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by
EMMANUEL TOLUWANI FASUSI
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ABSTRACT
1,2,3-triazoles due to their structure, possess good optical properties and are capable of
molecular recognition by their supramolecular capabilities of utilizing weak forces of
interaction (such as hydrogen bonding, dipole interaction) in establishing a close association
with targets. They are easy to synthesize, which opened the opportunity for a wide
pharmaceutical application, mostly as pharmacological scaffolds. However, challenges such as
poor water solubility, inefficient drug delivery and increased toxicities due to frequent
dosing of drugs are commonly faced which reduces the efficacy of the drugs. It is therefore
important to have “delivery vehicles” which could help transport the drugs to target sites
retaining the original physicochemical properties. Surfactants are amphipathic in nature and
have found tremendous applications as drug delivery systems (DDS) as well as help mimic
the properties of a biological system. Understanding the interaction between bioactive
fluorophores and surfactants is a continually growing area of research as it has so far helped
to shed more light on variation of relationships that can possibly exist when these molecules are
in a biological system. The fluorophores can also serve as a probe for micellar systems of various
surfactants to establish more differential characteristics that exist among them. Our study
involves the synthesis of potential bioactive 2- and 4-amino derivatives of 2-(4-phenyl 1H-1,2,3triazol-1-yl) phenol (2-aminoPTP and 4-aminoPTP) using microwave assisted organic
synthesis alongside copper catalyzed cycloaddition (CuAAC). Non-ionic micelles (such as
Tween 20, Tween 80, Triton X-100) with variations in either their polar or non-polar
compartment were being explored as DDS for hydrophobic 2-aminoPTP molecule. The
physicochemical changes of the molecules within the micelle environment were evaluated using
spectroscopic techniques (such as UV/Vis and fluorescence). Hence, discovering the behavior of
these triazole based molecules in such media can help predict their behavior in a
biological environment. Fluorescence quenching technique was used to determine the
approximate location or position of the triazole molecule within the micelles.
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CHAPTER 1
INTRODUCTION
Heterocyclic aromatic compounds are aromatic compounds in which one or more carbon
atoms that constitute the backbone of the molecule have been replaced with another atom
(heteroatoms) aside from carbon. Heteroatoms include nitrogen, oxygen and sulfur. Heterocyclic
aromatic compounds have structures which include one or more rings with pi electrons delocalized
around them and the system is known to be much more thermodynamically stable compared to
their non-aromatic counterparts.1 Examples of aromatic heterocycles are pyrimidine (sixmembered ring with one nitrogen), pyrrole (five-membered ring with one nitrogen), furan (fivemembered ring with one oxygen), imidazole (five-membered ring with two nitrogen) etc. They are
components of important biological molecules and play a vital role in the cell’s metabolism.2 For
instance, purine and pyrimidine bases of DNA and RNA; essential amino acids (histidine,
tryptophan), components of vitamins (e.g., thiazole is a component of the vitamin B1 (thiamine),
pyridine makes up vitamin B6 (Pyridoxine)), Pyrroles constitute the oxygen-transporting pigment
called hemoglobin. These aromatic heterocycles are also used in medicinal drugs.3
1,2,3-triazoles and their application
For this research our attention is drawn towards the 1,2,3-triazoles (Figure 1). They
structurally consist of a five-membered ring with three nitrogens specifically positioned right next
to each other. In recent times, 1,2,3-triazoles nucleus has been considered as pharmacologically
significant scaffolds, it has become an interesting molecule of research to scientists because of
their pharmacological and medicinal significance as they serve as lead structures for the discovery
of new drugs.4 For instance, COX-1/COX-2 inhibitors (pyrazofurin, celecoxib), anticonvulsant
drug (Rufinamide), broad spectrum cephalosporin antibiotic (cefatrizine), anticancer drug
(carboxyamidotriazole), HIV protease inhibitors etc.,4, 5 all of which consist of “triazole” as their
core structures.
Additionally, 1,2,3- triazoles have been identified to be helpful in the production of pushpull dyes. A lot of effort has been put into synthesizing new push-pull organic dyes because of
their non-linear optical (NLO) properties which have found application in biological imaging.6, 7
Apart from this, push-pull dyes have been popular for their function as fluorophores as they give
emission response based on their immediate chemical environment. Based on recent advancement
in research, 1,2,3-triazoles have been used as the backbone (linker) for developing push-pull
fluorophores. Results in some cases have shown that push-triazole-pull chromophores have low to
moderate fluorescent properties. In addition, some have shown switchable fluorescence in the
presence of ions (cations or anions). This has also been responsible for their use in fluorescent
whiteners, photostabilizers of polymers, photographic photoreceptors, dyestuffs and optical
brighteners.7, 8
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Figure 1: 1,2,3-triazole (core)
In our modern-day chemistry and biology, the design of fluorescence chemosensors for
sensing ions (e.g metal ions) has become very essential because of the numerous benefits they
offer.9-13 Fluorosensors are extremely useful in the environment to monitor and abstract polluting
species (e.g., Pb2+, As3+etc) in water and air.14, 15 Apart from this, they can act as biochemosensors
to monitor physiologically essential ions (F- , Cl- etc.) and trace metals (e.g. Cu2+ , Fe2+ etc). These
biochemosensors are needed to be extremely sensitive, specific, and able to act in an aqueous
medium.
In the last few decades, the evolution of the concept of supramolecular chemistry has made
it easier for scientists to develop a wide range of fluorosensors that perform more specific
functions. Supramolecular chemistry focuses on utilizing the formation of multiple non-covalent
and reversible interaction between chemical species to create entities with unique and specific
properties. The affinities involve weak intermolecular forces such as hydrogen bonding, metal
chelation, hydrophobic interactions, π–π stacking and Van der Waals interaction etc., which are
capable of molecular recognition.16 Earlier research from our lab has utilized this knowledge to
synthesize derivatives with 1,2,3-triazole core and found out that they show turn-on fluorescence
anion sensing (e.g. 2-(4-phenyl 1H-1,2,3-triazol-1-yl) phenol (PTP) was effectively used in
sensing fluoride ions) (Figure 2a)17 as well as selective and sensitive sensing of cations (e.g.,
Copper) with a turn-off fluorescence response (Figure 2b) which was demonstrated with
phenanthrene derivatized triazoles (2-[4-(phenanthren-9-yl)-1H-1,2,3-triazol-1-yl]phenol
(PhTP)), establishing the use of triazoles as chemosensors.18 However the selective binding of
these triazoles to anions and cations has been found to be biologically beneficial and could provide
a promising strategy in treating diseases associated with ion overload, for instance, excessive
fluoride ions affects bone health, dental health (fluorosis)19 as well as impedes cognitive
development.20, 21 Also, excess (free) copper ions catalyze Fenton reactions, which produce highly
reactive oxygen species (ROS) and abnormal levels are implicated in diseases such as Menkes
disease, Wilson’s disease, Alzheimer’s disease, Parkinson’s disease and transmissible spongiform
encephalopathy.22
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Figure 2: (a) Turn on fluorescence binding of PTP to F- (b) Turn-off fluorescence binding of
PhTP to Cu2+
Drug Delivery Systems (DDS)
In general, small organic molecules have shown enormous potential to be biologically
relevant because of their ability to bind to target sites that eventually elicit physiologic actions.23
However, in their use in biological systems, they have experienced tremendous challenges. A
sizeable number of synthesized compounds capable of biological activity have poor water
solubility, inefficient delivery and this reduces their efficacy.24, 25 In the bid to solve these
problems, researchers have been able to develop formulations or devices that can enable a
hydrophobic molecule or drug to selectively reach its target site of action without getting to
unintended location while in a biological system. These formulations or devices are referred to as
Drug Delivery Systems (DDS).26, 27 DDS are essentially capable of supramolecular host-guest
interactions to ensure drugs remain unchanged while being carried from site of administration to
site of action. They exist in different forms with varieties of unique features that allow them to
perform their functions. Examples include liposomes, cyclodextrins, micelles etc.
Liposomes
Liposomes are basically close spherical bilayer vesicles containing phospholipids.28 Within
the liposomes, the phospholipids undergo a high level of organization which leads to the existence
of two distinct regions: one hydrophilic (or aqueous) core which is surrounded by one or more
concentrically arranged bilayer membranes (Figure 3). The diameter of the aqueous core can vary
between 0.03 to 10μm.29 The lipid molecules that make up the bilayer membrane covering the
hydrophilic region can either be natural or synthetic. However, phospholipids are usually the
preferred option used in the preparation of liposomes. Liposomes are capable of entrapping both
hydrophilic and lipophilic active molecules within their aqueous core and the lipid bilayers,
respectively. In addition, preparation of liposomes in different range of sizes with single or
multiple bilayers can be done to suit the particular purpose desired. 30, 31
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https://www.sciencedirect.com/science/article/pii/B9780081000922000060
Figure 3: Schematic representation of liposome structure showing the phospholipids and their
organization.31
Cyclodextrins
Cyclodextrins are typical organized structures characterized with having varying number
of glucopyranose units: α-cyclodextrin (6 glucopyranose units), β-cyclodextrin (7 glucopyranose)
and γ-cyclodextrin (8 glucopyranose).32 The glucopyranose units are held together by α-1,4glycosidic linkages, leading to the formation of a truncated cone-shaped supramolecular structure
(Figure 4) which has a hollow and a tapered cavity of about 0.78 nm in depth.33 The top and
bottom diameters of the cone-like structure vary with the number of glucose units. The
cyclodextrin molecule has a distinct inner cavity which is regarded as the hydrophobic region,
whereas the external portion contains hydroxyl groups, displaying hydrophilic behavior.
Lipophilic molecules or drugs can easily fit into the ring to form soluble inclusion complexes. This
enables them to serve as carriers or transporters.34
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https://www.sciencedirect.com/science/article/pii/B9780081000922000060
Figure 4: Structure and inner dimensions of cyclodextrins.

