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SUMMARY

4,4-Difluoro-4-bora-3a,4a-diaza-s-indacene (BODIPY) dyes are immensely colored
compounds which have being attracting attention owing to their important
photophysical and optoelectronic properties, such as large absorption coefficient,
small Stokes shift, high fluorescence quantum yield, high chemical stability. Another
miraculous property is easy functionalization. BODIPY's have eight different positions
to functionalize with different reactions like Knoevenegal, Sonagashira, Suzuki,
Vilsmeier and cross-coupling. Through functionalization, it makes possible
physicochemical and spectral properties adaptation. Thanks to their remarkable
properties, they can be applied in different areas such as solar cell, sensing, medical
treatment, photothermal and photodynamic therapies.

Self-assembly is important to construct supramolecular structures. Especially,
hydrogen bonding is a well-known non-covalent interaction to design self-assembled
structures. According to literature, barbituric acid and its derivatives demonstrating
hydrogen bonding ability are beneficial to construct this type of architecture.

In this thesis, a BODIPY derivative was functionalized with barbituric acid
which has multiple hydrogen bonding ability that are directional to have highly ordered
hydrogen bonded mediated self-assembled structures to control over BODIPY’s
photophysical properties. Synthesis of barbituric acid functionalized BODIPY
derivatives via Vilsmeier and Knoevenagel reactions were achieved and characterized
with FT-IR, H-NMR, C-NMR spectroscopy and mass spectrometry. Hydrogen
bonding mediated self-assembled structures were investigated through UV-Vis and
fluorescence spectrophotometer, *H-NMR spectroscopy and dynamic light scattering
method (DLS).

Key Words: BODIPY, Supramolecular, Self-assembly, Hydrogen bonding,
Barbituric acid.



OZET

4,4-difluoro-4-bora-3a,4a-diaza-s-indasen (BODIPY) boya tirleri, genis
absorpsiyon katsayisi, kii¢lik Stoke kaymasi, yiiksek floresans kuantum verimi, yiiksek
Kimyasal stabilite gibi onemli fotofiziksel ve optoelektronik ozelliklere sahip
olmalarindan dolay1 dikkatleri iizerine ¢ekmistir. Mucizevi Ozelliklerinden biri de
kolayca fonksiyonlandirilmasidir. BODIPY, Knoevenegal, Sonagashira, Suzuki,
capraz baglama gibi reaksiyonlar ile fonksiyonlandirilabilecek sekiz farkli pozisyona
sahiptir. Dikkat ¢ceken bu Ozellikleri sayesinde giines hiicresi, sensor, tibbi tedavi,
fototermal ve fotodinamik terapi gibi alanlarda uygulanabilirler.

Kendiliginden bir araya gelme supramolekiiler yapilar ingaa etmekte onemlidir.
Ozellikle hidrojen bag1 kendiliginden biraraya gelen yapilart olusturmak igin en gok
bilinen non-kovalent etkilesimdir. Literatiirde hidrojen bag yapma ozelligi gosteren
barbitiirik asit ve tiirevlerinden bu tarz yapilar yapmada faydalanildig1 goriilmektedir.

Bu tezde, BODIPY yapisi, fotofiziksel 6zelliklerinin kontrol altinda tutulmasi
amaci ile birden ¢ok hidrojen bag1 yapabilen barbitiirik asit ile fonksiyonlandirilmas,
hidrojen bagi ile kendiliginden bir araya gelerek olusabilecek diizenli supramolekiiler
yapilar literatiirde yer alan ¢esitli yontemlerle elde edilerek incelenmistir. Vielsmeir
ve Knoevenegal reaksiyonlari araciyla barbitiirik asit ile fonksiyonlandirilmig
BODIPY tiirevleri sentezlenmis, karakterizasyonlart FT-IR, IH-NMR, 13C-NMR,
kiitle spektroskopisi ile gerceklestirilmistir. Non-kovalent hidrojen baglar1 sonucu
kendiliginden diizenlenme ile olusturduklari supramolekiiler yapilar UV-Vis,
floresans spektrofotometre, *H-NMR spektroskopisi ve dinamik 1sik sagilimi metodu

(DLYS) ile incelenmistir.

Anahtar Kelimeler: BODIPY, Supramolekiiler, Kendiliginden bir araya gelme,
Hidrojen bagi, Barbitiirik asit.
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1. INTRODUCTION

BODIPYs and their derivatives are types of photosensitive organic dyes firstly
reported by Treibs and Kreuzer [1]. BODIPY is composed of boron and dipyrromethene.
According to IUPAC nomenclature of BODIPY is 4,4-difluoro-4-bora-3a,4a-diaza-s-
indacene includes eight different positions which are; meso, two a positions, four 3
positions and two boron positions to functionalize [2]. BODIPY and its derivatives have
important properties such as small Stokes shift, strong absorption, narrow absorption and
emission, pH insensitive, stable chemical structure, high fluorescence quantum efficiency,
low photobleaching and polarity, so researchers benefit from them because it is applicable
in several areas such as light-harvesting system, medical treatment, solar cell, liquid
crystals, sensing and photodynamic therapy [3]. One of the application areas of BODIPY
structures is supramolecular chemistry providing magnificent structures.

Supramolecular chemistry is explained by Jean-Marie Lehn as ‘chemistry beyond
the molecule’ can be explained as chemistry relies on noncovalent interactions between
small molecules to self-assemble resulting in molecular assemblies. Self-assembly means
two or more molecules or ions are coming together spontaneously to build larger
aggregate species with reversible supramolecular interactions. The concept of self-
assembly has been taken attention over the last decades to obtain different substances
having various functions. Hydrogen bonding can be admitted as the most important non-
covalent interaction for designing supramolecular structures owing to strength and high
directionality degree [4]. There are many various types of molecular patterns that have
been defined to assemble into supramolecular constructions with hydrogen bonds like
cyanuric acid/barbituric acid and melamine. Melamine and cyanuric acid\barbituric acid
derivatives are eager to make 6-membered self-assembly rosettes and also, they can make
self-assembled structures as lamellar packing and helical twisting [5].

Despite the fact that barbituric acid has a reputation in medicinal chemistry, studies
of its properties in organometallic, coordination and supramolecular chemistries are
relatively new [6]. Accompanied with their metal binding abilities, they also have their

own multiple sides to make non-covalent bonds to constitute supramolecular structures.



BODIPY self- assembled structures have also received great attention owing to the
impressive properties which are discussed in following chapters.
The aim of this thesis is to synthesize barbituric acid functionalized BODIPYs and

investigate their expected self-assembled structures.



2. BODIPY

2.1. History and Structure of BODIPY

Treibs and Kreuzer wanted to synthesize acylated pyrroles in 1968. When they tried
to achieve this, they realized that 2,4-dimethylpyrrole was acylated with a member of
Lewis acid, boron trifluoride and acetic anhydride (Figure 2.1) formed fluorescent
compounds which were worthy of attention [1]. These products were composed of 4,4-
difluoro-4-bora-3a,4a-diaza-s-indacene (generally abbreviated as BODIPY) skeleton is

an organic luminophore having donor/acceptor frameworks [7], [8].

.
"(/T BF;.(C,Hs),0 7 \ o [H™] S Base
g Ac,0 H \ NH N= BF;.(C,Hs),0

BODIPY Skeleton

Figure 2.1: First synthesis of BODIPY in the literature by Treibs and Kreuzer.

BODIPY is composed of disubstituted boron and dipyrromethene. Generally, boron
was disubstituted with two fluorine atoms. Owing to the BF; part, there is an N-B-N-
bridge that causes a n-electrons planetary system in which resonance structures can be

obtained by delocalization of a positive charge among nitrogen atoms in Figure 2.2.

Figure 2.2: Resonance structures of BODIPY.



According to crystal structure of BODIPY main core, boron atom, instead of being
coplanar with dipyrrole part, 4.3° angle departs from main plane (Figure 2.3). Moreover,

there was a quietly difference between B-F bond distance leads to slight bending [9].

Figure 2.3: BODIPY structure.

2.2. Nomenclature of BODIPY

In accordance with IUPAC chemical nomenclature system, BODIPY compound has
eight different reactive positions that can be functionalized easily. Besides, the
conventional numbering system is used as meso (8-), two a positions (3- and 5-), four 8

positions (1-, 2-, 7- and 6-) and two boron positions (4', 4") (Figure 2.4).

Meso position

\

| 8 7 B position
~I \
:Q Y
N\ B/ N>~
3 3a K \ 4a 5~ a position
F F
4' 4"

Figure 2.4: Nomenclature of BODIPY.

2.3. Synthesis of BODIPY

Basic synthesis method for BODIPY derivatives could be accepted as a
condensation reaction with pyrrole and electrophilic carbonyl structures treated with
boron trifluoride diethyl etherate in company with a tertiary amine like 1,8-
diazabicyclo[5.4.0Jundec-7-ene (DBU) and triethylamine. Oxidation of dipyrromethanes
is achieved with p-chloranil or 2,3-dichloro-5,6-dicyno-1,4-benzoquinone (DDQ) used as

4



oxidant to have dipyrromethene. By using this method different kinds of BODIPY can be
synthesized [10].

Before unsubstituted BODIPY core synthesized, dimethyl substituted structure
(Figure 2.5) is obtained and could be used as a reference to other alkylated ones [11]. If
substituted BODIPY is compared with unsubstituted one, it is more stable and easily
synthesized.

\.B/
Y
F F

Figure 2.5: Substituted BODIPY.

