and discussion
3.3.1 The synthesis routes of TPA-core derivatives 53, 54, 55, and 56.



67

The synthetic routes of the designed 53, 54, 55, and 56 are outlined in (Figure
3.2). Firstly, the key intermediate tris(4-bromophenyl)amine (58) will be synthesized by
bromination reaction of triphenylamine (57) (1 equiv) with N-bromosuccinimide (3.2
equiv) in THF. Secondly, generation of triboran triphenylamine using borylation reaction
of (58) (1 equiv) with bis(pinacolato)diboron (3.2 equiv) in the present of potassium acetate
(KOAC), Pd(PPh)3Cl, in toluene to yield tris(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-
2-yl) phenyl) amine 59. Thirdly, Suzuki cross coupling reaction of 46 (3.2 equiv) with
58 to afford 6,6',6"-(nitrilotris(benzene-4,1-diyl))tris(2-(2-ethylhexyl)-1H-
benzo[de]isoquinoline-1,3(2H)-dione) (53) and 6,6'-(((4-bromo  phenyl)azanediyl)
bis(4,1-phenylene))bis(2-(2-ethylhexyl)-1H-benzo[de] isoquinoline-1,3 (2H)-dione) (60).
Fourthly, borylation reaction of 60 (2 equiv) with bis (pinacolato) diboron (1.2 equiv)
catalyzed by potassium acetate (KOAc), Pd( PPh)sClz in toluene to yield 6,6',6",6™-(([1,1-
biphenyl]-4,4-diylbis  (azanetriyl)) tetrakis (benzene-4,1-diyl))tetrakis(2-(2-ethylhexyl)-
1Hbenzo [de]isoquinoline-1,3(2H)-dione) (54). Fifthly, Suzuki cross coupling reaction of
4-bromo-N-(2-ethylhexyl)-1,8-naphthalimide (46) with 4-hexylthiophene-2-boronic
acid pinacol ester (1.2 equiv) catalysed by Pd(PPhs)s, 2M Na;CQOs in toluene to produce
2-(2-ethylhexyl)-6-(4-hexylthiophen-2-yl)-1H-benzo[de]isoquinoline-1,3(2H)-dione
(61). Sixthly, bromination reaction of 61 followed by Suzuki cross coupling reaction of
the resultant with compound 46 (1 equiv), 62 using Pd(PPhs)s, 2M Na>COs in toluene to
give 6,6',6"-((nitrilotris(benzene-4,1-diyl))tris(4-hexylthiophene-5,2-diyl))tris(2-(2-
ethylhexyl)-1H-benzo [de]isoquinoline-1,3(2H) -dione) (55). While Stille reaction of

compound 62 with 2,6-bis(trimethyltin)-4,8-bis(5-(2-ethylhexyl)thiophene-2-yl)benzo
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[1,2-b,4,-5-b']thiophene (76) catalyzed by Pd(PPhs)s in toluene will produce 6,6'-((4,8-
bis(5-(2-ethylhexyl)thiophen-2-yl)  benzo[1,2-b:4,5-b"]dithio  phene-2,6-diyl)bis(4-
hexylthiophene-5,2-diyl))bis(2-(2-ethylhexyl)-1H-benzo[de]isoquinoline  -1,3(2H)-dione)

(56).
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Figure 3.2 The synthetic routes of 53, 54, 55, and 56 molecules.
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Figure 3.2 The synthetic routes of 53, 54, 55, and 56 molecules (Continued).

i, vi = bromination reaction, N-bromosuccinimide, THF.

il = borylation reactionbis, (pinacolato)diboron, (KOAc), Pd(PPh)sCl,, toluene.

iii = Suzuki cross coupling reaction, 58, Pd(PPhs)s, 2M NazCOs, toluene.

iv = borylation reactionbis, 60, (pinacolato)diboron, (KOAc), Pd(PPh)sCl,, toluene.

v = Suzuki cross coupling reaction, 46, 4-Hexyl-2-(4,4,5,5-tetrametyl-1,3,2-dioxa
borolan-2-yl)thiophene (2.2 equiv, 7.53mmol, Pd(PPhs)s, 2M Na2CQs, toluene.

vii = Suzuki cross coupling reaction, 62, 46, Pd(PPhs)s, 2M Na.COs, toluene.

viii = Stille reaction, 62, 2,6-Bis(trimethyltin)-4,8-bis(5-(2-ethylhexyl)thiophene-2-
yl) benzo[1,2-b,4,-5-b'Jthiophene, Pd(PPhs)a, toluene.
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First step involves the synthesis of 58 from triphenylamine (57) by using
bromination reaction with NBS. The resultant was then proceeded to borylation reaction

of Pd(PPh)sCl; to give starting material 59 (Figure 3.3).

\
Br 0-4
Q Pd(PPh),Cl,
’ NBS/THF /KOAc/toluene (o)
SO T O T 0,
57 Br 58, 88% o-B 59, 58%

Figure 3.3 Synthesis of compound 59.

The reaction mechanism for NBS bromination involves firstly cleavage of the
N-Br bond forms two bromine. Second step is electrophilic aromatic substituted at the

position para direct to give product and hydrogen bromide (Figure 3.4).
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Figure 3.4 Mechanism of Brominated reaction 59.
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The structure of 58 was confirmed by *H-NMR spectroscopy. The aromatic
proton of linker resonates show two doublet at & = 6.90-6.92 ppm (6H) J = 8.70 Hz, Har
doublet and & = 7.34-7.35 ppm (6H) J = 8.70 Hz, Ha.. In addition, the 3C NMR (600
MHz, CDCls) show signals of aromatic carbons at & 144.08, 132.34, 128.63 and 124.09.

The structure of 59 was confirmed by *H-NMR spectroscopy. The proton
signal of aromatic regions were found at 6 = 7.67-7.69 (d, 6H, J = 8.40 Hz, Har), 7.06-
7.08 (d, 6H, J = 8.40 Hz, Har). In addition, the proton signal of aliphatic regions was

found at 6 = 1.33 (s, 36H, Haiiphatic) (Figure 3.5).
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Figure 3.5 Synthesis of compound 53.

Figure 3.6 shows the synthesis of 53 and *H-NMR spectrum. For synthesis,
53 was formed using C-C coupling reaction between 46 and 58 in the presence of
Pd(PPhs)s as catalyst in 2M Na,COs as base in toluene as solvent to give 53 in 78% vyield.
The chemical structure of compound 53 was confirmed by *H-NMR spectrum, *C-NMR
as well as MALDI-TOF MS. The *H-NMR spectrum collected in CDCls show pattern of

a triplet signal at 0.87-0.90 ppm (9H), 0.93-0.96 ppm (9H) assigned to two side of
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methyl groups, the multiplet signal at 1.95-2.00 ppm (3H) assigned to CH proton and
the multiplet signal at 4.12-4.20 ppm (6H) assigned to CH> proton. Furthermore, the
proton signal at aromatic regions were found at chemical shift at 7.46-7.48 ppm (6H)
and 7.53-7.54 ppm (6H) assigned to aromatic proton of triphenylamine. The number of
proton aromatic regions are (27H) corresponding to *H-NMR spectrum. In addition,
MALDI-TOF MS spectrum was used to confirm the structure and found to be 1167.4825

m/z, agreeing with the calculated mass of CzsH7sN4QOs: 1167.50.
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Figure 3.6 The synthesis and *H-NMR spectrum in CDCls of 53.

Figure 3.7 shows the synthesis of 54 and *H-NMR spectrum. 54 was formed
from C-C coupling borylation reaction between 60 and bis( pinacolato) diboron in the
presence of Pd(PPh)3sCl as catalyst in KOAc as base in toluene as solvent to give 54 in
28% vyield. The chemical structure of compound 54 was confirmed by *H-NMR spectrum,
13C-NMR as well as MALDI-TOF MS. The *H-NMR spectrum collected in CDCl3 show

pattern of a triplet signal at 0.87-0.90 ppm (12H), 0.93-0.96 ppm (12H) assigned to two
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side of methyl groups, the multiplet signal at 1.97-1.99 ppm (4H) assigned to CH proton
and the multiplet signal at 4.12-4.20 ppm (8H) assigned to CH. proton. Furthermore,
the proton signal at aromatic regions were found at chemical shift at 7.46-7.48 ppm (6H)
and 7.53-7.54 ppm (6H) assigned to aromatic proton of triphenylamine. The number of
proton aromatic regions are (27H) corresponding to *H-NMR spectrum. In addition,
MALDI-TOF MS spectrum was used to confirm the structure and found to be 1167.4825

m/z, agreeing with the calculated mass of CzsH7sN4Os: 1167.50.
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Figure 3.7 The synthesis and *H-NMR spectrum in CDCls of 54.
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Figure 3.7 The synthesis and *H-NMR spectrum in CDCl; of 54 (Continued).

Figure 3.8 shows the synthesis of 55 and *H-NMR spectrum. For synthesis,
55 was formed from C-C coupling reaction between 46 and 62 in the presence of
Pd(PPhs)s as catalyst in 2M Na.COs as base in toluene as solvent to give 55 in 28% vyield.
The chemical structure of compound 55 was confirmed by *H-NMR spectrum, *C-NMR
as well as MALDI-TOF MS. The *H-NMR spectrum collected in CDCls show pattern of
a triplet signal at 0.86ppm (18H), 0.94 ppm (9H) assigned to two side of methyl groups,
the multiplet signal at 1.73 ppm (6H) assigned to CH2 proton, the multiplet signal at
1.97 ppm (3H) assigned to CH proton and the multiplet signal at 2.80 ppm (6H) assigned
to CH>. Furthermore, the proton signal at aromatic regions were found at chemical shift
at 7.29-7.30 ppm (6H) and 7.53-7.54 ppm (6H) assigned to aromatic proton of thiophene
derivatives. The number of proton aromatic regions are (40H) corresponding to ‘H-
NMR spectrum. In addition, MALDI- TOF MS spectrum was used to confirm the
structure and found to be 1658.9320 m/z, agreeing with the calculated mass of

C108H120N406S3: 1664.84.
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Figure 3.8 The synthesis and *H-NMR spectrum in CDCls of 55.
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Figure 3.9 shows the synthesis of 56 and *H-NMR spectrum. For synthesis,
56 was formed from C-C coupling of Stille reaction between 62 and 2,6-
bis(trimethyltin)-4,8-bis(5-(2-ethylhexyl)thiophene-2-yl)benzo[1,2-b,4,-5-b"]thiophene
(76) in the presence of Pd(PPhs)s as catalyst and toluene as solvent to give 56 in 62%
yield. The chemical structure of compound 56 was confirmed by *H-NMR spectrum, *C-
NMR as well as MALDI-TOF MS. The *H-NMR spectrum collected in CDCls show
pattern of a triplet signal at 0.90-0.91 ppm (18 H), 0.95-0.98 ppm (12H) assigned to two
sides of methyl groups, the multiplet signal at 1.98-1.99 ppm (2H) assigned to CH
proton and the multiplet signal at 4.12-4.20 ppm (4H) assigned to CH> proton.
Furthermore, the proton signal at aromatic regions were found at chemical shift at 6.95
ppm (2H), the singlet at 7.24 ppm assigned to two side (2H) proton of SH, the doublet
at 8.67-8.678 ppm (2H) and 8.73-8.74 ppm (2H) assigned to two side of 1,8-
naphthalimide.. The number of proton aromatic regions are (18H) corresponding to *H-
NMR spectrum. In addition, MALDI- TOF MS spectrum was used to confirm the
structure and found to be 1525.2544 m/z, agreeing with the calculated mass of

Co4H112N204S6 : 1524.69.
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Figure 3.9 The synthesis and *H-NMR spectrum in CDCls of 56.

3.4 Optical properties

The absorption and emission properties of 53, 54, 55, and 56 in both DCM solution
and as a spin-casted thin film were investigated and summarized in Table 2.1. In the solution
phase, each compound exhibited a characteristic 7=—r* transition, as observed by the

maximum absorption peak around (325-347 nm) and (462-489 nm) showed in Figure
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3.10a. Therefore, the molar extinction coefficient of the latter peak increases with the
number of naphthalimide units. In the solid state, the absorption spectra of these compounds
also have the same pattern as in the solution phase Figure 3.10b. However, the maximum
absorption wavelengths appear at longer wavelengths (320-351 and 430-449 nm) due to
more efficient t-conjugation between the 1,8-naphthalimide and triphenylamine groups in
the solid state, which may be caused by the restricted molecular vibration and rotation. The
normalized fluorescence spectra in DCM solution and in the solid phase are also shown in
Figure 3.11. The maxima PL wavelength in DCM solution exhibited orange emission
spectra (hem = 665-718 nm). The maxima PL wavelength in thin film of 53 showed a
bathochromic shifted around 33 nm, compounds 54, 55, and 56 showed blue shift.
suggesting that increase in the number of 1,8-naphthalimide groups, the fluorescence
emission peaks are gradually blue-shifted due to a decrease in the electron delocalization

between the donor and the acceptor.
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Figure 3.10 a) UV- Vis absorption spectra of 53, 54, 55, and 56 in DCM solution and b)

thin film.
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Figure 3.11 a), b) fluorescence spectra of 53 and 54 in DCM solution.
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Figure 3.11 (e) thin film state (Continued).

3.4.1 Time-resolved fluorescence decay
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The lifetimes of the slow decay in the solution decrease to 7.83, 7.23, 1.44, and

1.34 ns of 53, 54, 55, and 56, respectively (Figure 3.12). The thin film phase showed

value at 16.25, 0.78, 4.66, and 0.84 ns. The quantum yields of these compounds has the

high quantum yield 74.65%, 33.24%, 11.5% and 18.37% of53, 54, 55, and 56,

respectively (Table 3.1). The thin film phase showed decrease value to 41.92%, 0.14%,

5.31%, and 3.96%.
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Figure 3.12 Time-resolved fluorescence decay of 53, 54, 55, and 56 emitter in a) DCM

solution and b) thin film.
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Table 3.1 Photophysical properties and emission lifetimes of 53, 54, 55, and 56

Comp.  2A%abs /AMMabs  2%'em /AMem v (Ns)° QY
(nm)® (nm)° sol  film sol film
53  325426/320,430  704/737  7.83 16.25 74.65 41.92
54 327,425/332,446  718/715 723 0.78 33.24 0.14
55  346,431/351,443  682/626 144  4.66 11.58 5.31
56  347,489/344,449  665/640 134 0.84 18.37 3.96

aMeasured in DCM (10°M) and thin film at 298 K.
b.c.d Measured in DCM (10°M) and thin film at 298 K.

3.5 Electrochemical properties

The experimental and computationally calculated electrochemical properties are
summarized in Table 3.2. The cyclic voltammograms acquired by the anodic scans at
room temperature exhibit one reversible oxidation peak for each compound, which
might be attributed to the electron-donating ability. The HOMO energy levels were
obtained from the onset oxidation potential (Eonset) Observed on the cyclic
voltammograms, and the LUMO energy levels were estimated from the Eg and HOMO
data. All compounds displayed an irreversible redox process with onset oxidation peaks
at +0.62, +0.18, +0.12, and +0.44 V, respectively. On the basis of the first oxidation
potential, the highest occupied molecular orbital (HOMO) energy levels can be
estimated as -5.06 eV for 53, -4.62 eV for 54, -4.56 eV for 55 and -4.88 eV for 56. The
lowest unoccupied molecular orbital (LUMO) energy level of these compounds could

be estimated from the HOMO energy level and energy band gap (Eg) using the
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following equation: LUMO = HOMO + Eg. The LUMO energy levels are -2.59 eV, -

2.32 eV, -2.18 eV, and -2.18 eV of 53, 54, 55, and 56, respectively (see Figure 3.13).
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Figure 3.13 a) Cyclic voltammograms of 53, 54, 55, and 56 (10 M) in CHClIs solutions

using 0.1 M BusNPFs at a scan rate of 50 mV/s.