Micellar Systems
Micelles are dynamic nanostructures formed by self-aggregation of surfactant molecules.
Surfactants are generally amphiphilic molecules (containing a polar or hydrophilic region and a
non-polar or hydrophobic region).35 They are categorized into ionic surfactants and nonionic
surfactants. Ionic surfactants are further subdivided into anionic surfactants (hydrophilic group
dissociates into anions in aqueous solutions), cationic surfactants (hydrophilic group dissociate
into cations) and amphoteric surfactants (hydrophilic group dissociate into anions and cations
depending on the pH). Nonionic surfactants have a distinct feature of not dissociating in aqueous
solution.36 At a particular temperature and beyond a certain concentration, surfactant molecules
come together to form organized self-assemblies (Figure 5). This concentration is called Critical
Micelle Concentration (CMC). The surfactant systems are known for their wide array of
applications which includes detergency, use in personal and home care products, dispersion
stability and most importantly their use as solubility enhancers.36 Micelles can solubilize
hydrophobic molecules by forming a supramolecular “host-guest” complex.37 The packaging of
surfactant molecules into a closed structural network leads to the formation of extended bilayers
that are thermodynamically stable which is important for their application in drug delivery systems
DDS38, 39 giving them the ability to carry both hydrophobic and hydrophilic molecules in their
inner hydrophobic cavity or bilayer substructures. Additionally, they help mimic the properties of
a biological system and can help predict behavior of potential bioactive molecules in a biological
environment.40 Recently, studies investigate the use of non-ionic surfactants to substitute
commonly used vesicles of phospholipid origin (liposomes) which are known to be very
expensive.41 Some categories of non-ionic surfactant have attracted more scientific research, for
example, Tween 20, a common emulsifier and stabilizer in pharmaceutical formulations, food and
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cosmetic industries which have proven non-toxic impacts on target cells42, Tween 80, a
biocompatible protein solubilizing agent commonly used in injectable medications and are
relatively non-toxic.43 Triton X-100 is another biocompatible non-ionic surfactant which is
popularly used in solubilization of membrane proteins.44 All of these are being looked into in
certain drug related research45 even though a number of studies have been made to address
toxicities of Triton X-100 while they are used as vehicles46 in comparison to the others which are
relatively safe. This feature (i.e, as vehicles) has influenced our choice of Non-ionic surfactants
(Tween 20, Tween 80 and Triton X-100) as DDS for evaluations in this research.

http://instrumat.ch/wp-content/uploads/2016/08/surfactant-Micelle-characterization-AN101104LRLL.pdf
Figure 5: Micellization process of surfactant molecules and key features of micelles.

