t HATTRINALR TR J

SYNTHESIS AND CHARACTERIZATION OF
NOVEL D-7A TYPE ORGANIC DYES

PALITA KOCHPRADIST

A THESIS SUBMITTED IN PARTIAL FULFILLMENT OF THE REQUIREMENTS FOR
THE DEGREE OF DOCTOR OF PHILOSOPHY
MAJOR IN CHEMISTRY
FACULTY OF SCIENCE
UBON RATCHATHANI UNIVERSITY
YEAR 2013

COPYRIGHT OF UBON RATCHATHANI UNIVERSITY




L urriTan e j

THESIS APPROVAL
UBON RATCHATHANI UNIVERSITY
DOCTOR OF FHILOSOPHY
MAJOR IN CHEMISTRY FACULTY OF SCIENCE

TITLE SYNTHESIS AND CHARACTERIZATION OF NOVEL D-TT -A
TYPFE ORGANIC DYES

NAME MBSPATITA KOCHPRADIST

THIS THESIS TIAS BEEN ACCEPTED BY

s, 7@4”(}% ........ MO’M ........................ CHAIR

{DR TINNAGON KEA

COMMITTEE
(ASST.PROF.DR.BOQSA T TOMAPATANAGET)
WWL“ .................. COMMITTLE
(ASSOC.PROF.DR.VINICH PROMARAK)
................... M AL QI .. COMMITTEE
(ASST.PROF.DR.TAWELSAK SUDYOADSUK)

{AS ST.PRDF.QI;.J ANPEN INTARAPRASERT)

APPROVAL BY UBON RATCHATITANI UNIVERSTTY

LA A, a‘f'

{ASSOC.PROF DR.UTITI] INPRASIT)
VICE PRESIDENT FOR ACADEMIC AFFAIRS
FOR THE PRESIDENT OF UBON RATCHATHANI UNIVERSITY
ACADEMIC YEAR 2013




ACKNOWLEDGMENTS

[ wish to express my admiration and appreciation to Assoc.Prof Dr, Vinich Promarak
and Dr.Tinnagon Keawin, my advisor, Tor his excellent suggestions, supervision, and
understanding throughout my study.

I would aiso like to thank the many peeple who contributed their time,
instrumentation, and advice to my project. In particular, Asst.FrofDr. Taweesak Sudyocadsuk {or
devices,  Asst.Prof.Dr Siriporn Jungsuttiwong  for  molecular  orbital calculation,
Assoc. Prof, Dr.Sayant Saengsuwan (or TGA and DSC duta, Moreover, [ wonld like 1o thank all of
the staff at the Center of Scientific and Technological Equipment at Suranaree University of
‘Fechnology for their excellent service and helpful suggestions for use of Uv-Vis, Fhuorescence,
IR, NMR, MALDI-TOF, TGA and DSC techniques.

[ wish to acknowledge Asst.Prof.Dr.Boosayarat Tomapatanaget for constructive
comuntients and sugirestion.

Thanks so much to Center of Excelience for Fanovation in Chemistry {(PERCH-CIC),
Ubon Ratchathani University, Precise Green T echnology & Service Co., Lid. and Science Park
Uben Ratchathani University for financial support. (iratitude is cxpressed to all my teachers for
showing me a different fine in life, as 5 Chemistry graduate student. My sincete thankful is aiso
express 1o the Department of Chemistry and Excellent Center for lnnovation in Chemistry, Facully
of Science, Ubon Ratchathani University for providing a wonderful academic environment during
the course wark.

My appreciation is exiended to all the staff of the Department of Chemistry.
Furthermore, | feel thanktul to my friends, sisters, brothers here in Center for Organic Elecironic
and Alternative Encryy.

Most of all, I feel appreciate and grateful 0 my beloved family for their inculcation and

encouragement that found me to be & fortitnde person.

Pah'tn Eochpradtst
(Miss Palita Kochpradist)

Rescacher




1l

A us - a3 o a ' ) = oLd
FLTHGY : Mdunnziuarigoinndnyaives lwanaddon luasdunis

VL D-7T-A 1A iy

Ta - hda awnlseivg
& = o 3w =
ToUlTgan s WSy wuE s
19131 : i

Usemunssumsiting  ; a5.5unT udaguny

o LY u o L3 - = o
dwddiy - wll mify wreugna madursoindrdadfon T

laloadowmeastun3d gunssioaslinBidansaiin

°im’1u’j‘ﬁ’u1fﬁ1uqmn1ﬁﬁ’ams1xﬁlm:ﬁqﬂﬁmﬂf‘fﬂﬂrﬁwamsﬁuﬂ‘s’ﬁﬁﬂs:ﬂﬂnﬁw
wyjlffaidinas oy In-nauging uaznyiuddinasey (0-74) ¥ilalmi Tnorunadems 1ed
@15 5un3d D-zA wilalni 0200 FalvyWadnasou wasmjifouloRuanddiu ield
dhddoulumshusadumemadsiaddos 1w (DSCs) %ainmf;aLﬂqnnmﬁﬁmmwﬂﬁ‘
wuiendnyei lavlfimaile 'B-NMR "C-NMR FT-IR nez MALDI-TOF MS iiofnuiauis

ot oab o

masmdaunaiingiuesididominlnalnilvoi Twegehesniun VBganfuueasludag
& = ] (-2 1 G |

ANMITIARULEIB NG IR sazdmun TuanamsdhwainoliaueBusmmamdon
¥ ]

A2 uenvnitdd I dfenfiesnuuy B IvdnmademauifedFunumunsiv ©FD)

nuduiiamisnszisyesdidnasenninnyifidnasoulifouyiudifanseusendran

ATEAU HOMO-LUMO thumsigaiifszdniamma T TaTramdnvousaduasoiindsiin
§ N »

ddonluruito § luanatieennuy iiduddersvonde iluawan aaheiluawise

oo g e - o o 4o ala & o o o

dalddunsziuarfigofiendnudn i laaifngunufiile Insilaeiviina nmaie

¥
(T2¢ T3C uas T4C) dmivifidudumsdirnalssquontu la Tondoauasdunsd (OLEDs)
A4 & e 1 ] ) o e a
Taowiriuderfius s TasHiawdud U I Tuaga R Tuanadaneades
= =5 4 & 5 '

wirrmiou ma Wi uad vazlinnduedagmdiniy uasdmudes T2C TIC uas
sy 1 1 ::.d -2 =] ool A & £

T4C Hlqumniinsdsmndizyponiddminla loadvamduniddiinald ag 440450

UsziininmilumaSowesoglus 4.97-5.07 ca




m

ABSTRACT

TiTLE 1 SYNTHESIS AND CHARACTERIZATION OF
NOVEL I-JT-A TYPE ORGANIC DYES

BY . PALITA KOCIHPRADIST
DEGRLL » DGCTOR OF PUILOSOPHY
MAFOR : CHEMISTRY

CHAIR : TINNAGON KEAWIN, PiLD.

KEYWORDS . DONOR / ACCEFTOR / 72CONJUGATE / DYE SOLAR CELLS /
ORGANIC L {IGHT-EMITTING DIODES / OPTOELECTRONIC BEVICES

This thesis dcals with synthesis and characterization of novel donor meomjugated
aceeptor (D-7A) organic materials, Novel D-7A organic materials (1-20) containing different
donor and linker units for using as dye molecules in dye solar cells (DSCs) were successiully

synthesized. The target molecules were characterized by 1H—NT'MR, ?

C-NME, TT-IR, and
MALDI-TOF MS techniques. The optical study by UV-Vis spectroscopy indicated that designed
maolecules exhibit an adsorption band cover UV and visible region. All compounds show good
thermal properties, Moreover, Density functional theory {DFT) calenlalions have been perfarmed
on the dyes and the results show that electron distribution from the electron donors to the electron
acceptors cecwred during the HOMO-LUMO excitation. The photovoltaic pertormance of DSCs
using these materials as dyes is under investigation and will be reported in the future, Finally,
the multi-triphenylamine-substituted  carbazoles (T2C, T3C and T4C) for using as hole-
transporting iayer in organic light-emitting diodes (DI.EDs) were successfully synthesized and
characterized. The thermal and clectrochemical stability and furmation of an amorphous form in
the material was improved by increasing number of triphenylmine substintents in the molecule.

T2C, T3C and T4C compounds show excellent hole-transporting property for Alg3-based green
OLED with device’s luminance efficiency in the range of 4.97-5.07 cd/A.
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CHAPTER 1

INTRODUCTION

1.1 1ntreduction

Doner  moonjugated  aceeptor {0 7A) organic mobecules are among the most
important conpugated organic malerials, and have aiiracted much academic and technological
research interest [1]. In these compounds the eleciron-donating and electron-sccepting groups are
connected through a Fconjugated linker. Tuning difterent donor moiety or T-conjupated linker
ety inoa D-7-A molecule would modity its physical and chemical properties. The molecules
with D-7A structures have attracted increasing attention since they can serve as electroactive and
photoactive materials in molecular electronics, such as dye solar cells (DSCs) [2], organie light

emitting dicdes (OLEDs} [3], and ctc [4].

1.2 Drve solar cells {I¥5¢75)

The guality of human life is to 4 large extent dependent on the availability of energy
sources. The present annual worldwide energy consumption has already reached a devel of over
4% 10" Jand is predicted to merease rapidly with the increasing waorld population and the rising
demand of energy in the developing countries [5]. By meeting this energy demand with further
depletion of fossil fuel reserves, the environmental damages followed by the cnhanced yreen
house etfect, caused by the combustion of fossil Tuels, could get out of hamd, If, on other hand,
this cnergy demarul could be met by the use of renewable ensrgy sources the environmental cost
could be deercased. The sun could annually supply the sarth with 3 x 197" J, which is about
750000 thnes more than the global population cumently consumes [8]. The dream 19 capture
the sunlight and fum it into electric power or to generate chemical fuels, such as hydrogen, has in
the lasl couple of decades become reality. Colloids and nanocrystalline films of several
semivonductor systems have been employed in the direct conversion of solar energy into chemical
ot etectrical energy [7]. The conventional photovaltaics, based on the solid-state junction devices,

such as erystalline or amorphous silicon, has exceptional selar energy conversion to electricity




efficienvics of approximately 20%. {8]. Howsver, the fabrication of these photovoltaics s

expensive, using eacrgy infensive high temperature and high vacuwm processes, In 1991 (" Regan

and Gritzel published a breakthrough of an alternative salar harvesting device, vielding a solar

energy couversion to clectricily of 7%, based on a mesascopie inorganic semicanductor. Unli

then, an enerpy efficiency of 2.5% had been reached in this tesearch field. in which

a semicotductor surfuce such as Ti0, or Za0) is sensitized with an optical absorbing chromophore

with charge separation properties that can harvest the solar light and in 115 exciled state inject
electrons into the semiconductor [9],
L.2.1 Principle of DSCs

The DECs, or the Gritzel celf, is a complex systemn where hree different

components, the semiconductor, the chromophore and the electralyle arc broughl together to

generale elsctric power from light withowt suffering any permancnt chemical rransformation

{Figure 1,13 [10].
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Figurc L.} Schematic picture of the dyc salar cells.

The nanocrystalline semiconductor is usually TiO,, although allernative
wide band gap oxides such as ZnQ can be used. A monolayer of the chromaphere, i.e.
the sensitizer, is attachied to the surface of the semiconduetor, Photoexcitation of the chromaphore
results in the injection of an eleetryn into the conduction band of the semiconductor (Figure 1.2),

The chromophore is regenerated by the electrolyte, usually an organic solvent containing a redox




couple, such as lodideftriiodide. The electron denation to the chromophare by odide s
compensated by the reduction of triipdide at the counter ¢lectrode and the cirewil 15 completed by
e¢lectron mipration through the external load. The overall voltuge generated comesponds fo
the difference between the Fermi levei of the scuatonductor and the redox potential of

the electrolyte.
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Fipure 1.2 Schematic picture of the electron (luw in the DSCs.

The perfonmance of the solar cell can be quantificd with parameters such as
ingident photon to current efficiency {IPCE), open cireni! pholoveltage (¥, ) and the overall
cliiciency of the photovoltaic cell {77, ). The efficiency of the 135Cs s refated to & large number
of parameters. This thesis will only focus on the development of cfficient sensitizers and their
synthesis, even so, il i3 important to have the general concepls in miad.

1.2.2 Overall efficiency of the phetovoltaic cell (7.}
The solar energy to elecimcily conversion efficiency under white-light

irradiation {e.g., AM 1.50) can be ohtained from the following cquation:

p o )

Where Iul[111chm2} is the photon Mux (e.z., ca. 100 mWiem: fur AM 1.5 Gy,
{mWs’cmzj is the shori-cireuit current density under wradiation, ¥ {¥) is the open-cireuit voltage,
ff represents the cell fill factor. The fill factor is defined by the rulio of the current and
the voltage at the maximur power point to the short cireuit current and the open circuil voltage.

The fill factor measures the squareness of the 1-V curve (Figure 1.3).
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Fignre 1.3 -V curve.

1.2.3 Scensitizers
The efficiencics of the sensitizers are related to some basic criteriz. The HOMG
putential of the dye should be sufficiently positive compared to the electiolyte redox potential for
effivicnt dye regencration.10 The LUMO potential of the dve should be sutficiently negative to
match the potential of the conduction band edge of the Ti(2, and the light absorption in the visible
region should be efficient, However, by broadening the absorption spectra the difference in
the potentials of the HOMO and the LUMO energy levels is decreased. If the HOMO and LUMO
energy levels are too close in potential, the driving force for electron injection into
the semicondueiur or regencration of the dye from the glectrolyte could be hindered. The sensitizer
should alse exhibit small rcorganization encrgy for excited- and ground-state redox processes,
in order to minimize free energy losses in primary and stcondary electron transfer steps [1].
1.2.3.]1 Ruthcnium sensitizers
Sensitizers of ruthenium complexes such as the N3, NT719 and black
dyes have been lutensively imvestipated and show record solar energy-to-electrivity comversion

efficicneies (77) of 10, 11.2 and 10.8%, respectively (Figure 1.4 [12].
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Figure 1.4 Chemical structures of N3, N719 and black dyes.

A large mumber of differest rutheniom based sensitizers have been
Investigated in order to improve the photovaltaic performance and stability of the DSCs. Amongst
them cspecially four (K19, K73, K77 and Ru-1 [13]) have shown intcresting properties in that
they are competing in efficiency and have higher molar extinction coefficients than the threc

former. The enhanced absorption observed is expected from the extended conjugated system,
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Figure 1.5 Chemical structures of K19, K73, K77 and Ru-1 dyes.




1.2.32 Organic sensitizers

Recently, performances of D3Cs based on metal-free orgamic dyes have
been remarkably improved by several groups. The first transient studics n a coumarin dye in
DSCs was performed in 1996, when Gratze] et al. found injection rates of 200 fs from (343 into
the conduction band aof Ti(h. Since 343 has a narow ahsorption spectrumy, the conversion
efficicncy of this specific compound was low. By introduction of a methine unit, the Zsystem
could be expanded and in 2001 a respectable clliciency of 5.6% was obtaincd with NKX-2311
[14]. Adding more methine units (up to three) and intreducing bulky substituents 1o prevent
dye-apgregalion could push the efficiency to 6.7% in 2005 (NBX-2753). Currently other building
blocks like thivphene are tested, which are believed to give a higher stability. First resulis ol

1.4% tor NKX-2677 are encouraging [15].

L’%@"“’*
C343 NKX-2311
OOH
QOH N
N N N
NKX-2763 NKX-2677

Figure 1.6 Chemical structures of 343, NKX-2311, NKX-2753 and NKX-2677 dycs

In 2003, an indoline dyes (D102 and D149) discovered by Io et al.
These indoline dyes gave solar-to-electrical energy conversion efficioncy of 6.1 and 9%,
respectively, in full sunlight, A highest efficiency for organic dyes has been achieved by
an indoline dye (D149} [16].

049

Figure 1.7 Chemical structures of D102 and D149 dyes.




in 2006, Nagatoshi Keumnura el al. investigated that the organic dycs
{MK-1 and MK-3) containing carbarole as electron doner and evangacrylic acid as electron

acceptor bridged by 4-hexylthiophene or thiophene units, gave an overall comversion elliciency

{1 of4,46-4.979% [17].

CeHys CsHy N MC
H OH
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Figure L8 Chemical structures of ME-1 and ME-3 dyes.

In 2007, Duckhyon Kim ot al. [18) mvestigated that the orgamic dyes
(JK-24, JK-25, and JK-28) conuaining N9, 5-dimethylfluoren-2-ylcarbazole or N-{4-(2,2-
diphenylvinyllphenyl)earbazole as electron donor and cysnoacrylic acid as electron acceptor
bridged by thiophene units, gave an overall conversion efficiency (#) of 3.87-5.15%. Although
many structure frameworks such as cowmarin, aniline, and indoline have been employed as good
¢lectron donor unit, the small molecular organic dyes containing the M-sabstituled carbazole

structural motif have been litle explored for DSCs,

N
O
e, ODH x QoH
. ] )
Ji-24 JEL25 JH-28

Figure 1.9 Chemical structures of JK-24, JK-25 and JK-28 dyes.

In 2009, Yuvan Jay Chang et al. [19] reported that the highly efficient and
stable orgamic dyes (IP-PSP and 1N-PSP) composed of iriphenylamine or MAN-
diphenylnaphthalen-1-amine moiety as the electron donor and cyancacrylic acid moiety as

the electron aceeptor with an overall conversion efficiency of 5.25-7.08%.
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Figurc 1.14 Chemical structures of 1P-PSP and IN-PSP dyes.

In 202, Zhongquan Wanet al. [20] investigated that the organic dyves
({CRZ, WD-5, and DTA) containing carbazole, Phenothiazine or diphenvlamine as electron donor
and cyanoacrylic acid as electron acceptor bridged by pheny! units, gave an overall conversion

efficiency (77) of 1.97-2.03%.

DTA

Figure 1.11 Chemical structures of CBZ, WD-5, and DTA dyes.

Most of the dyes employed in DSCs have carboxylic acid groups to
anchor on the TiO,-surface. The binding is reversible with high binding equilibrium constants (K
=19’ M'I}. At a pH > 9 the equilibrium is typically shified to the reactant side and ihe dye
molecules desorb. This somewhat fragile linkage triggered the development of dyes with different
anchoring groups. In general the binding strength to a metal oxide surface decreases in (e order
phosphonic acid = carboxylic acid > ester = acid chloride > carboxylate salts > amides [21] due to
its strong electronic withdrawing properties, the most widely used and successfol to date being
the catboxylic acid and phesphonic acid functionalities. The carboxylic acid groups, while
ensuring efficient adsorption of the dye on the surface also promote electronic coupling between
the donor levels of the excited chromophores and the aceeptor Ivels of the Ti0, semiconductor.
Some of the possible modes of chelation/derivatization, ranging from chemical bonding {chelating

or bridging mode) to H-bonding, are shown in Figure 1.12 [22].
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Figure 1.12 Possible binding mades for carbexylic acid groups on Ti0),.

1.3 Owrganic light emitting diodes (OLEDs)

Crrganic light emitting diodes {01 FI)s) have recently received a great deal of attention
because of their application for & wide ranpe of display applications. OLEDs are aitractive because
of low voltage driving, high brightness, capability of multicolour emission by the sclection of
emitting inaterials, casy fabrication of large-area and thin-film devices, as no wdditional backlight
15 required for ilhomination of the screen. Following the reports on OLEDs using single crystals of
anthracens {23)], recent picnsering works on QLEDs using low molecular-weight organic
materials and a conjugated polymer have triggered exiensive research and development within this
ficld. Recent years have wilnessed siygmificant progress with regard to brightness, multi- or full-
colour einission, and durability and thermal stability of GLEDs, OLEDs fall into two competing
technologies based on the materials nsed: small malecule devices are fabricated using vacuum
evaporation techniques, whereas polymer structurss can be applied using spin-casting or ink-jet
techniques. The screen-printing technique has recently been introduced and is presumed to be
applicable to both polyviner and small molscule devices.

1.3.1 Principle ol OLEDs

A single layer device architecture is the simplest OLED struceure. In this case
the organic emitter is deposited between two metai electrades. In a single layer setup the organic
semiconductor acts as emitter and charge transport 11lateﬂal (holes and clectrons} at the same time,
As material for the anede indium-tn-oxide (IT0} 15 used in most cases. A thin, semitransparent
1TO layer is sputtered onto a ghass substrate. Allerwards, the emitring layer is deposited either by
ligquid phase or evaporation techniques omto the ITO anode, Finally, an ¢lectropositive metal like

Al, Ca und Mg is evaporated on wp of the OLED substrate as cathode, A suitable cathode material
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has a low work fanction in esder to ensure cflwient clectron injection into the organic

semmiconductor. A typicsl sinzle laver OLED setop is shown in Figore 1,13

Cathode (Al er a)

T o R

Ligi]lé-emg la‘_r!.'e._r_ S

C]af pjas__l:_ic sl.-riltr_ :
Light

Figure 1.13 Schematic of o simgle layer O6ED sctup,

It a voltage is applied to the electrodes of an (1.E1) deviee as depisted in Figure
1.13, electrons from the cathode and holes from the anode are injected inte the orpanic
semiconductor. Due to the electric field between the lwo elecirodes, the positive and negative
charge caniers mowve through the organic layer. As soon as they recombine in the emitting
material, light is generated. The energy level diagram of a single layer OLED is shown in

Figure 1.14.

electron

LI === A .

Figure 1,14 Energy level diagram of a single layer OLED device architecture,
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The etficicacy of an OLED = detennmed by e nusnber of chargn carmiers that
are injected and the nuwnber of holes and electrons that actually recombine under emission of lighe.
The materials used in single layer devices are wsually beiter hale than elechron conductors.
As the holes are moving faster through the emitting layer than the eleetrons, the recombination
zone is shifted towurds the cathode what usually leads 1w a nonradiatve loss of energy [24)].

Cansequently, the efficiency of the deviee decreases [25].

Cathide (41 or Ui

Light-emitting layer

PR

Hole transport

lzyer ¥

substratr

ALY

Figure 1.15 Schematic of a multi layer OLEL setup.

In urder to improve device efficiency, the malti bayer QLED architectures was
introduced as shown in Figure 1,15, Additional hole (HTL) and electron transport lavers {ETL) are
introduced in order to balance the differemt charge carrier mobilities. By varying transport
properties and thickness of those supporting layers, the recombination zone can be shifted towards
the emission layer. The advantages conceming a multi layer device setup, is the possibility to
adapt the IIOMO and LUMO levels of the used matenials, A good overlap ol the corresponding

enargy leveis is essential to obtain a maximum carrier injection into the different layers [26].
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Fipure 1.16 Crergy level diageam of 3 multipte layer OLED device architeciure.

1.2.2 Adaterials for QLED applications

Organic materials in OL.EDs have to fulfil a varicty of requirements. First of all
they have to emit light with suitahle color comdinates of the CIE-systern (Cotnmission
Tnternational de L’ Eclairage) and have to ensure a sulllcient transpott of charge carriers. A good
chemical and efectrochemical stability as webl as a high thermal stability are alse important
prerequisites for OLED materials. Furthermare the comupounds should exhibit good tilin forming
properties. Crystallization of the thin films may lead to a decrease of charge carrier mobilities and
finally to a short in the device [27, 28], For this issue small molecules with bulky side groups ar:
well suited. From low molar mass compounds homagencous thin films can be prepared by
vacuurm depusition. As the bulky substituents prevent erystallization, molecular glasses are formed
by these non-polymeric compounds [29]. Materials used as HTL have to exhibit HOMO levels in
the order of -5.3 eV and therefore Jow ionization potentials. Aromatic amines like NPD, CBP and
TCTA (Figure 1.17} are typical hole conductor materials for OLED applications [30]. Substances
used for electron transport are often mctal complexes like tris{8-hydroxyquinoline) aluminium
{AlQ3) and bis-{2-dimethyl-8 quinoxalato)-4-{phenyl-phenoxalto) atuminium(iil} {BAIQ) or

electron poor heteroeyeles like 4,7-diphenyl-{1,10]phenanthroline {(BPhen) [31] (Figure 1.17).
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Figure 1.17 Typical aromatic amines that are used for hole transpert in OLED

devices: G=-INPB, CBT and TCTA.
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Figure 1.18 Typical examples for ETL materials: A1Q,, BAIQ and BPhen.

The eleetroluminescence of polymers was first described by D.D.C. Bradley and
co-workers [32]. They overcame the drawback of expensive and technologically inconvenient
vapowr deposition of fluorescent dyes by using the highly fluoresesnt conjugated polymer

poly(p-phenylene-vinylene} {PPV) as active material in a single layer OLED. The structure are

oo
oy By €A

MEH-PRY QGG PPV

shown in Figure 1,19,

Figure 1.19 Chemical structure of PPY and its soluble derivatives.

In 2012, a highly fluorescent bistd-diphenylaminophenyl) carbazole end-capped
fluorene wis synthesized and characterized by D Meunmarl and eo-workees, This material

showed greater ability as a solutionprocessed blue emitter and hole-transporter for OLEDs than
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commonly used NPB. High-efficicrey deep-blue and Alg3-based preen devices with luminance
efficiencics and CIC coordinates of 0,93 wd/A, (0,16, 0.09), and 3.78 cd’A and (0,28, 0.43) were
achicved, respectively. The use of the Iniphenyiamine-carbasole substituent might be an effective
methgd 10 prepare  amorphous molecules  with excellent  electruchemical.  thermal. amd
morphological stabilities for OLEDs by forming dendritric structures with other lusrescent ar

non-flucrescent core unirs 133].

Figare 1,24 Chemical strecture of TCT.

1.4 Al of the thesis

In recend years, the development of novel organic materials for optoelectronic
applications has attracted a lot of interest bath in industry and acadernics, Especially in the area of
dye solar cells {DSCs) and organic light emiding dicdes (OLEDs} huge progress has been made.
One of the main technological attractions of organic clectronics is that the active layers can be
deposited at low temperatures by Hquid phase techniques. This makes organic semivonduciors
ideal candidates for low-cost, large-arca clectronic applications on flexible substrates,

The aims of this work as {oilows:

(1) To synthesize a nove! donor mconjugated aceeplor {D-A) organic material based
on triphenylamine and carbazole as the donor group. Chemically, carbazele can be easily
functionalized at its 3,6-pesitions with & bulky group of rerr-bulyl moicty to protect the oxidalion
coupling at the 3,6-positions of the peripheral carbazole tmoiety. A thiophene as  #rconjugated
linker and a cyanoacrylic acid moiety as acceptor/anchor group for using as dye molecules in dye

solar cells as show Figure 1.21.
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Fleure 1.21 Chemieal structures of novel D-7-A organic matarial {1-4}.

{2) T'o synthesize novel doner #-conjugated acceptor (D-#A) organic materials with
different donor units, The r-hexyl substituents were introduced on the C-2 position of fluorens
ring to increase the solubility, Chemically, carbazole and plenothiazine can be easily
functionalized at its & positions with a bulky group of dadecyl moiety te increase the solubility,
with a thiophene as  z-conjugated linker and a cyanoacrylic acid moiety as acceptor/anchor group

for usingg as dye molecules in dye solar cells as show in Figure 1,22
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Figure 1.22 Chemical structures of novel D-7-A organic material {5-7).

(3) To synthesize novel donor mconjugated acceptor (D-7-A) organic materials with
different mumbers of electron spacers are 4-hexylthiophens maoieties for using as dye molecules in
optoglectronic devices as show in Figure 1.23. The D-7-A containing carbavole as cleciron donor
and cyancacrylic acid as electron acceptorfanchoring group brideed by thiophette wnits. Carbazole
and thiophene bearing alky]l groups al the & and C-4 posiiion, respectively, to increase
the solubility property and to prevent the recombination of the electrons from the semiconductor
to the electrolyte, 1Y flerent numbers of electron spacers are 4-hexylthiophene moieties, which are

considered to be the ideal constructional unit in dye sensitizer engineering, adopted for expansion
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of the A comjugsting backbona and adjusting the absorption spectra and HUI‘&-’IU-’LUMU.IEVE[S ot

the dyes.
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Figure 1,23 Chemical structures of novel D-7A orpanic materials (8-10) with

different numbers of electron spacers.

(4) To synthesize novel donor f-comjugated acceptor (D-/A) organic materials with
difterent linker units for using as dye molecules in opteelectranic devices as show in Figore 1.24,
The D-mA containing carbazole ag clectron donor and cyanoacrylic acid as electron
acceptov/anchoring group bridged by thiophene umits, Chemically, carbarole can be o castly
Mmnctionalized at its 3,6-positions with a bulky group of tere-butyl molety to protect the oxidation
coupling at the 3,6-positions of the peripheral carbazole moiety and & positions with a bulky
group of dodecyl moiety to inereasc the solubility, The carbasole was hunclionalized with fert-
butyl group to investigate if a bulky substituent would echance the solar cefl performance by
suppressing aggregation. Dillerent types of electron spacers containing thiophene moisty, which is
comsidercd to be the ideal constructional vmil in dye sensitizer engineering, are adopted Tor
expansion of the Z-conjugating backbone and adjusting the absorption spectra and HOMO/L UM O

levels of the dyes.
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Figure 1.24 Chemical structeres of novel D-7-A organic materials (11-13) with

ditferent linker ynits,

{5) To synthestre novel denor 7conjugated acceptor (D-7A) organic materials with
different numbers of cleciron spacers are thiophene meieties and different types of electron
gpacers comdaining furan, thiophene and ghenyl molctics for using as dye molecoies in
uptoelectronic devices as show in Figure 1.25. The D-m-A containing carbazole as alectron donor
and cyanoacrylic acid as cleetron acceptorfanchoring group bridged by thiophene and fiwan units.
Carbazele bearing atkyl grr.;ups al the N position, to increase the solubility property and to prevemnt
the recombination of the electrons from the semiconductor to the electrolyte. Different numbers of
clectron spacers are thisphene moicties and different types of electron spacers containing furan,
thiophene and pheny! moisties, which are considered to be the ideal constructional umit in dye
sensitizer engineering, adopted for expansion of the Fconjugating backbone and adjusling

the absarption spectra and HOMO/LUMO levels of the dves.
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Figuree 1,25 Chemical siruclures of novel D-#-A organic maicrials (14, 15, CCT3A [34] and

CCTIPA (34]) with different numbers and types of electron spacers,

(6) To synthesize a novel donor m-conjugated acceptor {D-7-A) organic material
based on carbazole as the Jonor proup, with a fluarine, thiophene and phenyl as linker group and
a cyanoacrylic acid maiety as aceeptorfanchor group that would be an interesting starting point for
further meditfications as show in Figure 1.26. Chemically, carbazale can be sasily fonctionalized al
s 3.6-positions with a bulky group of sert-buty]l moiety to protect the oxidation coupling at
the 3. 6-positions of the peripheral carbazole moiety. Fluorene, carbazele and phenothiazine were

introduced on V-9 of carbazole as electron transport moiety.
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Figure 1.26 Chemical structures of novel D-7 A organic materials (16, CCTPA {34]
and CT1 [35])
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{7} To synthesize novel donor #-conjugated acceptor (D-7-A) organic materials with
differenl donor units for using as dyve molecules in optoelectronic devices as show in Figure 1.27.
The D-7A comaining M-phenylaaphthalen-1-amine as ¢leetron donor and cyancacrylic acid as
eleciron acceptorfanchoring group bridged by thiophene and furan unils, Different types of
substitute group at & position of A-phenylnaphthalen- | -umine moiety, which is considered to be
the ades] constructional wnit in dye sensilizer enpineering, are adupled for expansion of

the Fconjugating backbone and adjusting the absorption spectra and HOMO/LUMO levels of

the dves,
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Figure 1.27 Chemical structures of novel D-7-A arganic materials (17-20) with

different donor units,

{#]) To synthesixe novel organic matcrials with carbazole as core and different number
ol triphenylaminc substituents for using as hole-transporting layer in Alg3-based otganic light
emitting dinde (OLED) as show in Figure |.28. The carbazole group can be easity functionalized
at the 1-, 3-, -, 8- or 9-position and covalently linked to other molecular groups. The n-dodecyl
substimuents were introduced on the A-9 position of carbazole ring to increascthe solubility, and

triphenylamine as hole-transporting materials
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Figure 1.28 Chemical stractures of novel hole-lransporting matenials (TnC {n = 2-47).

(%) Ty characterize and to study the eletronic, photophysical, eleetrochemicat and
thermal properties of the target molecules.
(1)) To investipate their potential apphication #s both dyc scnsitizer and hole-

iransporting layer for optoetectronic devices.




CHAPTLR 2
SYNTHESIS AND CHHARACTERIZATION OF
NOVEL F-CONJIGATED ORGANIC MATERIALS BASED ON

ARYLAMINE AS THE DONOR GROUP FOR DYE SOLAR CELLS

2.1 Imtroduclion

Organic sensitizers were divided inte three parts; donor, linker and acceptor. This is
a conveniend method to systematise the sensitizers, There are several basic criteria that an etficient
sensitizer shouid tulfill. and these criteria can be used when designing a new urganic sensitizer.
First of all, light exciration should be associgted with vectorial electron flow (rom the light
harvesting moiety of the dwe, ie the donor and the linker, wwards the proximily of
the semiconducter, 1.e, the acceptotfanchoring group of the dye. This can be seen as the HOMO is
located over the donor and the linker, while the LUMO is located over the AECEptorL,
Le. a pronounced push-pull effect. Sceond, the HOMO potential of the dye should be sulliciently
positive compared t0 the clectiolyte redox potuntial for efficient dye regeneration [36].
Third, the LUMO potential of the dye should be sufficiently negative to match the polential of
the conduction band edge of the TiC,. Fourth, & strong conjugation and ¢leetronic coupling across
the donor and the acceptor to ensure high electron transfer rates. Finally, to obtain a dye wilh
efficient photocurrent generation, #-stacked aggregation on the semiconductor should be avoided
{37]. Aggregation may lead w intennolecular quenching or molecules residing in the system 1ot
fonctionally attached w the semiconducior surface and thus acting as filters.
2.1.1 Arylamine as donor
Due to the photophysical and redux properties of arylamine, they have been
widely nsed as hole transporting materials for a aumber of applications, such as dye sular cell
[38), organic light emitting diedes [39), and etc. In photovoliaic cells the interest of using
arylamine based sensitizers has increased in recent years. Studies of the ruthenium complex Ry-1
containing a arylamine group showed especially improved photophysical properties (red-shifted

mstal-to-ligand charge-iransfir transition absorplions snd enhanced malar extinclion coefficients)
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and intercsling electrochictnicat propertics. resulting in its improved open circuit patential and high
overall light-to-electric power com ersion cfliciency of 5.3% (AM1.5 G, 75 mW.’cm:]I [401.
1.1.2 Thiaphene a5 Aconjugated linker
Expansion of the #-conjugated hackbone to extend the absorption spectrum and
broaden i1 1o the red region. is one way 1o decrease the HOMOV UMO enerpy level diflerences
and thereby nerease the solar coll performance. This would, however, complicaic the synthetic
procedure and affect the stability of the dye due to photoinduced trans to cis isomcrisation.
The introduction of different 7conjugated ring moictics, benzene s an elepant way of extending
the ®-conjugated system without affecting the stabilily of the dye [41].
2.1.3 Acceptor and anchoring group
Anchoring to TiO, has been achieved through a number of functional groups.
In generul the binding strength to a metal oxide surface deereases in the order phosphonic acid >
carboxylic acid > ester > acid chioride = carboxylute salts > amides [217 due to its strong

electronic withdrawing proporties,

2.2 Aim of the study

We designed four novel doner #-conjugated acceptor {D- 7 A) organic materials based
on arylamine as the different electron donor groups, with a thiophene linker and a cyanoagrylic
acid as acceptor/anchor group that would be an interesting starting point for further modifications.
The synthetic stralegy included wett-known methodology, such as Ullmann couping, Suzuki

coupling and Knoevenage] condsnsation reaction.
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Figure 2.1 Chemical sticture of dye (1-4),
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2.3 Besults and Discussion

2.3.1 Synthesis

Tor the synthesis of (£1-2-cvanc-3-(5-(4-(diphenylaminophenylihiophen-2-
vllacrvlic aaid, first 3-(4-(diphenylaminodphonyDihophene-2-carbaldehiyde was propared from
{4-{diphenylaminolphenyilborenic  acid  precursor (21) and  comumercially  available
5-bromothiophene-2-carbatdehyde under Suzuki coupling reaction in the preseance of PA(PPh,), as
a catalyst and Na,CO, as a base in THF as a soclvent at reflux. The desired 5-(4-
{diphenylaminoiphenylihiophene-2-carbaldehyde (22} was isolated by silicargel eolumn
chromatagraphy as brown solid in 99% yield. The suecessful introduction of aldehyde functional
group was clealy confirmed by NMR and IR spectra. The singlet signal of aldehyde proton
{measured in CDCI) was located at chemical shift 9.85 for aldehyde proton of 22. The signal of
the aldehyde carbon atom was localed at chemical shift 18290 for aldehyde carbon of 22
The dominant IR peaks of C=0 stretching of aldchyde was also observed at wavenumber 1658
em' for 22, The dye with cyancaciylic acid as an acceptor was synthesized. Knoevenagel
condensation reaction ol 22 with cyanoacetic acid in the presence of piperidine as a base and
catalyst in CHCl, as solvent at reflux for 6 h gave the target {2)-2-cyano-3-(5-(4-
(diphenylamino)phenyl#hiophen-2-yllacrylic acid {1) as light green solid in 30% yicld as shown
in Figure 2.2. The chemical struclure of 1 was confinmed by NMR and 1R analysis. The 'H-NMR
spectrum of the final produet 1 shows a singlet signat at chernicat shift 8.34 ppm (1H) assigning as
the proton of double bond indicating that 1 ¢xcises as E isomer which has higher photostability
properties. The YC-NMR spectrum of 1 shows a single peak for chemically carbon atom of
carbonyl group at 162,86 ppm and a single peak for carbon atom of cyano group at 118.87 ppu.
Furthermore [R spectrum reveals the adsorption at 3421 e which is consistent with the presence

of hydroxy proup and at 2212 em ' which is consistent with the prescnce of cvana group.

MG, ACO0OH
o 2B Qo e, CZ
M Na;GCI; Q L plparsdma

FA[PPhy},, THF CHEly
reflex 12 (99%) reflus 1 [50%)

Figure 2.2 Synthesis of target (E)-2-cyano-3-(5-(4-(diphenylamincjphenyl)

thiophen-2-yD)acrylic acid (1).




The reaction follows s Hwee-step mechanism evele, nxrdslive

transretallation and reductive elimination as deseribed in Froure 2.5
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Figure 2.3 The proposed mechanism of Suzuki coupling reaction

24

addition,

Knoevenagel condensation mechanism involves the corresponuding enolate grion

as pucliophile and the corresponding iminfum intermediate as electrophile and is shown in

Figure 2.4,
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Figure 3.4 The propesed mechanism of Knoevenagel condensation resction.

Fur the swynthesis  of (£)-3-{3-{4-(carbazol-9-yl)pheny] ithiophen-2-v)-2-
cyanoacrylic acid, first 5-(4-(carbazol-9-y|)phenyllthiophene-2-carbaldehyde (24) was preparad
according fo the procedwre deseribed for 22 and oblained as green solid in 30% yield,
The successful introduction of aldchyde fimctional group was clearly confirmed b:;r NMR and IR
spectra. The singlet signal of aldehyde proton (rncasured in CBC1 )} was located ai chemical shift
9.94 ppm for aldchyde proton of 24. The signal of the aldchyde carbon amm was located at
chemical shift 182.77 pprn for aldehyde carbon of 24. The dominant TR peaks of €O ste¢lching of
aldehyde was also observed at wavenumber 1670 ¢m’ for 24. The dye having the eyanuacrylic
acid as an acceptor was synthesized according (o the procedure described for 1 and obtained as
light green solid in 70% yield as shown in Figure 2.5. 'l‘h; chemical structure of 2 was confirmed
by NIR and IR unalysis. The 'H-NMR speetium of the final product {2) shows a singlet signal at
chemical shift 8 50 ppm (FII} assigning as the proton of vinyl double bond indicating 2 exists as &
isomer which has higher photostability properties. The "C-NMR spectrum of 2 shows a single
peak for chemically carbon atom of carbonyl group at 168.83 ppm and a single peak for carbon

atorn of cyano group at 120,40 ppm, Furthermore [R spectrum reveais the adsorption at 3420 cm’
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which is consislent with the presence of hydroxy group and at 2207 cm ' which is eonsistent with

the presence of ¢yano group,

I
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3 ey 28 (30%} b 2 (710%,

Figure 2.5 Synthesis of {£}-3-(3-(4-(catbazol-9~yl)phenyi}thiophen-2-y|)-2-

cyancacrylic acid (2}

For the synthesis of (£)-2-cyano-3-(5-(9-phenylearbazol-3-yi)Uiophen-2-
ylacrylic avid, first 3-iodocarbazole was prepared from carbazole precursor (25) under jodination
in the presence of KI {0.65 equiv.) and KIO, (0.50 equiv.) in AcOH at teflux. The desired
J-indocarbazole {26) was isolated by silica-gel column -chmmalography as brown solid in 84%
yicll Subsequently, the key intermediagte was synthesized by wiing Ulliann coupling reaction of
7 with iodobenzene in the presence of copper iodide as a  catalyst, {i}—:rm.m—!ﬁz—
dizminocyclchexane as a co-catalyst, and potassinm tere-butoxide a5 2 base in toluene as a solvent
at reflux for 24 h led to 3-iodo-9-phenylcarbazole (27) as light yellow viscous in 93% yicld, Then
5-{%-phenytearbazol-3-yIhiophene-2-carbaldehyde (28) was prepared according to the procedure
described for 22 and obtained as green solid in 48% yield. The successful introduction of aldelyde
funetional group was clearly confinned by NMR and IR spectrs. The singlet signal of aldehyde
profon (measurcd in CDCL) was located at chemical shift .89 ppm for aldehyde proton of 28.
The signal of the aldehyde cartbon atom was located at chemical shift 182,62 ppm for nidehyde
carbon of 28. The dominant IR peaks of C=0 stretching of aldehyde was also vbserved at
wavenumber 1661 o (r 28, And {(E)-2-cyano-3-(5-(9-phenylearbazol-3-yl)thiophen-2-
ylaerylic acid (3) dye having the cyanoacrylic acid as an acceptor was synthesized gecording to
the procedure described for 1 and obtained as light preen solid in 68% vicld, The chemical
structure of 3 was confirmed by NMR and IR analysis. The '"H-NMR spectiun of twe final
product (3} shows a singlet signal at chemical shift 8.42 ppm {1H) assigning as the proton of vinyl
double bond indicating 3 exists as £ isomer which has higher photostability properties. The e

NMR spectrum of 3 shows a single peak for chemically carbon atom of carbony) grovp at 167.96
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ppm and a single peak for caibon atom of cyvano group at PHLA3 ppm. Furthermare IR specinnm
reveals the adsorption 11 3411 cm™ which is consistent with the presence al hydroxy group and ar

2219 em’” which is consistent with the presence of cyano group.

JH:
KI {065 aquiv.),
KIGy [£0.50 equw. ) NH?
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25 26 (3445) loluene, reflusx g’ 27 (93%)
[HO):E
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Q/ 3 (58%) Qi GHTH;, refis za [46%)

Figure 2.6 Synthesis ol (E)-2-evano-3-(3-(9-phenylearbazol-3-yUthivphen-2-v1)

acrylic acid {3).

Ullmann couplitg mechanistn is shown in Figure 2.7, The active species is
a copper (1) iodide which undergees oxidative addition with the second eguivalent of habide,

followed by reductive elimination und the formation of the phenyl-carbazale carbon bond.

g
_O ” + KO0,

Cul
H* + £ .
regucdiva alimingtlon 2G4,
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: el

Cu

oxidatives additian

O—I

Figure 2.7 The proposed mechanism of Ullmann coupling reclion,
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For The synthesis of (£} 2-cyana-3-(5-(4-(3,6-di-tere-butylearbazol -9-
¥liphenylthiophen-2-yl}acrylic acid (4} as shown in Figure 2.8 first, the key intermediate was
synthesized by using  Ullrmann coupling reaction of 3.6-di~err-hutylearbazole (29) with
todobenzene in the presence of copper todide as a catalyst, (4)-zrans-1,2-diaminocyclohexane as
a vo-catalyst, and poiassium fer-butoxide as a hase in tobuenc as a solvent at reflux for 24 h led 1o
3,6-di-tert-butyl-9-phenylcarbazole {30) us light yellow viscous in 99% yield, Then 3,6-di-rer:-
buty]-3-(4-ioduphenyl) carbazole (31) was prepared from 34 under iodination in the presence of [
and KIO, in the mixture of AcOH and 20%H,30, at reflux, The desired 3 6-di-terr-butyl-9-{4-
iodophenyl) carbazode (31) was isolated by silica-gel column chromatography as brown solid in
BO% wvield. Woxt 5—{4-{3,ﬁ-div!er:—but}flcarbazol—EI-yl}phenyl]lthmphene—zfarhaldehyde {32) was
prepared accarding o the procedure deseribed for 22 and obtained s green solid in 60% vield.
The successful introduction of aldehyde functional group was clearly confirmed by NMR and IR
spectra. The singlet signal of aldehyde proton (measured in CDCLL} was located at chemical shift
273 ppm Tur aldehyde proton of 32, The stgnal of the aldehyde carbon atom was located a
chemical shift 182,98 ppm for aldehyde carbon of 32.The dominant IR peaks of C+0 stretehing of
aldehyde was also observed at wavenumber 1603 em ' for 32. And {E}-2-cyano-3-(5-(4-{3 6-di-
rerfvbutylcarhami—9—y]]pheny]}lthiuphen-2—}rl}acry]ic acict (4) dye having the cyanoacrylic acid as
4n accepor was synthesized aceording to the procedor: described for 1 and obaited gs light green
solid in 65% yield. The chemical structure of 4 was confimed by NMR and IR analysis. The 'H-
NMR spectrumn of the final product {4) shows a singlet signal at chemical shift 2.91 ppm (1H}
assigning as the proton of vinyl double bond mdicating 4 exists as £ isomer which has higher
photostability properties and a singlet signal at chemical shift 8.19 (1II) and .15 {1H} ppin
assyming of wnequivalent 4-H and S-H protons of 3,6-di-fert-butylcarhazole, The C-NMR
spectrum of 4 shows a single peak for chemically carbon atom of caibonyl group at 165,18 ppm
and 2 single peak for carbon atom of cyano proup at 116.62 ppro. Furthermors TR spectrum
reveals the adsorption at 3424 om’ which is consistent with the presence of hydroxy group and at

2207 cm’ which is consistent with the: presesce of cyuno group.
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Figure 2.8 Synthesis of (EJ—E-u:yanu-fﬁ=l[5—(4—{3,6-di-Ierr—i:ruty!carhaml—g—

ylphenylkhiophen-2-yDacrytic acid (4},

2.3.2 Optical praperties

The influence of different arylamine clecwron donors on the light harves
capacity of a dye molecule was first evaluated by recording the UV-vis absorplion specira of
the dyes dissolved in tetrahydrofuran (Figure 2.9), and the selected parameters were eollected in
Table 2.1. 14 showed the maximum absorption wavelength (A .0 427 nm (molar absorption
coefficient () = 39,000 M em'), 384 nm (g = 31,069 M em’), 417 nm {g = 24,506 M om)
and 355 nm (g = 13,151 M cm"]l, respectively, which were corresponding 1o HOMO (highest
occupied molecular orbital) -> LUMO (lowest unccupied molecular orbital) transition. Amongst
these photosensitizers, due to strong electron donating ability of the diphenylamine unit, the 1 dye
with the diphenylamine electron donor presents the longest maximum absotption wavelength, with
the highest molar absorption coefficicnt, which is an advantaygeous spectral property for light
harvesting of the solar spectrum. Figure 2.10 shows the absorption spectra of 1-4 on the TiQ, films
after 24 h adsorption. Upon dye adsorption onto the Ti), surface, the maximum absorption
respectively hypsochromic shified or blue shifted for 1-4 as compared to the spectra in solution.
The broadening of the dyes adsorption on the surface of the T10; tilms and blue shift of the peak
maxima is belicved to result from the formation of partial H-aggregates [39], We obscrved that the
I-d dyes exhibited strony lumincscence maxima of 466-544 nm when it is excited within its z-mt

band in solution at room temperature showed the emission peak located in the blue-groen region.
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The energy band gaps of the 1-4 dyes were estimaled to be 2.50, 2,56, 2.79, and 2.76 BV,

respectively, [rom the absorption edge of the selution spectra,
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Figure 2.9 Absorption (left) and emission (right) spactra of 1-4 recorded in

tetrahydrofuran.
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Figure 2.1¢ Absorption spectra of TiOQ, filins sensitized by 1-4.
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Table 2.1 The absorpiion and Nyorescence data of 1-4

A s 1Y Pawon O, A" A" E,
Cumpnund -1 B | I ar 3 4
(nm (M cm ) (nm) (tm)" (nm) {eV)
1 4277 {3.90), 302 (2 .48} 418 544 495 250
2 3B4{3.11),291 {1.9%) - 445 435 256
3 417 (2.45) 403 S07 445 279

4 355(L31), 298 (1.22) - Rl 450 2.7

" measured in dichtoromethane solution at room temnperature.
" measured dyes adsorbed oo TiC, film,
" excited at maximum absorption in solution,
" estimated from the onset of absorption (E, =1240/4__ ).