Although first BODIPY was obtained in 1968, unsubstituted BODIPY (Figure 2.6
BODIPY dye 3) core had not been reported since nucleophiles and electrophiles of
BODIPY is very reactive in which carbon atoms’ electron density is polarized because of
nitrogens in the pyrrole rings [12], [13]. Dipyrromethene (Figure 2.6 BODIPY dye 2)
without any substituents was found as unstable in solution at above -40°C temperatures
and noticed that it has been reacted with different nucleophiles [14]. Therefore,
dipyrromethene was stabilized by oxidation of dipyrromethane (Figure 2.6 BODIPY dye
1). Unsubstituted BODIPY was synthesized with 5-10 % yield as a pale red solid which
is stable and shows cubic flakes crystal structure obtained from aqueous methanol [10].

N\_NH HN__/ N\_NH  N=— N\ N\_/N+\
SN
F

F
1 2 3

Figure 2.6: Synthesis steps of unsubstituted BODIPY core.



BODIPY skeleton enables researchers to create various fluorescent probes with
post-modifications and functionalization. Applied modifications can be diversified with
receptors, linkers, quenchers and organic-conjugates via several reaction types. Generally,
boron and meso positions have an effect upon steric hindrance whereas other positions
impact mostly electronic delocalization [15]. Possible reactions can be summarized
according to Figure 2.7; for 2,6 positions experiences halogenation reactions then
functionalize with Suzuki, Sonogashira, click, amidation coupling, Knoevenagel, etc. and
for 1,7-positions’ functionalization is limited because of low reactivity and steric

hindrance [16].

———————————————————————————————————————

-

For meso position; if X=C or N, cross coupling reaction

4
/

For 1,7 positions R=H, methyl group, alkoxy chain, etc.

1
For 2,6 positions halogenations i
For 3,5 positions; if R1=H, cross-coupling reaction i

1

Ri=alkyl group, Knoevenagel reaction

!
1
1
1
I
I
I
1
l
I I
\ 1

For 4', 4" positions; Sn (C, O and N) ’

\
\
~

Figure 2.7: Positions of BODIPY and possible reactions.

2.3.1. Functionalized BODIPY via Meso Substituent

Dipyrrin type synthesis is a well known area from porphyrin chemistry. Most
porphyrin synthesis methods can be used for BODIPY structures so it is called
‘porphyrin’s little sister’ in the literature [17]. Most substitutions are done with phenyl or
aromatic groups at 8-position for BODIPY core owing to both synthetic easiness and
diverse functionality ensured by aromatic aldehydes with lack of explicit impacts on
spectroscopic features because of inadequate conjugations with the core. But a BODIPY
dye in Figure 2.8 (1) quantum yield is found more than 2 (Figure 2.8) since 1,7 substituents
inhibit aryl groups rotations so non-radiative decay from molecular motions will be
lowered [18].



®s= 0.94, dichloromethane ®¢= 0.025, methanol

Figure 2.8: Alkyl and aryl substituted BODIPY structures.

When aliphatic aldehydes are used instead of aromatics, generally the oxidation step
is not in the tendency to happen. Moreover, if aromatic aldehydes are used with substituted
pyrrole, high yields are obtained in the dipyrromethane part since unsubstituted pyrroles,
especially alpha positions, are eager to be polymerized.

One of the meso-substituted BODIPY derivatives can be obtained by reaction
pyrroles with aldehydes. Reaction occurs condensation between aromatic aldehyde and
pyrrole in the presence of acid catalyst (commonly trifluoroacetic acid). The product
synthesized in this part is relatively unstable and sensitive to air, acid and light so
purification is not applied. DDQ is used as an oxidant. Obtained dipyrrin reacts with boron
trifluoride diethyl etherate (BFzEt20) in a basic environment (like triethylamine) to pull

off acidic hydrogen bonded with nitrogen atoms (Figure 2.9) [19].
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Figure 2.9: An example of substituted BODIPY synthesis.



If pyrrole is unsubstituted, reaction is applied with pyrrole as a solvent to avoid
possible polymerization [20], [21].

2.3.2. Mono- and Diformyl BODIPY's Synthesis

Meso substituents and BODIPY core are relatively perpendicular as a consequence
of this electronic conjugation between them is very poor. Therefore pyrrolic positions are

much more desirable to functionalize.
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Figure 2.10: Susceptible positions on tetramethyl-BODIPY.

As shown in Figure 2.10, 2, 6-BODIPY positions are less positively charged than
other positions so they are susceptible to electrophilic attack. For 2-position, high
regioselectivity was recognized. Jiao et al., reported acylation of tetramethyl-BODIPY
with Vilsmeier reagent (DMF+POCI3) gives 2-formyl BODIPY with a high yield (Figure
2.11) [22] which enables further functionalization (Figure 2.12) [23]. Before this article,
some electrophilic reactions are reported such as nitration, halogenation [24], sulfonation

[25] and palladium-catalyzed functionalization.

Ar Ar
POCI,
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—>
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Figure 2.11: B-formyl-BODIPY via Vilsmeier-Haack reaction.
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Figure 2.12: Reaction mechanism of formyl BODIPY via Vilsmeier Haack reaction.

2, 6-positions of BODIPY are functionalized with formyl groups (Figure 2.13)
which were reported by using 6-formyl-BODIPY via Vilsmeier-Haack reaction [26].

Figure 2.13: B-diformyl-BODIPY via Vilsmeier-Haack reaction.

Attachment of formyl groups to BODIPY dyes causes red- or blue shifts of emission

and absorption maxima.

2.3.3. Knoevenagel Condensation Reaction

Knoevenagel condensation is a kind of nucleophilic addition reaction in the presence
of active hydrogen and carbonyl groups under basic conditions and resulting water
removal (Figure 2.14). The Dean-Stark apparatus can be used for discard water. BODIPY
derivatives can be functionalized with this type of reactions (Figure 2.15). Especially, 3,5-

methyl cites are very acidic and protons of this methyl group show great chemical shift in
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the aliphatic area so they provide condensation between the BODIPY core and aromatic
aldehydes [27].

A -H,0 A
P
A A

Figure 2.14: Knoevenagel condensation double bond formation.
(A=electron-withdrawing group).

Figure 2.15: Functionalized BODIPY via Knoevenagel condensation.

2.4. Applications of BODIPY

Initially, interest in BODIPY was mostly observed in biological labeling. As time
passed thanks to advancements in functionalization of BODIPY has led adjustments of its
chromophore and it became applicable in different research fields (Figure 2.16) such as
photodynamic therapy, solar cell, liquid crystals [28], drug delivery systems [29],
molecular logic gates [30], sensing, bioimaging, photothermal therapy [31].
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Figure 2.16: Application areas of BODIPY.

Alternative ways such as gene, photothermal and photodynamic therapy [32] have
been developed for cancer treatment instead of chemotherapy to minimize its harmful side
effects. For photodynamic therapy (PDT) [33], [34], a photosensitizer is activated with
light having specific wavelength to generate reactive oxygen like singlet oxygen (*0)
then this kills tumor cells. Ruan et al. reported [35] BDP-Br (Figure 2.17) photosensitizer

demonstrates singlet oxygen generation with high efficiency thanks to heavy atom effect.

Figure 2.17: BDP-Brx.

In photothermal therapy [36], near-infrared (NIR) laser photo absorbers are
irradiated with NIR laser to create heat to damage cancer cells. Photodynamic therapy and
photothermal therapy are applied not only separately but also together. Chen et al.
combined both treatments. Self-assembled BODIPY -conjugated hyaluronic acid polymer
synthesized and formed nanoparticles called BODIPY-HA NPs can be a promising

nanomedicine for cancer treatment [37].
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Solar cell [38], can be called also as photovoltaic cell is a device converts light
energy of light into electrical energy by virtue of photovoltaic effect. According to an
article reported in 2019 [39], two NIR BODIPY dyes were synthesized for dye-sensitized
solar cell type. Co-sensitized structure was obtained by using them together as a result of
high power conversion efficiency as 6.67 %.

Cells’ intracellular environment is very complex due to various interactions Of
different biomolecules. Important information can be obtained from this dynamic medium
to understand biological mechanisms [40]. BODIPY fluorescent molecules’ derivatives
can be utilized as probes for bio-imaging. Akkaya group synthesized azido-added 3,5-
distyryl groups -modified BODIPY (Figure 2.18) to track intracellular H>S which is

detected with reduction of azide to amine [41].

Figure 2.18: A red-shifted BODIPY probe.

2.5. Properties of BODIPY

Although the first BODIPY derivative was synthesized in 1968, it had not been
taken inverse attention until the possible application in biological labeling was noticed
[42]. As a result of this notification, curiosity about BODIPYs’ fluorescence abilities has
been rising among biochemists and biologists so an increase of papers was observed in
the 1990s [42]. Since then, the interest in BODIPY has been risen day by day thanks to
having high photoluminescence quantum yield and molar extinction coefficients (¢ > 70
000 M cm™), high solubility in organic solvent, exquisite chemical stability, adjustable

absorption-emission wavelengths, great photostability and facile functionalization [43].
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BODIPY dyes generally have absorption and emission peaks between 480-550 nm.
For unsubstituted BODIPY core (Figure 2.19 [10]), there is an acute absorption around
500 nm can be associated as So-S1 (n-n” transition and another peak at about 480 nm is
because of 0-1 vibrational transition. If BODIPY is substituted through pyrroles’
electrophilic positions with double, triple bonds or aromatic rings, absorption and
emission peaks shift to longer wavelengths which are between 50-300 nm according to
the n-system. If it is functionalized with alkyl or amino electron donating groups, heavy
atoms such as bromine and iodine, there will be 10-50 nm red shifted peaks owing to
decrease in the HOMO-LUMO gaps. Various modifications on BODIPY allow tuning

absorption and emission bands in a wide range.
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Figure 2.19: The absorption and emission spectra of unsubstituted BODIPY
(~excitation in methanol; --emission in methanol).
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3. SUPRAMOLECULAR CHEMISTRY

3.1. History and Definitions

First definition can be accepted about supramolecular chemistry was explained by
Jean-Marie Lehn, who won the first Nobel Prize in Chemistry for molecular recognition
works in 1987 with Charles J. Pederson and Donald J. Cram, as ‘chemistry of molecular
assemblies and of the intermolecular bond’. Steed J. and Atwood J.L express this
definition as ‘chemistry beyond the molecule [44]. After the Nobel Prize was given for
design of crown ethers, cavitands and cryptands, recognition of this area was succeeded.
Again in 1996, Nobel Prize for Chemistry was given to Kroto, Smalley and Curl for their
works about fullerene chemistry, in 2003. Peter Agre and Roderick MacKinnon deserved
the prize for discovery of water channels and cation-anion channels characterization.
Lastly Jean-Pierre Sauvage and Sir J. Fraser Stoddart won the prize for design and
synthesis of molecular machines in 2016.