Fluorescence Spectroscopy and Micellar systems
Over the years, fluorescence spectroscopy has been effectively used to study and explain
the structure and dynamics of a micellar medium as a result of the fact that quantitative approaches
have reported that fluorophores reside exclusively in the micellar phase.47 They have been used to
determine critical micelle concentration, aggregation number, micellar size and shape,
microviscosity and polarity of water pool in a reverse micelle.48 It is generally recognized that
fluorophore dyes tend to settle down in different locations of the micelles based on their chemical
composition or structure. For instance, small polar molecules are adsorbed right on the surface of
the micelle.49, 50 Medium chain length alcohols and aromatic molecules become intercalated within
the head groups of the surfactant while very hydrophobic molecules sit right within the micelle
core. Photophysical studies of fluorophore (or dyes) in micellar medium have continually drawn

13

attention of scientists because the interaction between the fluorophore (or dye) and the surfactant
mimics the usual biological processes in the membrane of a biosystem.13, 51 A lot of photophysical
processes are modified in an aqueous micellar environment 52-55 as a result of the change in micro
viscosity and micropolarity within the micellar core and the micelle–water interface when
compared to that in the bulk aqueous phase. Different research has been done to explain how
micellar activities affect the thermodynamics and kinetics of different photophysical processes and
this has had tremendous influence on the study of fluorophores with bioactive potentials.56-58 A
couple of studies done in recent times has helped in understanding the interaction that exists
between some bioactive fluorophores and surfactants with specific focus on the binding of probes
with micelle and their distribution as well as location within the micellar environment. It is now
well understood that as a result of intramolecular charge transfer (ICT) exhibited by fluorophore
probes, they can play a crucial role in illustrating the effect of micropolarity and microviscosity
around a probe in a particular microheterogenous media. This can serve as an efficient model to
predict the interaction, distribution and location of fluorophores in a living (biological) system. In
general, the variation in the ICT process can be caused by either a decrease in polarities or increase
in the level of hinderance (steric constraints) experienced which is usually observed as a marked
change in fluorescence yield, fluorescence lifetime as well as fluorescence anisotropy of the CT
emission.59 In order to accurately determine whether a probe gets to the target environment, the
position, intensity and shape of absorption and/or emission band of the probes in the
microenvironment can be compared with those in a bulk phase system that simulates the condition
of the former. Copper, one of the most extensively detected elements by the fluorescence sensing
method60-62 is an excellent quencher of the fluorescence of a good number of aromatic
compounds.63, 64 Hence, fluorescence quenching technique by means of analyzing ion detection
has also offered optimum benefit in determining location of probes in micellar systems.17,65
Photophysical perspective can help identify the influence of nonionic surfactants having
varying chain length in headgroup and tail portion on the micellar behavior. A large number of
literature on nonionic micelles have looked into characterizing structural aspects such as size,
shape, and hydration of the micelle and relating them to the poly (ethylene oxide) (PEO) and alkyl
chain length of the surfactant molecules.66, 67 Our current study seeks to probe to determine how
the interactions between fluorophore and micelles differ with a variation in the PEO chain length
and alkyl chain length. For this project we utilized three nonionic surfactants which includes,
Tween 20 and Tween 80 from the Tween family (having varying alkyl chain length) as well as
Triton X-100 (Figure 6). Triton X-100 belongs to the Triton X family which are popularly known
to be a trademark of Rohm and Haas68 and are composed of a p-tert-octylphenyl (OP) hydrophobic
portion and a PEO chain which is the hydrophilic moiety. In this study, the Triton X-100 contains
OP and PEO with an average number of 9.5 per molecule. The Tween family contains 20 PEO
hydrophilic headgroups and different alkyl chain lengths of hydrophobic portion. The specific
Tweens chosen for our present study are Tween 20 has 12 carbon chain length and Tween 80 (18
carbon chain length). Another difference between the Tweens used is that Tween 20 has a saturated
alkyl chain while Tween 80 has an unsaturated alkyl chain because of the presence of one double
bond on the chain. The relevant micellar parameters are listed in Table 1.
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(a) Triton X-100

(b) Tween 20

Figure 6: Structure of (a) Triton X (b) Tween

Surfactant

n

CMC (mM)

References

Triton X-100

9.5

0.25

68, 69

Tween 20

10

0.05

70, 71

Tween 80

18

0.012

72

Where n refers to the chain length
Table 1: Micellar Parameters in Triton X-100, Tween 20 and Tween 80.
Generally, the change in alkyl chain length is expected to cause a variation in the degree
of compactness of headgroup micellar units’ arrangement73-76 and as a result impact the degree of
water penetration into the palisade layer of the micelle structure.
Synthetic approach to 1,2,3-triazoles
As a result of the versatility of the 1,2,3-triazole ring system in interacting with biological
systems, researchers have worked hard to provide strategies to synthesize them. One popular
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reaction that was used to produce 1,2,3-triazole moiety is the 1,3-dipolar cycloaddition which is
known as Huisgen cycloaddition,77, 78 utilizing an azide as well as a terminal alkyne as reactants
under thermal conditions. This reaction had some drawbacks which included low chemical yield,
elevated temperatures and poor regioselectivity because it produced both 1,4- and 1,5-disubstituted
1,2,3-triazoles.79 In the bid to solve this problem, Sharpless and Meldal discovered the Cu(I)
catalyzed azide alkyne cycloaddition reaction (CuAAC) in 2002. In their work, the reaction
worked so well, giving a high yield product under mild conditions and most importantly producing
1,4-regioisomer.80, 81 The CuAAC reaction offers unique features such as easy handling, vast
substrate scope and insensitivity to oxygen and water. This reaction is regarded to be a ‘click
chemistry’ because it involves a sequence in which the azide precursor is “clicked” with the
acetylene moiety using Cu (I) catalyst (Scheme 1), to give the triazole motif. The CuAAC reaction
has shown to have a high functional group harmony, can be carried out in a wide range of solvents
and yields products that can be easily purified by recrystallization.82

Scheme 1. General mechanism of 1, 2, 3-triazoles synthesis via Copper-Catalyzed Azide-Alkyne
Cycloaddition (CuAAC).
Earlier research carried out in our lab. has utilized Cu(I) catalyzed azide alkyne
cycloaddition reaction (CuAAC) to synthesize different 1,2,3-based triazole molecules that act as
polymeric sensors and their ion sensing capabilities has been compared with other polymeric
sensors without the triazole core. Moving forward our interest has been drawn towards one
particular set synthesized initially (amino derivatives of PTP) which was made by utilizing
CuAAC to produce an intermediate product which led to our final product in a stepwise manner.
In our present study we intend to use a one-pot synthesis with CuAAC reaction and to speed up
the process using a microwave.
Microwave Assisted Organic Synthesis (MAOS)
The use of microwave in chemical synthesis started as a means to replace convectional
heating but over the years it has proven to produce tremendous benefits83. As a result of optimum
control over specific parameters such as temperature, pressure, ramping of temperature, selective
heating etc. microwave irradiation has offered chemist more reliable means of synthesizing organic
compounds,84 polymers, inorganic materials, and nanomaterials.85
The choice of appropriate conditions in microwave irradiation has been associated with
acceleration of organic reaction and ensuring specificity in obtaining product. MAOS are
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confirmed according to literature to be fast86, 87 and enable good returns for organic reactions in
terms of quantitative yield. It is also found suitable to a wide array of synthetic organic reactions
including solvent-free and water-mediated reactions.88 MAOS are also more economical89 and
produce higher energy efficiency.90 In general, MAOS can enhance a greener synthesis as it
happens to capture some key principles of green chemistry. The use of solvent free conditions with
microwave activation has been considered advantageous in the synthesis of heterocyclic
compounds such as imidazoles, benzimidazoles, benzoxazoles, oxadiazoles, triazoles, and
benzothiazoles.91
Earlier research
Previously our lab has been able to demonstrate the versatility of the triazole unit in sensing
of different chemical species (cations and anions) and investigated their significant benefits in a
wide array of areas relating to environmental and human needs. A lot of effort was made in making
different polymeric sensors with 1,2,3-triazole base. Examples include the development the 2-(4phenyl 1H-1,2,3-triazol-1-yl) phenol (PTP), which is not only selective in the detection of fluoride
ion as discussed in the earlier part of the chapter but also selectively detects copper (II) over other
anions and cations. As a result of PTP being a chromophore, spectroscopic studies of PTP with
the anion were carried out and data gotten reveals notable fluorescence intensity in response to F−
which was twice that for H2PO4− or AcO−. It was realized that PTP binds to F− in a 1:1 ratio and
the mechanism of their binding was proven to be because the sensor responds to the hard basicity
of the fluoride through a Brønsted acid–base reaction and/or hydrogen bond formation at the
phenolic –OH and that the anion resides in proximity to the Csp2 -H site of the triazole ring
(Scheme 2). It was noticed that the C-7 phenyl is a strong contributor to the conjugative network
which accounts for the fluorescent signals.92