The effect of solvent polarity on the absorption speetrs of 3 dye was also studied
(Figure 211 and Table 2.2). The absorption was measured in five different solvents
dimethylformamide (DMF), dimethylsulfoxide (DMSO}, ethanol (E«QH), tetrahydrofurane (THEF)
mnd dichloromethune (DCM)). We assigned the abzorption bands at 282 nm as B1 and al 398440
nm as B2, respectively. There is only B2 band that be effected by solvent polarity change, These
B2 bands therefore are assigned as [CT bands of donor-aceepter molecule which can be generally
observed in most sensitizer. The absorption spectra show bluc shift when the pelarities of solvents
are increasing. 3 in DMF exhibited Jowest maximum absorption at 398 nm (4.99 x 10™ 7).,
whercas 3 in dichloromethsme exhibited the highest at 440 nm (4.52 x 10™ 7). These results can be
considered as the megative solvatochrowism-physical intermolecular solute-solven interaction
forces which tend to alter the energy diffcrence between ground and excited state of chromophore
of the dyes [42]. The polar solvents are good suppurting solvent to the excited state dye species
more than non-polar solvents resulting in close molecular orbital, which tends to absorb light at
high cnergy region {low wavelength). This effect was also found in the other molecules (1, 2 and

4y,
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Figure 2.1 The absorption spectea of 3 dye in various solvents,

Table 2.2 Maximum absorption of 3 measured in various solvents.

solvent DMF NDMSO F10R THF DM
A, (nm) 398 400 402 417 440
g L)} 4.59 497 494 477 4.52

" calculated from E — hv/h,

2.3.3 Thermal properiles
I'or optoelectronic applications, Lhe thermal stability of organic materials is
crucial for device stability and Iifetime. The degradation of organic optoeiectronic devices
depends on morphological changes resulting from the thermal stability of the amorphous organic
materials [43). Figure 2.12 and Table 2.3 show TGA thermograms and temperature at 3% weight
loss (T,,) of 1-4 dyes investigated by TGA analysis under nitrogen atmospherte condition. Those
results suggested that the dyes were thermally stable materials with T,, well over 111 °C,

The better thurmal stability of the dye is important for the lifetime of the solar cells,
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Figure 2.12 TGA thermoyrams of 1-4 dyes.

Table 2.3 Thermal properties of 1-4

Compound T., [nﬂ]
B 1 ) 211 -
2 162
3 111
4 192

2,34 Molecular orhital calculation

To get an insight into the molecular structure and electron distrdbution of
the organic dye, the 1-4 dyes geometries have been optimized using DFT cafculations with
Gaussian 03 pregram. The caleulations were performed with the BTLYP exchange correlation
functional under 6-31G(d,p) basis sel. Computed HOMO and LUMCO distribution of 1-4 are
depicted in Figure 2.13. The general characters of the orbitals are independent of the differcn
electron donor. The HOMO is of mcharacteristics and is delocalized over the entire molecule,
including the arylamine groups. In the LUMO, which also has m-character, there is essentially no
contribution from the arylamine groups, and the clectron density has been shifted towards
the aceeptor group of the sensitizer. This supports the supposed push-pull characteristics of these
sensitizers (Figure 2.13). In addition, the optimized geometry of 1-4 indicates thal the arylaming
moiety a1 the end of the molecule are in 3-D spatial arrangement, which makes the moleeular

sttucture nonplanar duc to the twist conformation around the arylamine-phenyl C-C bond.
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The nunplanar imolecuiar structure of 1-4 coutd he beneficial m sulution-processability to form
smorphous film. 1-4 are soluble in common organic sobvents such as TIT, MeOH, CHCL,, CHCL,

and acetone. High-quality amarphous film can he obrained by spin-coating its solution,
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Figore 2,13 TIOMO and LUMO distribution of the 1-4 dyes caleulated with DFT on

a BTLYP/6-31G(d,p) level.

1.4 Conclusiens

Novel D-7A organic dyes, 14, have synthesized as photosensitizers for DSCs
applications by using \Mlmann coupling, Suzuki coupiing and Knoevenaype) condensation reaction.
Different arylamine moictics are introduced to the molecules and serve as clectron donor group.
The electron-withdrawing part is cyancacylic acid group, The targct molecules were
characterized by using NMR, IR, UV-vis and fluorescence techniques, The target molecules

exhibit an adsorpiion band cover UV and visible region. Fluorescence spectra of ihe tarpet
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molveutes show emission peak ar blue-urcen region, excited at A OF each molecule, -4 shaw
a good thermal properties. DFT calculations have been performed on the dyes, and the results
show that clectron distribution from the whole malecules o the ancharing eoieties occurred

during the HOMO-LUMO excitution.




CHAIMER 3
SYNTHESIS AND CHARACTERIZATION OF
NOVEL ORGANIC DYES WITI DIFFERENT DONOR UNIT

FOR DYE SOLAR CELLS

3.1 Introduciion

In 2010, T#i-Yi Wu et al. investigated the organic dyes comprizsing carbazole,
uninodibenzyl, or phenothiazine moieties, respectively, as the electron donors, and cyanoacetic
acid or acrylic acid moicties as the eleciron accepters/anchoring groups were symithesized arul
characterized. The influence of heteroatoms on carbazole, iminodibenzyl and phenothiazine
donors, and cyano-substitution on the acid acceplor is evidenced by spectral, electrachemical,
phatovoltaic ¢xperiments, and density functional theory calculations. The phenothiazine dyes
show solar-energy-to-clectricity conversion efficiency (#7) of 3.46-5.33%, whercas carbazole and

iminodibenzy! dyves show 57 of 2.43% and 3 49%, respectively [4].

DOH
=1 COOH
Ot oy RO
M
N R Py
¢2H5 s

CaHs

o1 D2 D3

Figure 3.1 Chemical structures of Carbuzole, Iminodibency], and Phenothiazine-gontaining Dyes

(D1-D3).

3.2 Aim af the Study

We synthesized three novel donor #-conjugated aceeptor {D-7A) organic materials
with ditferent donor units for using as dye molecules in DSCs. [-7A arganic dyes based on
fluorene, carbazole and phenothiazine as the domor proup, with a thiophene litker and

a cyanoacrylic acid as acceptor/anchar group. Flunrene, carbazole and phenothiazine bearing allcyl




7

groups at the C-9, ¥ and & position, respectively, to increase e solubility property and o provent

the recombination of the clectrons from the semiconducton to the clectrolyie,
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7

Figure 3.2 Chemical structures of D-#-A organic dyes (5-7).

3.3 Results and EMszewssion

331 Synthesis

The synthesis of The synthesis of fluorens donor part starting with fluarenc
starting material {33) was iodinated in the mixture of polassium iodide and potassium iodate in
acetic acid at 80 "C resulting in 2-iedofluorcne (34} i 41% yield {Figure 3.3). The structure of
iodinated product (34} was confirmed by IH-NMR spectra (meusured in CDCL) which exhibit
very clear singlet signal of aromatic proton of C-1 fluorene at chemical shift at 7.89 DL
Lralkylation 2t the C-9 position to increase the solubility of the resullant compound {34} was
accomplished by gencration of the fluorenyl anion with an agueous NaGH solation in DMSO and
subsequent dihexylation with 1-bromobexance in the presence of #-Bu,N ‘Br as phase transfer
catalyst at room temperature. The desited 9.9-dihexyl-2-iodofluorcne (La) was isolated by silica-
el column chromatography as brown solid in 89% yield. The Alkyl peaks were observed in 'H-
NMR spectrum of 1a to confinm suecesstul imtroduction of alkyl group to -9 position of flucrene,
The gxtended carboxaldehyde functionalized thiophene intermediate (2a} was schieved by Suauki
condition as well. The coupling reaction between corresponding aryl halide {14} and S-formyl-2-
thiopheneboronic avid yielded the aldehyde (2a) in 40, 60 and 55%, respectively. This moderale
yield are commonly observed in Suzuki coupling of 3-formyl-2-thiophensboronic acid due to its
unstable thiophene carboxaldehyde intermediate. The éuccessful indroduction of aldehyde
fenctional group was confimed by NMR and TR spectra. The singlet signal of aldehyde proton in

CDC], was located at chemical shift 9.90 ppm for aldechyde proton of 2a. The signal of
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the aldehyde carbon atwm was localed at chemical shift 182.93 mpan fur aldelyde carbon of 2a,
Finally the 5 dyc were obtzined by Knocvenage] reaction of correspoanding aldelyde (24) with
cyanoacetic acid. The 5 dye were obtained us yellow arrorphous selid. The solubility of dve in
carmman orgamic solvent is prenty cxceilent owing to the long alky) chain attached o C-9 povsilion
of flucrene. The chemical structure of 5 was conlirmed by NMR and IR analysis. The 'TI-NME
spectrum of the final product (5) show a singlet signal ar chemical shifi 8,29 (LML) ppm assigning
as the proton of double bond indicating that 5 exciscs as £ isomer which has higher photostability
properties. The C-NMR spectrum of 5 show a singie peak for chemically carbon atom of
carbonyl group at 165,30 ppin |, respectively, and a single peak for carbon alam of CYang prowp at
116.95 ppin |, respectively, Furthermors IR spectrurm reveals the adsorption ar 3420 em’” which is
consistent with the presence of hydioxy group for 5, respectively, and a1 2211 em’ which is

consistent with the presence of ¢yano group for 5,
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Figure 3.3 Synrhesis of {,EJI—E~Cyann-3—(5-[9,9-dihex1.r1ﬂuarmﬂ?.-yl}thinp}mn-z-yl}acr}rtic acid (5).

The mechanism of alkylation with phase trunsfer caralyst io gxpiain the ertical
role of tetraalkylammonium salts (Q'X} in the reactions between two substances located in
different tmuniscible phase is shuwn in Figure 3.4, Key to this tremendous enhancement in
reactivity is the generation of a quaternary ammeonium hydroxide, which makes the hydroxide
anion soluble in organic solvents and sufficiently nucleophilic. The high rate of displacement is
mainly due to two of the three characteristic features of the pairing cation (€)"); high lipophilicity

amvdd the large lonic radius [44].
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Figure 3.4 The proposcd mechanism of alleylation,

For The synthesis of carbuzole donor part starting with carbuzole starting matenal (25}
was iodinated io the mixture of KI {0.65 equiv.) and KI0, (0.50 equiv.) in AcOH at 80°C resulting
in 3-icdocarbazale (26} in 84% yield (Fipure 3.3). The stucture of jodinated product {26) was
confirmed by 'H-NMR spectra {measured in CDCL} which exhibit very clear singlet signal of
aromatic proton of C-4 carbazole at chemical shift at 833 ppm. Alkvlation of 26 with
I-bromededecane in the presence of sodium hydride in DMF at rootn temperature gave B-dodecyl-
3-iodocarbazale (1b} in excellent yield. The Alkyl peaks were ohserved in 'H-NMR spectrum of
1b 1o confirm successful introduction of alkyl group tor ¥ position of carbazole. The exlended
carboxaldehyde functionalized thicphene intermodiate {2k} was achieved by Suzuki condition as
well. The coupling reaction between corresponding  aryl halide {1b) and S-formuyl-2-
thiophenchoronic acid vielded the aldehyde (2b} in 60%. This moderatc vield ae connonly
observed in Suzuki coupling of S-formyl-2-thiophenchoronic acid due to its unstable ihiophene
carboxaldehydes intermediate. The successful introduction of aldehyde functional proup was
confirmed by NMR and IR spectra, The singlet signal of aldehyde proton in CDCL was located at
chemical shift 9.88 ppm for aldchyde proton of 2b. The simal of the aldebyde carbon atom was

located at chemical shift 156.42 ppm for aldeliyde carbon of 2b. Finally the 6 dye was obtained by
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Knoevenagel reaction of corresponding aldchyde {2b) with cyanoacetic svid. The 6 dye was
obtaincid as orange amorphous solid. The solubility of dye in common organic solvent is pretty
excellent owing 1o the long alkyl chain attached o & position of arylamine. The chemical siructure
of 6 was confirmed by NMR and IR agpalysis. The 'H-NMR spectrum of the final prodact {6} show
a singlet signal at chemical shift 850 {1H} ppm assigniné, as the proton of double bond indicatling
that & excises as & isomer which has higher photostability propertics. The “C-NMR spectrum oL 6
shows a single peak for chemically carban atom of carbonyl group at 16931 ppm and 2 single
peak for carbon atom of cyuno group al 117074 ppm, Furthermore IR spectram reveals
the adsorption at 3420 cin’ which is comsistent with the presence of hydroxy group for 6 and at

2215 cm” which is consistent with the presence of cyano group for 6,

KI {0.85 equiv |,
KIC; {050 equiv.} ' CyzHygBr i
M ACOH, rafus NaH, DBF, rt N
H 'iqus
25 26 {B4%) 1L (FO%}
o hﬁw
2M Mgy,
N PAtPP gL, THF, reflux
OMIH
MC. _.COoH
-
piparnking,
CHOC,, refux N
thn Crpblas
6 (B4%) b [BO%)

Figure 3.5 Synthesis of (£)-2-Cyano-3-(5-(9-dodecylearbazol-3-ythiophen-2-ylacrylic acid (6).

For The synthesis of phenothiazine donor part starting (Figure 3.6), start with
alkylation of phenothiazine (3%) with 1-bromododecane in the presence of sodium bydride in
DMY at room temperature gave 10-dudecylphenothiazine (36) in excellent vield. The Alkyi peaks
were observed in TI-NMR spectrun of 36 to confinn successful introdaction of ulkyl gronp to N
position of phenothiazine. NBS bromination of the tesultant thiopheny intermediate in THT at
room temnperature afforded 3-bromo-10-dodecylphenothiazine {1e) in 80% yield, The stmeture of
brominated product (Ic) was confimmed by 'H-NMR spectra (measured in CDCL)Y whicl cxhibit

very clear singlet signal of aromatic proton of C-4 phenothiazine at chemical shif at 7.9 Ppim.
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The extended carboxaldehyde functionalized thioptwne intermediate (2¢) was achicved by Swouki
condilion as well, The coupling reaction between corresponcling ary] halide {1e) and 5-formyt-2-
thiophencharonic acid yislded the aldechyde (2¢) in 55%. This moderate yield are commonly
observed in Suzuki coupling of 3-formyl-2-thiopheneboronic acid due to its unstable thinphene
carboxaldehyde intermediate. The successful introduction of aldehyde functional group was
confirmed by NMR and IR spcetra, The singlet sipnal of aldehyde prodon in CDC, was located au
chemical shift .84 ppm for aldehyde protont of 2e. The signal of the aldehyde carbon atom was
located at chernical shift 182.77 ppm for aldelyde varbon of 2¢, Finally the 7 dye was obtained by
Knoevenagel reaction of corresponding aldehyde (2c) with cyanoacetic acid, The 7 dye was
obtained as black amorphous solid. The solubility of dye in common orgenic solvent is proity
excellent owing to the long alkyl chain attached to & position of phenothizzine. The chemical
structure of 7 was confirmed by NMR and IR analysis. The 'H-NMR spectrum of Lhe final product
{7) show a singlet signal at chemical shift 8.23 (F) ppm assigning as the proton of double bond
indicating that 7 excises as F isomer which has higher photostability praperties. The "C-NMR
spectrum of 7 show a single peak for chemically carbon atom of carbony] group at 164.81 ppm
and a single peak for carbon atom of cyand group at 116.97 ppm. Furthermore IR spectrum
reveals the adsorption at 3442 cm’' which is consistent with the presence of hydroxy group for 7

and at 2215 e’ which is consistent with the presence of cyano group for 7.

Q:S:O CyaHz5Br &XD MBS, THF asﬁ ar
e — ———
N HaH, DMF, it é y| ¢l

H 1zH;s ':.:12H25
35 38 (32%) 1¢ (0%,
[HGJEB“Q"D
2 Wa Gy,
PdiPFla)y. THF, reftux
H
HIH
N'::-_.\.,CGOH ﬁs
—-———
ﬁN pipariding, ]
Cazzs CHLY, refiux Crztlay
7725 2c {55%)

Figure 3.6 Synthesis of (£)-2-Cyano-3-(5-(1 (-dodecylphenothiazin-3-y!thiophen-2-yi)

acryhic acid (7).
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3.3.2 Optical properties

The influence of difterent eiectron donors on the light harvest capacily of a dye
modecule was st evaluated by recording the UV-vis absorption spectra of the dyes dissclved in
dichloromethane (Figure 3.7), and (he selected parameters were collectod in Table 3.1, 5-7 showed
the maximum absorption wavelength (Ao 425 nm (£ - 18,391 M em™), 422 nm (g = 36,476 M
em) and 470 nm (£ = 16326 M em’, respectively, which were corresponding to TIOMO
{highest octupied molecular orbital) = LUMO {lowest unoceupied molecular othital) transitionn.
Amongst these photosensitizers, due to strong electron donating ability of the phenuthiazine unit,
the 7 dyc with the phenothiazine eleclron donor presents the longest maximem absorption
wavelength, which is an advantageous spectral property for light harvesting of the solar spectrum.
We observed that the 5-7 dves ¢xhibited strong luminescence maxima of 531-587 rm when it is
excited within its #~m* band in sohition at room temperzture showed the emission peak located in
the green-yellow region, The energy band gaps of the 5-7 dyes were estimated to be 2.54, 2.41,

and 2.20 ¢V, respectively, from the abaorption edge of the solution spectra.

1.2
- -8
2 10 1.0 —-
= —h—§
T 08 %‘
& 2
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5 E 0.5
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g 02

0.0 r . T . F ” T 0.0 . : ;
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Wavelangth (nm} Wavalangth (nm)

Figure 3.7 Absorption (left) and emission (right) spectra of §-7 recorded in dichloromethane.
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Table 3.1 The absorption und fluorescence data of 5-7

Compound & "™ (ex 10%; F M E,
(nm {p1"' crn_'j}a (o)™ " (nm)* {ev)
5 425; (1.84), 291 {0.80) - .531 488 234
] 422 (3.63), 2971 (2.28) 587 513 241

7 A1 {1.63), 368 (i.13), 297 (H.88) W7 364 2.2

i ' - .

measured in dichloromethane solution at rocm teInperature.
b . . . - .

exclted al maximum absorption in solution,

estimated from the onsel of abzorption (En =1240/4, ).

The effect of solvent polarity on the absorption specira of 6 dye was also smdied
{Figure 3.8 and Table 32} The absorption was measured in fjve different  solvents
dimethylormamide (M), dimethylsultoxide (DMSQ), ethanel (EtOH), tctrahydrofurane (THE)
and dichloromethane (DCM)). We assigned the absorption bands at 291 nm as BI and at 398-422
fim a5 B2, respeetively. There is only B2 band that be effacted by solvent polarity change. These
B2 bands therefore are assigned as 1CT bands of donor-accepter molecule which can be generally
observed in most sensitizer, The absorption spectra show bBlue shift when the polurity of solvents
are increasing. 6 in DMF exhibited lowest maximum absorption at 398 nm (4.99 x 10" A,
whereas 4 in dichloromethane exhibited the highest at 422 nm (4.71 x 107" ). These results can be
considered as the negative soltvatochromism-physical intermolecuiar solute-solvent interaction
forces which tend to aller the cnergy diMference between ground and excited state of chromophor:
of the dyes [42]). The polar solvents are gool supporting solvent to the cxcited stale dye species
more than non-polar sotvents resulting in close molecular orbital, which tends to absorb light at

high energy region (low wavelength). This effert was also found in the other molecules {5 and 7).
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Figure 3.8 The absorption spectra of 6 dye in various solvents,

Table 3.2 Maximum absorption of 6 measured in various solvents
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solvent DMF DMEO EtGH THF

DCM
P (1) 398 309 405 412 422
E (100 4.99 4.9% 491 4.82 4.7

* calewlated from E — hv/),

3.3.3 Thermal prepertics

The thermal degradation of 5-7 were studied by thermogravimetric analysjs

under nitrugen atmospheric condition. TGA thermogiams of the dyes are displayed in Tigure 3.9

and T,, arc listed in Table 3.3. The dyes exhibit $% weight loss at 228, 240 and 245 °C supgested

that the dyes wore thermally stable marerials with temperature over 228 °C which

term stability of DSCs devices.

is good for long
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Flgure 3.9 TGA thermograms of §-7 dyes.

Table 3.3 Themal properties of §-7

Componnd T., {'C)
5 228
[ 244

7 245

3.34 Molecular vrhital caleulation

Tu get further insight into the effect of molecuiar structures and electron
distributions of the three dyes on the performances of DS(s, their geometries and cnergies were
optimized by density functional theory (DFT} caleulations. The HOMO is mainly located on
the clectron donating group and mspacer, and the LUMO i mainly lpcated in electron
withdrawing groups through the Mspacer. It reveals that the thicphene T-spacer is essentially
coplanar with cyanoacetic acid group. There are effective electron separations etween HOMO
and LUMO of these dyes duced by light iradiation. , This supparts the supposed push-pull
characteristics of these sensitizers (Figure 3.10). In addition, the optimized yeometry of 5-7
indicates that the arylamine moiety at the end of the molecule are in 3-D spatial arangement,
which makes the molecular stracture nonplanar due fo the twist conformation around the aryl or
arylamine-thiophene C-C bond. The nonplanar molecular structure of 8-7 could be beneficial 1o

solution-processability to form amorphous film, 5-7 are soluble in commmon organic solvents such
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as THE, CHCL,, CHCL, and acetone. High-guality amorphous film can be obtained by spin-

ceating ity solution.

mﬂ“‘i“ £ oW

T,
S 1
B U

HOMO LUMG

Figure 3.10 HOMO and LUMO distribution of the -7 dyes calewlated with DFT on
a BTLY/6-31G{d,p) level,

3.4 Conclusions

Novel D-2-A organic dyes, 5-7, have syﬁthcsizud as photosensitizers for DSCs

applications by using alkylation, halogenation, Suzuki coupling and Knoevenagel condensation

reaction. Different arylamine moieties are introduced 1o the molecules and serve as electron donor

greup. The electron-withdrawing pan is cyancecrylic acid group, The target molecules were

characierized Ly using NMR, IR, UV-vis and fluorescence techniques. The tarpet molecules

exhibit a adsorption hand cever UV and visihle region. Flocrescence spectra of the target

molecules show emission peak at green-yellow region, excited at A, of each molecule. 5-¥ show

a good thermal properties, DFT caleulations have heen performed on the dyes, and the results

show that clectron distribution from the whole molecyules to the ancharing moieties ocourred

during the HOMQ-LUMO excitation,




CHAPTER 4
SYNTHESIS AND CHARACTERIZATION OT
NOVEL BISCARBOZOLE WITH OLIGO-4-HEXYLTLIIOPHENE

FOR DYE SOLAR CELLS

4.1 Introducton

In 2013, Tawecsak Sudyoudsuk et al. [53) reparted Lhat the highly eificient and stable
organic dyes {(CCTA) composed of N-derdeeyl-3-(3,6-di-tert-butylcarbazol-N-ylcarbazol-6-y1 as
the electron donor, thiophene as #-spacer an cyanoacrylic acid moiety as the electron acceptor.,
The CCTA-sensitized solar cell produces higher device performance with an overall conversion
efficiency of 5.69% [a short cireuit current (/_) = 11.31 mA em”, an opet-eirenit voltage (V) =
0.71 ¥V, and a ficld factor (f1) = 0.71] reaching =06% of the reference N719-hased device (overall

conversion efficiency = 5.929),

CzHan

Figure 4.1 Chemical structures of CCTA.

One way to increase the efficiency of the DSCs is to prevent recombination of
electrons from the semiconductor to the electiolyte. This ean be achicved by inroducing alkyl
chains in the linker part of the dye, forming an msulasting layer yielding an increased clectron
lifetime jn the D%Cs (Figure 4.2, ME-1) [45,46]. The alkyl chains are also believed to prevent
aggregate formation on the surface of the Tid,. However, in 2007 Kim et al. reporled a negative
influcnce of the efficiency when intraducing alkyl chains in the linker part of the dye (Figure 4.2,

JK-43} [47].
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s COOH
CH

WK1 JK-43

Flgare 4.2 Exumples of dyos (MK-1 and JK-43)with alkyl chains on the linker

4.2 Aim of the Study

In this work, we synthesized three carbaznle-encabed with 3,6-di-tert-hutylearbazole
based D-7-A organic dyes for DSCs application, [t is weil known that changes i molecular
structere and conjugation system can induce very different optical and physical propetlies of
the D-7-A compounds (see Figure 4.3), These compounds have been constructed based DIl
the electron-donating moicty, substituted carbaczole with 3,6-positions of carbazole being
substituted with t-buty] group ta prevent oxidative coupling. Carbazole bearing alkyl groups al
the ¥ position, 1 lncrease the salubilily property and to prevent the recombination of the electrons
from the semiconductor to the electrolyte.  Different numbers of electron spacers are
4-hexylthiophene moieties, which are considered 10 be the ideal constructional unit in dyc
sensitizer cngineering, adopted for expansion of the srconjugating backbone and adjsting
the absorption spectra and HOMO/LUMO levels of the dyes. The dyes have a cyancacrylic acid

group as clectron-withdrawing part and for anchoring onto the Tid), surface.
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Figure 4.3 Chemical structures of D- -4 organic dyes (R-10).

4.3 Hesulis and Discussion

431 Synthesis

The synthesis of carbazole donor parf starting with carbazole starting material
(25) was fodinated in the mixtuee of KI {1.30 squiv.} and KIO, (1.00 equiv.} in AcOH ar 80 "C
resuiting it 3,6-diindocarbazole (37) in 5% yield {Figure_ 4.4). The structure of iodinated product
was confirmed by The 'H-NMR spectrum of the 37 {measured in CDCL,) shows a singlel signals at
chemical shift 8.32 ppm (2D assigning of 4-H and 5-H protons of carbazole adduct, a singlet
signal at chemical shifi .08 ppm (1 I} assipning as 9-H of carbazole unit, The N-H starching of
tree amine was also observed in IR spectrum at wavenumber 3413 cm™' of 37 Alkyiation of 37
with 1-tromododecane in the presence of sodium hydride in DMF at room temperature gave
9-dodecyl-3,6-ditodocarbazole {38) in 569 yield. The chernical structure of 38 was confirmed by
"H-NMR analysis. The 'H-NMR of the alkylated product shows singlet signal at chemical shift
8.30 ppm (2H) ppm assigning as proton of carbazole ring at C-4 and C-5 position, triplet sigmal at
chemical shift 4.18 ppm (2H, J = 6.7 Hz) agsigning as proton of alkyl group of N-CH, of carbazale
asiducs,




KE41 30 squriv. ),
Q‘Q KIC; 44.00 equiv.) IQ—QI CyaMasBr ’D—'QJ
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Figure 4.4 Synthesis of 9-dodecyl-3 6-ditodocarbazole (381,

The 3 6-di-zeri-butylearbarole-endcapped-carbasale donar part wis prepared by
Ullmann eoupling reaction berween 3,6-di-ters-butylearbazole and excess wmount of alkylated
ditgdodicarbazole (8] yielded mono-substituled carbarole (393 as product. The tertiary bury]
groups at position 3 sand 6 of carbazole were inlroduced in purpose of steric hindrance and
oxidative coupling protection which is commonly observed in arylamine materials. The suceesstud
coupling between 9-dodecyl-3,6-diiodocarbazols and 3,6-di-zert-butylcarbaznle was confirmed by
'H-NMR specirum. The singlet signal a1 chermical shift 8.34 (1K}, 8.18 (2H) and 8.15 (1H) ppm
was observed which contribute to the protun at position 4 and 5 of carbazole moiety,

To elonpatc the conjugation of the molecules, mone, di and ri{4-
Lexylthiophiene) was introduced to donor using combination reaction of Suzuki coupling and
bromination. Suzuki coupling reaction of 2—(4—hr:x3.rlthjoph¢n-2—},?]}—4,4,5,S—tetrarnethyl—l,3 .2-
dicxaborolane and the comesponding balide-compound employed in order fo inercase the number
of 4-hexylthiophene units in the molecules. The 4-hexylthiophene inlermediates were prepared 3%
using Pd(PPh_}, as catalyst in the presence of aqueous sodium carbonate solution in TIHF at
refhxing temperature afforded the 4-hexylthiophene adduct {40-42} in range 69-99 % yield.
The bromination reaction was carried out in THF a3 solvent with NBS. The reaction mixture was
stired al roomn temperature for 30 min to directly yicld bromeo compound (43-45).

The extended carboxaldehyde functionalized thivphene infenmediate (46-48)
were achieved by Suzuki condition as well, The coupling reaction between cormesponding aryl
halide (43, 44 and 45} and S-formnyl-2-thiophenebaronic acid (Figure 4.5} yielded the aldehyde
(46, 47 and 48) in 70, 76 and 63%, respectively, This moderate yield are commonly observed in
Suzuki  coupling of S-formyl-2-thiopheneboronic acid due to its unstable thiophene
carboxaldehyde intermediate. The successful introduciion of aldchyde functional group was
confirmed by NMR and TR spectra, The singlet signal of aldehyde proton in CDCL, was located a1

chetnical shift 9.85, 9.88 and 9.%0 for aldehyde protous of 46, 47 and 48, respeciively. The signal
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of the aldehyde carbon atom was located gt chemical shift 182,60, 182.60 and 1£2.59 ppm for
aldchyde carbon of 46, 47 and 48, respectively. The TR peaks of (=0 stretching of aldeliyde was
also observed at wavenumber 1668, 1657 and 1647 om”’ of 46, 47 and 48. respectively. Finally the
dves were obtained by Knoevenagel reaction of° conmesporuding aldelyde (46-48) with cvanoacedic
acid, All dyes (8-10) were obtained as orange, red and dark red amorphous solid. The selubility of
dyes in common organic solvent is pretty cxcellent owing to the fong alky] chain altached o N
position of carbazole and 4 position of thiophene. The chemical structure of 8-14) was confinmed
by NMR and IR analysis. The 'H-NMR, spectrum of the linal products (810} show a singlet sigmal
at chemical shifl §.18 (1H), 8.18 {1H}, and .15 {1H) ppm assigning as the proton of doubie bond
indicating that 8-10 excises as £ isomer which has higher photostability properties. The "C-NMR
spectra of 8-10 shows a single peak for chemically carbon atom of varbonyl group at 169,43,
16937, and 164.85 ppm | respeciively, and a single peak for earbon atomn of CYano group at
116.40, 116.39, and 116.60 ppm , respectively. Furthermore IR spectrum reveals the adsurption at
3421, 3416, and 3411 ¢m" which is consistent with the presence of hydroxy groug fir B-10,
respectively, and at 2213, 2211, and 2207 em’ which i_s consistent with the presence of Cyana

group for 8-10, respectively,
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Figure 4.5 Synthesis of D-m-A organic dyes {8-11).

4.3.2 Qptieal properties

Lhe UV-vis and fluoreseence spectra of dyes in CH,Cl, are shown in Figure 4.6
and listed in Table 4.1. In solution, all three dyes show similar characteristic of donor-accepter
arylamine dyes which show strong absorption bands around 290-400 mm corresponds to o
transition and broad absorption bunds around 420-600 nm corresponds to Inframolecular Charge
transter Transition (ICT} of donor-accepter compound [48]. The bathochromic shifted (iod
shified) absorption spectra and iarger molar extinetion cocfiicient (g) were observed when more
4-hexylthiophene units were introduced, The red shift in absorption can he atributed o
the extended conjugation systemn of the entire structure. The fluorescence cmission specira showed
# red-shift upon increased number of 4-hexyithioplene units in the molecule, which is roughly
parallel o the trend of the absorption spectra {Figure 4.6 (left)) due to the elongation of
the conjugation in moleculcs. We observed that the 8-10 dyes exhibited strong luminescence

maxima of 614-620 nm when it is excited wilhin its #-7* band in solution at room lemperature
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showed  the emission peak localed in the orasige region, The encrgy band gaps of the 8-10 dyes

were estimated tn be 2.20, 2.09, and 2.16 eV, respectively, from the absorption edge of the

solution spectra.
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Figure d.6 Absorption (cft) and emission {right) spectra of 8-10 recorded in

dichloremethane,

Tabie 4.1 The absorption and fluorescence data of 8-10

3“Iﬂﬂlalﬂ. ( EI' ]“d)i '?"'max - lﬂlll!tah’ EE
Compound 4 . . .
{nm (M cm 1) (om)™ {nm) (eV)
8 460{2.33), 332 (ET1), 297 (291} old 563 2.20
4 472 (2,64}, 351 (2,04}, 297 (3.43) 616 503 2.09
1i 480 {3.64), 375 {3.75}, 295 (3,39 a2 573 214

* measured in dichloromethane solution at room lemperature,
h . ' . - .
excited at maximum absorption in sotution,

* estimated from the onset of absorption (E_=1240/%, ).
I'-.I} s Leer

The efllect of solvent polarity on the absorption spectea of 8 dye was also studied
{Figure 4.7 and Table 4.2). The absorption was measured in five different solvents
dimethyWonmamide (DMEF), ethanol (EvDH), dimethylsulfoxide (DMSDY), tetrabydrofurane (THE)

and dichloromethane {(DCM)). We assigned the absorption bands at 297 nm as B1, at 332 mn as




34

B2 and at 423-460 nm us B3, respectively. There is ordy B33 tand that be effected by solvent
polarity charge. These B3 bands therefore are assigned as ICT bands of donor-accepter malecute
which can be generally observed in most scnsitizer, The absorption spectra show blue shift when
the palarities of solvents are increasing. 8 in DMT exhibited lowest maximum abzorption al 423
nm (4,70 x 107" 1), whereas 8 in dichloromethane exhibited the highest at 460 nm (4.32 x 107" ),
These resulls can be considered as the nogative solvatochromism-physical intermolecular solute-
solvent interaction forces whick tend to aler the eiergy diflerence between ground snd excited
state of chromophore of the dyes [42]. The polar selvents are goud supporting solvent 1o
the exeited state dye species more than non-polar solvents resulting in close muolecular orbital,
which tends to absorb light at high cnergy region {low wavelength), This effect was also found ig

the other molecnles (9 and 10).
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—ik— EtOH
~%—THF
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300 a00 50 600
Wave length {nm}

Figure 4.7 The absorption spectra of § dye in various solvents.

Table 4.2 Maximum absorption of 8 measured in various solvents

solvent DMF DMSO EtOH THF DCM
A (nm) 423 425 435 440} 460
E (0" .5n 4,70 4,68 4.57 4.52 432

" calculated from E = b/},
4.3.3 Thermal properties
The thermal decomposition of 8-10 dyes was studied by thermogravimetric

analysis under nitrogen atmospheric condition, TGA thermograms of the dyes are dispiayed in
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Figure 4.8 and T, are fisted in Tuble 4.3, The dyes exhibit 5% weight loss between 226 and 257
'C suggested that the dyes were thermally stable materials with temperature over 226 °C which is

good for long term stabil ity of 1DSCs dovices.

Weight (%)

O T T LA | T T T bl T T 1
100 200 300 400 s00 600 700 800
Tomparasture {°Cj
Figure 4.8 TGA thenuograms of 8-10 dyes.
Table 4.3 Thermal propertics of 8-10
Compound T,, (C)
3 226
9 257
10 229

4.3.4 Molecular orbitul calculation

To get an insight into the molecular structure and electron disinbution of
the arganic dye, the 8-19 dycs geometries have been optimized using DFT calculations with
Gaussian {3 program. The caiculations werc performed with the BTLYP exchange correlation
funetional under 6-31G(d,p) basis set. Computed HOMO and LUMO distribution of 8-10 are
depicted in Figure 4.9. The general characters of the orbitals are independent of the lirker length
and different electron aceeptor. The HOMO i3 of mcharacteristics and s delocalized over
the eatire molecule, including the carbazole groups. In the LUMO, which also has a-character,
there is essentially no contribution fram the carbaxole groups, and the eieciron density has been

shifted towards the acceptor group ot the sensitizer. This supports the supposed push-pull
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characteristics of these sensitivers, In addition, the optimized geometry of 8-10 indicates that
the carbazale maicty at the end of the molecyle are in 3-D spatial arrangement, which makes
the mlecular structure nonplanar due to the twist conformation around the carbagole-carbazole
C-A bond. The nonplanar molecular steucture of A1 could be beneficial to solution-
processability o form amorphous film. 8-10 are sniublcdi.n Comunoll organic solvents such as THE,

CHCL, CHCL and acefone. High-quality amorphaus filin can be obtained by spin-coatmg its

solution,

1¢

HOGM(O) LUAO

Figure 4.8 HOMOG and LUMO distribution of the 8-1 0 dyes calculated with DFT on
a BTLYP/6-31G(d p) level.
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4.4 Canclosions

Novel I- A organic dyces. 8-10, have heen synthesezed as photosensitizers for DSCx
applicalions by using Uttmam coupling, Suzuki coupling and Knavvenagel condensation reaction,
Different number of 4-hexyhthiophene moieties is introduced fo the maolecules and serve as linker,
The elechron-withdrawing parts are cyancaceylic acid groups. The targel molecules were
characterized by using NMR, IE, UV-vis and tluorcscence techniques, The target molicules
cxhibit adsorption band cover UV and visible region. Fluorescence spectrn of the target
maolceules show cmission peak at orange region, excited at A of each molecule, 8-10 show
a good thermal properties. 1DFT calculations have been perdormed on the dyes, and the results
show that eleciron distdbution from the whole moelecules to the anchering moietics oceurred

during the HOMO-LUMO excitation,




CHAFPTER 5
SYNTHESIS AND CHARACTERIZATION OF
NOVEL BISCARBOZOLE WITH DIFFERENT FSPACER UNITS
FOR DYL SOLAR CELLS

5.1 Inireduction

In 2011, Txan Deng et al. [49] investigated that the TPA-contaming linear 13-A-]D
molecules with benzothiadiazole (BT) as acceptor unit and TPA-(4-hexylithiophene {(TPA-HT)
arid TF:‘L—{4~hexyI}thic:m[3~2~b]thiuphcne {TPA-BHTT} as donor units, TPA-HT-BT and TP A-
HTT-BT, gave an averall conversion clliciency (17} of 1.44%. The design of the molecular
structure was from the following consider-ations:

(1) the D-A-D structure of the molecules is to reduce the band gap of the materials for
improving the absorption:

{2} {4—hcxyl}thie11u[3,2—h]1hjophzma is mtroduced in TPA-HTT-BT for enhancing the
hole mobility and Improving absorption of the compounds, because fused thiophenes usually show
larger peonjugation and higher hale mobility,

TPA-HT-BT and TPA-HITT-BY films show broad absorption hand in the range of
3530-700 nm, lower band gap and pood fthermal stability. The solution processed bulk-
heterojunction OSC devices based on the blend of TPA-HT-BT or TPA-HTT-BT as donor and
PCTOBM as acceptor {the weight ratio of donor/acceptor js 1:3), reached 1.44% under
the illumination of AML1.5 G, 100 mW/em”, which indicates that TPA-HT-BT and TPAHTT-BT

4re promising organic donor photovolaic rmateriais,
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;ig CrHyz
TRA-HTT-BT

Figare 5.1 Chemical structures of TT'A-HT-BT and TPA-HTT-HKT.

3,2 Aim of the Study

In this work, we synthesized three biscarbazale based D-z-A organic dyes for DS(Cs
application. It iz well known that chamges in molecular structure and conjugation sysiem can
induce very different optical and physicai properties of the 1-7A compounds (see Figure 5.2),
These compounds have been construcied hased on the electron-donating moiety, substintod
carbazole with 3,6-positions of carbazole being substituted with t-butyl group to prevent oxidative
coupling. Carbazole bearing alkyl groups at the N position, to increase the solubility property and
W prevent the recombination of the electrons from the scrmiconductor to the electrolyte. Different
types of electron spacers containing thiophene moicty, which are considered to be the ideal
constructional unit in dye sensitizer engmeering, adopted Tor expansion of the mconjugating
backbone and adjusting the absorption spectra and HOMO/LUMO levels of the dyes, The dyes
have a cyanoacrylic acid group 25 electron-withdrawing part and for anchoring onlo the TiO,

surface,




GO

COOH

Figure 5.2 Chemical structures of 11-13,

5.3 Hesalts and Discussion

5.3.1 Syuthesis

Fur the synthesis of bicarbazole based dye having the 4-hexylthiophene and
thieno[3,2-blthiophene as different types of electron spacers used a combination of Suzuk;
coupling, bromination and Knoevancgel reaction as depicted in Figure 5.3 and 5.4,

Tu elongate the conjugation of the molecules, mona thiophene was introduced
to donor using combination reaction of Suzuki coupling and bromination. Monothiophene
intermediale (49) was prepared by coupling reaction between donor (39) and 2-thiopheneboronic
acid using tetrakis{triphenylphosphine}palladium(0} as catalyst, sodium carbonate as base in
THFH,O al 1eflux and obtained in good yield. NBS bromination of the resultant thiophene
intermediate in THF at roem temperature aftorded bromothiophene intermediate (56) in moderate
yield.

Suzuki coupling reaction of bromothivphene intermediate (S0} and thicna| 3,2-
blthiophen-2-vlboronie  acid (ad) or 2-{4-hf:x},rlthinphen-2-y1}-4,4,5,5—ten‘ameﬂ1}rl—l,3,2—
dioxaborolane (1e) employed in order 1o increase the different types of electron spacers wnits o
the maolecules. The 4-hexylthiophene and thieno[3,2-bkhiophene intermediates were prepared

according to the procedure described for 40 {Chapter 4} and obtained a5 yellow solid in 48 and 93
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% yicld, respectively. The brominalion reaction was camied out according to the proeedure
deseribed for 50 and obtained as yellow solid in 55 and 99% yicld, respeetively.

The extended carboxaldehyde functionalized thiophene intermudiate {4d and 4¢)
were achieved by Suzuki condition as well, The coupling reaction hotween corresponding aryl
halide (3d and 3e) and S-formyl-2-thispheneboronic acid yielded the aidchyde {dd and de) in 44
and 99%, respectively. This moderate yield are commonly observed in Suzuki coupling of
S-formiyl-2-thiophenchoronic acid due to its unstabic thiophene carboxaldehyde infermediate.
‘Fhe successful infroduction of aldehyde functional group was confirmed by NMR and IR spectra,
The singlet signal of aldehyde proton in CDCl, was located at chemical shift 9.86 and 9.88 ppm
for aldehyde protons of 4d and 4e, respectively. The signal of the aldehyde carbon atom was
located at chemical shift {82.86 and 182.50 ppm for aldehyde carbon of 4d and de, respectively.
Finally the dyes were obtained by Knoevenagel reaction of corresponding aldehyde (4d and de)

with cyanoacetic acid. All dyes were oblained as orange, red and dark red amorphous solid,

e

2M M:@::{:n;I Pcl{FF'ba}q
CizHas Cu”es
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Figare 5.3 Synthesis of D-7A organic dyes {11 and 12),
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Far the synthesis of bicarbazole bosed dys having the bi{d-hexylthiophene) as
electron spacers was prepared from Suzulkd coupling. Bromination amd Knoevatepe! reaction
according to the procedure described above and obtained as dark red solid in 45% vield (Figuee
5.4). The successful introduction of aldchyde functional group was confirmed by 'HI-NMER.
"C-NMR and IR speetra. The singlet signat of aldehyde proton in CBC, was located o1 chennical
shift 9,80 for aldehyde protons of 53, respectively. The signal of the aldehyde carbon ulom was
lacated at chermical shift 182.87 ppm for aldehyde carbon of 53, The IR peak of C-0 stretching of

aldehyde was also observed at wavenumber 1655 cm

Br H
5
2
CEH 17 O‘E”O-‘CEH 1% C‘BH 12
g 1e
w30 2M K200, PU(PPhY),, ol TP
€ oM THF, reflux iHas
NBS, THF
Br

2

O CeH
:Hﬂ]:?’@" T

b 53 o

K T ZM KT, PAIP Phigje,
émst THF, raflux W 32 {B4%)
Crabas
NCLCOOH
piperiding, GHE,, e COOH
refiu ¥

ot 13 ra5m)
S oMz

Figure 5.4 Synthesis of B-7A organic dye (£3).

5.3.2 Optical properties
The UV-vis and flunruscence spectra of dyes in CH,CL, are shown in Figure 5.5
and listed in Table 5.1, together with the UV-vis spectra of (he correspondmg dyes absorbed on
Ti), film. I solution, all three dyes show similar characteristic of donar-aceepter arylamine dyes
which show strong absorption bands around 296-400 nm corresponds 1o 7-7* transition and broad

absorption bands arcund 420-600 nm corresponds to Inramolecular Charge transfer Transition
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{ICT) of donor-accepter compound [48]. The 12 dye have monofd-hexylthiophenc) unit as
m-spacer. This dye is larger molar extinction eoefileients (2} and red shiffed as comparcd o fhar
11 dve have thicno[3,2-blthiophene unit as rapacer. This results indicates the prescnce of
mono{4-hexytthiophene) unit in Photosensitizer could increase the light harvesting efficicney nnd
increased the extension of 7 systemn due mono{4-hexylthiophene) is larger m-conjupating system.
In addition, 13 dye have difd-hexylthiophene) unit as spacer. This dye is smaller molar
extinction cocfficicnts (£) and bluc shifted as compared to that 12 dye. This is due (0 arrungernent
of di{d-hexylthiophene} wnit can induce the non-planar structure. We observed that the 11-13 dyes
exinbited strong luminescence maxima of 500-604 nm when they are excited within their ms*
bands in solution at room temperature showed the emission peak located in the Cyan-orange
region, The energy band gaps of the 11-13 dyes were Estimaled to be 2.34, 2,11 and 208 eV,
respretively, from the absomption edge of the solution spectra.

When the dyes are attached to Ti0, surface, the absorption spectra of these dyes
are broadened and blue-shifted more or less a3 compared 1o that in solutions {Figure 5.6),
indicating strong interactions between the dyes and the scmiconductor surface, Also, the stromys
mteraction between the surface and the absorbed molecules often iead fo aggresalion cifect,
The red shifted and blue shifted values of different dyes are changed obviously depending on
the different electron spacer. These values may be results of J and H-type aggrepation of the dyes
on TiO, swface. 4-hexylthiophenc and thieno[3,2-b]thiophene as different types of clectron
spacers in the molecules could increase the different type aggregation effect of adsorbed dyes, One
can find that the red-shift values of 11 dye adsorbed onto T.i{}:, surface Is 44 nm, indicating that 11
dye have a more tendency to J-aggregate on Ti0,. On the other hand, the maximum absorption
respectively blue shifted by 25 and 11 nm for 12 and 13 dyes as compared to the spectra in
solution, indicating that 12 and 13 dyes have a more lendency to H-nggregate on Ti0,.
Additionaliy, Many research results have indicated that monolayer dyes anchoring onto Tic,

surface are necessary for higher efficiency of DSCs,
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Figure 5.5 Absorption (lel) and emission (right) spectra of 11-13 recorded in
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Flgure 5.6 Absorption spectra of Ti0), films sensitized by 11-13.
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Table 5.1 The absorption and flucrescence data ot 11-13

.lmm {ex 10, A, o1 TiO, AT ?..w,m“hi E,
Compound 4 g . , )
(nm (M cm W (nm} [nm}a'f {nm) {eV)
11 424 {1.22), 350 {0.74), 468 500 530 2.34
2070131
12 475 (4.47), 353 {2.89}, 450 G 587 211
257 (3.13)
13 471 {1.03), 297 f1.53) 464 575 595 208

-] . " .

measured in dichloromethane solution at room temperatire,
b - -

measured dyes adsorbed on Ti0, film,
" excited at maximum absorption in soluton,

* estimated from the onsel of absomption (E, =1240/A._).

The effect of solvent polarity on the absorption spectra of 12 dye was also studied
(Figure 5.7 and Table 5.3). The absorption  was measured in five different solvents
dimethylfonmamide (DME), dimethylsulfoxide (DMS0), eihanol (RO}, tetrahydrofurane {THF}
and dichioromethane (BCM)). We assigned the absorption bands at 297 mm ag B1, at 353 im as
B2 and at 432-475 nm as B3, respectively, There is only B3 band that be effected by solvent
polarity change. These B3 bands thersfore are assigmed as ICT bands of donor-sceepter moleoule
which can be gencrally observed in most sensitizer. The absorption spectra show biue shift when
the polarity of solvents are increasing. 12 in DMF exhibited |owest maximun abserption at 432
nm (4.60 x 10 J), whereas 12 in dichloromethane exhibited the highest at 475 n (418 x 107"
J). These results can be considered as the negative solvatochromism-physical intermolecnlar
solute-sulvent interaction forces which tend to alter the energy difference between ground and
excited state of chromophore of the dyes [42]. The polar solvents arc good suppotting solvent to
the excited state dye species more than non-polar selvents resulting in close molecular orbital,
which tends to absorl light at high energy region (low wavelengthl, This effect was also found in

the other molecules (11 and 13).
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Figure 5.7 The shsomption spectra of 12 dye in various solvenls.