3.5.1 Quantum chemical calculation

The calculation results revealed that the (Figure 3.14). Their geometries and
energies were optimized by density functional theory (DFT) calculation using DFT
B3LYP/6-31G(d, p) method were investigated and summarized in Table 3.2. The frontier
orbitals for the 53, 54, 55, and 56 look very similar for all compounds, being localized
almost entirely on the triphenylamine core or 2,6-Bis(trimethyltin)-4,8-bis(5-(2-
ethylhexyl)thiophene-2-yl) benzo [1,2-b,4,-5-b’]thiophene for the HOMO or 1.8-
naphthalimide moiety for the LUMO. Whereas the LUMO were mainly localized on

the electron withdrawing at the 1,8-napthalimide units.
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Figure 3.14 The spatial distribution of HOMO (left) and LUMO (right) energies

densities of 53, 54, 55, and 56 by DFT B3LYP/6-31G (d, p) calculation.
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Table 3.2 Electrochemical and theoretical electronic characteristics of 53, 54, 55, and

56.

Comp. E%,  E  HOMO  LUMO HOMO LUMO  E,
ev): V)"  (eV)© eV V) V) eV

53 0.62 2.47 -5.06 -2.59 -5.53 -2.55 2.98
o4 0.18 2.30 -4.62 -2.32 -5.29 -2.51 2.78
55 0.12 2.38 -4.56 -2.18 -5.25 -2.51 2.74
56 0.44 2.07 -4.88 -2.18 -5.25 -2.51 2.74

8 Measured by CV in DCM vs Ag/Ag* at scan rate of 50 mV/s.

b Calculated from A% onset , Eq = 1240/A% greet

¢ Calculated from onset oxidation potential HOMO = -(E™,, + 4.44) eV
d Calculated from LUMO = HOMO + E,

¢ Calculated from DFT B3LYP/6-31G(d, p)

3.6 Conclusion

Four new derivatives of triphenylamine containing electron accepting 1,8-
naphthalimide moieties and electron-donating triphenylamino  groups, 2,6-
bis(trimethyltin)-4,8-bis(5-(2-ethylhexyl)thiophene-2-yl)benzo[1,2-b,4,-5-b"]thiophene
were obtained via Suzuki cross-coupling reaction, Stille reaction. The fluorescence
quantum yields from 74.65 and 11.58, while emission yields of the neat films are 41.92
and 0.14 due to pronounced electron donor-acceptor character. These compounds
exhibited absorption maxima around 425-489 nm and emission maxima around 704-
718 nm in DCM solution. The Stoke’s shifts were narrower for the spectra of these
compounds in the solid state as a result of solid packing expect 53. The electrochemical
properties were examined using cyclic voltammetry and the data were in good

agreement with those obtained from the computational calculations obtained using the
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Gaussian 09 program. The ionization potential values of the synthesized compounds
measured by the cyclic voltammetry are -5.06 eV, -4.62 eV, -4.56 eV, -4.88 eV, and
electron affinities -2.59 eV, -2.32 eV,-2.18 eV, and -2.18 eV of 53, 54, 55, and 56,

respectively.



CHAPTER IV
SYNTHESIS AND CHARACTERIZATION OF
THIADIAZOLE DERIVATIVES AS LIGHT-EMITTING
MATERIALS FORORGANIC LIGHT-EMITTING

DIODES

4.1 Introduction

A new series of D-mt-A type thiadiazole derivatives containing triphenylamine or
phenylcarbazole as donor, thiophene derivatives as n-conjugated and 4,7-dibromo-
(1,2,5) thiadiazole as acceptor investigated as near IR emitting materials for solution
processed OLEDs. These-compounds were synthesized through Suzuki cross coupling
reaction. Their skeleton, which exhibits an intramolecular charge-transfer (ICT)
transition from the donor to the acceptor upon photo irradiation. In order to broaden the
absorption spectra of the sensitizers in the visible and near-IR region, an additional
electron-accepting group in the conjugated spacer is an efficient approach for red

shifting the absorption spectra.

4.2 Aims of the study

1. To design, synthesize and characterize D-r-A-mt-D type thiadiazole derivatives 63,

64, 65, and 66 as near IR emitting materials for solution processed OLEDs.



90

2. The photophysical, electrochemical and thermal properties of the target
molecules were studied by UV-visible spectroscopy, fluorescence spectroscopy, cyclic

voltammetry and DSC-TGA techniques.

Figure 4.1 The structures of compounds 63, 64, 65, and 66.

4.3 Results and discussion

4.3.1 The synthesis routes of thiadiazole derivatives.
The synthetic routes of the designed D-r-A type thiadiazole derivatives 63, 64,

65, and 66 are outlined in (Figure 4.2). Firstly, the key intermediate 68 and 70 were

synthesized by Suzuki cross coupling reaction of 4,7-dibromo-(1,2,5)thiadiazole (67)

(1.0 equiv) connecting with 4-hexyl-2-(4,4,5,5-tetra metyl-1,3,2-dioxaborolan-2-
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yl)thiophene (72) (2.2 equiv) or 3-hexyl-2-(4,4,5,5-tetra metyl-1,3,2-dioxaborolan-2-
yl)thiophene (73) (2.2 equiv). The second step involved bromination reaction of 68 or 70
with N-bromosuccinimide and THF to produce 69 or 71. Final step employed Suzuki
cross coupling reaction of 4-(diphenylamino)Phenyl boronic acid (74) or 9-pheny

Icarbazole-3-broronic acid (75) to afford the designed 63, 64, 65, and 66.

w
Z
:CZ
[v9)
-

111
68 :R,=C;H,;, R,=H l
69 :R,=C,H,;;,R,=H R,
70 :R,=H, R, = C;H,;
71 :R,=H, Ry = C;H,;

63 : Ry =C;H3, R, = H, R3, R, = triphenylamine
64 : R, = C;H 3, R, = H, R3, R, = 9-phenylcarbazole
65: R, =H, R, = C;H,; R, R4y = triphenylamine
66 : R, = C;H3, R, = H, R3, R, = 9-phenylcarbazole

Figure 4.2 The synthetic routes of 63, 64, 65, and 66 molecules.

i = Suzuki cross coupling reaction with 4-Hexyl-2-(4,4,5,5-tetrametyl-1,3,2-
dioxaborolan-2-yl)thiophene (72) (2.2 equiv) or 3-Hexyl-2-(4,4,5,5-tetrametyl-1,3,2-
dioxaborolan-2-yl)thiophene (73), Pd(PPhs)s, 2M Na2COs, toluene.

il = bromination reaction, N-bromosuccinimide, THF.

iii = Suzuki cross coupling reaction with 4-(diphenylamino)phenylboronic (74) acid
or 9-phenylcarbazole-3-broronic acid (75), Pd(PPhs)s, 2M Na,COs, toluene.
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4.3.1.1 The synthesis of thiadiazole derivatives 63 and 64
In the first step, compound 68 was synthesized from 67 and 72 by
using Suzuki cross coupling reaction and followed by bromination reaction of the

resultant with BNS to give starting material 69 (Figure 4.3).

O<g 7\ Pd(PPh,), /
101 S 2M Na,CO,
72 Toluene
—>
Br_N
-\
N Br
é’N 68, 93%
67

Figure 4.3 Synthesis of thiadiazole derivatives 69.

The structure of 68 was confirmed by *H-NMR spectroscopy (Figure
4.4). The proton signal of aromatic was found pattern of thiadiazoloe at & = 8.80 ppm as
singlet (1H). The thiophene proton show singlet at 6 = 8.51 ppm (1H), 7.95 ppm (1H),

7.20 ppm (1H), 7.06 ppm (1H). In addition, the proton signal of aliphatic regions was

found at 6 = 0.98 ppm as triplet 2 x CH3 (methyl proton) of chain alkyl (see in chapter 6
experimental). MALDI-TOF (m/z) calcd for CasHaiN3S3:469.17, found 470.2969 (M").
The structure of 69 was confirmed by *H-NMR spectroscopy. The proton signal of
aromatic was found pattern of thiadiazoloe at & = 8.70 ppm as singlet (1H). The thiophene

proton show singlet at 6 = 8.32 ppm (1H), 7.75 ppm (1H). High
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resolution mass spectrometry confirmed the identity of the compound with m/z:

(HRMS) = 624.7553 (required m/z = 624.99) (Figure 4.5).

gL ) Pd(PPh;),/
j_ S 2M Na,CO,

(e}
72 Toluene
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BrN \
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Figure 4.4 The synthesis and *H-NMR spectrum in CDCl; of 68.
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Figure 4.5 The synthesis and *H-NMR spectrum in CDCl; of 69.

The target molecule 63 was synthesized from 69 and 4-
(diphenylamino) phenylboronic acid (74) using Suzuki cross coupling reaction and

obtained in a good yield 73% (Figure 4.6).
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Pd(PPhj),/
2M Na,CO,/
Toluene
—_—

63, 73%

Figure 4.6 Synthesis of compound 63.

The structure of compound 63 was confirmed by *H-NMR spectrum,
13C-NMR as well as MALDI-TOF MS. The *H-NMR spectrum collected in CDCls show
pattern of a triplet signal at 0.87-0.89 ppm (6H) assigned to two side of methyl groups,
the multiplet signal at 1.68-1.76 ppm (4H), 2.73-2.78 ppm (4H) assigned to two side of
CH> proton of alkyl thiophene. Furthermore, the proton signal at aromatic regions were
found pattern of thiadiazoloe the singlet at 8.00 ppm (1H), 8.53 ppm (1H) and 8.79 ppm
(1H) assigned to aromatic proton of thiadiazoloe (Figure 4.7). The number of proton
aromatic regions are (31H) corresponding to *H-NMR spectrum. In addition, MALDI-
TOF MS spectrum was used to confirm the structure and found to be 955.7325 m/z,

agreeing with the calculated mass of Ce1H57NsS3: 955.38.
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Figure 4.7 The synthesis and *H-NMR spectrum in CDCls of 63.

The compound 64 was synthesized from 69 and 75 by using Suzuki

cross coupling reaction (Figure 4.8).
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Pd(PPh3),/
2M Na,CO,/
Toluene

(O _on —
NB\OH 64, 64%

@75

Figure 4.8 Synthesis of compound 64.

The structure of compound 64 was confirmed by *H-NMR spectrum,

13C-NMR as well as MALDI-TOF MS (Figure 4.9). The *H-NMR spectrum collected in

CDCls show pattern of a triplet signal at 0.86 ppm (6H) assigned to two side of methyl
groups, the multiplet signal at 1.67-1.74 ppm (4H), 2.71-2.76 ppm (4H) assigned to two
side of CH2 proton of alkyl thiophene. Furthermore, the proton signal at aromatic
regions were found pattern of thiadiazoloe the singlet at 7.98 ppm (1H), 8.51 ppm (1H)
and 8.77 ppm (1H) assigned to aromatic proton of thiadiazoloe. The number of proton

aromatic regions are (27H) corresponding to *H-NMR spectrum. In addition, MALDI-
TOF MS spectrum was used to confirm the structure and found to 952.6076 m/z, agreeing

with the calculated mass of Cs1Hs3NsS3: 951.35.
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Figure 4.9 The synthesis and *H-NMR spectrum in CDCls of 64.

4.3.1.2 The synthesis of thiadiazole derivatives 65 and 66

In the first step, 70 was synthesized from 67 and 73 by using Suzuki

cross coupling reaction and followed by bromination reaction of the resultant with BNS

to give starting material 71 (Figure 4.10).
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[\ Pd(PPhy),/
10,5 s”  2M Na,CO,
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! B
N/f\l r 70, 93%
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Figure 4.10 Synthesis of compound 71.

The structure of 70 was confirmed by *H-NMR spectroscopy. The
proton signal of aromatic was found pattern of thiadiazoloe at 6 = 8.63 ppm as singlet
(1H). The thiophene proton show doublet at 6 = 7.57-7.56 ppm (1H), 7.46 ppm (1H), 7.13-
7.11 ppm (2H). In addition, the proton signal of aliphatic regions was found at 6 = 0.86-
0.80 ppm as triplet 2 x CHs (methyl proton) of chain alkyl (see in chapter 6 experimental).

MALDI-TOF (m/z) calcd for CosHa:N3Ss:469.17, found 470.2969 (M") (Figure 4.11).

O- /A Pd(PPhj),/
B s 2M Na,CO,
0 Toluene ’
+ 73 N7
—_— \ ’N
BrN S
7 \ C
NI B 70, 93%
5
67

Figure 4.11 The synthesis and *H-NMR spectrum in CDCls of 70.
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Figure 4.11 The synthesis and *H-NMR spectrum in CDCls of 70 (Continued).

The structure of 71 was confirmed by *H-NMR spectroscopy. The
proton signal of aromatic was found pattern of thiadiazoloe at 6 = 8.70 ppm as singlet
(1H). The thiophene proton show singlet at 6 = 8.32 ppm (1H), 7.75 ppm (1H). High
resolution mass spectrometry confirmed the identity of the compound with m/z:

(HRMS) = 624.7553 (required m/z = 624.99) (Figure 4.12).

Figure 4.12 The synthesis and *H-NMR spectrum in CDCl; of 71.
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Figure 4.12 The synthesis and *H-NMR spectrum in CDCls of 71 (Continued).

In second step, 71 was reacted with 4-(diphenylamino) phenylboronic

acid (74) to give the 65 in well yield 84% (Figure 4.13).

Pd(PPh3),/
2M Na,CO,/
Toluene

Figure 4.13 Synthesis of compound 65.

The structure of 65 shows synthesis and H-NMR spectrum. The

proton signal of aromatic was found pattern of was formed from C-C coupling reaction
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between 71 and 74 in the presence of Pd(PPhs)s as catalyst in 2M Na>COs as base in
toluene as solvent to give 65 in 84% vyield (Figure 4.14). The chemical structure of
compound 65 was confirmed by *H-NMR spectrum, *3C-NMR as well as MALDI-TOF
MS. The *H-NMR spectrum collected in CDCl3 show pattern of a triplet signal at 0.82-
0.84 ppm (3H) and 0.87-0.89 ppm (3H) assigned to two side of methyl groups, the
multiplet signal at 2.67-2.79 ppm (2H), 3.27-3.30 ppm (2H) assigned to two side of CH>
proton of alkyl thiophene. Furthermore, the proton signal at aromatic regions were found
pattern of thiadiazoloe the singlet at 8.42 ppm (1H), 8.51 ppm (1H) and 8.70 ppm (1H)
assigned to aromatic proton of thiadiazoloe. The number of proton aromatic regions are
(31H) corresponding to *H-NMR spectrum. In addition, MALDI-TOF MS spectrum was
used to confirm the structure and found to 955.7352 m/z, agreeing with the calculated

mass of Ces1H57NsS3 : 955.38.