Supramolecular chemistry consists of host-guest structure (Figure 3.1) in which
large molecules called hosts wrap the small molecules that are called as guests [44]. As
an example, as mentioned before, Jean-Marie Lehn synthesized cryptand (Figure 3.2 blue
color) as a host molecule shows activity in the presence of alkali metal, K* as a guest [45].

~m

Covalent
—
synthesis

Small

—_— molecular guest

e aalll

Small molecules Larger molecule (host) Host-guest complex
(solution and solid state)

Figure 3.1: Host-guest complexation.
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Figure 3.2: Lehn’s synthesized molecule called cryptand.

After the area gained its reputation, Lehn explained as each units of multicomponent
molecular structures are held together by non-covalent intermolecular interactions like
ion-ion interactions, ion-dipole interactions, dipole-dipole interactions, hydrogen
bonding, cation/anion/n —r interactions, van der Waals forces and close packing etc. [46].
Non-covalent interactions have energy smaller than those 200-400 kJ/mol commonly for
covalent bonds. In these bonds, ion-ion electrostatic interactions are relatively strong
having 4-40 kJ/mol energy and hydrogen bonding has strength between 4-120 kJ/mol [47].

Molecular design, which includes recognition, complementarity, preorganisation,
self-assembly and self-replication, is a key point for supramolecular chemistry [48].
Unfortunately, sometimes building supramolecular structures displays challenges so it
limits its usage [49]. Reversible non-covalent and covalent reactions are difficult to
control since they are both sensitive to environmental situations. By virtue of this,
byproducts that can be obtained [50]. Moreover, unexpected results can be faced owing
to unpredictable solvent effects [51]. To cope with these kinds of challenges; templating
strategies, use of highly diluted environments, longer reactions, complicated synthetic
routes and gradual reagents addition can be useful [52]. Basically, supramolecules are
kind of aggregates where components come together with design or spontaneously to give
larger structures.

Supramolecular structures are widespread in nature such as enzymes, reactions in
living cells and DNA double helix [53]. Moreover, mimicking biological constructions
such as seeds and fruits by using molecules is very challenging. Peanut-shaped
nanostructures consisting of two fullerene surrounded with a polyaromatic shell which has
dumbbell-like shape is synthesized. Artificial peanuts are obtained via metal-ligand

coordination and aromatic-aromatic nt-stacking interactions [54].
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Supramolecular chemistry is applied almost all areas [55] such as sensors [56]-[58],
chromatography [59], organic electronics [60], crystal engineering [61], photodynamic
therapy [62], soft nanotechnology, drug delivery systems [63], targeting, food and textile

industries.

3.2. Self-assembly

Self-assembly needs molecular structures including at least two interaction sites to
create numerous connections. Ascertaining repulsive or attractive interactions, each
molecule in self-assembled structures are encoded with information like charge, shape or
polarizability etc. [64].

Molecular self-assembly is generally constituted with supramolecular interactions,
but also benefit from kinetically temporal covalent bonds. There will be a balance between
non-aggregated and aggregated forms owing to inherent mobility in molecules so leads to
various diverse properties like self-healing, error correction and sensitivity towards
external stimuli [65]. Controlling over these self-assembled nanostructures are well
known, thus they can be applied in various applications categorized as; biomedical
sciences such as diagnostics and sensing [66], therapy and delivery [67], information
technologies such as organic electronics [68], information processing and storage [69],
environmental sciences such as chemical storage nanomaterials, separation/purification/
transport, nanomaterials for catalysis [70].

According to Whitesides G.M and Grzybowski B., self-assembly can be separated
into two main kinds: static and dynamic [71]. In static self-assembled ordered structure
formation may need energy. When it is obtained, it will be stable. Most studies have
concentrated on this type. Oil droplets in water are formed from lipid molecules or a
functional ribosome is formed from RNA and ribosomal protein consolidation. Both can
be examples from nature for static one. If a system is dissipating energy, dynamic self-

assembly occurs.
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3.2.1. Self-assembled Structures Examples from Nature

Molecular aggregates structures transportation through membrane and recognition
phenomena are both subjects of biochemistry and biomimetic supramolecular chemistry.
Living beings consist of highly organized assemblies and they can perform notably
specific structures with high complexity [72].

There are many examples of self-assembled structures in nature. One of the best
known examples can be DNA double helix formed from single-stranded oligonucleotides
complementing each other. Recognition is achieved with very selective hydrogen bonding
between adenine-thymine or guanine-cytosine base pairs shown in Figure 3.3. This
structure was discovered by Watson and Crick in 1953 then approved with crystal

structure observations [73].

H
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Figure 3.3: Hydrogen bonds in DNA structure.

Another example can be biomembranes include amphiphilic phospholipids bilayers
that consist of a glycerol unit with hydrophilic phosphate ester called head group and two
hydrophobic fatty acids called tails. Synthetic and natural amphiphiles may self-assemble
into structures such as vesicles and micelles in water.

Tobacco mosaic virus can be another fascinating supramolecular example that
comprises single strand ribonucleic acid surrounded by 2130 identical protein units sheath
so the whole virus shows a supramolecular assembly. When it is exposed to change in
physical or chemical , the assembly can be broken into building blocks. The impressive
property of the structure is that, after it is broken into pieces, these components get
together under a physiological environment resulting in an exact self-assembly and also
regain its functionality [74]. This large structure is formed from only certain types of

subunits. Some parts of the compound are very selective so they can fit as complementary
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numerous weak interactions to take advantage to control process and response to the
stimuli. The common point of all self-assembled structures in nature, they make use of

weak noncovalent interactions between subunits so formation of structure can be obtained.

3.2.2. Hydrogen Bonding

Hydrogen bond can be accepted as the most important non-covalent interaction to
design supramolecular structures due to its strength and high degree of directionality [4].
There is a dipole-dipole interaction occurring between a proton donor and an acceptor.
Amino acids, nucleobases and carbohydrates are examples of natural hydrogen bond
donors and acceptors sources. When a hydrogen atom is attached to an electronegative
atom like nitrogen and oxygen they will become hydrogen bond donors so bonded
hydrogen will be partially positively charged. Hydrogen bond acceptors are electron-
withdrawing molecules interacting with this positively charged hydrogen. Its strength
changes between 4-120 kJ/mol. Hydrogen bond geometry and acceptor-donor group types
regulate length, strength and nature of interaction [75]. Briefly, hydrogen bonds are the
most beneficial interactions to make self-assembly of organisms into well-defined
aggregates [76]. DNA double helix is the most well-known hydrogen bonded
supramolecular structure from nature.

In an example inspired from nature, grabbing mechanism of proteins for copper ions
owing to polypeptidyl histidine imidazole chains, selective copper ion can be gathered
from water because it is one of the most used heavy metals that is very toxic especially
for human’s health in huge quantities, although it is vital for individuals’ physiology [77].
There are some challenges to extract this heavy ion like incomplete ion removal, high
costs, and toxic generation [78]. Therefore, zinc imidazole salicylaldoxime (ZIOS)
supramolecule that is water stable and administrates unexpected adsorption kinetics which
is very fast up to 50 times compared to others is designed including pendant imidazole
rings which are hovered to hunt copper ions [79]. Simulations of molecular dynamics
demonstrate this supramolecular structure may flexibly breathe water with lattice
contraction and expansion and the water can be carried into lattice with hopping between

hydrogen bonds. Furthermore, suspension of copper ions can be selective with Z10S under
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pH<3, this is a very important result that has been never experienced before. Unlike other
structures, this one is durable to water exposure for weeks.

A lot of molecular patterns have been defined to assemble into supramolecular
architectures like cyanuric acid (Figure 3.4 (red))/barbituric acid and melamine (Figure
3.4 (blue)) or derivatives [80]. A single melamine structure can constitute three hydrogen
bonds along cyanuric acid composing a highly stable network [81]. Given as an example,
one of triazine derivatives, melamine, is accepted as a precursor for polymeric melon or

graphitic carbon nitride that takes attention owing to photocatalytic properties.

Figure 3.4: Melamine-cyanuric acid hydrogen bonds (---).

In Figure 3.4, flower-like spherical structure is incorporated into graphic carbon
nitride and obtained structure called as MCA-CN showed strong optical absorption,
broadens band gap and increment in photoexcited charge carriers lifetime compared to
dicyanide diamide (DCDA-CN). Therefore, molecular cooperative assemblies that
depend on solvent type, temperature synthesis and precursor molecules have been
attracting attention.

According to Yagai et al., a combination of N, N'-disubstituted melamine (Figure
3.5) and barbiturate (or isocyanurate) is a promising research area constructing
supramolecular building blocks that coaggregate DAD ADA (D: donor, A: acceptor)
complementary triple hydrogen bonds which enable various supramolecular buildings
such as cyclic hexamers called as rosettes and two polymeric tape-like called as linear and
crinkled (Figure 3.6) [82], [83]. They have reported barbiturate-melamine self-assembly
that is a pioneer presented with photoswitching properties. Melamine’s azobenzene unit

photoisomerisation enhances thermodynamic stability of rosette in a solution. If solvent
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is removed, supramolecular structure in solid state can be retained. Thanks to hydrogen
bonds formed with barbituric acids, magnificent self-assembled structures have been

synthesized.