Table 5.2 Maxitnum absorption of 12 measured in various solvents

solvent DMF DMSO EtOH THE DCM
A, {nm) 432 434 435 461 475
E'(10™ 5 4.60 4.58 4.57 4.31 4.18

* calewlated from E = b/,

3.3.3 Thermal properties

For DSC applications, the thermal stability of organic materials is crucial for
device stability and lifetime, The degradation of organic optoslectronic devices depends on
morphalogical changes tesulting from the thermal stability of the amorphous organic materials.
Figme 5.8 and Table 5.3 show TGA thermograms and temperature at 5% weight loss (T, ) of
11-13 dyes investigated by TGA analysis under nitrogen atrospheric condition. The dyes exhibit
¥4 weight loss at 263, 228 and 216 C, respectively. Those results sugpested that the dyes wer
thermally stable materials with T,y well over 216 "C. The better thermal stability of the dye is

important for the litetime of the solar cells,




a7

100
~ &0
£
s 805
&

] —=—1
204 a1z
| —h—13
0 i —
200 4{H 600 aon

Temporaturs (“S)

Figure 5.8 TGA thermograms of 11-13 dyes.

Table 5.3 Thermal properties of 11-13

Compound T, ('C}
1 263
12 228
13 216

5.3.4 Molccrlar orbital caleylution

To get an insight into the mojecular structure and electron distribution of
the organic dye, the 11-13 dyes geometries have been optimized using DFT calcuiations with
Gaussian 03 program. The calenlations were performed with the BTLYP exchange comelation
futetional ynder 6-31G(d,p) basis set. Computed HOMO and LUMO distribution of 1E-13 are
depicted in Figure 5.9, The general characiers of the orbitals are independent of the linker length
and differcnt electron acceptor. The HOMO is of m-characteristics and is delocalized over
the entire molecule, incleding the carbazole groups. In the LUMO, which also has scharacter,
there is essentially no contribution from the carbazole groups, and the electron density has been
shifted towands the acceptor group of the sensitizer. This supports the supposed push-puil
characteristics of these sensitizers. In addition, the optimized geometry of 11-13 indicates that
the carbazole moiety at the end of the molecule are in 3-D spatial arrangement, which makes
the molecular structare nonpianar due to the twist conformation around the carbazole-carbazole

C-N bend. The nonplanar molecular structure of 11-13 conld be benefieial to solution-
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processability 1o forml amorphous film. 11-13 are soluble in COMMON OTEanic s0lvents such as

THI. CHCL, CHCI, and acctone. High-quality mmorphous filtn can be abtained by spin-coating

its sulution.
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Fignre 5.9 HOMO and LUMO distribution of the 11-13 dyes calcwlated with DET on
a BTLYP/6-31G{d,p} level,

54 Conclusions

Movel D-A orpanic dyes, 11-13, have synthesized as photosensitizers For DSCs
applications by using Ullmann coupling, Suzulki coupling and Knocvenagel condensation reaction.

Different types of electron spacers containing thiophene moiety is introduced 1o the molecules and
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serve s linker. The clectron-withdrawing paris arc cyanoacrylic acid groups. The target molecules
were characterized by using NMR. IR, UV-vis and tluorescenee techniques. The farget molecules
ecxhibit @ adsorption band cover UV and visible region. Fiuorescence specira of the targed
molecules show emission peak Cyan-arange region, excited at A of each molecule. 11-13
show a good thermyl propertics. DFT calculations have been performed on the dyes, and
the results show that electron distribution from the whele molecules to the anchoring moicties

oceurred during the HOMO-LUMG excitation.




CHAP'IER 6
SYNTHESIS AND CHHARACTERIZATION OF
NOVEL BISCARBOZOLE WITH DIFF ERENT Z-CONJUGATED BRIDGES
I'OR DYE SOLAR CELLS

4.1 Imdroduction

Increased conjugation by linker modifications is one way to broaden the absorption
spectra and hence decreasing the IIOMO and LUMO cnergy level gap. Howewver, there is a limit
where the energy level potential of the [FOMO becomes too low amd the regeneration from
the electralyte, ie. iodidetriiodide, is hindered. The limit for the LUMO energy level is not of
the same importance since the conduclion band potential of the semiconductor can be tuned by
additives in the clectrolyte [30],

A sertes of novel D-#pA hydrazone dyes (HB, HF and HT) containing an N iv-
diphenylhydrazone doner and Z-cyanoacetic acid acceptor linked by a different aromatic bridge
{(benzene, turan, and thiophene) have: been designed and synthesized 10 evaluate the aromatic
bridge effocts on the photophysical, clecrochemical and the photovoitale properties of
the hydrazonc-sensitized Ti(}, solar cells. Al the dves exhibit two distinet absorption bands: one
absorption band is in the UV region (280-350 nmy corresponding o the 7 7% electron transitions
of the conjugated molecules; and the other is in the visible region (380-550 mm) that can be
assigned to an intramolecular charge transfer (iCT) between the N N-diphenylhydrazone donating
unit and the cyanoacrylic acid acceptor meoiely [51]. 1t ¢an be seen that the maxirum absorption
(P oed ©f the visible region red-shifts from 425 nm o 452 nm, and 465 nm for FIB, HF, and HT,
respectively. This red-shifted phenomenan tay be ascribed fo the different aromatic ability of
the two tive-membered heleroaromatic bridges. The aromatic ability of furan is latger than that of
thiophene due to the stronger electroncgative of oxygen clement than that of nitrogen and sulphur
elements. We can sec that the A Values in the visible region shift to o lower energy with

the decreased electronegativity of heteroatoms [52].
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Figure 6.1 Chertoicel structures of B, HF and HT dyes.

6.2 Alm ol the study

In this work, we synthesized novel donor sconjugate acceptor (13-7-A) organic
malerials with different numnbers of clectron spacers are thiophene moieties moieties and different
types of electron spacers contaiming furan, thiophene and phenyl mwoieties for using as dye
moelecules in optoelecironic devices as show in Figure 6.2. The D-/rA containing carbaxzole as
clectron donor and cyanoncrylic acid as electron acceplor/anchoring group bridged by thiophene
and furat units. Carbazole bearing alkyl proups at the N position, (o0 merease the solubility
property and (o prevent the recombination of die electrons from the semiconductor to
the electrolyte. Different numbers of electron spacers are thiophene mwoieties moictics and
different 1ypes of electron spacers containing furan, thiophene and phenyl modclics, which are
considered to be the wdeal constructional unit in dye sensitizer engineering, adopted for expansion
af the mconjugating backbone and adjusting the absorption specira and HOMG/LUMO levels of

the dyes.

CUTZPA

Figure 6.2 Chemical structures of dyes (14, 15, CCT3A |34] and CCT2PA [34]).
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#.3 Results and Discussivn

631 Synthesiy

Far the synthesis of bicarbazole based dye having the 4-hexylthiophene and
thienc[3.2-bjthiophene as different numbers of electran spacers used a combination of Swoylki
coupling, Bromination and Knoevanegel reaction as depicted in Figure 6.3 and 6.4,

To elongate the conjugation of the malecules, mono thiophene was introduced
to dotor using combination reaction of Suzuki coupling and bromination. Bithiophene
intermediate (54) was prepared by coupling reaction between mongthiophene inlermediate (50}
and 2-thiephencboronic acid using tetrakis{iriphenylphosphine)palladinm(0} as a catalyst, sodium
carbonate as base in THFALO at reflux and obtained in good yield. NBS bromination of
the resultant thiophene intermediare in THBF at ruam tempetature afforded bromothiophene

intermediate (55} in 79% vield.

o s _

2M NE:GD‘Q, pd{PPhg]‘.l:-_

W THF ralnux B4 (80%)
éu“zs ' E-lz*st
HES5, THF, 1
Br
2
M 65 {79%}
CazHzg

Figure .3 Synthesis of oligothiophene intermediate.

The extended carboxaldehyde functionalized taran intermediate (56 and 57) were
achieved by Suzuki condition as well. The coupling reaction between corresponding
bromothiophene  infermediate (50 and S35 and (3-formyMuran-2-yllboronic acid yislded
the aldehyde (56 and 57} in 63 and 71%, respectively. This moderate yield are commonly
observed in Suzuki coupling of {5-formylfuran-2-yl)baronic acid due to its unstable furan
carboxaldehyds intermediate. The successtul introduction of aldehyde functional MTOUp WAS

confirmed by NMR and IR spectra. The singlet signal of aldehyde proton in CDC, was located at
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chemucal shift 9.60 and 9.70 ppm lor aldehydc protons of 56 and 57, respectively. Tle signal of
the aldehyde carbon atom was localed at chemicsl shift 176.92 and 176.71 ppm for aldehyde
carbon of 56 and 57, respectively. The 1R peaks of =0 S;rcluhing of aldehiyde was also observed
al wavernmber 1662 and 1665 e of 86 and 37, respectively, Finally the dyes were oblained by
Knoevenagel reaction of corresponding aldehyde (56 and 57) with cyanoacctic acid, All dyes werg
abtained as red and dark red amorphous salid. The chemical structure of 14 and 15 was comfimed
by NMR and IR analysis. The 'H-NMR speclrum of the final products (14 and 15) show a singlet
signal at chemical shift 7.89 (1II) and 7.82 (YH} ppm assigning as the proton of double bond
inlicating that 14 and 15 excises as E isomer which has nigher photostability properties. The -
NMER specira of 14 and 15 shows g single peak tor chemically carbon atom of carbonyl group at
176.44 and 167.63 ppm | respectively, and a single peak for carbon atom of cyane group at 116,49
and 116,49 ppm , respectively. Furthermore IR, specirum reveals the adsorption at 3411 and 3420
cm’ which is consistent with the presence of hydroxy group for 14 and 15, respectively, and at
2219 and 2219 em’ which is consistent with the presence of cyano group for 14 and 15,

respeclively,

Br
. {HE) B"Q\-’G :5 t (B3
= n= h
Sensy 2 - 57 = 2 (F1%)
" 2M MagC0y, Pa[PPh),, N
THF, reflux &
ﬂ:-rz"'zﬁ 1aHz5
NC.,_ CODH
pipariding, CHC,

reflux

14 1 =1 (BE%),
15 0 = 2 157%)

Figure 6.4 Synthesis of D-7A organic dyes (14 and 15).
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¢.3.2 Oplical prepertics

The U¥-vis and fluorescence spectra of dyes in CH.C1, are shown in Flgure 6.5
and listed in Table 6.1, In solution, all three dyes show similar characterislic of donor-aceepter
arylamine dyss which show sirang absorption hands around 290-400 nm carraspoals to g+
transition and broad absorption bands around 420-600 nm corresponds (o Intmolecular Charge
transter Transition {ICT) of donor-secepter compound. The bathochromic shified (red shuficd)
absorption spectra were observed when thiophene units were introduced. The red shifi in
absorption can be auributed to the extended conjugiation system of the entire structure.
The fluorescence emission spectra showed a red-shift upan increased number of thiophene units in
the molecule, which is roughly paraliel to the trend of the absorption spectra (Figure 6.5 (left)} due
to the elongation of the conjugation in molecyles. Comparition between the 18, CCT3A and
CCTZPA dyes, which has the same electron donor and acceptor moiety, but different
Aconjugating systems. It can be scen that 1he maxicium absorption {4, } of the visible region
red-shifts from 414 nm to 464 nm, and 485 nm (or CCTIPA, CCTAA, and 15, respectively. This
red-shifted phenomenon may be ascribed to the different aromatic ability of the one six-membered
and twa five-membered heteroaromatic bridges, The aromatic ability of furan is larger than that of
thiophene and phenyl due to the sironger clectronepative of oxygen clement than that of suiphur
and carbon elements, We obscrved that the 14, 15, CCT3A and CCT2PA dyes exhibited strong
luminescence maxima of 580-615 nm when it is excited within its 7_2* band in solution at room
tetmperature showed the emission peak focated in the yellow-orange region. The energy bund gaps
of the 14, 15, CCT3A and CCT2PA dycs were estimated to be 2.23, 2,17, 2.11 and 2.12 eV,

respectively, from the absorption edge of the solution spectra.
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Figure 6.5 Absorption (lefl) and emission (right) spectra of 14, 15, CCT3A and CCT2PA
recorded in dichloromethane.
Table 6.1 The abzorption and fleoreseence data of 14, 15, CCT34 and CCT2PA
aha Fl e Abs
?l‘max {EI lﬂ ]; ?"'mu: l’l}ﬂscr E'g
Cempaund 4 s b .
{nm (M em ) {nm)" {1m) ev)
14 480 (2.88), 332 (1.77), 297 (2.99) o004 555 223
15 435 (6.92), 353 (4.13), 297 (6.72) 515 572 217
CCTiA 464 (3.47), 382 (1.94), 352 (2.000, 297 (3.62) S8 587 21
CCT2PA 414 (3.55), 351 (2.80), 297 (2.95) 584 525 212

L3 r . .
measured in dichioromethane solution at room temperature.

h . . D .
excited at maximuem absorption in solution.

® cstirnated from the onset of absorption I[EL, =1240 .

]

The effect of solvent polarily on the absorption spectra of 14 dye was also studied

{Figure 6.6 and Table 6.2). The absomption was measured in five different sofvents

dimethylformamnide {DMF}, dimethylsulfoxide (DMSG), ethanol {EOH), tetraliydrofurane (THE)

and dichloromethane {DCM}). We assignied the absorption bands at 297 nm as B1, at 332 nm as

B2 und at 433-476 om as B3, respectively. There is only B3 band that be effected by solvent

palarity change. These B3 bands therefore are assigned as 1C7T bands of donor-accepter molecule

which can be generally observed in most sensitizer. The absorption spectra show blue shift when
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the polarity of solvents arc increasing. 14 in DMF exhibited fowest maximum absorption at 433
nm (4.5 x 167 7), whereas 14 in dichloromethane cxhibited the highest at 476 om (418 x 167"
J). These results can be considered as the negative solvatochromism-physical intermolecular
selute-solvent interaction forces which tend to alter the energy difference between ground arwd
excited stale of chromophore of the dyes. The polar solvents are good supporting solvent 1o
the excited state dye species more than nea-polar solvents resulting in close malecular erbital,
which tends to absorb light at high encrgy region (low wavelength). This effect wus also found ig

the other molecules (15, CCT3A and CCT ZPA).
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Figure 6.6 The absorption specira of 14 dye in varlous solvents.

Table 6.2 Maximum absorption of 14 measured in various solvents

solvent DMF DMSO E1OH THF DCM
A .. (nm} 433 441 451 462 476
E* (107 4,59 451 4.41 4.30 4.1%

* caleulated from E = hvik,

5.3.3 Thermal properties
The thermal! decompesition of 14, 15, CCT3A and CCT2PA dyes was
studied by thennmogravimetric analysts under nitrogen atmospheric condition. TGA thermograms

of the dyes are displayced in Figure 6.7 and T, arc listed in Table 6.3. The dyes exhibit 5% weight
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loss between 227 and 359 °C suggested that the dyes were thermally stable matedals with

temperater: over 227 "C which is good for lang term stability of TISCs devices,

Weight (%)

207 w14
T —a—15
u 1 T T T T T _|
200 400 500 00

Temperaiue (*C)

Figure 6.7 TGA thermograms of 14 and 15 dyes,

Tuble 6.3 Thermal properties of 14, 15, CCT3A and CCTZPA

Compouind T, ')
14 229
15 238
CCT3a 255
CCT2ra 359

.34 Molecular orbital calculation

To get an insight into the molecolar structure and electron distribution of
the organic dye, the 14, 15, CCT3A and CCT2PA dyes geometries have been optimized using
DFT caleulations with Gaussian 03 program. The calculations were performed with the BILYP
exchange correlation functional under 6-31G{d,p) basis set. Computed HOMO and LUMO
distribution of 14, 15, CCT3A and CCT2PA are depicted in Figure 6.8 and 6.9, The general
characters of the orbitals are independent of the linker length and different electron acceptor.
The HOMO is of m-characteristics and js delocalized over the entire molecule, including
the carbavole groups. In the LUMO, which also has 7-chamucter, there s essentially no

conttibution from the carbazole groups, and the elsctron densily has been shifted owards
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the aceeptor group of the sensitizer. This suppurts the supposed push-pull characteristics of these
sensitizers. In addition, the optimized geometry of 14, 15, CCT3A and CCT2PA indicates that
the carbarole modety at the ¢nd of the molecule are in 3-D spatial amangement, which makes
the molecular structure nonplanar due o the twist conformation around the carbazole-carbazole
{-N bond. The nonplanar molecular siruciure of 14, 15, CCT3A and CCT2PA could be
beneficial to solution-processability to form amurphous film. 14, 15, CCT3A and CCP2PA are
soluble in common arganic solvents such as THF, CH,CL, CHCL, and acetone, High-quality

amarphous filin can be obtained by spm-goating its soletion,
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Figure 6.8 HOMO and LUMO distribution of the 14, 15 and CCT3A dyes calculated

with DFT on 2 BTLYP/6-31G{d,p) level.
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Figure 6.9 IIOMO and LUMCO distribution of the CCTZPA dye calculated

with DFT on a BTLYP/S-31G(d p) level,

G4 Conclusions

Movel D-7-A organic dyes, 14, 15, CCT3IA and CCT2PA, have been synthesized as

photoscnsitizers for 2$Cs applications by using Suzuki coupling and Knoevenagel condensation

reaction. Different numbers of electron spacers containing, thiophene moeiety is intreduced to

the molecules and serve as linker. The clectron-withdrawing parts are cyanoacrylic acid groups,

The target malecules were characrerized by using NMR, IR, UV-vis and flunrescence techniques,

The target moleeules exhibit a adsorption band cover UV and visible region. Flugrescence spectra

of the target molceules show crnission peal at yellow-orange region, excited at A .. of each

malecule. 14, 15, CCT3A and CCT2PA show a good thermal properties. DT calculations have

been performed on the dyes, and the results show that electron distribution from the whole

molecules to the anchoring moeieties oceurred during the HOMO-LUMO excilation,




CHAPTER 7
SYNTHESIS AND CHARACTERIZATION OF
NOVEL CARBAZOLE DERIVATIVES AS DONOR MOIETIES

FOR DYE SOLAR CELLS

7.1 Introduction

New organic dycs, namely CCTA and CFTA using AN-dodecyl-3-(3,6-di-tert-
butylcarbazol-A-yllcarbazol-6-yl and 2-(3.6-di-tere-butyloarbazol-i-yi -9 9-bishexylfluoren-7-v1
as donor moleties, respectively, were synthesized, characterized, and employed as a dye sensitizer
in dye solar cells (DSCs). Both dyes in solution show donor-acceptor characlenistic absorption
spectra. The broad absorption bands at 445-460 nm were atiributed to intramolecular charpe-
transfer ransitions (]CT) from the DI 1o A moteties, exhibited a hypsochromic shifl in more
polar solvents, while the positions of other peaks at lower wavelengths were ncarly independent of
the solvent polarity, CCTA shows a broader and increased molar extinetion coefficient (g} (~1.17
fold) ICT band compared to that of CFTA, which is desimble for harvesting more solar light. This
mainly stems f[om the stronger electron-donating ability of the N-dodecyl-3-(3,6-di-tert-
butylcarbezol-N-yl}earbazol-6-y1 donor in CCTA than that of the 2-(3,6-di-terr-butylearbazpl-N-
¥1)-9 S-bishexyHluoren-7-y! doner in CFTA. Morcover, the € value {27938 M em™ ) of CCTA is
also considerably larger than that of the standard Ru dye, N719 (14400 M’ om’), indicating
excellent fight harvesting ability, The CCTA-sensitized solar coll produces higher device
performance with an overall conversion efficiency of 5.69% [a short circuit cument () = 11,31
mA o, an open-circuit voltage (V) =071V, and a field factor (ff) = 0.71] reaching >96% of

the reference NT19-based device (overal] conversion elficicney = 5.92%) [53L
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Fignre 7.1 Chemical structwres o CCTA and CFTA.

7.2 Aim of the Study

In this work, we synthesized carbazole derivatives based D-7-A organic dye for DECy
application. The dye had been constructed based on the electron-donating moicty, substituied
carbazole with 3.6-positions of carbazole being substituted with t-butyl group to prevent oxidative
coupling. Fluorcne, carbazole. and phenothiazine bearing alkyl groups at the C-9, &-9, and N-9
position, to increast the solubility property and to prevent the recombination of the eleetrons from
the semiconductor to the electrolyte. Electron spacers are thiophene and phenyl moicties, which
are conswdered to be the ideal vonstructional unit in dye sensitizer engincering, adopted {or
expansion ol the #conjugating backbone and adjusting the absorption spectra and HOMO/LIIMO
levels of the dyes. The dyes had a cyanoacrylic acid group as clectron-withdrawing part and for

anchoring onto the Ti0, surface.

Figure 7.1 Chemical structures of 16, CCTPA and CT1




B2
7.3 Results and Discussion

T3] Synihesis

The synthesis of 16 (Figure 7.3). first, NBS bromination of the resultant
thiophene intenmediate in THF ut roor ieinperature affurded bromothiophene intermediate (59) in
94% yicld, The extended carboxaldehyde functionalized thivphene intcrmediate (60} werc
achicved by Suzuki condition as well, The coupling resclion between corresponding aryl halide
(59} and  5-formyi-2-thiopheneboronic  acid yivlded the aldehyde 53%, respectively.
‘The suceesstul introduction of aldeyde functional group was confirmed by NMK and IR spectra.
The singlet signal of aldechyde proton in CDCL, was located at chemical shift 10.02 ppm for
aldehyde protons of 60. The signal of the aldehyde carbon atom was located at chemical shift
191.36 ppm for aldehyde carbon of 60. The IR peaks of C—0 stretching of aldehyde was alsa
observed at wavenumber 1697 cm of 60, And {EJ-E—c}rmm-}{d—{s—{?—[3,ﬁ-di—rerr—butylcarbaznl—
9—y1}-9,9—dihexy]ﬂuoren-E-}rI]thiuphen-z-yl}phenyl}lacrylic acid dye (16} having the cyanoacrylic
acid as an acceptor was synthesized according to the procedure described for 1 and obtained as
light orange solid in 42% yicld, The chemical structure of 16 was confirmed by NMR and IR
analysis, The "C-NMR spectrum of 16 shows 2 single pesk for chemically carbon atom of
carbonyl group at 164.06 ppm and a single peak for carbon atom of cyano group at 116.16 ppm.
Furthermore IR spectrum reveals the adsorption at 3415 em' which is consistent with the presence

of hydroxy group and at 2224 cm’”' which is consistent with the presence of cyano group,

M :
gHyg CoHya CeHuf TgHuy

58 59 [B450)

':HDJ'EE_DJO
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Figure 7.3 Synthesis of D-7A organic dye (16).
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7.3.2 QOptical properties

The UV-vis and Muorescence spectra of dyes in CH,CL, are shown in Figure 7.4
and listed in Fable 7.1, When a carbasole-tuorene group is introduced to Lhe molecule as electron
donor {16}, comparing the CCTPA dye will a carbacole-carbazole group as clectron donor,
the maximum absorption puak is blue-shifted and the & value is decreased. This is due wr the fwist
conformation around the carbuzole-carbazole N-C band. Comparing the carbazole-carbacole based
D-7-A organic dye (CCTPA) to the carbazole-phenathiazine based D-7A urganic dye (CT1),
which has the same 7conjugating system, but different eicetron donor moieties, the maxiomum
absorption peak is red-shified but the £ value is decreased. This is due to the clectron-donating
property. We observed that the 16, CCTPA and CT1 dyes cxhibited srong lwnitiescence maxitms
of 506-369 nm when they are excited within their #—2#* bands in solution 2t room temperaturs
showed the emission peak located in the cyan-yellow region. The energy band paps of the 16,
CCTPA and CT1 dycs were cstimated to be 248, 240, and 237 eV, respectively, from

the absorption edge of the solution spectra.

24 1.2
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:. ——CCTPA 1
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Wavelength (i} Wavalangth {rnm}

Figure 7.4 Absorption {left) and ¢mission (right) spectra of 14, CCTPA and CT1

racorded in dichlomomethane.
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Tabhle 7.1 The absorpiion and tluereseenee dita of 16, CCTPA and €11

l;‘1"|:||I:¢:aim (Ex ]“J]; }l"mul - lﬂll:vtab’ E:
Cranpound T g .
{nm (M cm j) {nm}" (nm)’ (3%
1 A28 (5.02}, 343 {3,190 293 (5.7} 0] 500 Z48
CCTFPA 421 (2.99), 323{(2.47}, 297 (3.75} 06 517 244
Tl 424 (2.15), 348 (2.4a), 297 (3.54} 5149 524 2.37

" measured in dichloromethane solution at room temiperatuse.
* excited at maximum absorption in selution,
* estimated from the onset of absorption (E, =1240/4, 1.
The effect of solvent polarty an the absorption speetra of 16 dye was also studicd
{Figure 7.5 and Table 7.2} The absorption was messured in five different solvents
dimethyformamide (TXMFE), dimethylsulfoxide {DMS0), sthanel (C1OH), tctrahydrofurane (THE)
and dichloromethane (DCM)). We assigned the absorption bands at 293 nm as B1, at 343 pm as
BZ and at 394-428 nm as B3, respectively. There is only B3 band that be effected by solvent
polarity change. These B3 bands therefore are assigned as ICT bands of donor-accepter molecule
which can be generally observed in most sensitizer. The absorption speeira show blue shift when
the polarity of solvents are increasing, 16 in DMF exhibited lowest maximum absorption at 394
nm (5.05 x 10™ ), whereas 16 in dichlorontethane exbibited the highest at 428 nm (464 x 10"
J). These results can be considered as the negative solvatochromism-physical intermolecular
solnte-solveny interaction forces which tend (o alter the energy difference between ground and
excited state of chromophore of the dyes. The polar solvents arc good supporting soivent to
the excited state dye specics more than non-polar solvents resuiting in close molecular arbital,
which tends to rbsorb light at high energy ﬁginn {low wavelength). This ¢ffect was also found in

the other molecules (CCTPA and CT1).
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Figure 7.5 The absorption spectra of 16 dye in various solvents.

-~

Table 7.2 Maximum absorption of 16 mcasured in various solvents

solvent DMF DMSO0 £tOH THF DCM
A, (am) 394 397 198 413 428
EG0"5h 5.05 5.01 4.69 4.8 .64

* caleulated from T = hvij

1.3.3 Thermal propertics
For optoelecironic applications, the thermal stability of organic materials is
crucial for device stability and lifetime. The degradation of oiganic optoclecironic devices
depends on morphelogical changes resulting from the thermal stability of the amorphous organic
matcrials. Figure 7.6 and Table 7.3 show TGA thermograms and temperature at 5% weight loss
(T} of 16, CCTPA and CT1 dyes investigated by TGA analysis under nitrogen atmospheric
condition. Those results suggested that the dyes were thermally stable materials with T,, well over

232 °C. The better thenmal stability of the dye is important for the lifetime of the solar cells.
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Figure 7.6 TOA thermourams of 16, CCTPA and CT1 dyes,

Table 7.3 Thermal properties of 16, CCTPA and CT1

Compeund Ty ('C)
16 ) 237 ]
CCTPA 232
Tl 250

7.3.4 Molecular orbital calculation

To get further insight into the effect of molecular structures and clectron
distributions of the three dyes on the performances of DSCs, their Eeometrics and enerpics were
optitized by density functional theory (DFT) calculations, The HOMO is mainly located on
the electrton domating group and #-spacer, and the LUMOC is mainly located in electron
withdrawing groups through the m-spucer. It reveals that the thiophene 7-spacer is essentially
coplanar with cyanoacetic acid group. There are effective electron separations berween HOMO
and LUMO of these dyes induced by light irradiation. This supports the supposed push-pull
characteristics of these sensitizers {Figure 7.7). In addition, the optimized geometry of 16, CCTPA
and CT1 indicates that the carbazole mwiety at the end of the molecule are in 3-D spatial
arrangement, which makes the melecular structure nonplanar due to the twist conformation around
the  carbazole-fluorene, carbazole-carbazole, and carbazole-phencthiazine V- hond.

The nonplanar molecular structure of 16, CCTPA and CT1 could be benelicial to solution-

processability to form amorphous film, 16, CCTPA and €T1 are soluble in common organic
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solvents such as THF, CH,CL,, CHCL, and acctone. IMigh-quality atnorphous film can be obgained

by spin-coating its solution.

16

CCTPA

CT1

HOMO LEIMO

Figure 7.7 HOMO and LUMG distribution of the 16, CCTPA and CT1 dyes
calculated with DFT on a BTI.YF/6-31 Gi{d,p) level.

7.4 Concluslons

Novel D-#A organic dyes {I6, CCTPA and CTI} have synthesized as
photoscnsitizers Tor DSCs applications by using alkylation, halogenation, Suzuld coupling and
Knoevenagel condensation reaction. Differcnt types of electron donor moieties are introduced o
the molecules. The electron-withdrawing part is cyanoacrylic acid group. The target molecules
were characterized by using NMR, IR, UV-vis and fluorescence techniques, The target molecules
exlubit a adserption band cover UV and visible region. Fluorescence speetra of the target
molecules show emission peak at cyan-ycllow region, excited at b, of each mulecule. 14,

CCTPA and CT1 show a good thermal properties. DET caleulations have been performed on
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the dyes, and the results show that efectron distribution from the whole molecules to the anchoring

moietics occurred during the HOMO-LUMO excitation,




CHAPTER 8
SYNTHESIS AND CHARACTERIZATION OF
NOVEL N-PHENYLNAPHTHALEN-I-AMINLE DERIVATIVES WITH

DIFFERENT N-SUBSTITUTED UNITS FOR DYE SOLAR CELLS

8.1 Imireduction

In 2009, Y. J. Chang et al. synthesized a serics of organic dipolar compounds
contaitung a donor (D), 2 bridge (B), and an acceplor {A), forming a D-B-A type of dyads for
dyesensitized solar cells, The central bridges werc made of three lineurly connected arylene
groups, e, phenylenes or thiophenyienes. The donor groups were aromatic amines, ie., either
a diphenylamine or a napiithylphenylamine group. The Acccptor group was 8 cyanoacrylic acid,
which can be anchored onto the surface of Tid, in & photovolaic device, Thesc devices performed
remarkably well, with a typical quantum efficiency of 5-7%, and optimal incident photon Lo
current  conversion  efficicncy (IPCE)  excoeding 80%. The devices made with
4 mnaplthylphenylamine donor group performed slightly better than those made with
a diphenylamine donor group, Compounds containing a phenylene—thiophenylens—phenylene

bridge group performed better thun those with other kinds of triarylene linkages [19],

N
g CQoOH
% Q "
1N-PP5 W}CWH
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M M 1H-555
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QND s
QD 14LPEP 1H-PSS

Figure 8.1 Organic dye structure of 1IN series.
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8.1 Aim of the Study

We synthesized four novel dotor 7-conjugale acceptor (T-7+A) organic materials with
different donor units for using as dye molecules in DSCs. D-mA organic dyes based on phenyl,
fluorene. catbazole and phenothiazine as the donor group, with a thiophene linker and
a eyanogcrylic acid as acceptor/anchor group. Fluoiene, carbazole and phenothiaxing bearing abkyl
groups at the (-9, N-9 and N-9 position, respectively, (o increase the solubtlity property and to

prevent the reeambination of the clectrons from fhe semiconductor to the electrolyte.

CgHay
COOH CeHyz 5 COoH
17 18
GBH"-'"- CeHyrM b1
OoH 5 COH
18 20

Figure 8.2 Chernical structures of 18-24,

8.3 Resulis and Discusslon

8.31 Synthesis

For the synthesis of (E}-2-cyano-3-(5-(9-phenylearbazol-3-vI)thiophen-2-
Ylacrylic acid, first N-(4-bromuophenyl}-N-phenyinaphthalen-1-amine  was preparcd  from
AN-phenyinaphthalen-1-amine precursor (61} and 1 4-dibromobenzene under Ullmann coupling
reaction in the presence of PA(OAc), as a catalyst, PPh, as 2 co-catalyst, and Cs5,C0, as a bage in
toluene as a solvent at reflux for 24 h led to N-{2-bromopheny}-N-phenylnaphthalen-1-amine (62)
as light yellow viscous in 34% vicld. Then 5-{4-(naphthalen-1 -yl(phenyl)amimo)vphenyl}
thiophene-2-carbaldehyde (63) was prepared according to the procedure described for 22 (Chapter

2} and obtained as green solid in 50% yield. The successful intraduction of aldelyde functional
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groap was clearly confirmed by NMR and IR spectra. The singlet signal of aldehyde proten
{measared in CDCL) was focated at chenical shifl 9,34 ppin for aldehyde proton of 63. The signal
of the atdehyde carben atom was located at chemical shift 182,88 ppm for aldehyde carbon of 3.
And tE]—Q-u}ranu—S~(5-[4—(naphlhu1e11-1—}f]{phenyl]aminu}phenyl) thiophen-2-ylacrylic acid {17
dye having the eyanoacrylic acid as an zepeptor was synthesized according to the procedure
doseribed for 1 and obtained as light green solid in 45%, yield. The chemical struclure of 17 was
confirmed by NME and IR analysis, The '"H-NMR spectrum of the final product (17) shows
a singlet sipnal at chemical shift 8.25 ppm (1H) assigning as the protun of double bongd indicating
that 17 exeises as £ isomer which has higher photostability properties. The C-NMR specirumn of
17 shows a single peak for chemically carbon atom of carbonyl group at 163.32 ppm and a single
peak for carbon atom of cyano group at 118.70 ppm. Furthermore IR spectrum reveals
the adsorption at 342 cm'' which is consistent with the presence of hydroxy proup and at 2211 em’

" which is consisient with the presence of cyano group.,

FFha, dueng
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HH e Br
Cé 5,003, P(TAC], %

Bl cofilly 62 [34%,)
qHa}zE’Q‘\’
2M MayCioy.
Fd{PFhyl,, THF
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Q 3| HC.. _CO0H
T doon
QGH piperiding,
CHCE;
1T [45%) refiux 63 (50%)

Figure 8.3 Synthesis of D-7-A organic dye (17).

The synthesis of The synthesis of fluorene donor part starting with fluorene
starting material (33) was lodinated in the mixhire of potassium iodide and potassium iodate in
acetic acid at 80 “C resulting in 2-iodoflucrenc (34) in 41% vield (Figure 8.4). The structure of
iodinated product (34) was confirmed by "H-NME spectra (measured in CDCI,) which exhibit
very clear singlet signal of aromatic proton of C-1 fluorene at chemical shilt at 7.8¢ pprm.
Dialkylation at the C-9 position to increase the solubility of the resultant compound {34) was

accomplished by gencration of the fluotenyl anion with anEqueous NaGHT solutinn in DMSC and
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subsequent dihesylation with |-bromooctane in the presence of n—Bu“NJ'Br' as phase lransfer
catalyst at roon temperature, The desired 9,9-dioctyl-2-iudoflucrene (14) was isolated by siliva-gel
columin chrumatography as brown solid in 8%, vield. The Alkyl peaks were observed in H-NMR

spectriun of 1f to confirm suceesstul introduction of alky] group to C-9 pusition of fluorene,

w K1, Kt w" CgHyz8r
AcOH, reflux BusH'Bir, 50%Na0H, .
M50 Catty; Lot
a3 34 {4170} M 1 (80%)

Figure 8.4 Synthesis of 9.9-dioctyl-2-iodoflucrene (1),

For The synihesis of carbazole donor part starting wilh carbazale starting
material {25} was jodinated in the mixture of potassivm jodide and potassivm iodate in acetic acid
at 80 °C resuiting i 3-iodocarbazole (26} in 84% yield {];igure 8.5} The structure of iodinated
product (26) was confirmed by 'H-NMR spectra {measured in CDC) which exhibit very ¢lear
singlet sipnal of aromatic proton of C-4 carbazole at chernical shift at 8.38 ppnl. Alkylation of 26
with 1-bromooctane in the presence of sodium hydride in DMF at room temperatare gave P-octyl-
3-lodocarbazole (1g) in excellent yickd, The Alky! peaks were observed in "H-NME spectrum of

compound 1g to contirm successful imtraduction of alkyl group to & position of carbazole,

K1, KIC ! CgH 3Br Q—Q
e —— e r——
% AeOH, rafus QEQ MNeH, DMF, N
éBHﬂ'
25 26 (54%) 1g (30%)

Figure 8.5 Synthesis of Y-octyl-3-iodocarbazole (1g).

For The synthesis of phenothiazine donor part starting (Figure 8.6), start with
alloylation of phenothiazine (35) with 1-bromeoctane in the presence of sodivm hydride in DMF at
room lemperature gave 10-octylphenothiazine (64) in excellent yield. The Alkyl peaks were
ohserved in TI-NMR spectrum of 64 to confirm successful introduction of alkyl proup to N
position of phenathiazine. 10-Octylphenothiazine (64} was iodinated in the mixture of periodic
acid dehydrate and of iodine. A solution of 1,80, conc. and 20% HOAc in acetic acid is added to

this mixture. The resulting purple solution is heated at 65-70 "C. The desired 3-iodo-10-
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octylphenothiazine (1h) was isolated by silica-gef colwmnn chromalography as hrown solid in 609
yield. (Figure 8.6). The siructure of iodinated product (26) was confirmed by "H-NMR spectra
{tmeasured in Acetane) which exhibii very clear singlet signal of aromatic proton of C-4 carbazole

at chemical shift at 8.37 ppn.

@SD Cly7Br C[:}:D HIG,, §; @: :Q,r

B NEr H HaS0h, 20% HO A .
H uNBr, BOSENEOH, s e 200t Cattrr
K DMSG, it B {5055} 16 (BD%}

Figore 8.6 Syathesis of 3-iodo-10-0¢lylphenothiazine ( th),

For the synthesis of {E]—Q-cyanu—E~{5-(4—|{naphthﬂlen—]-yl(awl}aminn]phenyl}
thiophen-2-ylacrylic acid dyes {8, 19 or 200, first N-aryl-N-phenylnaphthalen-1-amine was
preparcd from N-phenylnaphithalen- F-arnine precursar (61} and aryl jodide (X-i, 1f, 1g or 1h}
under Ullmann coupling reaction in the presence of copper iodide as a catalyst, (+)-trans-1,2-
diaminocyclohexane as a co-catalyst, and potassium tert-butoxide as a base in toluene as a solvent
at reflux for 24 h led to A-aryl-N-phenylnaphthalen-1-amine (21, 2g or 2h) as light yellow viscous
in 65, 61 or 41% vield, respectively. NBS bromination of the resultant intermediate in THI at
room temperature afforded A-{4-bromaphenyl)-N-aryinaphthalen- 1 -amine (M, 3g or ) in 67, 62
or 65% yield, respeclively. Then 5*{4-[naphtl1alen—l—yl{myljan:jno}phen}rl)miophenn—z-
carbaldehyde (4f, 4y or 4h) was prepared aceording to the procedure described for 22 (Chapter 2)
and chtained as precn solid in 60, 62 or 30% yigld, respec-tively, The successful introduction of
aldchyde functional group was clearly confinmed by NMR and IR spectra. The singlet signals of
aldehyde protons (measured in CDCL) were located st chemical shift 9.84, 9.97 and 9.04 ppm for
aldehyde protons of 4f, 4g or 4h, respectively.  And (E)-2-cyano-3-{5-(4-{naphthalen-1-
yIl[ary1}amin0}phe:1y1}lhiuphen~2-yljlacr_f.rlic acid dyces (18, 19 or 20) having the cyancacrylic acid
48 an aceeptor was synthesized according to the procedure described for T and obtained as Hght
dark orange sclid in 56, 60 or 64% yield, respectively. The chemical struciire of 18-20 was
confirmed by NMR and IR analysis. The 'H-NMR spectrum of the final products (18-20) show
a singlet signal at chemical shift 8.47 {(FH), 8.46 (1H}, and 8.47 {1H) ppm assigning as the proton

of double hond indicating that 18-20 excises 1s £ isomer which has higher photosiability
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propertics. The C-NMR speetry of 18-28 shows a single peak for chemically carbon atom of
carbonyl group at 166.82, 169.49, and 16%.62 ppm | respectively, and & single peak for carbon
atorn of cyano group at 117,59, 116.92. and 118.80 ppm , respecuvely. Furthermore IR spectrum
reveals the adsorption at 3428, 3421, and 3394 cm™ which is consistent with the presence of
hydroxy group for 18-20, respectively, and at 2206, 2211, and 2213 coi” which is consistent with

the presence of cyano proup for 18-20, respectively.
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Figure 8.7 Synthesis of D-7-A organic dyes {18-20).

8.3.2 Optical properties
The influence of different electron donors on the light harvest capacity of a dye
molecule was first evaluated by recording the UV-vis absorption spectra of the dyes dissolved in
dichloromethane (Figure 8.8), and the selected parameters were collected in Table 8.1. 17-20
showed the maximum absorption wavelength (A ) 436 nm (g = 15,700 M em™), 438 nm (5 =
16,100 M cm™), 430 nm (& = 5,900 M em™), and 459 nm (€ = 12,100 M cm™), respectively,
which weire comesponding (o HOMO (highest occupied molecular orbital) = LUMG (lowest

unoccupicd molecolar orbital) transition. Amonyst these photosensitizers, due to strong electron
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domating ability of the phenathiazine unit, the 20 dye wilth the phenothiazine electron donor
presents the Longest maxnnum absarption wavelength. which is an advantageons spectral property
for light harvesting of the solar spectrum, We ohserved that the 17-20 dyes exhibited strong
Juminescence maxima of 437-599 am when it is exciled within its 7=7¢ band it solution at romn
temperature showed the emission peak located in the blue-ormge region. The energy band gaps of
the 17-20 dyes were cstimated 10 be 2,28, 231, 223, and 2.23 eV, respectively, from

the absorption edge of the solution spectra.
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Figure 8.8 Absorption {left) and emission {tght) spectra of 17-20 recorded in

dichloromethanes.

Table 8.1 The absorption and fluorescence data of 17-20

Compound M (£x 10, P A E,
(nm (M em )y {nm)“" nm)’ eV)

) 17 436 (1.57) | 592 Sd4 2.28
18 435 {1.61), 341 {2.06) 559 537 2.31

19 430 (0.59), 362 (0.94), 298 (1.55) 316 330 223

20 459 €1.21), 339 (2.7} 437 356 223

" measured in dichloromethane solution at room temperature.
b - . - . .
excited at maximum absorption in solution,

" estimated from fhe onset of absorption (G, =1240/% ).
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The effect of solvent polarity on the absorption spectra of 17 dye was also studied
{(Figure 29 and Table 8.2). The absorptiom was measured in five different solvents
dimethylfonmamide {DMF), dimethylsulfoxide (DMS0), ethanal {ExOH}, tetraliydrofurane (THE)
and dichloromethane (DCM)). We assigned the absorption bands al 280 am as B1 and at 408-836
nin as B2, respectively. There is only B2 band that be eifected by solvent polarity change. These
B2 bands therefore are assigned as ICT bands of donor-wecepier melecaie whick can be generally
observed in mast sensitizer. The absorption spectra show blue shift when the polanty of solvents
arc increasing, 17 in DMFE exhibited lowest maximum absorption at 408 nm (4.87 » 107" A,
whereas 17 in dichloromethane exhibited the highest at 436 am (4.56 x 107 ), These resulls can
be considered as the negative solvatochromism-physical intemmolecular solute-solvent interaction
forees which tend to alter the energy difference between ground and excited state of chromophore
of the dyes [40]. The polar solvents ure good suppurting solvent (o the excited state dye species
more than non-pelar solvents resulting i close molecular arbital, which tends to absorby light at

high energy region (low wavelength). This effect was also found in the other molecules (18-20).

2.0

—— DMF
—a—DMSO

1.5

1.0

Mormalized intensity {a.u.)

0.0

. T ° " " s
i 400 L2 00
Wavelangth (o)

Figure 8.9 The absorption specira of 17 dye in various solvents.

Table 8.2 Maximum absorption of 17 measured in various solvents

solveni DMF DMSO EtOH THI DCM
Aoy 408 4]1 422 424 436
E (10" 5 4.87 4.84 411 4,69 4.56

* calenlated from E = hwih
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8.3.3 Thermal praperties
The thermal decomposition of 17-20 dyes was studied by thermaogravimelric
analysis under nitrogen atmospheric condition. TGA themmograms of the dyes we displayed in
Figure 8,10 and T, are Hsted in Tuhie £.3. The dyes cahibit 5% weight loss hetween 179 and 247
“C suggested that the dyes were thermally stable materials with temperature over 179 "C which is

good for long term stability of DSCs devices,

Waight (%}

1 =17
1 =18
AW a1
1 w20

Welr———_————
100 200 3H 400 00 1]
Temparature (")

Figure 8.16 TGA thennograms of 17-20 dyes.

Table 8.3 Thermai properties of 17-20 dyes

Compound T, (C)
I7 247
15 205
19 206
20 179

8.3.4 Maolecular orbital caleulation
To get an insight into the melecular structure and electron distibution of
the organic dye, the 17-20 dyes geometries have been optimized using DFT ecaleulations with
Gaussian 03 program. The calenlations were performed with the BTLYP exchange correlation
functiona] under 6-31G{dp) basis set. Computed HOMO and LUMO distribution of 17-20 arc
depicted in Figure 8.11 and 8.12. The genetal characters of the orbitals are independent of

the linker length and different clectron acceptor. The HOMO is of a-characteristics and is
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delocalized over the entire moleeule, inchiding the M-aryl and M-phenyinaphthaien-1-amine
groups. In the LUMOG, which alse has A-character, there is essentially oo contothubion from
the N-aryl and M-phenylnaphthalen-1-amine groups, and the electron density has been shifted
towards the acceptor group of the sensitizer. This supports the supposed push-pull characteristics
of these sensitizers. In addition, the optimized geometry of 17-20 indicates thut the A-ary] and
N-phenylnaphthalen-1-amine moiety at the end of the moleeule ar in 3-D spatial arrangement,
which makes the molecular structure nomplanar duc to the twist conformation aroumd
the carbazole-carbazole C-N bond. The nonplanar moleculsr structure of 17-20 could be
beneficial 1o solution-processability to form amorphous film, 17-20 are soluble in common
organic solvents such as THF, CH,Cl,, CHCI, and acclone, High-quality amorphous film can be

abtained by spin-coating its salution.

17

18

1%

HOMO LUMO

Figure 8,11 HOMO and LUMO distribution of the 17-19 dyes calcuiated with DFT an

a BTLYP/6-31G{d,p) level.
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Figure §.12 HOMO and LUMO distribution of the 20 dye caleulated with DFT an
a BTLYPA6-31G0d.p) level.

8.4 Cepclusions

Movel D-7-A organic dyes, 17-2b, have sytithesized as photosensitizers for DSCs
applications by using Ullmann coupling, Suzuki coupling and Knoevenagel condensation reaction.
Different types of substinute gronp at M position of N-phenylaaphthalen-1-amine moiety are
introduced to the molecules and serve as donor. The electron-withdrawing parts are cyanoacrylic
acid groups. The target molecules were characterized by using WMER, IR, UV-vis and fluorescence
teclmiques. The tarpet molecules exhibit a adsorption band cover UY and visible region.
Fluorescence spectra of the target imolecubes show enidssion peak at blue-orange region, excited at
Aoy of each molecule, 17-20 show good thermal properties. DTT calculations have been
performed on the dyes, and the results show that clectron distribution from the whele molecules to

the anchoring moieties ovoured during the HOMO-LUMO excitation.