Pd(PPh3),/

2M Na,COa/

Toluene
—_—

@74

Figure 4.14 The synthesis and *H-NMR spectrum in CDCls of 65.
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Figure 4.14 The synthesis and *H-NMR spectrum in CDCls of 65

(Continued).

In second step, 71 was reacted with 9-phenylcarbazole-3-broronic

acid (75) to give the 66 in well yield 70% (Figure 4.15).

Pd(PPhj),/
2M Na,CO,/
Toluene
e
) on )
& =

Figure 4.15 Synthesis of compound 66.
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The structure of 66 shows synthesis and H-NMR spectrum. The
synthesis, 66 was formed from C-C coupling reaction between 71 and 9-
phenylcarbazole-3-broronic acid (75) in the presence of Pd(PPhs)s as catalyst in 2M
Na2COz as base in toluene as solvent to give 66 in 70% vyield (Figure 4.16). The chemical
structure of compound 66 was confirmed by H-NMR spectrum, *C-NMR as well as
MALDI-TOF MS. The *H-NMR spectrum collected in CDCl; show pattern of a triplet
signal at 0.82-0.84 ppm (3H), 0.87-0.89 ppm (3H) assigned to two side of methyl
groups, the multiplet signal at 2.76-2.79 ppm (2H), 3.27-3.30 ppm (2H) assigned to two
side of CH2 proton of alkyl thiophene. Furthermore, the proton signal at aromatic
regions were found pattern of thiadiazoloe the singlet at 8.24 ppm (1H), 8.51 ppm (1H)
and 8.70 ppm (1H) assigned to aromatic proton of thiadiazoloe. The number of proton
aromatic regions are (27H) corresponding to *H-NMR spectrum. In addition, MALDI-
TOF MS spectrum was used to confirm the structure and found to 952.6076 m/z,

agreeing with the calculated mass of Ces1Hs3N5S3: 951.35.

Pd(PPh3),/
2M Na,CO,/
Toluene
—_—

Figure 4.16 The synthesis and *H-NMR spectrum in CDCls of 66.
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Figure 4.16 The synthesis and H-NMR spectrum in CDCl; of 66

(Continued).

4.4 Optical properties

The UV-vis absorption spectra of compounds in chloroform solution (1 x10° mol L?)
and as thin films are shown in (Figure 4.17). These molecules exhibit dual absorbance
comprised with m-z* transition and ICT bands, which differ with the electron-
withdrawing abilities of the compounds. The maximal absorption peaks of 63, 64, 65,
and 66 were located at 547, 542, 540 and 522 nm, respectively. For solids film state
showed red shift absorption and much broader than in solution phase, as can be
attributed to the effects of molecular packing. In addition, 66 emitted intense purple
fluorescence with a maximum at 768 nm when excited at 570 nm (Figure 4.18). The

compound 64 showed blue shift at 729 nm due to donor of phenylcarbazole.



Normalized

b)

Normalized1

0.0 T T T T T T T T T
300 400 500 600 700 800
Wavelength (nm)
Film
1 Il Il 1 1
1.0 -
—63
—64
08 —63
—66
0.6 - L
0.4 - -
0.2 1 -
0.0 T T T T T T T T T
300 400 500 600 700 800

Wavelength (nm)

106

Figure 4.17 a) UV-Vis absorption spectra of 63, 64, 65, and 66 in DCM solution b) thin

film state.
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Figure 4.18 a) PL spectra of 63, 64, 65, and 66 in DCM solution b) thin film state.
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4.4.1 Time-resolved fluorescence decay
The lifetimes of the slow decay in the solution phase exhibited to 2.4, 2.4,
0.7, and 2.4 ns 0f 63, 64, 65, and 66, respectively (Figure 4.19). For the thin film state
showed value to 1.8, 3.1, 2.5, and 1.9 ns. The quantum yields of these compounds of
64 has the highest quantum yield 18.37%. All the compounds are strongly emissive in
dichloromethane, with the PL quantum yields (®s) ranging from 13.4%, 23.71%, 4.45%,

and 17.2% in solution and 4.96%, 14.92%, 11.48%, and 19.76% in thin film.
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Figure 4.19 a) Time-resolved fluorescence decay of 63, 64, 65, and 66 emitter in DCM

solution.
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Figure 4.19 a) Time-resolved fluorescence decay of 63, 64, 65, and 66

emitter in DCM solution (Continued).

Table 4.1 Photophysical properties and emission lifetimes of of 63, 64, 65, and 66.

Comp.  A%laps/AfMabs  2%em /AfMem T (ns)° QY
(nm)? (nm)° sol  film sol film
63 347,547/ 320,549 768/ 745 2.4 18 13.4 4.96
64 275,542/ 366,562 729/734 24 31 23.71 14.92
65  362,540/313,560 787/732 07 25 4.45 11.48
66 338,522/320,528 724/729 24 19 17.2 19.76

aMeasured in DCM (10°M) and thin film at 298 K.
b¢d Measured in DCM (10°M) and thin film at 298 K.
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4.5 Electrochemical properties

The experimental and computationally calculated electrochemical properties are
summarized in (Table 4.2). The cyclic voltammograms acquired by the anodic scans at
room temperature exhibit one reversible oxidation peak for each compound, which
might be attributed to the electron-donating ability of triphenylamine for 63, 65 or
phenylcarbazole for 64, 66. The HOMO energy levels were obtained from the onset
oxidation potential (Eonset) Observed on the cyclic voltammograms, and the LUMO
energy levels were estimated from the Eg and HOMO data. These data indicated the
stabilization of the HOMO level due to the electron-withdrawing characteristics of the
thidiazole group. The HOMO energy levels of 63, 65 exhibit high energy levels than 64,
66 due to electron-donating ability of triphenylamine from -5.11 eV, -5.13, and -5.18
and-5.20 for 63, 65. These cause a wider band gap, which increases in the order 1.90 eV

63, 1.94 eV 64, 1.98 eV 64, and 2.00 eV 66 (Figure 4.20).

Current (A)

[P PR PR PR PR NP TPRN NP BRI P PO O |

T T T
-1.5 -1.0 -0.5 0.0 05 1.0 1.5
Potential vs Ag/AgCI

~
o

Figure 4.20 CV curves of 63, 64, 65, and 66 (10° M solutions in DCM with 0.1 M n-

BusNPF).
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4.5.1 Quantum chemical calculation

The tendencies of the experimental Eg, HOMO, and LUMO were gave same
result with the calculated values, as shown in Table 4.2. The calculation results revealed
that the (Figure 4.21). Their geometries and energies were optimized by density
functional theory (DFT) calculation using DFT B3LYP/6-31G(d, p) method were
investigated and summarized in Table 4.2. The frontier orbitals for the 63, 64, 65, and 66
look very similar for all compounds, being localized almost entirely on the thiadiazole
core for the HOMO or of triphenylamine, phenylcarbazole for the LUMO. Whereas the
LUMO were mainly localized on the electron withdrawing at the triphenylamine,

phenylcarbazole units.

HOMO LUMO

63

64

65

66

Figure 4.21 Optimized structures obtained from B3LYP/6-31G d, p) in gas phase.
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Table 4.2 Electrochemical and theoretical electronic characteristics of 63, 64, 65, and

66.

Comp.  Eg  E* HOMO LUMO HOMO LUMO

(eV)a (V)b (eV)c (eV)d (eV)e (eV)e  (eV)e

63 0.67 1.90 -5.11 -3.21 -4.80 -2.73 2.07
64 0.74 1.98 -5.18 -3.20 -4.89 -2.66 2.23
65 0.69 1.94 -5.13 -3.19 -4.78 -2.70 2.08
66 0.76 2.00 -5.20 -3.20 -4.89 -2.64 2.24

8 Measured by CV in DCM vs Ag/Ag* at scan rate of 50 mV/s.

b Calculated from A2 gnet , Eq = 1240/A% gneet

¢ Calculated from onset oxidation potential HOMO = -(E™,, + 4.44) eV
d Calculated from LUMO = HOMO + E,

¢ Calculated from DFT B3LYP/6-31G(d, p)

4.6 Conclusion

Using electron-rich triphenylamine, phenylcarbazole as the donor constructive
units, four purple-emissive thiadiazole derivatives were designed and synthesized, and
correlations between the molecular structures and photophysical properties of these
compounds have been investigated. For solution-processable derivatives of
triphenylamine, phenylcarbazole and thiadiazole with the olefnic linkages between
chromophores were synthesized by Suzuki cross coupling reaction. Their optical and
electrochemical properties were studied and discussed in terms of the correlation with
the chemical structures and compared with those of the earlier reported derivatives of
triphenylamine, phenylcarbazole and thiadiazole with the single bonds between

chromophores. The solution of the emission quantum yield of 13.4, 23.71, 4.45, 17.20,
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respectively. Due to pronounced electron donor—acceptor character. This series, we
focus on hole transport layer and emissive layer material. The structure of all target
molecules can be combine hole transport layer and emissive layer materials in one
molecules because of the HOMO level showed around -5.11, -5.18, -5.13, and -5.20 eV,

which have value close to indium tin oxide.



CHAPTER V
SYTHESIS AND CHARACTERISZATION OF
NAPHTHO[2,3-C] [1,2,5]THIADIAZOLE DERIVATIVES

FOR ORGANIC LIGHT-EMITTING DIODES

5.1 Introduction

The synthesis and properties of organic semiconductors D-n-A-n-D type
naphtho[2,3-c]  [1,2,5]thiadiazole ~ derivatives  consisting  of  naphtho[2,3-
c][1,2,5]thiadiazole as core acceptor (A) and triphenylamine as terminal donor (D)
linked with bithiophene and terthiophene as n-conjugated spacer (), respectively. In
this work, a series of naphtho[2,3-c][1,2,5]thiadiazole, namely (77) and (78), were
designed and investigated. A typical organic OLEDSs has a donor—n bridge—acceptor (D-
n-A-n-D) skeleton, which exhibits an intermolecular charge-transfer (ICT) transition
from the donor to the acceptor upon photo irradiation. In order to broaden the absorption
spectra of the sensitizers in the visible and near-IR region, D-n-A-n-D type organic with
an additional electron-accepting group in the conjugated spacer is an efficient approach

for red shifting the absorption spectra.
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5.2 Aims of the study

1. To synthesize new series of designed D-n-A-n-D type naphtho[2,3-c] [1,2,5 ]
thiadiazole derivatives as near IR electroluminescent materials for solution processed
OLED:s.

2. To study the photophysical, electrochemical, and thermal properties by UV-
visible spectroscopy, fluorescence spectroscopy, cyclic voltammetry and DSC-TGA

techniques.

Figure 5.1 The structures of compounds 67 and 68.

5.3 Results and discussion

5.3.1 The synthesis routes of naphtho thiadiazole derivatives of 67 and 68
The synthetic routes of the designed 67 and 68 are outlined in (Figure 5.2).

Firstly, the synthesis of the key intermediates 79, 81, and 83 involves an iterative
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reaction of Suzuki cross coupling reaction and bromination. The Suzuki cross coupling
reaction of 4-hexyl-2-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)thiophene (72) (2.2
equiv) with the aryldibro- mide catalyzed by Pd(PPhs)s and 2M Na.COs in THF was
employed to introduce 4-hexyl thiophene ring to the molecule. While the bromination
reaction of with N-bromosuccinimide in THF will arrow to introduce the dibromide
functional group to the terminal end of thiophene rings. The final step was achieved by
a Suzuki cross coupling reaction between intermediates 79, 81, and 83 and 4-
(diphenylamino)phenylboronic acid (72) to afford 67 catalyzed by Pd(PPhs)s and 2M

Na>COs in toluene to form the designed target molecules.
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68

Figure 5.2 The synthetic routes of 67 and 68 molecules.

i, §ii, v = Suzuki cross coupling reaction, 4-Hexyl-2-(4,4,5,5-tetrametyl-1,3,2-
dioxaborolan-2-yl)thiophene (72), Pd(PPhs)s, 2M Na2COs, toluene.

ii. iv, vii = Bromination reaction, N-bromosuccinimide, THF.

vi, viii = Suzuki cross coupling reaction, 4-(diphenylamino)phenylboronic acid (74),
Pd(PPhs)s, 2M Na,COs, toluene.
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5.3.1.1 The synthesis of naphtho thiadiazole derivative 67
In the first step, 78 was synthesized from 72 and 4,7-dibromo-(1,2,5)
thidiazole (77) by using Suzuki cross coupling reaction and followed with NBS to give

starting material 79 (Figure 5.3).

rd

o, U\
B s
o ., Pd(PPhs),/

2M Na,CO;

O Toluene
—_—

Br Br
1\
N
N S
77

Figure 5.3 The synthesis of naphtho thiadiazole derivative 79.

The structure of 78 was confirmed by *H-NMR spectroscopy. The
characteristic peak of naphtho thiadiazole position is visible at 6 =6 8.31 - 8.32 ppm (q,
2H, J=1.26Hz, Ha), 7.40-7.42 ppm (q, 2H, J = 1.26Hz, Ha). The thiophene proton show
at 6=7.28 (s, 2H, Har), 7.25 (s, 2H, Har), and found that methyl proton of side chain show
at 5=0.91 (t, 6H, 2 x CHa,. Haliphatic) . In addition, MALDI-TOF MS spectrum was used
to confirm the structure and found to 518.7352 m/z, agreeing with the calculated mass
of C3oHzaN2Ss: 518.19. The structure of 79 was confirmed by *H-NMR spectroscopy.
The characteristic peak of naphtho thiadiazole position is visible at 6 = 8.32 - 8.31 ppm
(9, 2H, J = 1.26Hz, Har), and 7.42 - 7.40 (q, 2H, J = 1.26Hz, Har). The thiophene proton
show at 6 =7.28 (s, 2H, Har) and 7.25 (s, 2H, Har). The methyl proton of side chain show

at 5 =0.91 ppm (t, 6H, 2 x CHza, Haiipnatic). (The mechanism was proposed in Figure 2.9).
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The intermediate of 80 was synthesized from 79 and 72 by using
Suzuki cross coupling reaction and followed with NBS to give intermediate number 81

(Figure 5.4).

Pd(PPh;),/
Br 2M Nach3
Toluene

Figure 5.4 The synthesis of naphtho thiadiazole derivative 81.

The structure of 80 was confirmed by *H-NMR spectroscopy. The
characteristic peak of naphtho thiadiazole position is visible at & = 8.32 - 8.31 ppm (q,
2H, J = 1.26 Hz, Har), and 7.42 - 7.40 (q, 2H, J = 1.26 Hz, Ha/). The structure of 81 was
confirmed by MALDI- TOF (m/z) calcd for CsoHeoBraN»Ss : 1,006.17 and found

1,006.3066 (M").

In the final step, 67 was formed by using Suzuki cross coupling

reaction between 81 and 74 as shown in (Figure 5.5)
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Pd(PPh3),/
2M N32CO3/
Toluene

Figure 5.5 The synthesis of compound 67.

