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SYNTHESIS of CHROMOPHORE GROUPS LABELED NOVEL 

AMINO ACID CONJUGATES and THEIR DIELECTRICAL 

PROPERTIES 

 

 

ABSTRACT 

Amino acid conjugates are obtained by the reaction of amino acids and organic 

compounds with various biological and physical properties. Although the studies of these 

conjugates on biological activity well documented in the literature, their electrical 

properties have not been studied in detail. Therefore, the aim of the work described in this 

thesis was the synthesis of novel cinnamic acid substituted amino acid conjugate and 

investigation of their physical activities in terms of structure-activity relationship. In this 

study, 28 amino acid conjugates were synthesized using benzotriazole and triazine 

methods and their structures were characterized by 1H, 13C APT, COSY, HETCOR NMR, 

elemental analysis and FT-IR methods. The dielectric properties of these conjugates were 

studied examining their dielectric constant, dielectric loss and conductivity. The 

structure-activity relationship was evaluated considering the factors such as π bond 

conjugation, substitution, amino acid difference and electron releasing and withdrawing 

group effects. In parallel with the increase in the number of aromatic rings the 

conductivity was increased. Among para substitute conjugates 4-chloro-CA-Ala-OMe 

had the highest conductivity and dielectric constant (ε') 8.34. The number of amino acid 

in the conjugate was also observed as an important parameter level of conductivity.    

 

Keywords: Amino acid conjugates, cinnamic acid, dielectric constant, conductivity, 

organic synthesis. 
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KROMOFOR GRUPLARI BAĞLI YENİ AMİNO ASİT 

KONJUGATLARININ SENTEZİ ve DİELEKTRİKSEL 

ÖZELLİKLERİNİN İNCELENMESİ 

 

 

ÖZET 

Amino asit konjugatları, amino asitlerle çeşitli biyolojik ve fiziksel özellikler gösterebilen 

organik bileşiklerin reaksiyonu ile elde edilen bileşiklerdir. Bu konjugatların biyolojik 

aktivite ile ilgili çalışmalarına literatürde daha sık rastlanırken elektriksel özelliklerine 

dair detaylı çalışmaya rastlanılmamıştır. Bu çalışmanın amacı sinamik asit türevlerinin 

bağlı olduğu yeni amino asit konjugatlarının sentezlenmesi ve yapı-aktivite ilişkisi 

yönünden elektriksel özelliklerinin incelenmesi üzerinedir. Bu çalışmada; benzotriazol ve 

triazin yöntemleri kullanılarak 28 amino asit konjugatı nihai olarak sentezlenmiş ve 

yapıları 1H, 13C APT, COSY, HETCOR NMR, elemental analiz ve FT-IR yöntemleri ile 

aydınlatılmıştır. Bu nihai konjügatların dielektrik sabiti, dielektrik kaybı ve iletkenlik gibi 

elektriksel özellikleri incelenmiştir. Sonuçlar, amino asit yapısı, π bağ konjugasyonu ve 

elektron salıcı-verici grup etkisi gibi faktörler dikkate alınarak yapı-aktivite ilişkisi 

açısından incelenmiştir. Hedef moleküllerdki aromatik halkaların sayısındaki artışa 

paralel olarak, ilekenliğin ve dielektrik sabitinin de arttığı tespit edilmiştir. 4-kloro-CA-

Ala-OMe bileşiği para sübstitüe konjugatlar içerisinde en yüksek iletkenlik ve dielektrik 

sabit değerine (ε') 8.34 sahip olduğu görülmüştür. Amino asit sayısındaki artış iletkenlik 

seviyesinin artışında önemli bir parametre olarak gözlenmiştir.  

 

Anahtar Kelimeler: Amino asid konjugatları, sinamik asit, dieletrik, iletkenlik, organik 

sentez. 



 

1. INTRODUCTION 

Amino acid conjugates are general name given to  biologically or physically active 

compounds, usually formed by reaction between an amino acid and one or more 

nucleophilic/electrophilic group of active compounds some of which include vitamins, 

hormones, steroids, fatty acids and several heterocyclic compounds (Panda et al. 2013; 

Sahu et al. 2013) (Figure 1.1). The rationale behind preparation of these conjugates are to 

enhance the activity of these compounds for pharmacological purposes. The increasing use 

of amino acid / peptide conjugates in drug designs in recent years has also made synthesis 

of these compounds important (Ibrahim et al. 2014; Jones et al. 2014; Panda et al. 2014; 

Tiwari  et al. 2014). 

 

 

Figure 1.1. General structure for amino acid conjugates 

Cinnamic acid and its common derivatives (Figure 1.2) are class of organic compounds 

that are mostly isolated from plants and attract attention due to the double bond present in 

their structure that facilitates conjugation. Cinnamic acid and its natural and synthetic 

derivatives have a wide range of pharmacological activities such as anti-cancer (De 2011), 

anti-tuberculosis (Guzman et al. 2014), anti-inflammatory (Debnath et al. 2003), anti-

parasitic (Zhang  et al. 2015) and anti-microbial effect (Fu  et al. 2010). 
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Figure 1.2. Structure of common cinnamic acid derivatives 

Cinnamic acid derivatives are usually synthesized by Perkin reaction, Claisen-Schmidt 

condensation, Knoevenagel condensation (Knoevenagel 1898) and other methods (Fonseca 

et al. 2019). The double bond in its structure facilitates cis-trans isomerization under UV 

light.  

 

Figure 1.3. General structure representations of major coupling reagents 

The main step in the synthesis of peptide / amino acid conjugates is the formation of the 

amide bond that is obtained after activation of the carboxylic acid by coupling reagents as 

shown in Figure 4. The most basic of these coupling reagents are carbodiimides, uranium 

salts, phosphonium salts (Figure 1.3). The use of these reagents exhibits several advantages 

and disadvantages in the reaction medium. For example, in the synthesis of amide, in which 
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coupling reagent is used, carboxylic acid is activated to react with amine, but in the absence 

of coupling reagent, the thermodynamically undesirable carboxylate-ammonium salt is 

formed instead of amide. Under standard conditions, racemization may occur with some 

side reactions in the formation of the peptide bond. Coupling additives come into play here, 

preventing both by-product formation and racemization (Belleau and Malek 1968; El-

Faham and Albericio 2011; Al-Warhi et al. 2012). The most commonly used coupling 

additives are listed below.  

 N-hydroxysuccinimide (HOSu) 

 N-hydroxy-5-norbornene-2,3-dicarboximide (HONB) 

 1-hydroxy benzotriazole (HOBt) 

 6-chloro-1-hydroxy benzotriazole (6-Cl-HOBt) 

 1-hydroxy-7-azabenzotiazole (HOAt) 

 3-hydroxy-4-oxo-3,4-dihydro-1,2,3-benzotriazine (HODhbt) 

 

Figure 1.4. Conventional way to obtain an amide bond 

König and Geiger suggested use of 1-hydroxybenzotriazole (HOBt) as an additive to 

prevent racemization arisen from using dicyclohexylcarbodiimide (DCC) as a coupling 

reagent. Although these substances (HOBt, HAt) and their derivatives are widely used as 

peptide coupling reagents, their explosive properties were reported during their exposure 

to mechanical stimuli or heat in closed containers (König and Geiger 1970). 

Amino acid conjugates with methyl ester group were obtained in high purity and yield 

using a triazine derivative coupling reagent, 2-chloro-4,6-dimethoxy-1,3,5-triazine 

(CDMT).  CDMT is a preferred compound in the formation of amide, ester and acid 
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anhydride owing to its high solubility in various organic solvents, its low cost, reactivity 

and its long-term stability (Figure 1.5).  

 

Figure 1.5. General chemical represantation of triazine based coupling reagents 

The most important step in this method is the first step between the carboxylic acid and 

CDMT, resulting in the formation of the intermediate 2-acyloxy-4,6-dimethoxy-1,3,5-

triazine. The intermediate product formed is a very effective acylating agent so that 

alcohols, amines, carboxylic acids, esters, amides and anhydrides can be obtained in high 

yield (Venkataraman and Wagle 1979, Kamiński et al. 1998; Kunishima et al. 1999). These 

compounds provide the suitable medium for the synthesis of substances compatible with 

the basic environment compared to the use of acyl chlorides in the acidic medium (Herrera 

et al. 2014; Kitamura et al. 2014; Braml  et al. 2015). In this study, CDMT was preferred 

as a coupling reagent because HCl formed in traditional halogenation reactions does not 

occur and the suitable basic environment for acid sensitive groups is provided (Figure 1.6). 

In addition, the active ester formed in the CDMT method reacts with a wide variety of 

compounds facilitating likelihood formation of a wide range of products. 
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Figure 1.6. The class of compounds sythesized via CDMT method 

The benzotriazole compound is a heterocyclic aromatic compound with a benzene and 

triazole ring (Figure 1.7). Unlike the triazole ring, the benzene ring in benzotriazole 

provides extra conjugation to the structure with π-π interactions (Katritzky et al. 1991; 

Katritzky and Rogovoy 2003). It can easily dissolve in HCl and Na2CO3 as it has a weak 

basic character thus facilitates its purification.  

 

Figure 1.7. Two possible resonance structure of benzotriazole  

Benzotriazole derivatives are used as corrosion inhibitors, supramolecular ligands, dyes, 

potential drug candidates, and fluorescent and radiochemical markers. Benzotriazole is 

preferred in organic synthesis due to its odorless, non-toxic, stable properties, long shelf 

life and solubility in various organic solvents (Katritzky et al. 2005; Katritzky et al. 2005). 

It is used in many organic reactions due to its following characteristics: better leaving group 
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than halogens, having both electron donor and electron releasing feature and stabilizing 

carbonations. 

 

1.1.  N-acylbenzotriazoles 

 
N-acylbenzotriazole compounds are preferred due to their effectiveness in obtaining 

compounds of various biological properties. It is used as acylation agent in many synthesis 

methods. The following reactions can be give as examples; 

 

• Amides from amines 

• Esters obtained from aldehydes 

• Diketone and ketosulfone from ketones and sulfones 

N-acylbenzotriazoles can be obtained by the following 4 different methods (Figure 1.8); 

 

• Carboxylic acids in the presence of methyl sulfonylbenzotriazole and TEA 

• Reaction of carboxylic acids with benzotriazole and SOCl2 

• Reaction of N-Cl-benzotriazole with aldehydes 

• Reaction of DCC and Carboxylic acids with benzotriazole 

 

Figure 1.8. Methods for N-Acylbenzotriazole synthesis 
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The amino acid conjugates of some antibacterial drugs obtained using N-acylbenzotriazole 

showed more activity than the parent drug (Kale et al. 2010; Piccionello and Guarcello 

2010; Sahu  et al. 2013) (Figure 1.9). 

 

Figure 1.9. Examples of antibacterial drugs derived from N-acylbenzotriazole 

Although the studies of the conjugates mentioned previously on biological activity well 

studied, their electrical properties have not been investigated in detail. Therefore, the aim 

of the work described in this thesis was synthesis of novel cinnamic acid substituted amino 

acid conjugate and investigation of their physical activities in terms of structure-activity 

relationship.  

In this study, synthetic amino acid conjugates were synthesized by CDMT and N-

acylbenzotriazole methods. The dielectric properties of these conjugates were studied 

examining their dielectric constant, dielectric loss and conductivity. The structure-activity 

relationship was evaluated considering the factors such as π bond conjugation, substitution, 

amino acid difference and electron releasing and withdrawing group effects. 
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1.2. Dielectric 

When an external electric field is applied to the material, the molecules must rotate 

continuously to be able to orient with the electric field. Although these movements are 

possible at low frequencies, the molecules fall behind the frequency and cannot be directed 

as the frequency increases. The degree of orientation polarization of the material changes 

inversely with increasing frequency of the applied area. The situation is slightly different 

in electrical insulator for which the absence of free electrons in dielectric materials can be 

given as an example. The energy range is greater than 4ev and its specific resistance is 

above 104 (Ωm). They are mostly used as electrical insulators since they do not transmit 

electricity. However, they are affected by the applied electrical field. In the electric field 

effect, electrons and atoms are displaced, consequently electrical charge centers shift and 

electrical polarization occurs. The formed poles provide electrical charge accumulation on 

the material surface and are therefore used in capacitor production (Campos and Nascente 

2010). 

There is an electric charge accumulation on the face of the dielectric material with 

permanent polarization where the charge accumulation occurs automatically. When an 

electric field is applied to a material that does not have permanent polarization, external 

polarization effect and electrical charge accumulation occurs on the surface (specific 

resistance). In both cases, the electrical charge density on the surface is proportional to the 

electrical field intensity (Betova et al. 1999). 

The measurement of the dielectric constant, which is one of the important properties of 

solids, is simpler than other analyzes because the impedance analyzer is used in this 

measurement and the calculation of the dielectric constant is made using C (capacitance) 

and D (loss factor). The dielectric constant depends on temperature and frequency (Bezgin 

et al. 2015).  

The dielectric constant of the solid material (Figure 1.10) placed in the disc was calculated 

by the following equations; 

𝜀 = ε0. εr = (t
A⁄ ). C     [

F

m
]                                  (1) 
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εr =
t.C 

A.ε0 
=  

t.C 

ε0
                  (2) 

In the above equation; 

ε: Dielectric constant 

ε0: Dielectric constant of the cavity (8.854 x 10-12) 

εr: Relative dielectric constant of the test device, 

t: Thickness of the sample (m), 

A: The area of the sample (m2), 

C: Capacitance of the sample (F), 

d: Diameter of the sample (m).  

Another concept used to express dielectric properties is the dielectric loss factor, also 

known as loss tangent. 

 

 
 

Figure 1.10. Test devices with electrode (image was reprinted from Biryan 2019) 

Dielectric losses depend on the types of polarization. Dielectric losses due to surface charge 

polarization occur around 104 Hz, those resulting from dipole polarization occur around 

108 Hz, losses due to atomic polarization occur around 1012 Hz, and dielectric losses due 

to electronic polarization occur around 1016 Hz. While dielectric losses increase with 

rising temperature (Jastrzebska  et al. 1998; Singh et al. 2012), in materials with atomic 

and electronic polarization, the dielectric constant does not change much at low 

temperatures. The dielectric constant is high at high temperatures due to the high ion 

movement. In materials with atomic polarization, the effect of temperature and frequency 

is very important. The dielectric constant increases sharply at a certain temperature and 

increases faster with increasing temperature at low frequencies. Thus, the position of the 
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dielectric loss (tan δ) peaks will shift towards high temperatures, in which case the 

dielectric constant (ε) will decrease with increasing frequency (Park et al. 2007).  

1.3. Direct Current (DC) and Alternative Current (AC) Conductivity 

Conductivity, one of the electronic properties that a material can demonstrate, is especially 

important widely used electronic feature in technology. For example, silver has a 

conductivity of about 107 ohms-1m-1, while Teflon conductivity is less than 10-17 ohms-

1m-1. Considering the other properties of the various materials, there is no property that 

shows such a significant difference. It is therefore interesting to examine electrical 

conductivity due to its widespread use in technology. In electrical conductivity, charge can 

be carried by different types or charge carriers. These different charge carriers have 

different masses, interact with their environment and respond differently to changes in 

external environments (Simpson and St.Clair 1997). 

1.4.  Direct Current (DC) Conductivity Measurement 

The most common charge carriers in the field of physics and engineering are electrons, 

electron holes and ions. Direct current is a known technique for measuring electrical 

conductivity. Two different methods are used in this conductivity measurement, "Two 

probe" and "Four probe". In the "two probe" method, the two contact areas are contacted 

simultaneously, while in the "Four probe" method it is contacted from four different places 

(Figure 1.11). Although the difference between these two methods is not obvious, the 'two 

probe' method is more common in DC conductivity measurement. In this technique, an 

ammeter is used to measure the current in the circuit, a battery as a DC power source and 

a voltmeter to measure the potential difference. 
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Figure 1.11. Schematic representation of two probe method 

Ohm's law explains the relationship between potential difference current intensity and 

resistance. If the potential difference between the two ends of a conductor increases, the 

current intensity increases, if the potential difference decreases, the current intensity 

decreases. The potential difference is directly proportional to the current intensity. Since 

the resistance and current intensity are inversely proportional, when the resistance of a 

conductor increases, the current intensity shrinks because the movement of electrons 

becomes more difficult. When the contact areas are physically in contact with the sample, 

interaction between the surfaces is not flawless. Generally, thin non-conductive oxide 

layers are present on the surfaces and can be atomically rough even if cleaned 

macroscopically.  

As a result, the current will start flowing from one contact surface to another when the two 

surfaces come into contact with each other or are connected to any electrical component 

by means of a wire, while facing significant resistance. This resistance is called Contact 

Resistance (Rc). 

Applying an alternating current is a better option to measure conductivity in situations 

where different charge carriers are present and the flow direction of the current changes 

over time, and therefore the charge in the sample is forced to swing back and forth. This 

method, called AC conductivity measurement, can also be used for samples that transmit 

electrons and is a versatile technique compared to DC conductivity measurement. DC 

A

Sample

V



12 

 

 

conductivity is used as a sufficient technique as much as possible because the equipment 

used in this method is more expensive. 