NH, 0
Iﬁ)*N HNJ\NH
i N)\N/ Il\I'H 0 0
R R

Figure 3.6: Melamine/cyanuric acid motifs.
3.2.3. Hydrogen Bonds with Barbituric Acid

Barbituric acid, namely 2, 4, 6-(1H, 3H, 5H)-pyrimidinetrione, was synthesized by
condensation of urea in the presence of diethyl malonate in 1864 for the first time by Adolf
von Baeyer. Grimaux synthesizes barbituric acid from malonyl chloride and urea and
shows it as a derivative of pyrimidine [84]. Barbiturates are drugs derived from barbituric
acid [85]. Actually, there is no therapeutic activity in barbituric acid, however its
derivatives gain this role [86]. Barbital (Figure 3.7), is one of barbituric acid derivatives
that was effective on dogs to sleep. At the beginning of the 1900s, barbiturates were

consumed in medicine and they attracted massive attention in the 1960s for treatment of
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insomnia, seizure and anxiety. Unfortunately, several side effects are observed on some

individuals who are elders, babies and pregnant [87].

H H H
OY N__O O _N \(O 0. N \(O
(0] (0] 0
Barbituric Acid Barbital Vinylbital

Figure 3.7: Barbituric acid and its derivatives as medicine.

Despite the fact that barbiturates have a reputation mainly for applications in
medicinal chemistry, applications in the research areas like coordination and
supramolecular chemistries have been increasing attention day by day [88]. It can be also
applied to magnetic and non-linear optical materials, drug cocrystal design, molecular
receptor construction, photochemistry and catalysis [89], [90]. Especially, molecular
recognition of barbituric acids with hydrogen bonds, other non-covalent interactions and
metal-ion coordination has been drawing attention.

Melamine and barbituric or cyanuric acid self-assembled examples are given in the
previous part. More enormous supramolecular structure examples of them are encountered
in the literature. According to Yagai [91], self-assembled functionalized dyes and related
n-conjugated structures show astonishing electronic and photonic properties. Therefore,
investigation of self-assembly pathways, stimuli-responsive peculiarities, n- stacking
adjustments, nano to microscale constructions of self-organized, long-short range control
over chromophore-chromophore directions, diversity of materials’ qualifications are
getting importance to study on organic functional materials. Yagai administered
supramolecular self-assemblies and their n-conjugated systems whose organizations are
controlled by complementary multiple hydrogen bonding (CMHB) between melamine
and cyanuric/barbituric acid units. To examine these structures, scientists use scanning
tunneling microscopy (STM) and atomic force microscopy (AFM) [92].

Bassani et al., have combined barbituric acid with fullerene units (Figure 3.8) and
obtain linear hydrogen-bonded alignment buckyballs by crystallographic examination
[93].
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Figure 3.8: Barbituric acid functionalized fullerene.

Yagai et al., developed barbiturated m-conjugated molecules as CMHB for
melamine receptors, results show that some barbiturated 7 structures self-assemble to
create uniform nanorings (Figure 3.9) [94]. In a study [95], at low concentration
barbiturate functionalized with dendric aliphatic group self-assembled (Figure 3.10
compound 1). Stilbene (Figure 3.10 compound 2) and phenylene (Figure 3.10 compound
3) derivative of barbiturate were synthesized to investigate n-conjugated core. According
to the result, reduction of m-conjugated unit could decrease of supramolecular

polymerization degree.

Figure 3.9: Illustration of proposed mechanism for 1 into nanorings, nanofibers
and nanocoils as cyclic hexamer 1e.
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Figure 3.10: Barbituric acid functionalized molecules.

In their recent published article, Lehn et al., (Figure 3.11) [96] utilize barbituric acid
functionalized structures and their self-assembly to establish two dynamic covalent
libraries (DCLs) given name as DCL-1 and DCL-2 on the basis of dynamic covalent bonds
as C=C/C=N organo-metathesis between two imines and two Knoevenagel derivatives.
Each DCL includes a barbituric acid component which can undergo double self-
construction process which is hexameric hydrogen bonded macrocycles formed then

produce supramolecular polymer resulting in viscous gel state.
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Figure 3.11: DCL-1 and DCL-2 and supramolecular polymerization.
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4. SELF-ASSEMBLED BODIPY STRUCTURES VIA
HYDROGEN BONDING

Squaraines, porphyrins and others are self-assembly of w-conjugated structures
which generate functional elements both in solid and solution state. Furthermore, they can
be applied in various areas [97]. In the last two decades, self-assembled BODIPY dyes
have gained increasing attention because of their impressive electronic and photophysical
characters as mentioned before. Interestingly, self-assembled BODIPY structures are
explored fewer than others even if its derivative was reported in 1968.

Thanks to excitation coupling theory defined by Kasha et al., photophysical
properties of self assembled BODIPY structures can be interpreted (Figure 4.1) [98], [99].
Because of molecular transition dipole interactions, dye aggregates showing exciton
delocalization shifted absorption maxima compared to monomers. If two structures get
close enough, their transition dipoles collaborate and excited state energy will split. There
are two types of aggregates that are well-known as H- and J-aggregates called by E.E
Jelley. If monomers build head-to-tail arrangement, the only transition lowest energy
excited state (S1) is allowed and named as J-aggregates, showing intense, narrow, red
shifted (bathochromic) absorbance with approximately fluorescence. On the other hand
monomers build face-to-face structures in only excited state, highest level electronic
transition is allowed so H-aggregates demonstrate hypsochromic (blue) shift in absorption
spectra and this type of aggregates can be characterized by displaying a fluorescence
emission quenching. To have ideal J-aggregate, the slip angle (©) between conversion
dipole moments is 90° besides for H-aggregate slip angle is zero. Dyes do not aggregate
if the angle is 57.5° calles magic angle, for this situation exciton coupling will be canceled.
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Figure 4.1: Exciton coupling theory by Kasha with excited state as a function of slip
angle.

In solution and solid state, BODIPYs generally show face-to-face aromatic
interactions with H-kind exciton coupling and obtaining aggregation caused quenching
(Aggregation caused quenching-ACQ). To overcome this limitation and to gain emissive
materials in solid-state are based on adjustment of non-covalent interactions administering
highly directional self-assembled interactions. Hydrogen bonding interactions provide
pre-organized supramolecular architectures. When BODIPY core is functionalized with
bulky substituents, obtained structure avoids face-to-face n-n stacking so solid-state
products are achieved with appreciated optical characters for material science
applications.

Tang et al, published their works including a compound that was not able to show
fluorescence ability in ethanol. When they added water into this solution, there were
nanoparticles which gained fluorescence ability. This situation was called aggregation
induced emission enhancement (AIEE). This research topic has been very popular for
research areas like science and technology.

Halogen bonding has also been attracting attention owing to accomplishment of
such desirable self-assembled systems. As an example which shows halogen and hydrogen
bonding interactions [100], Ozcan et al., synthesize mono and di-halogenated BODIPY
dyes with p-nitrobenzene group which is a kind of powerful halogen bonding donor at
meso position. According to Figure 4.2, structures 1a-c single crystals were observed from

non-polar and polar solvents whereas for structure 1d there are two polymorphic crystals
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that were observed depending on solvent kinds. As stated in the article, single-crystal
XRD data affirmed 1a and 1b do not make halogen bonds even if they include | or Br in
their structures. However, 1c and 1d are halogenated, showing iso-structural crystal
packing with dimers formed by CH---F hydrogen bonds and F---n interactions. Therefore
1D tubular structures were obtained and they are stabilized by halogen bonding as C-X--
-O (Br---O, I---O). For 1d-11 crystal packing of polymorph displayed 1D chains again with
halogen bonding (I---O), they linked further and showed a 3D supramolecular network
owing to CH---F and CH---O hydrogen bonds. Thanks to strong halogen bonding, 1d-11
exhibits fluorescence in solid state. Unfortunately, 1a-d administration is a weak emission
because of the heavy-atom effect.
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Figure 4.2 : (a) Structures of 1a-d, (b) 1d-11 (in acetonitrile) crystal structure (c)
representation of 1D zigzag of 1d-11 (d) representation 1D nanotube for 1c (e) for 1d.

Zhang et al., observed self-assembly in polar solvents as nanowires for uracil-
functionalized BODIPYs (Figure 4.3). Fluorescence quantum yields in CH2Cl, or CHCIs
are found as 48 %, 42 %, 39 % for 1a, 1b, 1c. Due to aggregation in methylcyclohexane
(MCH), the structure of 1a showed a decrease in fluorescence quantum yields to 13 %, it
can be because of large non-radiative decay constants for aggregate when it is compared
to monomers. But 1b and 1c give an increase in emission intensity as 58 % and 48 % in
methylcyclohexane. Different substituents presented in the boron center influenced

molecular packing. For 1b and 1c, dimeric cores formed intramolecular hydrogen
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bonding, 1D structures obtained by hydrogen bonds and lateral aromatic interactions
[101].

H-bonding directed
J-aggregate

Figure 4.3: Synthesized compounds 1a, 1b, 1c and representation of 1D J-aggregates
nucleation, elongation mechanism.

In this thesis, barbituric acid functionalized BODIPY derivatives were synthesized
and their characterization was achieved through FT-IR, H-NMR, C-NMR, mass
spectrometry. Hydrogen bonded self-assembled structures were investigated via UV-Vis
and fluorescence spectrophotometer, *H-NMR spectroscopy and dynamic light scattering
method (DLS).
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5. MATERIALS AND METHODS

5.1. Materials and Instruments

The list of chemicals used for synthesis, purification and analysis of obtained
products is given in Table 5.1 and the devices that are benefited during the thesis study

are given in Table 5.2.