Scheme 2: The proposed binding mode of PTP and fluoride anion.17
Just because the synthesis of 1,2,3-triazole analogues is atom-economical and only requires
short steps,93-95 more work was carried out to synthesize newer derivatives and perform new
studies, capitalizing on PTP's sensing features and its synthetic versatility for developing
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predictive structure-signal tuning models' structure–property relationship (SPR) investigations.
Also, we previously explored the effect of the conjugative length by using (poly)aryl substituents
at C7, phenyl, naphthyl, and phenanthryl.92, 96, 97
Further work was done to make 2-, 3- and 4-amino derivatives of the parent molecule, 2(4-phenyl-1H-1,2,3-triazol-1-yl)phenol (PTP). The influence of strongly electron donating amino
groups (-NH2) on the anion-detection abilities of 2-, 3-, and 4-aminoPTP was examined with TBA
salts of F−, OAc−, H2PO4−, BF4−, ClO4−, Br−, Cl−, and I−. First, the synthesis of the amino
derivatives of PTP was done by a two steps process that involves the synthesis of a para-nitro
substituted derivative of PTP or P01 by the process of CuAAC, and this was subsequently reduced
via a hydrogenation reaction to give the para-amino substituted derivative or P02 (Scheme 3).
Step 1

Mechanism of Reaction
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Step 2

https://onlinelibrary.wiley.com/doi/full/10.1002/poc.4078?saml_referrer

Scheme 3: Synthesis and reduction of nitro-substituted derivative of PTP to the amino
derivative.97
Investigations in all cases showed the attachment of the amino group enables the
enhancement fluorescence during anion detection as well as retaining key features of parent PTP
(the receptor site, a blue-fluorescent response, and the ability to detect F−, H2PO4−, and AcOstrongest response to F−). The sensitivity is affected by the location of the -NH2 substituent; 2aminoPTP outperforms PTP and the other analogues by a significant margin. In practice, the NH2 group in all three cases renders F− more detectable.17
Current Investigation
This current research focuses on synthesizing similar 1,2,3-triazole based fluorophores that
is, amino derivatives of PTP with varying position of their amino substituent (2-aminoPTP and
4-aminoPTP) by introducing an additional approach called Microwave assisted organic synthesis
(MAOS). We proposed this approach because it ensures a greener process79 in organic synthetic
chemistry and often saves time. The process of microwave irradiation is a distinguishing step in
comparison to the methodology used earlier by our lab to make amino substituted PTP. The
reaction is planned to be irradiated with microwaves using a CEM Discover microwave synthesizer
(Scheme 4). In this thesis, emphasis will be given to the characterization and photophysical study
of 2- and 4-amino compounds.
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Scheme 4: Synthesis of aminoPTP with MAOS.
Due to the fact that these synthesized molecules are less water soluble, we seek to utilize
at least one of the amino derivatives (2-aminoPTP) in different non-ionic assemblies (Tween 20,
Tween 80 and Triton X-100) and conduct photophysical studies of fluorophore in the various
micellar systems for a prospective drug delivery approach.
Also, we intend to determine the site of the fluorophore (2-aminoPTP) in surfactant system
by utilizing heavy-atom quenching method (copper ion in this case). Based on the idea that
fluorophore probe and quencher can settle down either in the same environment or a different one,
so we can use the distance effect on quenching for the study.
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CHAPTER 2
RESULTS AND DISCUSSION
Bioactive fluorophores
To begin with, we will discuss the synthesis of different amino substituted 1,2,3-triazole
molecules with potentials for biological activity. These compounds have earlier been identified by
our lab and investigated to play a significant role in chemosensing.18,92,97 The overall synthesis of
the derivatives was accomplished from the parent PTP molecule (Figure 7). The concept behind
synthesizing these molecules in this case is to explore structure-property relationship in biomimic
environments to develop a model strategy for drug delivery. Earlier studies carried out on amino
derivatives of PTP utilized acetonitrile as solvent because they are less water soluble, but in this
present study with 2-aminoPTP and 4-aminoPTP, water is used as solvent to maintain
physiological and biological compatibility. This was made possible by making a bulk solution in
acetonitrile (to dissolve them) before putting them in water. Full details of sample preparation is
given in Chapter 4.

Figure 7: Parent PTP molecule (2-(4-phenyl 1H-1,2,3-triazol-1-yl) phenol).

Synthesis of (2-(4-(2-aminophenyl)-1H-1,2,3-triazole-1-yl) phenol) (2-aminoPTP)
2-aminoPTP is an amino substituted analogue of PTP where the amino group replaces the
hydrogen at the ortho position. The inclusion of an electron donating group (NH2) in 2-aminoPTP
has previously served the purpose of enhancing sensitivity of turn-on fluorescence response and
foster formation of a functionalized molecule.1 2-aminoPTP was successfully synthesized using
microwave assisted organic synthesis (MAOS). Copper catalyzed azide-alkyne cycloaddition
(CuAAC) using Azide precursor (2-azidophenol) and acetylene moiety (2-ethynylaniline) with Cu
(I) as catalyst facilitated the reaction in a click chemistry mechanism (CuAAC). The reaction was
carried out in a 1:1 ratio solvent mixture of tert-butanol and water. Sodium ascorbate was used as
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the reducing agent with which the Cu2+ of copper (II) sulphate pentahydrate was reduced to the Cu
(I) catalyst for the reaction (Scheme 5). Light-brown products were produced within 20 mins with
a yield of 81.78%. Detailed comparison of our newly developed approach to conventional method
is given on Table 2.