While a single data point is measured in DC measurement, in AC conductivity 

measurement, the properties of the signal are investigated according to different frequency 

ranges. Frequency varies (mHz to MHz) in AC conductivity measurement. In the AC 

measurement process, the sample is subjected to an amplitude AC voltage, which can be 

considered relatively small, the AC current corresponding to this current signal is recorded, 

and the change between the current and voltage is recorded as a function of time. The 

amplitude of the signal used in this process is very important. It must be small enough to 

cause the system to react linearly, but large enough to be recorded. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



2. LITERATURE REVIEW 

Amide bond is a very common functional group found in small or complex natural and 

synthetic compounds. It has a very important place in metabolism due to being involved in 

biological processes such as enzymatic catalysis, transport/storage, and immune protection. 

Since it is a pharmacologically important functional group, 25% of the known drugs have 

a carboxamide group (Amide bond) (Ghose et al. 1999). It owes this feature to its natural, 

stable structure and having both hydrogen accepting and hydrogen giving structure. 

 

Under normal conditions, ester and amide bond formation occurs as a result of an acid's 

condensation reaction with alcohol or amine, respectively. While classical esterification is 

an equilibrium reaction, a stable salt is formed by the interaction of amine and acid in amide 

bond formation (Ulijn  et al. 2002). 

 

For both medicinal and synthetic chemists, the priority is to apply the most appropriate 

method to fight against difficult and undesirable conditions such as steric effect, poor 

reactivity and racemization. In general, the goal is to increase yield, reduce the amount of 

by-products, increase selectivity, facilitate purification and use more economical reagents. 

Owing to the rapid developments in coupling methods in the last two decades, it has 

enabled high synthesis of a wide variety of compounds in the pharmacological industry. 

2.1. Amide Bond Formation Methods and Strategies  

The carboxy group is activated by converting it to structures such as acyl halides, acyl 

azides, acylimidazoles, anhydrides, esters, acylbenzotriazole. There are many ways to 

combine reactive carboxy derivatives with amines (Figure 2.1); 

 

• An acylation intermediate is obtained and isolated and then reacted with the amine. 

• Interaction with the amine without isolating a reactive acylating agent from the acid 
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• With the addition of coupling reagent in the presence of amine in the medium with 

acylating agent. 

 

Amide bond formation has problems such as low yield, racemization, degradation and 

difficult purification. Various types and numbers of coupling reagents have been developed 

to overcome these problems. 

Thionyl chloride (Chu  et al. 2005), oxalyl chloride (Adams and Ulich 1920; Yeung et al. 

2006), phosphorous trichloride PCl3, phosphorous pentachloride PCl5 are the most 

commonly used reagents for obtaining acyl chloride. 

 

Figure 2.1. Acylchloride formation mechanism 

The major disadvantage of the chlorination agents mentioned above is the formation of 

HCl during the reaction. Some groups are weak or sensitive to the acidic environment (such 

as the Boc group containing amines). Cyanuric chloride (2,4,6-trichloro-1,3,5-triazine), 

basic environment chlorination compound, is a reagent that provides the formation of acyl 

chloride in the presence of triethylamine (Venkataraman and Wagle 1979). 

The pH of the reaction medium is basic with the presence of triethyl amine, the possible 

reaction mechanism is the formation of the active ester compound and chlorine anion as a 

result of the initial aromatic nucleophilic substitution reaction. The next step is to obtain 

the desired acyl chloride compound as a result of the nucleophilic attack of the chloride 

anion on the activated ester. The main advantages of this reactive are the use of 0.33 
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equivalent triazine, while minimizing the formation of by-product, the use of cheap 

inorganic base and the reaction's ability to tolerate water. After the acyl chloride is 

obtained, an extra base is required to retain the HCl formed in the coupling step with amine 

compounds. Coupling step usually takes place in the presence of dry solvents and non-

nucleophilic amine bases in an inert environment. In peptide synthesis, acyl chloride shows 

some undesired properties such as hydrolysis, cleavage of the protecting group, 

racemization and side reactions (Figure 2.2). 

 

Figure 2.2. The reaction mechanism based on CDMT method 

Acyl azide production is the first peptide coupling method developed by Curtius (Curtius 

1902). Acyl azides are synthesized from the corresponding methyl esters in two stages. In 

the first step, acyl azide is obtained by nitration reaction of the compound of acyl hydrazine, 

which is formed by the replacement of the methoxy group with hydrazine. In the second 

step, the amine reacts with acyl azide intermediate (Figure 2.3). The absence of 

racemization makes this method very effective.  
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Figure 2.3. Amide formation steps via acyl azide method 

Carbonyl diimidazole (CDI) reagent allows synthesis of amide bond in one pot reaction 

(Paul and Anderson 1960). In the first place, as soon as acyl carboxy imidazole and 

imidazole are formed, the acyl imidazole active intermediate is formed. In the next stage, 

the intermediate interacts with the amine to form an amide bond. This reaction does not 

need extra base and it is also suitable for reaction with the HCl salt of the amine. 

Anhydrides can react with a wide range of nucleophiles such as alcohol, thiol and amine. 

Symmetrical anhydrides are formed by heating two related equivalent acids or reacting 

with DCC under mild conditions (Schlama et al. 1996). The driving force of this reaction 

is the formation of the urea byproduct. The anhydride then interacts with the amine to form 

carboxylate anion. This mild and effective coupling method is suitable for peptide synthesis 

(Figure 2.4). The biggest limitation for this method is that half of the acid reacts with the 

other half leading to acid loss.  
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Figure 2.4. General DCC mechanism 

Koenig and Geiger succeeded high efficiency and reduction in epimerization using 

hydroxybenzotriazole (HOBt) as additive. HOBt initially reacts with O-acylurea to form 

an OBt ester (Figure 2.6). The resulting activated ester is more stable and enables the amine 

to approach with hydrogen bond (König and Geiger 1970; König and Geiger 1970; 

Williams and Ibrahim 1981). In 1994, Carpino introduced the compound 1-hydroxy7-

azabenzotriazole (HOAt) into the literature. This compound is a more effective additive 

than HOBt with both high yield rate and low epimerization (Carpino 1993; Carpino et al. 

2000; Jad et al. 2015). 
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Figure 2.5. Common coupling additives 

Many coupling compounds associated with benzotriazole are known as the uronium / 

aminium salts. These compounds react with carboxylic acid to form OAt and OBt active 

esters to interact with amines. As a result of the interaction of amines with the coupling 

reagent for this reaction, guanidinum by-product is formed according to the order of 

participation and timing. The most commonly used alcohols based additives in amide bond 

synthesis are HOBt, p-nitrophenol (PNP) and penta fluorophenol moiety (PFP) are given 

in Figure 2.5. (Kisfaludy et al. 1974; Gangwar et al. 1997).  
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Figure 2.6. Formation of amide bond via coupling reagent and an additive HOBt 

Collectively, the amide bond has a very important place in both organic chemistry and 

biochemistry. Several coupling compounds have been developed for amide bond synthesis, 

but many are not effective for a wide range of amide bond formation. Only the most 

commonly used coupling reagents are mentioned here. 

2.2. Application of Cinnamic Acid Derivatives 

Cinnamic acid has long been used by humans as a component of plant-derived flavors 

(Hoskins 1984). Chemically, it is an aromatic fatty acid that is usually trans-geometry and 

consists of an acrylic acid group and a phenyl ring, and has low toxicity. Cinnamic acid 

and its derivatives have an unsaturated carbonyl fragment, which can be considered an 

active part, the Michael acceptor, which is often used in the design of anticancer drugs 

(Zou al. 2006). In biological chemistry, cinnamic acid is an important intermediate in 

phenylpropanoid pathways, the precursor of lignin, the structural component of flavonoids 

and plants (Whetten et al. 1998; Boerjan et al. 2003; Edreva 2005). It is reported that 

chlorogenic acids (esters of kinic and cinnamic acids) are well-known antioxidants, as well 

as having various health benefits such as mitigating cardiovascular diseases, type 2 

diabetes, and Alzheimer's disease(Kweon et al. 2001; Cos et al. 2002; Farah et al. 2008). 

Cinnamic acid derivatives have been evaluated as pharmacologically active compounds 

due to their wide availability in plants and their low toxicity (Hoskins 1984; Clifford 1999; 
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Clifford 2000). Besides showing various biological activities (Saraf and Simonyan 1992; 

Avanesyan et al. 2009) they are often used as promising starting compounds for the 

development of new and highly effective drugs. Avanesyan et al. reported the antiradical 

activity of several cinnamic acid derivatives with different substitutions in the aromatic 

ring. They stated that the type and location of the substituents on the aromatic ring increase 

or decrease the activity, and also the cinamoil part is the determining factor on the 

antiradical activity. It is well known that cinnamic acid has an antimicrobial effect against 

pathogenic and spoilage bacteria although it restricts the use of low solubility in water 

(Hoskins 1984; Narasimhan et al. 2004; Truong et al. 2010). In addition to natural sources, 

several synthetic cinnamates have shown strong inhibitory activity against HIV-1 integrase 

(Serkedjieva et al. 1992; Burke et al. 1995; Lee et al. 2007). 

Most of the studies in the literature are on organic, inorganic and polymer compounds. As 

the pure forms of these compounds show low electrical properties, it is aimed to increase 

the electrical properties by using carbon-based, ceramic and various metal composites as 

fillers as the main method. In this thesis, the electrical parameter results of chalcone 

compounds, which are structurally closest to the synthesized amino acid conjugates, are 

discussed comparatively in the result and discussion section. 

The dielectric constant indicates how much energy is stored and how much is lost with the 

electric field applied externally to a compound (Okutan et al. 2007; Koran et al. 2016; 

Biryan et al. 2018). Studies on the dielectric properties of the compounds containing 

conjugated p electrons in its structure have increased in recent years. Koran at al. have 

works about various chalcone derivatives which are similar to cinnamic acid compounds 

structurally. In the light of these studies, conjugated chalcone compounds compounds were 

evaluated against increasing frequency and temperature. The obtained results showed that 

they can be used in various optical and electrical applications such as light emitting diode, 

solar cell and nano-sized electronic devices due to their conductive and semiconductor 

properties. Besides these works, numerous polymers have synthesized and evaluated in 

terms of dielectric, optoelectronic applications. 

Dielectric materials continue to attract attention due to their application areas such as 

dielectric based capacitors, communication devices, field effect transistors (FETs) and 

actuators. Ceramic based dielectric materials are the most preferred in applications. Many 
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polymer compounds are not very suitable for dielectric applications due to their low 

dielectric constant (between 2 and 10). By mixing polymers with materials such as ceramic 

nanoparticles BaTiO3 or Pb (Zr, Ti) O3 certain proportions have been given suitable 

compounds for dielectric applications (Ming et al. 2016). Huang et al. have managed to 

increase the dielectric constant to over 400 by forming a composite with copper atom in 

phthalocyanine compounds (Huang et al 2004). In another study, the dielectric constant of 

the compounds obtained by integrating organic photo voltaic (OPV) into semiconductors 

with high dielectrics was measured to around 16 (Maes et al. 2017). 

In the study conducted by Burn et al. on the dielectric properties of organic semiconductors, 

it has been determined that the dielectric constant varies between 4 and 9 depending on the 

groups in the compound at low frequencies (Burn et al. 2017). In another study, graphene 

oxide doped poly (vinylidene fluoride) compounds with high dielectric constant and low 

dielectric loss were prepared (Wang et al. 2016). In the study conducted by Javed et al, 

glass fiber addition was applied in certain proportions to increase the dielectric parameters 

(Javed et al 2005). 

 

 

 

 

 

 

 

 

 

 

 

 

 



3. MATERIALS AND METHODS 

3.1. Material 

Table 3.1.1. Chemical components used in the study 

Chemical Company Country 

Triethylamine (TEA) Sigma-Aldrich  USA 

Sodium hydroxide Sigma-Aldrich  USA 

Hydrochloric acid Sigma-Aldrich  USA 

1-H-benzotriazole (BtH) Sigma-Aldrich  USA 

Dicyclohexylcarbodiimide (DCC) TCI  Japan 

2-chloro-4,6-dimethoxy-1,3,5-triazine (CDMT) TCI  Japan 

N-methyl morpholine Merck  Germany 

Piperidine Merck  Germany 

Malonic acid ACROSS  USA 

Glycine TCI  Japan 

L-alanine TCI  Japan 

L-methionine TCI  Japan 

L-leucine TCI  Japan 

L-alanine methyl ester TCI  Japan 

Glycine methyl ester Sigma-Aldrich  USA 

2-chloro benzaldehyde Sigma-Aldrich  USA 

4-chloro benzaldehyde Sigma-Aldrich  USA 

4-nitro benzaldehyde Sigma-Aldrich  USA 

2-methyl benzaldehyde Sigma-Aldrich  USA 

3-methyl benzaldehyde Sigma-Aldrich  USA 

4-methoxy benzaldehyde Sigma-Aldrich  USA 

2,4-dimethoxy benzaldehyde Sigma-Aldrich  USA 

2,4,5-trimethoxy benzaldehyde Sigma-Aldrich  USA 

2-fluoro benzaldehyde Sigma-Aldrich  USA 

9-phenanthrenecarboxaldehyde Sigma-Aldrich  USA 

1-pyrenecarboxaldehyde Sigma-Aldrich  USA 

1-naphthaldehyde Sigma-Aldrich  USA 

Biphenyl-4-carboxaldehyde Sigma-Aldrich  USA 
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Table 3.1.2. Chemical components used in the study 

Chemical Company Country 

n-hexane Tekkim  Turkey 

Chloroform Merck  Germany 

Acetonitrile ACROSS  USA 

Ethyl acetate Sigma-Aldrich  USA 

Pyridine Merck  Germany 

Table 3.1.3.  Laboratory equipment used in the study 

Equipment Company Country 

pH meter Thermo USA 

Magnetic stirrer ISOLAB Germany 

Rotary evaporator Buchi Switzerland 

Refrigerator  Arçelik  Turkey 

400 MHz NMR Bruker Germany 

Elemental analysis Leco  USA 

Impedance analyzer  HIOKI Japan 

FT-IR spectrometer Thermo USA 

3.2. Experimental 

1H and 13C APT NMR spectra were recorded on 400 MHz apparatus in CDCl3 or DMSO-

d6 with using TMS as internal standard. All solvents were used without further 

purifications. Unprotected amino acid and ester forms were purchased from commercial 

sources. Cinnamic acid derivatives, N-acyl benzotriazoles, amino acid conjugates were 

prepared via literatures (Katritzky et al. 1998, Katritzky et al. 2000). FT-IR experiments 

carried out by using Thermo Scientific Nicolet iS5 device and Leco CHNS-932 devise were 

used for elemental analysis.  
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3.2.1. General Synthetic Procedures for Cinnamic Acid Derivatives (R-CA-OH) 

The malonic acid (2.2 eq.), aromatic aldehyde (1.0 eq.), piperidine (0.2 eq.) and pyridine 

(5.7 eq.) as solvent was added to 250 ml reaction flask which then arranged for reflux 

overnight. The reaction was monitored by thin layer chromatography and after completion 

of the reaction, the mixture added to 600 ml baker which contained 400 ml distilled water. 

Initially, a precipitate was occurred. Then pH of the mixture was brought up to 5 and let 

the mixture stirred for couple of hours. The precipitated was filtered and the obtained solid 

was dried. Yields were between 85 and 95%. 

3.2.1.1. (E)-3-(4-nitrophenyl)acrylic acid (4-nitro-CA-OH) 

 

Reaction of 4-nitro benzaldehyde (1.0 g; 6.62 mmol), malonic acid (1.51 g; 14.56 mmol), 

and piperidine (112.7 mg; 1.32 mmol) as a catalyst in pyridine (5 ml) under reflux for 6 

hours gave desired product (1.1 g; 5.69 mmol) with 86.1% yield as a white solid. Melting 

point: 283-287 oC, Lit: 289-290 oC . 1H NMR (DMSO-d6) δ: 12.76 (bs, CO2H, 1H), 8.26 – 

8.24 (m, =CH, AA′ part of AA′BB′ system, 2H), 8.01–7.99 (m, =CH, BB′ part of AA′BB′ 

system, 2H), 7.71(d, J = 16.0 Hz, =CH, 1H), 6.79 (d, J = 16.0 Hz, =CH, 1H).13C-APT 

NMR (DMSO-d6): 167.50, 148.43, 141.81, 141.23, 129.77, 124.40, 124. 10. Elemental 

analysis: C9H7NO4 required C, 55.96; H, 3.65; N, 7.25, found C, 55.96; H, 3.67; N, 7.26. 

The spectroscopic results are compatible with the literature (Zhdanko et al. 2011). 
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3.2.1.2. (E)-3-(4-chlorophenyl)acrylic acid (4-chloro-CA-OH) 

 

Reaction of 4-chloro benzaldehyde (3.0 g; 20.92 mmol) , malonic acid (4.89 g; 46.95 

mmol), and piperidine (363.46 mg; 4.27 mmol) as a catalyst in pyridine (10 ml)  under 

reflux for 6 hours gave desired product (3.62 g; 19.82 mmol) with 92.9% yield as a brown 

solid. Melting point: 238-240 oC, lit: 242-248 oC. 1H NMR (DMSO-d6) δ: 12.54 (bs, CO2H, 

1H), 7.76-7.74 (m, =CH, AA′ part of AA′BB′ system, 2H), 7.60 (d, J = 16.0 Hz, =CH, 1H), 

7.50-7.48 (m, =CH, BB′ part of AA′BB′ system, 2H), 6.58 (d, J = 16.0 Hz, =CH, 1H).13C-

APT NMR (DMSO-d6): 167.94, 142.85, 135.14, 133.73, 130.38, 129.39,120.72. The 

spectroscopic results are compatible with the literature (Martins  et al. 2015). 