CHAPTER 9
SYNTHESIS, CHARACTERIZATION, PROPERTIES AND APILICATION AS
HOLE-TRANSTORTING MATERTAL OF MULTI-TRJPHEN YLAMINi-
SUBSTITUTED CARBAZOLE

2.1 Introduction

Since the pioneering works on the first organe light-emitting diodes (OLED;) by Tang
n 1987 [54], OLEDs have attracted massive atlentions in the scientific community due to their
potential for foture flat-pane displays and lighting applications [55]. The past decade has scen
great progress in both device fabrication technigues and materials development [36, 571. One of
the key developments is the use of hole-transporting layers (HTL) for hole injection from
the anode into the light-emitting layer pieviding significant improvement in the performance of
the device [58). As 4 resull, many new hole-transporting materials {H'1'M) have been developed. In
particular, low-molecuiar weight amorphous materials have recejved interest as candidates for
HTM due to their easy purification by vapor deposition or colurnn chromatographic techniques,
and uniformly thin films can be processed simply by coating technigues. The most commonly
used amorphous hole-transporting materials {AHTM) are triarylamine derivatives such ag NN
diphenyi-N A -bis(1-naphthyl)-{1,1 -bipheny1}-4.4'-tiaminc (NPB}  and NN -bis(3-
mﬁlhy]phe:ny]J—Nﬂr—bis{phenyI]benzidine {TFD) which have cxeellent hole-transporting
properties. However, their low thermal and morphological siability usually lead w0 thejr
degradation. In order to achieve hiphly efficient and long lifetime devices, an AHTM with high
mobility, a high plass transition temperature (T ), a stable amorphous state and good thin film
formation is desirable. To optimize all these requircments, many efforis bave been devoled to
the synthesis of new AIITM. Carbazole derivalives containing peripheral diarylamine, sdditiona]
carbazoie, bis(4-zer~-butylphenylcarbazole units and dipyreny! units were also reported to exhibit
good thermal and morphological stability, Recently, we synthesized a series of momatic
compounds with peripheral triphenylamine-carbazole possessing high T, (12]-185 °C) values and

tound the OLED devices based on the resulting carbazoie compounds to be promising in terms of
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device performance and stability. Undoubiledly, it is very attractive to expiore and develop new
carbazole derivatives that meet the tequirements as AHTM for OLED: and which can be
synihesized using simple and low-cost methods, Our design involved multiple substitution of
the carbazole ring with triphenylamine wmoieties, With this moleeuiar architecture, amorphous

bole-transporting materials would be achieved (59].

9.2 Aim of the Study

Hercin, we report on a simplistic sytthesis of malti-triphenylamine substituted
carbazole (TaC (n — 2-41), and their physical and photophysical propertics, Investigation on their

abilities a5 hole-transporting laver in OLEDs is slso reported,

Figure 9.1 Chemical structures of TnC {n = 2-4),

.3 Results and Discossion

9.3.1 Synihesis
Figure 92 oulines the synthesis of the triphenylarnine functionalized
carbazoles. We began with the synthesis of 3,6-dibromo-N-dodecylcarbazole (66), 1,3, 6-teibrommo-
N-dodecyl carbazole (67} and I.3,6.8tetrabromo-M-dodecylcarbazole (68) by bromination of
N-dodecylcarbazale {65) with NBS. A solutiom of 65 in TIIT was trealcd with NBS (2.1-15.0

equiv.) in small portions in the absence of light 1o yield 66-68 in moderate to good yields (73-
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94%}. Subsequanty coupling of these multibrome-¥-dodecylcarbazoles {66, 67 and 68) with
4-(diphenylamino)phenyiboronic cid {2.2-5.5 equiv.) in the presence of PA(PPh,), as the catalyst
und agueous Na,C0), as the base in THT at reflux afforded B,ﬁ—hism-[diphenyIunﬁnﬂ}phenyl}—N—
dodecylearbazole {T2C), I,3,6—tri(4—{diphenylaminu}phcnle—N-cludm:y!carhuzo]c {T3C) and
1_.3,6._.S-tefrakis(d-{diphen}flaminn}phenyl}-N—dmlecyl carbazole (T4C) #s white solids i good
].rields (75-92%). The structures of all molecules were charactericad unamhiguously with H=NMR

"C-NMR Specttoscapy as well as high resolytion mass spectrometry. Noticcably, the 'H-NMR.
spectra of TaC show the chemical shifts of the dodecyl protons being shifted 10 low frequency as
the number of the triphenylaiine substitucnts on 5 carbazole mereased. This is due to a shielding
elfect resulting from a ring current produced by the surrounding 1- and % triphenylamine
substituents. Foe exampie, the chemical shift of -NCH,- protons of T2C (4.34 P shifts to 4.00
and 370 ppm in T3¢ and T4C, respectively, These compounds show good solubility in most

organic solvents

Nas Br
THF

12H2|5 Lo Hﬁ [:‘.12 HiS" é i2Hzg”
65 BE [34%,) 67 (T5%) B8 [TT%)
[F'h]zN—Q—B(DH]z PAPPhaly, 2M Na,COy. THE, reflu

(2.25.5 equiv)
H
12"425 I
TIE (T9%) 1‘2Hlﬂ Q er 12Hc25
T3C f92%] T4C isam

Figure 9.2 Synthesis of triphenylamine substiluted carbazoles {TnC {n = 2-4)).
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8.3.2 Optical properties

The solution UV-Vis absorption spectra of TnC show absorption band at 320-
328 om correspanding to the a—m* elcotron transition of the mconjugated 3.6-bis(4-
{diphen}'l:1minu}phenyl}uarbaznlc hackbane {Figure 9.3). In cases of T3C and T4C, absorption
band at lower wavelengihs (284-296 nm) s observed, whish is identical to the absorption peak of
4 triphenylamine chromophore, This absorption band can be assigned to the s g clectron
transition of the isolatad trphenyiamine substituents at the 1- or B-positions, The intensity of fhis
peak is stronger in T4C as it has two triphenylamine moietics {1,8-positions). This oulcome agrecy
with the quantum chemisiry calenlation results. The solution photoluminescence (FL} specira of
TacC display an emission band in the blue-purple region {0 = 415-419 nm}. The PL spectra of
their thin films are similar to those in solution with a ~10 nm red shift. This indicates the presence
of certain intermolecular electronic interactions. Neveriheless, the degrec of the red shift is
considerably smaller than those oheerved with Feonjugaled compounds that adopt face-to-face
stacking. These materials show slight Stokes shitts (91-95 mm) suggesting reduced energy loss

during the relaxation process.
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Figure 9.3 Absorption {left) and emission {right) spectra of TnC {6 = 2-4) recorded in

dichloromethune.
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Tanle 9.1 The absorption and flucrescence dala of TaC {n— 2-4)

P"'mn-:b’ ?"'mu " '?"‘n:uuzr-bs EE
Compound a b
(hm ) {urn) (nm)’ {eVy
TiC 324 4135 A% 250
T3C _ 335,286 417 484 2.50
T4C 328, 284 419 444 276

" measured in dichloromethane solution al 1001 femiperature,
b . o .
excited at maxinum absorption in salution.

* estitnated from the unset of absorption {Eg = 124Gf?bmmj.

9.3.3 Thermal prepertics

The thermal properties of TaC were determined by differential SCANing
calorimetry (DSC) and thermogravimetric analysis (TGA) and the results are shown in Figure 9.4
and Table 9.2. T2Cis a crystalline material as its DSC trace reveals ouly an endothermic peak due
to the meiting point at 189 “C, while thermogram of T4C shows only an endothermic baseline
shift due o glass transitions (T a1 122 °, indicating amorphous material, When the crystalline
sample of TIC was subjected to DSC heating scan, an endothermic baseline shift at 78 “C
tollowed by an cxothermic peak due to erystaliization and endothermic melting peak at 163 and
207 °C, respectively, are observed, indicating semi-crystalline material, The T, valne of
the amorphous T4C |s higher than those of the most widely used HTMs, NPB (T, = 100 °C) and
TPD (T, = 63 "C}. The thermal stabilities of T were further confirmed by TGA mensurements
showing an increasing 5% weight loss temperatures (T, from 334 °C for T2C to 415 °C for T4C
as number the triphenylamine in the molacyle increased. The resuits suggest that the presence of
mote triphenylamines in the molecule not only improve its thermal stability, but also inducce
the formation of an amoiphous (orm in the material, which in turn could increase the service time
in device operation and enhance the morphological stability of the thin fiim. Moreover, the ability
to form a molecular glass with the possibility o prepare good thin films by both evaporation and

solition casting processes is highly desirable for application in ¢lectroluminescent devices.
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Figure 9.4 DSC and TGA curves measured with a heating rate of 10 "C/min under N,

Table 9.2 Thermal properties of T (n = 2-4)

Compound T, (C) T_('C) T,, (C)
T2C - 189 334
TAC 78 207 372
T4C 122 - 415

9.34 Electrochemical property

CV curves of TnC measured in CH,C], containing n-Bu,NF, as supperting
electrolyte exhibit muliple quasireversible oxidation pm;cm:s {Figure 9.5, Table 9.3}, Under
these experimental conditions, no reduction is observed in all cases. The first twe oxidation WaAVES
at 0.78 and 0.8% V in all vompounds appesr at the same potential and can be assigned to
the removal of clectrons from the conjugated 3,6-bis(4-{diphenylaminoJphenyl)carbazole
backbone resulting in radical cation and dieation, respectively. The oxidation waves at 1.03-1.07
V in both T3C and T4C match with the oxidation potential of a triphenylminc (E , = 0.98 ¥V vs
SCE) and therefore can be allocated to an oxidation of the isolated triphenylamine substituent at.
the 1,8-positions, consenting with both optical and the quanturn chemistry caleulation results.
The oxidation waves at higher potential (1.20-1,29 V) of all cases currespond 1o the removal of
electrons from the interfor carbazole moiety, Muitiple CV scans revealed identical CV curves with
ne additional peak at lower potentials on the cathodic scan (E,J being observed. This suggests no

electrochemical coupling at both the carbazole and triphenylamine petipheries, indicating
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electrochemically stable molecules. Usually. this type of electrachemical coupling reaction is
detected in most triphenylamine derivalives with unsubstituted p-position of the pheny ring such
as1n case of ?-{p}fn:n—1—}']J-2.9.9—[ri5{4—dip}1unylaminophen}f]}ﬂunrene. The geric hindrance effect
and stability by clectron  delocalization might play an Imporant role in preventing
the triphenylamine moieties 1o such elertrochemical reaction in all compounds. The HOMO and
LUMCG energy levels of the Tue were cateulated from the oxidation onset potentiais (k.. and
encrgy gaps {E.} and the results are summarized in Table 9.3, All compounds bave identies]

HOMO levels of -5.15 V, while their LUMO levels sre varied from - LB6 w -1.91 V.

Current {uA)

. . . . .
0.0 0.5 1.0 15
Valage vz AgfAg' (V)

Figure 9.5 CV curves measured in CH,C], at a scan rate of 3¢ mV/s.

Table 9.3 Electrochemical properties of TnC (n = 2-4)

E,. "  Ag/Ag I, HOMO/LUMO
compond . " \
(V) {eV) (e¥)
T2C 0.78,0.89, 1.20 3.2% -5.15/-1.86
T3C 0.78,0.89, 1.07,1.25 3.26 -5.16/-1.90
T4C .78, .89, 1.03, 1.29 3.24 -5.15/~1.91

* Measured by CV using glassy carbon working electrode, Pt counter electrode and Agidg
reference electrode with 0.1 M n-Bu, NPF, as supporting electrolyte in CH,CL, solution.

" Cateulated by E_ = 1240/, ; HOMO = (d.44 + E” o) LUMO = E_+ HOMO.
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9.3.5 Molecular orbitsl calculation

To gain insight inte the zeometrical and electronic properties of these muitiple
substituted carbazole, quantum chemistry calcudation was perfomed using lhe TDDFT/BILYP/G-
31G(d) method. The optirnized siructures of TnC reveal that the phenyl rings attached to
the carbazole of each triphenyiamine 1aise o of plane of the carbazole forming bulloy
substitvents around the carbazole especially in TAC (Figure 2.6 and 9.7). This would facilitate
lhe formation amorphous materals. In all cases, aclectrons in the HOMO orbituls deioealize unly
over the carbazole and two triphenylamine substituents at the 3.6-pasitions (3 6-bis(4-
{diphenylamino)phenyllcarbazoie backbone), and no electrons at triphenylaimite moicties at
the 1,8-positions. In the LUMO orbitals, the excited electrons are defocalized over the carbazale
plane and the phenyl ring of the triphenylamine substilvents at the 1,8-positiuns. This suggests that
substitution of a carbazale at the 1- o &-positions with lripheny;laminr: only has the effect on

the LUMO of the molecuie, while the HOMO remains nearly untouched.

-y .g—-g_"“
T2C | ;

TaC

LUMO

Figure 9.6 IIOMO and LUMO orhitals of TnC {(n = 2-3) caleulated by
TDDFT/BILY P/6-31G(d).
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Table 9.4 O1.ED devicr characterislics

Ivunwl[li lﬂn Lnlax ?? EQE

compoud , ) %)
(¥} {(nm) (cd/m’) {cd/A)

TC 2430 518 2E7E1 397 0,24

TAM 2434 SIH 25057 3.00 .24

T4C 2.5/34 518 22411 5.07 0.25

" Voltage at luminance of 1 and 100 cd/m’.

® External guantum efficiency,

9.4 Conclusions

In summary, we demonsirated the simple dcsign  stratcgy, synthesis  and
characterizations of multi-triphenylamine-substituted  carbazole. By increasing nnmber of
triphenylmine substituents in the molecule not only improve its thermal stability, but also induce
the formatien of an amorphous form in the material. They are electrochemically and thermally
stable materials with reasonable bigh glass rensition ternperatures. These materials show excellent
hole-transporting property for Alg3-bascd green OLED with device's lominance efficiency as high
85 5.07 cd/A being achicved.




CHAPTER 10

SUMMARY

Navel 1)-7F-A organic materials (1-20) containing different donar and Linker anits {or
using as dye melecules in dye solar cells (139Cs) were suceesstully symthesized. The target
tnolecules were characierized by lH-NI'»*IR, IJ]'ililwlI"-fIR, TT-1R, and MATIN-TOF A5 techniques.
The optical study by UV-Vis spectroscopy indicated that designed molecules exhibit an adsorption
band cover UV and visible region. All compourtds show good thermal properties, Morcover,
Density functional theory (DFT) caiculations have been performed ot the dyes and the results
show that clectron distribution from the electron donors to the electron acceptors occurned diming
the HOMO-LUMG excitation. The photovoltaic perfoimance of DSCs using these materials as
dyes is under investigation and will be reported in the future. Finally, the multi-triphenylaming-
substituted carbazoles (T2¢, T3C and T4C) for using as hole-transporting layer in organie light-
emitting diodes (OLEDs) were successfilly synthesized and churacterized. The thermal ancl
electrochemical stability and formation of an amorphous form in the material was improved by
increasing number of triphenylmine substituents in the molecule, T2C, TAC and T4C compounds
show cxcellent hole-transporting property for Alg¥-based green OLED with deviee's lnminance
efficiency in the range of 4,97-5.07 ed/A.




CHAPTER 11
EXPERIMENT

11.1 General precednres and instruments

'H-NMR speetra were recorded on Briker AVANCE (300 and 500 MHz) and Varian
Inova 300 MHz spectrometer. "C NMR spectea were recorded on Britker AVANCE (75 and 125
MHz) und Varian Inova 75 MHz spectrometer and were fully decoupled. Chemical shifls () are
reported relative to the residual solvent peak in part per million {ppm), Coupling constants (1) are
given in Hertz (Hy), Multiphicities are quoted as singlet (5), broad (hr), doublet (d), triplet (1),
quartet (g}, AA'BB’ quartet system (AA’BB'), AB quartet {ABq} and multiplet (m).

The IR spectra were recorded on a Perkin-Elmer FT-IR spectroscopy as KBr disks or
neal liquid between twoe NaCl plates. The absorption peaks are quoted in wavenurnber (cm’').
U¥-visible spectra were measured in spectrometric grade dichloromethune and tetrahydrofiran on
Perkin-Elmer UV Lambda 25 and Varian Cary 1E UV Visible spectrometer. The absorption peaks
are reported as in wavelength {nm) (log & /dm'mol ¢} and sh refers to shouider. Fluorescence
specira were recorded as a dilute solution in spectroscopic grade dichloromethane on a Perkin-
Elmer LS 50B Luminescence Spectrometer,

Dichloromethanc was washed with cone, H,80, and distilled twice from calcium
hydride. Tetrahydrofuran (THF) was hested at reflux under nitrogen over sodium wire and
benzophenome until the solution became bluc and treshly distilled before use. All reapents and
solvents were purchased from Aldrich, Acros, Fluka or Thai Supplies and rcce.ived unless
otherwise stated.

Anglytical thin-layer chromatography (TLC) was performed with Merck alurminium
plates coated with silica gel 60 Fizp Column chromatography was carried out using gravity fod
chromatography with Merck silica gel mesh, 60 A. Where solvent mixtures are used, the portions
arg given by volume.

The clecirochemistry was performed using 2 AUTOLABR  spectrometer.

All measurements were made at room temperatre on sample dissolved in froshly distilled
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dichloromethane, 0.1 M telra-p-butylammonium  hexafluorophosphate  as clecirolyte,
The soletions were degassed by bubbling with argon, Dichloromethane was washed with
concentrated sulturic acid and distilled from calcium hydride. A glassy carbon working electrode,
platinum wire countar electrode, and a ApfAgCINaCl (Sat.) reference clectrode were used.
The ferrocenivm/ferrocene eouple was used as standard, and the ferrocene was pwrified by
reerystallisation from ethanol and then dried under high vacuum and stored over PO,

Thermal gravimetric analysis (TGA) was performed on TG&120 thermoPlus, Rigaku,
Japan thermal analyzer and TGA/DSC 1 thermogravimetric analyzer from Mettler Tutedo.
Samples were scanned from 25 °C to 800 °C using a heating rate of 10 'C/min and a cooling rate
of 70 “Cémis under a nitrogen flow.

Differential scarming carolimetry {DSC) analysis was pertormed on a METTLER
DSCE23e thermal analyzer using a heating rate of 10 °C/min and a cooling rate of 50 "C/min under
A pitrogen flow. Samples were scanned from 25 to 350 °C and then rapidly cooled to 25 °C and
scanned for the sceond time at the same heating rate 10 350 °C.

Melting peints was measurcd by Griffin Meilting point apparatus in open capillary

method and are uncorrected and reported in degree Celsius.

11.2 Synihesls and characterizatlon

Chapter 2:

5-(4-(Diphenylamino)phenylithlephenc-2-ca rhaldehyde {22)

<
BovaeV

A mixture of {4—{dipheh)rlan1inu}phenyl}hnmniu acid (21) (0.50 g, 173 mmol),
S-bromothiophene-2-carbaldchyde (0.33 g, 1.73 mmaol), Pd{PPh,), (0.08 g, 0.07 mmol), and 2 M
Na,L0; aqueous solution {17 ml, 34 mmol} in THF (20 ml) was degassed with N, for 5 min.
The reaction mixture was stied at reflux under N, for 24 h. After being cooled to room
temperature, water (30 mil) was added and extrected withy CH,CL, (30 ml x 3). The combined

orgunic phases were washed with water (30 ml) and brine solution (70 ml}, dried over anhydrous
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Na,SC,. filtered, and the solvents were removed to dryness. Puritication by cobumn
chromatography over silica gel eluting with a mixture of CH,Cl, and hexane (2:3) fullowed by
recrystallization  with 2 mixtere  of CH,Cl,  and  methanel  afforded  5-(d-
{diphenylaminﬂ}phenyﬂthinphena—E—carhaMehyde (061 g 99%) as green solid C,I . NOS;
'H-NMR (300 MHz, CDCLY 8 9.85 (1H, s), 7.71 (IH, 4, J = 39 Hz}, 7.52 (2H, 4, J = 8.4 Hz),
7.33-7.27 (SH, m), and 7.16-7.05 (84, m} ppm; "C-NMR (75 MHz, CDCL) § 182.90, 147,24,
138.01,129.76, 127.52, 125.45, 124.15, 123.13, and 122.64 ppm; FT-IR {KBy) 3033, 2923, 2800,
2743, 1638, 1595, 1444, 1322, 1284, 1228, 1020, 803, 756, and 636 cnfl; MS (MALDI-TOF) in/z
= 3552590 [M)", 355.1031 caied for C,,H, NOS.

(Ey-2-Cyano-3-(5~(4-(diphenylamino)phenylthiophen-2-ylhucrylic acid (1}

o,

A mixture of 22 (0.20 g, 0.56 mmol) and cyanoacetic acid {(0.24 g, 2.81 mmol) was
vacuwn-dried and added piperidine {0.33 ml, 3.94 mmeol) in CHCE, (20 ml). The solution was
refluxed for 6 h. After cooling the solution, the organic layer was removed in vacuo. The pure
product was obtained by column chromatography over silica gel eluting with a mixiure of MeOT
and EtQAe (1:9} followed by recrystallization with a mixture of CH.Cl, and methanol afforded 1
(0.12 4, 50%) as light orange solid; C, H N O.S: m.p. 254-255 °C, 'H-NMR {300 MHz, CDCL,) &
834 (LH, 5), 7.53 (1H, s}, 7.19 (7H, s}, 7.00 (7H, ), and 6.86 (2H, s) ppm; "C-NMR (75 MHz,
CDClﬁ} 4 169,86, 151.69, 148.45, 147,14, 14531, 138.33, 135,14, 129,58, 127.17, 126.74, 125.10,
123.79, 123,13, 122.54, 118.87, and 103.54 rpm; FT-IR (KBr) 3422, 3064, 3024, 7919, 2853,
2212, 1590, 1489, 1442, 1392, 1314, 1271, 1239, 1193, 1061, 935, 802, 752, 695, and 617 cm'];
MS (MALDL-TOF) m/z = 422.2762 [M]", 422.1089 caled for C,.H,,N,O.S.

IHA-{Carbazol-%-yl)phenydthiophene-2-carbaldehyde (24)

Roa
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A mixture of 3-(4-bromophenyllcarbazole (23) {0.80 2. 248 mwl), (5-
formyithiophen-2-yl)boronic acid {3.42 g, 2.68 mmol), Pd(PPh,), {11 2, 0.10 mmob), and 2 M
NaCO; agueous solution (25 ml, 50 mmed} in THF (40 ml) was degassed with N for 5 min,
The reaction mixturc was sticred at reflux under N, for 24 h. Afier being cooled to room
lemperatere, water {70 ml) was added and extracted with CH,CL, (70 ml x 3). The combincd
organic phases were washed with water (70 ml) and brine salution {70 ml}, dried over anhydrous
Na 30, filtered, and the solvents were removed 1o dryness.  Purificafion by column
chromatography over silica gel eluting with 1 mixture of CH,CL, and hexane {2:3) followed by
recrystallization with & mitture of CILCL, and mcthanol afforded  S-(4-(carbazol-9-
ylphenyljthicphene-2-carbaldehyde (0.26 g, 30%) as green solid; C,H,NOS; "H-NMR (300
MHz, CDCL} & 9.94 (1H, s), 8.16 (21, d, / = 7.8 Hz), 7.9] (2H,d,7=84 Hz), 7.80(1H, d, F =
3.9 Hz), 7.67 (2H, 4, J = 8.4 Hz), 7.51-741 (5H, m}, and 7.35-7.29 (2H, m) ppm; "C-NMR (75
MHz, CDCL} & 182.77, 153.07, 142,87, 140.51, 138.80, 13743, 131,95, 127.89, 127.52, 126.13,
124.49, 123.67, 120.44, 120.37, and 109.73 ppm; FT-IR (KBr) 3090, 3061, 2926, ZB4E, 2734,
1670, 1478, 1452, 1416, 1364, 1337, 1231, 1117, 1017, 16, 753, and 725 Gm-l; MS (MALDI-
TOF) m/z = 353.2087 [M]", 353.0874 caled for C, H NOS.

{E]-S-{S-{4~{Carbazul—!}v},rl}phenyl}l:hiup]mn-l-y]}ﬂz-cyannacry[ic acid ¢2)

A mixtare of 24 (0.30 g, 0.85 mmol) and cyanoacelic acid {0.36 g, 4.24 mmal) was
vacuum-dried and added piperidine (0.59 ml, 5.94 mmel) in CHCL, (20 ml). The solution was
refluced for 6 h. After cooling the solution, the organic layer was removed in vacuo. The pure
product was obtainied by column chromatoraphy over silica gel eluting with a mixture of MeOH
and ErOAc (1:9} followed by recrystallization with a mixture of CH,CL, and methancl afforded 2
(0.25 g, 70%) as light yellow solid; CoaH NLG,S; mup. 254-255 °C; "H-NME {300 MIiz, CDC,) 5
8.50 (1H, s, br), 8.03-8.02 (211, m}, 7.67 (211, m), 7.40 (4, m), and 7.24 (611, m) ppay; “C-NMR
{75 MHz, CDCL} & 168.83, 140,38, 138.08, 132.04, 12?,60,’1-2?.19, 126,19, 123.60, 120,40, and
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109.76 ppm: FI-1R (KBr) 3420, 3059, 3020, 2918, 2852, 2307, 1590, 1489, 1441, 1392, 1314,
1271, 1237, 1191, 1178, 1060, 891, 803, 752, and 696 ¢m ; MS {(MALDI-TOF) m/z = 420.2902
[M]'", 420.0932 caled for C,H N.O,S.

3-lodocarbazale (26)

Q3

i

A mixture of carbazole (25) (5.00 g, 29.90 mmol), KI (3.23 g, 19.44 mmol), KIO,
(3.20 g, §14.95 mmol} o glacial acetic acid (73 ml) was heated at 70 °C for 10 min
The temperature was cooled and DCM {200 mi} was added. The organic phase was thoroughly
washed with water (200 ml x 4), 0.2 M agqueous N3, 80, (70 mi x 2} and agueous MaH{CO, (200
ml}, brine solution {200 ml), dried over anhydrous Na, 50, and filtered. After solvent evaporation,
the pure compound was obtained by recrystallization from DUMthexane mixture as light gray
solids (7.36 g, 84%): C,HIN; m.p. 145-146 °C; "H-NMR (300 MHz, CDCL,) & §.39 (1H, 5), 8.08
{s, 1IL, br), 8.02 (iH. d, S = 7.8 Hz), 7.66 (11, dd, S = 9.0 Hz, J = 1.6 Hz}, 7.48-7.41 (2ZH, m}, and
7.30-7.21 (2H, m) ppm; “"C-NMR {75 MHz, CDCL) 5 135.04, 134.30, 129.61, 129.45; 126,83,
120.72, 120,20, 112.94, 112 83, an-;'I P09 ppim; FT-IR (KBr) 3404, 3033, 1608, 1441, 1018,
928, 808, 746, and 569 cm .

2-Indo-9-phenylearbazole (27)

o

To a mixture of Cul {0.65 g, 3.41 mmol), KOBu (1.91 g, 17.06 mmol), and
iodobenzene {1.39 g, 6.82 mmol} in luens {60 mL) were added 3-iodocarbazole (26) (2.00 &,
6.82 mmol) and (+}-trans-1,2-diaminocyelohexane (0.41 g, 3.41 mmol), The reaction mixture was
stirred at 110 °C .under nitrogen. After 24 T, water {50 ml} was added until the two phases mixed.

The solution was extracted with CH,Cl, {50 ml x 3}, washed with water (50 ml}, brine solotion {50
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ml} and dried with Na, S0, filtered, and the solvents removed to dryness. After the solvent
was evaporated, The crude produst was purified by colurmn chromatography on silica gel with
hexane as etuent w yicld 3-iode-9-phenylearbazole (27} (2,34 2, 93%) as light white viscous
CH LN 'TI-NMR. (300 MHz, CDCLY S 8.52, (1H, ), 8.13 (1H, d, 7= 7.2 Hz), 7.71-7.62 (3H,m},
7.35-745 (5H. m), 7.35 (2L 1. J — 3.5 Hz), and 7.23-7.18 (1H, m) ppm; "C-NMR (75 MHz,
CDCL) & 134.15, 129.99, 129,16, 127.80, 127.07, 126.64, 120043, 120,38, 111.83, and 105.94
prm; MS (MALDI-TOF) mvz = 369.1355 {M] ™, 369.0014 caled for C,,H,_IN.

5(%-Fh enylearbacol-3-ylilhivphene-2-ca rbaldebiyde (23)

N

<

A mixture of 27 (0.75 g, 2.03 mmol), (5-formylihiophen-2-y1Yboronic acid (0,34 T,
2.1% mmol}, Pd{PPhL,), (0.09 ¢, 0.08 tumol), and 2 M Na,C0, aquecus solution (20 ml, 40 mmal)
in THF (20 ml) was degassed with N, for 5 min. The reaction mixture was stirred at reflux under
N, for 24 h. After being cooled to room temperature, waler (30 ml} was added and extracted with
CH,CL, (30 ml x 3). The combined organic phases were washed with water (30 ml) and brine
solution {30 i), dried over anhydrous Na, S0, filtered, and the solvents were removed to dryness,
Purification by column chromatography over silica gel eluting with a mixture of CH,CI, and
hexane {2:3) followed by recrystaliization with a mixturc of CH,C, and methano! aflerded 5-(3-
phenylcarbazol-3-yDthiophene-2-carbaldehyde (28} (0.34 g, 48%) as vellow solid; C,H,,NGS;
m.p. 125-126 “C; 'H-NMR (300 MHz, CDCL,) & 9.89 {IH, s), 8.44 {1H, 5}, £.19 (1H,d, 7= 7.8
Hz), 7.77-7.70 (2H, m), 7.66-7.61 (ZH, m), 7.57-749 (34, m), and 7.46-7.32 (5H, m) ppm;
"C-NMR (75 MHz, CDXCL) § 182.62, 155.99, 141.46, 137.80, 137.15, 130.04, 127,92, 127.06,
126.74, 127.20, 124.67, 123,99, 123.12, 123.04, 120061, 120.54, 118.48, 110.43, and 110.19 ppm;
IT-IR {KBr) 3064, 2058, 2924, 2854, 2800, 1661, 1598, 1501, 1436, 1364, 1233, 1262, 1057,
1025, 879, 801, 747, and 699 om’'; MS (MALDI-TOF) mvz = 353.2273 [M]", 353.0874 caled for
C,H,NUS,




113 .

{.*:'}—Z—C}'an0—3—{5-{?—|1h:-.r.:rlnarhu'.r.uI—3—y1}thiﬂphen—l—y])ﬂcryﬁc acid (3)

M M
G ST oo

A mixmore of 28 (.30 g, 0.85 mmol) and cyancacetic acid (0.38 i 424 mitnal} was
vacuum-dried and added piperidine (.51 ml, 5.94 mmel} in CHCI, (20 ml). The sclution was
refluxed for 6 h. After cooling the selution, the organic layer was removed in vacuo. The pure
product was obtained by column ehromatography over silica el eluting wilh a mixtore of MeOH
and ClOAe (1:9) followed by recrystallization with 2 mixture of (-H,Cl, and methanol afforded 3
{024 ¢, 68%) as light arange solid; GHHMNZDIS; m.p. 260-26] DC; ]H-NMR (300 MHz, CDCL} &
8.42 (1H, 53, 822 (11, 5}, 8.08 (1H, o, f = 6.6 Hz), 7.70 (1H, 5}, 7.55 (1H, 5), 748-7.47 (4H, m),
7.31-7.28 (4H, m), 7.20 (14, d, J = 6.6 Hz), 7.10 (1H, m), and 6.96 (1H, s) ppm; "C-NMR (75
MHz, CDCL,) & 167.96, 153.62, 145,37, 141.18, 140.84, 138.56, 136.89, 136,67, 134.73, 129.96,
127.72, 126,68, 125.45, 125.18, 124.45, 123.71, 123,17, 122.94, 120.53, 118,41, 118.08, 110,09,
gid 110.00 ppn; FT-IR (KBr) 3411, 3055, 3037, 2956, 2910, 2861, 2219, 1684, 1567, 1500,
1414, 1235, 1062, 803, 760, and 698 cm'; MS (MALDI-TOF) m/z = 4202049 [M]" . 4200932
caled for C, H NG5,

3,6-Di~terr-butyl-9-phenylearbazole (31)

To a mixture of Cul (170 g, 895 mmol), KOBu (5.02 g, 44.73 tmmol), and
iodobenzene (3.65 g, 17.89 mmol} in toluene (60 mL) were added 3,6-di-tert-butylcarbazole (29)
{5 g, 17.89 mmol) and ()-rrans-1,2-diaminocyclohexane (1.02 g 1.07 mmpl). The reaclion
mixture was stirved at 110 °C under nitrogen. After 24 b, water £100 mi} was added until the two
phases mixcd. The solution was extracted with CH,CE, (100 mi x 3), washed wilh water (100 ml),

brine solution {100 ml) and dried with Na,30),, filtered, and the solvents removed to dryness, After
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the salvent was evaporated. The crude product was purified by eolumn chromatography on

silica gel with hexane as eluent w yicld 3.6-di-terr-butyl-9-plhenylearbazole (6.29 g, 99%) as light
white solid: CoH,N; mup. 150-15¢ (3 'H-NMR (300 MHz, CDCL) & 8.14, (2H, s), 7.56-7.54
(4Hm), 7.46-7.32 (S, m), und 1.46 (1811 s} ppuc | C-NMR {75 Milz, CDCL) 5 143.11, 139.61,
138.60, 130,03, 127.25, 127.09, 12387, 123.66, 116,50, 109,50, 35.03, and 32.34 ppny;, FT-1R
(KBr) 3058, 3034, 3004, 2031, 2004, 2862, 1585, 1503, 1488, 1477, 1456, and 1381, ::1114; M5

(MALDI-TOF) m/z = 355.4462 [M]', 355.2300 caled for C, 1N,

3,6-Di-tert-butyl-9-(4-iodophenylicarbazale (31)

:g@

A mixture of 3,6-di-fer+-butyl-S-phenyicarbazole (30) (4.36 g, 12.27 mmel), L(lL56g,
6.13 mmel), K10, (0.52 g, 2.45 mmol) and 20%H,S0, (50 ml} in glacial acetic actd {75 mi) was
heated a1 70 °C for 10 min. The temperature was cooled and DOCM (100 ml) was added.
The orgamic phase was thoroughly washed with water (100 ml x 4), 0.7 M aquecus Na, 30, (100
ml x 2} and aqucous NaHCO, (100 ml), brine solution {10{} m}, dried over anhydrous Na,80, and
filtered. After solvent evaporation, the pure compound was obtained by recrystallization from
DCM/hextane mixture as light white solids (4.27 g, 80%): CoH,ING mup. 271-272 °C; 'H-NMR
(300 MHz, CDCL) 8 8.10 (1H, s), 8.09 (1H, s), 7.93 (2H, ), 7.58-7.45 (6H, m), and 143 (18H, s}
ppm; "C-NMR (75 MHz, CDCI) & 145.19, 139.11, 137.99, 136.01, 13543, 130.36, 128.38,
124.79, 116,31, 109.99, 73.44, 3471, and 32.05 ppm; FT-IR {KBr) 3069, 304(, 3007, 2954, 2897,
2865, 1547, 1477, 1418, 1264, and 496 cm'; MS (MALDI-TOF) vz = 481.3173 [M]", 481.1266
caled for €, H, IN.
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S-{4+3,6-Di-tere-butylecarbazol-S-yhiphenyDthiophene-2-carbraldehyde (32)

w1 o
o

A mixeure of 31 (2,50 ¢, 520 mumol}, (5-formyithiophen-2-yDboronic acid (187 g,
5.61 mmol), PAPPh,), (0.24 g, 0.21 nunol), and 2 M Na,CO, aqueous soiution (32 mt, 104 mrmal}
in THE {50+ inl) was degasscd with M, for 5 min. The reaction mixture was stirted at reflux wnder
N, for 24 h. After bemng coaled to room temperature, water {70 ml) was added and extracted with
CH.CL (70 ml x 3). The combiged ufganic phases were washed with water (70 ml) and brine
solution (70 ml), dried over anhydrous Na,50,, liltered, and the solvents were removed to dryness.
Purification by column chromatography over silica gel eluting with a mixwre of CH,CL and
hexane (2:3) followed by reerystallization with a mixture of CH,Cl, and methanc! afforded 5-(4-
(3 ,6-di-fert-butylearbazol-9-y1)pheny! hiophens-2-carbaldeshyde (32} (1.45 g 60%) as vellow
solid C,,H,,NOS; 'H-NMR (300 MHz, CDCL) § 9.73 (1H, 5, 8.24 (1H, 5}, 8.16 (1H, s}, 7.45-7.13
(TH, m}, 6.45 (1H, d, J = 24.6 IIz), and 1.48-0.86 (18H, m) ppm; "C-NMR (75 MHz, CDCL) §
182.135.93, 12811, 128,40, 127.38, 127.28, 116.32, 109.98, 37.37, 3223, 32.17, 32.00, 20.95,
2294, and 14.34 ppm,;, FT-IR (KB} 2954, 2024 2853 1603, 1452 12359, 1226, 1088, 978, and
805 cm '; MS (MALDI-TOF) miz = 465.3744 [M]" ", 465 2126 caled for C, H, NOS.

{E)-2-Cyane-3~(5-(4-(3,6-di-terv-butylcarbazol-9-yl}phenylithiophen-2-yljacrylic

Do

A mixture of 32 (0.30 g, 0.6d4mmal) and eyanoacctic acid (0.27 g, 3.22 mmol) was

acid {4}

vacuum-dricd and added piperidine (0.45 ml, 4.5 numeol) in CHCL, (20 ml). The solution was

reflluxed for 6 h. After cooling the solution, the organic laver was removed in vacuo. The pure




produst was obtained by column chromatography over silica gel eluting wilh o nusire of
MeOH and EtOAc (1:9) followed by recrystallization with & mixture of CILCL and methanol
afforded 4 (0,22 1, 65%) as light vellow solid; C, H, N.O\8: 8.19-8.15 (2H. m). 7.21 (1H. 5], 7.33-
FAZ(9H, m), 6.41 (1, s}, and t 45-126 (LRI, mk YUNMR (75 MHe. CDCLY S 16518, 146.61,
145,33, 142,86, 13926, 138,11, 137.62, 136.74, 13588, 132240, (3013, (2895 125.00, 12845,
12531, 12405, 117.56, 11662, 10999, 4294 3480 3473, 3211, 3207, 29.94, 29,58, 2294,
and 14,38 ppim; FT-IR {KBr) 3424, 3037, 2934, 2925, 2854, 2207, 1702, 1595, 1475, M54, 1365,
1285, 1263, 1209, 1055, 1014, 875, 811, 731, and 695 cm'l; MS {(MALIYN-TOF) nvz = 532.2700
M1, 532.2184 caled for €, H,N,0,5.
Chapter 3;

2-Todofluorene {34)

T

A mixture of fluorene (33} (1.00 g, 6.02 ramol), I, {(.83 g, 3.25 mmoel), K10, {0.26 g,
1.20 mmof) in glacial acetic acid (50 mi) was heated at 80 'C for 10 h. The tempermtore was
cooled and DCM (50 ml) was added. The organic phase was thoroughly washed with water (50 ml
x 4), 0.2 M aqueous Na,S0, (50 ml x 2} and aquecus NaHCG, (50 ml), brine solution {50 ml),
dried over anhydrons Na 80, and filtered. After solvent evaporation, the pure compound was
obtained by recrystallization from DCM/hexane mixwre as light vellow salids (072 g,41%):
C,,HJ; 'H-NMR (300 MHz, CDCL,) 8 7.82 (1H, s}, 7.70-7.63 {2H, m), 7.49-7.43 (2H, m), 7.39-
7.26 (2H, m), and 3.78 (2H, s) ppm, “C-NMR (75 MHz, CICL)Y & 145375, 142596, 141.6],
141.05, 136.25, 136.03, 134,44, 127.61,127.24, 125.29, 121,84, 121.78, 120,29, 92,16, and 36.93
ppm; FT-IR (KBr) 3049, 3028, 2993, 2889, 15935, 1562, 1465, 145, 1393, 1272, 997, 820, 762,
730, and 568 cm .

9.9-Dihexyl-2-lodelluorens {1a)

CgHqd Es“w
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T a mixture of 2-iodofluorene {34} {10y, 34.23 mmel) and teirabuiyl ammoenivm
bromide (1g) in DMSO {100 ml) was added an aquecus Na(H selution (50% WV, 6 mll follow
by 1-bromeohexane (14 ml). After being stirred at room temperature for 3 b, the reaction mixiure
was cxtracted with ethyl acetate (100 mlx3). The combined orpanic phase was washed with water
{100 ml), HCL soluticn{l M, 50 ml}, brine selution(100 ml}, dred over sodium subfale anhvdrous,
filtered and the organic phase was removed in vaceum, Purification by column chromatography
using siliga gel eluent with hexane gave 9.9-dihexyl-2-indoflucrene (19} (14 g, 82%) as colouriess
viseous C, H,I; "H-NMR (300 MHz, CIXCL}Y 6 7.66 (301, s}, 744 (1H, d../ = & Mz}, 7.26-7.34 (3H,
), 1L88-1.97 (4H, m}, 1.04-1L.06 (12H, m), .79 {611, t, J -~ 6 Hx), and 0.58-0.63 {411, m) ppmy,
“CNMR {75 MHz, CDCL) 3 153.28, 150,12, 14080, 136,07, 135.82, 132.07, 127.07, 126,93,
122,34, 121,42, 11982, 92 54, 5534, 4031, 3151, 2969, 23.72, 2202, and 1407 ppm; FT-[R
(EBr) 3053, 2924, 1597, 1462, 1443, 1398, 735, and 570 e

5-(9,9-Dihexylfluoren-2-yl}hiophene-Z-carbaldelyde (2a)

CgHyd EHH

A mixture of 1a {1.09 g, 2.38 mmol), (5-formylthiophen-2-yl}boronic acid (0.40 g,
2.57 mmol}, PA{PPh,), (0.11 g, (.09 mmol), and 2 M Na,CO, aqueous solution {24 mi, 47 mmcd}
in THF {30 ml) was degassed with N, for 5 min. The reaction mixlure was stirred at reflux under
N, for 24 h. After being cooled to room temperature, water {30 ml} was added and extracted with
CH,Cl, (50 ml x 3). The combined organic phases were washed with water (50 ml) and brine
sotution (70 ml), dried over achydrous Na,S0,, filtered, and the solvents wers removed to dryness.
Purification by column chromatography over silica gel eluting with a mixture of CHCI, and
hexane (2:3) followed by recrystallization with 2 mixwre of CH,CL, and methanol atferded 5-{9,9-
dihexylflucren-2-ylithiophene-2-carbaldehyde (Za) (0.42 g, 40%)} as yellow viscous; €, H, OF;
'H-NMR (300 MHz, CDXCL) & 9.90 (LH, s}, 7.76-7.75 {1H, m), 7.72-7.5% {5H, m}, 7.47-7.44 (2H,
m), 7.35-7.34 (1H, m), 2.02-1.94 (4H, m), 1.05-0.75 (16H, m), and 0.63 (6H, m) ppm; "C-NMR
(15 MHz, CBCI) & 182.93, 16995, 151.40, 137.62, 136.44, 132,50, 12592, 12423, 124.04,
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12325, 121.9%, 12089, 120.74, 120.35, 40.56, 40.43, 31.67, 24.95, 29.81,23.96, 22.79_ 15.37,
and 14.21 ppm; MS (MALDI-TOF) mfz = 4443971 [M], 444.2487 caled for C,H, 08,

(E}-Z-Cyane-3-(5-{9.9-dihexyllluoren-2-yl)thiophen-2-yDacrylic acid (5)

OH
M
CyHqd Cghyy ’

A mixture of 4¢ (6,12 g, 0.27 munol} and cvancacetic acid (0,11 g, 1.35% mmol) was
vacuum-dried and added piperidine (0.1% ml, 1.89 mmol} in CHCI, (20 mi). The solution was
refluxed for 6 h. After cooling the solufion, the organic layer was removed in vacuo. The pure
product was obtained by column chromatography over silica gel eluting with a mixture of MeOOH
and EtQAc (1:9) followed by recrystallization with a mixture of CHCl, and methanol afforded 5 .
(0.08 g, 60%) as light yellow viscous; C,,H, NS, mp. 139-140 'C, 'H-NMR (300 MHz,
CDCl/DME0) & 8.29 (1H, ), 7.72-7.60 (7TH, m), 7.45-7.44 (2H, m}, 7.34-7.3L (1H, m), 1.99-1.96
{4H, m}, 1.06-0.84 (16H, m}, and 0.80-0.72 (6H, m} ppm; PO-NMR {75 MHz, CCL/DMSG) §
10530, 153,75, 151.57, 15140, 146.03, 141 86, 140,04, 13853, 13035, 13537, 132.47, 127.98,
127,19, 12596, 125,77, 12445, 124.27, 123.21, 121.92, 120,73, 120,50, 120.29, 116.95, 93.54,
37.67, 37.32, 32.99, 32.11, 31.61, 30.22, 29.88, 29.72, 29.53, 27.28, 23.93, 22.86, 22.69, 19.95,
14.25, and 14.12 pom; FI-IR (KB} 3420, 2954, 2028, 2951, 2215, 1739, 1654, 1573, 1507, 1464,

1413, 1375, 1275, 1220, 1062, B73, 804, 750, and 670 om .

0-Dadecyl-3-jodocarbazole {Lh}

Sob

G1zHas

To a solution of 3-iodocarbazole (26) (0.98 2, 3.35 mmol) in DMF (10 ml} was added
followed by NeH {0.16 g, 6.71). 1-Bromododecane {1.082 g, 4.36 mmol) was added. The reaction
mixture was stirred at room temperature for 3 h. Waler (50 ml} was added and the mixture was
extracted with methylene chloride (50 mi x 3). The combined organic phascs were washed with

a dilyte HCI solution (30 m] x 2), water {100 ml), and brine solution (50 mi), dried over anhydrous
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MNa5C,, filtered and he solvents were removed o drymess. Purification by column
chromatography over silica gel eluting with hexane gave 1b (108 g, 70%) as white viscous oil:
CoyH,IN; 'H-NMR (500 MHz, CDCL) 5 8.33 (111, s}, 7.96 (1H, d, J = 7.5 Hz), 7.63 (IH, dd, J
=E.4 Hz, J = 1.6 Hz), 745-7.40 {1H, m}, 7.31 {IH, d, S~ 5.4 [z}, 7.21-7.16 (1H, m), 7.10-7.02
(LI, tm}, 4,43 (211, ¢, = 7.2 Hz}, 1.75-1.73 (2H, m}, 1.19 (18H, m), and 0.87 (3H, 1, J = 6.6 Hz)
ppr; "C-NMR (125 MHz, CDCL) 5 140.67, 139.82, 134.03, 129.48, 126.60, 120.80, 119.56,
111.03, 109.17. 81.49, 43 41, 32.28, 29.96, 29.92, 29.83, 25,70, 29.2(, 27,389, 23.06, and 14.52
ppmy;, FT-1R {KBr} 3067, 3042, 2854, 2920, 2847, 1624, 1520, 1464, 14471, 1348, 1275, 1224,
1139, 1047, 866, 787, 747, 719, and 595 cm'; MS (MALDI-TOF) m/z = 461.3477 [M],
461.1579 caled for €, H_ IN.

S+(9-Dodecylcarbazel-3-ylithiophene-2-carhaldehyde (2h)

GazHzs

A mixture of 1b (0.96 g, 2.08 mmol), (5-formyithiophen-2-y])buronic acid {0.33 g,
2.14 mmot), PA(PPL,), (0.10 g, 0.08 mmol}, and 2 M Ma,CO, aquecus solution (21 ml, 41 mmol}
in THF (50 ml) was degassed with N, for 5 min. The reaction mixture was stirred st reflux under
N, for 24 h. After being cooled to reom temperature, water (70 ml) wus added and extracted with
CH,CL, {70 m! x 3). The combincg organic phases were washed with water {70 ml) and brine
solution (70 ml), dried over muhydrous Na,SO,, filtered, and the solvents were removed to dryness,
Purification by column chromatography over silica gel eluting with & mixture of CILCl, and
hexane (2:3) followed by recrystallization with a mixture of CH,CL, and methanol afforded 5-(3-
dodecylcarbazol-3-yljthiophene-2-carbaldehyde (2b) (0.56 g, 60%) as yellow solid; C. H, NOS,
'B-NMR (500 MHz, CDCL,) 5 9.88 (11, s}, 8.40 (1H, s}, 8.14 {1H, d, 7= 10.0 Hz ),7.76-7.79 (211,
m), 7.51 (1H, t, J = 7.5 Hz},7.42-7.45 (31, m}, 7.28 (1K, {, /= 7.5 Hz), 4.31 (2H, 1,/ = 7.5 Hz),
1.88 (2H, quin, J= 7.5 Hz), 1.38-1,23 (18H, m), and 0.87 (3H, 1, J = 5.0 Hz) ppm; "C-NMR (125
MHz, CDCL) & 156,42, 141,22, 141.09, 141.04, 137.91, 126,43, 124.41, 124.06, 123.44, 122,86,
122.64, 120,62, 119.55, 11856 109.30, 109.15, 43.33, 31.92, 29.61, 29,57, 29.50, 29.34, 28.99,
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27.30, 2270 and  14.14 ppm; TT-IR (KBr) 3090, 3051, 2948, 2915, 2847 2791, 2743, 2664,
F660, 1595, [440, 1381, 1274, 1234, 1056, 879, 792, 745, 723, and 626 u::m'l; MS {(MALDI-TOF)
m/z = 4454209 [M]"", 445.2439 caled for C,,H, NOS,

{£)-2-Cyano-3~(§-(9-dodccylearbazol-3-yl)thioplien-2-yDacrylic acid (6)

CO0OH

M
é1zH25

A mixture of 2a (0.46 g, 1.03 mmol) and cyanoacetic acid (0.44 g, 518 mmel) was
vacuum-dried and added piperidine (0.72 ml, 7.24 mmol) in CHCI, (20 ml}. The soiulion was
refluxed for 6 h. After cooling the solution, the organic layer was removed in vacuo. The pure
product was obtained by column chi;uxxmu}graphy over silica yel eluting with a mixture of Me(QH
and EtOAc (1:9) followed by recrystallization with a mixture of CH,CL, and methanol afforded 6
(0.34 g, 64%) as light orange solid; C,H N,0,S: mp. 243-244 °C; 'H-NMR (500 MHz,
CDCL/DMEO-d6) B 8.50 (1H, br}, 7.97 {14, br), 7.81 (14, br), 7.67 {1H, br), 7.35 (2H, br), 7.18
(2H, br), 7.05 (1H, br), 6.89 (1H, br}, 2.83 (ZH, br}, 1.57 (2H, br},7.67 (1H, br}, 1.17 {6H, bt), andd
185 (SH, be) ppm; “C-NMR (125 MHz, CDCL/DMSO-d6) § 16931, 153.25, 144.92, 140.53.
140.24, 138.20, 134,57, 125.97, 123,93, 122.81, 122.58, 122.34, 120046, 119.13, 11774, 108.77,
103.28, 42,74, 31.83, 29.61, 29.53, 29.34, 29.26, 28.75, 27.089, 22.62, and 14.17 ppm; FT-IR
(KBr) 3420, 3045, 2949, 2923, 2852, 2211, 1597, F4B9, 1465, 1439, 1393, 1379 1290, 1264,
1235, 746, 722, and 617 om’; MS (MALDE-TOT) miz = 512.2425 [M]'", 512.2497 caled for
C HN,0,8.