Table 5.1: Chemicals used for synthesis, purification and analysis of obtained products.

Name Manufacturer Catalog Nof
Cas No
3,4-Dihydroxybenzaldehyde Sigma-Aldrich 139-85-5
DMF Merck 68-12-2
Triethylamine Merck 121-44-8
1-bromododecane Acros Organics | 143-15-7
2,4-dimethylpyrrole Sigma-Aldrich 625-82-1
DDQ Merck 84-58-2
Trifluoroacetic Acid Merck 76-05-1
BFs. OEt, Merck 109-63-7
POCls; Merck 10025-87-3
1,2-Dichloroethane Merck 107-06-2
DMSO Merck 67-68-5
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Table 5.1: Continue.
Ethanol Technical 64-17-5
NaHCO3 Fluka 144-55-8
Barbituric Acid Alfa Aesar 67-52-7
Na2SO4 Merck 7757-82-6
K2CO3 Merck 584-08-7
n-hexane Technical 110-54-3
THF Merck 109-99-9
Dichloromethane Technical 75-09-2
Ethyl acetate Technical 141-78-6
Silica Gel 60 Merck 7631-86-9
Table 5.2: The devices were benefited from.
Name Model Location
. Gebze Technical
FT-IR Spectroscopy (FT-IR) Perkin Elmer University
Nuclear Magnetic Resonance . Gebze Technical
Spectrometry (NMR) Varian 500 MHz University
Mass Spectrosco Bruker Microflex LT Gebze Technical
P Py MALDI-TOF MS University
UV-Vis Spectrophotometry Schimadzu 2001 UVPc Gepze T_echnlcal
University
Fluorescence Spectrophotometer |Varian Cary Eclipse Gepze T_echnlcal
University
Dynamic Light Scattering (DLS) | Malvern Zetasizer Nano-ZS Get_)ze T_echnlcal
University
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5.2. Experimental Studies

5.2.1. Synthesis of compound 1

AN AN
C12H25 Br
OH DMF 0C,H)s
K,CO;
OH 0C;,H,s
(1)

Figure 5.1: Synthesis of compound 1.

In a 100 mL flask, 3, 4-dihydroxybenzaldehyde (1.00 g, 7 mmol) in anhydrous DMF
(32 mL) was stirred under argon atmosphere. 1-bromododecane (6.12 g, 25 mmol) and
potassium carbonate (2.78 g, 20 mmol) were added then the temperature was set to 75 °C
and it was stirred overnight. The reaction was over according to TLC. It was poured into
ice water. Suction filtration was applied to gather precipitate. The obtained product was
purified by silica gel column chromatography with hexane/ethyl acetate (v/v=85/15) as
the eluent (white precipitate, 3.2 g, 92 %) (Figure 5.1) [102].

FT-IR [(ATR) vmaks/cm™]: 2920-2848 (aliphatic C-H), 2764 (aldehyde C-H), 1686
(C=0), 1681 (C=C) (Figure 5.2).

'H-NMR (500 MHz, CDClIs, ppm): & 9.85 (s, 1H, CHO), 7.41-7.45 (m, 2H, Ar-CH),
6.97 (d, 1H, Ar-CH, J=8.10 Hz), 4.06-4.11 (m, 4H, OCH>), 1.85-1.90 (m, 4H, CHy), 1.48-
1.51 (m, 4H, CHy), 1.26-1.41 (m, 32H, CH2), 0.90 (t, 6H, CHs J=6.90 Hz) (Figure 5.3).
13C-NMR (125 MHz, CDClIs, ppm): § 191.17, 154.83, 149.59, 130.01, 126.75, 111.90,
111.10, 69.27, 32.07, 29.84, 29.77, 29.53, 29.51, 29.21, 29.13, 26.14, 26.09, 22.84, 14.26
(Figure 5.4).

MALDI-TOF-MS (DHB): m/z Calcd: 474.77 g/mol, Found: 475.71 [M+H]" (Figure
5.5).
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Figure 5.3: *H- NMR spectrum of compound 1.
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Figure 5.4: 3C- NMR spectrum of compound 1.
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Figure 5.5: MALDI-TOF-MS spectrum of compound 1.
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5.2.2. Synthesis of compound 2

TFA, DCM
OC;H25 DDQ
TEA/BF;.0Lt.
OCy2H25 ¥

Figure 5.6: Synthesis of compound 2.

In a three-neck round bottom flask, 300 mL anhydrous dichloromethane was
deaerated with argon for 15 minutes. Compound 1 (1000 mg, 2.1 mmol) was added and
stirred for another 15 minutes. After adding 2, 4-dimethylpyrrole (406.6 mg, 4.3 mmol)
and trifluoroacetic acid (TFA; 10 drops), the resulting solution was observed as red. The
reaction was stirred at room temperature in the dark overnight. DDQ (478 mg, 2.1 mmol)
was added then the red-purple color solution was stirred for an additional hour. EtsN (5.0
mL) was added dropwise over a period of 15 minutes. After 30 minutes, BFs OEt, (5 mL)
was added dropwise in 15 minutes, it was stirred for 2 hours. When the reaction was over,
it was washed with water (3 x 300 mL) then dried over anhydrous Na>SOa. The solvent
was distilled. Silica gel column chromatography was applied to a synthesized compound
in hexane: ethyl acetate (v/v=9/0.1) as the eluent (orange solid, 230 mg, 16 %) (Figure
5.6).

FT-IR [(ATR) vmaks/cm]: 2925-2856 (aliphatic C-H) (Figure 5.7).

IH-NMR (500 MHz, CDCls, ppm): & 6.98 (d, 1H, Ar-CH, J= 8 Hz), 6.79-6.80 (m, 2H,
Ar-CH), 6.00 (s, 2H, CH), 4.0 (t, 2H, OCH2, J=6.70 Hz), 3.97 (t, 2H, OCH2, J=6.70 Hz),
2.57 (s, 6H, CH3), 1.80-1.91 (m, 4H, CHy), 1.50 (s, 6H, CH3), 1.28-1.36 (m, 36H, CH>),
0.89-0.92 (m, 6H, CHz) (Figure 5.8).
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3C-NMR (125 MHz, CDCls, ppm): & 155.26, 149.74, 149.61, 143.23, 141.90, 131.76,
127.11, 121.04, 120.41, 113.77, 113.32, 69.46, 69.23, 31.94, 29.72, 29.69, 29.65, 29.61,
29.50, 29.43, 29.38, 29.28, 29.22, 26.07, 25.97, 22.71, 14.58, 14.46, 14.13 (Figure 5.9).
MALDI-TOF-MS (DIT): m/z Calcd: 692.81 g/mol, Found: 692.80 [M]", 675.38 [M+H-

FI*, 647.47 [M-BF,]* (Figure 5.10).
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Figure 5.7: FT-IR spectrum of compound 2.
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Figure 5.10: MALDI-TOF-MS spectrum of compound 2.
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5.2.3 Synthesis of compound 3

Figure 5.11: Synthesis of compound 3.

In a two neck-round bottom flask placed on an ice bath, anhydrous DMF (1 mL)
was put under argon atmosphere. POCl3z (1 mL) was added then it was allowed to stir for
30 minutes at room temperature. Pale yellow viscous solution was obtained. The
compound 2 (100 mg, 0.15 mmol) was dissolved in 10 mL 1, 2-dichloroethane (DCE)
then slowly added to the mixture with a dropping funnel. The mixture was set to 68 °C,
stirred for an additional 2 hours then cooled to room temperature. It was poured into an
ice-cold saturated NaHCO3 solution. It was warmed up to room temperature then extracted
twice with DCM and dried over anhydrous Na>SOa. Suction filtration was applied then
evaporated. It was purified by silica gel column chromatography using ethanol/DCM
(v/v=1/100) as the eluent. Orange color product was obtained (71 mg, 68 %) (Figure 5.11)
[103].

FT-IR [(ATR) vmaks/cm™]: 2296-2856 (aromatic C-H), 2756 (aldehyde C-H), 1664
(C=0) (Figure 5.12).

!'H-NMR (500 MHz, CDClIs, ppm): § 10.02 (s, 1H, CHO), 6.99 (d, 1H, Ar-CH, J=7.99
Hz), 6.76-6.78 (m, 2H, Ar-CH), 6.14 (s, 1H, CH), 4.05 (t, 2H, OCHg, J=6.7 Hz), 3.95 (t,
2H, OCH, J=6.7 Hz), 2.82 (s, 3H, CH3), 2.61 (s, 3H, CHa), 1.79-1.88 (m, 4H, CH>), 1.76
(s, 3H, CH3), 1.53 (s, 3H, CH3) 1.25-1.33 (m, 36H, CH>), 0.86-0.89 (m, 6H, CHz) (Figure
5.13).
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13C-NMR (250 MHz, CDClIs, ppm):  185.97, 161.36, 156.39, 150.09, 150.02, 147.40,
143.79, 142.96, 134.42, 130.13, 126.26, 126.11, 123.81, 120.24, 113.85, 112.95, 69.58,
69.25, 31.94, 29.72, 29.70, 29.67, 29.63, 29.61, 29.49, 29.43, 29.37, 29.25, 29.21, 26.06,
25.97, 22.70, 15.08, 14.97, 14.13, 13.02, 11.73 (Figure 5.14).

MALDI-TOF-MS (DIT): m/z Calcd: 720.82, Found: 720.17 [M]*, 701.05 [M-F]",
(Figure 5.15).
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Figure 5.12: FT-IR spectrum of compound 3.
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Figure 5.14: 3C-NMR spectrum of compound 3.
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Figure 5.15: MALDI-TOF-MS spectrum of compound 3.

5.2.4. Synthesis of compound 4

Figure 5.16: Synthesis of compound 4.