3.2.1.3. (E)-3-(4-methoxyphenyl)acrylic acid (4-methoxy-CA-OH)  

 

Reaction of 4-methoxy benzaldehyde (3.0 g; 22.03 mmol), malonic acid (5.04 g; 48.48 

mmol), and piperidine (375.25 mg; 4.41 mmol) as a catalyst in pyridine (10 ml) under 

reflux for 6 hours gave desired product (3.76 g; 21.10 mmol) with 95.77% yield as a white 

solid. Melting point: 169-172 oC, lit: 171-173 oC. 1H NMR (DMSO-d6) δ: 12.21 (bs, CO2H, 

1H), 7.66-7.64 (m, =CH, AA′ part of AA′BB′ system, 2H), 7.56 (d, J = 16.0 Hz, =CH, 1H), 

6.99-6.97 (m, =CH, BB′ part of AA′BB′ system, 2H), 6.38 (d, J = 16.0 Hz, =CH, 1H), 3.80 

(s, OCH3, 3H). 13C-APT NMR (DMSO-d6): 168.28, 161.42, 144.20, 130.40, 127.31, 
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116.99, 114.83, 55.78. The spectroscopic results are compatible with the literature 

(SawpathKumar  et al. 1998). 

3.2.1.4. (E)-3-(2-chlorophenyl)acrylic acid (2-chloro-CA-OH) 

 

Reaction of 2-chloro benzaldehyde (3.0 g; 20.92 mmol), malonic acid (4.89 g; 46.95 

mmol), and piperidine (363.46 mg; 4.27 mmol) as a catalyst in pyridine (10 ml) under 

reflux for 6 hours gave desired product (3.56 g; 19.50 mmol) with 91.35% yield as a white 

solid. Melting point: 210-212 oC, lit: 208-212 oC. 1H NMR (DMSO-d6) δ: 12.64 (bs, CO2H, 

1H), 7.95 – 7.92 (m, =CH, 1H), 7.89 (d, J = 16.0 Hz, =CH, 1H), 7.57–7.54 (m, =CH, 1H), 

7.48–7.43 (td, J = 2.0 Hz, =CH, 1H), 7.42-7. 39 (td, J = 1.6 Hz, =CH, 1H), 6.61 (d, J = 

16.0 Hz, =CH, 1H). 13C-APT NMR (DMSO-d6): 167.61, 139.15, 134.03, 132.35, 132.14, 

130.42, 128.72, 128.24, 122.81. The spectroscopic results are compatible with the literature 

(Pardin  et al. 2008). 

3.2.1.5. (E)-3-(2-fluorophenyl)acrylic acid (2-fluoro-CA-OH) 

 

Reaction of 2-fluoro benzaldehyde (5.0 g; 40,29 mmol), malonic acid (9.22 g; 88.63 

mmol), and piperidine (857.58 mg; 10.07 mmol) as a catalyst in pyridine (15 ml) under 

reflux for 6 hours gave desired product (6.02 g; 36.23 mmol) with 89.94 % yield as a white 

solid. Melting point: 170-173 oC, lit: 173-174 oC. 1H NMR (DMSO-d6) δ: 12.58 (bs, CO2H, 
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1H), 7.87–7.83 (m, =CH, 1H), 7.67 (d, J = 16.0 Hz, =CH, 1H), 7.52–7.46 (m, =CH, 1H,), 

7.32–7.29 (m, =CH, 1H), 7.27–7.25 (m, =CH, 1H), 6.61 (d, J = 16.0 Hz, =CH, 1H). 13C-

APT NMR (DMSO-d6): 167.72, 162.22, 159.73, 136.15 – 136.12, 132.74 – 132.65, 129.73 

– 129.70, 125.49 – 125.45, 122.41 – 122.35, 122.25, 116.41 – 116.41. The spectroscopic 

results are compatible with the literature (Szymanski et al. 2009). 

3.2.1.6. (E)-3-(o-tolyl)acrylic acid (2-methyl-CA-OH) 

 

Reaction of 2-methyl benzaldehyde (5.0 g; 41.61mmol), malonic acid (8.66 g; 83.23 

mmol), and piperidine (885.86 mg; 10.40 mmol) as a catalyst in pyridine (15 ml) under 

reflux for 6 hours gave desired product (6.25 g; 38.54 mmol) with 92.60 % yield as a white 

solid. Melting point: 181-183 oC, lit: 184-185 oC. 1H NMR (DMSO-d6) δ: 12.51 (bs, CO2H, 

1H), 7.83 (d, J = 16.0 Hz, =CH, 1H), 7.72–7.70 (m, =CH, 1H,), 7.34–7.23 (m,=CH, 3H), 

6.44 (d, J = 16.0 Hz, =CH, 1H). 13C-APT NMR (DMSO-d6): 168.00, 141.62, 137.62, 

133.39, 131.17, 130.42, 126.95, 126.89, 120.69, 19.74. The spectroscopic results are 

compatible with the literature (Sass  et al. 2011). 

3.2.1.7. (E)-3-(2,4-dimethoxyphenyl)acrylic acid (2,4-dimethoxy-CA-OH) 

 

Reaction of 2,4-dimethoxy benzaldehyde (5.0 g; 30.09 mmol), malonic acid (6.89 g; 66.19 

mmol), and piperidine (512.41 mg; 6.02 mmol) as a catalyst in pyridine (15 ml) under 
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reflux for 6 hours gave desired product (5.65 g; 27.14 mmol) with 90.19 % yield as a white 

solid. Melting point: 185-187 oC, lit: 187-189 oC. 1H NMR (DMSO-d6) δ: 12.09 ((bs, 

CO2H, 1H), 7.76 (d, J = 16.0 Hz,=CH, 1H), 7.62 (d, J = 8.8 Hz, =CH, 1H), 6.63 (d, J = 2.4 

Hz, =CH, 1H), 6.59 (d, J = 8.8 Hz, =CH, 1H), 6.39 (d, J = 16.0 Hz,=CH, 1H), 3.88 (s, 

OCH3, 3H), 3.83 (s, OCH3, 3H). 13C-APT NMR (DMSO-d6): 168.71, 162.99, 139.23, 

130.40, 116.75, 155.82, 106.56, 98.77, 56.18, 55.92. The spectroscopic results are 

compatible with the literature (De Simone et al. 2009).  

3.2.1.8. (E)-3-(2,4,5-trimethoxyphenyl)acrylic acid (2,4,5-trimethoxy-CA-OH) 

 

Reaction of 2,4,5-trimethoxy benzaldehyde (3.0 g; 15.29 mmol), malonic acid (3.50 g; 

33.50 mmol), and piperidine (260.39 mg; 3.06 mmol) as a catalyst in pyridine (10 ml) 

under reflux for 6 hours gave desired product (3.11 g; 13.05 mmol) with 85.37 % yield as 

a light yellow solid. Melting point: 170-172 oC, lit: 168-169 oC. 1H NMR (DMSO-d6) δ: 

12.11 (bs, CO2H, 1H), 8.81 (d, J = 16.0 Hz, =CH, 1H), 7.25 (s, =CH, 1H), 6.73 (s, =CH, 

1H), 6.40 (d, J = 16.0 Hz, =CH, 1H), 3.87 (s, OCH3, 3H), 3.86 (s, OCH3, 3H), 3.76 (s, 

OCH3, 3H). 13C-APT NMR (DMSO-d6): 168.73, 153.71, 152.56, 143.46, 138.88, 116.55, 

114.20, 111.38, 98.09, 56.81, 56.57, 56.26. The spectroscopic results are compatible with 

the literature (Gayam and Ravi 2017).  
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3.2.1.9. (E)-3-([1,1'-biphenyl]-4-yl)acrylic acid (phenylbenzyl-CA-OH)  

 

Reaction of [1,1'-biphenyl]-4-carbaldehyde (2.0 g; 10.9 mmol), malonic acid (2.51 g; 24.1 

mmol), and piperidine (0.186 g; 2.19 mmol) as a catalyst in pyridine (7 ml) under reflux 

for 6 hours gave desired product (1.98 g; 8.83 mmol) with 80.44 % yield as a white solid. 

Melting point: 219-221 oC, lit: 217-223 oC. 1H NMR (DMSO-d6) δ: 7.79-7.77 (m, AA’ part 

of AA’BB’ system, =CH, 2H), 7.73-7.70 (m, BB’ part of AA’BB’ system, =CH, 2H), 7.72 

(d, J = 1.2 Hz,=CH, 2H), 7.64 (d, J = 16.0 Hz, =CH, 1H), 7.51–7.47 (t, J = 7.6 Hz, =CH, 

2H), 7.40 (d, J = 16.0 Hz, =CH, 1H). 13C-APT NMR (DMSO-d6): 168.33, 143.44, 142.08, 

139.75, 133.99, 129.49, 129.25, 128.37, 127.54, 127.15, 120.27. The spectroscopic results 

are compatible with the literature (Gao et al. 2018). 

3.2.1.10. (E)-3-(naphthalen-1-yl)acrylic acid (Naft-CA-OH) 

 

Reaction of 1-naphthaldehyde (3.0 g; 19.21 mmol), malonic acid (4.40 g; 42.26 mmol), 

and piperidine (327.11 mg; 3.84 mmol) as a catalyst in pyridine (5 ml) under reflux for 6 

hours gave desired product (3.20 g; 16.14 mmol) with 84.05 % yield as a white solid. 

Melting point: 214-216 oC, lit: 210-214 oC.1H NMR (DMSO-d6) δ: 12.58 (bs, CO2H, 1H), 

8.40 (d, J = 15.6 Hz, =CH, 1H), 8.22 (d, J = 8.4 Hz, =CH, 1H), 8.04-7.95 (m, =CH, 3H), 

7.67-7.56 (m, =CH, 3H), 6.62 (d, J = 15.6 Hz, =CH, 1H). 13C-APT NMR (DMSO-d6): 
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168.33, 143.44, 142.08, 139.75, 133.99, 129.49, 129.25, 128.37, 127.54, 127.15, 120.10. 

The spectroscopic results are compatible with the literature (Bowden and Hojatti 1990). 

3.2.1.11. (E)-3-(phenanthren-9-yl)acrylic acid (Phenant-CA-OH) 

 

Reaction of phenanthrene-9-carbaldehyde (3.0 g; 14.55 mmol), malonic acid (3.33 g; 32,00 

mmol), and piperidine (247.72 mg; 2.91 mmol) as a catalyst in pyridine (10 ml) under 

reflux for 6 hours gave desired product as a dark white solid (2.92 g; 11.76 mmol) with 

80.85 % yield. Melting point: 228-231 oC, lit: 230-233 oC.  1H NMR (DMSO-d6) δ: 8.94–

8.91 (m, =CH, 1H), 8.85 (d, J = 8.0 Hz, =CH, 1H), 8.40 (d, J = 15.6 Hz, =CH, 1H), 8.31 

(s, =CH, 1H), 8.26–8.23 (m, =CH, 1H), 8.09 (d, J = 8.0 Hz, 1H), 7.79–7.67 (m, =CH, 4H), 

6.71 (d, J = 15.6 Hz, =CH, 1H). 13C-APT NMR (DMSO-d6): 168.09, 140.87, 131.33, 

130.87, 130.67, 129.95, 129.73, 128.35, 127.90, 127.70, 127.62, 126.85, 124.46, 124.06, 

123.33. The spectroscopic results are compatible with the literature (Bachmann and 

Kloetzel 1937). 

3.2.1.12. (E)-3-(pyren-4-yl)acrylic acid (Pyrene-CA-OH) 
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Reaction of pyrene-1-carbaldehyde (3.0 g; 13.03 mmol), malonic acid (2.98 g; 28.66 

mmol), and piperidine (221.87 mg; 2.61 mmol) as a catalyst in pyridine (10 ml) under 

reflux for 6 hours gave desired product (2.85 g; 10.47 mmol) with 80.33 % yield as light 

yellow solid. Melting point: 275-278 oC, lit: 270-280 oC. 1H NMR (DMSO-d6) δ: 12.61 (s, 

CO2H, 1H), 8.72 (d, J = 15.6 Hz, =CH, 1H), 8.57-8.53 (t, J = 8.4 Hz, =CH, 2H,), 8.40 (d, 

J = 3.2 Hz, =CH, 1H), 8.38  (d, J = 3.2 Hz, =CH, 1H), 8.34 (d, J = 8.8 Hz, =CH, 2H), 8.29-

8.22 (m, =CH, 2H), 8.15-8.11 (t, J = 7.6 Hz, =CH, 1H), 6.85 (d, J = 15.6 Hz,  =CH,  1H). 

13C-APT NMR (DMSO-d6): 168.10, 140.36, 132.58, 131.32, 130.67, 129.39, 129.20, 

128.96, 128.33, 127.84, 127.12, 126.61, 126.35, 125.81, 125.12, 124.51, 124.25, 122.78, 

122.13. The spectroscopic results are compatible with the literature (Oh and Hong 2013). 

3.2.2. General Synthetic Procedures for N-Acylbenzotriazol Derivatives (R-CA-Bt) 

 

 

Benzotriazole (4.0 eq.) was dissolved in dichloromethane (50 ml) in 250 ml reaction flask. 

After became a transparent solution, thionyl chloride (1.2 eq.) was added to reaction 

mixture dropwise at room temperature. Yellow color was occurred and the reaction was 

stirred around 15 minutes. Then cinnamic acid derivative (1.0 eq.)  added to reaction flask 

and the mixture stirred for 12 hours. After the completion of the reaction, reaction solvent 

was removed under pressure. The obtained solid was then added to a baker which contained 

300 ml distilled water and the temperature was kept between 50 – 60 oC for 2 hours. The 

precipitate was filtered and dried. The desired product was obtained as solid. Yields 60 – 

85%. 
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3.2.2.1. (E)-3-([1,1'-biphenyl]-4-yl)-1-(1H-benzo[d][1,2,3]triazol-1-yl)prop-2-en-1-one 

(phenylbenzyl-CA-Bt) 

 

Benzotriazole (2.12 g; 17.84 mmol) and Thionyl chloride (636 mg; 5.35 mmol) were 

dissolved in dichloromethane (40 ml) and after 15 minutes, 4-phenybenzyl-CA-OH (1.0 g; 

4.46 mmol) was added to reaction mixture. After above mentioned purification steps, 

desired product 4-phenybenzyl-CA-Bt was obtained as a yellow solid (1.18 g; 3.63 mmol) 

with yield 81.33%. Melting point: 143-146 oC. 1H NMR (DMSO-d6) δ: 8.37 (d, J = 8.0 Hz, 

=CH, 1H), 8.28 (d, J = 8.0 Hz, =CH, 1H), 8.23–8.08 (m, =CH, 3H), 8.01 (d, J = 8.4 Hz, 

=CH, 2H), 7.83 (d, J = 8.4 Hz, =CH, 2H), 7.77 (d, J = 8.0 Hz, =CH, 2H), 7.65 (t, J = 7.6 

Hz, =CH,  1H), 7.54–7.50 (t, J = 7.6 Hz, =CH, 2H), 7.45–7.41 (t, J = 7.6 Hz, =CH, 1H). 

13C-APT NMR (DMSO-d6): 163.99, 148.27, 146.18, 143.52, 139.49, 133.44, 131.43, 

131.25, 130.37, 129.57, 128.70, 127.80, 127.30, 127.08, 120.62, 116.39, 114.84. Elemental 

analysis: C21H15N3O required C, 77.52; H, 4.65; N, 12.91, found C, 77.59; H, 4.72; N, 

12.99.  

3.2.2.2. (E)-1-(1H-benzo[d][1,2,3]triazol-1-yl)-3-(naphthalen-1-yl)prop-2-en-1-one 

(Naft-CA-Bt) 
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Benzotriazole (2.40 g; 20.18 mmol) and Thionyl chloride (720.16 mg; 6.05 mmol) were 

dissolved in dichloromethane (40 ml) and after 15 minutes, 1-napthalen-CA-OH (1.0 g; 

5.04 mmol) was added to reaction mixture. After above mentioned purification steps, 

desired product 1-napthalen-CA-Bt was obtained as a white solid (1.26 g; 4.21 mmol) with 

yield 83.44%. Melting point: 138-140 oC. 1H NMR (DMSO-d6) δ: 8.93 (d, J = 16.0 Hz, 

=CH, 1H), 8.41–8.38 (dd, J = 5.4 Hz, =CH, 2H), 8.31 (d, J = 8.0 Hz, =CH, 1H), 8.24 (d, J 

= 7.2 Hz, =CH, 1H,), 8.20–8.13 (t, J = 16 Hz, 8.4 Hz, =CH, 2H,), 8.06 (d, J = 8.0 Hz, =CH, 

1H), 7.84 (d, J = 6.8 Hz, =CH, 1H), 7.70 (m, =CH, 3H). 13C-APT NMR (DMSO-d6): 

163.80, 146.16, 144.67, 133.88, 132.34, 131.52, 131.42, 131.30, 130.96, 129.39, 128.08, 

127.12, 127.03, 126.82, 126.33, 123.48, 120.65, 118.65, 114.81. Elemental analysis: 

C19H13N3O required C, 76.24; H, 4.38; N, 14.04, found C, 76.28; H, 4.45; N, 14.11. The 

spectroscopic results are compatible with the literature (Uraguchi, Ueki et al. 2009).  