10-Dodecylphenotliazine (36}
5
L
€12Has

To a mixture of phenothiazine (35) {15 g, 75.27 mmol} and terrabuty! ammonium

bromide {1 g } in DMSO {13¢ ml} was added an agueous NaQH solution {50% Wi, 12 mi)
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[ollow by 1-bromadedecane (20 ml), Afier being stirred at room temperature for 3 b, the

reaction nuxlure was extracted with ethyl acclate (100 mix3). The combined organic phase was
washed with water (100 ml), HCl solution(] M, 50 mi), brine solution{ 100 ml), dried over sodiwm
slfate anhydrous, fillered and the organic phase was removed in vacuum. Penfication by column
vhromatography wsing siliga gel eluent with hexane pave 10-dodecyiphenothiazine (36) (25 %
02%4) as colouriess viscous: C,H,,NS; "H-NMR (300 MHz, CDCL} 5 7.15-7.10 (4H, m}, 6.91-
6.83 (4H, m), 3.83 (2H, 1, / = 6.3 Hz), 1.79 (2H, quin, J = 7.2 Hz), 1.42-1.24 (18H, m}, and 0.88
(3H, t, S = 6.6 Hz) ppm; TFT-IR {KBr) 3065, 2924, 2833, 1654, 1571, 1459, 1443, 1369, 1333,
1283, 1250, 1105, 1038, 926, 744, 727, and 570 Cr'n-l; MS (MALDI-TOF) e = 3674178 |[M] . .

367.2334 caled for CH, NS,

3-brmvmo-10-dodecylphenothlazioe (1c)
4O o
W
G gHas

NBS {1.61 g, 9.07 mmol) was added in small portions 0 a stired solution of
10-dodecylphenothiarine (3.18 g, 8.64 mwmol) in THF (50 ml). After being stired at room
temperature for 36 min, water was added. The mixture was extracted with dichloromethane (30 ml
x 3). The combined organic phase was washed with waler {50 ml), brine solution (50 ml), dried
over anhydrous sodiom sulfate, fiitered and the solvent was remove in vacuum, Purification by
shorl column chromatography using silica ge! eluting with dichloromethane : hexane, 5:95 gave 1c
as dark green viscous (3.09 g, 80%); C,,FI, BeNS; 'H-NMR (500 MHz, C,ILOY 5 7.34 (JH, dd, / =
200 Hz, J = 10.0 Hz), 729 (1H, 5}, 7.23 {1H, 1, J = 7.5 Hz), 7.16 (1K, d, J = 5.0 I1z), 7.00-6.97
(2H, m}, 3.95 (?H, , /= 5.0 Hz), 1.79 (2H, quin, f = 5.0 He), 1.31-1.27 {18H, m}, and 0.9 {SH, i,
J="7.5 Hz) ppm; "C-NMR {125 MHz, CDCL) & 144.98, 144.51, 144.17, 130.12, 129.82, 129.73,
LI9.63, 127,51, 127.44, 127,25, 126,50, 124.21, 122,66, 116.68, 116.54, 115.55, 114.77, 114.41,
47.54, 31.93, 29.63, 29.53, 29.46, 29.36, 29.21, 29,16, 28.80, 28.21, 26.88, 25.78, 26.64, 22.71,
and 14.14 ppm; FT-IR (R Br} 3063, 2934, 2921, 2851, 1589, 1454, 1391, 1328, 1249, 1166, Bo4d,
798, 747, and 541 cm'; MS (MALDI-TOF) m/z = 4453432 [M]", 445.1439 caled for
C, 11 BrNS,
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3-(18-Dodeeylphenothiazin-3-ylithiophene-2-carbaldehyde {2¢)

Sevanl
H
CyaHys
A mixture of 1e {1.09 g, 2.46 wmol), {5-formyithiophen-2-yl}baronic acid (0,41 g,

2.65 mmaol), PA(PPh,}, (0.11 g, 0.10 mmol), and 2 M Na, (0, squeous solution (25 ml, 49 mmol)
in THF (50 ml} was degasscd with N, for § min, The reaction mixture was stimed at reflux under
N, for 24 h. After being cooled to room temperature, water {70 ml) was added and extracted with
CH,CL, (70 ml x 3}, The combined organic phases were washed with water (70 ml) and brine
solution (70 mil), dried over anhydrons Na, 50, tiltered, and the solvents were removed 10 dryness.
Purification by eclumn chromatography over silica gel eluting with a mixture of CH,CL, and
hexane (2:3) followed by recrystailization with a mixture of CHCl, and methanol alforded 5-(10-
dodecylphenothiazin-3-ylthiophene-2-carbaldehyde (2¢) (102 ¢, 87%) as vellow viscous;
C, L NOS,; "H-NMR (300 MHz, CDCL) §9.84 (111, 5}, 7.68 {1H, d, / = 4.2 Hz), 7.44-7.40 (2H,
m), 7.27-7.26 (2H, m), 7.15-7.11 (1H, m), 6.95-6.83 (3H, m), 1.85 (2H, 1, /= 6.6 Hz), 1.83-1.78
(2H, m), 1.43-1.24 (18H, m), and 0.87 (3H, 1, J = 6.0 Hx) ppm; "C-NMR (75 MHz, CDEL)
182,78, 153.91, 146.63, 144.65, 141.88, 137.76, 127.75, 127.55, 125.84, 125,21, 124.11, 123.27,
123,15, 11697, 115,83, 115.72, 47.93, 32.17, 29.87, 29.77, 29.59, 29.46, 27.13, 22.93, and 14.33
ppmy; MS (MALDI-TOF) m/z = 477.4100 [M] ", 477.2160 caled for C,,H, NOS,,

(£)-2-Cyann-3-{5-(£0-dodecylp henothiazin-3-yDtltiaphen-2-yDacrylic acid (7)

. CWIH
ﬂﬁ

12H25

A mixture of 2¢ (0.36 g, 0.75 mmol) and cyancacetic acid {0.32 g, 3.75 mmoi) was
vacuum-dried and added piperidine (0.52 ml, 5.25 mmol) in CHCL, {20 ml). The solution was
refluxed for 6 h, After cooling the solution, the organic layer was removed in vacuo. The pure

product was obtained by column chromatography over silica pel eluting with a mixtere of MeOH
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and Et0QAe (1:9) Mollowed by recrystallization with a mixtere of CH,C, and methanol afforded
7{0.29 g 72%) as dark solid; C,,1, N,0,S.; m.p. 139-140°C; "H-NMR (300 MHz, CDCLY 5823
(1H, %), 7.67 (1H, d, f ~ 3.9 Hz), 746-7.37 (2H, m), 729 (1H, 5}, 7.26 {1H, d, /= 4.2 Hz}, 7.17-
7.09 (211, m). 6.94-6.81 {(3H, m}, 3.85 (211, t, = 7.0 [1z), 1 .80 {2H, guin,.7= 6.7 Hz), 1 26-1.24
(18H, m}, and 0.92-0.85 (3H, m); "C-NMR (75 MHz, CDCL) § 164.81, 146.65, 146.25, 144.54,
138.86, 134.58, 127.70, 127.32, 125.95, 125.86, 125.08, 124.10, 123.44, 123,12, 115.84, 115.71,
47,92, 32,10, 2980, 29.71, 20,51, 29.39, 27.06, 22.85, and 14.27 ppm; TT-IR (EDr) 3442, 3050,
2049, 2627 2851, 2215, 1730, 1681, 1444, 1403, 1367, 1282, 1215, 1174, 1064, 927, R4, 790,
734, and 608 em'; MS {MALDI-TOF) m/z ~ 544.2623 [M] ", 544.2218 caled for C,H, N,0,8,.
Chapter 4:

3,6-Biiodocarbazole {37}

1 L

oo

H

A mixtore of carbazole (25) (5.00 g, 29.90 mmal), KI {645 g 38.87 mmol), KIO,
(640 p, 2990 mmpol) in glacial acetic acid (150 ml) was heated at 70 'C for 10 min.
The temperature was cooled and DCM (200 ml} was added. The organic phase was thoroughly
washed with water (200 ml x 4}, (.2 M aqueous Na,50, (200 ml x 2) and aqueous NalICO, (200
inf), brine solution (208 ml), dricd over snhydrous Na,50, and filtered. After solvent evapormtion,
the pure compound was obtained by recrystallization from DCM/hexane mixture as white solid
(11.90 g, 95%): C,HLN; m.p. 191-192 °C; 'H-NMR (30¢ MHz, CDCL) & 8.32 (1H, 5), .08 (1H,
s, br), 7.68 (2H, dd, J = 8.4 Hz, J = 1.8 Hz), and 7.20 (2H, 4, J = 8.4 Hz) pprm; "C-NMR (75
MHz, CDCL) & 135,11, 129.67, and 112.95 ppm; FT-IR*-{KBT} 3413, 2932, 1601, 1426, 1123,
1093, 1044, 1018, 893, 869, 804, and 565 em’,

9-Dodecyl-3,6-diiodecarbazale {38)
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To a salution of 3 $-diiodocarbazale (37) (6.57 g, 15.69 mmol) m DMF {100 ml}
veas added tollowed by WaH (0,75 g, 31.38 mmaol). 1-Bromododecane (5.06 g, 20,40 mmol} was
added. The reaction mixture was stired at room temperature for 3 h, Water (50 mi) was added and
the mixture was extracted with methvlene chioride {50 mi x 3). The combined organic phases
were washed with a dilute HCL selution {59 ml x 2), water {100 mJ), and brine soludon {50 ml),
dried over anhiydrous MNa,50),, filicred and the solvents were rernoved to dryness. Purifieation by
column clromatagraphy over silica gel cluting with hexane gave a white viscous oil (56%):
C,,H, LN; mp. 59-60 "C; 'H-NMR (300 Mz, CDCAL) 6 830 (2H, s}, 7.69 (2H, d, 7= 8.4 Hz),
7.14{2H, d, /= 8.7 Hz), 4.18 (2H, t, J = 6.7 Hz), 1.79 {2H, 5, andt 1.23 (18H, s) ppm; ' C-NMR
{75 MHz, CDCL) & 139,78, 134.77, 12962, 124.26, 111.15, 81.8%, 43.52, 32.17, 29.84, 29.77,
29,69, 29.58, 20.06, 27.45, 22.94, and 14.37 ppm; MS (MALDI-TOF) miz = 5872110 [M]
587.0544 caled for C,H, [N,

30" -Di~tert-baty F9-dodecyo-lode3, ¥ -blearbizole (39)

o

H
LizHes

To a mixmure of Cul (0.56 g, 2.92 mmol), K,PO, (3.10 g, 14.60 mmol), and 9-dodecyi-
3 6-diiodocarbazole {38) (1018 g, 17.52 mmol) in toluene (30 mL) were added 3,6-di-fere-
butylcatbazole {29) (1.29 g, 5.84 mmol), and {(£)-trans-1,2-diaminoeyclohexane (0.33 g, 2.92
mmol). The reaction mixture was stirred at 110 °C under nitrogen. After 24 h, water (50ml) was
added until the two phases mixed. The solution was extracted with CH,CL, (50 ml x 3), washed
with wafer (50 ml}, brine solution {100 ml} and drisd with Na,80,, filtered, and the solvenis
removed to dryness. The erude product was purified by column ehromatography on silica gel with
hexane as eluent to yield 3'.8'-di-fert-butyl-9-dodecyl-6-ioda-3,9"-bicarbazole (39) (242 g, 56%)
as white solid: C,H_IN,; m.p. 154-155 o "H-NMR {300 MHz, CDXI,) & 8.34 (1H, s}, &.18 (211,
s), 8.15(1H, s), 7.71 (1H, d, J= 8.4 I{z), 758 (2H, d, J = 7.5 Hz}, 7.50 (2H, d, S/ = 8.7 Hz), 7.44
(2H, d, J = 8.4 Hz), 7.29 (211, d, J « 8.4 Hz), 7.20 (2H, d, J = &1 Hz}, 4.28 (2H, 1, J = 6.6 Hz},
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L.89 (2H, m), 1.47-1.25 (36H. m). and 0.87 (3H. &, 7 - 6.3 He) ppry; "C-NMR (75 Milz,
CDCL) & F42.80, 140.48, 134.69, 129.72, 12597, 123,79, 123.37, 119.57, 116.45, 109.38, 32.34,
28.88, 29.27 ppm; FT-1R (KRBr) 3007, 2963, 2922, 2850, 1489, 1278, 1262, 1237, 870, 798, 750,

and 611 om’; MS {MALDLTOF) miz = 7383863 [M]', 728.3410 caled for CoH TN,

3',0"-Di-tert-butyl-9-dodecy -6-(4-hexylthiophen-2-y1)- 3,9'-hicarbazole (41}

A mixture of 3 {040 g, (.59 mmol), 2-{d-hexyithiophen-2-y1)-4,4,5,5-tetramethyl-
1.3, 2-dioxabaorolane (0,17 g, 0.59 mmol), PA(PFh,}, (0.03 g, 0.02 mmoal), and 2 M K,CO, agueous
solution (6 ml, 12 mmol) in THF {30 ml) was degassed with N, for 5 min. The reaction mixture
was stirred at refhux under N, for 24 h, Atter being cooled to room temperature, water (50 ml) was
added and extracted with CH,CL, (50 ml x 3). The combined organic phases were washed with
water {50 ml} and brine solytion {50 ml), dred over anhydrous Na,50,, filtered, and the solvents
were removed 1o dryness. Purification by column chromatography over silica #el eluting with
hexane followed by recrystallization with a mixture of CH,Cl, and methanol afforded 3 6'-di-rere-
bu’ryl-9-dﬂdecy]—ﬁ—(d-hEx}rlthjophcn-E-yl}-ﬂ,?’—hicarbazole {40} (045 g, 99%) as white solid;
Cy o N,S; mop. 119-120 °C; 'H-NMR (300 MHz, CDCL,) & 8.26 (1H, s), 8.21 (1H, s, .20 (2H,
sh 7.76 (1H, dd, J = 8.7 [1z, J= 1.5 Hz), 7.63 {1H,dd, /=93 Hz, J= 1.5 Hz), 7.57 (IH, d, /= 8.7
Hz}, 7.50-7.45 (3H, m), 7.36 (°H, d, f - 8.4 Hzl, 7.21 (1H, d, /= 3.9 Hz}, 7.07 (I1H, d, J = 3.9
Hz), 6.89 (111, s), 439 (211, 1, J = 7.0 Hz), 2.54 (2H, 1, J = 7.6 Hz), 1.97 (2H, quin, f = 6.6 Hz),
1.38 (411, m), 1.50-1.27 (40H, m), and 0.88 (6H, 1,/ = 6.0 Hz) ppm; "C-NMR (75 MIlz, CDCL,) 5
14457, 142.93, 142 48, 140,72, 140.26, 139.80, 137.08, 13495, 129.78, 125,55, 12342, 124.62,
12447, 124.05, 12361, 123,51, 123.09, 123.03, 122.66, 119,30, 117.76, 116.20, 109,84, 10944,
102,18, 167.24, 43.55, 34,75, 32.08, 31.92, 31.62, 29.61, 29.54, 2043 2935 2913 2801 2736,
22.59, 14.12, and 14.09 ppm; FT-IR (KBr) 3050, 2054, 2925, 2854, 1655, 1561, 1544, 1491,
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1461, 1364, 1294, 1264, 1233, 1020, 873, 808, and 670 {:m'l; ME (MALDI-TOF) mfe =

778.5224 [M]", 778.5260 caled for € H, NS

6-(5-Broma-4-hexylthicphen-2-v1)-3",6"-di-tert-butyl-9-dodecyl-3,9"-bicarhazole

(43)

C3H1_3
Er

h
CagHzs

NBES {0.15 g, 0.1% mmot} was added in small portions to a stiored solution of 3.8 -di-tert-butyl-9-
dodecyl-6-{4-hex ylthiophen-2-y1}-3,%-bicarbazole (40) (0.04 g, 0.20 mmol} in THF (20 ml). After
being stirred at roorn temperature for 30 min, water was added. The mixture was extracted with
dichloromethans (30 ml x 3). The combined organic phass was washed with water (30 ml), brine
solytion (30 mlb), dricd over anhydrous sodium sulfate, filtered and the solvent was remove in
vacuum. Purification by short column chromatography using silica gel eluting with hexane gave
6-(5-brome-4-hexylthiophen-2-y1)-3',6"-di-fert-buiy-4-dodecyl-3,9 bicarbazole  (43) as  white
solid (.13 g, 75%); C,H, BrN;S; m.p. 152-153 °C; 'H-NMR (300 MHz, CDCL,) 6 $.26 (1H, d, J
= L2 Hz}, 8.21 (1H, s), 8.20 {111, 5}, 8.19 (1H, 5}, 7.69-7.56 (3I1, m), 7.50-7.43 {(3H, m), 7.36 (24,
d, /=84 Hz}, 7.04 (1H, 5), 4.38 (2H, 1, J = 7.0 Hz}, 2.59 (2H, 1, /= 7.6 H2), 1.97 (2H, quin, J -
6.7 Hz), 1.67-1.27 {44H, m), and 0.89 (6H, t, J = 3.7 Hz) ppm; "C-NMR (75 MHz, CDCL,) &
14471, 143.08, 142.49, 140,70, 140.27, 139.80, 128.76, 125.57, 125.41, 124.36, 123,60, 123.50,
123,10, 123.02, 123,00, 119.34, 117.54, 116.21, 109.82, 109,18, 34.75, 32.09, 31.66, 29.77, 29.73,
29.63, 29.60, 29.54, 29.43, 2035, 26.11, 28.98, and 27.36 ppm; FT-IR (KBr} 3055, 2954, 2922,
2833, 1602, 1494, 1362, 1290, 1263, 1235, 1021, 8773, 501, 741, 722, 658, and 612 cm-l; [
(MALDI-TOF) m/z = 856.3296 [M]" ', 856.4365 caled for C,H, BrN,S.
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5'-(3%.6"-Di-fere-hotyl-9-dodecyl-[3,%'-hicarbazol]-6-¥1)-3-hexyl-[2,2'-

bithiophene}-5-carbaldehyde (46)

CaH
135 D

M
CiaHzs

A mixture of 43 (0,65 g, 0.76 mmol), (5-formylthiophen-2-yljboronic acid {013 g,
0.82 mmol), Pd(PPh,), (0.03 ¢, 0.03 mmol), and 2 M Na,CO, agueous solution (8 ml, 15.20
mmol} in THT (30 ml} was degassed with M, for 3 min. The reaction mixture was stirred at reflux
under N, for 24 k. After being cooled to room temperature, water (50 ml} was added and extracted
with CH,Cl, (50 ml x 3). The combined organic phases were washed with water {50 ml) and brige
solution (50 ml), dried over anhydrous Na,§0,, filered, and the solvents were removed to dryness.
Purification by column chromatography over silica gel eleting with a mixture of CH,C], and
hexane (1:4) followed by recrystallization with a mixture of CHCL, and methanol atforded
§-(3',6"-di-terr-butyl-9-dodecyl-3 ' -bicarbazol |- 6-y1)-3"-hexyl-[2,7-bithiophene]-5-carbaldehyde
(46 {0.47 g, 704} as yellow solid; CH MO8, mp. 116-117 dC; "H-NMR {300 tHx, CT}CjE} G
9.85 (1H, s), 8.26 (2H, s), 8.18 {1H, s}, 8.17 (1H, s), 7.75-7.68 (211, m}, 7.61-7.56 (2H, m), 7.46
(3H, m), 7.34 (2H, m}, 7.23-7.22 (2K, m), 4.37 (2H, ), 2.84 CH, t, F= 3 H=), 1.95 (2H, 5, 1.71
(2H, 5), 1.54-1.25 (4211, i), and 0.87 {6H, 5} ppo; "C-NMR (75 Mz, CDCI,) § 182.60, 146.98,
145.50, 143.45, 142,53, 141.69, 140.98, 140.25 139.83, 137.03, 129 .88, [27.99, 125.70, 125.51,
125,03, 124.52, 123,52, 123,11, 119.34, 117.88, 116.26, 109.93, 109.50, 109.17, 43.59, 32.10,
3170, 30.31, 25.65, 29.56, 29.45, 29,36, 29,14, 27.38, 14.15, and 14.12 ppm; FT-IR (KBr) 3046,
2954, 2925, 2850, 2791, 2732, 1668, 1488, 1447, 1292, 12632, 1225, 1056, 875, 801, 752, and 611
em’; MS (MALDI-TOF) mjz = 888.8062 IM}", 888.5086 caled for C,,H, . NO5,,
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{£)-2-Cyano-3-(5'-{3"6'-di-fert-hutyl-9-dodecyl-3,%-bicarbazol|-6-v1)-3-hexyl-

[1,2"-bithiophen}-5-yJacrylic acid (8)

A mixture of 46 {126 5. 0.29 mmol) and cyanoacetic acid (0,12 2, 1.47 mmol) was
vacuurn-dried and added pipenidine (0.20 ml, 206 mmal) in CHY ; 120} ml). The solution was
refluxed for & h. After cooling the solwtion, the organic layer was removed in vacuo. The purc
product was obtained by column chromatography over silica gel eluting with a mixture of MeO{1
and EtQAc (1:9) followed by reerystallization with a mixture of CH,CL, and methano] aftorded 8
{0.19 g 69%) as dark red solid; C_H,N,0,8; mp. 194-195 °C; 'H-NMR (300 MHz,
CDCl/DMS0-d6) & 8.31-8.04 (5H, m), 7.56-7.31 {EH, m), 7.10-6.99 (3H, m), 4.02 (2H, m), 3.59
(3H, m}, 2.66 (28, m), 1.75 (2H, m), 1.46-1.22 (41H, m), and 0.85-0.78 (6H, m} ppm; "C-NMR
(75 MHz, CDCL/DMSO} & 169.43, 144.71, 14270, 140,72, 140.29, 139.73, 135.39, 129.82,
128.62, 125.30, 123.74, 123.28, 122.89, 119.19, 118.90, 117.34, 116.40, 10531, 103.59, 43.40,
34.94, 3233, 32.27, 31.87, 3034, 29.80, 20.54, 29.19, 27.47, 22,88, 22.79, and 14.31 ppm; FT-IR
(KBr) 3421, 3055, 3024, 2954, 2922, 2853, 2213, 1730, 1590, 1481, 1442, 1392, 1331, 1314,
1271, 1239, 1193, 1176, 1062, 937, 802, 752, 695, and 617 c:m-l; ME (MALDI-TOF) miz =
955.4208 [M]' ', 955.5144 caled for C,H,N,0,S,.

3.6 -Divert-buiyl-6-(3,4'-dihexyl-[2,2 -bithiophcn]-5-y1)-9-dodecyl-3,9'-

Mearbuzole ($1)

CeHia
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A omicture of 43 (058 g 069 mumol), 2-{(4-hexvhbiophen-2-yl-4,4,5.5-
tetramethyl-1,3,2-dioxaborolanc {(.20 g, 68 mmot), PA{EPh), (0.03 . 0.03 mimol), and 2 M
K €Oy aquecus solution (7 md, 13.71 mmal) in THE (30 ml) was degassed with ™, for 3 min.
The reaction mixture was slirred at retlux under N, for 24 b After being cocled to room
temperalure, water (50 ml) was added and extracted with C H,CE (530 ml x 3). The cambined
organic phases were washed with water {30 ml) and brine sohition (50 ml), dried over anhydeous
Na,8C,, fillered, and the solvents were removed to dryness. Purification by cokenn
chromatography over silica pel eluting with hexane followed by recrystallization with a mixmre of
CIL,Cl, and methano! afiorded 3.0 -di-tert-butyl-6-(3 4'-dihex y|-[2,2"-bithiophen]-5-y[)-9-dodecy]-
3,9'"-bicarbazole (41} (0.45 g, 69%) as white solid: Co,H,N,S,; "H-NMR (300 MHz, CDCI) § 8.26
{(2H, s}, B.19 (2H, 5), 7.75 (1H, d, /= 24 Hz), 7.61 (1H, d, f= 8.7 Hz), 7.55 {1H. d, f= 8.4 [z},
7.49-7.43 (34, m}, 7.35 (ZH, d, J = 8.7 Hz), 7.16 (1H, s), 6.98 (1H, s}, 6.87 {1H. s}, 4.37 (2H, t, J
= 6.0 Hz), 277 (2H, +, f= 7.5 Hz), 2.60 {2H, ¢, /= 7.3 Hz), 1.96 (ZH, m), 1.69-1.59 {4H, m), 1.48-
1.26 (48H, m), and 0.89-0.88 (9H, m) ppm; "C-NMR (75 MHz, CDC1} § 143,87, 142.93, 142.72,
140.87, 140.57, 140,52, 104,34, 136.41, 12994, 129.80, 12712, 126.66, 126.09, 12555, 125,29,
124.96, 124,72, 123.94, 123.78, 123.45, 123.25, 119.56, 118.71, 117.84, 116.47, 110,05, 19.61,
109.48, 43.82, 3534, 32.37, 31.99, 30.93, 30.82, 30,69, 29.92, 20,84, 29773, 29.64, 2041 2933,
27.66, 2299, 22.92 and 14.42 ppm; Fi-IR (KBr) 3050, 2949, 2027, 2856, 1624, 1577, 1491,
1463, 1364, 1295, 1262, 1235, 1020, 876, 807, 737, 656, and 610 cm'; MS (MALDI-TOF) mv/z =
944.3324 [M]', 944.6076 caled for C,H, N S,

6-{5"-Bromo-3,4'-dihexyl-12,2'-bithio phen]-3-y1)-3",6'-di-fers-butyil-9-dodecyl-3,9*
kicarbazole: (44)

'312"‘25

NBS (.92 g, (.97 mmol) was added in small portions to a stirred salution of 3,6'-di-

ferf—hut}'l-ﬁ-(?-,4'-dih¢x}-‘l~[E,2’-bithi0phen]—5-}f]}-Qdﬂdeeyl—B,Q'—bicarhuﬂir.=, {41} (018 g, 1.02




Purification by column chromatography over silica el eluting with a mixture of CH.CL, and
hexane (2:3) followed by recrysiallization with a mixture of CHCL and methanol afforded
5"-(3" 6"-di-terr-butyl-9-dadecyl-[3.9'-bicarbazol]-6-y1)-3' ,3"-dihexyl-[2,2";5' 2" terthiophene}-5-
carbaldehyde {47) (0.60 g, 76%) as orange solid; C I N,0S,; m.p. 140-141 °C; 'TI-NMR (300
MHz, CDCL) 5 9.88 (13, s}, 826 (2H, 5, 8.19 (24, 5), 7.76 {1H, d, F = 6.0 Hel, 7.70 {1H, 5}, 7.62
(1M, d, J= 6.0 Hz}, 7.57 {1H, d, J ~ 6.0 Hx), 747 (3H, d, J = 6.0 Hxd, 7.35 (2H, d, J = 3.0 Hz),
7.26-7.23 {1H, m), 7.19 (1H, s), 7.02 (1Y, s}, 4.39 (21, 5}, 2.84-2.81 {4H, m), 1.97 (2H, ), 1.72-
E70 (4H, m}), 1.49-1.26 (4811, m), and (.89-0.87 (9H, m} PR, "e-NMR (75 MHz, COCLY B
182,60, 14648, 143,71, 14261, 142.50, 141.97, 141 45, 140177, 140,23, 139,79, 136.90, 124975,
128.82, 128.61, 128.30, 12570, 12545, 125,39, 125,33, 124,42, 123,63, 123.51, 123,14, 123,03,
119.28, 11770, 116.23, 109.43.109.19, 43,58, 32,10, 31.94, 31.71, 31.68, 30.52, 30.23, 29 85,
29.82, 29.64, 20.62, 29.56, 20.45, 29.37, 29.35, 29,27, 29.14, 27.38, 22.71, 22.65, 22,62, 14,13,
and 14.10 ppm; FT-IR (KBr) 3046, 2954, 2623, 2653, 2742, 2729, 1657, 1485, 1434, 1361, 1262,
1231, 1151, 1060, 873, 801, 752, 657, and 611 cm-l; M$ (MALDI-TOT) méz = 054.0910 [M]“,
1054.5902 caled for C H, N,0OS,.
{(E)-2-Cyang-3~(5"-(3",6"-di-ters-butyl-2-dodecyl-3,%'-bicarhuzol|-6-y1)-3,3"-

dlhexyl-[2,2":5',2"~terthiophen]-5-yacrvlic acid (9)

H
éu‘-st

A mixture of 47 (0.32 g, 0.31 mmol) and cyanoacetic acid (0.13 g, 1.54 mmel) was
vacuum-dried and added piperidine (0.21 ml, 2.16 mmol) in CHCI, (28 ml). The solution was
refluxed for & h. After cooling the solution, the organic layer was removed in vacuo. The purs
product was obtained by column chromatography over silica gel eluting with a mixture of McQH
and EtOAc (1:9} followed by recrystailization with a mixture of CILCL and methano! afforded 9
(0.24 g, 70%) as dark solid; C,,H,N,0,8,: mop. 195-196 “C; 'M-NMR. (300 MHz, CDCL/DMSO-
d6) & 8.31-8.10 (5H, m), 7.56 (3H, s), 7.50-7.44 (311, m}, 7.36-7.33 (3H. m}, 7.21 (tH, d, /= 7.5
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Hz}, 7.02 (2H, 5), 6.86 (111, 5), 4.15 (2H, m), 3.16 (45, m), 2.68 {4H, m), 1.83 (2K, m), 1.60-
1.24 (48H, m), and 0.86-0.84 ppm; “C-NMR (75 MHz, CDCL/DMSO-d6) 5 169.37, 144,57,
144.02, 143.19, 142.69, 141.92, 141.10, 140,66, 140.33, 139.79, 136.89, 136.40, 135.75, 129.77,
129.34, 128.78, 128.32, 125.64, 125.28, 124.49, 123.73, 123.26. 122.96, 119.23, 118.86, 117.38,
116.39, 109,99, 109.40, 103.91, 34.93, 30.52, 30.31, 30.04, 29.80, 26.73, 29.59, 20.52, 20.44,
29.23, 27.49, 22.87, 22.80, and 14.33 ppm; FT-1R (KBr} 3416, 3055, 2054, 2024, 2853, 2211,
1715, 1603, 1575, 1490, 1453, 1375, 1323, 1295, 1261, 1235, 1169, 1150, 1055, 1031, 935, 876,
804, 741, and 612 ¢cm'; MS (MALDI-TOF) méz = 1121.5662 (M| ©, 1121.5960 caled for
Cpll,N,O,S,.

3',6'-Di-tert-butyl-9-dodecyl-6-(3,4' 4" trihexyi-|2,2' :5', 2"~ terthiophen] -5-yl}-3,9-

bicarbazele (42)

Cetha
CeHrz

5 Tty

H
EraMas

A mixture of 44 (0.37 g, 0.36 mmaol), 2-(4-hexytthiophen-2-v1)-4,4,5,5-tetramethy]-
1,3,2-dioxaborolane {0.06 g, 11.39 mmol), Pd(PPh,), (0.02 g, 0.01 mmol}, and 2 M K,CO, aqueous
solution {4 ml, 7.23 mmel)} in THF {30 ml) was degassed with N, for 5 min. The reaction mixfure
was stirred at reflux under I, for 24 h. After being cooled to room temperature, water {54 mi) Wwas
added and exfracted with CH.Cl, (50 ml x 3}. The combined organic phases were washed with
walcr (50 ml) and brine solution {50 ml), dried over anhydrous Ma,S0,, filtered, and the solvents
were removed 1o drymess. Purification by column chromatography over silica gel eluting with
hexane followed by recrystallization with a mrixnure of CH,CI, and methanol alforded 3',6'-di-ters-
butyl-9-dodecyl-6-(3,4' 4"-trihex yi-f2,2:5",2"terthiophen]-5-y1}-3,% -bicarbazole (42) (0.32 g,
79%) as yellow solid; C,JI, NS, m.p. 99-100 °C; "H-NMR {300 MHz, CDCL} 8 8.26 (211, s},
8.19(2H,s), 7.76 (1H. d, = 8.4 Hz), 7.62 (1H, d, S = 8.7 Hz), 7.56 {1H, d, /= £.7 Hz), 7.48-7.43
(3H, m), 7.35 (2H, d, S = 8.7 Hz), 7.25 {1H, &), 7.17 (1H, s), 6.97 {1H, &), 6.88 {1H, s}, 4.38 (2H, 1,
J4 =775 Hz), 277 (2H, ¢pan, J = 8.1 Hz), 2.26 (2H, 1, F = 7.6 Hz), 1.96 (2H, m), 1L.71-1.11 {62H,
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m), and .88 (12H, t, J= 2.8 Hz) ppm; 'C-NMR (75 MHz, CDCL) 5 143.90, 143.00, 142.71,

140.89, 140.75, 140.49, 140.03, 130.82, 135.92, 134.38, 130,78, 129.94, 129.38, 128.41, 127.33,
125.99, 125.55, 125,42, 124.68, 123.92, 122.76, 123,33, 123.25, 120.14, 119.54, 117.84, 116.46,
110.05, 109.62, 109.46, 35.02, 32.35, 32.19, 31.97, 30.83, 30.79, 30.67, 29.98, 29.10, 2981,
29.71, 29.62, 29.39, 29.52, 29.39, 29.29, 27.64, 22.96, 22.90, and 14.39 ppm; F1-IR {KBr} 3050,
2054, 2927, 2856, 1603, 1401, 1484, 1465, 1295, 1263, 1235, 1093, 1021, 873, 807, 740, and 613

em’; M$ (MALDI-TOF) miz = 1110.0719 [M} ', £110.6892 caled far C,H, NS,

6-(5'"-Bromo-3,4" 4" "~triliexyl-[2,2':5,2""-ter thioplien|-S-y13-3", 6"-di-tars-hutyH9-

dodecyl-3,%-bicarbazale (45)

NBS (0.09 g, 0.4% mmol) was added in small portions to a stirred soiution of 3 §-di-
fert-butyl-9-dodecyi-6-(3.4' 4" «tnihexyl-[2,2:5',2"-terthiophen]-5-y1)-3,9" bicarbazole (42) (.51 g,
0,47 tumel} in THF (20 ml). Afrer beitg siirred at rvom temperature for 30 min, water was added.
The mixture was extracted with dichloromethane (50 ml x 3). The combined organic phase was
washed with water (50 ml), brine soletion (50 ml), dried over anhydrous sodium sulfte, filtered
and the solvent was remove in vacuum. Purification by short column chromatography using silica
gel eloting with dichloromcthane : hexane, 595 pave 65 -bromo-3 4" 4"-trihexyl-[2,2:5' 2"-
terthiophen]-5-y1}-3',6™-di-zers-butyl-9-dodecyl-3,9'-bicarbazole (45) as yellow solid (0.45 g, 80%),
C H, BeNLS,; '"H-NMR (300 MHz, CDCL,) & 8.25 (2H, s), 8.19 {2H, s}, 7.73 (IH, d, /= 8.4 Hz),
7.62-7,53 (3H, m), 7.48-7.41 (3H, m), 7.35 {2H, d, / = 9.0 Hz), 7.15 {(1H, s), 6.83 (1H, 5), 4.35
(2IL +, /=57 Hz), 2.72 (2H, quin, J = 6.9 Hz), 2.55 {2H t, /= 6.6 Hz), 1.95 (2H, w), 1.68-1.26
(65H, m), and 0.89 (9H, m} ppm; "C-NMR {75 MHz, CDCL)} 8 143.52, 142.74, 142.65, 141,12,
140,93, 149.51, 140.04, 136.24, 129.99, 128.76, 126.58, 125.86, 125.60, 125.26, 124.71, 12391,
123,78, 12337, 12327, 119.54, 117.89, 11645, 110,08, 109,65, 10947, 108.41, 43.80, 35.04,
32.37, 32.22, 32.08, 31.97, 31.93, 30.92, 2003, 29,84, 20.72, 29.65, 29.58, 29.40, 2921, 20.45,
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22,59, 2290, and 14.39 ppm; FT-IR (KBr) 3050, 2954, 2025, 2853, 1621, 1489, 1362, 1294,
1261, 1237, 1121, 1095, 1020, 878, 805, 665, and 615 c:m-l; MS (MALDI-TOF) m/z = 11888076

M1, 1188.5997 caled for Cp,T, BrN.S,.

37-(3L6"-I4-tert-butyl-8-dodecyl-3,%-bicarbazal]-6-y[)-3',3", 3" - trihexyl-

[2,2%:52":5" 2 quaterthiophene]-5-carbatdehyde (48)

N
CizHas

A mixture of 45 (.43 g, 0.36 nmol), (3-formylthiophen-2-ylboronic acid (0.06 i,
0.39 mmol), P&PPh,), (0.02 g, 0.01 monol}, and 2 M Na,CO, aquecus solution {4 ml, 7.27 mmol)
i THI (30 ml) was degasscd with N, for 5 min. The reaction mixmre was stirred at reflux under
N, for 24 h. Aficr being cooled to toom temperature, water {30 ml) was added and extracted with
CH,CL, {50 ml x 3). The combined organic phases were washed with water (50 ml) and brine
solution (50 ml}, dried over anhydrous Na,50,, filtered, and the solvents were remaved to dryness.
Purification by column chromatography over silica gel eluting with a mixmre of CH,Cl, and
hexane (2:3) followed by recrystallization with a mixture of CH,CL, and methanol afforded
5"(3,§"-divtert-butyl-9-dodecyl-3,9"-bicarbazol]-6-yI)-3',3" 3" -trihexyl{2,2:5' 25" 2"-quater
thiophene)-5-carbaldehyde (48) (0.28 g, 63%) as orange viscous oil; C,(H,N,08,; 'H-NMR (300
MHz, CDCL) § 9.80 (1H, s), 8.37-8.21 (5H, m), 7.85-7.71 (1H, m), 7.59 (2H, ¢), 7.51-745 (3,
m}, 7.37 (3H, m), 7.23 (1H, s), 7.16 (1H, &), 7.00 (IH, s}, 4.29 (2H, m), 2.78-2.62 (4H, m}, 1.91
(2H, m), 1.67 (6H, m), 1.46-1.25 (54H, m), and 0.89 (12H, m) ppm; "C-NMR (125 MHz, CDCI,)
18263, 146.13, 145,86, 144,53, 142.55, 142,51, 140.91, 140.83, 140.73, 140.32, 140.28 13981,
139,29, 136.38, 136.83, 136,68, 135.51, 134.29, 130.81, 130,12, 129.8%, 129.79, 12949, 129.36,
125.22, 129,08, 128.81, 128,34, 127.61, 126.68, 126.14, 125.90, 125.78, 125.68, 12549, 125.35,
12525, 124.66, 124,08, 123.98, 123.72, 123.56, 123.15, 123.04, 122.70, 121.61, 119.38, 119.29,
117.82, 114,25, 109.87, 109,42, 109.24, 109.05, 43.56, 34.72, 32.14, 32,07, 31.97, 31.69, 31.55,

30,53, 3048, 30028, 30.19, 30.03, 29.84, 29.80, 29.76, 29.69, 29.65, 29.60, 20.49, 2941, 29,76,
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2926, 2907, 2743, 27.41, 22.75, 22,64, and 14.15 ppm; FT-IR {KBr) 3050, 2049, 2019,
2848, ZHOO. 1643, 1488, 1445, 1410, 1362, 1290, 1217, 1147, 1047, 1020, #95, 878, 805, 788, and
657 cm'l; M$ (MALDI-IOF) 'z = 1220.7742 [M] ", 1220.6718 caled for Co H, N8,

{E}-Z—Cyann-B-{S"‘n[.'i'+6‘—di-ferf—hutyl-ﬁl-qiudccy]—l':,ﬂ'-hic arhazel]-6-y1)-3°,3". 3"

Irihexyl-2,2':5,2":5" 2" -quaterthiophen]-5-yl)ac rytie acid (10)

H
‘512st

A mixture of 48 (0.25 g, 0.20 mmel) and cyancacetic acid (0.09 g, 1.02 mmol} was
vacuurn-dried and added piperidine (0.01 mi, 1.40 mmol) in CHCL, (26 ml}. The solution was
refluxed for 6 h. After coaling the solution, the organic layer was removed in vacug. The pure
product was obtained by column chromatography over silica gel eluting with a mixture of McQH
and E1OAc (1:9) followed by recrystallization with a mieture of CH,CL, and methanol afforded 10
{0.10 g, 41%) as dark red solid; C.H, N,0.S; mp 204-205 °C; 'H-NMR (300 Milz,
CDCL/DMSO-d6) & 8.25-8.15 {4H, m), 7.87-7.81 (2H, m), 7.72 {1H, ), 7.64 (IH, 4, F=7.8 Hel,
7.49-746 (3H, m)}, 7.35-7.29 (4H, m), 7.21 (2H, s), 7.08 (1H, s}, 4.32 (2H, m), 3.1102.83 {10H,
m), and 2.06-0.88 (70H, m) ppm; "C-NMR (75 MHz, CDCL/DMSO-d6) § 164.85, 145.70,
143,48, 142,07, 139.30, 137.79, 137.47, 136.96, 136.19, 135.27, 13238, 131.74, 13046, 126 62,
128,56, 128.41, 127.41, 126.28 125,71, 125.07, 124.61, 12425, 124..05, 123.66, 117.55, 116.77,
116.66, 109.20, 48.80, 37.32, 3500, 32.25, 32,15, 31,88, 30.45, 30.25, 29,92, 29 58, 28.45, 27.31,
2‘}‘..12, 22.92, 22.82, and 14.37 ppm; FT-IR (KBr) 3411, 3055, 2949, 2621, 2850, 2207, 1713,
1582, 1478, 1451, 1433, 1358, 1204, 1236, 1202, 1059, 985, 876, 820, 787, 712, and 614 cm .
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Chapler 5;

36" -Di-tert-butyl-9-dodecy -6 thiophen-2-vI)-3,9"-bicar bazole 49

A mixture of 39 (0.80 g, 1.1% mol), thiophen-2-ylboronic acid (0,15 g, 1,18 mmol),
PA(PPh,), (0.055 g, 0.47 mmal), and 2 M MaCO, aqueosus solution (12 mi, 23.62 mmol) in THT
{50 ml) was degassed with N, for 5 min. The reaction mixlure was stirred al reflux under N, for 24
h. After being cooled 10 room temperature, water (50 mi} was added and extracted with CH.Cl,
{50 mi x 3}. The combined organic phases were washed with water (50 ml) aind brine solution (5
mi}, dried aver anhydrous Na,SO,, filtered, and (he solvents were removed to dryiress, Purification
by column chromatography over silica gel with hexane as eluent followed by recrystallization with
a auxture of CH,CL, and methancl afforded 3.6 -di-terr-butyl-9-dodeey -6 thiophen-2-v1)- 3,9-
 bicarbazole (49} (0.54 g, 66%) as white solid; CuH N,S; mp: 132 °C, 'H NMR (300 MHz,
CBCL) 3828 (2H, d, F = 4.80 Hz), 8.20 {2H, s}, 7.79 {(1H, d, F = 840 Hz), 7.59 {2H, qh 7.48
(3H, m}, 7.35 {(3H, m}, 7.24 {2H, s), 7.10{] H,t,J = 4.50 Hg), 430 (21,1, J= 7.20 Hz), 1.97 (2H,
t,J = 6.90 He), 1.56-1.27 (36H, m ), and 0.87 (3H, , J = 6.90 Hz) ppm; "C NMR (3({) MHz,
CDC1) & 145,51, 142 44, 140.61, 140,31, 139.81, 120.64, 128.01, 126,09, 125.35, 124,88, 123.80,
123.68, 123.50, 123,07, 122.97, 122.14, 119.37, 118.05, 116,20, 102,77, 109.34, 109.19, 43.53,
34.76, 32.00, 31.93, 29.64, 29.55, 29.45, 29.36, 29.13, 27.37, 22.70, and 14.13 ppm; HRMS-ES?
m/z = 695.4405 [MH '], 694.4321 caled for G, H, N.S.

G-(3-Bromothiophen-2-yb-3'6'-di-fert-butyl-9-dodecyl-3,9"-bicarbuzole £50)

)

/]
¢12H25
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NBS (0.54 g, 3.02 mmol) was added in small poriions to a stirred solulion of 3,6
di-terr-butyl-9-dodecyl-6-(thiophen-2-yl}- 3.9'-bicarhazol: (49) (1.57 g. 2,88 mumel) in THE (20
ml). Afer being stimred at romn temperatoee for 36 min, water was added. The mixture Was
extracted with dichloromethane (30 ml x 3). The combined organic phase was washed with water
{50 ml}, brine soluton {50 ml). dried over anhydrous sodivn sulfate, filtered and the solvent was
remowve in vacuumn, Puritication by short column chromatography using silica ge! with hexane as
cluent followed by recrystallization with & mixwre of CH,CL and methanol gave
6—[5—bmmuthinphcn-2-;.rl}—3’._,6'—di-a‘er:—hury]-9-dndr:cyi—S,EF'—bica:bazu!e {50} as as white solid
(1.78 g, 80%); CaHBrNS; mp: 174 C, 'H NMR {300 MHz, CDCl): 5826 (2H, 5), 8.21 (2H,
s}, 7.62 (3H, d, J= 8.40 Hz), 7.61 (3H, d,f = 6.90 Hz), 7.50-7.46 (3H, m), 7.35 (2H, 4, J = .70
Hz), 7.08-7.04 (2H, q), 4.40 {2H, 1, J= 7.20 Hz), 1 9] (2H, t, F= 6.90 Hz}, 1.57-1.27 (316H, m),
and 0.89 (3H, 1,/ = 6.90 Hz) ppm; "'C NMR (300 MHz, CDCL,) & 147.02, 142.48, 140.76, 140.26,
135.81, 130,82, 129.79, 125.50, 125,30, 124.49, 123.54, 123.50, 123,08, 123.00, 122.23, 119.34,
117.80, 116,21, 110.03, 109.85, 109.47, 109.15, 43.55, 34.75, 32,08, 31.92, 29.63. 29.60, 29,53,
2943, 29.35, 2010, 27.35. 22.6%, and 14,12 ppm; HRMS-ESI miz = 73,3482 [MH'], 772.3426
caled tor C H, BrNS.