In a two neck-round bottom flask placed on an ice bath, anhydrous DMF (0.5 mL)
was added under argon. POCI3z (0.5 mL) was added then it was allowed to stir for 30
minutes at room temperature. Pale yellow viscous solution was obtained. The compound
3 (60 mg, 0.08 mmol) was dissolved in 5 mL 1, 2-dichloroethane (DCE) then slowly added

to the mixture with a dropping funnel. The mixture was set to 65 °C, stirred for an
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additional 2 hours then cooled to room temperature. Brownish solution was poured into
ice-cold saturated NaHCOs solution. It was warmed up to room temperature then extracted
with water twice, dried over anhydrous Na>SOs. Suction filtration was applied then
evaporated. It was purified by silica gel column chromatography using ethanol/DCM
(v/v=1/100) as the eluent (orange solid, 30 mg, 62 %) (Figure 5.16).

FT-IR [(ATR) vmaks/cm]: 2922-2854 (aliphatic C-H), 2720 (aldehyde C-H), 1673
(C=0) (Figure 5.17).

!H-NMR (500 MHz, CDClIs, ppm): & 10.06 (s, 2H, CHO), 7.03 (d, 1H, Ar-CH, J=7.9
Hz), 6.76-6.79 (m, 2H, Ar-CH), 4.07 (t, 2H, OCH, J=6.7 Hz), 4.00 (t, 2H, OCHz, J=6.7
Hz), 2.87 (s, 6H, CHs), 1.85-1.91 (m, 2H, CH>), 1.82 (s, 6H, CH3), 1.25-1.53 (m, 38H,
CH2), 0.86-0.89 (m, 6H, CH3) (Figure 5.18).

13C-NMR (125 MHz, CDClIs, ppm): & 185.69, 160.51, 150.58, 150.36, 148.43, 147.59,
132.23, 128.02, 127.99, 127.97, 125.31, 119.93, 113.97, 112.42, 69.66, 69.28, 31.94,
31.93, 29.72, 29.70, 29.64, 29.63, 29.60, 29.48, 29.42, 29.39, 29.37, 29.21, 29.19, 26.05,
25.96, 22.71, 22.70, 14.13, 13.75, 12.22. (Figure 5.19).

MALDI-TOF-MS (DHB): m/z Calcd: 748.83 g/mol, Found: 749.95 [M+H]", 730.16
[M+H-F]* (Figure 5.20).
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Figure 5.17: FT-IR spectrum of compound 4.
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Figure 5.20: MALDI-TOF-MS spectrum of compound 4.
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5.2.5. Synthesis of compound 5

Barbituric Acid
Abs.Ethanol

................................................................................................................................................

Figure 5.21: Synthesis of compound 5.

The compound 3 (73 mg, 0.1 mmol) and barbituric acid (132 mg, 1 mmol) were
stirred in absolute ethanol (7 mL) under argon atmosphere. The reaction mixture was
refluxed overnight. Obtained product was washed with water. Pink precipitate was
gathered by filtration (39 mg, 46 %) (Figure 5.21).

FT-IR [(ATR) vmaks’cm™]: 3200-3054 (barbituric NH), 2917-2910 (aliphatic C-H)
(Figure 5.22).

'H-NMR (500 MHz, CDCls, ppm): & 8.45 (s, 1H, CH), 8.35 (s, 1H, NH), 8.03 (s, 1H,
NH), 7.01 (d, 1H, Ar-CH, J=8.10 Hz), 6.82 (m, 2H, Ar-CH), 6.17 (s 1H, CH), 4.07 (t, 2H,
OCHg, J=6.70 Hz), 3.98 (t, 2H, OCHa, J=6.70 Hz), 2.63 (s, 3H, CH3), 2.56 (s, 3H, CH3),
1.81-1.92 (m, 4H, CH>), 1.56 (s, 3H), 1.49 (s, 3H, CHa), 1.28-1.33 (m, 36H, CH>), 0.88-
0.92 (m, 6H, CHs) (Figure 5.23).

'H-NMR (500 MHz, CDCls/D20, ppm): & 8.45 (s, 1H, CH), 7.01 (d, 1H, Ar-CH, J=8.10
Hz), 6.82 (m, 2H, Ar-CH), 6.17 (s 1H, CH), 4.07 (t, 2H, OCH>, J=6.70 Hz), 3.98 (t, 2H,
OCHg, J=6.70 Hz), 2.63 (s, 3H, CHs3), 2.56 (s, 3H, CHz), 1.81-1.92 (m, 4H, CH>), 1.56 (s,
3H, CHg), 1.49 (s, 3H, CH3), 1.28-1.33 (m, 36H, CH>), 0.88-0.92 (m, 6H, CHz) (Figure
5.24).
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13C-NMR (125 MHz, CDCls, ppm): & 162.66, 161.33, 159.82, 156.49, 151.01, 150.08,
150.00, 148.80, 147.32, 143.07, 134.45, 131.42, 129.50, 126.05, 123.94, 120.34, 114.00,
113.83, 112.93, 69.55, 69.22, 31.94, 29.65, 29.62, 29.39, 29.26, 29.22, 29.00, 26.07,
25.98, 22.70, 18.44, 15.12, 14.98, 14.84, 14.21, 14.13, 14.08. (Figure 5.25).
MALDI-TOF-MS (DIT): m/z: Calcd: 830.89 g/mol, Found: 830.75 [M]*, 812.58 [M+H-
F]* (Figure 5.26).
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Figure 5.22: FT-IR spectrum of compound 5.
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Figure 5.26: MALDI-TOF-MS spectrum of compound 5.

5.2.6. Synthesis of compound 6

Barbituric Acid
Abs.Ethanol

Figure 5.27: Synthesis of compound 6.

The compound 4 (30 mg, 0.04 mmol) and barbituric acid (56 mg, 0.4 mmol) were
stirred in absolute ethanol (10 mL) under argon atmosphere. The reaction mixture was
refluxed overnight. Obtained product was washed with water. Purple precipitate was
gathered by filtration (31 mg, 79 %) (Figure 5.27).

FT-IR [(ATR) vmaks/cm™]: 3201-3027 (barbituric NH), 2923-1153 (aliphatic C-H)
(Figure 5.28).
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IH-NMR (500 MHz, THF-ds, ppm): & 10.43 (s, 2H, NH), 10.29 (s, 2H, NH), 8.20 (s,
2H), 7.10 (d, 1H, Ar-CH, J = 8.3 Hz), 7.03 (s, 1H, Ar-CH), 6.90-6.92 (m 1H, Ar-CH),
4.04 (t, 2H, OCH>, J = 6.5 Hz), 3.98 (t, 2H, Ar-CH, J = 6.5 Hz), 2.48 (s, 6H, CH3), 1.77-
1.83 (m, 4H, CHy), 1.53 (s, 6H, CH3), 1.29-1.34 (m, 36H, CH>), 0.87-0.90 (m, 6H, CHz3)
(Figure 5.29).

IH-NMR (500 MHz, THF-ds/D20, ppm): & 8.20 (s, 2H), 7.10 (d, 1H, Ar-CH, J = 8.3
Hz), 7.03 (s, 1H, Ar-CH), 6.90-6.92 (m 1H, Ar-CH), 4.04 (t, 2H, OCH>, J = 6.5 Hz), 3.98
(t, 2H, Ar-CH, J = 6.5 Hz), 2.48 (s, 6H, CH3), 1.77-1.83 (m, 4H, CH2), 1.53 (s, 6H, CHs3),
1.29-1.34 (m, 36H, CH?>), 0.87-0.90 (m, 6H, CH3) (Figure 5.30).

13C-NMR (125 MHz, THF-dg, ppm): 6 162.31, 160.62, 158.09, 150.57, 150.44, 149.68,
149.60, 145.36, 144.32, 143.99, 132.24, 127.63, 126.22, 120.19, 119.76, 113.80, 113.24,
68.93, 68.71, 31.91, 29.71, 29.68, 29.65, 29.36, 26.12, 26.07, 24.83, 22.59, 13.92, 13.46,
13.25. (Figure 5.31).

MALDI-TOF-MS (DIT): m/z Calcd. 968.97 g/mol, Found: 969.19 [M]", 992.19
[M+Na]*, 950.26 [M-F]" (Figure 5.32).
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4000 3600 3200 2800 2400 2000 1600 1200 800
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Figure 5.28: FT-IR spectrum of compound 6.
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Figure 5.30: *H- NMR spectrum of compound 6 in (a) THF-ds and D20, (b) in THF-ds.
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Figure 5.32: MALDI-TOF-MS spectrum of compound 6.
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5.3. Absorption and Emission Spectroscopy of the Synthesized
Compounds

All products were characterized with FT-IR spectroscopy, nuclear magnetic
resonance spectrometry, mass spectroscopy and UV-Vis. According to UV-Vis data,
compound 2, 3, 4, 5, 6 show narrow spectra with two maxima which are a shoulder and a
sharp peak corresponding to allowed So-S1 (n-n" ) transitions of & conjugated delocalized
core and their vibrational outstanding structures at 500, 497, 504, 534, 564 nm as expected
since BODIPY dyes are characterized by strong absorption bands between 500-580 nm.
There are second absorption peaks between 330-470 nm that are attributed as transitions
from ground state to higher excited state So-S2. Compound 5 and 6 are getting conjugated
because of substitution of barbituric acid. The extension of the conjugation system causes
shifts in the spectrum toward longer wavelengths (lower frequency, lower energy)
absorptions as expected. Compound 5 bearing only one barbituric acid substituted at 2
position of a BODIPY chromophore showed 34 nm red-shifted absorption while
compound 6 bearing two barbituric acids at 2-6 positions showed 64 nm red-shifted
absorption in THF comparing compound 2 having only meso substituted BODIPY core.
There were many reports that confirm that n-system extension contributes to increased
delocalization in structures. Powerful m-delocalization was achieved within two five-
membered rings, central six-membered ring and two barbituric six-membered ring

structures displaying bathochromic shift (Figure 5.33).