3.2.2.3. (E)-1-(1H-benzo[d][1,2,3]triazol-1-yl)-3-(phenanthren-9-yl)prop-2-en-1-one 

(Phenant-CA-Bt) 

 

Benzotriazole (1.92 g; 16.11 mmol) and thionyl chloride (574.96 mg; 4.83 mmol) were 

dissolved in dichloromethane (40 ml) and after 15 minutes, phenanthrene-CA-OH (1.0 g; 

4.03 mmol) was added to reaction mixture. After above mentioned purification steps, 

desired product phenanthrene-CA-Bt was obtained as a light yellow (1.03 g; 2.95 mmol) 

with yield 73.19%. Melting point: 155-157 oC.  1H NMR (DMSO-d6) δ: 8.99 – 8.95 (dd, J 

= 5.4 Hz, =CH, 2H,), 8.90 (d, J = 8.4 Hz, =CH, 1H), 8.65 (s, =CH, 1H), 8.45-8.41 (m, 

=CH, 2H), 8.35-8.32 (m, =CH, 2H), 8.24-8.22 (dd, J = 1.4 Hz, =CH, 1H), 7.89-7.85 (td, J 

= 1.2 Hz, 2.4 Hz, =CH, 1H,), 7.84–7.79 (m, =CH, 3H), 7.77–7.73 (td, J = 0.8 Hz, 1.2 Hz, 

=CH, 1H,), 7.71 – 7.67 (td, J = 1.2 Hz, 2.0 Hz, =CH, 1H).   Elemental analysis: C23H15N3O 

required C, 79.07; H, 4.33; N, 12.03, found C, 79.11; H, 4.36; N, 12.08.  
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3.2.2.4. (E)-1-(1H-benzo[d][1,2,3]triazol-1-yl)-3-(pyren-4-yl)prop-2-en-1-one 

(Pyrene-CA-Bt) 

 

Benzotriazole (1.75 g; 14.69 mmol) and thionyl chloride (524.24 mg; 4.41 mmol) were 

dissolved in dichloromethane (40 ml) and after 15 minutes, pyrene-CA-OH (1.0 g; 3.67 

mmol) was added to reaction mixture. After above mentioned purification steps, desired 

product pyrene-CA-Bt was obtained as an orange solid (856 mg; 2.29 mmol) with yield 

62.42%. Melting point: 167-169 oC. 1H NMR (DMSO-d6) δ: 9.22 (d, J = 15.6 Hz, =CH, 

1H), 8.73–8.72 (d, J = 3.2 Hz, =CH, 1H), 8.70–8.69 (d, J = 4.0 Hz, =CH, 1H), 8.43–8.39 

(m, =CH, 5H), 8.34–8.33 (d, J = 6.8 Hz, =CH, 1H), 8.31–8.25 (m, =CH, 4H), 8.17–8.13 (t, 

J = 7.6 Hz, =CH, 1H), 7.87–7.83 (t, J = 7.8 Hz, =CH, 1H), 7.69–7.65 (t, J = 7.6 Hz, =CH, 

1H). Elemental analysis: C25H15N3O required C, 80.41; H, 4.05; N, 11.25, found C, 80.43; 

H, 4.11; N, 11.27.  

3.2.2.5. (E)-1-(1H-benzo[d][1,2,3]triazol-1-yl)-3-(2,4,5-trimethoxyphenyl)prop-2-en-

1-one (2,4,5-trimethoxy-CA-Bt) 

 

Benzotriazole (2.00 g; 16.79 mmol) and thionyl chloride (599.19 mg; 5.04 mmol) were 

dissolved in dichloromethane (40 ml) and after 15 minutes, 2,4,5-trimethoxy-CA-OH (1.0 

g; 4.20 mmol) was added to reaction mixture. After above mentioned purification steps, 

desired product 2,4,5-trimethoxy-CA-Bt was obtained as a green solid (1.23 g; 3.62 mmol) 

with yield 86.35%. Melting point: 159-162 oC. 1H NMR (DMSO-d6) δ: 8.37-8.36 (d, J = 
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1.6 Hz, =CH, 1H), 8.34 (d, J = 5.2 Hz, =CH, 1H), 8.28 (d, J = 8.4 Hz, =CH, 1H), 8.01 (d, 

J = 15.6 Hz, =CH, 1H,), 7.82–7.78 (t, J = 7.8 Hz, =CH, 1H), 7.65 –7.61 (t, J = 7.8 Hz, 

=CH, 1H), 7.46 (s, =CH,  1H), 6.81 (s, =CH, 1H). 13C-APT NMR (DMSO-d6): 164.67, 

155.57, 154.34, 146.11, 143.88, 143.65, 131.53, 131.03, 126.87, 120.51, 114.90, 114.05, 

112.81, 112.31, 97.97, 57.03, 56.72, 56.45. Elemental analysis: C18H17N3O4 required C, 

63.71; H, 5.05; N, 12.38, found C, 63.74; H, 5.09; N, 12.41.  

3.2.2.6. (E)-1-(1H-benzo[d][1,2,3]triazol-1-yl)-3-(2,4-dimethoxyphenyl)prop-2-en-1-

one (2,4-dimethoxy-CA-Bt) 

 

Benzotriazole (2.29 g; 19.21 mmol) and thionyl chloride (685.60 mg; 5.76 mmol) were 

dissolved in dichloromethane (40 ml) and after 15 minutes, 2,4-dimethoxy-CA-OH (1.0 g; 

4.80 mmol) was added to reaction mixture. After above mentioned purification steps, 

desired product 2,4-dimethoxy-CA-Bt was obtained as a yellow solid (1.19 g; 3.85 mmol) 

with yield 80.10%. Melting point: 161-165 oC.  1H NMR (DMSO-d6) δ: 8.35 (d, J = 8.4 

Hz, =CH, 1H), 8.29–8.28 (d, J = 5.6 Hz, =CH, 1H), 8.24 (d, J = 2.4 Hz, =CH, 1H), 8.01 

(d, J = 16.0 Hz, =CH, 1H), 7.86 (d, J = 8.4 Hz, =CH, 1H,), 7.82–7.78 (td, J = 1.2 Hz, =CH, 

1H), 7.65–7.61 (td, J = 2.4 Hz, =CH, 1H). 13C-APT NMR (DMSO-d6): 164.60, 164.46, 

146.12, 144.12, 132.42, 131.49, 131.02, 126.85, 120.50, 115.84, 114.86, 113.24, 107.19, 

99.00, 56.53, 56.16. Elemental analysis: C17H15N3O3 required C, 66.01; H, 4.89; N, 13.58, 

found C, 66.03; H, 4.96; N, 13.68.  
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3.2.2.7. (E)-1-(1H-benzo[d][1,2,3]triazol-1-yl)-3-(4-methoxyphenyl)prop-2-en-1-one 

(4-methoxy-CA-Bt)  

 

Benzotriazole (2.67 g; 22.45 mmol) and thionyl chloride (801.13 mg; 6.73 mmol) were 

dissolved in dichloromethane (40 ml) and after 15 minutes, 4-methoxy-CA-OH (1.0 g; 5.61 

mmol) was added to reaction mixture. After above mentioned purification steps, desired 

product 4-methoxy-CA-Bt was obtained as a white solid (1.32 g; 4.73 mmol) with yield 

84.21%. Melting point: 151-155 oC, lit: 157-159 oC. 1H NMR (DMSO-d6) δ: 8.36 (d, J = 

8.2 Hz, =CH,  1H), 8.29 (d, J = 8.2 Hz, =CH, 1H,), 8.13 (d, J = 16.0 Hz, =CH, 1H), 7.96 – 

7.91 (m, =CH, AA′ part of AA′BB′ system, 2H), 7.83 – 7.79 (m, =CH, 1H,), 7.66 – 7.62 

(m, =CH, 1H), 7.08 (m, =CH, BB′ part of AA′BB′ system, 2H), 3.86 (s, OCH3, 3H). 13C-

APT NMR (DMSO-d6): 164.14, 162.67, 148.85, 146.14, 131.78, 131.45, 131.12, 127.02, 

126.95, 120.56, 115.18, 114.84, 113.53, 55.99. The spectroscopic results are compatible 

with the literature (Xia et al. 2011). 

3.2.2.8. (E)-1-(1H-benzo[d][1,2,3]triazol-1-yl)-3-(o-tolyl)prop-2-en-1-one (2-methyl-

CA-Bt) 

 

Benzotriazole (2.94 g; 24.66 mmol) and thionyl chloride (880.16 mg; 7.40 mmol) were 

dissolved in dichloromethane (40 ml) and after 15 minutes, 2-methyl-CA-OH (1.0 g; 6.71 

mmol) was added to reaction mixture. After above mentioned purification steps, desired 

product 2-methyl-CA-Bt was obtained as a white solid (1.46 g; 5.55 mmol) with yield 
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89.93%. Melting point: 125-128 oC, lit: 127-129 oC. 1H NMR (DMSO-d6) δ: 8.37–8.28 (m, 

=CH, 3H), 8.01–7.94 (m, =CH, 2H), 7.84–7.79 (m, =CH, 1H), 7.70–7.62 (m, =CH, 1H), 

7.44–7.34 (m, =CH, 3H). 13C-APT NMR (DMSO-d6): 163.92, 146.15, 145.18, 139.01, 

132.96, 131.83, 131.53, 131.40, 131.25, 127.61, 127.20, 127.08, 120.62, 117.41, 114.77. 

19.82. Elemental analysis: C16H13N3O required C, 72.99; H, 4.98; N, 15.96, found C, 73.01; 

H, 5.09; N, 16.02.  

3.2.2.9. (E)-1-(1H-benzo[d][1,2,3]triazol-1-yl)-3-(2-chlorophenyl)prop-2-en-1-one (2-

chloro-CA-Bt) 

 

Benzotriazole (2.61 g; 21.91 mmol) and thionyl chloride (781.15 mg; 6.57 mmol) were 

dissolved in dichloromethane (40 ml) and after 15 minutes, 2-chloro-CA-OH (1.0 g; 5.48 

mmol) was added to reaction mixture. After above mentioned purification steps, desired 

product 2-chloro-CA-Bt was obtained as a white solid (1.39 g; 4.90 mmol) with yield 

89.46%.  Melting point: 138-141 oC, lit: 143-146 oC.  1H NMR (DMSO-d6) δ: 8.41–8.35 

(t, J = 16.0 Hz, 8.8 Hz, =CH, 2H), 8.31 (d, J = 8.0 Hz, =CH, 1H), 8.20–8.14 (t, J = 8.0 Hz, 

16.0 Hz, =CH,  2H), 7.86–7.82 (t, J = 7.6 Hz, =CH, 1H,), 7.68–7.64 (t, J = 8.8 Hz, =CH, 

2H,), 7.59–7.50 (, m, =CH, 2H). 13C-APT NMR (DMSO-d6): 163.67, 146.17, 142.18, 

135.01, 133.40, 131.88, 131.36, 130.75, 129.42, 128.55, 127.20, 120.66, 119.66, 114.80. 

Elemental analysis: C15H10ClN3O required C, 63.50; H, 3.55; N, 14.81, found C, 63.58; H, 

3.66; N, 14.92.  The spectroscopic results are compatible with the literature (Xia et al. 

2011). 
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3.2.2.10. (E)-1-(1H-benzo[d][1,2,3]triazol-1-yl)-3-(2-fluorophenyl)prop-2-en-1-one (2-

fluoro-CA-Bt) 

 

Benzotriazole (2.87 g; 24.07 mmol) and thionyl chloride (859.16 mg; 7.22 mmol) were 

dissolved in dichloromethane (40 ml) and after 15 minutes, 2-fluoro-CA-OH (1.0 g; 6.02 

mmol) was added to reaction mixture. After above mentioned purification steps, desired 

product 2-fluoro-CA-Bt was obtained as a dark white (1.19 g; 4.45 mmol) with yield 

73.98%. Melting point: 142-145 oC. 1H NMR (DMSO-d6) δ: 8.33 (d, J = 8.4 Hz, =CH, 1H), 

8.28 (d, J = 8.4 Hz, =CH, 1H,), 8.14 (s, =CH, 2H), 8.07 – 8.03 (t, J = 8.0 Hz, =CH, 1H), 

7.84-7.81 (t, J = 7.6 Hz, =CH, 1H), 7.60–7.59 (m, =CH, 2H), 7.42–7.34 (m, =CH, 2H). 

13C-APT NMR (DMSO-d6): 163.83, 162.92, 160.40, 146.16, 140.49, 134.15–134.06, 

131.32–131.12, 127.16, 125.81, 122.12–121.99, 120.65, 119.35–119.29, 116.95–116.73, 

114.81.  Elemental analysis: C15H10FN3O required C, 67.41; H, 3.77; N, 15.72, found C, 

67.45; H, 3.85; N, 15.78.  

3.2.3. General Synthesis Procedures of Amino Acid Conjugates 

 

Amino acid (1.0 eq.) was dissolved in MeCN:H2O (7:3) and then triethylamine (1.2 eq.) 

was added to the solution at room temperature. After 15 minutes, cinnamoyl-Bt (1.0 eq) 

compound was added to the mixture and stirred for overnight. The reaction was monitored 

via thin layer chromatography. After the completion of the reaction, all reaction solvent 
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was removed. The obtained crude product was precipitated in distilled water (200 ml). The 

obtained precipitate was filtered and dried. Yield varies between 50 - 75%. 

3.2.3.1. (E)-(3-([1,1'-biphenyl]-4-yl)acryloyl)glycine (phenylbenzyl-CA-Gly-OH) 

 

Glycine (173.03 mg; 2.31 mmol) was dissolved in MeCN:H2O (7:3) and then triethylamine 

(2.77 mmol; 0.187 mL) was added to the solution at room temperature. After 15 minutes, 

phenylbenzyl-Bt (750.0 mg; 2.31 mmol) was added to the mixture and stirred for overnight. 

Ater completion of prufication steps, the desired product Phenylbenzyl-CA-Gly-OH 

(495.30 mg; 1.76 mmol) was obtained %76.38 yield as a white solid. Melting point: 205-

208 oC. FT-IR (ATR, cm-1) υ N-H 3380 cm-1, υ =C-H 3058 cm-1, υ O–H 3276 cm-1, υ C=O 1717 

and 1652cm-1, υ C=C 1597 and 1540 cm-1, υ C–O 1202cm-1.  1H NMR (DMSO-d6) δ: 8.14-

8.12 (t, J = 5.0 Hz, =CH,  1H), 7.68 (d, J = 9.6 Hz, =CH, 6H), 7.50–7.43 (m, =CH, 3H), 

7.38 (d, J = 7.2 Hz, =CH, 1H), 6.96 (d, J = 16.0 Hz, =CH, 1H), 3.81-3.80 (d, J = 5.2 Hz, -

CH, 2H). 13C-APT NMR (DMSO-d6): 168.53, 165.24, 141.35, 139.84, 138.47, 134.64, 

129.47, 128.66, 128.24, 127.56, 127.07, 122.96, 43.31. Elemental analysis: C17H15NO3 

required C, 72.58; H, 5.37; N, 4.98, found C, 72.60; H, 5.48; N, 5.08. 
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3.2.3.2. (E)-(3-([1,1'-biphenyl]-4-yl)acryloyl)alanine (phenylbenzyl-CA-Ala-OH) 

 

L-Alanine (136.91 mg; 1.54 mmol) was dissolved in MeCN:H2O (7:3) and then 

triethylamine (257 mmL; 1.84 mmol) was added to the solution at room temperature. After 

15 minutes, phenylbenzyl-Bt (500.0 mg; 1.54 mmol) was added to the mixture and stirred 

for overnight. Ater completion of prufication steps, desired product Phenylbenzyl-CA-Ala-

OH (395.6 mg; 1.17 mmol) was obtained %76.29 yield as a light yellow. Melting point: 

210-214 oC. FT-IR (ATR, cm-1) υ N-H 3380 cm-1, υ =C-H 3058 cm-1, υ O–H 3276 cm-1, υ C=O 

1717 and 1652cm-1, υ C=C 1597 and 1540 cm-1, υ C–O 1202cm-1. 1H NMR (DMSO-d6) δ: 

8.30 (d, J = 6.8 Hz, =CH, 1H), 7.74–7.66 (m, =CH,  6H), 7.50-7.43 (m, =CH,  4H), 6.87–

6.83 (d, J = 16.0 Hz, =CH, 1H), 4.30-4.27 (t, J = 7.2 Hz, -CH, 1H), 1.32 (d, J = 6.8 Hz, -

CH3,  3H). 13C-APT NMR (DMSO-d6): 175.45, 164.87, 141.42, 139.83, 138.68, 134.58, 

129.48, 128.65, 128.26, 127.59, 127.08, 122.78, 49.03, 18.57. Elemental analysis: 

C18H17NO3 required C, 73.20; H, 5.80; N, 4.74, found C, 73.26; H, 5.94; N, 4.79. 