Figure 5.6 shows the synthesis of 67 and ‘H-NMR spectrum. For
synthesis, 67 was formed from C-C coupling reaction between 81 and 4-
(diphenylamino) phenylboronic acid (74) in the presence of Pd(PPhs)s as catalyst in 2M
Na2COz as base in toluene as solvent to give 67 in 54% yield. The chemical structure of
compound 67 was confirmed by *H-NMR spectrum, **C-NMR as well as MALDI-TOF
MS. The H-NMR spectrum collected in CDCl; show pattern of a triplet signal at 0.87-
0.89 ppm (12H) assigned to two side of methyl groups, the multiplet signal at 2.68-2.70
ppm (4H), 2.93-2.96 ppm (4H) assigned to two side of CH; proton of alkyl thiophene.
Furthermore, the proton signal at aromatic regions were found pattern of naphtha
thiadiazole the singlet at 7.45-7.47 ppm (2H) and 8.47-8.48 ppm (2H) assigned to
aromatic proton of naphtha thiadiazole. The number of proton aromatic regions are (36H)
corresponding to *H-NMR spectrum. In addition, MALDI- TOF MS spectrum was used
to confirm the structure and found to 1348.4917 m/z, agreeing with the calculated mass

of CgsHgsN4Ss: 1336.56.
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Figure 5.6 The synthesis and *H-NMR spectrum in CDCls of 67.

5.3.1.2 The synthesis of naphtho thiadiazole derivative 68
The first step involved the synthesis of 82 from 72 and 4,9-bis(5'-
bromo-3,4'-dihexyl-[2,2'-bithiophen]-5-yl)naphtho[2,3-c][1,2,5]thiadiazole  (81) by
using Suzuki cross coupling reaction (Figure 5.7) and followed with NBS to give

intermediate number 83 (Figure 5.8).
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Pd(PPh3),/
2M N32C03
Toluene

Figure 5.7 The synthesis of naphtho thiadiazole derivative 82.

7 || NBS / Toluene

Figure 5.8 The synthesis of naphtho thiadiazole derivative 83.

In the final step, 68 was formed using Suzuki cross coupling reaction

between 83 and 74 as shown in (Figure 5.9).
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Figure 5.9 The synthesis of compound 68.

Figure 5.10 shows the synthesis of 68 and *H-NMR spectrum. For
synthesis, 68 was formed from C-C coupling reaction between 83 and 4-
(diphenylamino)phenylboronic acid (74) in the presence of Pd(PPhs)s as catalyst in 2M
Na2COz as base in toluene as solvent to give 68 in 35% vyield. The chemical structure of
compound 68 was confirmed by *H-NMR spectrum, **C-NMR as well as MALDI-TOF
MS. The H-NMR spectrum collected in CDCls show pattern of a triplet signal at 0.87-
0.89 ppm (9H), 1.29-1.32 ppm (9H) assigned to two side of methyl groups, the multiplet
signal at 1.71-1.76 ppm (4H), 2.81-2.83 ppm (4H) assigned to two side of CH> proton
of alkyl thiophene. Furthermore, the proton signal at aromatic regions were found
pattern of naphtha thiadiazole the singlet at 7.36 ppm (2H) and 8.48-8.49 ppm (2H)
assigned to aromatic proton of naphtha thiadiazole. The number of proton aromatic

regions are (38H) corresponding to *H-NMR spectrum. In addition, MALDI-TOF MS
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spectrum was used to confirm the structure and found to 1665.7152 m/z, agreeing with

the calculated mass of CigsH116N4S7 : 1664.72.

O oo
B

N’@ “OH  Pd(PPhy),/
74

2M Na,CO,/
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T

Figure 5.10 The synthesis and *H-NMR spectrum in CDCls of 68.
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5.4 Optical properties

The absorption and emission properties of 67 and 68 in both DCM solution and as
a spin-casted thin film were investigated and summarized in Table 5.1. In the solution
phase, each compound exhibited a characteristic n—n* transition, as observed by the
absorption peak around 347-368 nm along with a charge transfer between the
naphtho[2,3-c] [1,2,5] thiadiazole and triphenylamine group evidenced by the
absorption peak around 553-593 nm (Figure 5.11). The UV-visible spectra of
compounds 67 and 68 showed bands below 400 nm can be attributed to localized n—n*
transition, while the band between 400—700 nm are the intramolecular charge transfer
transition (ICT) from the triphenylamine donor to the napthothaidiazole acceptor
transfer electron. The compound 67 showed a maximum absorption peak at 553 nm and
thin film showed red shift because of stacking effect. The compound 68 showed red
shift than molecule 67 related to structure because of compound 68 has more m-
conjugate.

The normalized fluorescence spectra in the solution phase are also shown in (Figure
5.11). The fluorescence spectra showed emission peak in the range of IR region. The

emission peak in thin film showed slightly red shift because of more planar structure.
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Figure 5.11 a) UV-Vis and fluorescence in DCM b) thin film state (right), excitation

wavelength 570 nm.
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Table 5.2 Photophysical properties and emission of 67 and 68.

Comp. 259 aps /A MM aps 2% em A filMem
(nm)? (nm)®
67 347,553/ 350,571 780/ 781
68 368,593/ 367,591 808/ 814

aMeasured in DCM (10°M) and thin film at 298 K.
bcd Measured in DCM (10°M) and thin film at 298 K.

5.5 Theoretical calculation and electrochemical properties

The theoretical calculations in this study were carried out in the frame of density
functional methods (DFT). B3LYP (Kohn. and Sham. 1965) functional was used for the
calculation of molecular properties, whereas the DFT B3LYP/6-31G**functional was
used during the geometry optimizations of dimers constituted from like molecules. The
geometry of all molecules in their neutral and cationic states were optimized without
symmetry constraints by using the 6-31G(d, p) basis set. The vertical ionization
potentials (Ip) were calculated at the neutral state geometry as energy difference between
neutral and cation species. All calculations were performed by using the Gaussian 09
program. HOMO and LUMO of model compounds 67 and 68 are given in Figure 5.12.
Both HOMOs are basically localized on the naphtho[2,3-c][1,2,5]thiadiazole as core
acceptor (A) and bithiophene and terthiophene as m-conjugated spacer (m), with the
dominant contribution coming from the TPA. Similarly, the naphtho[2,3-
c][1,2,5]thiadiazole was found to contribute to the LUMOs, with practically no
contribution from the TPA terminal donor (D). The data of DFT calculation for HOMO

level the electrons are homogeneously distributed all over the molecules. However, the
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LUMO showed electron localization at acceptor. The compound 68 has the lowest

energy band gap due to more 1 spacers.

HOMO LUMO
. P ’ 9 i & v
PYRT "W 4 P77 - 885 P a Moy 4o
o : ‘, ” "”“‘ g8, TR, Vog !’: ";’a 4 A

‘7 %3 P e’ o0’ ¢ A e ¥ > 4 »0a’ o
Sl L O TR T A T A R
Figure 5.12 HOMO and LUMO electronic density states of 67 and 68 obtained by

density functional theory (DFT) calculations using GAUSSIAN09 TD-DFT B3LYP/6-

31G**.

The cyclic voltammograms acquired by the anodic scans at room temperature
exhibit one reversible oxidation peak for each compound, which might be attributed to
the electron-donating ability of triphenylamine. The HOMO energy levels were
obtained from the onset oxidation potential (Eonset) Observed on the cyclic
voltammograms, and the LUMO energy levels were estimated from the Eq and HOMO
data. The Eonset Were influenced and shifted toward more positive potentials with an
increase in the number of thiophene units. This data indicated the stabilization of the
HOMO level due to the electron-withdrawing characteristics of the naphtho[2,3-
c][1,2,5]thiadiazole group. It is noted that when the number of thiophene is increased,
the measured HOMO s stabilized from -5.17 eV and -5.31 eV whereas the LUMO is

increased from -3.48 eV and -3.55 for 67 and 68. These cause a wider band gap, which
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increases in the order 1.80 eV and 1.90 eV for 68 and 67 as shown in Table 5.2 and

(Figure 5.13).
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Figure 5.13 Cyclic voltammetry of compounds 67 and 68 in DCM solution.

Experiments were

4
Performed with three electrode system and sample concentration ofca. 10 M in 0.1 M

n-Bu4NPF6 under Ar-saturated at room temperature.

Table 5.2 Electrochemical and theoretical electronic characteristics of 67 and 68.

Comp. EX E;pt HOMO LUMO HOMO LUMO E,

EV)a (V)b (eV)c (ev)d (eV)e (eV)e  (eV)e

67 0.59 1.76 -5.31 -3.55 -4.64 -2.74 1.90

68 0.68 1.69 -5.17 -3.48 -4.58 -2.79 1.79

2 Measured by CV in DCM vs Ag/Ag™ at scan rate of 50 mV/s.
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b Calculated from Xabs onset Eg = 1240/7\,abs onset
¢ Calculated from onset oxidation potential HOMO = -(E®* on + 4.44) eV
d Calculated from LUMO = HOMO + E,

¢ Calculated from DFT B3LYP/6-31G(d

5.5 Conclusion

Two new naphtho[2,3-c][1,2,5]thiadiazole derivatives with different numbers of 7
-conjugated units were successfully synthesized using Suzuki coupling reaction in good
to moderate yields. These compounds exhibited absorption maxima around 553-593 nm
for DCM solution and 517-591 nm for thin film, emission maxima around 780-808 nm
in DCM solution and 781-814 in thin film. This series, we focus on hole transport layer
and emissive layer material. The structure of all target molecules can be combine hole
transport layer and emissive layer materials in one molecules because of the HOMO

level showed around -531 eV and -5.17 eV, which have value close to indium tin oxide.



CHAPTER VI

EXPERIMENTAL

6.1 General procedures and instruments

1H-NMR spectra were recorded on Bruker AVANCE (600 MHZ) spectrometer. 13C
NMR spectra were recorded on Bruker AVANCE spectrometer and were fully decoupled.

Chemical shifts (d) are reported relative to the residual solvent peak in part per million
(ppm). Coupling constants (J) are given in Hertz (Hz). Multiplicities are quoted as singlet
(s), broad (br), doublet (d), triplet (t), quartet (q), AA'BB’ quartet system (AA'BB’), AB
quartet (ABq) and multiplet (m).

UV-visible spectra were measured in spectrometric grade dichloromethane on a
Perkin-Elmer UV Lambda 25 spectrometer. The absorption peaks are reported as in
wavelength (nm) (log e/dm®mol*cm™) and reference to the shoulder. Fluorescence spectra
were recorded as dilute solution in spectroscopic grade dichloromethane on a Perkin-Elmer
LS 50B Luminescence Spectrometer. UV-visible and fluorescence spectra were recorded
on Perkin-Elmer UV-visible spectrophotometer LAMDA 35 and fluorescence
spectrophotometer LS-45. The absorption and emission in solution were measured in
distilled dichloromethane.

The absorption and emission in thin film were measured compounds coated on glass
substrates by spin coating technique.Analytical thin-layer chromatography (TLC) was
performed with Merck aluminium plates coated with silica gel 60 F254. Column

chromatography was carried out using gravity feed chromatograph with Merck silica gel
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mesh, 60 A. Where solvent mixtures are used, the portions are given by volume.The
electrochemistry was performed using an AUTOLAB spectrometer. All measurements
were made at room temperature on sample dissolved in freshly distilled dichloromethane,
0.1 M tetra n-butylammoniuum hexafluorophosphate as electrolyte. Dichloromethane was
washed with concentrated sulfuric acid and distilled from calcium hydride. A glassy carbon
work in electrode, and a Ag/AgCI/NaCl (Sat.) reference electrode were used. The
ferrocenium/ferrocene couple was used 74 as standard, and the ferrocene was purified by
recrystallization from ethanol and then dried under high vacuum and stored over P2O:.
Melting point was measured by BIBBY Stuart Scientific melting point apparatus

SMP3 in open capillary method and are uncorrected and reported in degree Celsius.

6.2 Synthesis

6.2.1 Synthesis for Chapter Il

4-Bromo-N-(2-ethylhexyl)-1,8-naphthalimide (45)

AEB,

A solution of 4-bromo-1,8-naphthalimide anhydride (44) (5.00 g, 1.80 mmol)
in 50 ml of dimethylformamyde (DMF) was added to a 100 ml three neck round bottom
flask equipped with a reflux condenser and magnetic stirrer. Then 2-ethylhexylamine
(2.50 g, 1.98 mmol) was added drop-wise and the reaction mixture was heated up to 110
°C and stirrer under nitrogen for 1.5 hr. The end of reaction was detected by TLC

(eluent: hexane/DCM, 2:1). The reaction mixture was concentrated using rotary
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evaporator. The product was precipitated out into 1 N HCI, filtered off and washed with
1 N HCI. The crude product was purified by silica gel column chromatography using
hexane and DCM mixture (vol. ratio 60:40) as an eluent. Then the mixture was sonicated
for 1 h, the mixture was filtered, washed with hexane to obtain the product as white solid
(7.8 g) in ayield of 71 %;*H NMR spectrum (600MHz, CDCls, J, ppm): 8.80 (dd, 1H,J
=1.13 Hz, J=7.31 Hz, Ha), 8.61 (dd, 1H, J=1.17 Hz,J = 8.56 Hz,-Ha), 8.55 (d, 1H,
J=7.88 Hz, Har), 8.25 (d, 1H, J =7.87 Hz, Har), 7.95 (t, 1H, J=7.32 Hz, J = 8.52 Hz,
Har), 4.25-4.15 (m, 2H, —CH2, Haliphatic), 2.10-2.00 (m, 1H, -CH, Haiiphatic) 1.55-1.35
(m, 8H, 4xCH2, Haiiphatic), 1.05-0.95 (t, 3H, CH3, Haiiphatic). 0.95-0.90 (t, 3H, -CHs,
Hatiphatic) ; 23C. NMR spectrum (150 MHz, CDCls, 6, ppm): 164.73, 164.72, 135.79,
135.29, 134.85, 130.90, 129.80, 127.94, 127.08, 124.81, 122.69, 84.57, 44.20, 37.93,
30.79, 28.74, 24.97, 24.12, 23.06, 14.06, 10. 66; MALDI-TOF (m/z) calcd for

C20H22BrNO> 389.08, found 388.1105 (M™).

2-(2-ethylhexyl)-6-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-

benzo[de] isoquinoline-1,3(2H)-dione (46)

Preeisc:

A mixture of bis( pinacolato) diboron (45) (5 mmol), potassium acetate (7.5
mmol), Pd(PPhz)4 (0.2 mmol) and toluene (25 mL) were added into a 50 mL branch-pipe
round bottom flask. The mixture was degassed by gently bubbling nitrogen for 30 min and
then heated in an oil bath at 85 °C until completion (72 h). After cooling, the product was

extracted with CH.Cl,, washed with water, dried over Na SOy, filtered, concentrated and
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further purified by column chromatography (silica gel, hexane/ethyl acetate, 50/1, v/v). After
the reaction mixture was refluxed for 24 h, the solvent was removed and the residue was
extracted with CH2Cl, / brine. The organic layer was dried over sodium sulphate
anhydrous, then filtered and dried to give crude product. The crude product was further
purified by column chromatography. Then the mixture was sonicated for 1 h, the
mixture was filtered, washed with hexane to obtain the product as white solid (12.0 g) in
a yield of 72%; *H NMR (600 MHz, CDCls) § 9.12 (d, 1H, J = 8.40 Hz, Ha), 8.60 (d,
1H, J = 7.20 Hz, Har), 8.55 (d, 1H, J= 7.80 Hz, Ha), 8.20 (d, 1H, J = 7.20 Hz, Ha),
7.75-7.80 (m, 1H, Har), 4.05-4.15 (m, 2H, -CH2, Haliphatic), 2.00-1.90 (m, 1H, -CH,
Hatiphatic), 1.40 (S, 4XCHs, Hmethy), 1.05-0.95 (t, 3H, -CHs, Haliphatic). 0.95-0.90 (t, 3H, -
CHs, Haiighatic) ppm; *C. NMR spectrum (150 MHz, CDCls, §, ppm): 164.26, 133.41,
132.32, 131.52, 131.35, 130.89, 130.38, 129.31, 128.34, 123.43, 122.57, 44.54, 38.17,
31.0, 28.95, 24.32, 23.32, 14.34, 10.90 ppm; MALDI-TOF (m/z) calcd for C26H34BNO4

435.26, found 434.2339 (M").