Scheme 5: Synthesis of 2-(4-(2-aminophenyl)-1H-1,2,3-triazole-1-yl) phenol (2-aminoPTP)
using the microwave assisted organic synthesis (MAOS) with CuAAC approach.

Yield
Time

MAOS
81.78%
15-20mins

Conventional method
78%
Up to 24hrs

Table 2: Comparison between microwave assisted organic synthesis (MAOS) and conventional
method in the synthesis of 2-(4-(2-aminophenyl)-1H-1,2,3-triazole-1-yl) phenol (2-aminoPTP).
Synthesis of (2-(4-(4-aminophenyl)-1H-1,2,3-triazole-1-yl) phenol) (4-aminoPTP)
4-aminoPTP is another amino substituted analogue of PTP in which the amino group
(NH2) replaces the hydrogen at the para position. 4-aminoPTP was synthesized by the same
CuAAC approach with the use of 2-azidophenol as the azide precursor, 4-ethynylaniline as the
acetylene moiety and Cu (I) as catalyst. The reactants were combined in a 1:1 ratio of tert-butanol
and water (solvent). Cu (II) of copper (II) sulphate pentahydrate was reduced to the Cu (I) (catalyst)
using Sodium ascorbate as the reducing agent. Additionally overall reaction was irradiated in a
microwave using the CEM Discover Microwave Synthesizer. The microwave assisted organic
synthesis (MAOS) with click chemistry (CuAAC) (Scheme 7) resulted in a light-brown product
with a yield of 97.96% which was faster when compared to conventional method which utilized
CuAAC only. Detailed comparison of our newly developed approach to conventional methods can
be found in Table 2.
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Scheme 6. Synthesis of 2-(4-(4-aminophenyl)-1H-1,2,3-triazole-1-yl) phenol (4-aminoPTP)
using the microwave assisted organic synthesis (MAOS) with CuAAC approach.

Yield
Time

MAOS
97.96%
15-20mins

Conventional method
65%
Up to 24hrs

Table 3: Comparison between microwave assisted organic synthesis (MAOS) and conventional
method in the synthesis of 2-(4-(4-aminophenyl)-1H-1,2,3-triazole-1-yl) phenol (4-aminoPTP).

Optical Characterization of 2-aminoPTP in micellar system using UV-Vis & Fluorescence
Spectroscopy
In bulk water, 2-aminoPTP showed a fairly broad low energy absorption with a maximum
wavelength (𝛌𝒂𝒃𝒔
𝒎𝒂𝒙 ) ~297 nm. Upon introducing an increasing concentration of Tween 20 (Figure
8), ranging from 1 × 10-5 mol/L to 15 × 10-5 mol/L, 𝛌𝒂𝒃𝒔
𝒎𝒂𝒙 remained fairly constant, only the
absorbance varied in a manner that could not be correlated to a fixed amount of change in Tween
20 concentration but starting from 20 × 10-5 mol/L a red shift of 1-2 nm was realized with
absorbance decreasing gradually. For Tween 80 study (Figure 9), there was an inconsistent
-5
variation in absorbance and 𝛌𝒂𝒃𝒔
𝒎𝒂𝒙 remained constant until after 1.8 × 10 mol/L where there was a
red shift of 1-2 nm concentrations.
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Figure 8: Absorption spectra of 2-aminoPTP (2 × 10-5 mol/L in water) with added Tween 20.
Surfactant concentrations are provided in the figure legends.
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Figure 9: Absorption spectra of 2-aminoPTP (2 × 10-5 mol/L in water) with added Tween 80.
Surfactant concentrations are provided in the figure legends.

For Triton X-100 (Figure 10), it was observed that there was a blue shift which is attributed to the
individual absorption of Triton X-100 masking that of 2-aminoPTP, making the results
inconclusive on the interaction between Triton X-100 and 2-aminoPTP.
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Figure 10: Absorption spectra of 2-aminoPTP (2 × 10-5 mol/L in water) with added Triton X100. Surfactant concentrations are provided in the figure legends.
2-aminoPTP is a fluorophore based on the fact that the 1,2,3-triazole is embedded in a
push-pull system. For all fluorescence studies of 2-aminoPTP with excitation wavelength at 300
nm we realize a small peak at about 335-340 nm which is regarded as a water Raman peak. It is a
peak produced as a result of Raman scattering of water which was used as solvent in all the
experiment.
In water, 2-aminoPTP alone gives a fluorescence which is inappreciable or relatively not
so conspicuous with maximum emission wavelength (𝛌𝒆𝒎
𝒎𝒂𝒙 ) at 381 nm. Upon gradual addition of
Tween 20, the fluorophore showed an enhancement in 2-aminoPTP's fluorescence. The emission
maxima remained fairly constant until the CMC where they experience a little and inconsistent
blue shift of ~1-2 nm. Figures 11 show the fluorescence spectra of 2-aminoPTP in Tween 20. For
Tween 80, there is gradual enhancement of fluorescence intensity of 2-aminoPTP, and the
emission maxima were fairly constant at premicellar concentration, but an inconsistent blue shift
(~1 nm) occurred after CMC (Figure 12). It is observed for the Tween series that the fluorescence
intensities increased in an arithmetic progression within the pre-micellar concentration while at
the critical micellar concentration (CMC) and beyond (post-micellar) the fluorescence
enhancement is more prominent. In general, for the Tween series, Tween 20 gave a higher
fluorescence which is twice that of Tween 80.
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Figure 11: Emission spectra of 2-aminoPTP (2 × 10-5 mol/L in water) with added Tween 20 (λexc=
300 nm). Surfactant concentrations are provided in the figure legends.
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Figure 12: Emission spectra of 2-aminoPTP (2 × 10-5 mol/L in water) with added Tween 80
(λexc= 300 nm). Surfactant concentrations are provided in the figure legends.

For Triton X-100 study, a blue shift of ~18 nm in the emission maximum was realized. An
enhancement in the fluorescence intensities was also observed with fluorescence intensities
becoming distinct. The fluorescence spectra of 2-aminoPTP in Triton X-100 found in Figures 13
shows a very strong peak at wavelengths below 320 nm and so, we went ahead to check the
fluorescence of a very low concentration of Triton X-100 alone in water (Figure 14). Results
obtained shows a strong emission between 300 nm and 350 nm which can be seen at excitation
wavelength (λex= 270 nm). So, we can include that emission of Triton-X has an impact in the
earlier observation we had made.
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Figure 13: Emission spectra of 2-aminoPTP (2 × 10-5 mol/L in water) with added Triton X-100
(λexc= 300 nm). Surfactant concentrations are provided in the figure legends.
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Figure 14. Emission spectra of Triton X-100 (12 × 10-5 mol/L) alone in water (λexc= 270 nm)
In general, there was a fluorescence enhancement of 2-aminoPTP (2 × 10-5 mol/L) in all
micellar system which could be indicative of a difference in microenvironment other than that of
bulk water and the shifting of emission maxima are not so consistent which could be as a result of
fluctuations in polarity around the fluorophores microenvironment. Further, in this study we
performed the steady-state fluorescence experiments with the probe in dioxane-water mixture to
understand the effect of polarity within the microheterogenous environment (Figure 15).