3.2.3.3. (E)-(3-([1,1'-biphenyl]-4-yl)acryloyl)leucine (phenylbenzyl-CA-Leu-OH) 

 

L-Leucine (201.58 mg; 1.54 mmol) was dissolved in MeCN:H2O (7:3) and then 

triethylamine (257 mmL; 1.84 mmol) was added to the solution at room temperature. After 

15 minutes, phenylbenzyl-Bt (500.0 mg; 1.54 mmol) was added to the mixture and stirred 
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for overnight. Ater completion of prufication steps, the desired product Phenylbenzyl-CA-

Ala-OH (395.6 mg; 1.17 mmol) was obtained %76.29 yield as a white solid. Melting point: 

215-218 oC. FT-IR (ATR, cm-1) υ N-H 3286 cm-1, υ =C-H 3060 cm-1, υ O–H 3300 cm-1, υ C=O 

1716 and 1651 cm-1, υ C=C 1602 and 1539 cm-1, υ C–O 1207 cm-1. 1H NMR (DMSO-d6) δ: 

8.22 (d, J = 8.4 Hz, =CH, 1H,), 7.75–7.71 (m, =CH,  4H), 7.67 (d, J = 8.4 Hz, =CH, 2H), 

7.51–7.46 (m, 4H), 7.41–7.38 (t, J = 7.2 Hz, =CH, 1H,), 4.40–4.34 (m, -CH,  1H), 1.72–

1.65 (m, -CH,  1H,), 1.61–1.54 (m, -CH2, 2H), 0.93 - 0.89 (dd, J = 6.4 Hz, -CH3, 6H,). 13C-

APT NMR (DMSO-d6): 168.36, 165.12, 141.39, 139.83, 138.67, 134.61, 129.48, 128.63, 

127.59, 127.07, 122.80, 51.72, 41.47, 24.96, 23.48, 22.09. Elemental analysis: C21H23NO3 

required C, 74.75; H, 6.87; N, 4.15, found C, 74.82; H, 6.98; N, 4.29. 

3.2.3.4. (E)-(3-(naphthalen-1-yl)acryloyl)glycine (Naft-CA-Gly-OH) 

 

Glycine (175.55 mg; 2.34 mmol) was dissolved in MeCN:H2O (7:3) and then triethylamine 

(391 mmL; 2.81 mmol) was added to the solution at room temperature. After 15 minutes, 

Naft-Bt (500.0 mg; 1.54 mmol) was added to the mixture and stirred for overnight. Ater 

completion of prufication steps, the desired product Naft-CA-Gly-OH (523.1 mg; 2.05 

mmol) was obtained %87.63 yield as a dark white. Melting point: 210-215 oC. FT-IR 

(ATR, cm-1) υ N-H 3360 cm-1, υ =C-H 3060 cm-1, υ C=O 1744 and 1649 cm-1, υ C=C 1587 and 

1542 cm-1, υ C–O 1218 cm-1. 1H NMR (DMSO-d6) δ: 12.69 (bs, CO2H, 1H), 8.62 (d, -NH, 

1H), 8.27–8.20 (m, =CH, 2H), 8.01 (d, J = 8.4 Hz, =CH, 2H,), 7.82 (d, J = 7.2 Hz, =CH, 

1H,), 7.57–7.65 (m, =CH,  3H), 6.78-6.82 (d, J = 15.6 Hz, 1H), 3.95 (d, J = 5.6 Hz, -CH2,  

2H). 13C-APT NMR (DMSO-d6): 171.77, 165.71, 136.17, 133.82, 132.38, 131.29, 130.13, 

129.15, 127.40, 126.72, 126.24, 125.15, 125.00, 123.64, 41.40. Elemental analysis: 

C15H13NO3 required C, 70.58; H, 5.13; N, 5.49, found C, 70.67; H, 5.20; N, 5.55.  
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3.2.3.5. (E)-(3-(naphthalen-1-yl)acryloyl)alanine (Naft-CA-Ala-OH) 

 

L-Alanine (148.82 mg; 1.67mmol) was dissolved in MeCN:H2O (7:3) and then 

triethylamine (279 mmL; 2.00 mmol) was added to the solution at room temperature. After 

15 minutes, Naft-Bt (500.0 mg; 1.67 mmol) was added to the mixture and stirred for 

overnight. Ater completion of prufication steps, the desired product Naft-CA-Ala-OH 

(321.3 mg; 1.19 mmol) was obtained %71.43 yield as a white solid. Melting point: 222-

225 oC. FT-IR (ATR, cm-1) υ N-H 3360 cm-1, υ =C-H 3060 cm-1, υ C=O 1744 and 1649 cm-1, υ 

C=C 1587 and 1542 cm-1, υ C–O 1218 cm-1. 1H NMR (DMSO-d6) δ: 8.52 (d, J = 7.2 Hz, -

NH, 1H), 8.26–8.20 (t, J = 15.6 Hz, 8.0 Hz, =CH,  2H), 8.00 (d, J = 8.0 Hz, =CH, 2H,), 

7.80 (d, J = 6.8 Hz, =CH, 1H), 7.65–7.57 (m, =CH, 3H), 6.80 (d, J = 15.6 Hz, =CH, 1H), 

4.46-4.36 (m, -CH, 1H), 1.38 (d, J = 7.2 Hz, -CH3, 3H). 13C-APT NMR (DMSO-d6): 

174.70, 165.05, 136.11, 132.44, 131.28, 130.10, 129.15, 127.40, 126.72, 126.25, 125.27, 

124.98, 123.67, 48.30, 17.90. Elemental analysis: C16H15NO3 required C, 71.36; H, 5.61; 

N, 5.20, found C, 71.45; H, 5.72; N, 5.31. 

3.2.3.6. (E)-(3-(naphthalen-1-yl)acryloyl)methionine (Naft-CA-Meth-OH) 
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L-methionine (249.23 mg; 1.67mmol) was dissolved in MeCN:H2O (7:3) and then 

triethylamine (273 mmL; 2.00 mmol) was added to the solution at room temperature. After 

15 minutes, Naft-Bt (500.0 mg; 1.67 mmol) was added to the mixture and stirred for 

overnight. Ater completion of prufication steps, the desired product Naft-CA-Meth-OH 

(395.0 mg; 1.20 mmol) was obtained %71.79 yield as a white solid. Melting point: 231-

236 oC.1H NMR (DMSO-d6) δ: 8.45 (d, J = 6.8 Hz, -NH, 1H), 8.23–8.20 (t, J = 6.0 Hz, 

=CH, 1H), 8.00–7.98 (t, J = 4.0 Hz, =CH, 2H), 7.83-7.80 (t, J = 6.4 Hz, =CH, 1H), 7.65–

7.56 (m, =CH, 4H,), 6.86–6.81 (dd, J = 5.4 Hz, =CH, 1H), 4.51-4.51(m, -CH,  1H), 2.57 

(d, J = 6.0 Hz, -CH2, 2H), 2.08 (d, J = 6.4 Hz, -CH3, 3H), 2.03 (m, A part of AB system -

CH, 1H), 1.93-1.88 (m, B part of AB system, 1H). 13C-APT NMR (DMSO-d6): 174.36, 

165.13, 136.47, 131.68, 131.42, 130.65, 130.42, 130.15, 129.48, 128.07, 127.81, 127.59, 

126.35, 126.06, 124.67, 124.03, 123.34, 52.68, 32.08, 30.38, 15.12. Elemental analysis: 

C18H19NO3S required C, 65.63; H, 5.81; N, 4.25, S, 9.73 found C, 65.70; H, 5.98; N, 4.32; 

S, 9.69. 

3.2.3.7. (E)-(3-(phenanthren-9-yl)acryloyl)glycine (Phenant-CA-Gly-OH) 

 

Glycine (149.95 mg; 2.00 mmol) was dissolved in MeCN:H2O (7:3) and then triethylamine 

(326 mmL; 2.40 mmol) was added to the solution at room temperature. After 15 minutes, 

Phenant-Bt (700.0 mg; 2.00 mmol) was added to the mixture and stirred for overnight. Ater 

completion of prufication steps, the desired product Phenant-CA-Gly-OH (385.2. mg; 1.26 

mmol) was obtained %63.15 yield as a light brown solid. Melting point: 192-195 oC. FT-

IR (ATR, cm-1) υ N-H 3246 cm-1, υ =C-H 3069 cm-1, υ O–H 3200 cm-1, υ C=O 1749 and 1650 

cm-1, υ C=C 1613 and 1558 cm-1, υ C–O 1208 cm-1. 1H NMR (DMSO-d6) δ: 8.89 (d, J = 7.2 

Hz, =CH, 1H), 8.82 (d, J = 8.4 Hz, =CH, 1H), 8.31 (s, =CH, 1H), 8.25– 8.22 (t, J = 7.8 Hz, 



44 

 

 

=CH, 2H), 8.12 (s, =CH, 1H), 8.05–8.03 (d, J = 7.6 Hz, =CH, 1H), 7.76–7.64 (m, =CH, 

5H), 6.98–6.94 (d, J = 15.6 Hz, =CH, 1H), 3.89–3.88 (d, J = 5.2 Hz, -CH2, 2H). 13C-APT 

NMR (DMSO-d6): 173.11, 165.25, 145.97, 136.22, 131.67, 131.40, 130.17, 129.47, 

128.02, 127.78, 127.67, 127.56, 126.47, 125.98, 124.63, 124.01, 123.31, 43.14. Elemental 

analysis: C19H15NO3 required C, 74.74; H, 4.95; N, 4.59, found C, 74.82; H, 4.99; N, 4.63. 

3.2.3.8. (E)-(3-(phenanthren-9-yl)acryloyl)methionine (Phenant-CA-Meth-OH) 

 

L-methionine (213.52 mg; 1.43 mmol) was dissolved in MeCN:H2O (7:3) and then 

triethylamine (234 mmL; 1.72 mmol) was added to the solution at room temperature. After 

15 minutes, Phenant-Bt (500.0 mg; 1.43 mmol) was added to the mixture and stirred for 

overnight. Ater completion of prufication steps, the desired product Phenant-CA-Meth-OH 

(413.2. mg; 1.09 mmol) was obtained %76.09 yield as a light yellow. Melting point: 202-

205 oC. FT-IR (ATR, cm-1) υ N-H 3246 cm-1, υ =C-H 3069 cm-1, υ O–H 3200 cm-1, υ C=O 1749 

and 1650 cm-1, υ C=C 1613 and 1558 cm-1, υ C–O 1208 cm-1.  1H NMR (DMSO-d6) δ: 8.93–

8.91 (dd, J = 1.8 Hz, =CH, 1H), 8.85 (d, J = 8.4 Hz, =CH, 1H), 8.42 (d, J = 8.0 Hz, =CH, 

1H), 8.25–8.22 (m, =CH,  2H), 8.14 (s, =CH, 1H), 8.07–8.05 (m, =CH, 1H), 7.76–7.68 (m, 

=CH, 5H), 6.94 (d, J = 15.2 Hz, =CH, 1H,), 4.47–4.45 (t, J = 4.0 Hz, -CH, 1H), 2.59–2.55 

(t, J = 7.6 Hz, -CH2, 2H), 2.08 (s, -CH3, 3H), 2.00-1.94 (m, -CH, 1H). 13C-APT NMR 

(DMSO-d6): 174.36, 165.13, 136.47, 131.68, 131.42, 130.65, 130.42, 130.15, 129.48, 

128.07, 127.81, 127.71, 127.59, 126,35, 126.06, 124.67, 124.03, 123.34, 52.68, 32.08, 

30.38, 15.12. Elemental analysis: C22H21NO3S required C, 69.63; H, 5.58; N, 3.69; S, 8.45 

found C, 69.71; H, 5.74; N, 3.73; S, 8.49. 
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3.2.3.9. (E)-(3-(pyren-4-yl)acryloyl)glycine (Pyrene-CA-Gly-OH) 

 

Glycine (101.86 mg; 1.34 mmol) was dissolved in MeCN:H2O (7:3) and then triethylamine 

(219 mmL; 1.61 mmol) was added to the solution at room temperature. After 15 minutes, 

pyrene-CA-Bt (500.0 mg; 1.34 mmol) was added to the mixture and stirred for overnight. 

Ater completion of prufication steps, the desired product Pyrene-CA-Gly-OH (285.3 mg; 

0.866 mmol) was obtained %64.69 yield as a green solid. Melting point: 221-225 oC.  FT-

IR (ATR, cm-1) υ N-H 3307 cm-1, υ =C-H 3090 and 3020 cm-1, υ O–H 3200 cm-1, υ C=O 1733 

and 1648 cm-1, υ C–O 1217 cm-1. 1H NMR (DMSO-d6) δ: 8.57 -8.53 (m, =CH, 3H), 8.38–

8.26 (m, =CH, 5H), 8.22 (d, J = 8.8 Hz, =CH, 1H), 8.17–8.15 (d, J = 8.8 Hz, =CH, 1H), 

8.11–8.08 (t, J = 7.6 Hz, =CH, 1H,), 7.12–7.08 (d, J = 15.6 Hz, =CH, 1H), 3.94 (d, J = 5.2 

Hz, -CH2,  2H). 13C-APT NMR (DMSO-d6): 169.03, 165.03, 145.93, 135.65, 132.03, 

131.37, 130.74, 129.34, 129.13, 128.90, 128. 58, 127.82, 127.05, 126.39, 126.12, 125.83, 

125.37, 124.61, 124.34, 122.97, 42.16. Elemental analysis: C21H15NO3 required C, 76.58; 

H, 4.59; N, 4.25, found C, 76.65; H, 4.66; N, 4.28. 

3.2.3.10. (E)-(3-(2,4,5-trimethoxyphenyl)acryloyl)glycine (2,4,5-trimethoxy-CA-Gly-

OH) 
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Glycine (168.13 mg; 2.21 mmol) was dissolved in MeCN:H2O (7:3) and then triethylamine 

(361 mmL; 2.65 mmol) was added to the solution at room temperature. After 15 minutes, 

2,4,5-trimethoxy-CA-Bt (750.0 mg; 2.21 mmol) was added to the mixture and stirred for 

overnight. After completion of purification steps, the desired product 2,4,5-trimethoxy-

CA-Gly-OH (495.3 mg; 1.68 mmol) was obtained %75.89 yield as a yellow solid. Melting 

point: 182-184 oC. FT-IR (ATR, cm-1) υ N-H 3284 cm-1, υ =C-H 3056 cm-1, υ O–H 3200 cm-1, 

υ C=O 1684 and 1621 cm-1, υ C=C 1648 cm-1. 1H NMR (DMSO-d6) δ: 12.55 (bs, CO2H, 1H), 

8.25–8.23 (t, J = 8.0 Hz, -NH, 1H), 7.64 (d, J = 16.0 Hz, =CH, 1H), 7.11 (s, =CH, 1H), 

6.74 (s, =CH, 1H), 6.65–6.61 (d, J = 16.0 Hz, =CH, 1H), 3.92–3.91 (m, -CH2, 2H), 3.87 (s, 

-OCH3, 3H), 3.86 (s, -OCH3, 3H), 3.76 (s, OCH3, 3H). 13C-APT NMR (DMSO-d6): 

Elemental analysis: C14H17NO6 required C, 56.95; H, 5.80; N, 4.74, found C, 56.99; H, 

5.86; N, 4.83. 

3.2.3.11. (E)-(3-(2,4-dimethoxyphenyl)acryloyl)glycine (2,4-dimethoxy-CA-Gly-OH) 

 

Glycine (196.75 mg; 2.59 mmol) was dissolved in MeCN:H2O (7:3) and then triethylamine 

(423 mmL; 3.10 mmol) was added to the solution at room temperature. After 15 minutes, 

2,4-dimethoxy-CA-Bt (800.0 mg; 2.59 mmol) was added to the mixture and stirred for 

overnight. After completion of purification steps, the desired product 2,4-dimethoxy-CA -

Gly-OH (523.6 mg; 1.97 mmol) was obtained %76.32 yield as a yellow solid. Melting 

point: 170-172 oC. FT-IR (ATR, cm-1) υ N-H 3241 cm-1, υ =C-H 3062 cm-1, υ O–H 3270 cm-1, 

υ C=O 1724 and 1647 cm-1, υ C=C 1596, 1557, 1502 cm-1, υ C–O 1215 cm-1.  1H NMR (DMSO-

d6) δ: 12.60 (bs, CO2H, 1H), 8.28–8.25 (t, J = 6.0 Hz, -NH, 1H), 7.60 (d, J = 16.0 Hz, =CH, 

1H,), 7.48 (d, J = 8.4 Hz, 1H), 6.63–6.59 (m, =CH, 3H,), 3.88–3.86 (m, -CH2 and -OCH3 

5H), 3.82 (s, OCH3, 3H). 13C-APT NMR (DMSO-d6): 171.95, 166.49, 162.31, 159.49, 
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134.62, 129.67, 119.89, 116.60, 106.46, 98.96, 56.13, 55.88, 41.32. Elemental analysis: 

C13H15NO5 required C, 58.86; H, 5.70; N, 5.28, found C, 58.91; H, 5.73; N, 5.33. 