6,6"-(pyrene-1,6-diyl)bis(2-(2-ethylhexyl)-1H-benzo[de]isoquinoline-

1,3(2H)-dione) (49)
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To the flask containing a mixture of 4- Bromo- N- ( 2- ethylhexyl) - 1,8-
naphthalimide dioxaborolane (46) (7.93 g, 21.0 mmol), 1,6 dibromopyrene (2.11 g, 4.04
mmol), To Na.COs (2 M in H20, 9.0 mL, 8.9 mmol), and Pd(PPhs)4 (0.49 g, 0.42 mmol)
was added 70 mL of dry toluene. After the reaction mixture was refluxed for 24 h, the
solvent was removed and the residue was extracted with CH2Cl, and brine. The organic
layer was dried over magnesium sulfate, then filtered and dried. The crude product was
further purified by column chromatography using CH2Cl, /hexane (1:5 v/v) as eluent to
give the 49 as a pale yellow powder (350 mg, 57%); mp = 251 °C; *H NMR (600 MHz,
CDCl3): 6 8.80 (d, 1H, J=7.80 Hz, Hay), 8.65 (d, 1H, J=7.20 Hz, Har), 8.30 (d, 1H, J =
7.80 Hz, Har), 8.05 (q 1H, J=2.40 Hz, Har), 7.90 (t, 1H, J=1.20 Hz, Har), 7.50 (d, 1H,
J=8.40 Hz, Har), 7.65 (d, 1H, J = 9.00 Hz, Har), 7.55 (t, 1H, J = 1.20 Hz, Har), 4.25-
4.15 (m, 2H, CHz, Hatiphatic), 2.00-2.10 (m, 1H, CH, Haiphatic), 1.50-1.40 (m, 2XCH,,
Hethylene), 1.40-1.30 (M, 2XCHz, Hethyiene), 1.05-0.95 (t, 2%CH3, Hmethy1) 0.95-0.90 (t,
2xCHs, Hmethy1) ppm; 3C ; NMR spectrum (150 MHz, CDCls, §, ppm): 178.72, 165.44,
162.52, 161.52, 161.35, 155.79, 150.90, 149.31, 148.34, 133.63, 132.67, 45.55, 39.16,
31.0, 28.95, 24.32, 23.32, 14.34, 10.90 ppm; MALDI-TOF (m/z) calcd for CssHs2N204:

818.04 found 817.4456 (M?*).

6-(6-bromopyren-1-yl)-2-(2-ethylhexyl)-1H-benzo[de]isoquinoline-1,3(2H)-

dione (48)
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To the flask containing a mixture of 4- Bromo- N- ( 2- ethylhexyl) - 1,8-
naphthalimide dioxaborolane (46) (7.93 g, 21.0 mmol), 1,6 dibromopyrene (2.11 g, 4.04
mmol), To Na,COs (2 M in H20, 9.0 mL, 8.9 mmol), and Pd(PPhs)4 (0.49 g, 0.42 mmol)
was added 70 mL of dry toluene. After the reaction mixture was refluxed for 24 h, the
solvent was removed and the residue was extracted with CH2Cl, and brine. The organic
layer was dried over magnesium sulfate, then filtered and dried. The crude product was
further purified by column chromatography using CH2Cl, /hexane (1:5 v/v) as eluent to
give the 6-(6-bromopyren-1-yl)-2-(2-ethylhexyl)-1H-benzo[de]isoquinoline-1,3 (2 H)-
dione (48) as a pale yellow powder (450 mg, 42 %);*H NMR (150 MHz, CDCls): §
8.78-8.79 (d, 2H, J= 7.32 Hz, Har), 8.63-8.64 (d, 2H, J = 7.08 Hz, Har), 8.32-8.34 (d,
1H, J=7.68 Hz, Har), 8.27-8.28 (d, 1H, J = 7.56 Hz, Ha), 8.18-8.20 (d, 1H, Har), 8.07-
8.05 (t, 1H, Has), 8.00-8.01 (d, 1H, J = 7.68 Hz, Ha), 7.94-7.95 (d, 1H, J = 9.24 Hz,
Har), 7.91-7.92 (d, 2H, J = 7.32 Hz, Har), 7.78-7.79 (d, J = 8.46 Hz, Har), 7.58-7.60 (d,
1H, J=9.18 Hz, Ha), 7.54-7.56 (t, 1H, Har), 4.17-4.26 (M, 1xCHa, Haliphatic), 2.01-2.04
(m, 1xCH, Hethytene), 1.57 (S, 4XCH2, Hetnylene), 1.44-1.47 (m, 2XCH2, Hmethy), 1.37 (M,
4H, Hethylene) 0.98-1.00 (t, 1XCHa, Hmethyi), 0.91-0.94 (t, 1XCHs, Hmethy1), ppm; *C NMR
spectrum (150 MHz, CDCls, 3, ppm) 144.85, 132.45, 131.95, 130.55, 130.45, 130.42,
130.33, 129.31, 129.75, 128.60, 128.44, 127.53, 127.31, 127.15, 126.89, 126. 33,
125.98, 125.38, 124.74, 124.47, 123.84, 123.61, 123.54, 122.01, 121.36, 43.26, 37.04,
30.91, 29.83, 28.68, 27.76, 23.12, 22.12, 21.67, 13.12, 13.09, 9.71 ppm; MALDI-TOF

(m/z) calcd for CasHz0BrNO- : 587.15 found 590.1384 (M").
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6,6',6"-(8-(2-(2-ethylhexyl)-1,3-dioxo-2,3,9,9a-tetrahydro-1H-benzo[de]isoqui
nolin-6-yl)  pyrene-1,3,6-triyl)tris(2-(2-ethylhexyl)-1H-benzo[de]isoquinoline-1,3(2H)-

dione) (50)

To the flask containing a mixture of 4- Bromo- N- ( 2- ethylhexyl) - 1,8-
naphthalimide dioxaborolane (46) (0.60 g, 21.0 mmol), 1,3,6,8-tetrabromopyrene (0.10
g, 4.04 mmol). To Na2COz (2 M in H20, 9.0 mL, 8.9 mmol), and Pd(PPhs)s )0.49 g,
0.42 mmol) was added 70 mL of dry toluene. After the reaction mixture was refluxed
for 24 h, the solvent was removed and the residue was extracted with CH2Cl> /brine.
The organic layer was dried over magnesium sulfate, then filtered and dried. The crude
product was further purified by column chromatography using CH2Cl, /hexane (1:5 v/v)
as eluent to give the (50) as a pale yellow powder (180 mg, 77%); mp = 280-281 °C; 'H
NMR (150 MHz, CDCls): & 8.70 (q, 2H, J= 1.20 Hz, Ha), 8.65 (d, 2H, J = 4.80 Hz,
Har), 8.15 (d, 1H, J = 4.20 Hz, Har), 7.90 (m 2H, Has), 7.85 (M, 1H, Has), 7.80 (t, 1H,
Har), 7.20 (d, 1H, J = 9.00 Hz, Has), 7.15 (t, 1H, J = 1.20 Hz, Has), 7.05 (M, 2H, Ha),

4.20-4.10 (m, 4xCHa, Haliphatic), 2.05-1.95 (m, 4XCH, Haiiphatic), 1.45-1.35 (m, 4XCH,,
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Hethylene), 1.35-1.25 (M, 4XCH., Hethylene), 1.05-0.95 (t, 4 XCHas, Hmethy1) 0.95-0.90 (t,
4 xCHa, Hmethyl), ppm; 3C NMR spectrum (150 MHz, CDCls, §, ppm) 164.43, 164.30,
144.24,144.22, 134.67, 134.61, 134.56, 134.45, 132.35,132.17,131.49, 131.46,
131.30, 130.62, 130.48, 130.04, 130.00, 129.64, 129.56, 128.52, 128.48, 127.40,
127.35, 127.32, 126.41, 125.12, 125.07, 123.24, 122.88, 44 .31, 37.98, 30.79, 28.72,
24.11, 23.07, 14.07, 10.68 ppm; MALDI-TOF (m/z) calcd for CosHoeaN4Os : 1433.71

found 1432.0879 (M™).

6,6"-([1,1'-bipyrene]-6,6"-diyl)bis(2-(2-ethylhexyl)-1H-benzo[de]isoquino

line-1,3(2H)-dione) (51)

A mixture of 48 (400 mg, 5. mmol), bis(pinacolato) diboron (0.81 mg, 0.65
mmol), (KOAc), Pd(PPh)sCly, toluene (40 mL) was purged with nitrogen.. The reaction
mixture was stirred at 110 °C for 24 hr. After the reaction mixture was refluxed for 24
h, the solvent was removed and the residue was extracted with CH>Cl, and brine. The
organic layer was dried over sodium sulfate anhydrouse, then filtered and dried. The
crude product was further purified by column chromatography using CH2Cl, /hexane
(1:5 viv) as eluent to give the 51 as a pale yellow powder (90 mg, 11%); mp = 290-291
°C; 'H NMR (600 MHz, CDCls): & 8.80 (d, 2H, J= 7.20 Hz, Har), 8.60 (d, 2H, J = 6.60
Hz, Ha), 8.35(d, 2H, J = 7.80 Hz, Har), 8.25 (d, 2H, J = 7.80 Hz, Har), 8.20 (d, J =

7.20 Hz, Ha), 8.03 (d, J = 9.00 Hz, Ha), 8.05 (d, J = 9.00 Hz, Ha), 8.00 (d, J = 7.20
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Hz, Har), 7.98(d, J = 9.60 Hz, Has), 7.95 (d, J = 7.20 Hz, Ha), 7.81 (d, J = 8.40 Hz, Ha),
7.79(d,J=9.60 Hz, Has), 6.84 (d, J=9.00 Hz, Has), 6.78 (t, Har), 4.20-4.10 (m, 2xCH,
Haliphatic), 2.05-1.95 (M, 2xCH, Haliphatic), 1.45-1.35 (M, 2XCHa, Hethylene), 1.35-1.25 (m,
2xCH2, Hethylene), 1.05-0.95 (t, 2XCHs, Hmethyl) 0.95-0.90 (t, 2XCHs, Himethy1) ppm; 13C
NMR spectrum (150 MHz, CDCls, 8, ppm) 163.73, 163.60, 144.83, 135.91, 132.88,
131.96, 130.39, 129.79,129.38, 128.99, 128.48, 128.31, 127.58, 127.31, 127.21, 126.67,
126.06, 125.45, 124.18, 124.07, 123.92, 123.82, 123.74, 122.07, 121.46, 52.39, 43.30,
37.06, 30.91, 29.85, 28.68, 28.64, 28.34, 27.77, 23.14, 22.14, 21.67, 13.13, 9.72 ppm;

MALDI-TOF (m/z) calcd for Cz2HsoN204 :1018.28 found 1017.4105 (M™).

6.2.2 Synthesis for Chapter Il1
Tris(4-bromophenyl)amine (58)

Br

Qo

Y

Br

The solution of triphenylamine (1.0 g, 4.0 mmol), tris(4-bromophenyl) amine
(5 mmol), (0.5 g, 1.29 mmol), THF (25 mL) were added N-bromosuccinimide (2.3 g,
1.30 mmol). mmol) and toluene (20 mL) was purged with nitrogen. The reaction mixture
was stirred at room temperature for 3 hr. After that, the product was extracted with CH>Cl,
washed with water, dried over Na;SOa4. The solvent was evaporated to afford a crude product.
The crude product was purified by crystallized to obtain 58 as white powder with the yield

of (2.50 g, 0.52 mmol) (88%); *H NMR (600 MHz, CDCls) : & 7.34 -7.35 (d 6H, J =8.70
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Hz, Har), 6.90 —6.92 (d, 6H, J =8.70 Hz, Ha) ); 3C NMR (600 MHz, CDCls) & 144.08,

132.34, 128.63, 124.09.

Tris(4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)amine (59)

5%

|
O\B

Qoo
30 X

o-B

>><6

The solution of tris(4-bromophenyl)amine (58) ( 2.0 g, 0.32 mmol) ,
bis(pinacolato) diboron (0.81 mg, 0.65 mmol), (KOAc), Pd(PPh)zCl,, toluene (40 mL) was
purged with nitrogen. The reaction mixture was stirred at 110 °C for 24 hr. After cooling,
the product was extracted with CH2Cly, washed with water, dried over Na,SOa. The solvent
was evaporated to afford a crude product. The crude product was purified by silica gel
column chromatography using the eluent mixture of hexane/ CH2Cly, 6:4, v/v) to obtain 59
as white powder with the yield of (1.80 mg, 0.14 mmol) (58%). *H NMR (600 MHz,
CDCls) : 6 7.67-7.69 (d, 6H, J = 8.40 Hz, Har), 7.06-7.08 (d, 6H, J = 8.40 Hz, Har), 1.33

(s, 36H, Ha).