53



16

1.4 4 === Compound 2
=== Compound 3
== Compound 4
1.2 === Compound 5
Compound 6

1.0 A

0.8

Absorbance

0.6

0.4

0.2 f,

0.0 = & : :
300 400 500 600 700 800

Wavelength (nm)

Figure 5.33: UV-Vis spectra of 2-6 compounds in THF (10 MM).

Their molar absorptivities were calculated in THF as 17 900, 133 100, 132 242, 91
600 and 115 757 L.molt.cm™, respectively because all products are highly soluble in
THF. Generally, BODIPY's administrate small bandwidth and immense molar extinction
coefficient between 76 600 and 117 300 M™*cm™ is unique for planar aromatic structure
of arigid BODIPY core with a low degree of conformational freedom (Figure 5.34).
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Figure 5.34: Continue.
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As shown in Figure 5.35, absorption of compound 5 was obtained at 534 nm in THF
which is in the green region of the spectrum so its complementary color was reddish.
Absorption of compound 6 was seen at 564 nm in THF which is in the yellow region of

the spectrum so its complementary color was pink.

Daylight
UV irradiation

Daylight

UV irradiation

Figure 5.35: Schematic representation of (a) compound 5 (CssHesBF2N4Os) and (b)
compound 6 (Cs3sH71BF2NsOs) with the photos of THF solution (10 M) under daylight
and UV lamp (Lex: 365 nm). Carbon, oxygen, nitrogen, boron, fluorine and hydrogen
atoms are represented in gray, red, blue, green, pink and pale gray, respectively.

In Figure 5.36, UV-Vis and fluorescence spectra of solutions of compounds 3, 4,
5, 6 were obtained. For compound 3, fluorescence maximum intensity was found at 515
nm and Stokes shift as 18 nm, for compound 4, at 505 nm with 15 nm Stokes shift.
Compound 5 showed two maximum peaks at 510 and 554 nm in fluorescence spectra. For

compound 6 gave maximum intensity at 590 nm with 26 nm Stokes shift.
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Figure 5.36: UV-Vis and fluorescence spectra of solutions of compound 3 (hex=470 nm),
4 (Aex=470 nm), 5 (Aex=475 Nm), 6 (Aex=510 Nm), (10 M) in THF.
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Photophysical properties of compound 5 and 6 were examined in different solvents
to investigate if there was any change in solutions depending on polarities (Figure 5.37a
and 5.38a). Main absorption bands of compounds 5 and 6 were slightly influenced by
solvent polarities (Table 5.3 and 5.4). Absorption of compound 5 was hardly blue-shifted
when solvent was used from carbon tetrachloride and chloroform (A=542 nm) to
acetonitrile (A=528nm). The data are coherent with behavior of BODIPY dyes. According
to literature [104], BODIPY dyes administrate blue-shifted absorption from non-polar
solvent to polar one. Carbon tetrachloride and chloroform are less polar than acetonitrile
so blue-shifted absorption peak was observed in acetonitrile if the solution is compared
with carbon tetrachloride and chloroform. Compound 6 dissolved in a few solvents,
contrast to compound 5, which were NMP, acetone, ethanol, ethyl acetate, THF and 1,4-
dioxane and it showed blue-shifted absorption peaks from 1,4-dioxane (A=565) to NMP
(A=556). 1,4-dioxane is less polar than NMP so a 9 nm hypsochromic shift was observed
that is coherent with the literature. As explained before, extension of conjugation tends
to produce longer wavelength shifts in the spectrum. Therefore, compound 6 demonstrates
absorption peaks at higher wavelengths. These behaviors were observed in fluorescence
emission photographs in various solvents, different tones of pink and fluorescent emission
can be seen simply by naked eyes (Figure 5.37b and 5.38Db). In polar solvents, fluorescence
color of solutions was observed as green, in non-polar solvents displayed red color. The

results are coherent to the absorption peaks in the UV-Vis spectrum.
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Figure 5.37: Solvent dependent UV-Vis studies of (a) compound 5 in different solvents
(c=1x10°M). The photos of (b) solutions under daylight and UV lamp (Aex: 365 nm) in
ethanol, toluene, DCM, chloroform, acetonitrile, carbon tetrachloride, hexane, NMP,
THF, 1,4-dioxane, acetone and ethyl acetate, respectively.

Table 5.3: Absorption (A max) 0f compound 5 in different solvents.

Solvents Absorbance A max
Acetonitrile 0.791 528
Acetone 0.603 530
Ethyl Acetate 1.094 532
Ethanol 0.886 534
NMP 0.843 534
THF 1.059 534
1,4-dioxane 0.831 534
DCM 0.833 538
Hexane 0.415 538
Toluene 1.061 540
Chloroform 0.857 542
Carbon tetrachloride 1.064 542
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Figure 5.38: Solvent dependent UV-Vis studies of (a) compound 6 in different solvents
(c=1x10°M). The photos of (b) solutions under daylight and UV lamp (Aex: 365 nm) in

THF, NMP, ethyl acetate, 1,4-dioxane, ethanol and acetone, respectively.

Table 5.4: Absorption (A max) of compound 6 in different solvents.

Solvents Absorbance A max
NMP 0.808 556
Acetone 1.061 560
Ethanol 0.461 560
Ethyl Acetate 1.045 562
THF 1.155 564
1,4-dioxane 0.825 565
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6. RESULTS AND DISCUSSION
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Figure 6.1: General synthesis procedures of the molecules (1-6).

Supramolecular structures have been gained attention because of their unique
properties derived from their reversible and dynamic self-assembly, like stimuli
responsiveness and self-healing. They are outstanding for various research areas such as
biomedicine and optoelectronics thanks to their astonishing photophysical properties.
However, controlling molecular interactions during self-assembly duration is a main
source of problems causes unexpected photophysical characters. To obstacle this issue
sterically bulky substituents can be introduced chromophore’s core. Moreover alkyl
groups at meso position of a BODIPY core provide good solubility in organic solvents for
further modifications. And also to have hydrogen bonded mediated self-assembled
structures, long alkyl rings are needed. Due to these reasons, bulky 3,4-
dihydroxybenzaldehyde was alkylated with 1-bromododecane to obtain compound 1
according to the literature [102] (Figure 6.1). Meso-substituted BODIPY core (compound
2) was obtained by condensation reaction between 2, 4-dimethylpyrrole and synthesized
aromatic aldehyde derivative compound 1 in the presence of trifluoroacetic acid as an acid
catalyst. In this step purification was not applied because obtained product was not stable.
DDQ was used as an oxidant then dipyrrin was obtained reacted with boron trifluoride
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diethyl etherate in basic medium provided by trimethylamine to pull off acidic hydrogen
from nitrogen atoms. Fluorescent orange compound was obtained.

To have a high-degree of internal order self-assembled structures, specific
functional groups such as barbituric acid which has ability to engage in directional non-
covalent forces like hydrogen bonding was preferred to add to our molecular design.
Thanks to barbituric acid’s intermolecular hydrogen bonding (N-H----O) ability
demonstrates high aggregation capability is observed in many literatures. Formyl groups
were substituted to BODIPY core so barbituric acid can get involved in Knoevenagel
condensation reaction. 2-6 positions are less positively charged so they can be exposed to
electrophilic attack. Firstly, tetramethyl BODIPY core was functionalized with Vilsmeier
reagent to have 2-formyl BODIPY (compound 3) [103]. Compound 4 having diformyl
groups in 2-6 positions of BODIPY core was obtained using Vilsmeier reagent and
compound 3. By reason of Knoevenegal condensation which is a type of nucleophilic
addition reaction mono (compound 5) and dibarbituric acid (compound 6) substituted
products were obtained.

Over the last few years, a rising interest has been dedicated to the comprehensive
analysis of thermodynamic vs kinetic pathways in self-assembled structures for a great
range of compounds. To establish control over competing pathways can be succeeded
through various approaches like external stimuli application and molecular design
methods. For this reason, regulating molecular packing of chromophores’ assembly
suggests an encouraging strategy to adjust photochemical and photophysical properties of
pigments. Because of this, supramolecular organizations with special functions and
applications could be acquired. BODIPY chromophores enable the examination of the
self-assembly process in both nonpolar and polar media. BODIPY core not only permits
to tune electronic and optical properties but also initiates diverse non-covalent interactions
and governs solubility in different solvents. It has been demonstrated that according to
substituents of BODIPY core, structures tend to constitute either parallel J-aggregates with
red-shifted absorption and blue-shifted absorption antiparallel H-aggregates [106]. As
explained in the previous part, there is change observed in ethanol solutions as color, UV-

Vis and fluorescence data depending on day. For both solutions, hypsochromic shift is
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obtained in UV-Vis which indicates H-type of aggregation for a BODIPY derivative. To
support this, bandgap and DLS data are used.