3.2.3.12. (E)-(3-(2,4-dimethoxyphenyl)acryloyl)methionine (2,4-dimethoxy-CA-

Meth-OH) 

 

L-methionine (361.77 mg; 2.42 mmol) was dissolved in MeCN:H2O (7:3) and then 

triethylamine (396 mmL; 2.91 mmol) was added to the solution at room temperature. After 

15 minutes, 2,4-dimethoxy-CA-Bt (750.0 mg; 2.42 mmol) was added to the mixture and 

stirred for overnight. After completion of purification steps, the desired product 2,4-

dimethoxy-CA -Meth-OH (665.2 mg; 1.96 mmol) was obtained %80.83 yield as a white 

solid. Melting point: 174-177 oC. FT-IR (ATR, cm-1) υ N-H 3288 cm-1, υ O–H 3200 cm-1, υ 

C=O 1719 and 1646 cm-1, υ C=C 1603, 1526 cm-1, υ C–O 1212 cm-1. 1H NMR (DMSO-d6) δ: 

12.64 (bs, CO2H, 1H), 8.26 (d, J = 8.0 Hz, -NH, 1H), 7.59 (d, J = 16.0 Hz, =CH, 1H), 7.46 

(d, J = 8.4 Hz, =CH, 1H), 6.65–6.59 (m, =CH, 3H), 4.47–4.41 (m, -CH, 1H), 3.87 (s, -

OCH3, 3H), 3.82 (s, -OCH3, 3H), 2.52-2.51 (m,  -CH2, 4H), 2.06 (s, -CH3, 3H,). 13C-APT 

NMR (DMSO-d6): 173.96, 166.31, 162.31, 159.53, 134.79,129.82, 119.94, 116.61, 106.44, 

98.98, 56.13, 55.88, 51.60, 31.40, 30.24, 15.06. Elemental analysis: C16H21NO5S required 

C, 56.62; H, 6.24; N, 4.13, S, 9.45; found C, 56.70; H, 6.29; N, 4.18; S, 9.52. 
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3.2.3.13. (E)-(3-(4-methoxyphenyl)acryloyl)glycine (4-methoxy-CA-Gly-OH) 

 

Glycine (272.38 mg; 3.58 mmol) was dissolved in MeCN:H2O (7:3) and then triethylamine 

(585 mmL; 3.10 mmol) was added to the solution at room temperature. After 15 minutes, 

4-methoxy-CA-Bt (1.0 g; 3.58 mmol) was added to the mixture and stirred for overnight. 

After completion of purification steps, the desired product 4-methoxy-CA -Gly-OH (726.3 

mg; 3.07 mmol) was obtained %85.88 yield as a white solid (Acheson et al. 1960). Melting 

point: 162-165 oC, lit: 161-163 oC. FT-IR (ATR, cm-1) υ N-H 3463 cm-1, υ =C-H 3086 cm-1, 

υ O–H 3357 cm-1, υ C=O 1706 and 1657 cm-1, υ C=C 1598 cm-1, υ C–O 1211 cm-1.  1H NMR 

(DMSO-d6) δ: 12.57 (bs, CO2H, 1H), 8.31 (t, J = 6.0 Hz, -NH, 1H), 7.55–7.53 (m, =CH, 

AA′ part of AA′BB′ system, 2H), 7.41 (d, J = 16.0 Hz, =CH, 1H), 7.00–6.98 (m, =CH, BB′ 

part of AA′BB′ system, 2H), 6.58 (d, J = 16.0 Hz, =CH, 1H), 3.89 (d, J = 6.0 Hz, -CH2, 

2H), 3.80 (s, -OCH3, 3H). 13C-APT NMR (DMSO-d6): 171.86, 166.05, 160.88, 139.36, 

129.64, 127.64, 119.68, 114.88, 55.74, 41.28. Elemental analysis: C12H13NO4 required C, 

61.27; H, 5.57; N, 5.95, found C, 61.34; H, 5.62; N, 5.99.  

3.2.3.14. (E)-(3-(4-methoxyphenyl)acryloyl)alanine (4-methoxy-CA-Ala-OH) 
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L-alanine (161.3 mg; 1.79 mmol) was dissolved in MeCN:H2O (7:3) and then triethylamine 

(292 mmL; 3.10 mmol) was added to the solution at room temperature. After 15 minutes, 

4-methoxy-CA-Bt (0.5 g; 1.79 mmol) was added to the mixture and stirred for overnight. 

After completion of purification steps, the desired product 4-methoxy-CA-Ala-OH (352.1 

mg; 1.41 mmol) was obtained %78.90 yield as a yellow solid. Melting point: 167-169 oC, 

lit: 162-164 oC. FT-IR (ATR, cm-1) υ N-H 3372 cm-1, υ =C-H 3086 cm-1, υ O–H 3264 cm-1, υ 

C=O 1725 and 1648 cm-1, υ C=C 1595 cm-1, υ C–O 1208 cm-1. 1H NMR (DMSO-d6) δ: 12.56 

(bs, CO2H, 1H), 8.35 (d, J = 7.2 Hz, -NH, 1H), 7.53-7.51 (m, =CH, AA′ part of AA′BB′ 

system, 2H), 7.39 (d, J = 15.6 Hz, =CH, 1H), 7.00-6.98 (m, =CH, BB′ part of AA′BB′ 

system, 2H), 6.57 (d, J = 15.6 Hz, =CH, 1H), 4.37-4.30 (m, =CH, 1H), 3.79 (s, OCH3, 3H), 

1.32 (d, J = 7.6 Hz, -CH3, 3H). 13C-APT NMR (DMSO-d6): 173.71, 165.55, 160.92, 

139.64, 127.79, 119.40, 114.90, 55.74, 52.34, 48.17, 17.59. Elemental analysis: C13H15NO4 

required C, 62.64; H, 6.07; N, 5.62, found C, 62.71; H, 6.15; N, 5.69. 

3.2.3.15. (E)-(3-(o-tolyl)acryloyl)glycine (2-methyl-CA-Gly-OH) 

 

Glycine (216.70 mg; 2.85 mmol) was dissolved in MeCN:H2O (7:3) and then triethylamine 

(466 mmL; 3.42 mmol) was added to the solution at room temperature. After 15 minutes, 

2-methyl-CA-Bt (750.0 mg; 2.85 mmol) was added to the mixture and stirred for overnight. 

After completion of purification steps, the desired product 2-methyl-CA -Gly-OH (503.5 

mg; 2.30 mmol) was obtained %80.62 yield as a white solid. Melting point: 127-129 oC.  

FT-IR (ATR, cm-1) υ N-H 3308 cm-1, υ =C-H 3090 cm-1, υ C=O 1734 and 1649 cm-1, υ C=C 

1602, 1575 cm-1, υ C–O 1217 cm-1. 1H NMR (DMSO-d6) δ: 12.65 (bs, CO2H, 1H), 8.50–

8.48 (d, J = 5.8 Hz, -NH, 1H), 7.69 (d, J = 16.0 Hz, =CH, 1H,), 7.58–7.55 (dd, J = 1.4 Hz, 

=CH, 1H), 7.28–7.27 (m, =CH, 3H), 6.63 (d, J = 16.0 Hz, =CH, 1H), 3.92–3.91 (d, J = 5.6 
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Hz, -CH2, 2H,). 13C-APT NMR (DMSO-d6): 171.85, 165.78, 137.27, 137.12, 134.06, 

131.18, 129.79, 126.90, 126.41, 123.26, 41.29, 19.89. Elemental analysis: C12H13NO3 

required C, 65.74; H, 5.98; N, 6.39, found C, 65.82; H, 6.06; N, 6.45. 

3.2.3.16. (E)-(3-(2-chlorophenyl)acryloyl)glycine (2-chloro-CA-Gly-OH) 

 

Glycine (134.07 mg; 1.76 mmol) was dissolved in MeCN:H2O (7:3) and then triethylamine 

(288 mmL; 3.10 mmol) was added to the solution at room temperature. After 15 minutes, 

2-chloro-CA-Bt (0.5 g; 1.76 mmol) was added to the mixture and stirred for overnight. 

After completion of purification steps, the desired product 2-chloro-CA -Gly-OH (356.2 

mg; 1.49 mmol) was obtained %84.34 yield as light brown solid. Melting point: 173-176 

oC. FT-IR (ATR, cm-1) υ N-H 3304 cm-1, υ =C-H 3120 cm-1, υ O-H 3325, υ C=O 1736 and 1651 

cm-1, υ C=C 1606 and 1575 cm-1, υ C–O 1215 cm-1. 1H NMR (DMSO-d6) δ: 12.64 (bs, CO2H, 

1H), 8.55 – 8.52 (t, J = 5.8 Hz, -NH, 1H), 7.77 (d, J = 8.4 Hz, =CH, 1H), 7.75–7.73 (t, J = 

3.0 Hz, =CH, 1H), 7.56–7.54 (dd, J = 3.6 Hz, =CH, 1H), 7.44–7.42 (dd, J = 3.6 Hz, =CH, 

2H), 6.79 (d, J = 16.0 Hz, =CH, 1H), 3.92 (d, J = 6.0 Hz, -CH2, 2H). 13C-APT NMR 

(DMSO-d6): 171.65, 165.26, 134.96, 133.80, 133.11, 131.48, 130.46, 128.27, 128.10, 

125.24, 41.38. Elemental analysis: C11H10ClNO3 required C, 55.13; H, 4.21; N, 5.84, found 

C, 55.15; H, 4.25; N, 5.86. 

 

 

 



51 

 

 

3.2.3.17. (E)-(3-(2-fluorophenyl)acryloyl)glycine (2-fluoro-CA-Gly-OH) 

 

Glycine (142.32 mg; 1.87 mmol) was dissolved in MeCN: H2O (7:3) and then triethylamine 

(306 mmL; 2.24 mmol) was added to the solution at room temperature. After 15 minutes, 

2-fluoro-CA-Bt (500.0 mg; 1.87 mmol) was added to the mixture and stirred for overnight. 

After completion of purification steps, the desired product 2-fluoro-CA -Gly-OH (312.3 

mg; 1.40 mmol) was obtained %74.79 yield as a light yellow. Melting point: 184-187 oC. 

FT-IR (ATR, cm-1) υ N-H 3225 cm-1, υ =C-H 3082 cm-1, υ O-H 3300, υ C=O 1744 and 1647 cm-

1, υ C–O 1194cm-1. 1H NMR (DMSO-d6) δ: 12.61(bs, CO2H, 1H), 8.56 – 8.53 (t, J = 6.0 Hz, 

-NH, 1H), 7.69 (d, J = 8.0 Hz, =CH, 1H), 7.53 (d, J = 16.0 Hz, =CH, 1H), 7.46–7.44 (m, 

=CH, 1H), 7.3–7.26 (m, =CH, 2H), 6.83 (d, J = 16.0 Hz, =CH, 1H), 3.92–3.91 (d, J = 6.0 

Hz, -CH2, 2H). 13C-APT NMR (DMSO-d6): 177.57, 171.68, 165.52, 162.19, 159.70, 

132.00 – 131.98, 131.95 – 131.94, 129.59–129.57, 125.50–125.46, 125.01–124.98, 

122.96–122.85, 116.67–116.45, 41.34. Elemental analysis: C11H10FNO3 required C, 59.19; 

H, 4.52; N, 6.28, found C, 59.19; H, 4.55; N, 6.31. 

3.2.4. General Synthetic Procedures for CDMT Based Amino Acid Conjugates (CA-

AA-OMe) 

Previously synthesized cinnamic acid derivatives (1 mmol), amino acid methyl ester (1 

mmol) and 2-chloro-4,6-dimethoxy-1,3,5-triazine known as CDTM (1.05 mmol) were 

added to reaction flask and then asetonitrile (40 ml) was added to the mixture. The slurry 

stirred couple of minutes. N-Methylmorpholine (2.5 mmol if HCl salt of amino acid ester 

is used) was added drop wise. Reaction was monitored by tlc. After reaction completed, 

half of the reaction solvent was removed under rotary vacuum. Resulted mixture was added 
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to water and precipitate was filtered. After drying process, the target compounds were 

obtained. Yields (50-75 %). 

3.2.4.1. Methyl (E)-(3-(4-nitrophenyl)acryloyl)glycinate (4-nitro-CA-Gly-OMe)  

 

4-nitro-cinnamic acid (1.0 g; 5.18 mmol), Glycine methyl ester hydrochloride (639.56 mg; 

5.18 mmol), and CDMT (1.09 g; 6.21 mmol) were taken into a reaction flask and 30 ml 

acetonitrile was added to the mixture then N-methyl morpholine added to the reaction 

mixture dropwise at room temperature. After the general purification steps, the desired 

product 4-nitro-CA-Gly-OMe (1.12 g; 4.21 mmol) was obtained in 81.25% yield as a white 

solid. Melting point: 128-132 oC. FT-IR (ATR, cm-1) υ N-H 3290 cm-1, υ =C-H 3077 cm-1, υ 

C=O 1741 and 1656 cm-1, υ C=C 1625 and 1511 cm-1, υ C–O 1212 cm-1. 1H NMR (DMSO-d6) 

δ: 8.74–8.71 (t, J = 6.6 Hz, -NH, 1H), 8.29–8.27 (m, =CH, AA′ part of AA′BB′ system, 

2H), 7.89–7.87 (m, =CH, BB′ part of AA′BB′ system, 2H), 7.59 (d, J = 15.8 Hz, =CH, 1H), 

6.95–6.90 (d, J = 15.8 Hz, =CH, 1H), 4.03-4.02 (d, J = 5.6 Hz, -CH2, 2H), and 3.67 (s, 

OCH3, 3H). 13C-APT NMR (DMSO-d6): 170.75, 165.25, 148.07, 141.78, 137.66, 129.20, 

126.05, 124.61, 52.29, 40.37. Elemental analysis: C12H12N2O5 required C, 54.55; H, 4.58; 

N, 10.60, found C, 54.58; H, 4.61; N, 10.68. 
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3.2.4.2. Methyl (E)-(3-(4-nitrophenyl)acryloyl)alaninate (4-nitro-CA-Ala-OMe) 

 

4-nitro-cinnamic acid (1.0 g; 5.18 mmol), alanine methyl ester hydrochloride (712.18 mg; 

5.18 mmol), and CDMT (1.09 g; 6.21 mmol) were taken into a reaction flask and 30 ml 

acetonitrile was added to the mixture. Then N-methyl morpholine added to the reaction 

mixture dropwise at room temperature. After the general purification steps, the desired 

product 4-nitro-CA-Ala-OMe (1.23 g; 4.42 mmol) was obtained in 85.38% yield as a 

brown solid. Melting point: 131-133 oC. FT-IR (ATR, cm-1) υ N-H 3272 cm-1, υ =C-H 3075 

cm-1, υ C=O 1734 and 1653 cm-1, υ C=C 1654, 1619, and 1547 cm-1, υ C–O 1216 cm-1. 1H NMR 

(DMSO-d6) δ: 8.74 (d, J = 6.8 Hz, -NH, 1H), 8.30–8.28 (m, =CH, AA′ part of AA′BB′ 

system, 2H), 7.88–7.55 (m, =CH, BB′ part of AA′BB′ system, 2H), 7.57 (d, J = 16.0 Hz, 

=CH, 1H), 6.91–6.87 (d, J = 16.0 Hz, =CH, 1H), 4.46–4.39 (m, -CH, 1H), 3.67 (s, OCH3, 

3H), 1.36 (d, J = 7.2 Hz, -CH3, 3H). 13C-APT NMR (DMSO-d6): 173.44, 164.57, 148.09, 

141.82, 137.60, 131.08, 129.14, 126.14, 124.61, 123.44, 52.44, 48.32, 17.52. Elemental 

analysis: C13H14N2O5 required C, 56.11; H, 5.07; N, 10.07, found C, 56.15; H, 5.15; N, 

10.21. 

3.2.4.3. Methyl (E)-(3-(2-chlorophenyl)acryloyl)glycinate (2-chloro-CA-Gly-OMe) 

 

2-chloro-cinnamic acid (600.0 mg; 3.29 mmol), glycine methyl ester hydrochloride 

(409.23 mg; 3.29 mmol), and CDMT (692.28 g; 3.94 mmol) were taken into a reaction 

flask and 30 ml acetonitrile was added to the mixture. Then N-methyl morpholine added to 
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the reaction mixture dropwise at room temperature. After the general purification steps, the 

desired product 2-chloro-CA-Gly-OMe (586.0 mg; 2.31 mmol) was obtained in 70.30 % 

yield as a white solid. Melting point: 148-153 oC. FT-IR (ATR, cm-1) υ N-H 3249 cm-1, υ =C-

H 3074 cm-1, υ C=O 1748 and 1651 cm-1, υ C=C 1612, and 1557 cm-1, υ C–O 1205 cm-1. 1H 

NMR (DMSO-d6) δ: 8.68 (d, J = 7.6 Hz, -NH, 1H), 7.79–7.75 (dd, J = 7.2 Hz, =CH, 2H), 

7.57–7.53 (m, =CH, 1H), 7.47–7.42 (m, =CH, 2H), 6.78 (d, J = 15.6 Hz, 1H), 4.01 (d, J = 

5.6 Hz, 2H), 3.67 (s, OCH3, 3H). 13C-APT NMR (DMSO-d6): 170.77, 165.43, 135.21, 

133.81, 133.00, 131.56, 130.47, 128.29, 128.14, 124.93, 52.25, 41.32. Elemental analysis: 

C12H12ClNO3 required C, 56.82; H, 4.77; N, 5.52, found C, 56.88; H, 4.85; N, 5.58. 