4 4" 4"-(Tris(N- ( 2-etylhexyl) - 1,8- naphthalimide- 4-yl) phenyl) benzenamine

(53)
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O N~o

The solution of 4-bromo-N- (2-ethylhexyl)-1,8-naphthalimide dioxaborolane
(46) (0.5g,1.29 mmol), tris(4-bromophenyl)amine (58) (0.5 g,1.29 mmol), Pd(PPhz)4
(0.49 g, 0.42 mmol), Na2COz (2 M in H20, 9.0 mL, 8.9 mmol) and toluene (20 mL) was
purged with nitrogen. The reaction mixture was stirred at 110 °C for 24 hr. After cooling,
the product was extracted with CH2Cly, washed with water, dried over Na,SOa. The solvent
was evaporated to afford a crude product. The crude product was purified by silica gel
column chromatography using the eluent mixture of hexane/ CH2Cly, 8: 2, v/v) to obtain 53
as orange powder with the yield of (350 mg, 0.14 mmol) (78%); M.p. 133-134 °C. 'H
NMR (600 MHz, CDCl3) : 6 8.65 (g, 6H,J = 2.76 Hz, Har), 8.40 (d, 3H,J = 2.51 Hz,
Har), 7.75 (g, 6H, J1 = 8.64 Hz, Har), 7.56 (d, 6H, J = 7.70 Hz, Har), 7.45 (d, H, J = 8.68
Hz, Har ), 4.18-4.12 (m, 6H, H aiiphatic), 2.05-1.90, (m, 3H, 3.x CH, Haiiphatic), 1.48-1.32 (t,
9H, 3 x CHs,- Haliphatic), 1.00-0.91 (t, 9H, 3 x CHa,- Haliphatic); *C NMR (600 MHz, CDCls)
0 163.66, 163.48, 146.48, 132.94, 131.39, 130.27, 130.23, 129.92, 128.99, 127.90,
126.82,125.84, 125.78, 123.40, 122.12, 120.75, 43.22, 36.98, 29.80, 27.73, 23.11, 22.08,

13.08, 9.0; MALDI-TOF (m/z) calcd for C7gH7sN40s:1167.50, found 1167.4825 (M").
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6,6'-(((4-bromophenyl)azanediyl)bis(4,1-phenylene))bis(2-(2-ethylhexyl)-1H-

benzo [de]isoquinoline-1,3(2H)-dione) (60)

The solution of 4-bromo-N- (2-ethylhexyl)-1,8-naphthalimide dioxaborolane
(46) (0.5 g, 1.29 mmol), tris(4-bromophenyl)amine (58) (0.5 g,1.29 mmol), Pd(PPhz)4
(0.49 g, 0.42 mmol), Na2CO3 (2 M in H20, 9.0 mL, 8.9 mmol) and toluene (20 mL) was
purged with nitrogen. The reaction mixture was stirred at 110 °C for 24 hr. After cooling,
the product was extracted with CH2Cly, washed with water, dried over Na,SOa. The solvent
was evaporated to afford a crude product. The crude product was purified by silica gel
column chromatography using the eluent mixture of hexane/CH.Cly, 8:2, v/v) to obtain 6,6'-
(((4-bromophenyl)azanediyl)bis(4,1-phenylene))bis(2-(2-ethylhexyl)-1H-benzo[de]isoqui
noline-1,3(2H)-dione) (60) as orange powder with the yield of (350 mg, 0.14 mmol)
(78%); 'H NMR (600 MHz, CDCls) : § 8.65-8.64 (d, 2H, J = 7.80 Hz, Ha), 8.38-8.39 (d,
2H,J = 8.40 Hz, Hay), 7.54-7.73 (t, 4H, Hay), 7.49-7.50 (d, 4H, J = 9.00 Hz, Ha,), 7.47-
7.49(d,4H,J =6.60 Hz, Har ), 7.33-7.34 (d, 4H, J =8.40 Hz, Ha), 7.18-7.20 (d, 2H, J =
8.40 Hz, Har), 4.11-4.19 (M, 4H, 2.x CHz, H aliphatic), 1.96-1.99, (m, 2H, 2.x CH, Haiiphatic),
1.42-1.36 (m, 8H, 4 x CH>,- Haiiphatic), 1.00-0.91 (t, 3H, 1 x CHa,- Haiiphatic), 0.94-0.96 (t,

3H, 1 x CHa,- Haliphatic)-
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6,6',6",6"-(([1,1'-biphenyl]-4,4'-diylbis(azanetriyl))tetrakis(benzene-4,1-

diyl)) tetrakis(2-(2-ethylhexyl)-1H-benzo[de]isoquinoline-1,3(2H)-dione) (54)

A mixture of 6,6-(((4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl) phen
ylazanediyl)  bis(4,1-phenylene))bis(2-(2-ethylhexyl)-1H-benzo[de]isoquinoline  -1,3
(2H)-dione) (60) (0.7 mmol), Na2CO3 (2 M in H20, 9.0 mL, 8.9 mmol), Pd(PPhz)4 (0.2
mmol) and toluene (25 mL) was purged with nitrogen. The reaction mixture was stirred
at 110 °C for 24 hr. After cooling, the product was extracted with CH.Cl,, washed with
water, dried over Na,SOs, filtered, concentrated and further purified by column
chromatography (silica gel, hexane/dichloromethane, (50/1, v/v). to obtain 54 as orange
powder with the yield of (70 mg, 0.14 mmol) (28%); of 22%. H NMR (600 MHz,
CDCls) & 8.65 - 8.64 (d, 8H, J =7.44 Hz, Har), 8.42 - 8.41 (d, 4H, J = 8.40 Hz, Ha),
7.74-7.72(q, 8H, J = 3.96 Hz, Har), 7.44 - 7.43(d, 6H, J = 7.62 Hz, Has), 7.31 -7.30 (d,
6H, J=7.62 Hz, Har), 7.24 - 7.23 (d, 2H, J = 7.68 Hz, Har), 6.95-6.93 (d, 2H, J =8.94
Hz, Har), 4.20-4.12 (m, 8H, 4xCH2 Haiiphatic), 1.99 -1.97 (m, 4H, 4 x CH, Haiiphatic), 1.41

~1.39 (M, 14H, 7xCHz Haiiphatic), 1.34 — 1.32 (m, 14H, 7xCHs, Hatiphatic), 0.96 — 0.93 (t,
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12H, 4x CHs, Haiiphatic ), 0.92 — 0.87 (t, 12H, 4x CHs, Haiipnatic); **C NMR (600 MHz,
CDCls) 6 164.39, 147.60, 146.74, 146.30, 140.17, 139.59, 139.18, 137.57, 133.45,
132.50, 132.36, 131.58, 131.28, 131.10, 130.96, 130.81, 130.33, 130.02, 129.81, 129.16,
129.04, 128.93, 128.26, 127.80, 127.13, 126.81, 124.52, 124.00, 123.10, 121.77, 121.65,
44.26, 37.98, 31.04, 30.82, 29.71, 29.23, 28.98, 28.76, 24.13, 23.10, 22.63, 14.10, 10.70;

MALDI-TOF (m/z) calcd for C116H112NsOg: 1716.85, found 1718.7435 (M™).

2-(2-ethylhexyl)-6-(4-hexyithiophen-2-yl)-1H-benzo  [de]isoquinoline  -1,3(2H)-

dione (61)

A solution of 4- Bromo- N- ( 2-ethylhexyl) - 1,8- naphthalimide (46) (300 mg,
0.78 mmol), 4-Hexyl-2-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)thiophene ( 1.2
equiv, 1.4 mmol) Pd(PPhs)4 (0.2 mmol), Na2COz (2 M in H20, 9.0 mL, 8.9 mmol) and
toluene (25 mL) was purged with nitrogen. The reaction mixture was stirred at 110 °C
for 24 hr. After cooling, the product was extracted with CH2Cl,, washed with water, dried
over NaxSOsa, filtered, concentrated and further purified by column chromatography (silica
gel, hexane/ethyl acetate, (50/1, v/v). Then the mixture was sonicated for 1 h, the mixture
was filtered, washed with hexane to obtain the product as yellow oil with in a yield of
70%. *H NMR (600 MHz, CDCls) & 8.65-8.62, (q, 2H, Har), 8.58 - 8.56, (d, H, J =7.56

Hz, Ha), 7.80 - 7.79, (d, J = 7.56 Hz), 7.76 - 7.73, (t, H, Hay), 4.17 - 4.09 (m, 2H,
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Hatiphatic), 2.71-2.69 (t, 2H, Haiiphatic), 1.98 - 1.94 (M, H, Hatipatic), 1.72 -1.76 (m, 2H,
Hatiphatic), 1.42 — 1.37 (m, 6H, 3% CH2, Halipatic), 1.35 - 1.32 (m, 8H, 4x CHa, Hatiphatic),
1.35 — 1.32 (m, 8H, 4xCHa, Haiiphatic), 0.95 -0.92 (t, 3H, 1xCHs, Hatiphatic), 0.91 -0.89 (t,
3H, 1xCHs, Haiiphatic), 0.89 -0.86 (t, 3H, 1xCHs, Hatipratic), :*C NMR (600 MHz, CDCls)

& MALDI-TOF (m/z) calcd for C3oHs7NO,S : 475.25, found 475.3197 (M").

Tris[4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl) phenyl] amine (62)

(o} 0 a
gL acy
(o}
A mixture of (2-ethylhexyl)-6-(4-hexylthiophen-2-yl)-1H-benzo [de] isoquinoline-
1,3 (2H)-dione (61) (425 mg, 0.89 mmol), THF (15 mL) were added N-
bromosuccinimide (191 mg, 1.07 mmol). The mixture was stirred at the room
temperature for 4 hr. Then the mixture was poured in water 100 mL the aqueous layer
was extracted with DCM dry over Na:SO4. The solvent was removed and the residue
was extracted with CH2Cly/ brine. The residue was purified through column
chromatography (silica gel, hexane/dichloromethane, (100/20, v/v) afforded compound 62
as yellow oil with the yield of 82%, *H NMR (600 MHz, CDCls) : & 8.64-8.62 (d, 1H, J
= 7.14 Hz, Ha), 8.60-8.59(d, 1H, J = 8.34 Hz, Ha), 8.58-8.56 (d, H, J = 7.56 Hz, Ha),
7.77-7.75, (t, H, Har), 7.03(s, H, Hay), 4.17-4.09 (M, 2H, Haiiphatic), 2.67-2.64 (t, 2H,
Hatiphatic), 1.97-1.93 (m, H, Haiiphatic), 1.69-1.65 (m, 2H, Haiiphatic), 1.59 (S, H, Haiiphatic),

1.41-1.28 (M, 14H, Haliphatic) 0.98-0.91 (t, 3H, 1 x CHs,- Hatipatic), 0.88-0.86 (t, 6H, 2 x
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CHs,- Haliphatic), **C NMR (600 MHz, CDCls) § 163.66, 163.48, 146.48, 145.12, 132.94,
131.39, 130.27, 130.23, 129.92, 128.99, 127.90, 126.82, 125.84, 125.78, 123.40,
122.12, 120.75, 43.22, 36.98, 29.80, 27.73, 23.11, 22.08, 13.08, 9.68, MALDI-TOF

(m/z) calcd for CsoH3sBrNO,S : 553.17, found (M").

6,6',6"-((nitrilotris(benzene-4,1-diyl))tris(4-hexylthiophene-5,2-diyl))tris(2-

(2-ethyl hexyl)-1H-benzo[de]isoquinoline-1,3(2H)-dione) (55)

A solution of Tris[4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl) phenyl] amine
(59) (122 mg, 0.16 mmol), 2,6-Bis(trimethyltin)-4,8-bis(5-(2-ethylhexyl)thiophene-2-
yl)benzo[1,2-b,4,-5-b']thiophene (62) (70 mg, 0.07 mmol), Pd(PPhs)4 (0.2 mmol) and
toluene (25 mL) was purged with nitrogen. The reaction mixture was stirred at 110 °C
for 24 hr. After cooling, the product was extracted with CH2Cl,, washed with water, dried
over NaxSOs, filtered, concentrated and further purified by column chromatography (silica
gel, hexane/ethyl acetate, (50/1, v/v). Then the mixture was sonicated for 1 h, the mixture
was filtered, washed with hexane to obtain the product 55 as yellow oil with in a yield of

34%; *H NMR (600 MHz, CDCls) § 8.79-8.77 (d, 2H, J =7.32 Hz, Ha,), 8.66-8.65, (d,
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2H, J = 5.40 Hz, Ha), 8.61-8.60, (d, 2H, J =6.12 Hz, Hay), 7.87-7.86, (d, 2H, J = 6.12
Hz, Ha), 7.79 (s, 2H, Har), 7.48-7.47 (d, 4H, Hay), 7.30-7.29 (d, 4H, Hay), 4.16-4.13 (q,
6H, Haiiphatic), 2.80 (S, 2H Haiiphatic), 1.97 (S, 3, Haliphatic), 1.73 (S, 6H, Haiiphatic), 1.55 (5,
12H, Har), 1.40 (s, 16H, Haiiphatic), 1.32 (m, 22H, Haiiphatic), 0.94 (t, 9H, 3 x CHs,- Haiiphatic),
0.89 (t, 9H, 3 x CHa,. Haliphatic); *C NMR (600 MHz, CDCls) & 164.63, 164.38, 146.79,
140.25, 139.53, 139.21, 137.49, 132.37, 131.57, 131.41, 130.23, 130.15, 129.80,
129.03, 128.90, 128.24, 127.11, 124.31, 123.90, 123.08, 121.73, 44.25, 37.98, 31.65,
30.81, 29.22, 28.98, 24.13, 23.09, 22.62, 14.10, 10.69; MALDI-TOF (m/z) calcd for

C108H120N406Ss: 1664.84, found 1664.9880 (M").

6,6'-((4,8-bis(5-(2-ethylhexyl)thiophen-2-yl)benzo[1,2-b:4,5-bdithiophene-
2,6-diyl)bis(4-hexylthiophene-5,2-diyl))bis(2-(2-ethylhexyl)-1H-benzo[de]isoquino

line-1,3(2H)-dione) (56)

A solution of Tris[4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl) phenyl] amine
(62) (252 mg, 0.45 mmol), 2,6-Bis(trimethyltin)-4,8-bis(5-(2-ethylhexyl)thiophene-2-
ylbenzo[1,2-b,4,-5-b'Jthiophene (76) (70 mg, 0.07 mmol), Pd(PPhz)4 (0.2 mmol) and

toluene (25 mL) was purged with nitrogen. The reaction mixture was stirred at 110 °C
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for 24 hr. After cooling, the product was extracted with CH2Cl,, washed with water, dried
over NaxSO, filtered, concentrated and further purified by column chromatography (silica
gel, hexane/ethyl acetate, (50/1, v/v). Then the mixture was sonicated for 1 h, the mixture
was filtered, washed with hexane to obtain the product 56 as yellow oil with in a yield of
62%. *H NMR (600 MHz, CDCl3) & 8.74-8.73 (d, 2H, J =8.34 Hz, Ha), 8.68-8.67, (d,
2H, J = 6.96 Hz, Har), 8.62-8.61, (d, 2H, J = 7.38 Hz, Ha), 7.86-7.85, (d, 2H, J =7.44
Hz, Har), 7.82-7.80 (t, 2H, Hay), 7.78 (s, 2H, Har), 7.40 (s, 2H, Ha), 7.24 (s, 2H, Har),
6.95 (s, 2H, Har), 4.20-4.12 (m, 4H, Haiiphatic), 2.97-2.94 (t, 3H, Haiipnatic), 2.91-2.90 (d,
2H, Har), 1.99-1.98 (t, 2H, Haiiphatic), 1.78- 1.76 (t, 4H, Haiiphatic), 1.75-1.71 (t, 2H,
Hatiphatic), 1.60 (S, 3H, Haliphatic), 1.48-1.46 (m, 8H, Haiiphatic), 1.45-1.40 (m, 12H, Haiiphatic),
1.35 (s, 24H, Hatiphaiic), 0.98-0.96 (t, 12H, 1 x CHa,. Haliphatic), 0.92-0.90 (t, 3H, 1 x CHa,.
Haliphatic) ; *C NMR (600 MHz, CDCls) & 164.56, 164.29, 146.11, 141.88, 139.23,
138.94, 138.55, 136.98, 136.81, 136.61, 133.47, 132.12, 131.45, 130.71, 129.74,
128.69, 128.32, 127.87, 127.26, 125.52, 123.61, 123.10, 122.10, 122.04, 44.26, 41.53,
37.97, 34.33, 32.56, 31.65, 30.81, 30.72, 29.71, 29.30, 28.95, 28.75, 25.77, 24.13, 23.08,
22.65, 14.14, 14.08, 10.93, 10.68; MALDI-TOF (m/z) calcd for CosH112N204Ss : 1524.69,

found 1525.2544 (M*),
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6.2.3 Synthesis for Chapter IV

4,7-bis(4-hexylthiophen-2-yl)-[1,2,5]thiadiazolo[3,4-c] pyridine (68)