3‘,&'-[}i-terr-hut:,fI—B-dnl:le-cy]—6—[5-[ﬂ|ienu[3,2—h]thiuphen-z-yl}thiuphen-l—yl]—.i,ﬂ“-

bicarhazole {2d)

A mixtore of 50 (0.50 g, 0.65 mmol), thieno{3,2-b)thiophen-2-ylboronic acid (0.12 i,
0.65 mmol), PA(PPh,}, {0.03 g, 0.03 mmol), and 2 M K,CO, aqueous solution (6 m, 13.02 mmol)
in THF (30 ml) was degassed with M, for 5 min. The reaction mixture was stirred at reflux under
N, for 24 h. Afier being cooled to room temperature, water {50 ml) was added and extracted with
CH,Cl; (50 mi x 3). The combined organic phases were washed with water (50 ml) and brine

solution (50 ml), dried over anhydrous Na 80, filtered, and the solvents were removed to dryness.
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Puritication by cohuwnn chromatography over silica gel with hexane as eluent foltowed by
reerystallization with & inixtare of CH,CL, and methanol afforded ¥ 6 -di-tert-butyl-9-dedecyl-6-
(5-(thieno[3,2-bthiophen-2-yDthiophen-2-v1)-3,9-hivurhazole {2d} (0,26 g, 4E8%} as yvellow solid;
CoHy N8y mp, 226-227 °C; 'U-NMR (300 Mliz. CDICL) § 8,28 (2H, ), 8.20 (111, 5), 8.19 {(I1H,
sh 778 (111 d, /= 7.8 He), 7.63 (1H. dd, S~ 8.7 iz, ./ = 1.5 Hz), 7.58 (1H, d, J= 8.7 Hz), 7.50-
747 (3H, my, 7.37-7.23 (41, w), 7.26-7.19 {(3H. m}. 4.19 {(2H, 1,/ = 6.9 11z), 1.97 (2H, quin, J —
6.6 Hz}, 1.58-1.27 (33H, m}, and 0.88-0.86 (6H, m) ppm; "C-NMR (75 MHz, CDCL) § 144.83,
142.48, 140.74, 14028, 139.62, 139,51, 137.79, 135.84, 12978, 126,85, 125,57, 12544, 124 45,
124,53, 123,63, 123,51, 123.09, 123.04, 12247, 11947, 119.36, 117,77, 116.20, 115.28, 10483,
109.45, 10918, 43.55, 34.75, 32.08, 31.92, 29.7i, 2963, 29.60, 29.54, 20.43, 29.35, 29.12, 27.37

¥

2269, and }4.1] ppm; MS (MALDI-TOF) vz - £32.0360 [M] “._. 832 391% caled for CHHWNIST

6-(5-(5-Bromothieno[3,2-hjthiophen-2-y Dhiop hen-2-y[}-3",6"-di-fere-butyl-9-
dodecyl-3.9'-hearbazole (3d)

CizHas

NBS {0.04 g, 0.21 mmul) was added in small pottions to a stirred selution of 3 §'-di-
teri-butyl-9-dodecyl-6-(5-(thieno[3,2-b}thiophen-2-yljthiophen-2-y1)-3 §-bicarbazole (2d) {0.i7 g,
0.20 romal} in THF (20 mi). After being stirred 4t room temperature for 30 min, water was added.
The mixture was extracted with dichloromsthane (30 m{ x 3} The combined arganic phase was
washed with water (50 ml), brine solution (50 ml), dried over anhydrous sodiom suifaie, fitered
and the solvent was remove in vacuum. Purfication by shart column chromategraphy using silica
gel cluting with hexane gave 6-{5-(5-bromothieno[3,2-b)thiophen-2-yithivphen-2-v1)-3' 6 di-ters-
butyi-3-dodecyl-3,9"-bicarbazole (3d) as light vellow solid (.10 g 35%); C, H,BiN,5,. m.p. 165-
166 C; 'H-NMR (300 MHz, CDCL) & 8.30-8.27 (2, m}, 8.21-8.20 (2H, m), 7.81-7.75 (18, m),
760(1H,d, f=8.1Hz), 7.57 (1H, d, F= 8.7 Hz}, 7.50-7.42 (4H, m}, 7.37-7.29 (2H, m), 7.26-7.17
(3H, m), 439 (2H, t, /= 6.9 Hz), 1.97-1.95 (2H, m), 1.58-1.27 (36H, m}, and 0.88 (3H, 1, f= 6.4
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Hz) ppm; "C-NMR (75 MHz, CDCL) & 146.77. 145.13, 14250, 140.87, 140.77, 140.29,
139.99, 139.82, 138.98, 136.41, 13515, 129.81, 127.82. 12547, 125.32, 125.09, 124.58 124.51,
123.62, 123,52, 123.11, 122.83, 122,79, 122.55, 12215, 119.26, 117.96, 117,74, 116.22, 114,78,
L1391, 112.88, 102.86, 109.47, 109.18, 43,56, 34.76. 32.09. 31.93, 29.71, 29.64, 29.55. 29.44,
25.35, 29.12, 27.37, 22.70, and 14.12 ppmy; FI-IR (KBr} 3050, 2954, 2928, 2854, 1656, 1628,
1547, 1488, 1462, 1364, 1294, 1262, 1154, 1092, 022, 876, 806. 733, 660, and 614 ¢m'; MS
(MALDI-TOF) 1z = 910.0072 [M1", 910.3024 caled for C,;H BN, S,

5-(5-(5-(3",6"-Dh-tere-butyl-9-dodecyl-3,9'-bicarbazol]-6-yl) thioptien-2-

¥Dthieno[3,2-blLhiophen-2-yl)thluphene-2-carbaldehyde (4d)

A mixture of 3d (0.24 g, 0.26 mmol), (5-formylthiophen-2-yl)boronic acid (0.04 g,
(.28 mmol}, Pd(PPh,), (6.01 g, 0.02 mmol}, and 2 M Na,CO, agueous selution (3 ml, 5.28 mmol)
in THF (20 mi} was degasscd with N, for § min. The reaction mixture was stirred al reflux under
N, for 24 h. Afier being cooled to room temperature, water {70 m1) was added and extracted with
CH;Cl, (30 ml x 3). The combined orgenic phases were washed with water {70 mi) and brine
solution {70 ml), dricd aver anhydrous Na SO, filtered, and the solvents were removed (o dryness.
Purification by columan chromatography over silica gel eluling with a mixture of CH,CL and
hexane (2:3) followed by recrystallization with a mixture of CILCL and methanol alforded
5-{5-(5—{3’,6'-di-rerr—buty!-g-dudecyl—[3,9‘-bir.:arbazol]-ﬁ—yl]thi{rphen—}yl}fllicno[3,Euh]thjnphen-z~
yl]thiophma-}carbﬂldchyde (4d) (0.10 g, 44%4) as orange solid; CHpMN05,; m.p. 272-173 o
"H-NMR {300 MHz, CDC1,) § 8.30-8.27 (2H, m), 8.19 (2H, 5), 7.83-7.76 (1H, m}), 7.68-7.56 (4H,
m), 7.49-7.46 (511, m), 7.36-7.32 (4H, m), 7.26 {1H, 5), 439 (2H, m), 1.97 {2H, m}, 1.55-1.76
(36H, m}, and 0.87 (3H, m) ppm; "C-NMR (75 MHz, CDCL,)183.86, 153.75, 142,76, 140.52,
130,08, 12574, 124.82, 123.77, 123.34, 119,61, 118.29, Ha.49, 115.26, 110,16, 109.43, 43,82,
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4302, 3235, 32.19, 29.97, 2989, 29.82, 293K, 27.63, 25.64, 22.96, and 14.03 ppm; MS

(MALDI-EOF} im/z = 942.1108 [M] . 942.3745 caled for C, 3, N0,

{E)-2-Cyane-3-(5-{5-(5-(3",6"-di~fert-butyl-9-d odex ¥1-3,9"-hicarbazol]-6-

}f]}f.hiup]len-z-yl}thimm{?:-,l—h]thiophen—Z—yl}thiaphen~2—yi}acr3‘lic actd {11)

4]
émst

A mixture of 4d (011 g, .11 mmob) and cyanoacetic acid (0.05 E. .58 mmol) was
vacuum-dried and added piperidine {(0.08 ml, 0.81 mmol) in CHCY, (20 ml). The solution was
tefluxed for 6 h. Afier cooling the solution, the arganic layer was removed in vacuo. The pure
product was obtained by column chrotratography over silica gel eluting with 4 mixture of MeOH
and ErDAc (1:9} followed by recrystallization with a mixture of CILCL and methanol afforded 11
(0.10 g, 86%) as light orange solid; CoH N.OS,; mp. 251252 °C: 'H-NMR (500 MHz.
CDCL/DMSO-d6) & 8.16 {SH, m}, 7.44-7.29 (15H, m), 439 (2H, m), and 1.48-0.84 (41H, m)
ppm; "C-NMR (75 MHz, CDCL/DMSO-d6) § 142.48, 140.09, 123.51, 123.03, 116.15, 109,15,
39.30, 37.06, 32,71, 32.04, 31,89, 31.22, 30.00, 29.66, 2832, 27.28, 27.05, 26,69, 2243, 19.71,
and 14.09 ppm; FT-IR (KBr} 3421, 3050, 2954, 2924, 2853, 22000, 1726, 1617, 1582, 1489, 1443,
1376, 1296, 1261, 1130, 877, 799, 763, 638, and 613 cm']; MS (MALDI-TOF) m/z = 1009.3901
M, 1609.3803 caled for CH,N,0.8,.

3%.6'-Di-fert-buty-¥-dodecyl-6-(4"-hexyl-[2,2-bithiophen]|-5-y1)-3,9"-bicarbazole

(2e)

&
M

¢12H;5
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A mixture of 50 (044 g 056 mmol), 2-{4-hexylthiophen-2-v1)-4 4.5 5-
tetramethyl-1,3.2-dioxaborolime (0.17 ¢, 0.56 mmal), PA(PPh,), (0.03 g 0.02 twwl), and 2 M
K.CO, aqueous sulution (6 ml, 11.30 mmol} in THE (30 m]) was degassed with N, for 5 min. The
reaction mixture was stirred at reflux under N, for 24 h. After heing cooted 1o room temperatires,
water (50 ml) was added and extracted with CH,CL (50 ml x 3). The combined orpanic phases
were washed with water (50 m) and brine solution (50 ml}, dricd over anhydrous Na 50, filtered,
and the solvents were removed to dryness. Purification by column chromatography over silica gel
eluting with a mixture of CH,CY, und hexane (2:3) followed by recrystallization with a mixture of
CH,Cl, and mcthanol afforded 3',6‘—dj-z‘erbburyl—g-dodecyl—ﬁ—{ét'ﬂhex}rl—{i,E’Hbitlﬁnphen}—ﬁ—}rl}-
3,9"bicarbazole (2e) (045 g, 93%) as white solid; C,H,N,S,; mop. 129.130 °C; TI-NMR (300
MHz, CDCL)} & 8.28 (2H, s}, 8.21 (211, 5), 7.78 (1H, dd, 7 = 7.6 Hz,J = 1.5 Hz), 7.63 (1H, dd, F =
85 Hez, J= 1.6 Hz), 757 (1H, d, s = 8.7 Hz), 7.51-7.45 {3H, m}, 7.37 (°H, d, /= 8.7 Hz}, 7.23
(1H,d, F =361z}, 7.14 (1H, d, J = 39 Hz), 7.05 {1H, 5), 6.80 (1H, 5), .33 (21,1, J = 6.7 Hz),
2,60 (2H,t, = 7.6 Hz), 1.97 (2H, quin, / = 6.6 Hz), 1.67-1.28 (44H, m), and 0.89 {64, t, F= 5.5
Hz) ppm; "C-NMR {75 MHz, CDCL) § 144.11, 4403, 142.47, 140.64, 140.28, 139.50, 13728,
136.07, 129.74, 125.80, 125.36, 124 89, 124.72, 124.48, 124.33, 123,80, 123.65, 123.52, 123.10,
123.03, 122,62, 119.31, 118.70, [17.69, 116.20, 109.81, 109,41, 43,54, 34.75, 3210, 3193, 31,69,
30.36, 3037, 29.65, 29.62, 20 55, 29.45, 20.36, 29.13, 29.01, 27.37, 22.71, 22.62, and 14.13 ppm;
MS (MALDI-TOF) m/z = 860.3179 [M}, 860.5137 caled for CHN.S.

6-(5™-Bromo-4"-hexyl-[2,2"-bith iophenj-5-y1}-3',6"-di-tert-butyl-9-dodecyl-3,9'-

Br
M

CzHas

blcarbazole (3e)

NBS (0.09 g, 0.53 mmol) was added in small portions to 2 stirred solution of 37,6'-di-
ter.r~but_l,r1—9—dﬂdecy1—6-{4‘~hex}'1-[2,2'—hithinphen]-ﬁ-yl}=3‘9’—hicarhazole (2e} (0.43 g, (.50 mmol)

in THF (20 ml). After being stirred at room temperature for 30 min, water was added.
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The mixture was extracted with dichlorontethane (30 ml x 3). The combined organic phase
was washed with water (30 ml), btrine solution (50 mi}, dried over anhydrous sodium sulbate,
fillered and the solvent was remove in vacaum. Purification by short column chromatography
using silica gel eluting with hexane guve 6-(5-bromo-4-hexyl-[2,2-bithiophen]-5-y1}-3".6 k- fors-
butyl-2-dodecyl-3,9"-bicarbazole (3e) as white solid (0,46 g, 99%); CH, BIN.S,; mup. 165-166
°C; 'H-NMR (300 MHz, CDCI,) § 8,26 (2H, 5), 8.20 (211, 5}, 7.77 (1H, ¢, /=8.4 I1z). 7.61 {1H, d,
J =184 Hz), 7.56 {1H, 4, f — 8.7 He), 7.50-7.44 (3H, m), 7.36 (ZH, 4, J = 8.7 Hz), 7.26 {1H, s),
7.19(1H, 5), 6.84 (1H, s), 4.38 (2H, , S = T .0 Hz), 2.63 (2H, 1, ./ = 7.6 Hz), 1.57 {211, quin, /= 6.7
Hz), 1.70-1.27 (44H, m), and 0.89 (6H, t,J = 6.7 Hz ppm; ' 'C-NMR (75 MHz, CDCL} 5 145.00,
144,30, 142,43, 140,55, 140.30, 132,78, 129.60, 126.40, 125.26, 124.70, 123.71, 12361, 123.48,
12307, 12294, 11932, 11842, 117.76, 116.18, 10973, 109.25, 10920, 43.52, 34.75, 32.09,
3192, 31.92, 30,75, 3045, 29.63. 29.60, 29.54, 2944, 29.35, 29.12, 2007, 27,37, 22.37, 22.69,
22.63, and i4.11 ppmy FT-IR (KBr) 3073, 3048, 3004, 2954, 2923 2853, 1627, 1604, 1574,
1482, 1349, 1261, 873, 791, 750, 658, and 610 cm_1; MS (MALDI-TOF} m/z = 935.1730 [M]“,
938.4242 caled for CH, BrNS,.

5"-(3",6'-Di-ters-butyl-9-dedecyl-[3,9™-bica rhazel]-6-y1)-3'-hexyl-[2,2":5",2"-

terthiophene]-5-carbaldehyde {4e)

A mixture of 3e (0.24 g, 2.25 mmol), {5-formylthiophen-2-yDboronie acid (0.04 g,
0.28 mmol), Pd{PPh,}, {0.006 g, 0.005 mmol), and 2 M Na,CO, aqueous solution (3 ml, 5.55
mmol} in THF (20 ml} was degassed with N, for 5 min. The reaction mixture was stirred at reflux
under N, for 24 h. After being cooled 1o room temperature, water (30 tnl} was added and extracted
with CH,CL, (30 ml x 3). The combined organic phases were washed with water {30 mi) and brine
solution (30 ml), dried over anhydrous Wa,50,, filterad, and the solvents were removed to dryness.

Purification by eolumn chromatography over silics gel eluting with a mixture of CH,CL, and
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hexane (2:3) followed by recrystallization with a mixtuere of CH,CL, and methanol afforded
5"—{3',6'-di=:er:—hutyl-Q-dudec}rl—f3,9‘-bicarbazol]—6—}?1}—3'—hcxyI-[2,2‘:5',2"—ten‘t1inphene]-5—
carbaldehyde (de) (216 g, 99%) as orange solid; CllNO5,; mp. 122-123 C 'H-NMR (300
MHz, CDCL) & 988 {(1H, s}, 8.27 (1H, s}, 820 (LI, ), 7.97 (1H, 4, J = 8.7 Hz), 7.70 (IH,d, =
389 Hz), 7.63 (IH, d, /=87 Hz}, 758 {1H, d,J = 8.7 Hx), 7.48 (3H, &, J = 7.5 H=), 7.36 (211, d, .f
= 8.7 Hz), 7.26-7.19 (3H, m), 7.06 {1H, s}, 4.39 (2H, m), 2.8} {2H, t, /= 7.8 Hz), 2.34-2.29 (2H.
m). 1.97-1.09 (44H, m), and 0.96-0.84 (6H, m) ppm; "C-NMR (75 MHz, CDCL} § 182.50,
145.37, 143,12, 142.50, 142.00, 140.80, 140.24, 139.80, 137,70, 136.84, 134.57. 129,84, 126,58,
123.73, 12544, 12535, 12445, 123,60, 123.50, 123.11, 123.07, 122,84, 11929 11782, 1{6.2],
109.86, 109.47, 109.17, 43.56, 34.75, 32.77, 32,08, 31.54, 31.64, 30087, 30005, 2096, 29.9),
29.71, 29.67, 29.63, 29.60, 29.54, 2943, 29.37, 29.35, 29.25, 79,12, 27.36, 27.10, 26.76, 22.70,
2238, 1973, 14.11, and 14.06 ppm; FT-IR {KBr) 3072, 3042, 2957, 2021, 2852, 1749, 1668,
1486, 1449, 1376, 1262, 1231, 1053, 870, §19, 794, 752, 718, 656, and 611 Cm-l; M5 {(MALDI-
TOF) m/z = 970.9969 [M]}", 970.4963 caled for Co,H,,N,08,.

{E]-E-Cyanu—3-{5**-[3*,ﬁ’-di-t‘ert—but}’]-fl-dﬂd.ﬂcyl-l'n,!?'~hica rbazol]-6-y[)-3'-hexyl-
[2,2':5",2"-terthiophen]-5-yl)acrylic actd (12)

CO0H

eH1y

o
Y

A mixture of de (0.26 g, 0.27 mmol) and cyanoacetic acid (0.11 g, 1.34 mmal) was
vacuum-dried and added piperidine (.18 m, 1.87 mmol) in CHCI, (20 ml). The solution was
refluxed for 6 h. After cooling the solution, the organic layer was remaoved in vacuo. The pury
procuct was obtained by column chromatography over silica gel eluting with a mixture of MeQH
and EtOAc (1:9) followed by recrystatlization with a mixture of CH,CL, and methano! aiforded 12
(0.10 g, 36%) as dark red solid; C H, N.OS; mp. 235236 °C; 'H-NMR (300 MHz,
CDCL/DMS0-d6) & 8.07-7.90 (SH, m), 7.38-7.35 (31, m), 7.31-7.22 {(4H, m), 7.13-7.04 (3H, m),
6.85-6.81 (3H, m), 6.71 {1H, s}, 3.97 (2H, m), 2.48 (2H, m), 1.63 (2H, m), 1.48-1.03 {(31H, m),
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and 0.66-0.65 (6H, m) ppm; "C-NMR (75 MHz, CDC1/DMSO-d6) 5 168.00, 144.57, 143 88,
142.34, 142.26, 140.35, 139.9t, 139.44, 136.93, 135,24, 134.38, 129.43, 128.15, 126.22, 125.17,
124.97, 124,69, 123.38, 123.32, 122.85, 122.61, 118.78, 117.17, 115.98, 43.13, 3455, 31.92,
31.69, 31.45, 20.89, 20.79, 25.42, 20.40, 29.37, 29.32, 29,18, 29.12, 29.03, 28.83, 27.07, 22.47,
22.38, und 14.00 ppm; FT-1R {(KBr) 3418, 3059, 2949, 2925, 2853, 2211, 1680, 1603, 1579, 1429,
1443, 1363, 1295, 1262, 1233, 1057, 873, 801, 741, and 654 em’'; MS (MALDI-TOF} m/z —
10374878 [M]"", 1037.5021 caled for C,,H, N,0,8,.

316" Di-tert-butyl-6-(4',4"-dihexyl-[2.2":5',2" “terthiopheu]-5-y1)-9-dodecy}-3,9'-

bicarbazole (51)

CeHya

gty

N
LizHes

A miture of 3e (0.34 g, 0.36 mmol), 2-{4-hexylthiophen-2-¥1}-4,4,5 5 -tetramethy]-
t,3,2-dioxaborolane {(0.11 g, 0.36 mmol), PA(P¥h,), (0.02 g, 0.01 mmof}, and 2 M K,CO, aqueaus
solution {4 ml, 7.3} mmoi} in THF (20 ml) was degasscd with N, for 5 min. The reaction mixture
was stirred at reflux under N, for 24 h. After being cooled to room temperature, water {50 mi) was
added and extracted with CH,CL, (50 ml x 3), The combined organic phases were washed with
water (50 ml} and brine solwtion (50 ml), dried over anhydrous Na 50, filtered, and the selvents
were removed to dryness. Purification by column chromatography over silica gel eluling with
hexane followed by recrystallization with a mixture of CH,CI, and methanol atforded ¥ ,6'-di-ferr-
buryl-6-(4',4"-dihexyl-[2,2:5' 2" terthiophen-5-yi}-9-dodecyl-3,9bicarbazole (51) (030 g, 82%)
as white solid; CoH NSy m.p. 122-123 °C; 'H-NMR (300 MHz, CDCL) & 8.27 (2H, 5), 8.21 {2H,
s), 778 (1H, d, J = 8.4 Hz), 7.63 (1H, dd, J=79 Hz, J~ 1.5 Iz}, 7.57 (1H, d, J = 8.7 Hz), 7.50-
743 (3H, m), V.37 2H, d, /= 8.7 Hz), 7.23 (1B, d, J = 3.6 Hz), 7.14 {1H, d, s — 3.6 He}, 7.03
(1H, s}, 6.97 {111, s}, 6.%9 (1H, ), 4.39 (2H, t, /= 6.711z), 2.74 (2H, t,J= 7.8 Hz), 261 (ZH, t, J
= 7.5 Hz}, 1.97 (2H, guin, J = 6.4 Hx), 1.65 {4H, quin, J = 6.7 Hz), 1.56-1.27 (48H, mi), and 0.91-
0.84 (9H, m) ppm; "C-NMR (75 Mz, CDC,) § 144.21, 143,65, 142.47, 140.66, 140.26, 140.05,
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139.79, 135.65, 135.53, 135,05, 129.76, 127.11. 126,13, 125.73, 125.36, 124.46, 123.64.
12331, 123.09, 123.03, 122.72, 119.30, [17.70, 116.19, 109.81, 10942, 109.20, 4355, 34.75,
32.09, 31.93, 31.70, 31.66, 30.5t, 30.40, 29.63, 29.61, 20,54, 29.44, 20,39, 29.36, 7925, 25.12,
29.02, 27.37, 22.70, 22.62, and 14.07 ppm; FT-IR {KBr) 3050, 2953, 2025, 2854, 1633, 1487,
1360, 1295, 1263, 1235, 1149, 1020, §73, 807, and 668 om’; MS (MALDI-IOF} m/r =
1026.1387 [M}™", 1026.5953 caled for CILN,S,.

ﬁ-[ﬁ”~Bm1nn-4',4"'-ﬂihex}fl"[l,l':S*,E"—tﬂrﬂiit}phen]—5-]3]]-3‘,6'*{:] i-rert-butyl-9-

dodecyl-3,%-bicarbazale {52)

N
CizHzs,

HES (0.05 g, 0.25 mmol) was added in small portions to a siimmed solution of 3 6'-di-
ter:—hut}fl-ﬁ-{4’,¢"—dihax}r1—{2,2‘:5‘,2"—terthiﬂphen]—S-yI]-9~dndacy1~3,9‘-bicarbazﬂle (51} (027 g,
(.27 mmeol) in THF (20 ml). Afler being stirred at room temperature for 30 min, water was added,
The mixture was ¢xtracted with dichloromethane (30 ml x 3). The combined organic phase was
washed with water (50 ml), brine solution (50 mi), dried over anhydrous sodium sulfate, filtered
and the solvent was remove in vacuum. Purification by short colurmn chromatography using silica
gel eloting with dickloromethane : hexane, 5:95 pave 6-(5"—bmmn-d-',4"~dihexyl-[2,2’:5',2"—
terthiophen]-3-y1)-3',6'-di-fers-butyl-9-dodecyl-3, 9" bicarbazole (32) as white solid (0.25 g, 84%a);
CoHe:BIN,S s mp. 113-114 °C; 'H-NMR (300 MHz, CDCl,; & 8.27 (2H, s}, 8.20 (2H, 5), 7.77
(1H, d, S = 8.7 Hz), 7.63 (1H, dd, /= &.1 Hz,f=12Hz), 7.57 (K, d, F = 8.4 Hz), 7.45-747 [3H,
m), 7.36 (2H,d, J= 8.7 Hz), 7.23 {1H, d, J = 3.6 Hz}, 7.14 (1H, d, S = 3.6 Hz), 7.01 (1H, s}, 6.82
(1H, 5), 439 (2H, t, J = 6.9 Hz), 2.66 (2H, t, J = 7.8 Hz), 2.56 {2H, 1, = 7.5 Hz), 1.97 (2H, quin,
J = 6.6 Hz), 1.70-1.27 (52H, m), and 0.90-0.86 (9H, m) ppm; "C-NMR (75 Mz, CDCL)
144.49, 142.48, 140.70, 140.61, 140.26, 136.80, 135.60, 135,48, 135.24, 12978, 128.68, 126.58,
126.05, 125.64, 125,39, 124.63, 124.45, 124 05, 123.63, 123.51, 123.09, 12304, 122.74, 11929,
117.73, 116.20, 109.83, 109.44, 109.19, 108.52, 43.56, 34.75, 32.08, 31,92, 31.64, 30.50, 29.63,
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2954, 29,43, 29.35, 20.21, 29,12, 28.91. 27.36, 22.69, 22.60, 14.11, and 14 08 ppm:; FT-IR
{KBr) 3059, 7954, 2925, 2848, [619, 1486, 1362, 1294, 1261, 1121, 1092, 1019, 875, 807, 790,

063, and 613 cm-s; MS {MALDI-TOF) m/z = 1104.8741 [M]"L, 11{4.5058 caled for
CsHy BINLS

3'M=(3',6"-Di-fert-huityl-9-dodecyl-3,9-bicarh 2l -6-y1)-3', 3" -dihexyl-

[2,2':5',1”:5",2“‘-qu aterthiophene|-5-ca rbaldelyde {53)

A mixture of 52 (0.46 g, (.41 ynmol}, (5-formyithiophen-2-ylboronic acid (0.07 g,
.45 mmel}, PA(PTh,), ((L02 g, 0.02 mmol), and 2 M K,CO, aquecus solution (4 ml, 8.26 mmeol)
in THF (30 ml) was degassed with N, for 3 min. The reaction mixture was stitred at reflux vader
N, for 24 h. After being cooled to room temperature, water (50 ml) was added and extracted with
CHCI, (50 nml x 3). The combined organic phases were washed with water (50 ml) and brine
solution (50 mI}, dried over anhydrous Na SO, filtered, and the salvents were removed to dryness.
Purification by eolumn chromatography over sifica gel eluting with 2 mixture of CH,CL, and
hexane (2:3} followed by recrystallization with a mixture of CH,Cl, and methano! afforded
5"’-{3',E-'-di-.!err-but}rl-g-dﬂdec}f1-[3,9‘-bica:bazul]-ﬁ-}fi]l-l',.i""di]]ﬂxyk[2,2‘:5',2":5",2"'-
quaterthiophens]-5-carbaldehyde (53) (0.13 £ 28%) as red solid; CaHN05,; mp. 121-122 °¢;
1H—NMR (300 MHz, CDCL) 5 9.80 (1H, ), 8.19 (2H, =), .12 {2H, s}, 7.70 {1H, 4, J = 8.7 Hz),
163 {1H, d, J=123.6 Hz), 7.55 (1, d, /= 8.7 Hz), 749 (1H, d, J = 8.4 Hz), 7.42-7.38 {(3H, ),
128 (2H, d, J= 8.4 Hz), 7.18-7.15 (2H, m), 7.08 (14, d, = 3.6 Hz}, 6.98-6.92 (2H, m), 4.13 {2H,
t,./= 6.7 Hz), 2.77-2.70 {44, m}, .89 (20, quin, J = 6.0 Hz), 1.62-1.57 (4H, m), 1.41-1.12 {51H,
w), and 0.82-0.78 (6H, m) ppm; "C-NMR (75 MHz, CDCL,) § 182.87, 146.55, 144.98, 142.86,
14276, 14235, 141.44, 140.99, 140,50, 140.06, 13718, 136.62, 136.27, 135,36, 130.04, 129.41,
129.10, 126.62, 126.07, 12587, 125.584, 125.08, 12471, 123.87, 123.79, 123.36, 123.31, £23.06,
118.56, 118.02, 116.48, 110.13, 109,73, 109.45, 43,83, 35.04, 32.36, 32.20, 31.94, 30.67, 30.50,
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30.08, 29.99. 29,92, 29.82, 29.72, 29.63, 29.54, 29.40, 27.65, 22.9%. 1441, and 14.37 ppm;
FI-IR (KBr) 3068, 3046, 2949, 2927, 2852, 1655, 1638, 1625, 1559, 1544, 1489, 1459, 1436
1293. 1261, 1228, 1094, 1053, 1020, 876, 801, 669, and 614 om’ MS (MALDI(-TOF) m/z =
1136.9008 (M]™, 1136.5779 caled for C T, N, 08,

{E}-}C}f’an0-3-{5"‘-[3‘,ﬁ"-rli-fen‘-hut_',fl-il-dude:cyl-ii,!}*-hica rbazol-6-y[)-3",3"-

dih{:xyl-[z,i‘:S',Z‘*:5",2”’-quah:rthinphen]-s-yl}acr}flic acid {13)

N
cIE'lezlﬁ

A mixture of 53 (0,11 g, 0.10 mmol) and cyanoacetic acid {0.04 g, .50 mmel) was
vacuum-dried and added piperidine (0,07 ml, 0.70 mmol) in CHCL, (20 mD). The solution was
retluxcd for 6 h. After cooling the solution, the organic layer was removed in vacuo. The pure
product was obtained by column chromatography over silica gel eluting with a mixture of McOH
and EtOAc (1:9) (ollowed by recrystallization with 1 mixture of CH,CL, and methanol afforded 13
(005 g, 45%) as dark red solid; C,HN,0,5; mp. §7-88 °C; 'H-NMR {500 MHe,
CDCL/DMSO-d6) § 8.22-8.18 (4H, m}, 7.68-7.55 (3H, m), 7.46-7.45 (3H, m), 7.35-7.33 (3H, m),
7.20-7.16 (31, m), 7.08-7.03 (2H, m), 6.99-6.92 (3H, m), 4.30 (2H, m), 3.66-3.59 (2H, m), 2.90-
2:39 (4H, m), 2.41-2.26 (4H, m), 1.65-1.09 (56HL, m), and 0.88-0.84 (S11, m) ppm; “C-NMR (125
MHz, CDCL/DMSO-d6) & 176.07, 144.3D, 142.44, 140.8%, 140,55, 14010, 139.65, 137.20,
136.86, 136.04, 135.67, 135,18, 134,98, 129,61, 12942, 129.20, [28.73, 128.53, [27.65, 127 50,
127.55, 127.50, 126.17, 125.19, 124.63, 124,29, 123,89, 123.47, 122,98, 122.85, 122.65, 121.03,
120,88, 119.04, 117.45, 116.26, 116.11, 114.86, 114.74, 109.82, 109.38, 10513, 47.86, 43.39,
3741, 37.36, 37.01, 36.07, 34.67, 3432, 34.16, 33.62, 33.00, 32.66, 32.02, 31.96, 31.84, 2905,
29.61, 29.51, 29.45, 2042 29.33, 29.27, 29.26, 29.22, 29,20, 29.14, 29.07, 29.01, 27.25, 27.00,
24.92, 24.24, 22.61, 19.69, and 14.07 ppm;, FT-IR {KBr) 3393, 3055, 2954, 2924, 2853, 2211,
1714, 1583, 1483, 1465, 1434, 1364, 1262, 1211, 972, 378,810,718, and 610 cnl-l; MS (MALDI-
TOF) mz = 1203.6244 [MI' ', 1203.5838 calcd for C ] 1N, 0.8,
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Chapter 4;

5(5-(3",6"-15-tert-but yI-B-dodecyl-3,%'-hicarbazol]-6-yl)thiophen-2-yDiuran-2-

St

M
é!zHJﬁ

carbaldehivile (56)

A mixture of 50 (0.54 g, 0.7 mmol), (3-formylfuran-2-yhboronic acid (0.12 g, 0,83
mmol), PA(PPL,}, (0,02 g, 0.03 mmol), and 2 M Na, (0O, aqueous solution {7 m?, 14 mmoel) in FHF
{20 ml) was degassed with N, for 5 min, The reaction mixture was stirred at reflux under N, for 24
h. After being cooled to raom temperature, water {30 ml) was added and extracted with CH,Cl,
(30 ml x 3). The combined organic phases were washed with water (30 ml) and brine solution (30
ml), dried over anhydrous Na, 80, filtered, and the solvents were removed to dryness, Purification
by colurin chromitography over silica gel eluling with a mixture of CH,C, and hexane (2:3)
followed by recrystallization with a mixture of CH,C, and methanol afforded 6 {0.35 2, 63%) as
green solid; CoHEN,0,8; m.p. 209-210 °C; 'H-NMR (300 MHz, CDCL,} 3 9.60 (1H, s), 829 (1H,
sh 8.26 (1H, s), 7.77 (1H, dd, = 9.0 Hz, /=16 Hz), 763 {1H,dd, /=84 H., /=18 Hz), 7.57
(IH, d, /= 8.7 Hz), 7.50-7.46 (4H, m), 7.36-7.25 (4H, m), 6.64 (1H, d, /= 3.9 Hz), 4.38 (2H, 1, J
= 6.9 Hz}, 1.97 (21, quin, J = 6.6 Hz}, 1.54-1.26 (364, m), and 0.87 (311, 1, S = 6.6 Hz) ppn;
"C-NMR (75 MHz, CDCL,) 5 176.92, 155,30, 151,72, 148.29, 142.82, 141,32, 140,52, 140,11,
130.25, 140.52, 14.11, 130.25, 129.69, 127.67, 125,83, 12531, 124.87, 123,85, 123.79, 123.41,
123.38, 123.32, 119.56, 11831, 116.45, 110,19, 109.84, 10943, 107.41, 43.85, 35.02, 32.35,
32.18, 29.88, 25.85, 29.79, 20.68, 29.60, 29,37, 27.62, 22.95, and 14.36 ppm; F1-ER {KBr) 3055,
2437, 2922, 3847, 2812, 1662, 1585, 1538, 1480, 1361, 1290, 1262, 1023, 820, 506, 794, and 760
em’'; MS (MALDI-TOF) m/z = 788.6293 [M]"", 788.4375 caled for C,,H,N,0,8.
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{E}-I-C}'auu-.’n-{ﬁ—{&-{3‘,Er‘*di—.fe'rr-I:ut}'l~9—dadec yi-3,9"-bicarbazol]-&-

3.'l]thio[}hun—l-:i'I]furan-l-yl]acryliu acid {14}

i
f:12H:'5

A mixture of 56 (0,18 g, 0.23 mmol) and cyanoacetic acid {0.10 g, 1.14 mmol) was
vacuum-dried and added piperidine (0.14 mi, 1.60 mmol) in CHCL3 (20 ml). The sclutioy was
refiuxed for & h. Afier cooling the solution, the organic iayer was removed in vacuo, The pure
product was obiained by column chromatography over silica gel eluting with & mixture of McOH
and El0Ac (1:9) followed by recrystallization with a mixture of CILCL, and methano] afforded 14
(0.13 g, 65%) as red solid; C,H, N0,8; H-NMR (300 MH2, CDCL} & $.25 (2H, s), 8.18 (2H. s),
7.89 (IH, 5), 7.75 {1H, d, J = 8.1 Hz), 7.63-7.52 (3H, m}, 7.35-7.29 (4H, m}, 7.68 {1H, d, / = 3.6
Hz), 5.42 (1R, 5, br), 4.33 (2H, m), 1.93 (24, m}, 1.48-1.25 (36H, m), and 0.87-0.84 (3H, m) ppm;:
"C-NMR (75 MHz, CDCL) 5 176.44, 156.43, 149.34, 147.47, 142.82, 141,39, 140.52, 140,08,
130.26, 129.19, 129.04, 125.83, 125.16, 124.97, 123.80, 123,41, 123.33, 119.60, 118.29, 116.49,
116.03, 110.19, 109.84, 109.44, 43.82, 35.02, 32.35, 12,17, 29.88, 29.80, 29.65, 29.60, 29.35,
28.04, 27.61, 23.42, 22.94, and 14.36 ppm; FT-IR (KBr) 3411, 3046, 2953, 2024, 2852, 2219,
1693, 1604, 1557, 1487, 1434, 1387, 1363, 1293, 1258, 1234, 1191, 1026, 967, 921, 876, ROL,
762, 742, 703, and 658 om'; MS (MALDI-TOF) m/z = 8554310 [M]" , £55.4434 calod for
CyHy N, 0,8,

3,6~Di-terr-hut_vl-5'-{9-do|:'lecyI-3-{5—[tlni-:I11hen~2-}fl]thit}phcn-1-}r]}cnrh azel-6-y1}
carbazole (54)

[
CeaHay
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To a stirred solution of bromo cotmpound (50 (2.87 rr, 3,71 mmol} and Pd{PPh, ],

(010 g, 0.09 mmol) in tetrahydinluran 155 ml.) were added 2-thiophene-trorenic acid (.32 g,
2.47 mmol}, and an aqueous Ma 00, solution (7.87 ¢, 74.22 nmol). The mixture was refluxed for
48 b After cooling the solution, ILO {30 ml} was added to the solution and extracted by
dichloromethanc (50 ml x 3). The oreanic layer was separaled and dried in NaSG,. The selvent
was removed in vacuo, The pure product  was obtained by silica gel chromatography using
a mixtare of methylone chloride and s-hexane (1:4) as an eluent & pale yellow solids (231 g,
80%). mp: 142 €, '"H NMR (300 MHz, CDCL): 8 8.27 (2H, 5), 820 (210, 8), 778 (111, d, J = 8.40
Hr), 7.60 (2H, q), 7.49-7.46 (3H, m), 736 (2H, d, /= 8.4 Hx), 7.27-7.16 (3H, m), 7.03 (1 it J=
3.9 He}, 4.39 (2H, 1, J = 7.20 Hz), 1.97 (2H, t, J = 6.90 Hz}, 1.50-1.27 (36H, m) and 0.89 (3H, ¢,/
= 6.90 Hz} ppm; "C NMR (300 MHz, CDCL,) 144.35, 142.46, 140.68, 140.28, 139.81, 137.73,
135,62, 129.74, 127.81, 125,71, 125.39, 124,68, 124.50, 124.02, 123.64, 123.5G, 123.29, 123.08,
123.03, 122,66, 119.34, 117.73, 116.15, 109 81, 109.41, 109,19, 43.55, 34,75, 32.08, 31,92, 29.63,
28,00, 29.54, 20,43, 29.35, 25,12, 37.36, 22.69 and 14.12 ppm; M3 {APCT +MS) miz = 777 4290
[M+H]", 7764158 caled for C H, NS,

3,6-DM-fert-buty|-9-{3-{5<{5-bromothioph en-2-yhthiophen-2-y1)-9-dadecyl-

carbazol-6-yljcarbazole {55)

Br

‘512"‘25

In 2 flask, covered with aluminum foil, stirred solution of 3.6-di-terr-butyi(9-dodecyl-
3-(5-(thiophen-2-yDjthiophen-2-yl)varbazol-6-yl)carbazole (54) (2.29 g, 2.95 mmol) in THF (30
ml) was added NBS (0.55 g, 3.09 mmol), was added in small portions. The mixturc was atlowed
10 warm te room temperature for 3 h. Water {50 ml) was added and the mixture was extmacted with
methylene chloride (50 ml x 3). The organic layer was separated and dried in Na,80,. The solvent
was removed in vacuum. Purification by column chromatography! over silica gel eluting with

a mixture of methylen: chloride and n-hexane (1:3) followed by reerystallization with a mixhire of
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methylene chloride and methanol attorded green solid (1.99 g 79%). mp: 234 °C, 'H NMR

(300 MM, CDC): 8 8.24 (21, 5), 8.17 {2H. s}, 7.74 (NI, d, J - 5.58 Hz), 7.59-7.57 (2H, m),
7.47 (3H, d, J = 8.60 Hz), 7.33 (3H. 4, / - 8.60 Hzl T2 d.J = 3.72 Hz), 710 (U, d, S =
372 Hx), 6.97-6.90 (2H, Q) 437 (2H, 1, J = 7.20 Hz}, 1.98 (2H. 1. J = 6.90 Hz), 1.57-1.27 {36H,
m} and .85 (3H, 1, / = 6.90 [12) ppry; "'C NMR (200 KT CDCLY: 144.90, 142,48, 140.75,
140.26, 139.81, 139.27, 134.50, 130,64, 129.73, 12543, 124.95, 12450, 123,59, 123,50, 123,30,
123.08, 12269, 11934, 117,74, 116,21, 11048, 102.85, 109.45, 10%.17, 43,55, 34.75, 32.08,
31.92, 30,92, 29.63, 29.60, 29,54, 49.43, 2935, 2911, 27.36, 22.70 and 14.12. MS (APCI+MS)

mv'z = §55.3364 [M+H]", 854.3303 caled for CHyBIN S,

5-(5-(3".6*-D i-ter.r-hutyl~9vd0decy[~3,9'-bicarhaml]-ﬁ—}'lj-[1,2'~hithiﬂpl1cn]-5-
Yhluran-2-carbaldehyde (57)

N .
CazHas

A mixture of 55 {0.93 g, 1.08 mmol), (3-lormylfuran-2-yborenic acid (0.16 g 1.17
mmol), PA(PPh,), (0.05 g, 0.04 mmol), and 2 M Na,CO, aqueous solution (11 ml, 22 mmal) in
THF (30 m) was degassed with N, for 5 min, The reaction mixture was stirred at reflux under N,
tor 24 h. After being cooled to room temperature, water {50 mi} was added and extracted with
CH,CL, (50 ml x 3}, The combined organic phases were washed with water (30 mi) and brine
solution (70 mi), dried over anhydrous Na,50,, filtered, and the solvents were removed to dryness,
Purification by column chromatography over silica gel ehuing with a mixture of CHCl, and
hexane (2:3) followed by recrystallization with a mixture of CH.Cl, and methang! afforded 57
(067 g, 71%) as green solid; CpHN,0,S,; m.p. 164-165 °C; 'H-NMR (300 MHz, CDCL) 5 9.70
{(1H, 5), 8.36 {2H, 5), §.29 (21, s), 786 (WH, d, = 50Hz), .12 (1H, d, 7= 10,0 Hz}, 767 (1H, d,
J = 10.0 Hz), 7.58-7.52 (4H, m), 7.45 (2H, d, s = 10.0 Hz), 7.38-7.36 (2H, m), 7.31 {1H, d /=35
Hz), 7.26 (1H, d, F = 2.5 Hz}, 6.74 {1H,d,7=50Hz), 4.48 {(2H,t, J="7.5Hz}, 2.06 (211, uin, J =
73 Hz), L67-1.36 (36H, m), and 0.97 (3H, t, / = 5.0 Hz) ppm; “C-NMR (75 MHz, CDCL) §
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17671, 15438, 151.52, 14568, 14251, 140.84, 140.26. 132.83, 127.14, 125.61, 124.52,
124.04, 123.53, 123,10, 122.93, 119,35, 116.24, 109,90, 109.52. 10918, 107.52, 43.58, 34.77,
32,10, 31.94, 30.95, 29.65, 29.02, 29.56, 29.45, 29,37, 20.13, 27.38. 22,71, 20.72, 20,11, 17.67,
16,97, and 14.14 ppm; FT-IR (KBr) 3061, 2954, 2923, 2950, 1665, 1531, 1484, 1362, 1262,
1020, §79, 787, and 755 cm '} MS (MALDI-TOF) miz = 8707116 [M] . 870.4253 caked for

Ci?HGZNEUIS:!'

{£)-2-Cyane-3-(5-(5'-(3",6"-di-ferr-butyl-$-dodecyl-3,9"-bicarbazol] -6-y1)-[2,2"-

bithiophen]-5-y ) furan-2-yDacrylic acid (15}

équs

A mixture of 57 {0.25 g, 0.29 mmol) and cyanoacetic acid (1.22 2. 1.43 mmol) was vacoum-dried
and added piperidine {0.20 ml, 2.0] mmol} in CHCL, (20 ml). The solution was refluxed for 6 h.
After cooling the solution, the organic layer was removed in vacuo. The pure preduct was
obtained by columm chromatography over silica gel eluting with a mixture of MeOH and EtOAc
(1:9} followed by recrystallization with a mixture of CH.CL and methanol allorded 15 (0.15 g,
57%)} as dark red solid, CoH,N,O.5,; mup. 176-177 e 'H-NMR (300 MHe, CDCL ) § 8.23-8,19
{4H, m}, .82 (1H, s}, 7.69 (IH, d, S = 8.7 IIz), 7.59 (1H, dd, f=: 8.4 Hz, 7= 18 Hz), 7.52-7.45
(3H, m), 7.40-7.33 (dH, m), 7.25 (1H, s), 7.19-7.15 (2H, m}, 7.08 {IH,d, f=3.6 Hz), 6.60 (1H, d,
J=3.6Hz), 4.28 (2L, 1,/ = 6.0 Hz}, 3.61 (1R, s, br), 1.91 {2H, quin, .J = 6.6 Hz), 1.48-1.24 {36H,
m), and 0.86 (3H, t, J = 6.6 Hz) ppm; "C-NMR (75 Mz, CDCL) & 167.63, 16330, 155.51,
147,65, 146,03, 142.80, 141.03, 140.52, 140.01, 138.16, 134.63, 130,10, 129.20, 128.40, 126.05,
125.66, 125,54, 124.69, 124.50, 123.87, 123.40, 123.26, 123,12, 11952, 117.90, 114.49, 116.16,
110,08, 109.70, 109,45, 96.07, 43.74, 3502, 32,35, 32.17, 20,88, 29,80, 29.67, 29.60, 2934,
27.60, 22.94, and 14.35 ppm; FT-IR (KBr) 3420, 3055, 2949 2924, 2852, 2219, 1714, 1657,
1633, 1562, 1541, 1486, 1439, 1386, 1362, 1326, 1294, 1262, 1235, 1191, 1152, 1025, 922, 8746,
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788, 741, 692, and 658 cm; MS (MALDI-TOF) mix = 937.4232 (MY, 9374311 caled for
CagHuNy0,5,

Chapter 7;
4-{7-(5-Bromothiophen-2-y1)-9,9-dihexylfluaren-2-¥13-3,6-di-ferr-butytearbazeole

(59)

%Br
M
C'BH T UH ]

NBS3 (0.165 g, 0.927 mmol) was added in small portions to a stitred salation of 3,6-di-
tert-butyl-9-(2,9-dihexyl-7-(thiophen-2-y1}lueren-2-yljcarbazole (58) {0.63 g, 0.5mmol) in THF
{20 ml). After being stirred at Toom temperature for 30 min, water was added. The mixture was
extracted with dichlosomethane (30 ml x 3). The combined organic phase was washed with water
(50 ml), brine solution {50 ml), dricd over anhydrous sodium sulfate, flered and the solvent was
remove in vacuum, Pyrification by short ¢olumn chromatography using silica peb eluting with
dichloromethane : hexane, 5:95 gave 59 as lipht yellow viscous (0.65 g, 94%), C JH, BiNS: m.p.
77-80 "C; 'H-NMR (300 MHz, CDCI3} 5 8.18 (2H, s), 7.87 {1H, d, J = 8.7 Hz), 7.74 (1H, d, J/ =
1.8 Hz), 7.56-7.47 (6H, m), 7.3 (2H, d, /= 8.7 Hz2), 7.15 (1H,d, /= 3.6 Hz}, 707 (1H,d, 7 =39
Hz), 2.04-21.98 (4H, m), 1.52 {18H, m), 1.19-1.11 (12H, m), and 0.82-0.77 {10H, m) ppm;
lj{J-NTvH{ (75 MHz, CDCI13) § 152.64, 151.94, 146,54, 142.85, 14041, 139.33, 13922, 137.14,
132.63, 130,88, 125.44, 124.79, 123,56, 123.40, 12309, 121,41, 120.81, 120.28, 119.91, 116.31,
F11.14, 109.20, 55,50, 40.32, 34.75, 32.03, 31.51, 29.63, 23.8%, 22,56, and 14.00 ppm; FT-TR
{KBr) 3042, 2954, 2926, 2855, 1610, 1584, 1490, 1474, 1362, 1324, 1294, 1262, 1233, 1201, §77,
209, 700, 714, and 614 cm_j; HRMS-ESI /e = 772.3613 [MH'], 771.3473 caled for C H, BINS,
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4-(5-(7-(3,6-Di-tert-butylearbazol-9-y1)-9,9-dihexyilusren-2-ylithiophen-2-

ylphenzaldehyde {60)

CaHai® CgHag

A mixture of 59 {0.40 g, 0.52 mmeol), 4-formylphenylborenic acid {0.08 g, 0.56
mmol), PA(PPh.), (0.01 g, 0.01 mmol}, and 2 M Na,CO, aqueous solution (5 mé, 10 mmal) in TITF
(50 ml) was degassed with N, for 5 min. The reaction mixture was stirred at reflox under N, for 24
h. After being cooled to room temperatare, water (70 ml} was added and extraceed with CHC,
(70 ml x 3} The comnbined organic phases were washed with water (70 ml) and brine solution {70
ml), dried over anhydrous Na, 50, filtered, and the solvents were removed to dryness. Purification
by column chromatography over silica gel eluting with a mixture of CH.Cl, and hexane (2:3)
followed by recrystallization with a mixture of CH,C}, and methanol afforded 60 (0.22 g, 53%) as
yellow solid; C, H NOS; "H-NMR (300 MHz, CDCI) & 10.02 (1H, 53, 8.20 (1H, 8}, 8.17 (1H, =),
7493 (3H,d, = 7.8 Hz), 7.84-7.79 (JH, m), 7.72-7.65 (2H, m), 7.57-7.50: (3H, m), 7.45-7.41 (4H,
m), 7.34-7.29 (2H, m), 2.08-2.03 {4H, m), 1.26-1.25 (22H, m), and 0.92-0.77 (1BH, m) ppm;
"CNMR {15 MHz, CDCIL) & 191.36, 152.82, 152.00, 146.55, 141.53, 141.03, 140.48, 140.04,
139.74, 136,67, 135.07, 132,97, 130,534, 126,14, 125.93, 125,66, 125.00, 124.36, 123.42, 121.83,
120,96, 12040, 120,07, 119.93, 66.68, 55,58, 40,32, 38,78, 34,43, 31.93, 31.50, 3044, 25.70,
29.62, 29,36, 29.11, 28.94, 25.01, 23,01, 23.82, 22,98, 22.69, 22 54, 14.11, and 13.92 ppm; FT-IR
(KBr) 3051, 2957, 2924, 2850, 2732, 1697, 15599, 1497, 1470, 1450, 13081230, 1167, 1118, 822,
800, 749, and 723 ¢m ",

(E)-2-Cyano-3-(4-(5-{7-(3,6-di-rers-butylecarhazol-0-y -2, 9-dihexy Uluoren-3-

yDthiaphen-2-yhphenyyacrylic acid {16)

M
Q0H
3
CeHqi Cabha
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A mixture of 60 {(.22 g, $.2% mmol) and cyunoacetic acid {012 &, 138 tImol) wis
vacuurm-dried and added piperidine (0.19 mi, 1.93 mmel} in CHCL, (30 ml) The selution was
refluxed for 6 h, After coaling (he solutien, the organic layer was remnoved in vacuo. The purc
product was gbtained by colmmn chromatography over silica gel cluting with a mixlure of Me(HH
and E10A¢ (1:9) followed by recrystallization with a mixnwe of CH,CL, und methanol atforded 16
(0.11 g, 42%) as light orange sohid; C 1[N, O.8; mp. 224-215 'C '"H-NMR (300 MHz,
CDCL/ADMS0-d6} & 8.04-7.97 (3H, m), 7.87-7.83 (211, m}, 7.77-7.74 {1H, m}, 7.62 (3H, m}, 7.53-
747 (PH, m), 7.35 (3H, tm), 7.26 (4H, m), 7.14-7.12 (2H, m}, .88 {4H, m}, and 1.07-0.93 (40H,
m) ppm; “C-NMR (75 MHe, CDCL/DMSO-d6) & 164.06, 153.28, 152,67, 151.80, 146.22,
141.33, 140,81, 140,28, 139,62, 138,48, 13639, 132.80, 131.48, 130.30, 126.12, 12585, 12570,
125.55, 124,88, 124,40, 12317, 121.56, 120,92, 120.36, 12023, 119.16, 109.63, 102,80, 5541,
40,70, 40.51_ 40,23, 40.08, 39.96, 39.68, 39.40, 39,12, 31.30, 29.35, 23.73, 22.33, and 13.85 ppmy;
FT-IR {KBr) 3415, 3042, 2954, 2924, 2852, 2224, 1697, 1583, 1548, 1309,1496, 1473, 1451,

1421, 1334, 1281, 1231, 1186, 922, 803, 749, 723, and 678 om .