Micropolarity study of 2-aminoPTP
Fluorescence of 2-aminoPTP was checked in dioxane-water mixture to understand the
molecule’s photophysics in different polarity solvents (Figure 15). With the increase in dioxane
proportion, it was observed that there was a narrowing of the emission band of 2-aminoPTP as
well as increasing fluorescence intensities along with a blue shift in the emission maximum. This
experiment does not entirely replicate the 2-aminoPTP's fluorescence spectral pattern, but it helps
us understand that the blue shifting occurs when 2-aminoPTP experience less polar sites.
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Figure 15: Emission spectra of 2-aminoPTP (2 × 10-5 mol/L in water) with added Dioxane/water
mixtures (λexc= 300 nm). Surfactant concentrations are provided in the figure legends.

Determining the location of 2-aminoPTP within the micellar system
In this project we were able to determine the location of our probe (2-aminoPTP) by
conducting a fluorescence quenching study. A quencher molecule (Cu2+) which is capable of
decreasing the fluorescence intensity of a given substance by facilitating energy or electron transfer
from the excited fluorophore was used. Copper ions are uniformly distributed in an aqueous media
but in a micelle, it partitions between the surface of the micelle (i.e., water-micelle interphase) and
the bulk water phase. Extent of quenching of 2-aminoPTP only (in bulk water) with increasing
concentration of quencher (Cu2+) was compared to the quenching of 2-aminoPTP in the presence
of a different micellar system with similar concentrations earlier used. The overall idea behind this
use of this study is that the location of fluorophore probe determines their accessibility to Cu2+
(Figure 16). For example, if the probe is located within at the water-micelle interphase then it will
be easily accessible to Cu2+ and there will be perceptible fluorescence quenching. Whereas, if the
probe (2-aminoPTP) is located in the micellar core, the probe becomes inaccessible to Cu2+ hence,
there should be an inappreciable fluorescence quenching. The basis of this is that an ionic quencher
should not be available within the micellar core as a result of the low polarity that exist in this
region. It is only expected to be available in the micelle-water interface as well as the aqueous
phase.
2-aminoPTP gives 70.7% quenching on its own in bulk water. Results for fluorescence of
2-aminoPTP with the addition of quencher (Cu2+) while in different micellar systems (Figures 17-
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19) shows that, there was 34% quenching in Tween 20, 58.3% quenching in Tween 80, and 58.5%
quenching in Triton X-100. In general, there seems to be some encapsulation of 2-aminoPTP in
all non-ionic micellar systems which shows a bit difference from earlier spectroscopic studies.
However, based on accessibility of fluorophore to quencher while within this microheterogenous
environment, we realized that its location in each of the systems differs. 2-aminoPTP seems to lie
close to micellar core for Tween 20 and distance away from micellar core seems to be farther in
this order Tween 80, to Triton X-100 (farthest). Also, the 2-aminoPTP seems to settle in the
palisade layer of Tween 20, while it seems to settle around the water-micellar interphase when
quenching percentage in each case to that of pure water (where fluorophore is completely free).

Figure 16: Sample structure showing accessibility of bioactive fluorophore to quencher (Cu2+)
based on location.
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Figure 17. Fluorescence Quenching of 2-aminoPTP (2 × 10-5 mol/L) with the addition of different
concentration of Copper (II) Nitrate in micellar solution of Tween 20 (15 × 10-5 mol/L). Exc. at
300 nm.
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Figure 18: Fluorescence Quenching of 2-aminoPTP (2 × 10-5 mol/L) with the addition of different
concentration of Copper (II) Nitrate in micellar solution of Tween 80 (3 × 10-5 M). Exc. at 300 nm.
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Figure 19: Fluorescence Quenching of 2-aminoPTP (2 × 10-5 mol/L) with the addition of different
concentration of Copper (II) Nitrate in micellar solution of Triton X-100 (60 × 10-5 mol/L). Exc.
at 300 nm.