A mixture of 4,7-dibromo-(1,2,5)thidiazole (67) (100 mg, 3.40 mmol), 4-
Hexyl-2-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)thiophene  (72) ( 2.2 equiv,
7.53mmol.), Pd(PPhs)4 (0.2 mmol), 2M Na>COs and THF (25 mL) was purged with
nitrogen. The reaction mixture was reflux for 24 hr. After cooling, the product was
extracted with CH2Cl,, washed with water, dried over Na2SOsa, filtered, concentrated and
further purified by column chromatography (silica gel, hexane/ ethyl acetate, (50/1, v/Vv).
Then the mixture was sonicated for 1 h, the mixture was filtered, washed with hexane to
obtain the product as 68 as orange powder with the yield of (93 mg, 0.14 mmol) (93%).
IH NMR (600 MHz, CDCls) : 6 8.80 (s, 1H, Hay), 8.51 (s, 1H, Hay), 7.95 (5, 1H, Har), 7.20
(s, 1H, Har), 7.06 (s, H, Har), 2.72-2.68 (q, 4H, Hz, Haiphatic), 1.70 (S, 4H, Haiiphatic), 1.60 (S,
4H, Haliphatic), 1.50 (S, 4H, Haiiphatic), 1.30 (bs, H, Haiiphatic), 0.98 (t, 6H, Haliphatic); *C NMR
(600 MHz, CDCls) 6 154.94, 149.08, 146.40, 145.25, 144.53, 140.70, 136.23, 133.07,
129.35, 125.68, 120.53, 31.69, 30.68, 30.47, 30.46, 29.69, 29.02, 29.00, 22.62, 14.08;

MALDI-TOF (m/z) calcd for CosHaiN3S3:469.17, found 470.2969 (M").
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4,7-bis(5-bromo-4-hexylthiophen-2-yl)-[1,2,5]thiadiazolo[3,4-c]pyridine

(69)

A mixture of 4,7-bis(4-hexylthiophen-2-yl)-[1,2,5]thiadiazole[3,4-c] pyridine
(68) (1.0 equiv, 7.53mmol.), were added N-bromosuccinimide (0.11 mg, 0.63 mmol),
THF (15 mL). The mixture was stirred at the room temperature for 4 hr. Then the
mixture was poured in water 100 mL the aqueous layer was extracted with DCM dry
over Na;SOs. The solvent was removed and the residue was extracted with
CH.Cly/brine. The residue was purified through column chromatography (silica gel,
hexane/dichloromethane, (100/20, v/v). afforded compound 69 with the yield of (80 mg,
0.14 mmol). *H NMR (600 MHz, CDCls) : & 8.70 (s, 1H, Har), 8.32 (s, 1H, Ha), 7.75 (5,
1H, Har), 2.64 (d, 4H, Haiiphatic) ,1.70 (S, 4H, Haiiphatic), 1.60 (S, 4H, Haiiphatic), 1.50 (s, 4H,
Haiphatic), 1.30 (bs, H, Haiiphatic), 0.98 (t, 6H, Haiiphaic); *C NMR (600 MHz, CDCls) §
154.59, 147.70, 145.48, 144.27, 143.34, 140.98, 140.16, 135.94, 132.54, 128.53,
119.86, 116.47, 111.92, 31.62, 29.82, 29.70, 29.65, 28.93, 22.60; 14.08, MALDI-TOF

(m/z) calcd for CasHag BraN303:624.99, found 624.7553.(M").

4,4'-([1,2,5]thiadiazolo[3,4-c]pyridine-4,7-diylbis(3-hexylthiophene-5,2-

diyl))bis (N,N-diphenylaniline) (63)
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A mixture of 4,7-bis(5-bromo-4-hexylthiophen-2-yl)-[1,2,5] thiadiazolo [3,4-
c]pyridine (69) (150 mg, 0.52 mmol), 4-(diphenylamino)phenylboronic acid (72) (330
mg, 1.44 mmol.), Pd(PPhz)4 (0.2 mmol), 2M Na.COs and toluene (25 mL) was purged
with nitrogen. The reaction mixture was stirred at 110 °C for 24 hr. After cooling, the
product was extracted with CH2Cl, washed with water, dried over NaxSO4. The solvent was
evaporated to afford a crude product. The crude product was purified by silica gel column
chromatography using the eluent mixture of hexane/CH2Cl», (8:2, v/v) to obtain 63 as purple
black solid with the yield of (150 mg, 0.64 mmol) (73%), M.p. 187-188 °C. *H NMR
(600 MHz, CDCls) : 6 8.79 (s, 1H, Ha), 8.53 (s, 1H, Har), 8.00 (s, 1H, Har), 7.40-7.42 (m,
2H, J =852 Hz, Hay), 7.37-7.38 (M, 2H, J =8.52 Hz, Ha ), 7.28-7.30 (M, 8H, Hay), 7.14-
7.17 (m, 8H, Ha), 7.12-7.10 (d, 4H, J = 8.46 Hz, Ha), 7.04-7.07 (q, 4H, Ha), 2.76-2.71
(m, 4H, Haliphatic) , 1.74-1.66, (m, 4H, Haiiphatic) , 1.52, (S, 8H, Haiiphatic) , 1. 37-1.36 (d, 4H,
Haliphatic), 1.29-1.28 (t, 9H, 3 x CHa,- Haliphatic), 0.87- 0.85 (t, 9H, 3 x CHa,- Haliphatic) ; *C
NMR (600 MHz, CDCl3) & 154.92 148.22, 147.66, 147.51, 147.44, 145.95, 143.72,
140.55, 140.34, 139.96, 139.56, 138.69, 134.54, 134.02, 130.69, 129.90, 129.80,129.38,
129.35, 127.88, 124.90, 124.76, 123.37, 123.25, 122.99, 122.74, 120,10, 31.66, 30.98,
30.93, 29.22, 29.15, 28.95, 22.62, 14.10; MALDI-TOF (m/z) calcd for Ce1Hs7NsS3: 955.38,

found 955.7352 (M").
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4,7-bis(4-hexyl-5-(9-phenyl-9H-carbazol-3-yl)thiophen-2-yl)-[1,2,5] thiadi

azolo [3,4-c]pyridine (64)

A mixture of 4,7-bis(5-bromo-4-hexylthiophen-2-yl)-[1,2,5] thiadiazolo [3,4-
c]pyridine (69) (150 mg, 0.23 mmol), 9-phenylcarbazole-3-broronic acid (75) (150 mg,
0.52 mmol.), Pd(PPhsz)4 (0.2 mmol), 2M Na,COsz and toluene (25 mL) was purged with
nitrogen. The reaction mixture was stirred at 110 °C for 24 hr. After cooling, the product
was extracted with CH2Clz, washed with water, dried over Na;SOs. The solvent was
evaporated to afford a crude product. The crude product was purified by silica gel column
chromatography using the eluent mixture of hexane/CH2Cl>, (8:2, v/v) to obtain 64 as purple
black solid with the yield of (110 mg, 0.28 mmol) (64%), M.p. 147-148 °C. *H NMR
(600 MHz, CDCls) : 6 8.79 (s, 1H, Har), 853 (s, 1H, Har ), 8.00 (s, 1H, Hay), 7.41-7.37 (m,
2H, Ha), 7.28-7.25 (d, 2H, Har), 7.16 (d, 8H, Hay), 7.15-7.14 (d, 4H, Ha), 7.11-7.10 (d, 8H,
Har), 7.07 (t, 4H, Har), 7.05-7.04 (t, 4H, Har), 2.78-2.73 (0, 4H, Haiiphatic), 1.75-1.69, (q, 4H,
Haliphatic) , 1.54, (S, 17H, Hatiphatic), 1.39-1.38 (d, 4H, Haiiphatic), 1.30-1.25 (d, 9H, 3 x CHa,-
Haliphatic), 0.87 - 0.85 (t, 9H, 3 x CHa,- Haliphatic); **C NMR (600 MHz, CDCls) § 155.01,
148.27, 146. 03, 144.85, 141.41, 141.40, 141.11, 140.59, 140.45, 140.37, 139.60,

138.93, 137.56, 137.52, 134.42, 134.19, 129.97, 127.68, 127.66, 127.50, 127.33,
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127.12, 126.16, 126.04, 123.66, 123.63, 121.18, 121.10, 120.48, 120.45,120.31, 120.25,
120.23, 110.02, 109.99, 109.89, 109.82, 31.69, 31.09, 31.05, 29.27, 29.13, 28.95, 22.65,

14.08; MALDI-TOF (m/z) calcd for Cs1Hs3NsSs3 : 951.35, found 952.6076 (M™).

4,7-bis(3-hexylthiophen-2-yl)-[1,2,5]thiadiazolo[3,4-c]pyridine (70)

A mixture of 4,7-dibromo-(1,2,5)thidiazole (67) (100 mg, 3.40 mmol), 3-Hexyl-2-
(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)thiophene (73) ( 2.2 equiv, 7.53mmol.),
Pd(PPhs)4 (0.2 mmol), 2M Na,COs and THF (25 mL) was purged with nitrogen. The
reaction mixture was reflux for 24 hr. After cooling, the product was extracted with
CH2Cl,, washed with water, dried over Na2SO4. The solvent was evaporated to afford a crude
product. The crude product was purified by silica gel column chromatography using the
eluent mixture of hexane/CH.Cl, (8:2, v/v) to obtain 70 as orange powder with the yield
of (93 mg, 0.14 mmol) (93%). *H NMR (600 MHz, CDCls) : & 8.80 (s, 1H, Har), 8.51 (s,
1H, Har), 7.95 (S, 1H, Har), 7.20 (S, 1H, Har), 7.06 (S, H, ar), 2.72-2.68 (q, 4H, Hz, Haiiphatic),
1.70 (s, 4H, Haiiphatic), 1.60 (S, 4H, Haiiphatic), 1.50 (S, 4H, Haiiphatic), 1.30 (bs, H, Haliphatic), 0.98

(t, 6H, Haiipratic); 3C NMR (600 MHz, CDCls) 5 154.94, 149.08, 146.40, 145.25, 144.53,
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140.70, 136.23, 133.07, 129.35, 125.68, 120.53, 31.69, 30.68, 30.47, 30.46, 29.69,
29.02, 29.00, 22.62, 14.08; MALDI-TOF (m/z) calcd for CsHa1N3Ss: 469.17, found

470.2969 (M").

4,7-bis(5-bromo-3-hexylthiophen-2-yl)-[1,2,5]thiadiazolo[3,4-c] pyridine

(71)

A mixture of 4,7-bis(3-hexylthiophen-2-yl)-[1,2,5] thiadiazolo [3,4-c]
pyridine (70) (200 mg, 1.02 mmol) were added N-bromosuccinimide (0.11 mg, 0.63
mmol), THF (15 mL). The mixture was stirred at the room temperature for 4 hr. Then
the mixture was poured in water 100 mL the aqueous layer was extracted with DCM
dry over Na,SOs. The solvent was removed and the residue was extracted with
CH2Clo/brine. The residue was purified through column chromatography (silica gel,
hexane/dichloromethane, (100/20, v/v). afforded compound 71 with the yield of (93 mg,
0.14 mmol). *H NMR (600 MHz, CDCLs) : 5 8.55 (s, 1H, Har), 7.07-7.05 (d, 2H, J = 8.80
Hz, Har), 3.17-3.15 (t, 2H, Haiiphatic), 2.63-2.60 (t, 2H, Haliphatic), 1.68-1.66 (t, 2H, Haiiphatic),
1.59-1.57 (t, 2H, Haiiphatic), 1.37 (S, 5H, Haiiphatic), 1.35 (S, 2H, Haiipnatic), 1.28-1.25 (t, 4H,
Haliphatic), 1.24-1.22 (m, 2H, Haiiphatic), 0.98 (t, 3 x CH3,- Haliphatic), 0.77 (t, 3 x CHa,- Haliphatic);

13C NMR (600 MHz, CDCls) § 156.39, 148.76, 148.35, 144.28, 143.07, 133.22, 132.17,
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119.39, 114.26, 113.65, 31.62, 31.51, 30.57, 30.17, 29.46, 29.27, 29.02, 22.55, 22.49,

14.06,13.97; MALDI-TOF (m/z) calcd for CasHag BroN3O3:624.99, found 624.6076 (M™).

4-(5-(7-(4-(4-(diphenylamino)phenyl)-3-hexylthiophen-2-yl)-[1,2,5]thiadia

zolo [3,4-c]pyridin-4-yl)-4-hexylthiophen-2-yl)-N,N-diphenylaniline (65)

A mixture of 4,7-bis(5-bromo-3-hexylthiophen-2-yl)-[1,2,5] thiadiazolo[3,4-
c]pyridine (71) (150 mg, 0.52 mmol), 4-(diphenylamino)phenylboronic acid (72) (330
mg, 1.44 mmol.), Pd(PPh3z)4 (0.2 mmol), 2M Na>COs and toluene (25 mL) was purged
with nitrogen. The reaction mixture was stirred at 110 °C for 24 hr. After cooling, the
product was extracted with CH,Cl,, washed with water, dried over NaxSOs. The solvent was
evaporated to afford a crude product. The crude product was purified by silica gel column
chromatography using the eluent mixture of hexane/CH2Cl», (8:2, v/v) to obtain 65 as purple
black solid with the yield of (110 mg, 0.56 mmol) (84%), M.p. 130-131 °C. *H NMR
(600 MHz, CDCl) : 8.65 (s, 1H, Har), 7.61-7.59 (d, 2H, J = 8.22 Hz, Hay), 7.53-7.52 (d,
2H, J =8.22 Hz, Hay), 7.29-7.28 (t, 15H, H ), 7.14-7.13 (M, 8H, Hay), 7.07-7.03 (m, 9H,
Har), 3.25-3.23. (t, 2H, Haiiphatic) , 2.73-2.71 (t, 2H, Haiiphatic), 1.76-1.57 (d, 2H, Haiiphatic) ,
1.68-1.67 (d, 2H, Haiiphatic), 1.53, (S, 16H, Haliphatic), 1.42-1.41, (d, 2H, Haliphatic), 1.31-1.23

(d, 6H, Haliphatic), 129-128 (t, gH, 3 X CHS,. Haliphatic), 087' 085 (t, 9H, 3 X CH3,. Haliphatic);
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13C NMR (600 MHz, CDCl3) § 156.63, 149.10, 148.75, 148.16, 147.97, 147.49, 147.38,
144.31, 143.37, 130.86, 129.36, 129.32, 128.35, 127.86, 126.75, 126.60, 126.33,
124.79, 124.73, 124.58, 123.33, 123.15, 119.86, 31.70, 31.61, 31.19, 30.78, 30.36,
29.77,29.40, 29.18, 22.61, 22.55, 14.11, 14.03; MALDI-TOF (m/z) calcd for Ce1Hs7NsS3

 955.38, found 955.7352 (M").