Chapter 8:

N-{4-Bramophenyl)-V-phenylnaphthalen-1-amine (62)\

s

To g raixiure of Cs,CO, {45.62 g, 140.00 mmol), PAOAc), (0.77 g, 3.42 mmaol], PPhL,
(1.73 g, 6.61 mmol), and 1.4-dibromobenzene (2.07 g, 34.20 _mmol} in toluens (60 ml.} were
added N-phenylnaphthalen-1-amine (61} {5 g, 22.80 mmol). The rcaction mixture was stirred at
110 °C under nilrogen. After 24 h, water (100 ml) was added untit the two phases mixed.
The solution was extracted with CH,Ct, (100 ml x 3}, washed with water (100 ml}, brine solution
(100 ml) and dried with Na,50,, filtered, and the solvents removed to dryness. After the solvent
was evaporated. The crude product was porified by column chromatography on silica gel with
hexane s chuent to yield N-(4-bromophenyl)-N-phenylnaphthalen- 1-amice (62) (2.90 g, 34%) as

ight green viscous oil; C,,H, BeN; TI-NMR (300 MHz, CDCL) § 7.93 (2H, 1,/ = 7.9 Hz), 7.81
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(1H, d, ./~ 8.1 Hz), 7.50 (2H, t, . - 7.8 Hz), 7.42-7.22 (6H, m), 7.09 (2H, d, J = 7.8 Hz}, 7.00
(1H, t, / = 7.2 Hz), and 6.91 (201, d,.7 = 8.7 Hz) ppm: C-NMR (75 MHz, CDCL) 8 148.76,
143.88, 136,58, 132.33, 132,26, 13202, 13179, 13158, 131,32, 13128, 129.59. 12934, 128,64,
127.66, 127.50, 12721, 127.03, 126.88, 126.68, 126.60, 126.37, 124.71, 124.56, 12431, 124.23,
124.22, 12385, 122.94, 122.76, 122.64, 122.13, and 12192 ppm; M$ (MALDI-TOF) miz -
373.2199 [M]", 373.0466 calcd for C,,H, Bil,

5-(4-(Naphthzlen-1-yI(phenyamiov}phenyithivphene-2-carbaldehyde {63)

<
Seavac

A mixture of 62 (.10 g, 0.28 mmol), {5-formylthiophen-2-yi}boronic acid (0,05 g,
0.30 mmol}, Pd(PPh,}, (0.003 g, 0.003 mumol}, and 2 M Na_CO. aqueous solution (1.5 mi, 2.30
mimod) in THE (10 ml) was degassed with N, for 3 min. The reaction mixture was stirred at reflux
under N, for 24 h. After being cocled o room temperature, water (78 ml) was added and extracted
with CH,Cl, (70 ml x 3). The combined organic phases were washed with water (70 ml) and brine
solution (70 ml}, dried ever anhydrous Na S50, filtered, and the solvents were removed to dryness.
Purificatien by column chromatography over silica gel eluting with a mixture of CH,Cl, and
hexane (2:3) lollowed by recrystallization with a mixture of CH,CL and methanol afforded 5-(10-
dodecylphenothiazin-3-yljthiophene-2-catbaldehyde {63} (0.06 g, 50%) as green wviscous oil;
C,,H,NOS; 'H-NMR (300 MHz, CDCL) § 9.34 (1H, 5), 7.91 (2H, d, /= 8.7 Hz), 7.82 (1H, d, J =
8.0 Hz), 7.08 (IH, 4, J= 3.9 Hz), 7.53-7.42 (4K, m), 7.41-71.35 (2K, m), 7.29-7.23 (3H, m}, 7.15
(2H, d, J = 7.5 H2), and 7.06-6.95 (3H, m} ppm; ~C-NMR (75 MHz, CDCL,) 3 182.88, 129.65,
128.82, 127.55, 126.65, 12421, 123,60, 12049, and 111.58 ppm; M3 (MALDI-TOF) m/z =

405.3002 [M]", 405.1187 caled for C,;H JNOS.
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{(E¥-2-Cyuno-3-{5-{4-(naphthalen-1-yl{phenylyamine)pheny ) thigphen-2-

vlacrylic acid (17)

Qoo
%M

A mixture of 63 (.27 g, 00,66 mmol) and cyanoacetic acid (0.14 g, 1.66 mncl) was
vacuum-dried and added piperidine {0.20 mi, 1.9% mmol) in CHCL, (20 ml). The solution was
refluxed for 6 h. After cooling the solution, the organic layer was removed in vacuo, The pure
product was obtained by column chromatography over silica gel eluting with a mixture of MeOH
and EtOAc (1:9) followed by recrystallizatic;n with a mixmiee of CH,Cl, and methano!l afforded 17
(014 g, 45%) as light oranpe solid; C, H, N.QO.8, m.p. 257238 °Cc; 'H-NMER (500 MH=z,
CDCL/DMS0-d6) & 8.25 (1H, s}, 7.80-7.75 (2H, ), 7.69 {111, m), 7.45 {1H, s), 7.40-7.35 (3H,
m), 7.23-7.12 (6K, m), 6.97-6.92 (3H, m), 6.86 (iH, s, and 6.72 (2H, s) ppm; "C-NMR (125
MHz, CDCI/DMS0-d6) & 16332, 151.51, [4R.78, 147.28, 144.81, 142.60, 13767, 135.13,
134.67, 131.91, 130.87, 120,42, 12918, 128.40, 127.16, 126.86, 126.86, 126.79, 126.50, 12627,
126,18, 125,97, 125 68, 12383, 122,80, 122,71, 122.62, 12235, 120.34, 118.70, and 103.17 ppon,
FT-IR (KBr) 3422, 3042, 2949, 2919, 2848, 2211, 1501, 1492, 1440, 1391, 1311, 935, 799, 774,

753, and 695 om ', MS (MALDI-TOF) m/z = 4723404 [M]', 472.1245 caled for C,FLN,0,5.

2-lody-9,9-dioctytfiuorene (11}

CgHir ga"h 7

To a mixture of 2-iedofluorene (34) (10 g, 34.23 mmol) and 1ctrabuty] ammonivm
bromide{lg } in DMS0O (100 ml) was added an agueous NaGH selution {50% WSV, 6 ml} follow
by t-bromoostane {17 ml). After being stied at room temperature for 3 h, the reaction mixwure
was extracted with ethyl acetate {100 mlx3). The combined organic phasc was washed with
water{ 108 ml), HC solutionfl M, 50 ml}, brine solution{100 m}), doed over sodium sulfate
anhydrous, filtered and the orgsnic phase was removed in vacuum. Purification by column

chromatography using siliga get eluent with hexane gave 2,7-dibromo-9,9-dicctyHluorene (14 (14
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g, 80%} as colourless viscous; C, H, 1 'HoNME (300 WMHz, CDCL) 8 7.65 (3H, s}, 7.44-7.31

(4T, m), 1.92 (411 t, J = 5.7 MHz), 1.10-1.04 (2111, m), 0.84-0.80¢ {6H, m), and 0.59 (311, s} ppi;
"C-NMR (75 MHe, CDCL,) 5 153.44, 150.38, 141.05, 140.36, 136.04, 132.31, 12791, 127.17,
123.10, 121.67, 120.06, 92.74, 55.58, 40.50, 30.06, 20,22, 29.48, 23.94, 22.89, and 14.38 ppm;

MS (MALDI-TOE) miz = 5164175 [M] ', 516.2253 caled for C,,H, 1.

N-(Naphthalen-1-y1}%,2-dioctyl-N-phenyltlngren-2-amine (21)

CgHy

CgHy; N—@
9

To a mixture of Cul (027 2, 1.44 manod}, KO'Bu (0.48 £, 4.31 mmol), and 2-iode-9,%-
dioctylfluorene (1) (1.86 2, 3.52 mmol) in toluens {50 mL) were added N-phenylnaphthalen-1-
armne {063 g, 287 mmol) and (t)-rans-1,2-diaminocyclohexane (020 g, 1.72 mmol)
The reaction mixture was stirred at 110 °C under nitrogen. After 24 h, water (100 ml} was added
until the two phases mixed. The solution was extracted with CH,CL, {180 ml x 3}, washed with
water (100 ml), brine solution (100 ml) and dried with Na 80, filitered, and the solvents removed
to dryness. After the solvent was evaporated. The crude product was purificd by colemin
chromatography on silica gel with hexane as eluent to yield N-(naphihalen- | -y13-2.9-dioctyl-V-
phenylfiuoren-2-amine (2} (1.13 g, 65%) as  light white viscous oil; CJI.N; 'H-NMR (300
MHz, CDCL} 8 8.00 {LH, &, f = 8.4 Hz}, 7.93 (1H, d, F= 8.1 Hz}, 7.81 (1H, d, /= 8.1 Hz}, 7.62
(1H, d, J=7.5 Hz}, 7.55-7.45 (3H, m), 7.41-7.23 (5H, m}, 7.17-7.10 (3H, m), 7.01-6.97 (ZH, m},
1.96-1.77 {4H, m), 1.31-1.08 (20H, m), 0.91 {6H, t, .7 = 6.9 Hz), and 0.68 (411, m) ppm; " C-NMR
(75 MHz, CDCL} & 152.05, 150.60, 149.04, 147.96, 144,05, 141.10, [35.57, 13543, 131.08,
129.13, 128,46, 126,78, 126.36, 126.24, 126.17, 126.11, 124.54, 122.69, 121.74, 121.56, 121.47,
120,35, 11904, 117.33, 55.03, 40.37, 31.84, 30.11, 3001, 29.37, 23.90, 22.74, and 14.23 ppm:
FT-IR {KBr) 3058, 3010, 2957, 2924, 2854, 1594, 1490, 1450, 1392, 1275, 77f, 739, and 694
om”; MS (MALDL-TOF) m/z = 607.5945 {M], 607.4178 calcd for C, H,,N.
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M-14d-Bromaphenyl}-N-{naphthalen-3-yB-9,9-dloc eyl fluoren-2-amine (30)

CaH4

%H:w N—@—Br

NBS (0.14 g, 0.81 mmol) was added in small portions to a stired solntion of
N-(naphthalen-1-y1}-9,9-dioctyl-N-phenylfiuoren-2-amine (2f) {0.50 g, 0.82 mmol) in THF (20
mb). After being stirred at 0°C for 30 min, water was added. The mixtire was extracted with
dichloromsthane (30 ml x 3). The combined orgame phase was washed with water (50 ml}, brine
solutivn (50 mil}, dried over anhydrous sodium sulfale, fillered and the solvent was remove in
vacuum, Purification by short column chromatography using silica gel eluting with
dichloromethane : hexane, 5:95 gave 31 as light white viscous (0.38 g, 67%); C, H,,BN; 'H-NMR
{300 MHz, CIXCL) 5 8.26 (1H, d, = 8.7 I1z), 7.97 (1M, 4, F = 8.4 Hz), 7.75 (1H, d, J = 7.8 Hz),
7.58-7.47 (3H, m}, 6.92 (1H, dd, J = 8.1 Hz, J = 1.§ H2), 1.89-1.70 (4H, m}, 1.26-1.01 {10H, m),
0.84 (6H, 1, J = 6.9 Hz), and 0.62-0.59 (4H, m) ppm; "C-NMR (75 MHz, CDCL) & 152.43,
150.83, 149,07, 147.93, 144,47, 141,18, 136.11, 133.80, 132,42, 130,62, 129.44, 128.06, 127.75,
12727, 127.15, 127.01, 126.57, 125.29, 122,95, 122.21, 122.12, 121.84, 120.61, 120.26, 119.31,
117.63, 55.30, 40053, 32.14, 30.29, 30.01, 29.56, 24.11, 2234, and 14.40 ppm; MS$ (MALDI-
TOF) m/z = 685.4203 (M|, 685.3283 caled for C, H_ BN,

5{d-{(9.9-Dioctylfluoren-2-yl)(naphthalen-1-yllamino}plienythiophene-2-

carbaldchyde {47}

CeHyz

rovaatl

A mixture of M (0.40 gz, 0.58 mmol), (5-formylthiophen-2-yl)boronic acid (0.06 g,
.35 mmol), Pd(PPhL.), {0.004 g, 5.004 mmol), and 2 M NuCO, aqueous solution (4 mt, 7.76

mmol} in THF (50 mi) was degassed with N, for 5 min. The reaction mixture was stirred at reflux
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ander M. for 24 b After bemg covled o room temperature, water (70 m)) was added and

extracted with CI3.CL, (70 ml x 3}. The combined organic phases were washed with water (70 ml)
and brine salution {70 ml), dried over anhydrous Na 5302, filtered. and the solvents were emoved
to dryness. Purification by column clromatography over silica gel eluting with 2 mixure of
C1L,CH, and hexane {2:3) followed by recrystallization with a mixture of CH,Cl, and methanol
aftorded 5-{4-((2.0-dioctylfluoren-2-yil(naphthalen- 1 -yl aminoiphenylthiophene -2-carbaldehyde
{(46) (0.25 g1, 680%) as yellow viscous, C H, NOS; 'H-NMR {300 MHz, CDCL,) 8 9.84 (1H, 5, 7.91
(28, d, J - 8.7 1Iz), 7.82 (1H, d, J = 6.9 Hx), and 0.63-0.61 (4H, m) ppm; "C-NMR (75 MHz,
CDCL) & 18281, 155.08, 1532.44, 150.87, 150.30, 146,80, 143.16, 145,34, 128.01,137.01, 128.81,
127.50, 127.20, 127,03, 126.74, 126,58, 126,53, 12431, 122,96, 122.84, 120.76, 120.54, 55.31,
4046, 32,12, 30.24, 2997, 29,54, 24.09, 22.91, and 1438 ppm; MS (MALDI-TOF) wiz =

717.4633 (M}, 717.4004 caled for C, H, NOS,

{F)-2-Cyane-3-(5-(4-((9, 2-dioctyl fluoren-2-yl)naphthalen-1-yamino)phenyl}

thiophen-2-yl)aerylic acid (18}

CoHy

Cs 17 WCODH
e “

A mixtuee of 4 (0,30 g, 0.15 mmel) and cyancacetic acid (.02 g, 0.29 mmol) was
vacuum-dried and added piperidine {0.044 ml, ¢.44 mmol} in CHCI, (20 ml}. The sclution was
refluxed for & h. Afier cooling the solution, the organic layer was removed in vacuo, The pure
product was obtained by column chromatography over silica gel cluting with a mixwre of MeOH
and EtOAc (1:9) followed by reerystallization with a mixture of CH,CL, and methanol afforded 18
{006 g, 56%)} as daik orange solid; C H. N,OS; mp. 238-230 C; '"H-NMR {30 MHz,
CDCL/DMSO-d6) § 8.47 (1H, 5), 8.25-8.06 (1H, m), 7.92-7.89 (111, m), 7.72-7.69 (111, m), 7.44-
£.7t (16H, m}, 2.38% (1H, m), 1.77 (411, m), and 1.26-0.60 (30H, m} ppm; BO-NMR {75 MHz,
CDCL/DMSO-d6) & 166,82, 15288, 152.30, 151.72, 150,75, 149.09, 148.71, 14848, 147.81,
147.15, 14544, 144.14, 142,42, 141,44, 13686, 13007, 135,360, 134 83, 133.78, 133,146, 13237,
13121, 130.57, 129.44, 12933, 129.12, 128.07, 127.73, 127.27, 126.95, 126,40, 12581, 125.13,
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12285 12241, 12205, 121.99, 12061, 12041, 11928, 117.59 [03.50, 4048, 31.99, 30.08,
2947, 2411, 22.80. and 14.26 ppuy. FI-IR (KBr) 3428, 3039, 3024, 2949, 2924, 2853, 2207,
1715, 1610, 1594, 1584, 1492, 1450, 1377, 1338, 1272, 1246, 935, 808, 760, 740, and 695 f.:rn'l;

MS (MALDI-TOF) m/z = 784.2891 [M]', 784.4062 caled for C,,H, N8,

3-lodo-%-octylearbazale {1y)

s

N
éale

To a solution of 3-iodocarbazole (26) (16.10 g, 54.33 mmeol) in DMF {100 ml) was
added followed by NaH {(2.64 g, 109.86 mmol). !-Bromooctans {13.79 g, 71.41 mmol) was added.
The reaction mixture was stirred at room temperature for 3 h, Water {100 ml) was added and
ihe mixture was extracted with methylene chloride (200 ml x 3} The combined organic phases
were washed with a difute HCI solution (100 ml x 2}, water {100 ml}, and brine selution {100 ml),
dried over anhydrous Na 80, filtered and the solvents were removed to dryness. Purification by
;:rlmml chromatography over siliea gel cluting with hexane gave a colorless viscous oil (17.60 g,
20%); C, I IN; "H-NMR (300 Mllz, CDCL) & 838 (1H, 5), 8.01 {2H, d, J - 7.2 Hz), 7.68 (2H, d,
J=84Hz), 746 (1H,t,/=7.2Hz), 7.37(1H,d, J= 8.1 Hz), 7.23 (1H, d, J— 5.7 Hz), .17 (1H, 1,
J=7.0Hz), 423 {2H, t, /= 7.0 Hz), 1.82 (21, t, = 5.7 Hz), 1.30-1.23 {10H, m), and 0.85 (3H, 1,
J = 5.4 Hz) ppm; "C-NMR {75 MHz, CDCL} & 134.02, 120,46, 126.57, 120.77, 119.53, 111.00,
109.13, 43.44, 32,04, 29.61,29.42, 29.16, 27.54, 22.87, and 14.33 ppm; MS (MALDI-TOF) nvz -

405.3305 [M]", 405.0953 caled for €y H, IN,

M-(Naphthalen-1-y1)-9-octyl-N-phenylcarbazol-3-amine (2g)

CBHW‘N

<
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Toe a mixture of Cul {0.77 g 4.07 mmuolh KOTu (£.37 g, 12.22 mmol}, and 3-
iodo-O-octylearbazole (fg) (451 g, 1008 mmol} in toluene (60 mlL) were added
N-phenylnaplithalen-1-amine (1.79 2, 214 mmol} and {t}-trans-1,2-diaminocyclohexane (0,65
nil, 4.89 mmel). The reaction mixture was stirred at 110 °C under nitrogen. After 24 I, water (100
ml) was added until the two phases mixed. The solution Was extracted with CH,CL, (100 ml x 3),
washed with water (100 ml), bone solutien {100 ml) and dried with Na,50,, filtered, and the
solvents removed to dryness. After the solvent was evaporated. The crude product was purtfied by
column chromatography on silica gel with hexane as eluent to vield M-(naphthalen-1-y1}-9-octyl-
N-phenylearbazol-3-smine {2) (3.08 g, 61%) as coloress viseous; C H N, "i-NMR (300 MI1z,
CDC];] & 809 (1H, 4, f = §.1 Hz), 7.92-7.83 (3H, m}, 7.70 (1H, d, J = 7.5 Hz), 7.44-7.10 (11H,
m}, 6.89-6.82 (3H, m), 4.20 (2H. t, J = 7.0 Hz), 1.83 (ZH, quin, J = 6.4 Hz), 1.32-1.23 (10H, m},
and 0.89-0.83 (3H, m) ppm; “C-NMR (75 MHz, CDC1,) & 15049, 144.83, 141.29, 140.82,
137.62, 13565, 130.50, 125.09, 126.02, 12499, 124.26, 123.86, 122.87, 120.84, 120.14, 11.9.33,
118,89, 117.13, 43.51, 32.11, 29.68, 29,48, 2935, 27.64, 22.92, and 14.38 ppm; MS (MALDI-
TOF) m/z = 496.4930 [M] ", 496.2878 calcd for €, 1L N,.

MN-(4-Bromophenyli-N-(naphthalen-1-yl)-9-octylcarbazel-3-amine {3g)

NBS {0.10 g, 0.56 mmol} was added I small portions to a stirred solution of
N-(naphthalen-1-y1)-9-octyl-V-phenyicarbazol-3-ammine (2g) (0.28 g, 0.56 mmel} in THF (20 ml),
Afler being stirred at room temperamee for 30 min, water was added. The mixmire was extracted
with dichloromethane (30 ml x 3). The combined organic phase was washed with water {50 ml},
brine solution (50 mi}, dried over anhydrous sodium salfate, filtered and the solvent was remove
in vacuum. Purification by short column chromatography using silica gel eloting with
dichloromethane : hexans, 5:95 gave 3g as light yellow viscous (.20 g, 63%); CH, BrN,;

"H-NMR {300 MHz, CDCLY 5 8.27-8.03 (2H, m), 7.90-7.85 {2H, m), 7.72 (iH, 4, J =7.8 Hz),
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7.55-7.09 (L1H, m), 6.87 (111, d, J = 7.5 112). 6.71 (1H, dd, J - 8.1 L1z, J - 1.8 Hz}, 4.21 {2H,

4,4 =67 Hz), 1.83 (2H, quin, 7 — 5.7 zJ, 1.33-1.24 (1011 ), and 0.85 (311, 1, J = 6.3 Hz) ppm,
"C-NMR (75 MHz, CDC1) 5 F50.23, 142,51, 14416 14127, 140,11, 137.83, 132.05, 130.72,
129.32, 127.25, 127.04, 126.72, 12647, 126.16, t25.51. 124.71. 124.25, 123.87, 120.94, 120.84,
120.15, 11901, 11735, 111.99, 102,76, 109.10. 43,52, 32,11, 29.68, 29.49, 29.35, 27.64, 22.93,

and 14,41 ppm; MS {MALDI-TOT) t/z = 574.3701 [M]™ . 574.1984 caled for C H BN,

5-{4-{Naphthalen-1-¥l{%-cctylcarbazol-3-yNamina)phenylithlophene-2-

carbaldehyde (4g)

C:H, N
Ct/;

A mixture of 3g (1.0¢ g, 1.74 mmel), {5-formylthiophen-2-yl}boronic acid (0.27 g,
1,74 mmol}, Pd(PPh,}, (0.02 g, 0.02 mmal), and 2 M Na,CO, aqueous solution (17 ml, 34 mmal)
in THF {50 ml} was degasscd with N, for 5 min. The reaction mixture was stirred at reflux under
N, for 24 h. After being cooled to room temperature, water {70 ml} was added and extracted with
CH,CL, (70 ml x 3}. The combined organic phases wore washed with water (70 ml) and beine
solution (70 ml}, dried over anhydrous Na,50,, filered, and the solvents wers removed to dryncsa,
Purification by column chromatography over silica gel eluting with a mixture of CH,Cl, and
hexane (2:3) followed by recrystallization with a mixture of CH,CI, and methznol afforded 5-(4-
(naphthalen-1-¥l{%-octylearbazal-3-yl)amino)pheayl thiophene-2-carbaldehyde (4g) (0.65 g, 62%)
as yellow viscous oil; C,,H,,N,0S; '"H-NMR (300 Mz, CDCLY 6996 (1H, s), 819 (2H,d, F =
8.4 Hz), 7.93 (2H, d, S = 6.3 Hz), 7.84 {1H, t, J = 3.6 Hz), 7.57-7.31 {9H, m), 7.21-7.12 {(3H, m),
6.94-6.87 (3H, m), 4.2¢ (2H, t, S = 7.3 Hz), 1.86 (21, quin, J = 7.0 Hz), 1.35-1.26 {18H, m), and
0.86 (3H, t, ] = 6.4 Hz} ppm; "C-NMR (75 MHz, CDCL) § 183.09, 152.90, 150.28, 146.58,
143.71, 141.50, 140.65, 137.80, 136.83, 133.24, 131.35, 129.30, 128.91, 127.32, 126.72, 126,11,
125.94, 125,84, 125.69, 124.36, 123.93, 122,76, 120.83, 120.60, 118.96, 117.43, 109.71, 108,07,
43,53, 32.05, 29.98, 29.64, 29,45, 29.32, 27.62, 22.8%, and 14.33 ppm; MS (MALDI-TOF} m/z =
606.4253 [M]", 606,2705 caled for C, H_,N,OS.
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(E)-2-Cyuno-3-(5-{d-(naphthalen-1-yl{9-octvicarbarol-3-y lamino}phenyl)

thiaphen-2-yljacrylic acid {19)

Gty
5., CODH
Ssgvacy:

A mixmre of 4 (0,15 g, .25 numol} and cyangacetic acid (.10 g, 1.24 mmo!) was
vacuum-dried and added piperidine {0.15 ml, 1.73 wwmul) in CHCL, (20 ml). The solutiom was
refluxed for 6 h. After cooling the solution, the organic layer was temoved in vacuo, The pure
product was abtained by column chromatography over sifica gel eluting with a mixture of MeOH
and EtOAc (1:9} followed by recrystallization with a mixture of CH,CI, and methanol afforded 19
(010 g, 60%) as light green solid; C L NO8, mp. 149-150 e 'H-NMR (300 MH:,
CDCL/DMS0-d6) 5 .46 (111, ), 8.05-7.98 (2H, m), 7.79-7.71 (211, m}, 7.34-7.22 (IH, m), 7.10-
7.02 (10H, m), 6.78 (311, d, J = 7.8 Hz), 4.12 (2If, m}, | 76 {2H, m}, 1.26-1.20 (10H, m), and 0.82
(3H, m) ppm; “C-NMR (75 MH, CDCL/DMSO-d6)} § 169.49, 150,12, 149.65, 145.84, 141,18,
140,56, 137.54, 137.09, 133,11, 131.17. 129.15, 128.75, 128,61, 127.08, 126.42, 126.04, 125.92,
12572, 12407, 123.74, 12269, 120.73, 120.48, 118.83, 116.92, 109.56, 108.00, 43.34, 40 88,
40.60, 40.32, 40,04, 39.77, 31.92, 29.85, 29.49, 29.30, 29.16, 27.45, 22.73_ and 14.19 ppm; FT-IR
(KBr} 3421, 3046, 2022, 2848, 2210, 1597, 1573, 1489, 1463, 1445, 131%, 1274, 1226, 930, a7s,
691, 704, and 745 cm-l; MS (MALDI-TGF) m/z = 673.3036 [M]f.,, 673.2763 caled for

C H,N,G,S.

10-Oelylphenothiazine {64)

L0

CgHyz

To a mixture of phenothiazine (35) (10 g, 50.18 mmol) and tetrabuty] ammonium
bromide (g} in DMSO {100 ml) was added an aqueous NaOQH solution (50% W/V, 6 mi} follow

by 1-bromooctane (10 ml}. After being stimed at room temperature for 3 b, the reaction mixture
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wils extracted with ethyl acetate (104 mlx3). The combined organie phase was washed with
witer{ 1) mi}, HCI] solution{t k4, 30 ml}, brine solution( 100 ml), dried over sodiom salfiute
anhydrous, filtered and the organic phase was removed 0 vacuum, Puritication by column
chramatopraphy using siliga gel cluent with hexane gave 10-octylphenethiazine (bd) {14 2, 90%)
ag colouriess viscous; C,,H, NS, 'H-NME {200 Mllz, CDCL) & 7.18-7.09 (411, m), 6.90-6.82 {4H,
m), 3.81 (2H, t, /= 7.0 Hz}, 1.78 (ZH, quin,.f = 6.8 Hx), 1.41-1.26 (10H, m), und (0.86 (3H. 1, f =
6.4 Hz} ppuy “C-NMR (75 MH=, CDCL} & 145.63, 127.69, 127.43, 12523, 122,57, 115.66,
47.92,32.04,29.51,27.26, 22.91, and 14.37 ppm.

3-Ludo-10-octylphenothiazine (1h)

s 1
ooy
CgHyr
Two-necked flask equipped with a reflux condenser and a magnetic stirming bar is
charged with {15.55 g, 47.77 mmol) of 10-octylphenothiazine (64}, {2.32 2, 10.16 mmal) of
periodie acid dehydrate and (20.33 g, 5.16 mnol) of jodine. A solution of H,80, cone, (5 ml) and
20% HOAc (155 ml) is added to this mixture. The resulting purple selution is heated ar 65-70 °C
with stirring for approximately 1 h, the reaction mixture was extracted with CHCL, (100 ml x 3).
The combined organic phase was washed with waler {100 ml), brine solution (100 mi}, doed over
sodinm sulfate anbydrovs, Punfication by column chromatography using silica gel cluent with
hexane gave 3-iodo-10-oetylphenothiazine (1h) {12 g, 60%) as purple viscous oil; C, I INS;
"H-NMER, {360 MHz, €D(C1,) 8 B.37 (1H, s), 800 {1H, d, /= 7.5 Hz}, 7.67 {1H, d, J = 8.4 1Lz},
7.48-7.35 (ZH, m), 7.24-7.10 (?H, ), 4.20 (2H, t, S = 6.9 Hz}, L.81 {211, 5), 1.29-1,22 {i0H, m),
and 0.85 (3H, t, 7 = 5.1 Hyj ppm; Pe-NMR (73 MHz, CDCL) & 140,67, 139.34, 134.77, 134.03,
129,62, 129.45, 126.59, 125.63, 121.84, 120.79, 119.54, 111.18, 111.03, 109.16, §1.42, 43.43,
32.08, 2946, 2045, 2918, 27.57, 2291, and 14.3%2 ppm; MS (MALDI-TOF) m/z = 437.2769
(M, 437.0674 caled for C,,H, INS.
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N-(Naphthalen-1-yl)-10-octyl-V-phenylphenothiazin-3-amine (Zh})

Qo
e

To a mixtere of Cul {0.09 g, 0.46 mmol), KO'Bu (.15 g, 1.37 mmol), and 3-iode-10-
ooty]-10H-phenothiazine (1h) (051 g 1.4 mmol) n wlene {60 ml) were added
N-phenylnaphthalen-1-amine (0.20 g, 0.91 mmol) and {£)-trans-1,2-diaminocyclohexane (0.06 g,
0.55% mmol). The reaction mixture was stirecd at 110 °C under nitrogen. After 24 b, water {100 ml)
was added until the two phascs mixed. The solufion was extracted with CH,CL, {100 ml x 3),
washed with water (100 mil), brine sehition (100 ml) and dried with NaSQ,, filtered, and
the solvents removed to dryness, Alter the solvent was evaporated. The crude product was purificd
by column chromatography on silica pel with hexane as eluent 1o yicld N-(naphthalen-1-y1}-8-
octyl-N-phenylearbazel-3-smine (2h} (020 g, 41%) as dark green viscous oil; CJI.N.5;
'"H-NMR (300 MHz, CDCL) & 7.97-7.87 (2H, m}, 7.76 (1H, d, 4 = §.1 Hz), 7.46 28, t, J= 7.6
1z}, 7.39-7.26 (2H, m}, 7.20-7.08 (4H, m), 6.95-6.83 (7TH, m), 6.72-6.66 {1}, m), 3.51-3.70 (2H,
m), 1.83-1.78 (2H, m), 1.47-1.29 (10H, m), and 0.91-0.87 (3H, m) ppm; ~C-NMR (75 MHz,
CDCL) & 14552, 145.22, 136.07, 135.56, 127.78, 127.68, 127.43, i24.51, 122.94, 122,57, 11734,
11581, 115.65, 84.40, 47,70, 32.01, 2947, 27.26, 27.16, 27.02, 2291, and 14,39 ppm; MS
(MALDI-TOF) m/'z = 528.4290 [M]", 528.2599 caled for C, 1, N,S.

bl

A-{d-Bromophenyl)-N-(naphthalen-1-y1)-10-ortylphennthinzin-3-amine (3h)

CBH”-g
ng@_ar

NBS (0.05 g, 0.27 mmol} was added in small portions to a stirred solution of

N-(naphthalen-1-y1}-10-0¢tyl-N-phenylphenothiazin-3-amine {2h) (0.14 g, 0.27 mmol) in THF (20
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ml}. After being stirred at room temperature for 30 min, water was added. The mixiure was
extracted with dichloromethane {30 mi x 3). The combined organic phase was wished with water
{50 ml}, brine solution (530 ml)}, dried over anhydious sodium subfate, filtered and the solvent was
remove in vacium. Porification by short eolumn chromatography using silica gel cluting with
dichloromethane : hexane, 5:95 pave 3b as dark green viscous oil (0.1] g, 653%); C,H,BIN,5;
'H-NMR {500 MHz, CDCL) 3 8.03 (1H, d, /=51Hz), 792 (1H, d, SJ=4 8 Hx}, TM4 (1H, d, /=
4.5 Hz), 7.89 (1H, d, F= 4.8 Hz), 7.69-7.67 (LH, m}, 7.59-7.54 (ZH, m), 7.47-7.43 {3H, m), 7.36-
1.34 (3H, m), 7.32-7.25 (38, m), 7.12 {111, d, 7 - 4.8 Hz}, 7.05 (1H, d, /= 4.3 Hz), 4.25 {ZH, m),
i.68-1.06 {2H, m}, 1.43-1.30 {10H, m}, and 0.93-0.21 {3H, m} pp, “C-NME {125 MHz, CDC,)
8 148,12, 14298, 142.92 136,38, 13536, 133,07, 132.E1, 131.76, 131.08, 129.44, 129.34, 128,530,
127.20, 127,15, 127.00, 126,81, 126,67, 126.42, 126,29, 12405, 123.59, 121.56, 121.3%, 121.19,
116.67, 115.42, 48.24, 45.37, 37.13, 31.76, 30.06, 29.73, 26.89, 22.70, 21,38, and 14.09 ppm.

S-{4-{Naphthalen-1-yI(10-octylphenothiszin-3-yGamino)pheny ) thiophene-2-
carhaldehyde {4h)

Qs

A mixture of 3 (0.50 g, .82 mmol), (5-formylthiophen-2-yliboronic acid (0.13 g,
0.82 mmel}, Pd{PPh,), ((.0% g, 0.08 mmal), and 2 M Na,CO, agueous solution {8 ml, 16 mmol} in
THF {30 ml) was degassed with N, for 5 min. The reaction mixture was stirred at rellux under N,
for 24 h, After being cooled to room temperature, water (Y0 ml) was added and extracted with
CH,CL, (70 m! x 3). The combined organic phases were washed with water (70 ml} and brine
sofution {70 mt}, dried over anhydrous M, 50, filtered, and the solvents were removed to dryness.
Purification by column chromatography over sifica gel eluting with a mixture of CH,CL, and
hexane (2:3) followed by recrystallization with a mixture of CH,CL, and methanol afforded
5-(4-(naphthalen-1-y1(i0-octylphenothiazin-3-yl)amine )phenylthiophene-2-carbaldehyde  (4h)
(0.16 g, 30%) as dark yellow viscous oil; C,,H,,N,05,; 'II-NMR {300 Miiz, CDCl,) & 9.94 (1H,
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s), 8.16-7.83 (4H, m), 7.48-7.26 (JOH, m}, 6.92-6.71 (6H, m), 4.20 (2H, m}, 1.55-1.26 (1211,
m), and 9.86 (3H, m) ppm; MS (MALDI-TOF) wiz - 6383040 [M]_r, 638.2426 caled for

Cy 11N, 08,

{(F)-2-Cyano-3-(5-(4-{naphthalen-1-yl{10-octylphenothlazin-3-yl)amine)phenyl)

thieptien-2-ylacrylic acid {20)

CoHir N
3 COOH
C&M

A mixture of 4h (0.17 g, 0.27 mmol) and cyanoascetic acid (3.11 g, 1.35 mmol) was
vacuum-dried and added piperidine {(0.19 ml, 1.30 mmol) in CHCI, (20 ml). The solution was
refluxed for 6 ho Afler cooling the solution, the organic layer was removed in vacuo, The pure
product was obtained by colutnn chromatography over sitica gel eluting with a mixture of MeOIT
and EtQAe (1:9) lollowed by recrystallization with a mixture of CH,Cl, and methanol afforded 20
(0.12 g, 64%) as dark orange solid; C, H_N,0,5.; m.p. 165-169 aC; '"H-NMR (300 MHz,
CDCL/DMSO) & 847 (1H, s}, 7.99 (1H, d, /= 8.1 Hz), 7.86-7.83 (1H, m), 7.71 {1H, m), 7.29-
6.94 (9H, m), 6.86-6.65 {7H, m}, 6.56-6.53 (1H, m), 4.18 (1H, s, br), 3.65-3.54 (21, m}), 1.70-1.68
(2H, m), 1.34-1.21 (10H, m), and 0.82-0.81 (3H, m) ppm; "C-NMR (125 MHz, CDCI/DMSO) &
169,62, 149.20, 148,48, 14521, 144,46 143,13, 14051, 136,83, 132.71, 130.38, 129.07, 129,01,
128,78, 128,41, 127.34, 127.18, 126,95, 126.8%, 12647, 126.34, 126.31, 125.97, 125.82, 125.64,
124.61, 124.20, 124.14, 122.15, 122.05, 121.37, 121.15, 120178, 118.80, 115.06, 115,18, 47.47,
31.69, 29.17, 29.16, 26.94, 26.85, 22.57, and 14.09 ppm; FT-IR (KBr) 3394, 3059, 3024, 2922,
2852, 2213, 1719, 1610, 1575, 1492, 1463, 1443, 1370, 1248, 1228, 939, 306, 764, 744, and 654
cm’; MS (MALDE-TOF) m/z = 7052441 [M]", 705.2484 caled for C,,H,N,C.5,.
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Chapter ™

3.6-Bibromo-9-dodecylcarbazole {606)

Brr., Br
W
é’12H25

NBS {0.56 g, 3.13 mmol) was added in small portions 10 & stirred solution of
P-dodecylcarbazode (65) (.50 g, 149 mmol) in TIIF (20 ml). Afier being stirred at room
temperatyre for 30 min, water wag added. The mixnwe was extracted with dichloromethane (30 il
% 3). The combined organic phase was washed with water {50 mi), brine solution {50 ml), dried
over anhydrous sodium sulfate, filtered and the solvent was remove in vacuum. Purification by
short column chromatography using silica gel eluting with hexane, gave 66 as light white viscous
{069 g, 94%); CH, Br.N; mip: 50 " 'H NMR (300 WHe, CIXCL) 5 815 (2H, d, J = 1.50 Hz),
7.56 (2H, d, f = 0.60 Hz}, 7.26 (ZH, d, 7= 0.90 Hz), 4.24 (2H,t, J=10.90 Hz), 1.82 (2H,t,.J -
0.50 Hz), 1.43 (t8H, m), and 0.87 (3H, t, /= 2.10 Hz) ppm; "'C NMR {75 MHz, CDCL} & 139.32,
129.00, 128.18, 123.45, 123.24, 11],94, 110.38, 108.93, 43.35, 31.90, 29.58, 29.52, 29.44, 29.32,

28.83,27.20, 22.68, and 14.11 ppm.

4,4'-(9-Dodecylcarbazole-3,6-divlibis(V, ¥M-diphenylaniline) {120)

of,  Fo

by |
£ aHos

A mixtore of 66 (0.10 g, 0.20 mmol), 4-{diphenylamino)phenyl boronic acid (.15 g,
(151 wumol}, PA(PPh,}, (0.01 g, 0.01 mumol), and 2 M Ne,CO, aqueous solotion {2 i, 4.05 mmol)
in THF (30 ml} was depassed with N, for 5 min. ‘The reaction mixture was stired af reflux under
N, tor 24 k. After being cooled to room temperawre, water {70 ml) was added and exlmcted with
CH,CL (70 ml x 3). The combincd organic phases were washed with water (70 ml) and brine
selution {70 ml), dried over anhydrous MNa, 50, filtered, and the solvents were removed to dryness.

Purification by columnn chromatography over silica gel eluting with a mixture of CH,CL, and
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hexane (1:4) followed by recrystallization with a mixlure of CH,CL, and methanol afforded -
T2C {012 ¢, 75%) as white solid; C, HyM,; mp: 170-172 “C: 1T NMER. (300 MHz, CDC1) & 8.35
(2H.s). 7.72(2H, d,J = 12.0 Hz), 7.63 (4H, d, )= 8.7 Hz), 7.46 (211, d, F = 8.4 Hz), 7.30 (8H, 1,.J
=840z, /=75Hz ), 7.20{12H. 1, = 9.3 He, J= T8 1z}, 7.05 (4H, t,J = 7.5 Hz, f= 7.2 Hz),
434 (2H, 1,/ = 6.6 Hz, J - 69 Hz), 193 (2H,1, /= 6.6 Hz, J=65Hz}, 1.27-1.49 {18H, m), and
0.90 (3H, t,J=6.3 Hz, /= 6.9 Hz ) ppm; "'C NMR {75 MHz, CDCI3) & 147.87, 146.39, 140.20,
136,47, 131.90, 129.24 127.88, 124.96, 124,50, 124.18, 123.50, 122.67, 11845, 109,03, 43,36,
3191, 29.61, 29,52, 20.43, 29,33, 25,08, 27.34, 22.69, and 14.12 ppom; HEMS mfz - B22.5430
[MH'], $21.4709 caled for CIL,N.,

1,3,6-Trihromo-9-dodecylcarbazole (67)

Er, B
gqu%'

NBS (144 g, 8.11 mmol) was added in small portions to a stirred selution of
9-dodecylcarbazole (65) {(0.50 g, 1.0] mmeal} in THF (20 mi). Aficr being stired at room
temperature for 30 min, water was added. The tnixlure was extracted with dichloromethane {30 m]
x 3). The combined organic phasc was washed with water (50 ml), brine solution (50 ml), dried
over anhydrous sodium sulfate, filtered and the solvent was remove in vacuum. Porification by
short column chromatography wsing silica ge] eluting with hexane, gave 67 as light white viscous
{043 g, 75%); C,,IL,Br,N; mp: 54 °C; 'H NMR (300 MHz, €DCL) 8 8.05 (1H, 4, S = 1.80 H=),
799 (1H, d, J = 1.50 Hz), 7.61 (1H, d, J ~ L.20 He), 7.52 (1H, 4, /= $.00 Hz), 7.23 (1H, d, / =
9.00 Iz), 4.56 {28, 1, J = 7.20 Hz), 1.30 (18H, m), 1.78 (2H, m) and 1.29 (311, t, 7= 6£.90 Hz)
ppm;, “C NMR (75 MHz, CDCL)§ 140.24, 135.68, 133,43, 129.80, 126.16, 122.87, 122,17,
L1E75, 111.73, 110.87, 103.36, 44,34, 31.93, 30.50, 29.72, 29,63, 15,55, 20.52, 2934, 2932,
26.74,22.71, and 14.14 ppm.
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4,4',4"-{H—Dodea:ylcarbazn]el,3+ﬁ—tri}'l}1r15(ﬁ;N—diphenyianilinc} (T3

A mixture of 67 {0.10 g, 0.17 mmol}, 4-(diphenylamino)pbenyl boronic acid {0.18 g,
¢.61 mmol}, PAPPL), (0.01 g, 0.01 mmel), and 7 M Na,CQ, agueous solution {2 ml, 3.50 mmal)
in THF (30 ml} was degnssed with N, for 5 min. The reaction mixture was stirred at reflux under
N, for 24 h. After being cooled to room temperature, water {70 mil) was added and catracted with
CH,Cl, (70 ml x 3). The combined organic phases were washed with water (70 ml) and brine
solution (70 mi), dred over anhydrous Na,SO,, (tttered, and the solvents were removed to dryucss,
Furification by column chromatography over silica gel eluting with a mixture of CH,CI, and
hexane (L:4) followed by recrystallization with a mixture of CILCI, and methanol afforded T3C
(0.17 g, 92%) as white salid; C,iH,N,; mp: 120-122 °C; "H NMR (300 MHz, CDCI3) 5 8.35 (2H,
d,.J=6.3 Hz), 7.61-7.72 (3H,m), 7.54 {1H,s}, 7.42 (3H, d, /=84 Hz), 7.18-7.33 (294, m), 7.06
(R, 1,7 = 9.5 TI2), 4.00 (2H, 5), 1.04-1.23 (20H, m), and 0.87 (311, m) ppm; "'C NMR (75 MHz,
CDCI3} 3 147.77, 147.28, 146.45, 130.66, 128,36, 12924, 127.91, 126.11, 125.09, 12453,
124.47, 124,19, 124,14, 123.05, 122,68, 118.20, 1 17.16, 109.54, 31.92, 29 68, 29.62, 29.34, 26,49,
22.70, and 14.16 ppm; HRMS m/z = 1065.7021 [MH"], 10645757 caled for C,,H, N, |

1,3.6.8-Tetrabromo-9-dadecylcarbazole {68)

B r

M
! B
CigHas'

B
NB3 (1.87 g, 1049 mmol)} was added in small portions to a stirred solution of
8-dodecylcarbazale (65) (0.50 g, 0.87 mmol mmel} in THE (20 ml). After being stirred at rooimn

temperature for 30 min, water was added. The mixture was extracted with dichlorornethane {30 ml
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x 3). The combined organic phase was washed with water (50 wil), brine selution (50 ml),
dried over anhydrous sedium suitate, filtered and the solvent was remove in vacuum. Purification
by short column chromatography using silica gel eluting with hexanc, gave 6% as light while
viscous (044 g, 77%% C.,H,,Br)N; mp: 90 °C; 'H-NMR {300 Milz, €DCL) 6 7.99 (2K, 5), 7.76
{ZH, 50 5.04 (ZH. 1, J = £.10 H=), 1.26 (18H, m), 1.76 (2H, m}, and 0.88 (3H, 1, =720 ) ppm;
PC NMR (75 MHz, CDCL)} 5 137.01, 134.94, 12621, 122.08, 11277, 104.20, 44.74, 3191,
31.78, 29.63, 29.51, 29.33, 29.23, 26.03, 22.69, and 14.12 ppm,

4,4'4" 4" -(9-Dodecylearbauzele-1,3,6,8-tetraytetrakis(N, N-d iphenylaniinte)
(T4C)

A mixtare of 68 {0.10 g, 0.15 mmol), 4-(diphenylamino)pheny] baronic acid (0.20 i,
0.69 mmol), Pd(FPhy), (0.01 g, (.01 mmol), and 2 M Na,CO, aqueous solution (1.5 ml, 3.07
minol) in THE (30 ml) was degassed with N, for 5 min, The reaction mixture was stitred at reflux
under N, for 24 h. Afier being cooled 1o room temperature, water (76 ml) was added and extracted
with CH,Cl, (70 ml x 3}. The combined organic phases were washed with water (70 mf) and bring
solution (70 ml), dricd over anhydrous Ma,5Q,, filtered, and the solvents were removed to dryness.
Purification by column chromatography over silica gel cluting with a mizire of CH,CI, and
hexane {1:4) followed by recrystaflization with a mixture of CH,Cl, and methanol aforded T4C
(0.17 g, 86%} as white solid; mp: 128-130 °¢; 'H NMR (300 MHz, CDCI3) & .34 (20, s}, 7.65
{(4H, d, J = 8.4 Iz}, 7.54(211, d, / = 1.5 [2), 7.43 (4H, d, = 84 Hz), 7.25-7.32 (18H,m), 7.16
(21H,t, f=45Hz, J=3.9 Hz), 7.00-7.08 (9H, m}, 3.70 {2H, d, J = 7.2 Hz), 0.83-1.26 (201, m),
and 0.53 (3H, 1, J = 65 Hz, J = 6.3 Hz) ppm; "C NMR (75 MHz, CDCI3) & 147.76, 147.10,
146,51, 139.04, 136.01, 134,64, 132.37, 130.98, 130.28, 129.33, 129.23, 128.24, 127.91, 126.88,
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126,55, 12607, 12453, 12442, §24.16, 123.33, 122,99, 122.69, 116.89, 45.57, 31.88, 29.71,

25.60, 29.50, 29.34, 29.01. 28.63. 26.23, 22.66, and 14,13 ppm; [IRMS miz = 1308.9H10 (M),
1308.6839 caled for O H N..
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SYNTHESIS AND CITARACTERIZATION OF NOVEL DONOR-7ACCEPTOR
ORGANIC DYES FOR DYE-SENSITIZED SOLAR CEL1S {DSSCS)

Palita Kochpradist, Tinnagotm Keawin, Sitiporn Junpsuttiwong, Tawesssk Sudyoadsuk,
Yinich Promaral®

Center for Organic Electronic and Alternative Enerpy, Diepartment of Chemistry and Center
of [xcellence for Inngvation in Chemistey, Faculty of Science, Ubon Batchathani EImiversity,
Warinchumrap, Ubon Ratchathani 34190, Thailand

*e-mail: pvinichi@gmail com

Abstract: Novel D-7-A qrpanic dyes containing different Jinker and acceptor units for dye-
sensitized solar cefts (DESCs) were successfully synthesized and characterized Different
numbers of phenyl wnits are introduced to the molecule as linkers. The glectron-withdrawing
groups are acrylic acid, cyanoacrylic acid and cyancacrylamide groups. The target molecules
were characterized by NMR, IR, UV-vis and fluorescence technigques. They are soluble in
chiorineted solvents, tetrahydrofuran and acetone. Their optical properties exhibit absorphion
band covering UV and visible regions.