3.2.4.4. Methyl (E)-(3-(2-chlorophenyl)acryloyl)alaninate (2-chloro-CA-Ala-OMe) 

 

2-chloro-cinnamic acid (500.0 mg; 2.74 mmol), alanine methyl ester hydrochloride (376.67 

mg; 2.74 mmol), and CDMT (528.82 mg; 3.01 mmol) were taken into a reaction flask and 

30 ml acetonitrile was added to the mixture. Then N-methyl morpholine added to the 

reaction mixture dropwise at room temperature. After the general purification steps, the 

desired product 2-chloro-CA-Ala-OMe (532.30 mg; 1.99 mmol) was obtained in 72.62 % 

yield as a yellow solid. Melting point: 150-152 oC. FT-IR (ATR, cm-1) υ N-H 3286 cm-1, υ 

=C-H 3058 cm-1, υ C=O 1731 and 1651 cm-1, υ C=C 1611 and 1546 cm-1, υ C–O 1214 cm-1.  1H 

NMR (DMSO-d6) δ: 8.69-8.67 (d, J = 7.2 Hz, -NH, 1H), 7.78–7.72 (m, =CH, 2H), 7.55–

7.54 (t, J = 3.6 Hz, =CH, 1H), 7.45–7.42 (m, =CH, 2H), 6.78–6.73 (dd, J = 1.6 Hz, =CH, 

1H), 4.46–4.39 (m, -CH, 1H), 3.67 (s, -OCH3, 3H), 1.37–1.35 (dd, J = 1.6 Hz, -CH3, 3H). 

13C-APT NMR (DMSO-d6): 173.50, 164.73, 135.20, 133.83, 133.03, 131.54, 130.48, 

128.31, 128.09, 124.95, 52.43, 48.30, 17.53. Elemental analysis: C13H14ClNO3 required C, 

58.33; H, 5.27; N, 5.23, found C, 58.38; H, 5.29; N, 5.28. 
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3.2.4.5. Methyl (E)-(3-(o-tolyl)acryloyl)glycinate (2-methyl-CA-Gly-OMe) 

 

2-methyl-cinnamic acid (500.0 mg; 3.08 mmol), glycine methyl ester hydrochloride 

(383.95 mg; 3.08 mmol), and CDMT (595.39 mg; 3.39 mmol) were taken into a reaction 

flask and 20 ml acetonitrile was added to the mixture. Then N-methyl morpholine added to 

the reaction mixture dropwise at room temperature. After the general purification steps, the 

desired product 2-methyl-CA-Gly-OMe (625.10 mg; 2.72 mmol) was obtained in 86.91 % 

yield as dark white solid. Melting point: 140-142 oC.  FT-IR (ATR, cm-1) υ N-H 3296 cm-1, 

υ =C-H 3062 cm-1, υ C=O 1733 and 1652 cm-1, υ C=C 1609 and 1549 cm-1, υ C–O 1206 cm-1. 1H 

NMR (DMSO-d6) δ: 8.61–8.58 (d, J = 6.0 Hz, -NH, 1H), 7.72–7.68 (dd, J = 1.8 Hz, =CH, 

1H), 7.58–7.56 (m, =CH, 3H), 6.65–6.60 (dd, J = 1.6 Hz, 2.0 Hz, =CH, 1H), 4.01–3.99 

(dd, J = 1.6 Hz, -CH2, 2H), 3.67 (s, -OCH3, 3H), 2.39–2.38 (d, J = 2.0 Hz, -CH3, 3H). 13C-

APT NMR (DMSO-d6): 170.93, 165.94, 137.32, 137.32, 133.97, 131.19, 129.87, 126.91, 

126.42, 122.96, 52.25, 41.26, 19.88. Elemental analysis: C13H15NO3 required C, 66.94; H, 

6.48; N, 6.00, found C, 66.95; H, 6.50; N, 6.03.  

3.2.4.6. Methyl (E)-(3-(o-tolyl)acryloyl)alaninate (2-methyl-CA-Ala-OMe)  

 

2-methyl-cinnamic acid (500.0 mg; 3.08 mmol), alanine methyl ester hydrochloride 

(427.19 mg; 3.08 mmol), and CDMT (595.39 mg; 3.39 mmol) were taken into a reaction 

flask and 20 ml acetonitrile was added to the mixture. Then N-methyl morpholine added to 

the reaction mixture dropwise at room temperature. After the general purification steps, the 
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desired product 2-methyl-CA-Ala-OMe (596.20 mg; 2.41 mmol) was obtained in 78.20% 

yield as a white solid. Melting point: 127-130 oC.  FT-IR (ATR, cm-1) υ N-H 3296 cm-1, υ 

=C-H 3062 cm-1, υ C=O 1733 and 1652 cm-1, υ C=C 1609 and 1549 cm-1, υ C–O 1206 cm-1.  1H 

NMR (DMSO-d6) δ: 8.61–8.58 (d, J = 3.2 Hz, -NH, 1H), 7.70–7.65 (d, J = 15.6 Hz, =CH, 

1H), 7.55–7.54 (d, J = 5.2 Hz, =CH, 1H), 7.28 (m, =CH, 3H), 6.59 (d, J = 16.0 Hz, =CH, 

1H), 4.43–4.39 (m, -CH, 1H), 3.66 (s, OCH3, 3H), 2.38–2.37 (d, J = 3.2 Hz, -CH3, 3H), 

1.36 –1.33 (dd, J = 7.2 Hz, -CH3, 3H). 13C-APT NMR (DMSO-d6): 173.65, 165.23, 137.35, 

137.30, 134.00, 131.19, 129.82, 126.91, 126.40, 122.98, 52.40, 48.23, 19.88, 17.55. 

Elemental analysis: C14H17NO3 required C, 68.00; H, 6.93; N, 5.66, found C, 68.02; H, 

6.98; N, 5.70.  

3.2.4.7. Methyl (E)-(3-(4-chlorophenyl)acryloyl)glycinate (4-chloro-CA-Gly-OMe) 

 

4-chloro-cinnamic acid (500.0 mg; 2.74 mmol), glycine methyl ester hydrochloride 

(338.26 mg; 2.74 mmol), and CDMT (528.82 mg; 3.01 mmol) were taken into a reaction 

flask and 20 ml acetonitrile was added to the mixture. Then N-methyl morpholine added to 

the reaction mixture dropwise at room temperature. After the general purification steps, the 

desired product 4-chloro-CA-Gly-OMe (612.3 mg; 2.41 mmol) was obtained in 88.15 % 

yield as a white solid. Melting point: 159-161 oC. FT-IR (ATR, cm-1) υ N-H 3225 cm-1, υ =C-

H 3062 cm-1, υ C=O 1739 and 1654 cm-1, υ C–O 1210 cm-1. 1H NMR (DMSO-d6) δ: 8.49 (bs, 

-NH, 1H), 7.64–7.61 (m, =CH, AA′ part of AA′BB′ system, 2H), 7.50–7.49 (m, =CH, BB′ 

part of AA′BB′ system, 2H), 7.46 (d, J = 15.6 Hz, =CH, 1H), 6.73 (d, J = 15.6 Hz, =CH, 

1H), 4.00–3.99 (d, J = 5.6 Hz, -CH2, 2H), 3.68 (s, OCH3, 3H). 13C-APT NMR (DMSO-d6): 

170.84, 165.71, 138.59, 134.17, 129.82, 129.47, 122.68, 52.23, 41.28. Elemental analysis: 

C12H12ClNO3 required C, 56.82; H, 4.77; N, 5.52, found C, 56.82; H, 4.80; N, 5.55.  
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3.2.4.8. Methyl (E)-(3-(4-chlorophenyl)acryloyl)alaninate (4-chloro-CA-Ala-OMe) 

 

4-chloro-cinnamic acid (500.0 mg; 2.74 mmol), alanine methyl ester hydrochloride (376.67 

mg; 2.74 mmol), and CDMT (525.78 mg; 3.01 mmol) were taken into a reaction flask and 

20 ml acetonitrile was added to the mixture. Then N-methyl morpholine added to the 

reaction mixture dropwise at room temperature. After the general purification steps, the 

desired product 4-chloro-CA-Ala-OMe (525.3 mg; 1.96 mmol) was obtained in 71.66 % 

yield as a dark white solid. Melting point: 162-165 oC. FT-IR (ATR, cm-1) υ N-H 3276 cm-

1, υ =C-H 3067 cm-1, υ C=O 1748 and 1652 cm-1, υ C=C 1619 and 1542 cm-1, υ C–O 1208 cm-1. 

1H NMR (DMSO-d6) δ: 8.55 (d, J = 7.2 Hz, -NH, 1H), 7.62 –7.60 (m, =CH, AA′ part of 

AA′BB′ system, 2H), 7.50–7.48 (m, =CH, BB′ part of AA′BB′ system, 2H), 7.44 (d, J = 

16.0 Hz, =CH, 1H), 6.69 (d, J = 16 Hz, =CH, 1H,), 4.44–4.37 (m, -CH, 1H), 3.65 (s, OCH3, 

3H), 1.34 (d, J = 7.6 Hz, -CH3, 3H,). 13C-APT NMR (DMSO-d6): 173.56, 165.03, 138.53, 

134.49, 134.20, 129.75, 129.47, 122.71, 52.38, 48.22, 17.55. Elemental analysis: 

C13H14ClNO3 required C, 58.33; H, 5.27; N, 5.23, found C, 58.33; H, 5.30; N, 5.25.  

3.2.4.9. Methyl (E)-(3-(4-methoxyphenyl)acryloyl)glycinate (4-methoxy-CA-Gly-

OMe) 

 

4-methoxy-cinnamic acid (500.0 mg; 2.81 mmol), glycine methyl ester hydrochloride 

(346.65 mg; 2.81 mmol), and CDMT (541.65 mg; 3.09 mmol) were taken into a reaction 

flask and 20 ml acetonitrile was added to the mixture. Then N-methyl morpholine added to 

the reaction mixture dropwise at room temperature. After the general purification steps, the 
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desired product 4-methoxy-CA-Gly-OMe (601.5 mg; 2.41 mmol) was obtained in 86.00 % 

yield as a white solid. Melting point: 132-134 oC.  FT-IR (ATR, cm-1) υ N-H 3246 cm-1, υ 

=C-H 3069 cm-1, υ C=O 1741 and 1646 cm-1, υ C=C 1599 and 1566 cm-1. 1H NMR (DMSO-d6) 

δ: 8.49-8.46 (t, J = 6.0 Hz, -NH, 1H), 7.55 (m, =CH, AA′ part of AA′BB′ system, 2H), 7.44 

-7.40 (d, J = 15.6 Hz, =CH, 1H), 7.00 - 6.98 (m, =CH, BB′ part of AA′BB′ system, 2H), 

6.59-6.55 (, J = 15.6 Hz, =CH, 1H), 3.98 (d, J = 6.0 Hz, 2H,), 3.80 (s, OCH3, 3H), 3.66 (, 

OCH3, 3H). 13C-APT NMR (DMSO-d6): 170.98, 166.20, 160.93, 139.64, 129.70, 127.77, 

119.37, 114.88, 55.74, 52.19, 41.24. Elemental analysis: C13H15NO4 required C, 62.64; H, 

6.07; N, 5.62, found C, 62.65; H, 6.13; N, 5.68.  

3.2.4.10. methyl (E)-(3-(4-methoxyphenyl)acryloyl)alaninate (4-methoxy-CA-Ala-

OMe) 

 

4-methoxy-cinnamic acid (500.0 mg; 2.81 mmol), alanine methyl ester hydrochloride 

(391.66 mg; 2.81 mmol), and CDMT (538.82 mg; 3.09 mmol) were taken into a reaction 

flask and 20 ml acetonitrile was added to the mixture. Then N-methyl morpholine added to 

the reaction mixture dropwise at room temperature. After the general purification steps, the 

desired product 4-methoxy-CA-Ala-OMe (585.2 mg; 2.22 mmol) was obtained in 79.21 % 

yield as a white solid (Feng et al. 2010). Melting point: 139-141 oC. FT-IR (ATR, cm-1) υ 

N-H 3299 cm-1, υ =C-H 3022 cm-1, υ C=O 1754 and 1648 cm-1, υ C=C 1603 and 1617 cm-1, υ C–

O 1194 cm-1.  1H NMR (DMSO-d6) δ: 8.47 (d, J = 7.2 Hz, -NH, 1H), 7.55-7.53 (m, =CH, 

AA′ part of AA′BB′ system, 2H), 7.40 (d, J = 15.6 Hz, =CH, 1H), 7.01- 6.98 (m, =CH, BB′ 

part of AA′BB′ system, 2H), 6.57-6.53 (d, J = 15.6 Hz, =CH, 1H), 4.41-4.38 (m, -CH, 1H), 

3.80 (t, J = 3.2 Hz OCH3, 3H), 3.66-3.65 (t, J = 2.4 Hz, -OCH3, 3H,), 1.34 (m, -CH3, 3H). 

13C-APT NMR (DMSO-d6): 173.71, 165.55, 160.92, 139.64, 127.79, 119.40, 114.90, 

55.74, 52.34, 48.17, 17.59. Elemental analysis: C14H17NO4 required C, 63.87; H, 6.51; N, 

5.32, found C, 63.88; H, 6.55; N, 5.41.  
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3.2.4.11. Methyl (E)-(3-(naphthalen-1-yl)acryloyl)glycylglycinate (Naft-CA-Gly-Gly-

OMe) 

 

Naft-CA-Gly-OH (500.0 mg; 1.96 mmol), glycine methyl ester hydrochloride (245.92 mg; 

2.81 mmol), and CDMT (378.28 mg; 2.15 mmol) were taken into a reaction flask and 20 

ml acetonitrile was added to the mixture. Then N-methyl morpholine added to the reaction 

mixture dropwise at room temperature. After the general purification steps, the desired 

product Naft-CA-Gly-OH (426.1 mg; 1.57 mmol) was obtained in 80.21 % yield as a dark 

white. Melting point: 139-141 oC.  FT-IR (ATR, cm-1) υ N-H 3282 cm-1, υ =C-H 3069 cm-1, υ 

C=O 1742 and 1656 cm-1, υ C=C 1615 and 1548 cm-1, υ C–O 1216 cm-1. 1H NMR (DMSO-d6) 

δ: 8.61-8.60 (t, J = 5.6 Hz, -NH, 1H), 8.46 (d, J = 5.6 Hz, -NH, 1H), 8.28-8.22 (m, =CH, 

2H), 8.01 (d, J = 1.8 Hz, =CH, 2H) 7.81 (d, J = 7.2 Hz, =CH, 1H), 7.65-7.58 (m, =CH, 

3H), 6.82 (d, J = 15.6 Hz, =CH, 1H), 3.96-3.95 (d, J = 6.0 Hz, -CH2, 2H), 3.92-3.90 (d, J 

= 6.0 Hz, -CH2, 2H), and 3.65 (s, -OCH3, 3H). 13C-APT NMR (DMSO-d6): 170.8, 169.9, 

165.7, 135.9, 133.8, 132.4, 131.2, 130.1, 129.1, 127.4, 126.7, 126.2, 125.3, 124.9, 123.6, 

52.2, 42.4, 41.0. Elemental analysis: C16H15NO3 required C, 71.36; H, 5.61; N, 5.20, found 

C, 71.39; H, 5.68; N, 5.26.  

 

 

  



60 

 

 

 

4. RESULTS AND DISCUSSION 

4.1. Characterization of the Synthesized Compounds 

In this section, proton and carbon NMR and FT-IR spectrum evaluation for selected 

compounds are given in details and mechanism of the synthetic steps are discussed. In 

addition, structure activity relationships of the final compounds are discussed in terms of 

dielectric constant, dielectric loss and conductivity. The evaluation of the compounds is 

given in separate tables to prevent possible confusion for the readers. 

  

Figure 4.1.1. 1H NMR spectra of 4-methoxy-CA-OH 
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Cinnamic acids contain aromatic, olefinic, carboxylic acid proton and aliphatic proton 

depending on the type of substituent. When 1H NMR spectra of 4-methoxy-CA-

OHcompound is examined, carboxylic acid proton at 12.21 ppm, methoxy CH3 protons as 

singlet at 3.80 ppm, olefinic proton (number 7) at 7.57-7.54 ppm, and olefin proton 

(number 8) at 6.41-6.37 ppm were observed. Aromatic protons 2-6 resonated in a low field 

due to the ortho-para directing effect of the methoxy group. 