Preliminary Studies for 4-aminoPTP
Optical Characterization of 4-aminoPTP in different micellar systems using UV-Vis &
Fluorescence Spectroscopy
In aqueous medium (bulk water) 4-aminoPTP shows a broad, structureless absorption
band at λabs ~ 268 nm. In the presence of different micellar systems, the absorption profile of 4aminoPTP was realized to be a little red-shifted. For instance, in Tween 20 and Tween 80, red
shift of about 4 nm was recorded as displayed in Figure 20 and 21. This is an indication that the
ground state of 4-aminoPTP is experiencing a lower polarity in the micellar environments.
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Figure 20: Absorption spectra of 4-aminoPTP (2 × 10-5 mol/L in water) with added Tween 20.
Surfactant concentrations are provided in the figure legends.
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Figure 21: Absorption spectra of 4-aminoPTP (2 × 10-5 mol/L in water) with added Tween 80.
Surfactant concentrations are provided in the figure legends.
In the case of Triton X-100, we also observed a red shift in the absorption profile of 4aminoPTP up to about 9nm and there was slight enhancement of maximum absorbance as shown
in Figure 22. This could indicate that there is an encounter with the non-polar region within the
micellar system, but it is worthy to note that Triton X on its own shows a 𝛌𝒂𝒃𝒔
𝒎𝒂𝒙 at around 274nm
and this could contribute to the red shifting of the absorption band, so we went ahead to carryout
fluorescence spectroscopy to make further clarifications.
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Figure 22: Absorption spectra of 4-aminoPTP (2 × 10-5 mol/L in water) with added Triton X-100.
Surfactant concentrations are provided in the figure legends.
For all fluorescence studies of 4-aminoPTP with the excitation wavelength at 270 nm we
realize a water Raman peak at about 295-305 nm. There is also a narrow and tall peak at 540 nm
which is referred to as a double emission grating peak due to excitation wavelength at 270 nm.
The double grating peak is expected to occur at twice the excitation wavelength because we
decided to extend the endpoint of our emission scan beyond the normal (535 nm) to be able to see
the 4-aminoPTP peak clear enough.
4-aminoPTP in bulk water, gives a fluorescence which is inappreciable or relatively not
so distinct with maximum emission wavelength (𝛌𝒆𝒎
𝒎𝒂𝒙 ) at around 48 nm. The introduction of
different micellar systems led to a blue shifting of the fluorophore’s emission maximum with a
large enhancement in the fluorescence intensities and fluorescence becoming more distinct. The
interaction of 4-aminoPTP with the nonionic micellar systems is reflected on the moderate
polarity-sensitive emission profile of 4-aminoPTP displayed in Figures 23-25.
In all micellar systems, A large enhancement in the fluorescence intensities with peaks
becoming narrow and distinct. Tween 20 showed higher enhancement in fluorescence intensity
(Figure 23) almost double that of Tween 80 (Figure 24) and the peaks became narrower with
increasing concentrations added. Blue shift (λem ~ 461 nm in Tween 20, ~ 458 nm in Tween 80)
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was also recorded. For Triton X-100, the fluorophore was observed to give a blue shift in the
emission maximum (λem, ~ 458 nm). The fluorescence spectra of 4-aminoPTP in the Triton X100 can be found in Figure 25. Also, for the fluorescence spectra of Triton X-100, we realized
that the emission of Triton X-100 itself has a strong influence on our emission scan because its
peak shows up between 300 nm – 350 nm at the excitation wavelength (λex=270 nm) which makes
it difficult to derive the actual emission of 4-aminoPTP.
In general, the blue shift simply indicates that the bioactive fluorophore senses a different
polarity region within the micellar microhetrogeneous environments in comparison to the bulk
aqueous phase. The enhancement of fluorescence intensity probably suggests the impartation of
motional restriction on the fluorophore molecules which can be proven by other techniques. The
narrowing of the emission profile of 4-aminoPTP within the micelle-bound state when compared
to that in bulk water further points out the occurrence of the 4-aminoPTP-micelle interaction.
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Figure 23: Emission spectra of 4-aminoPTP (2 × 10-5 mol/L in water) with added Tween 20 (λexc=
270 nm). Surfactant concentrations are provided in the figure legends.
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Figure 24: Emission spectra of 4-aminoPTP (2 × 10-5 mol/L in water) with added Tween 80 (λexc=
270 nm). Surfactant concentrations are provided in the figure legends.
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Figure 25: Emission spectra of 4-aminoPTP (2 × 10-5 mol/L in water) with added Triton X-100
(λexc= 270 nm). Surfactant concentrations are provided in the figure legends.
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CHAPTER 3
CONCLUSION
The synthesis of 2- and 4-amino derivatives of 2-(4-phenyl 1H-1,2,3-triazol-1-yl) phenol
(PTP) was successful. MAOS can be considered the most efficient method for synthesizing 2aminoPTP and 4-aminoPTP because it saves time and produces higher yield in all cases. 4aminoPTP gave the higher yield in comparison to 2-aminoPTP using the MAOS approach.
The micellar studies show that 2-aminoPTP did not efficiently come in contact with region
of lower polarity as we realized an inconsistent blue shift of emission maxima with post-micellar
concentrations of both Tween 20 and Tween 80 and this can be indicative that the molecule does
not get into the micellar core at all and are most-likely in the water-micellar interphase. Study of
2-aminoPTP in Triton X-100 is quite inconclusive because of the strong emission of Triton X100 which is masking fluorescence of 2-aminoPTP. Fluorescence quenching results show that 2aminoPTP is undergoing distinct levels or degree of encapsulation. 2-aminoPTP tends to settle
close to the micellar core (i.e., in the Palisade layer) in Tween 20 micelles. This observation from
fluorescence quenching of 2-aminoPTP (with Cu2+) in Tween 20 conflicts the earlier inference of
2-aminoPTP residing in the water-micelle interphase of Tween 20. Tween 80 seem to be located
farther away from the micellar core (i.e., in the water-micellar interphase) and this agrees with the
former study. For the Tween series increase in alkyl chain length which represents the hydrophobic
region resulted in decrease in degree of encapsulation of 2-aminoPTP, although there are no
justifiable reasons, but we are looking out for the effect of an unsaturated bond associated to the
chain length of Tween 80 in comparison to the saturated bond found in the chain length of Tween
20. This calls for more studies and a comparison with 4-aminoPTP could be very helpful.
For 4-aminoPTP, Absorption and fluorescence data show good evidence of fluorophoremicelle interaction in Tween 20 and Tween 80 but UV/Vis’s result seems unclear for Triton X100 because of the individual absorption of Triton-X. 4-aminoPTP fluorescence study in Triton
X-100 might need more confirmation because of the strong influence of individual emission of
Triton X-100. In overall 4-aminoPTP seems to show better compatibility with Tween 20 and
Tween 80 and tends to move toward their micellar core based on the photophysics done so far but
more studies could be done to confirm the preliminary results.
Limitations
Triton X-100 has a very strong absorption and emission which made it quite difficult to
monitor 2-aminoPTP’s absorption and emission in the photophysical experiments and therefore
there is need to identify techniques that can take out Triton X-100’s emission. The micellar study
did not corroborate the fluorescence quenching results by giving inconsistent blue shift (i.e.,
hydrophobic 2-aminoPTP was outside the micelle), probably efficient sonication of samples
instead of just vortexing for about 1-2 minutes, could help overcome this. The micropolarity study
of 2-aminoPTP was not absolutely correlative with the micellar study of 2-aminoPTP and to
make more confirmations and definitive assertions we could do a solvent study utilizing different
solvents with known polarity index and see if they show similar results with micellar studies. For
the fluorescent quenching study more time was taken after addition of Cu2+ before fluorescence
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scans were run. A fast-quenching study could be done to be sure there is no self-quenching of
fluorophore molecule (2-aminoPTP) occurring.