Inuraduction: Dye sensitized-solar cells {DSSLs) have been mtewsively investigated since
the report of highly efficient nuthenium complex-sensitized TiOy solar cells by tho Swiss
scientists. To date, overall conversion efficiencies of up tr 12% wore achieved from the
Tutbenium complex device. However, pure arganic dyes exhibit not only higher extinetion
coefficient, bar simple proparation and punfication piocedure with a low cost. Recently,
snormous progress has been made in this field and the highest overall photoslactric
convetsion efticiency of solar cells sensitized by organic dyes containing an electron donor
{D) and an clectron acceptor (A), separated by a #-conrugation bridge {#) has reached 8%,
This indicates the promising perspective of metal-fres organic dyes,

In this waork, we synthesized six carbazole-fiuorene based D-mA arganic dyes for
DS8Cs, Tt is well known thar changes in molecular structure and comjugation systemn can
induce very different optical and physical properties of the compounds. Fluerene bearing
alkyl groups at the C-9 position is infroduced fo increase the selubility property and to
pievent the recombination of the clectrons from the semiconductor to the clectrolyie,
Different mumbers of electron spacers are phenyl ravieties, which are considered to be the
ideal constructional unit in dye sensitizer engineering, adopted for expansion of the &
conjugating backbone and adjusting the absomption spectra Dryes 1 a0d 2 have a cyancaceylic
acid group a5 eleotron-withdrawing part and for anchonng onto the TiO; surface, Dryves 3 and
4 have an acrylic acid group while dyes 5 and 6 contain a cyanoacrylamide group.
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Figuie 1. Chemical structures of the designed dyes.
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Methodelogy: All reapents were puschased from Aldiich, Acros or Fiuka and used withowt
further purification. All selvents were supplied by Tha companies and used without further
distillation. TIIF was refluxed with sodiura and benzophenone, and freshly distilled prior to
use. "H and " NMR spectra were recorded on a Druker AVANCE 300 Mz specirometer,
Infrared (IR} spectra were measured on a Perkin-Bimer FTIR spectroscopy Spectrum BXI
spectiometer.  Utraviolet-wimible (TTV-Viz) speetra were recorded on a Peckin-Blmer 1Y
Lambda 25 spectrometer and photoluminescence spectra were recorded wath a Perkin-Elmer
LE 50B Luminescence Spectrometer as dilute (HoCl; saluton.

Hesults, Discussiun and Cenclusion: In the syathesis of dyes 1-6, fluotene (7) was Grsthy
brominated with broming in chlorolorm to provide 2,7-dibremoflucrene (8) as a white solid
in 80% yiald Alkylation of 8 with hromooctans by using tetrabutylammanium bromide as
4 phase transfer catalyst and 50% sodium hydroxide as a base in dimethyl sulfoxide gave the
dialkylated product 2,7-dibromo-9,9-dioctylfluorens (9) in 9% yield. Subsaquently, the key
intermediate M-carbazole flusrene 11 was synthesized by using Utlmaan coupling reaction of
2 with 3, 6-di-fert-butylcarbazole (10) in the presence of copper iodide as a catalyst, (Lj-fravs-
},2-diaminccyciohexane as a co-catalyst, and potassivm phosphate as a hase in refluxing
toluene and obtained as a light yellow viscous oil in 73% vield. The Suzuki coupling reaction
was performed with the 11 and 4-formyiphenylborenic acid in the presence of PA{PPha) as a
catalyst and NaxCO; as a base in THF as a solvent to yield the aldehyde 12 as yellow solid in
$7% yield The dye possessing cyanomerylic acid ax an accsptor was next synthesized,
Knoevenagel condensation reaction of 12 with cyanoacetic acid in the presence of pipenidine
as a catalytic base in mixture of THI' and acetonitrile as the solvent at reftuxing temperature
gave dye ¥ as light green solid in 66% yield Dye 3 having aerylic acid as an acceplor was
prepared from reaction of 12 with malonic actd under similar reaction conditions to those Sor
preparation of dye 1, affording dye 3 as a light green solid in 81% yield. Condensation
reagtion of IZ with 2-cyanoacetamide in the presence of acetic acid as a catdlyst and
ammonium acetate as a co-catalyst pave dye § bearing cyangaciylamids as an acceptor in
gond yigld.
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Scheme 1. Synthetic route (o the target dyes.
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Dves 2, 4 and 6 having bipheny] in the #-spacer were synthesized by Suzuki coupling
reaction of excess amownt of 11 with 4-bromophenylboronic acid 1o give compound I3 as a
white solid in 74% vield. The aldchyde 14 was then prepared it the same manner as for the
preparation of 12 and was obtamed as green solid in 76% vield. Dyes 2, 4 and 6 were finally
prepared using Knoevenapel condensation and were obtained in moderate 1o good vield,
Their chemical structures were characterized unambiguously using ITIR, 'H-NMR, (.
NMR, spectroscopy s well as high resolution mass specirometey. Thase compounds showed
good solublity in most organic selvents, resulting probably from their bulkiness, and ters
buty] and ociyl substituents on the carbazole and fluorene nings, respectively.

The UV-vis and fluorescence spectra of dyes 1-6 in CH,CL are shown in Fipure 2.
All the dyes display two major absorption bands appeating at 297-300 and 320-450 un,
respectively.’ ‘The first absorption band 15 atributed to a lacaltzed &7 transitions of the end-
capped carbazole-fluorene donor unit. The latter broader band is ascribed to the
ntramolecular charge tansfer (ICT) transitions from the 3,6-di-tert-butylcarbazole-8,3-
dicctyl-flusrens electron donot to the elsctron acceptor moiety, Dyes 1 and 2 showed nearly
the same absorption onset indicating similar m-comjugation length, This is due to amangement
of bipheny! unit capable of inducing the non-planar structure. This result was also ohserved
m the cases of dyes 3 and 4 and dyes 5 and &, Dyes 2, 4 and 6 having aphenyl unit as n-
spacer showed larger molar extingtion coefficients () compared 1o those dyes 1, 3 and 5
naving phenyl it as w-spacer. This result indicates that the presetice of biphenyl unit in
photosensitizer can increase the light harvesting etficiency. In addition, chanpe in the electron
acceptor part has a small effect on the absorption feature. The enerpy Dand gaps of dyes I, 2,
3,4, 5 and 6 dyes were extimated to be 279,291, 3.08,3.13, 2.73 and 2,85 ¢V, respectively,
from the absomption cdge of the solution spectra

L4
) —1
— =]
13- w3
2 =
F12- —#§
E A
B 09
A
=
,E 0.6
=
03+
00—y — e
250 300 350 400 450 500

Wavelength {nra)

Figure Z. Absorption spectra in CHaCl of 1-6.
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Slace the pioncerln wock on the first OIgAnIC light- vmitting
diudes [FLEDS) by Tang in 1987, GLEDs have attracted significant
aftertion from the sclentific comimuity due ta thed potential for
Fuste flat- parel displays and lighting applications.® The past dec-
e has seen great progress in both device Fabrication tachnigues
sind mateclal development ™ One of the ey developments Iz the
ustr of hale-trangoning layoers {HTL) far hale Inpeytion From the
anmde lnie the light-enilting Javer providisg SIgNificant baygsrowe-
mCAs b ihe performance of devices As a cesult, many new
hole-transporting matetials (HTMs) have Leen developed® € 1o
1Marticular, low-molecular weight amerphous snaterats hawe fe.
celugd interest as HTM candidates dur to their easy purifcation
by vapar depositien or colpmin chromatograplis: lechniques, wud
umiforenty thin Kilms can be processed sloply by coating rech-
niquees. The most catmnnly used amorgihous hle-traigrotting
miarerials (AHTIs) are trlaeylamine derivatlves such as o4 -dipie-
Ty l-WAr-blel 1 -naphthyd)-[1,1"-bigheryl j-44 - diamine  [NPE) and
H,R-bls[3-|mtm.r]pl:wnyl}mw-bis(phm:.'in:-enaidim [P0, which
demenstrate excellent hole-transpesting properses Moweyer,
their lever theromal and morphalygical stablicy vmatly |eads be flaeir
deigtaddation.” In order to achlbeve highly cficlent and Jong ez

= Corresamling aultec, Tets ¢66 89 234 7% ma: +6F 08 220 643,
E-me addrers: pvinicla®autac.t (V. #wnamkl

M35 - cee front mame) £ 2003 Bsedicn Bed, AL nighes resereed
hikp:fidadslargUEa01E ] e Ll w05 007

devices, an AHTA wich Iigh modility, a high glass transltion rim-
perature (T3}, a stable aorphous state, and goad 1 hin Glm fewming
atility are desirable. Ta aptimize all these Tequivemeats, many ei-
forms have hegn devobed to the synthesis of new AHTAx570 Cara-
zobe derivatives containing a perlpheral diacylamine,! additional
carbazole, ! bla[d. tere-butylphenyd jcatbaznle, ! and  dipyreny
units™* wiere also reported to cxbible good thermal and morpholog-
leal stability, Reconcdy, we siwtlsesized a sories of argmatic OHL-
paunds  wath  poripheral  triphenylamine- cacbaznle  unlts
possessing high 15 (121-185 °CY walues, and found tlat the OLED
devices bared on fhe tesuiting carbazole compaunds were Premis-
iRg In berms of devies performande and stabiline's Undoubtedy, it
is vory ateractlve 1o explore and develop newr carbazols deriyatives
that meer the requiremats 5 AHTMs far OLEDE, and which can ko
synchesized wsing simple and [ow-Dost methads, Opr desiagn In-
volwed multiple substitutlon of 1w carbazale rng with toiphenyl-
arlre mgieties. With this melecutar archliecinre, compeunds
sheld exhibit amorphous Isle-transpocting bl

Hezzin, wic regrt oo a simple spnthesis of wu -eiphenytamlae
sulstitured carhazoles {Tac, n = 2- 4}, and their physical and phato-
physical propertics. Investigations on their abilities L a0 a5 hole-
Tansporting layers it SLELS are absa repacted, Scheoe 1 ootlines
rhe sywrhesis of the olpheoylamine functlenalised carbazabes, W
began with 1l synthesic of 3,B-dihroma-p-ttecy ivarbapole (23,
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Scheme 1. MyTihesls of Zriphemtamme substaitbed carbazoks Tal

LAAtrbpsmo-M-dodecylcarbazole (30, and 1,56,R-Ceita brome-h-
dedecyloarbpeile {4) by hraninalion of N-dodecylcarbazode {1
with MESM A molution of 2 in THE was tested with bz
12.1-15.0 equiv} in small porlisns in the abzence o light to yield
birombdes 2~4 i mederate tp good yiekds (T5-24%] Submquently,
xoupling of tieze mobtirowmo-Mubixteoylarbazoles 2-4 wilh 4
idiphendamine)phany bonanls acid (2,255 aquiv)in e presenca
of Pd(Prhr)s as wie catalyst and Jquenns Magtls a5 he base m
THF at reflue  afforded  26-blsfd-(diphersdamineipheny |-
dedecylcarbazole [T2L)  1,36-tr[4-[diplrnyiaming pheny! |-
dedecy|carbazole [T3C), amd 1,35 8-terrakis d={ diple=oylaming;
ph.enjl}-N-:hd.gc_yh:a:bami& [H4C) as white sl in pood yizlds
{P5-H3%). The struchures ol the products were characterized arzm-
biguausy by 1T NMR and "*C NME spectroscopy aswel 55 high-ros-
ol jie mass specLeomatry. " Motioeably, the "H NME tpecira of Tod
showezd that e chivmical shifts of Qe dodeod promng were s it
bo bowe Trequenwcy a5 the oumbrer of Uripbenylami e subsiit ueats on
Lhe cartiazple Hicreased, This 43 due ta # shielding effect veediing
Trcum the ringcurvent e hsced by the sueernding 1-and 8-t phen.
ylarnkae substitwencs, Foe example; the chentleal shilt of -NCH,-
protons of T2 [4234 ppat) weaa shifled 10 400 and 370 ppen in TIC
dunl TAC, respectively. These compomds shower good solubdlicy in
V0gl Goganic sedvents.

To gaifl Inglghr ko the gacinatrica and electrofic properiies nf
these multiosbstibabed carbazsles, Quaiiuc chemistry calcula-
tions wene performed using tw TOOFT 83063 16d] method.™
The optimized stroctures a8 the TnCs reveabed wt the phenyl
Tings atkached to the cafwsole of sach oipleaylamine weve
Ervisted ot of the plane of the carbazale, faoming bully subslitu-
ents Aroind the carbazobe, axpecially bn T4C {Fig 11 This would
facilitate the formation of arnorphous tyneriale In all cases,
weeleddnons in the HOMUO ovbkals were delocalized onhr over the
2arlazote and owe iwipheoylamlie substituents at e I- and &-
qasiitons {3.4-Bixj4-(diphenydaminaplenyl| car bazole Packbenc],
ald by electrans at the Lphenylaming meieties ac the 1 and

Figunt 1, 1HW0 and (G680 oibloals of T2C and I cboulzted by o TOQFTY
BELVPIE-T 1t mbind,

Y-pesitlonz. o the LUKWO orbitals, che excites) gled mons were delo-
calized cwer el rathazede plane and ehe phey| ring of the tiphen-
ylamloe subsiiluents at the 1 B-pozichns, This supesses that
substicwthon of tie carbazole at the - or E-positions with briphen-
ylaming gnly 3Meiied the LIk af che mnlecule, while the HESAD
reafizined nearly wntowched

The: 2qlufign L¥—vis absorprion spectra of Toxk showed aheorp-
clin bands ) 320-32% nm correspanyd ing 1o the m—T" electrowic

‘transition of-the n-cnjagated 3,6-bls[d-{diphenyiaming)phayl]

tarbazale tacklow: (Fig 2al, With TIC and TaL, absarption kands
a6 lower wavelengihs [264-2950mM) were ohsenmd; which
were identical w0 the Jbzorinn peak of 3 rphevylsmine
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Fgurd I. [§1UY-Yi$ vmurplion and PL specca In CH CFy skl (Ikick line] acad thin 6 Lms (i boep La)O0 cunses meagcesed InCHyGl AT w000 478 G50 mivgs (o) 080 and
TRA furteyeretsuned-with a heacing raoe oF |0Clinie undes M, (d) B2 specuz ol the GLEDS.

€hiyagheore. ' This abserption haewg can be assigned to the 1-1
et transition of the bolaged riphenylamine ssbstiouents 11
the 1= or 8-positions. The Infensity of this peak was stronger in
TRC 3¢ il has two triphenglandine madetics [1,8-positions). This
Glitcorme agrses with ihe quantwn eheradsty caboulation results.
The solutlon piniofuminescance (L) specoin of TaC displared an
emiszon bad In the blar-pirpbe TEEON §dme = 415419 i)
Thie 1. spetra of dheir thin filins were similar to those in sotution
with 2 10 nen ted ghilt, This ndleares He pressmee of certzin
iotermlecubar elewronic interactions. Mevetthetess, the degme
of the: red shift is conssterably stralber than those ohsened with
T-cotjugaied compiimds thar adopt face-tey.face Aacking, * These
maberi s swwr slight Stoke shiffs (9 1-95 nir) spesiog reduced

ey 1055 during e relavaten prcess,

The O curvess ol the Tnls measured in CHaClp cootaining n-
BME 25 Wb suppoTling electmolyte exhibited muktiple quasi-
revaekibaly omidation processes {Ag b, Table 1) [Indey these
expezbmiental condilions; ng ceducton was chsarved in all cazes.
The first core oxidack wawey 3l 5,78 and G589V in all the cong-
ponmls appeared ac the sane poetentiol 2l could b2 smigned o
the: remmscal of ekectrons from the conjugated 3.6-blsf4-aiphemnd.
annbeaplieny]tarbezok: backbone resultiog in a radical cation and
dicatlon, respectvealy. The oxidalion waver at 1,0%-1,07 ¥ in both
T3Cand T4¢ matched with e cocidation porstivial & & triphenyl-
arlne {F,, o ILAR W ws 3TE) and theratore can be aesigned by oxlda-
than of the [sakates crigleiykjine substityent at the 1 8-pogitions,
conzlecent with Boty fhe optical and the quanbum chemistry
alcolation resylts, The oxidation waves at higher porentist

Table T
Physlcl daca of s ToC s teir OLLD deovloe charamerlomics
tempd kst Em* TdTalf' B werus Agigs & HOWGILLIMO? [ il [ L
feand () (L) W) vy [ e (e ) kb txf
s m 415 —TEHUf33d  O7E, DB, 120 F¥] EEALT FETEL] 518 2EFRI 457 04
T W, 325 417 TER 0.TE HED, 107,125 %26 E-ALIS kA 2434 F:] 25052 50 ope
HC A, g TRA—1419 078 UEY, 103,120 234 —5.15)- 150 TA(%A 51 a1 EO7 [LF S
HPR ok - 1H o —- - -5 5240 FL T 519 s 441 D2z
TP L] BIf-)- - ~5.50¢ 230 FLIEN Mii oA ENT | %))

* haeasured In CHah sodyklon.
" Merasured by DSC and TRA.

* Meatured iy €V using 2 gluesy tarban wacking electrode, a Focsnter shezirode, axd a Aitg” rference eleccrede with I | M h-BuMFF; w5 the scppacling shectmlyse i

TH G,

* Caktubted Eam: Eg = 12400, 0 THIMO « (464 + E, 1 [URA0 = E, 1 FIMAL
* VaTorge AT A luminawce of 7 and 100w,
¥ Exmoinak biantum siticency.
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Figome 3. {a|J-¥-L and () g-T ckacecieristics ol Lhe Bbrcacsd QCED:

(1#0-1.28%) of all cakes cowrespand ba the remaval of slertrons
from the interior of the carbaole moicky. Mokl OV scans (7
#ans] revealed idanbica) CF curves with o additicomal peak at Iow-
er pientials on the catbodic goan (F,.) being ohserved This syg-
geses ho ehedrechemical coupling 2l either the carbazede aor
riphenytanlne peripheries, indicadoy elacirchomically stable
malecubes. Osuaily, this rpe of ebscorchemical coupling reacton
iz detected D wigs, Lipheaylamine derivalives with ansubstloed
p-posifions on thw phemy| Bng, such a8 in £l casa of ?-(pyren-1-
¥H230-ols(d-dlphenylaminopbeny] ihewvene X The staric hin-
‘drance effect and stabitiy from ebectron delocalisalion might play
animporkant rele in protecting the tiphenytanibse nicisiies par-
Heulaity In ach electrochemnical mactions in all compoubcds, The:
HOMO and LUMO energy levals of the THOs were calenlated from
Use pidation onsat poles ials {Eee] 2t ekergy gaps [Egl and
the vesulrs are summarized in Tahle 1, All the commls lagl
identical HOMOL levels of —%5.15 ¥, while tluwir 10 I 0 bavals ave war-
ied, from — 166 o -1.91 .

The: themmal propesties of the Tnds were determined by differ-
ential scurming calorimatry {05C] and teennograimnets nslysis
[TEA] 2 the resubts are #wnyo in Figure 2c aid Tode 1, T2C s a
cryslalline material as It DSC trace reveals @nly 2n #ndothecmic
Pk due to the melbng PNl at 189°C while the (ixmmogram
of TAC showed coly an ertfotbermic bazslne ShifL due to glass
transiclons (T at 1332 C, idicating an ansarplvs material wihen
e grystalline siehjle of T3 was subyerbed 10 » DAC heating dcan,
an exmbiihveimic-biasellne sidt at 78 <C fotlawsd |y an exolhermic
prak Hue o arpstatlization and an endethermic meting peak al
162 and 207 °C, feypectively, wers observed, indicabng 3 geri-
trystatline materfal. The T, vajue of amorphogus T4C was highar
than those o the most witlely used HEMs, NPT (T, = 103 %0, aod
TR =43 "C1°% The thertnad stabilitiez of Ted wers furher con-
Bimned by TGA measurements showing an incressing ST wright
loss tesnperalune (Toq) 00 334 “C for T2C te 415°C fiv T4C as
the: nunahier e miphenylambses: in the mblecube Weraased, These
results sugzest that the presence of multiple thpbemAannine: jn
Hae mglecule not only dnproves its theemial Sabibty, but akso In-
duces the Formation.of a0 assarpbous form, whidh Ly burn cold in-
cease the service fime. In devlce operation aod enhatce el
morphogical Sabibity of the thin o, Moreovar, the ability (o
form 4 miokecuwlar gliss wilh the pessibliicy n prepare good din
Al by bath evaporadon akl solution caseing pmcesses is highly
desicable for applications in sledrohuminescen devicss.

Acocrding to dw ghove discussed encellent propesties, S abil-
Ity ol thiese INES 3% 3 bile-trems porting Fyes (HTL) in OLEDS was
investigated Aly3-based green OLED: with the fellowing strugture
of MY PEIE PSS Tl {5pn-Coatlng ARG (50 omyLK {05 nr):AlL
{200 nm ) were Fabricaled, where A3 is Lhe grean light=milling

# Kachrpriginn a1 au  Tepsakedron Lomess 34 120037 16214 16R7

% —
= 1 T2
o ——
o Emal —— s
= ar
3 £
2 b3
=
m o ]
5 87
) El
=3 £ 4]
e =)
3
Ly . —
0 g B0 1N
Cumanl density jmaiom’}

and elecxon ranspoeting layer (FAIL), Endar the appied valtage,
all the devaces exhibiresl 4 brightl green emission with pedkes cmg-
erad of 517-518 rn el U Coommission Internationale de rfebaj-
rage (D) cootdnaces  of (029, 053] (Fig 241 The
electrolwninescence (EL) specia of rhese clindes were idantical,
a1l mwiche] with the PL specarurm of Ak, the EL f the reloremce
Aevices {NPB and T as HTL), ank a1ge olar reported EL spectia of
Ay3-bagrd devices ! Mo emission 1t 2 keager wavelength owing to
exciplek specics fornied at the interface of ThC and Ak, which al-
Teak ety in L he devices Fabricaced wich plusar osnlecules, was de-
termed ™ Frony (hese pesults, and inview of the 11ct thal Lhe barrier
for alectron milgeacion at the AIQ3TaC interface ¢-2.10 &¥) was
significantly higher than those for lwle-migration at the Inly
ALy inlerdace [~40,36 e¥, hence, under the presen! device config-
wracdodn, T would = gty 35 HEL, aaxd Ak would sl posferahly
a5 an electron blacket mwre dian as 2 hobe blocker with chage
reciambdnalion thu s confined oo AlQS Ewer. A slable emizsion was
observed in all dinstes with the EL spectra ans CIE coordinates
CemaAining uncharged cver 3 cange of operating woitage: The
Tol-based devices exhilbiled Lum-on voltages in the rnge of
LA-LI W ANG opealing wollages at 100cdim® in the nge of
1.0-34 ¥, bndicaging good devioe perfovmance (FIE. T mul Takde 1),
The device with T4C as the HTL disphayed the hése pefonmance
wlth 2 high maximum brighmess (Lo, af 22471 tgimt a1 RAY,
A lhew turn-on velrage (Ye,) of 2.5 W ned 2 jnaximm latinousedfi-
dleswy {p] of 307 cdfA A comparable devive pexlidmsioce was ob-
served fam tue TEC-based device showing £, of 25052 wifm? &
BV, Vo of 24V 2l 3 miadmum 1 af 5100 cd M4, white tbe F2C-
based device showesd atightey Jowmr device performance. ju coons
parizon with the NPE- and TPD-Lased devices [Tabe 1), ehe use
of TreCs s HTLs clearfy improves the deviue periormande, indicat-
ing the ability «f the: TiCs 25 HThs wis sypesion than MRE and TP,

I sunisary, we Iave demonstrated the shinple deslsn sivatey,
symihesis, asd eharacierization of multi-rlphenglanine sabsti-
tubed carbazedes Dwreasing the number of trlipbenylnioe sulmijis
wenes in the malecle not sy inaproved the thermal smbnlity, but
also incluced tee formation of an amosphows form &6, the material
They are eleceruchemically and thermally sable materals with
reasonably hizh, glass crsilion temperatiras. These wamerials
show excellent bede-trangperting properties for Alg3-hasut greey
OITNs with device luminanece efficiencies as high as 5.07 cdfh
besng acliewed
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Pyrene-functionalized carbazole derivatives as
non-doped blue emitters for highly efficient blue
erganic light-emitting diodest

s’ﬂl this & ddater, Cham, O20030 0
Lt

Palita Kotchapradist,” Nard Prachumrak,” Ruangechai Tarsang,®
Sinporn Jungsritwong,® Tinnagon Keawln,” Tavweesak Sudyoadsuk®
and \inich Pramarak®

A weries of pyrere-leackionalized corbazole dervatives, namely f-dedeca-38-dilpyre-1+lJcarbazale
(E82), A -dodecyd 36-trilpyrer-1yllcarbazale (CP3) and Mdadocyl 1,368 mnalpyre-1ylicaibamle
[EP4), are spibmized aiel choracierized as smple non.daped selution pracessed Blug emillers &
OLERE, Oy imulliphe substutian af pyrars an the carbazole ring, we are sble 1 relsin e high Bue
erpigsive abibny o pyreng In the solid 2z well s impiowve U anorphaes atablline ard salubllioe of the
ruaterish Thess avaleriak showe high selution flucrercence quantum =Hiciercies (up W 94%) 30d ©2n
Tonn asaphalogi.ally stable amorpheus thin films wish T; a= high as 170 *C Sokelion prooessed souble-
layer CLEDs Lsing these materials a5 ransdeped blue =mittms exhibil geod dome performance wreh
luminance effiiendes up 1o 253 o 4" Their muhi-layer devicss exhibit outstandiog pedormanos
The CP2-based device shows a [ow bernoon woltage [down w0 28 W) with an escellenn ble emispon
Lokt [lum = 436 nm) and CIE canrdinates of (0,15, 0.14), wivk the €73 and Cha-based blue devices alsa
display bw burnean wikages tdowm 1o 2.7 W with high luminanse (kp to 224489 <d m™} and luminarice
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Introduction

Simer e innovative works on the fisc arganéc light-smitting
dicdes {ILEDE] by © W, Tang in 1987 OLEDs and displays
made Fromthess devides Bave reoeiond trémendous interest dae
tatheir exzeltart tedhmodopicsl aspenis such as low cdsts, the
ease of Talwlealwon using aeavdard dechnigues {dg wacuum
depoditlon o solueloh presssing], Lhe possibillly of realizing
flexibde or Lyrge-avea dlaplays and thelr ves in Ughilng applics:
Hots* I oday's devalgpmant of OLED sechmobegtes, the
oends of GLELUE are mzinly focusing both on sptimizations of
Adrowing structures and oo devwetoping new omitbing materials
Clearly the oy point of DEED: derclapment for full csier-fat
dizplay i3 wo And materials emitting pure cobors oF red, green
and blos (ROE] with exeellent emission sRiciency and high
stabilicy. The performance of blue OLEDs & usoally infegior to
that. oF preen wnd red 010 due ke paew caamier injection lvta

Doptfrtdr qf Cleciidey, Feulty of Scbinor, Lbon ifuhoal Cnircrely, Dliuy
Eatchathori, T4, Thaifoc

“chon oy [ Brodibry o Ciemter of Ereathones far neetien fo Chacigry, Mol of
Sileice, Suramred Diteerrdy of Tectefogy, Mudng Do, Makbod Smobei i,
A0, Thaitaed E-mml pruchrat oo FOT w64 &0l LIP3 Tel: o55 492d 548
T Blevureal: sappk YRS ]| le: ABM Imugex, quicilidn
clirmnicd caloubtion dak, crpraimd % o ity DL Srvice dil and MK
apeeiia Fod DOE LOLE LTIk

A1E [ 4 Warer Cheen £ 2043, 1, d 6401

the emitters,” anti henoe the eleceroluwlneseend (ELY propecties.
ol the blue anes need to be improvesd. ThemEore, ate ated of
contdiuing rescacch in this field is the pursoit uf a swble-blos
emillug nuaterial? Although memy flunmescent blee emliiers
hsooe been reponted, sdeb- iz snthracene declnallvs © phenylene
detlvatives, pene dervatves,” fluacene devatives,* carbazle
derlyatives,? avoratic hydreearbon,™ ianylamine derivatives,*
anit phoephorescent inidiom cormplesss,” there i5 still a gleac
need for further develapuents io torms of efickency and culaar
purity commpaced b ted aned green emillers.

Pyrens ia 2 flat electron-ch polyepelle anknsacic hydroearbon
[PAH] with zirong blue fluorescence which is suimble Eor
develogdng Blue emibers far GLEDs spplicaticns. However, the
uge of pyrone molseules is limited, heeowse pyrene mubecules
vasily furmed aggrepatesieacimers keding to an addidonat
cmisslon band 8t long werelength and the guetchiog of foe-
resoende, Teselbng in lpw tolld-stwe fhotescetics guantune
wields, Fovwsver, Lb yare cages, the aggmegates between the pyr-
eae g mike the molecules highly emissive in e selid stake
vig 8n agpregationeenhonesd  excinen etnizslon’” Scveral
moleculer designs (herefers have been deeloped 0 solve
thia problem and variows prmene based lipht+mislng mateclils
hae been roporied in recent beersture inclwding fumetional
iredl pyreme-bosed Ughl-coolidng neleeules ™ Rnetionadiced
pyrene-based Tight emitting dembrimens,™ and fubedaballzed

THS e s OCTn Baa e esy et Chomisne 1y
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prreme-hiczd lgleenittng oligomers and polymers.™ To dew,
many kinds af prrens-hased matstials have been amthesized and
wonsidered For several appliamtions,' and soree of tham were
pows e b proslslng bloe eroitters for OLEDS™ Recetilly,
we Birve reqssthed e s detivarives with the combised chat-
aceristics ol bloe Jighbendling and hole tmnsparting  nae-
rinls. ™ Mot-doped lue OLEDE with roazirmum eficiemism ugr o
zased A T weore attaingd, Hawever, new olases of pyrete-based
Blue Light-cmieters with iropreveaments in rerms of efficiency aisd
calsur purity remain to be explored.

In this work, we Topart on the design, smthesis and pisp-
crtics of simple pyTenc-functimnalized enrbamele detivalives,
waoely Wdadecyl-1 &dl paend-yljcarbazale §0172), Adedecyd:
1,4 trod(prten-1-yleatbaecle {CP3) and M dodecyl 14,08 bt
rafipyren-l-wlleerbazole [CP), %8 Frbutinn precssged blue el
tres JoT QLERS. IN cur desigm, the use of Mdodecyleaibazole as 3
cove will improve the nols ransporting capabblity oF peTehe s
well as thermal stability and salobilicy of the mokecule, while
muliple funclionalication with pyrene masiety will efectivhy
pelait the bigh biue endssicee abibity of pyrens i che solld stec,
which glynlicanlly inpacs on the emission behavior of mate-
rials, aocl deviees, Owing o i excellent hobe-ranspecing
ability, high charge cammier mehility, high wermal, morphe-
lopical and photochernical stability, and-cems o be fuictianal-
izezf, athazile hag been used a9 & Building block to form mamye
ammirphaus  lule-srapeporilng matpials™ with this design
thecefure 3 simple golutlin proceseed Bole-lanepotting nen:
clagpene] Blise: abierar can be aHaihed and a simpls sracho re noem-
diped Blue OLED can be fabilcated, imyvestigprions om OLER
dhervice. Fabrieatlon and chavacerivation of thess materials nne
Abpn extablished.

Experimental section
General procedure

*H and ""C nuelear magnehs muonange {NME] spocies wors
recomded np 3 Briker AVARC W MHE Spoc aueeler with Thes
wx the internal mederencs waihy COO), az gobwent in all capen
Tofrareil (JF] spectr were meagared on a Perkin-Elmer FITR
SpoctTaeon DY HPECETUT BX] Spectometar o putssiom bramide
|KE7] disc, Wtrasioletadzible [(9-4ist spactra were recorded a2 a
dilute sohation in ©W2Cly or a PerkinEoer UV Larobds 25
spectrumeter. Photalumlbesoetcs speetrs amd dhe noreseenas
Afiantum yiclds {Fe] were Tecorded with = Perddn-Eliasr 15 508
Luminescencs Spocliommeter 65 4 dilate sghution It CHLCL and
thin filtn oblalned by thormal cvaporation, Quinine salfete
sulutlon in 001 M H,80, [ = 0.54] was used 85 a eeforenoe
standatd.® Dlffeveruial sty caborinmery 05C) and thermel
grvimetric snalysis {TOA| were pecformed ob 2 WETTLER
DECE23e thermal analyzer and B Kigaka TO-0TA $120 thetdl
gnalyzer, Tespectively, with headng mee of 10 "¢ min * wnder
niwegen atmosphem, Crelic voltammetry (09] was sarvisd oat
on 80 Aatdlek potentieotat PFOSTAT 12 with.a thies electmde
system {plstinam oeounter slectrode, glassy carhon watking
electrode and AzSAg" referenes clectnods] At 3 b rate of 50 B
s 1in the presence of m-BuNPF, a5 A supporting electoulybe 1o
CHyCl: wndar argen acmesphere. Melting  points wele

Tlzs a5 & e Kagal Moy el Cheams 100
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wyeesured usimg an Elccwstherms]l 14 s140 serics of digitzl
baelting posnt instoumeant and ate utcorneetsd- High resobzdon
s spectintiey {HAMS! analysls was performed by o Mass
SpeAromecry Uinit, Mahidel University, Thatland.

Byui brsis

Sugekd cospling onndilions: & mixtare of molt bz 3-dodecy]
carbezole (2 4] (02 mmel), pyrenelhpnonic acid 0.5
.32 mmoly PA[PPh,). (033 g, .29 mmel], and 2 M Ma;C0,
fa0.) (35 Wit in THF [30 jol] was degassed with 1 Bor & aon. The
tractlom toikbare was sbitred acreflud ander Me atmesphers R
14 b, Waber (50 m ) wus added, the mixiere waa sstmotecd with
CHeCly {2 = 50 ). ‘The combined cuganic laper was washed
with water 50 mi), brioe solelon (50 ml], dried svet 2abpdraus
Maghily, tistebad abd caporaced b dryness. The crode product
was purified by codumn chromalopraphy oeer silica gel clulng
wirh CHZ; - hexane (1 - 4] lollowsd by reerpstallisation with 3
mimuare of OF;0k, and melbanel.

r-podecy] 34 A¥aveen-3sedjen bazole {CFE) yellowish solod.
Bty mp 165-167 °C; 'H MR [Amr WHz, CDHCy, &3 0.36 {31, 1,
J - Gy Bg), 1.2%-2.57 [18H, m], 204472 (2K, 1o, 450 (2H, &
J= T HZ), TES {2, O, F = 84 Ha}, 7.2 [BH, i, f= 8.1 Hz), £.01
{(4H, 4, f = B.7 Hz], R.10-2.20 {10H, m), B.25 [2H, 4, F = 7.5 He|,
B2 (oM, A,/ =19.3 H), G40 [0, 8} 0 HMR (75 MHz, CDCh,
8 1402, 20, 2749, 39,24, 2954, PO0E, 2O00, 5104, 41.55,
un e, 13046, 123,30, 124,92, VBRAM, 12509, 13571, 126.57,
19736, 127,30, 127,50, 17E.94, 13474, 120.60, 13085, 13100,
13157, 13209, 130-E7, 14034 1; HRMS-ESI calcd for CoHaeM: auz
TA5865; lound: wiz 736 5285 [ME'].

A Dodecyl-1,2,&-lri[pyren-1-pljearbezole  (CP3)  pollowich
solid £99%; T 172-174 *C; *H MR {104 bldc, COCLL, §): 040
0.50 (34, T, 0,62-1,34 {M0H, m], 350156 {2H, ), 7.52 {1H, 4,
F= &4 Hzl 277-7.4% {3H, ip), 7.95-8.10 [12H, m), £35-H.28
(91H, m], A5 [&H, t, 7 = 9.3 He), 8.53 {2, 0, ~ %0 Hz), B.58
(1L, 5); T'0 N §75 BMFIE, COCT, 8 14016, @273, 2083, 25,93,
TEB, 2980, 2945, 10,50, 2857, 3197, +u6, 10817, 121,85,
7439, 12929, 124.04, 12429, 124,36, 124.07, 124 B1, 12444,
128403, 12513, 125,29, 125,43, 12563, 12671, 12590, 125,
136.24, 13718, 12734, 12747, 127,77, 125,08, 12R22, 12892,
12683, 13045, 14093, 130041, 13007, 151,54, 131,54, 13246,
13408, 13414, 13827, 11860, 161.04; HRME-ES cakd far
bl B e 035,4491; foand: m's 12620 [FE"].

sodend-1,4,6, Eetapyren-1-yljearbazole (Cra) yellowds
solid, £3%; mp 182-184 Ty 'H HE {300 MHz, COCL, & 024
M, w, 8.16-1.32 {205, m), 266-2.75 {2H, o), TE2 [2H, s,
7.47-2.20 [32H, ), 8.26-(4H, 5], 4,56 [2H, d, J = 9.3 H#=), 872
{2H, 53 * 0 MR (75 Mz, CTICT, 5 2406, S04, 28,73, 2R.82,
28,87, 20,95, #LT4, 2936, 341 2452, 20,82, 3005, H1.95,
4543, 4560, 12170, YMX1, 12424, 124,52, 124,60, 1M.6%
124,92, 124,96, 125,03, 125,16, 14528, £25.37, 12555, 126.63,
125,03, 125,50, 12630, 127,28, 1W75e, 127.52, 132,77, 12785,
126801, 12831, 136.65, 129,91, F29-94, VAL, THRE0, 1387,
130.9{}, 1310, 131,07, 131.73, 1.'11.43, 'I?Il.ﬁ, 11241, 132,61,
13312, 13347, 134,57, 15503, THH07, 19010, 11847, 135,54
HOMAES] cated for OpHel® adt 11355117 Found: mdz
1136 5524 [MH'].

I oafader Dhem, O, 20031, 415024 | 4917
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Cuantum raleulatin

The groond state geomemies of ali molscuks were fully opti-
taiwed using dewsibe fubeliongl theoby {DFT] ab the BILYR
G23G[d,p] level, a5 lmplemented in Gaussian 9327 TOTIFT
BILVF ealpolaginns of Joweet esritadon energics wemr per-
Eoroaed at che optimlzed geosiedries of the ground states.

Device Fabricallon and testing

Blue TLED dovives ugitg CPoots EML with the device conligs
ralione OF IMOYPERCTIPSS/CPa(spin-coaing/BUF [4F Do)
LiF [0.5 tunbAl (150 nm] anl FIOYPENOTESSTER {30 nmiy
Cen{enpitingBCF (4 nm)LiE (05 rmlal (350 om)} werr
Fabriested and chamcterized as follows, The patteroed indium
Lin wpide {ITO) flacs subslvzle wilh a ket roeistarce of 14 oo
aq * {puteliasced feom Kiniee Compaty; was deaned abd doed
AL 605 in 8 vBcuLm averl. & S0 nm thick PEOUTPSE layeT was
FpEN-roated on top of IO ot a 475 wid dispersion io water
al a gpin apeed of 3000 rpey for 20 5 and dyled ac 2o *C for
15 min wnder vacuws. A 30 oo Ltk TPD laper was depoeited
by evapatatian from resistively heated alomine crucibles ot an
vdpEkatiolh @k of O.5-1.0 nm % 1in VALLO M SANOTANIT
depositlon {ESZA0, AME Terbnolgry] wider o bage presdure of
~ 3105 mibar. The Al thlebress was monivored and cecoeded by
8 quary cacillalor thickuess woler [Th-35{, MAKTEE]. Thin
Ellms of OPn vere depuesit=t] on top of fhe PEDOTERSS Tayer by
eltler apin-oosothn? o1 GHCT; ; Bluene solutier (1: 1] of Gen
(155 wiv] AL 2 syl spesd af DR rpm fir 30 Seconds b g e
M40 nin thick film or svappmting fmm resistively hestad
aluming cruciblkes al an evaporation rate of G.5-1.0 nm £ °
uwder a base pressune of ~30-5 wmbat, The Ao chlckoess v
toeaauTed by usling a Tencat -Reep S0 2urkace jhofller. A 40 T
Lhiek layer of BOP was then deposlted an the orginie B
without-bresking, the vaoum chambeer. 'The chamber was ven

bed with dry.gir bo-load the calbode mateTials and puroped baek;
g 0.5 nm thick LiE and a 150 am Ghick aluninlusy lagoes wens
‘then subsequently depoaited through a shadow niask en the top
af the EMLMTE Alm-without bralsng the vacoum o forrm aotive

-dinde afas of 4 cyn®, 'The measurement of device offlciencrwas

perormed actonding to M. E. 'Thomson's protocol and the
device extemal guanbum eflcencies weee caloulated nsing the
procedute repotled  previously ™ Dutrenl densiny-volbagpe-
lurineseense [(-T-F] chamateristics weoe messored simolkn:
neously by the was of & Kedthbcy 2400 source meler and a
Hewport 1835C power mater squlpped with & Mewport 828100
calibrated silicon phatadiode. The EL Epecira weTe acquited by

.an Uredn Uptes USEA000 multichanne specromerer. All the

messrements were petformed under anebicnt sunesphers at
PN LeTOpeTal e,

Results and discussion

Symthesis

Schetne 1 awlines the syovhesis of e perone loncdonabized
carbazoles (CPo). We began with the synthesis of 3.6-dibromo-
M-dadecylearbazle [, 1,40tk i Wedgabeny] catbazuls (3]
and 1,363 tRbrome N-dodeeylcarkazole {4) by tromina don

4918 | £ Adeter {hom. O 2013, 1, 69145 39249
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of W-limlecy ot Teende (1) with ND8 (2:1-154 cquiv.] io THE™
Subsequently voupling uf the heamn 2-4 wll 1-ppeneloetonge
acid [2.2-5.5 aquiv] catalyzed by PA[RhG Y rMNa 00 (e in THE
at reflux afforded M-dodecyl-2a-difpyren-t-pleabazle (CPL),
N-dodeeyl-1,3,64Ti[pyren: 1-plcatbazole [CE3F anE W elaiecyl-
1,346, 8-letral pyren- -l lcarhazole [CP1) aa vellowish solids 3o
good viclds [53-88%).

The scrocmres of all muleoudes weae cliacieoizsd b
Blgnnisly with BH MMER and 20 ML spoctroscopyr as well as
high ececlulion Wass sproTometry. Mociceably, the 'H NMHE
speelrd of CPo shaw the chermical shifts af the dodezyl pracans
being shifted o low fiequeney ss the number of the pyrene
suhstibaenis on o cadbazale Iereased. This s due eaw shleldbg
rffrct Fesulting oM e Ting cucrent paoducsd by the sornsaniding
1- amWi B-prrenc subslitscnte, Por example, che chemics] shift of
-HCI,- protens of CP2 (1,50 ppra) ehifts to 3,56 a0d 2,75 ppaain
CP3 and CP4, respectively. These materiaks shoe high selubiliy
in most orpanée solwents allowing their thin films to &2 fzbr-
card by spit costing procces. The morphelogy of theic spin
caiabrd Atme, wlich is another key faetor fer GLEDS Ebricatdon,
wag Juwestigated by atomic foree micrsscopy (AP, Al thin
Flmw spin-ooated [rany CHCE, @ Loluene solution have a faitly
stoach and pushwle-free surface indicating good Alm-forming
proprrty, allowiny OLED deviess to b fabricsted by Jow cnst
golution prociests {Fig, T and 51, 631t}

Chuinbin cabcubulion and physical propenlss
Togrin itsdrhes ineo the gaometrical and clectronic propertics
of these molbple substbuted carbaseles, quaniun chemistry
caleubstions were perdermed  using  the ‘TLOFTBILYRA-
3G{d;py method ™ The optimized souctures of CPo mevedl that
the atkne e pyrene unils iwizt gut of the plane of the carbazoke
furming bulky stbstluenls aroond the carbazole, cspecially in
CP4 [Fig. 2 and 82, E5(1)- This would factlitate the femabon of
amorphous roaterals. 16 all cases, melectrons in the 110BIO
ortitale delocalize ooly over the earhazdle and base prrsse
subatiuerigs st the 3b-posikions (3,6bis{pyten-1-ylpstbashle
tacktons), and no electrons At perene molsties al the 1.8
posltons. Tn the LU0 arbliake, (he escited eloeirans arc
delpealized Yarpely ovar the pyretie plate. Thiz suppedls that
subsiduton of a cavbazole at the 1- orfand B-posidons with
pyr=ne haz ko or Jitke i any effect on the HOMO of these
mokcates, The HOMS- LUMOG snegy gops (B @l of CPuowers
caleulated and the vahies {3.09-3.15 &) match well with tanee
egtimaced from the absorption onset {2.07-31°% e¥) [Table 1)
The optical properties of Citn were insestigbed T CHLCEL,
Folution and thin film ceated on quacte substraes. The resulls
are preacnled Fig, 3 and summearized it FRble 1. 'Their Q-wis
spectra show two absorption bands, which are asyipned in
terma of the abeorption band. at 27% nm earmsponding o e
fr—x* lopal sleclvon ansidon of the carbazoke nong, and the
abeorplien band a longer wAvebngthe (347 nin) atribated o
the w-%* eleclion lransition of the 3,6-bis(pyren 1-yfjearbazele
hackbome, These compounds in #rlution Dweresce in the Eor
reyriot [(SM-a39 ang with featurcless phawaluminescence (PLY
speAra. The spesta ate slightly red ghified a3 the number of
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