4,7-bis(3-hexyl-5-(9-phenyl-9H-carbazol-3-yl)thiophen-2-yl)-[1,2,5]thiadi

azolo [3,4-c]pyridine (66)

A mixture of 4,7-bis(5-bromo-3-hexylthiophen-2-yl)-[1,2,5]thiadiazolo[3,4-
c]pyridine (71) (150 mg, 0.52 mmol), 9-phenylcarbazole-3-broronic acid (75) (150 mg,
0.52 mmol.), Pd(PPhz)4 (0.2 mmol), 2M NaCOs and toluene (25 mL) was purged with
nitrogen. The reaction mixture was stirred at 110 °C for 24 hr. After cooling, the product
was extracted with CH.Clz, washed with water, dried over Na;SOs. The solvent was
evaporated to afford a crude product. The crude product was purified by silica gel column
chromatography using the eluent mixture of hexane/CH2Cl», (8:2, v/v) to obtain 66 as purple
black solid with the yield of (150 mg, 0.14 mmol) (70%). M.p. 121-122°C. *H NMR (600

MHz, CDCls) : 8.70 (s, 1H, Har), 851 (s, 1H, Har), 8.42 (s, 1H, Ha), 8.20-8.22 (d, 1H, J =
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7.68 Hz, Har), 8.18-8.19 (d, 1H, J = 7.68 Hz, Ha), 7.79-7.80 (d, 1H, J = 8.34 Hz, Ha),
7.71-7.73 (d, 1H, J = 8.40 Hz, Hay), 7.60-7.63. (m, 4H, Ha), 7.57-7.58 (d, 2H, Hay), 7.47-
7.49 (M, 2H, Hay), 7.40-7.41 (d, 6H, Hay), 7.38- 7.39 (d, 2H, J = 6.72 Hz, Hay), 7.30-7.33,
(m, 2H, Hay), 3.30-3.28 (t, 2H, Haipetic), 2.79-2.77 (t, 2H, Haliphatic) , 1.84-1.83 (d, 2H,
Hatiphatic) , 1.80-1.79 (d, 15H, Hatiphatic), 1.77-1.76 (m, 2H, Haiiphatic), 1.34-1.41, (d, 2H,
Hatiphatic), 1.29-1.28 (t, 9H, 3 x CHa,. Hatiphatic), 0.87- 0.85 (t, 9H, 3 x CHa,- Hatiphatic) ; 3C
NMR (600 MHz, CDCls) & 156.75, 149.53, 149.18, 149.03, 148.81, 146.30, 144.38,
143.45, 141.50, 140.62, 137.53, 137.46, 130.77, 129.99, 129.96, 128.19, 127.64, 127.10,
126.47, 126.41, 126.32, 124.84, 124.43, 124.40, 123.94, 123.88, 123.32, 120.59, 120.35,
120.24, 117.91, 117.71, 110.19, 110.13, 110.05, 110.00, 77.22, 77.00, 76.79, 76.79, 31.74,
31.65, 31.31, 30.88, 30.45, 29.87, 29.70, 29.50, 22.65, 22.59, 14.13, 14.05; MALDI-TOF

(m/z) calcd for Ce1Hs3N5sS3: 951.35, found 952.6076 (M").

6.2.4 Synthesis for Chapter V

4, 9-bis(4-hexylthiophen-2-yl)naphtho[2,3-c][1,2,5]thiadiazole (78)

A mixture of 4,9-dibromonaphtho[2,3-c][1,2,5]thiadiazole (77) (1.0 g, 2.9
mmol), 4-Hexyl-2-(4,4,5,5-tetrametyl-1,3,2-dioxaborolan-2-yl)thiophene (72) ( 2.5
equiv, 7.40 mmol.), Pd(PPhsz)4 (0.2 mmol), 2M Na,COs and THF (25 mL) was purged

with nitrogen. The reaction mixture was stirred and reflux for 24 hr. After cooling, the
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product was extracted with CH>Cl, washed with water, dried over Na>SOs. The solvent was
evaporated to afford a crude product. The crude product was purified by silica gel column
chromatography using the eluent mixture of hexane/CH>Cl., (8:2, v/v) to obtain 78 as orang
solid with the yield of (1.50 g, 0.14 mmol) (84%). *H NMR (600 MHz, CDCls) : & 8.31 -
8.32(q, 2H, J = 1.26Hz, Har), 7.40-7.42(q, 2H, J = 1.26Hz, Ha), 7.28 (s, 2H, Har), 7.25
(S, 2H, Har), 1.35 (s, 10H, , Haliphatic), 0.91 (t, 6H, 2 x CHs,- Haliphatic), °C NMR (600 MHz,
CDCl3) 6 154.34, 148.08, 146.40, 145.25, 144.53, 140.70, 136.23, 133.07, 129.35,
125.68, 126.82, 120.53, 31.69, 30.68, 30.58, 30.45, 30.46, 29.69, 29.02, 29.00, 22.62,

14.06, MALDI-TOF (m/z) calcd for C3oHzaN2S3: 518.19, found 518.7352 (M").

4,  9-bis(5-bromo-4-hexylthiophen-2-yl)naphtho[2,3-c][1,2,5] thiadiazole

(79)

A mixture of 4, 9-bis(4-hexylthiophen-2-yl)naphtho[2,3-c][1,2,5]thiadiazole (78) (200
mg, 1.02 mmol) were added N-bromosuccinimide (0.11 mg, 0.63 mmol), THF (15 mL).
The mixture was stirred at the room temperature for 4 hr. Then the mixture was poured
in water 100 mL the aqueous layer was extracted with DCM dry over Na;SOas. The
solvent was removed and the residue was extracted with CH2Clz/brine. The residue was
purified through column chromatography (silica gel, hexane/dichloromethane, (100/20,

v/v). afforded compound 79 with the yield of (93 mg, 0.14 mmol). *H NMR (600 MHz,
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CDCl) : §8.31-8.32 (q, 2H, Hay), 7.40-7.42 (g, 2H, Har), 7.28 (5, 2H, Har), 7.25 (s, 2H,
HAr), 275'277 (t, 4H, Haliphatic), 173'176 (t, 4H, Haliphatic), 144 (S, 4H, Haliphatic), 135 (m,

10H, Haliphatic), 0.91 (t, 2 x CHs, Haliphatic).

4,9-bis(3,4'-dihexyl-[2,2-bithiophen]-5-yl)naphtho[2,3-c][1,2,5]thiadiazole  (80)

A mixture of 4,  9-bis(5-bromo-4-hexylthiophen-2-yl)naphtho[2,3-
c][1,2,5]thia diazole (79) (200 mg, 1.02 mmol), 4-Hexyl-2-(4,4,5,5-tetrametyl-1,3,2-
dioxaborolan-2-yl) thiophene (2.5 equiv, 7.40 mmol.), Pd(PPh3)s (0.2 mmol), 2M Na,COs
and THF (25 mL) was purged with nitrogen. The reaction mixture was stirred and reflux
for 24 hr. After cooling, the product was extracted with CH>Cl,, washed with water, dried
over Na»SO4. The solvent was evaporated to afford a crude product. The crude product was
purified by silica gel column chromatography using the eluent mixture of hexane/CH2Cl»,
(8:2, vi/v) to obtain 80 as orang solid with the yield of (480 mg, 0.32 mmol) (84%). 'H
NMR (600 MHz, CDCls) : & 8.30-8.32 (q, 2H, Ha), 7.42-7.44 (q, 2H, Hay), 7.14 (s, 2H,
Har), 6.75 (s, 2H, Har), 2.69-2.71 (t, 4H, Haliphatic), 2.47-2.49 (M, 2H, Haiiphatic), 1.73-1.76 (t,

4H, Haliphatic), 1.44 (s, 4H, Haliphatic), 1.35 (m, 10H, Haliphatic), 0.91 (t, 4 x CHs, Haliphatic)-
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4,9-his(5'-bromo-3,4'-dihexyl-[2,2'-bithiophen]-5-yl)naphtho[2,3-c][1,2,5]

thiadiazole (81)

A mixture  of  4,9-bis(3,4-dihexyl-[2,2-bithiophen]-5-yl)naphtho[2,3-
c][1,2,5]thia- diazole (80) (200 mg, 1.02 mmol), were added N-bromosuccinimide (0.11
mg, 0.63 mmol), THF (20 mL). The mixture was stirred at the room temperature for 4
hr. Then the mixture was poured in water 100 mL the aqueous layer was extracted with
DCM dry over Na;SO4. The solvent was removed and the residue was extracted with
CH.Cly/brine. The residue was purified through column chromatography (silica gel,
hexane/dichloromethane, (100/20, v/v). afforded compound 81 with the yield of (93 mg,
0.14 mmol). *H NMR (600 MHz, CDCls) : & 8.55 (s, 1H, Har), 7.07-7.05 (d, 2H, J = 7.70
Hz, Har), 3.17-3.15 (t, 2H, Haiiphatic), 2.63-2.60. MALDI-TOF (m/z) calcd for CsoHeoBraN2Ss

:1006.17, found 1,006.3066 (M").

4,4'-(naphtho[2,3-c][1,2,5]thiadiazole-4,9-diylbis(3',4-dihexyl-[2,2'-bithio

phene]-5',5-diyl))bis(N,N-diphenylaniline) (67)



161

A mixture of 4, 9-bis(5-bromo-4-hexylthiophen-2-yl)naphtho[2,3-c][1,2,5]
thiadiazole (81) (1.0 equiv, 0.14 mmol.), 4-(diphenylamino)phenylboronic acid (72) (2.5
equiv, 0.37 mmol) Pd(PPhs)s (0.2 mmol), 2M Na>COs and THF (25 mL) was purged with
nitrogen. The reaction mixture was stirred and reflux for 24 hr. After cooling, the product
was extracted with CH2Clz, washed with water, dried over Na:SOs. The solvent was
evaporated to afford a crude product. The crude product was purified by silica gel column
chromatography using the eluent mixture of hexane/CH-Cl, (8:2, v/v) to obtain 67 as orang
solid with the yield of (250 mg, 0.18 mmol) (54%). *H NMR (600 MHz, CDCl) : 'H
NMR (600 MHz, CDCl) : 6 8.49-8.48 (d, 2 H, J =6.42 Hz, Ha), 7.45 - 7.44 (d, 6H, J =
7.62 Hz, Har), 7.36 (5, 2H, Har), 7.30 - 7.27 (t, 9H, Har), 7.17 - 7.15 (d, 8H, Hay), 7.13-7.12
(d, 4H, Har), 7.06 - 7.04 (t, 4H, , Ha), 2.8, 8H, Haiipnatic), 3 - 2.81 (t, 6H, Haiiphatic), 1.74 —
1.72 (t, 6H, Haiiphatic), 1.42 - 1.40 (bs, 8H, Haiiphatic), 1.32 - 1.28 (m, 18H, Haiiphatic), 1.25 (m,
14H, Haliphatic), 0.89 -0.87 (t, 18H, Haiipnatic); *C NMR (600 MHz, CDCl3) § 151.47,
143.69, 139.42, 135.45, 134.10, 134.04, 133.61, 132.77, 127.63, 126.91, 123.22,
120.35, 31.70, 30.65, 30.42, 29.45, 29.31, 22.66, 22.62, 14.08; MALDI-TOF (m/z) calcd

for CgsHasN4Ss : 1336.56, found 1348.4917 (M").
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4,9-bis(3,4',4"-trihexyl-[2,2":5',2"-terthiophen]-5-yl)naphtho[2,3-c][1,2,5 ]

thiadiazole (82)

A mixture of 4,9-bis(4-hexylthiophen-2-yl)naphtho[2,3-c][1,2,5] thiadiazole
(81) (200 mg, 1.02 mmol), were added N-bromosuccinimide (0.11 mg, 0.63 mmol),
THF (20 mL). The mixture was stirred at the room temperature for 4 hr. Then the
mixture was poured in water 100 mL the aqueous layer was extracted with DCM dry
over Na;SOs. The solvent was removed and the residue was extracted with
CH.Cly/brine. The residue was purified through column chromatography (silica gel,
hexane/dichloromethane, (100/20, v/v). afforded compound 82 with the yield of (56 mg,
0.32 mmol) (40%). 'H NMR (600 MHz, CDCls) : § 855 : 6 8.31-8.32 (q, 2H, Har), 7.40-
7.42 (q, 2H, Har), 7.28 (s, 2H, Har), 7.25 (s, 2H, Har), 2.75-2.77 (t, 4H, Haliphatic), 1.73-1.76
(t, 4H, Haiiphatic), 1.44 (S, 4H, Haiiphatic), 1.35 (M, 10H, Haiipnatic), 0.91 (t, 2 x CHa, Haiiphatic).

MALDI-TOF (m/z) calcd for CesHssN4S7 : 1182.51, found 11182.4550 (M").

4,9-bis(5"-bromo-3,4',4"-trihexyl-[2,2":5',2"-terthiophen]-5-yl)naphtho[2,3-

c] [1,2,5]thiadiazole (83)
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A mixture of 4,9-bis(4-hexylthiophen-2-yl)naphtho[2,3-c][1,2,5] thiadiazole
(82) (200 mg, 1.02 mmol), were added N-bromosuccinimide (0.11 mg, 0.63 mmol),
THF (20 mL). The mixture was stirred at the room temperature for 4 hr. Then the
mixture was poured in water 100 mL the aqueous layer was extracted with DCM dry
over Na;SOs. The solvent was removed and the residue was extracted with
CH.Cly/brine. The residue was purified through column chromatography (silica gel,
hexane/dichloromethane, (100/20, v/v). afforded compound 83 with the yield of (93 mg,
0. 14 mmol) (67%). MALDI- TOF (m/z) calcd for CzoHgsBraN2S7 : 1338.34, found

1339.4917 (M").

4,4'-(naphtho[2,3-c][1,2,5]thiadiazole-4,9-diylbis(3',3",4-trihexyl-[2,2".5',2"-

terthio phene]-5",5-diyl))bis(N,N-diphenylaniline) (68)
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A mixture of 4, 9-bis(5-bromo-4-hexylthiophen-2-yl)naphtho[2,3-c][1,2,5]
thiadiazole (83) (1.0 equiv, 0.09 mmol.), 4-(diphenylamino)phenylboronic acid (2.2
equiv, 0.19 mmol) Pd(PPhs)s (0.2 mmol), 2M Na>COs and THF (30 mL) was purged with
nitrogen. The reaction mixture was stirred and reflux for 24 hr. After cooling, the product
was extracted with CH2Clp, washed with water, dried over Na>SOs. The solvent was
evaporated to afford a crude product. The crude product was purified by silica gel column
chromatography using the eluent mixture of hexane/CH:Cl», (8:2 v/v) to obtain 68 as orang
solid 35%. 'H NMR (600 MHz, CDCls) : § 8.49 - 8.48 (dd, 2 H, Har), 7.45 - 7.44 (d, 6H, J
=8.60 Hz, Har), 7.36 (S, 2H, Har), 7.30 - 7.27 (t, 9H, Has), 7.17 - 7.15 (d, 8H, J =7.74 Hz,
Har), 7.13-7.12 (d, 4H, J = 8.64 Hz, Har), 7.06 - 7.04 (t, 4H, , Hay), 2.8, 8H, Haliphetic), 3 -
2.81 (t, 6H, Haiphatic), 1.74 — 1.72 (t, 6H, Halipheic), 1.42 - 1.40 (bs, 8H, Haiiphatic), 1.32 - 1.28
(m, 18H, Haiipnatic), 1.25 (M, 14H, Haiiphatic), 0.89 -0.87 (t, 18H, Haiiphatic); **C NMR (600
MHz, CDCl3) 6 151.53, 147.59, 147.25, 140.73, 138.42, 133.91, 133.29, 132.78, 130.04,
129.34, 128.19, 127.27, 126.77, 124.71, 123.16, 123.09, 31.70, 31.00,29.70, 29.01,

22.64, 14.10; MALDI-TOF (m/z) calcd for CiosH116N4S7: 1664.72, found 1665.7152 (M").

6.3 Expected results

The expected results of the proposed thesis work will be as follows:
1 The novel OLEDs based on 1,8- naphthalimide derivatives as emissive hole
transporting material with high performance will be achieved.

2 A research report will be published in an international journal.
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