Future Directions
We plan to carry out new fluorescence study of 2-aminoPTP and 4-aminoPTP in Triton
X-100 by running emission scans at varying excitation wavelength until the emission of Triton on
its own is totally removed. We will look into utilizing dynamic light scattering technique to
evaluate the encapsulation of molecules within micelles and scanning electron microscopy to make
further confirmations on encapsulation. We hope to complete micropolarity, fluorescence
quenching studies of 4-aminoPTP and conduct new photophysical experiments for another amino
derivative (3-aminoPTP), so we can ascertain the influence of the positioning of amino group on
the encapsulation of aminoPTPs in the same set of micelles. Lastly, we hope to carry out new
biomimetic study using a more biocompatible or non-toxic solvent other than acetonitrile to
dissolve fluorophore molecules before introducing them into micellar systems.
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CHAPTER 4
EXPERIMENTAL SECTION
Materials and Methods
2-Azidophenol was synthesized from previous product.1 2-ethynylaniline (Sigma-Aldrich),
4-ethynylaniline (Acros chemicals), Copper (II) nitrate hemi(pentahydrate) (Fisher), 1,4-dioxane
(Alfa Aesar), Acetonitrile (BDH) and non-ionic surfactants such as Tween 20 (Fisher), Tween 80
(TCI), and Triton X-100 (Acros) were purchased from certified suppliers of the respective
companies and were used without processing, for all experiments. HPLC grade solvents and
deionized water were also used during this research.
A CEM Discover Benchmate microwave reactor with an in-built infrared detector was used
to irradiate the overall reaction for the synthesis of the bioactive 2- and 4-amino derivatives of 2(4-phenyl 1H-1,2,3-triazol-1-yl) phenol (2-aminoPTP, 3-aminoPTP and 4-aminoPTP). An
Agilent MR400DD2 spectrometer with a multinuclear probe that has two RF channels and variable
temperature capability (1H-NMR: 400 MHz, 13C-NMR: 100 MHz) was used to obtain NMR
spectra of synthesized products. Signals from NMR spectra are in parts per million (ppm) relative
to the residual in deuterated dimethyl sulfoxide (CD3)2SO) as the solvent. Signals for 1H-NMR
multiplicity are denoted as: singlet (s), doublet (d), doublet of doublet (dd), triplet (t), multiplet
(m), coupling constants (J, Hz). Vernier Melt Station, which is connected to a Verniar LabQuest
2, was used to determine the melting point and reading was uncorrected. Shimadzu UV-2450
spectrophotometer was utilized to measure room temperature absorption using 2 × 10-5 M of the
2-, and 4-aminoPTPs in a 1 cm quartz cell and respective peak absorption wavelength (λmax) was
determined from the spectra. PerkinElmer LS55 with a well plate reader fluorimeter gave
appropriate emission spectra needed.
Surfactant solutions of different concentrations were made in deionized water. Freshly
prepared solutions were used each time for this study to avoid any issues for colloid formation.
The 2- and 4-aminoPTPs are less water soluble, thus, first, they were dissolved in an exceedingly
small volume of laboratory grade acetonitrile (ACS specification), sonicated and vortexed for
about 5 minutes to obtain a homogeneous mixture, before they were introduced into already
prepared aqueous surfactant solutions with different range of concentrations.
For fluorescence quenching experiments, Copper (II) nitrate hemi(pentahydrate) which
served as our source of Cu2+ was made into an aqueous solution and studies were carried out by
adding the varying amounts of Cu2+ solution while the 2- and 4-aminoPTPs are in each of the
non-ionic micellar systems used.
To study the microenvironment around the probe in micellar medium, the probe was
subjected to varying proportions of 1,4-dioxane and water. Fluorescence spectra for such mixtures
were collected thereafter.
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Synthesis and Characterization of different 1,2,3-Triazole derivatives
Synthesis of 2-(4-(2-aminophenyl)-1H-1,2,3-triazol-1-yl) phenol (2-aminoPTP)2
2-Azidophenol (41.4 mg, 0.296 mmol) and 2-ethynylaniline (0.04 mL, 0.296 mmol) were
suspended in tert-butanol/water (5 mL, 1:1, v/v) in a 10 mL vial equipped with a magnetic stir bar.
Aqueous solutions of CuSO4·5H2O (1 mg, 0.00296 mmol in 0.5 mL water) and sodium ascorbate
(10 mg, 0.0296 mmol in 1.5 mL of water) were added to the reaction, in that order. The vial was
capped properly and placed in the microwave. The microwave was then run at 200 W, 80 ℃, 18
Psi for 15 min. Upon cooling the vial to room temperature, the resulting mixture was placed in an
ice bath and diluted with cold deionized water (10 mL) to induce precipitation. Vacuum filtration
followed by trituration of the residue with deionized water (10 mL, 2 times) yielded the pure
product, a light brown powder, 0.061 g (81%).
Characterization of synthesized 2-aminoPTP
MP: 169.8 - 171 °C.2 1H-NMR [400 MHz, (CD3)2SO)] δ 8.79(s, 1-H), 7.57 (d, J = 7.58
Hz, 1-H), 7.52 (d, J = 7.53 Hz, 1-H), 7.34 (t, J = 7.8 Hz, 1-H), 7.09 (d, J =7.1 Hz, 1-H), 7.05 – 6.94
(m, 2-H), 6.76 (d, J = 8.1 Hz, 1-H), 6.57 (t, J = 7.4 Hz, 1-H), 6.14 (s, 1-H).
13C-NMR [100 MHz, (CD3)2SO)] δ 150.63, 130.99, 130.75, 129.00, 128.12, 126.22, 126.00,
125.03, 119.98, 119.83, 117.56, 117.36, 113.09.
Synthesis of 2-(4-(4-aminophenyl)-1H-1,2,3-triazol-1-yl) phenol (4-aminoPTP)2
2-Azidophenol (41.5 mg, 0.296 mmol) and 4-ethynylaniline (0.04 mL, 0.296 mmol) were
suspended in tert-butanol/water (5 mL, 1:1, v/v) in a 10 mL vial equipped with a magnetic stir bar.
Aqueous solutions of CuSO4·5H2O (1.6 mg, 0.00296 mmol in 0.5 mL water) and sodium ascorbate
(10 mg, 0.0296 mmol in 1.5 mL of water) were added to the reaction, in that order. The vial was
capped properly and placed in the microwave. The microwave was then run at 200 W, 80 ℃, 18
Psi for 15 min. Upon cooling the vial to room temperature, the resulting mixture was placed in an
ice bath and diluted with cold deionized water (10 mL) to induce precipitation. Vacuum filtration
followed by trituration of the residue with deionized water (10 mL, 2 times) yielded the pure
product, a light brown powder, 0.073 g (97.0%).
Characterization of synthesized 4-aminoPTP2
M.P: 150.6 - 152.2°C.2 1H-NMR [400 MHz, (CD3)2SO)] δ 8.55 (s, J=8.55Hz, 1-H), 7.54
(d, J=7.55Hz, 3-H), 7.31 (t, J=7.33Hz, 1-H), 7.07 (d, J=7.09Hz, 1-H), 6.95 (t, J=6.97Hz, 1-H), 6.59
(d, J=6.61Hz. 2-H).
13C-NMR [100 MHz, (CD3)2SO)] δ 150.34, 149.10, 147.46, 126.86, 126.63, 125.93, 125.71,
125.17, 121.24,121.06,119.95, 119.83, 118.52, 114.35.
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APPENDICES
APPENDIX A. 2-AMINOPTP H-NMR SPECTRUM
2-aminoPTP

2-aminoPTP, 1H-NMR Spectrum

APPENDIX B. 2-AMINOPTP C-NMR SPECTRUM

2-aminoPTP, 13C-NMR Spectrum
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APPENDIX C. 4-AMINOPTP H-NMR SPECTRUM

4-aminoPTP

4-aminoPTP, 1H-NMR Spectrum
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APPENDIX D. 4-AMINOPTP C-NMR SPECTRUM

4-aminoPTP, 13C-NMR Spectrum
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