In the light of UV-Vis data, in ethanol solutions, color change was observed for both
compounds’ solutions depending on time as a day. Therefore, data were collected as the
day passed. According to Figure 6.2 compounds 5 and 6 were dissolved in ethanol and
there was a color change observed day by day from pink to orange for both of them (Figure
6.2 g-h). Their ability to self-assemble was investigated by common spectroscopic
instruments such as UV-Vis and fluorescence. For compound 5, UV-Vis absorption band
was observed at 534 nm for the first day, after 15 days a gradual increase of aggregation
band with Amax=505 nm totally 29 nm blue-shifted was obtained. For compound 6, first
day absorption at 553 nm after 15 days, 45 nm blue-shift with Amax=508 nm was observed
absorption spectra. Fluorescence maximum was obtained for 5 as 514 nm for 6 as 518 nm
and their narrow Stokes shifts 9 nm and 10 nm were observed respectively (Figure 6.2 e-
). According to fluorescent spectroscopy data, there were gradual increases fluorescence
abilities about 170 times so it could be assumed that compounds 5 and 6 form antiparallel
H-type aggregates causing emission enhancement that contrasts with quenched

aggregation that is typical for BODIPY dyes.
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Figure 6.2: UV-Vis spectra of compounds (a) 5 and (b) 6 in ethanol (10> M) day by day.
Fluorescence spectra of (c) 5 (Aex=435 nm) and (d) 6 (Aex=455 nm) compounds in
ethanol (10° M) day by day. Stokes shift of (€) 5 and (f) 6. The photos of compounds (g)
5 and (h) 6 in ethanol solutions (10° M) on different days under daylight and UV lamps
(Aex: 365 nm).
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Band gaps were calculated for compound 5 and 6 via UV-Vis in ethanol, on the first
day they are found as 2.13 eV and 2.05 eV (Figure 6.3 a,b), after a month, they are found
as 2.33 eV and 2.22 eV (Figure 6.3 c,d) which implies band gaps are increasing as
expected since there is a blue-shifted absorption peak is obtained for both solutions so the

results are consistent with UV-Vis absorption spectrum.

Figure 6.3: Bandgap data through UV-Vis on the first day (a) for compound 5 (b) for
compound 6 and after a month (c) for 5 and (d) for 6 in ethanol (10° M).

DLS administered size distribution for compound 5 and 6 (c=10° M) at RT (Figure
6.4). Compounds were measured in THF on the first day and after two weeks data were
obtained in ethanol. There is absence of any huge aggregates in THF for both of them; on
the other hand in ethanol, they reveal detectable large aggregates (diameter greater than
10 nm) confirming aggregation formation.
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Figure 6.4: Typical DLS size distribution (by volume) of solution (a) 5 and (b) 6 in THF
(10° M) on the first day and after 2 weeks (c) 5 and (d) 6 in ethanol (10 M).

According to studies of Yagai et al., different solvent systems were tried to observe
change in photophysical properties of compounds through their self-assembled structures
[105]. Compound 6 is highly soluble in THF but scarcely soluble in nonpolar solvents
such as hexane, MCH and TCE. The effect of these nonpolar solvents on the self-assembly

(c=1x10"° M) in THF was investigated by UV-Vis, fluorescence and DLS to demonstrate
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a solvent-induced effect of complexity in supramolecular systems based on various
hydrogen bonds. Increasing the proportion of nonpolar solvents causes change in
absorption peaks. Differences were observed when solvent rates are 90:10 hexane/THF,
90:10 MCH/THF and 97:3 TCE/THF. Compound 6 showed maximum absorption at 564
nm in THF. When nonpolar solvents were added there was red-shifted absorption
introducing parallel J-type aggregation. Solutions’ color turned pink to pale pink or purple
(Figure 6.5 (c)). Moreover, a decrease in emissions was observed. There is a fascinating
fluorescence data observed for both solutions in high proportion of MCH and hexane as
Anti-Stokes photoluminescence, which is also called as up-conversion in which
photoemission energies will be higher than excitation energy. There is not enough
information about the upconversion process but it could be one of them, more
investigation should be done to confirm it. For a solution with 97:3 TCE/THF, there was

a decrease in fluorescence and Stokes shift was obtained as 22 nm (Figure 6.5 (f)).
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Figure 6.5: UV-Vis spectra (a) of solutions of compound 6 (10° M) in THF, MCH/THF
(v/v:9/1), hexane/THF (v/v:9/1) and TCE/THF (v/v:9.7/0.3) and (b) their fluorescence
spectra (hex=470 nm). (c) The photos of solutions under daylight and UV lamp in THF,
MCH/THF (v/v:9/1), hexane/THF (v/v:9/1), TCE/THF (v/v:9.7/0.3), respectively.
Stokes shift for (d) MCH/THF (v/v:9/1), (e) hexane/THF (v/v:9/1) and (f) TCE/THF

(v/v:9.7/0.3) solutions.
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Band gap was also calculated for 6 solutions as THF, MCH/THF (v/v:9.0/1.0),
hexane/THF (v/v:9.0/1.0) and TCE/THF (v/v:9.7/0.3) to boost formation of aggregation
in these solvent systems as 2.05, 1.63, 1.82, 1.93 eV (Figure 6.6), respectively. Results
imply that the band gap is decreasing as the bathochromic shift increases. MCH/THF

solution shows more red-shifted absorption so its bandgap is lower than others.
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Figure 6.6: Bandgap data through UV-Vis for compound 6 (a) in THF, (b) MCH/THF,
(c) hexane/THF and (d) TCE/THF.
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According to DLS data, size distributed about 7 nm (Figure 6.7 (a)) in THF solution
but it is increasing when MCH/THF (v/v:9.0/1.0) (934 nm), hexane/THF (v/v:9.0/1.0)
(866 nm) and TCE/THF (v/v:9.7/0.3) (3696) are used as solvent conforming there could
be aggregates (Figure 5.43 (b-d)).
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Figure 6.7: DLS size distribution of compound 6 solution (a) in THF, (b) MCH/THF,

(c) hexane/THF and (d) TCE/THF.

As mentioned above, barbituric acid and derivatives have been shown to be able to

construct sextuple hydrogen bonding rosettes as shown in Figure 6.8 (1b) and (3b) for

compound 5 and 6. Moreover barbituric acid and analogues can also form tape shown in

Figure 6.8 for compound 5 (2b) and compound 6 (4b) are possible structures.
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Figure 6.8: Schematic representation of compound 5 and compound 6 hydrogen-bonded
rosette (1a, 2a) and tape-like (1b, 2b) structures.

In another study of Yagai et al., concentration-dependent *H-NMR measurements
were applied to examine rosette or tape-like structures of barbituric functionalized self-
assembly [107]. In our study, hydrogen-bonded self-assembly of compound 5 is
interpreted with concentration-dependent *H-NMR in CDCls. To specify NH signals in

72



'H-NMR deuterium oxide was added to the solution. Peaks are 8.03 and 8.35 ppm
indicating two NH signals (Figure 5.24). When the concentration is increased from c=
1x1072 to 2x10%, barbituric acid’s two NH signals administrate a downfield shift,
suggesting intermolecular hydrogen bonding (Figure 6.9). Chemical shifts’ difference
between two NH signals enhances with increasing concentration (Adppm=0.15 ppm for c=
1x107° M, Adppm=0.48 ppm for c=2x101 M). This phenomenon is a characteristic of cyclic
hydrogen-bonded rosette formation according to studies in the literature mentioned

before.
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Figure 6.9: Concentration-dependent *H-NMR of compound 5 (c= 1x102 to 2x10 M)
in CDCls.

NH-signals were detected in compound 6 with addition of deuterium oxide. They
were found at 10.43 and 10.29 ppm (Figure 5.30). However, compound 6 cannot be used
to investigate concentration-dependent *H-NMR measurements due to its low solubility
in CDCls.
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7. CONCLUSION

The aim of the thesis is to synthesize barbituric acid-functionalized BODIPY
derivatives and investigate their self-assembled structures via common methods in the
literature such as UV-Vis, fluorescence spectrometer, H-NMR and DLS. Barbituric acid
has the ability to have multiple hydrogen bonds which are very directional so we can have
highly ordered self-assembled fascinating structures so photophysical properties of
BODIPY could be controlled [107]. To achieve this, firstly an aldehyde derivative
including long alkyl rings was synthesized to have ordered-structures [102]. Then,
BODIPY core was synthesized with a condensation reaction between 2, 4-dimethylpyrrole
and synthesized aromatic aldehyde. Mono-formyl and di-formyl BODIPY derivatives
were obtained, lastly they were functionalized with barbituric acid through Knoevenagel
condensation reaction. There are two types of aggregation that could be obtained for a
BODIPY core that are H and J-types. Compounds 5 and 6 were dissolved in different
solvents to examine if there was a change in solutions. There were fascinating
photophysical properties observed in ethanol depending on days. Both solutions of
compounds give blue-shifted absorption as 29 nm for compound 5 and 45 nm for
compound 6 which is a sign of H-type aggregates of BODIPY. The data were supported
as an increase in particle size in ethanol compared with THF solutions that showed no
change in this solvent medium depending on time. Furthermore, there was increase in
fluorescence ability about 170 times after 15 days was observed for both compounds.
Moreover, compound 6 is scarcely soluble in MCH, TCE and hexane. Different solvent
ratios were used to see if self-assembled structures are obtained. According to results,
solutions administrate different photophysical results as red-shifted absorption and also
there was an increment in particle size observed indicating J-type aggregation. To
examine self-assembled structures via hydrogen-bonding ability of barbituric acid to
observe whether there is rosette or tape-like structure formation is to conduct
concentration-dependent *H-NMR where NH peaks were specified with NMR-data
adding deuterium oxide. When concentration is increasing NH peaks show downfield shift
and also chemical shift differences between NH protons are increasing which is a sign of

intermolecular hydrogen bonded rosette formation [108].
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APPENDICES

Appendix A: Structures of synthesized compounds.

Table Al.1: Structures of synthesized compounds.

(@)
~
Compound 1
White color
M.w: 474.77 g/mol
Cs1H5403
OC4,H5
OC,2H25
Compound 2

Orange color
M.w: 692.81 g/mol
Ca3Hes7BF2N202
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Table Al1.1: Continue.

OC;Hy5

Compound 3
Orange color
M.w: 721.919 g/mol
CasHe7BF2N203

Compound 4
Orange color
M.w: 748.83 g/mol
CsHe7BF2N204
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Table A1.1: Continue.

OC4;Hys

Compound 5
Pink color
M.w: 830.89 g/mol
CasHeoBF2N205

Compund 6
Purple color
M.w: 968.97 g/mol
Cs3sH71BF2N6Os
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