 

Figure 4.1.2. 13C APT NMR spectra of 4-methoxy-CA-OH 

When the carbon NMR spectrum is evaluated, the carboxylic acid carbon peak at 168.28 

ppm, and the aromatic carbon (number 4) to which the methoxy group is bound is at 161.42 

ppm, and the methoxy carbon peak at 55.78 ppm were clearly observed. In addition, 

aromatic =CH carbons resonate at 130.40 and 114.83 ppm. Olefinic =CH carbons are seen 

at 144.20 ppm and 116.99 ppm. This shows that the cinnamic acid was purely obtained.  
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Figure 4.1.3. 1H NMR spectra of 4-methoxy-CA-Bt 

Compared to cinnamic acid compounds, N-Acylbenzotriazoles provided 4 extra aromatic 

protons with the benzene ring they carried. Two of the aromatic =CH protons of 

benzotriazole (number 11 and 14) resonate as two doublets between 8.36-8.11 ppm, while 

the other aromatic =CH protons resonated as two triplets between 7.83 and 7.62 ppm in the 

high field. These peaks are characteristic aromatic proton peaks of benzotriazole. The peaks 

of olefinic protons resonated at 7.09-7.07 ppm and 8.15-8.11 ppm, while methoxy protons 

resonated at 3.86 ppm. 
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Figure 4.1.4. 13C APT NMR spectra of 4-methoxy-CA-Bt 

In the 13C NMR spectra of N-acylbenzotriazole (4-methoxy-CA-Bt), there are 6 aromatic 

carbon peaks of benzotriazole in the spectrum. In addition, the carbonyl carbon peak has 

shifted to about 164.14 ppm. 2 quaternary carbon peaks of benzotriazole were resonance 

at 146.14 ppm and 131.45 ppm, respectively. The peak of methoxy carbon 55.99 is also 

clearly seen. The disappearance of carboxylic acid proton can be shown another evidence 

for product formation. Above mention peaks prove that amide bond was form between 

benzotriazole and cinnamic acid. 
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Figure 4.1.5. 1H NMR spectra of 4-methoxy-CA-Gly-OH 

The most important peaks to be considered in the 1H NMR spectrum of analysis of amino 

acid conjugates containing carboxylic acid are the presence of the newly formed amide -

NH proton and aliphatic protons in the side chain of the amino acid. In addition, the absence 

of aromatic protons of benzotriazole proves that the target compound is formed. Also, the 

presence of aromatic =CH protons and methoxy proton peak at 3.80 ppm from cinnamic 

acid can be shown as evidence. The aliphatic -CH2 protons of glycine at 3.89-3.88 ppm as 

a doublet and carboxylic acid proton peak at 12.57 ppm proved that the desired product 

was formed. 
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Figure 4.1.6.  13C APT NMR spectra of 4-methoxy-CA-Gly-OH 

Characteristic groups expected to appear in the 13C NMR spectrum of amino acid 

conjugates; amide carbonyl and carboxylic acid carbonyl peaks of amino acid, aromatic 

=CH carbons, olefinic =CH carbons and aliphatic carbon peaks. When the spectrum of the 

4-methoxy-CA-Gly-OH compound is examined, the presence of all the characteristic 

carbon peaks mentioned above is clearly visible. Carboxylic acid carbonyl carbon peak at 

171.86 ppm, amide carbonyl carbon peak at 166.05 ppm, CH2 proton peak of glycine at 

41.28 ppm and olefinic carbon peaks (number 7 and 8) at 139.36 ppm and 119.68 ppm, 

respectively, showed that the desired amino acid conjugate was synthesized. 
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Figure 4.1.7. 1H NMR spectra of 4-methoxy-CA-Gly-OMe 

The main proton peaks that should be seen in the 1H NMR analysis of conjugates 

containing ester functionality is that the methyl ester group has been replaced by the 

carboxylic acid group compared to the previous carboxylic acid containing conjugates. The 

-CH2 proton peak (number 11) of the glycine has shifted to 3.99 ppm, and the presence of 

the -NH proton peak at 8.45 ppm indicates that the structure was formed. The coupling 

constant of olefinic protons is 15.6 Hz which proves that the structure trans positioned. The 

presence of olefinic =CH peaks and the presence of 2 equivalent aromatic =CH protons 

can also be shown as separate evidence. 
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Figure. 4.1.8. 13C APT NMR spectra of 4-methoxy-CA-Gly-OMe 

The groups to be considered in the 13C NMR analysis of amino acid conjugates containing 

the ester group are two carbonyl carbons, one of which belongs to the ester and the other 

to the amide group. Subsequently, the CH3 methyl carbon of the methyl ester and the -

OCH3 carbons of the methoxy group can be given. The presence of olefinic carbon peaks 

and aromatic =CH carbons from the starting compound can also be presented as additional 

evidence. 
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Figure 4.1.9. Chemical representation of 4-methoxy-CA-Gly-OH 

 

Figure 4.1.10. FT-IR spectrum of 4-methoxy-CA-Gly-OH 

Amide -N-H stretching vibration at 3463 cm-1, carboxylic acid -O-H stretching vibration 

at 3557 cm-1, aromatic =C-H stretching vibration at 3086 cm-1, aliphatic -C-H stretching 

vibrations around 2937 cm-1, carboxylic acid C=O stretching vibration at 1706 cm-1, amide 

C=O stretching vibration at 1657 cm-1 and aromatic C=C bending vibrations at 1598 ve 

1510 cm-1 can be shown as evidences that the structure have specific functional groups. 
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4.2.  NMR Evaluation of Cinnamic Acid Derivetives 

Table 4.2.1. Structural evaluation of cinnamic acid derivatives 

Compounds 1H NMR Interpretation 13C APT NMR Interpretation 

 

 

 

 

2-fluoro-CA-OH 

Carboxylic acid -OH proton (number 

10) shows up at 12.58 ppm as a singlet, 

olefinic protons (number 7and 8) show 

up at 7.69 – 7.65 ppm and 6.63 – 6.59 

ppm with 16 Hz coupling constant 

which means the double bond has trans 

isomerization. The aromatic four 

protons resonance between 7.81 and 

7.25 ppm show that the compound 

successfully obtained. 

Carboxylic acid carbon (number 9) peak at 

167.72 ppm, ipso carbon (number 1)  peak at 

122.25 ppm, fluorine attached carbon 

(number 2) at 162.22 ppm, olefinic carbon 

peaks (number 7 and 8) at 136.15 and 116.63 

ppm and aromatic -CH carbons (number 3,4,5 

and 6) between 132.74 and 122.35 ppm 

clearly show that the structure are formed. 

 

 

 

 

 

2-chloro-CA-OH 

Carboxylic acid -OH proton (number 9) 

shows up at 12.64 ppm as a singlet, 

olefinic protons (number 7and 8) show 

up at 7.91 – 7.87 ppm and 6.64 – 6.58 

ppm with 16 Hz coupling constant 

which means the double bond protons 

are in trans position. The aromatic four 

protons (3,4,5, and 6) show up between 

7.91 and 7.39 ppm indicate that the 

compound successfully formed. 

Carboxylic acid carbon (number 9) peak at 

167.61 ppm, ipso carbon (number 1)  peak at 

132.35 ppm, Chloride attached carbon 

(number 2) at 134.03 ppm, olefinic carbon 

peaks (number 7 and 8) at 139.15 and 122.81 

ppm and aromatic -CH carbons (number 3,4,5 

and 6) between 132.14 and 128.24 ppm 

clearly show the formation of the desired 

compound. 

 

 

 

2-methyl-CA-OH 

Carboxylic acid -OH proton peak 

(number 9) at 12.50 ppm as a singlet, 

CH3 protons (number 10) in the 

benzene ring at 2.40 ppm as singlet, 

olefinic CH protons (number 7 and 8) at 

7.85 – 7.81 and 6.46 – 6.42 ppm as 

doublets and existence of four aromatic 

CH protons show that the compound are 

formed. 

Carboxylic acid carbon (number 9) peak at 

168.00 ppm, ipso carbon (number 1)  peak at 

133.39 ppm, methyl substituted carbon 

(number 2) at 137.62 ppm, olefinic carbon 

peaks (number 7 and 8) at 141.62 and 120.69 

ppm and aromatic -CH carbons (number 3,4,5 

and 6) between 131.17 and 126.89 ppm and 

methyl carbon peak at 19.74 ppm clearly 

show that the structure are formed. 

 

 

 

 

3-methyl-CA-OH 

Like other cinnamic acid derivatives, 

the carboxylic acid proton at 12.44 ppm, 

olefinic protons (number 7 and 8) at 

7.58 – 7.54 ppm and 6.54 – 6.50 ppm 

with 16 Hz coupling constant showing 

the structure is trans isomer and the 

presence of 4 aromatic CH protons in 

total proves that the structure is 

obtained. 

The presence of carboxylic acid carbon 

(number 9) at 168.04 ppm, methyl carbon 

(number 10) at 21.31 ppm, and quaternary 

carbon peaks (numbers1&3), which are the 

most characteristic peaks for the compound, 

prove that the structure was synthesized. 

 

 

 



70 

 

 

Table 4.2.1. Structural evaluation of cinnamic acid derivatives (continuing)  

 

 

 

 

 

 

4-chloro-CA-OH 

Like other cinnamic acid derivatives, the 

carboxylic acid proton (number 10) at 

12.54 ppm, olefinic protons (number 7 

and 8) at 7.62 – 7.58 ppm and 6.60 – 6.56 

ppm with 16 Hz coupling constant 

showing the structure is trans isomer and 

due to the deactivating effect of chloride, 

protons (number 2and 6) at meta position 

resonance in low field, but para protons 

(3&5) at 7.50 – 7.48 ppm show up in 

high filed. In addition to these evidences, 

olefinic protons (number 7 and 8) at 7.62 

– 7.58 and 6.60 – 6.56 ppm show that the 

compound were formed. 

The carboxylic acid carbonyl carbon at 

167.94 ppm, olefinic CH carbon peaks at 

142.85 and 120.72 ppm, and existence of 

two symmetrical aromatic CH carbons 

prove that the formation of the 

compound. 

 

 

 

 

4-methoxy-CA-OH 

Characteristic proton peaks for this 

compound; the carboxylic acid proton 

(number 10) at 12.21 ppm as a broad 

singlet, methoxy protons (number 11) at 

3.80 ppm as a singlet and olefinic 

protons (number 7 and 8) at 7.58 – 7.54 

ppm and 6.41 – 6.37 ppm as doublets. 

The presence of aromatic CH protons 

also signifies that the structure was 

formed 

The presence of the carboxylic acid 

carbon (number 9) peak at 168.28 ppm, 

the carbon (number 4) adjacent to the 

methoxy group at 161.42 ppm, and the 

symmetrical aromatic CH carbon peaks 

are evidence for product being obtained. 

 

 

 

 

 

2,4-dimethoxy-CA-OH 

A clear view of the olefinic peaks at 7.78 

– 7.74 ppm and 6.40 – 6.37 ppm along 

with two methoxy protons (number 11 

and 12) at 3.88 ppm and 3.83 ppm and 

carboxylic acid proton (number 10) peak 

specific to this compound is evidence of 

the compound being obtained. 

Likewise, the presence of carbons 

belonging to methoxy groups at 56.18 

ppm and 55.92 ppm and the presence of 

4 quaternary carbon (number 1,2,4 and 

9) peaks indicate that the structure was 

obtained. 

 

 

 

2,4,5-trimethoxy-CA-OH 

The characteristic three methoxy peaks 

(number 11,12 and 13), olefinic protons 

at 7.83 – 7.79 ppm and carboxylic acid 

proton (number 10) at 12.11 ppm clearly 

show that the structure was successfully 

synthesized.  

Likewise, the presence of three methoxy 

carbons (number 11,12, and 13) at 56.81 

ppm, 56.57 ppm and 56.26 ppm and the 

presence of 4 quaternary carbon of 

benzene ring and carbonyl carbon 

(number 9) at 168.73 ppm indicate that 

the structure was obtained. 
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Table 4.2.1. Structural evaluation of cinnamic acid derivatives (continuing)  

 

 

 

Naft-CA-OH 

The presence of olefinic protons at 8.42 – 

8.28 and 6.64 – 6.60 ppm, carboxylic acid 

proton at 12.58 ppm and other aromatic 

protons (7 protons) indicates that this 

compound is obtained. 

When the C NMR spectrum is examined, 

characteristic carbon peaks are clearly 

seen. Carboxylic acid carbon at 168.33 

ppm, olefinic carbons at 143.44 and 

120.27 ppm and other naphthalene ring 

carbons are observed. 

 

 

Phenant-CA-OH 

Total number of aromatic CH proton peak 

and presence of olefinic CH protons at 8.42 – 

8.38 ppm and 6.73 – 6.69 ppm coherent with 

compound. 

As with 1H NMR, the clear view of the 

carbonyl carbon peak at 168.09 ppm and 

olefinic carbon (number 15) at 140.87 

ppm are proofs that the compound is 

formed. 

 

 

 

Pyrene-CA-OH 

The presence of a total of 9 aromatic CH 

protons and 2 olefinic CH2 proton peaks at 

8.74 – 8.70 ppm and 6.87 – 6.83 ppm and the 

carboxylic acid proton peak at 12.61 ppm 

proves that the compound is obtained. 

The 13C NMR spectrum provides the 

total number of carbons as in the 1H 

NMR. Carbonyl carbon peak at 168.10 

ppm and olefinic carbon peaks at 140.36 

ppm and 122.13 ppm can be given as 

examples. 

 

 

 

 

Phenylbenzyl-CA-OH 

Since there are many aromatic protons, 

splitting and peaks are intertwined, 9 clearly 

visible aromatic proton peaks in the spectrum 

are sufficient to characterize the compound, 

and the clear appearance of the olefinic 

proton (number 10) at 6.61 – 6.57 ppm as a 

doublet peak can be shown as another 

evidence. 

The presence of carbonyl carbon 

(number 11) at 168.33 ppm, aromatic 

carbons and olefinic carbons (number 9 

and 10) at 143.44 and 120.27 ppm are 

evidences for the formation of the 

compound. 

 

 

 

 

 

 

3-methyl-CA-Bt 

As evidence of benzotriazole binding of the 

3-methyl-CA-OH compound, the splitting of 

ring protons (numbers 11 and 14) belonging 

to benzotriazole as doublets, as well as two 

triplet peakss of benzotriazole arise at in 

higher field. In addition, the disappearance of 

the carboxylic acid proton indicates that the 

structure was formed. 

The presence of 5 quaternary carbon 

atom peaks (numbers 9,15,3,1 and 10) in 

total and the presence of 8 aromatic CH 

protons indicate that the structure was 

formed. 
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4.3.  NMR Evaluation of N-acylbenzotriazoles 

Table 4.3.1. Structural evaluation of cinnamic acid Bt derivatives  

Compund Name 1H NMR Interpretation 13C APT NMR Interpretation 

 

 

 

 

 

2-fluoro-CA-Bt 

The spectrum provides the total amount of 

protons that the compound needs to have. 

The aromatic -CH protons of benzotriazole 

(number 15 and 12) appear as doublets 

between at 8.34 ppm and 8.27 ppm. On the 

other hand, cinnamoyl aromatic CH protons 

(number 3,4,5 and 6) arise between 7.83 

ppm and 7.34 ppm. These peaks clearly 

show that benzotriazole successfully 

connected to the starting material. 

When the 13C NMR spectrum is examined, 

the presence of quaternary carbon atoms 

(numbers 1,2,9,10 and 15) and peaks in the 

range of 140.49 - 114.81 ppm of 8 aromatic 

CH carbon atoms prove that the structure is 

formed. 

 

 

 

 

2-chloro-CA-Bt 

8 aromatic protons from cinnamic acid and 

benzotriazole are present in the structure. 

Olefinic CH proton (number 7) arise at 8.20 

– 8.14 ppm which has coupling constant 

value 7 Hz show that the structure has trans 

isomerization.  

3 different quaternary carbon atoms present 

in the structure are seen on the upper side of 

the spectrum, while aromatic and olefinic 

CH carbons are located on the lower side. 

Carboxylic acid carbonic carbon (number 9) 

appears at 163.67 ppm, while olefinic CH 

carbons (number 7 and 8) appear at 133.40 

and 114.80 ppm. 

 

 

 

2-methyl-CA-Bt 

Aliphatic CH3 protons (number 14) at 2.52 

ppm, aromatic and olefinic 10 protons exist 

between 8.37 – 7.34 ppm show that the 

benzotriazole successfully bonded to 

starting compound. 

Carbonyl carbon peak at 163.92 ppm, 

olefinic carbon peaks at 145.81 for C7 and 

117.41 ppm for C8, CH3 carbon (number 16) 

at 19.82 ppm and total 8 aromatic CH 

carbon peaks are clearly seen in the 

spectrum so that it proves the formation 

benzotriazole intermediate. 
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Table 4.3.1. Structural evaluation of cinnamic acid Bt derivatives (continuing) 

 

 

 

 

 

 

4-methoxy-CA-Bt 

For this compound, the 

disappearance of the starting 

carboxylic acid proton and the 

presence of four aromatic CH protons 

of benzotriazole is evidence that the 

desired structure is obtained. In 

addition, the presence of two doublets 

of benzotriazole at 8.37 – 8.34 and 

8.30 -8.28 ppm seen in the low field 

and two triplets at 7.83 – 7.89 and 

7.66 – 7.62 ppm seen in the high field 

indicate that benzotriazole was 

successfully bound to cinnamic acid. 

The presence of aromatic CH carbons 

of benzotriazole and cinnamic acid 

aromatic CH protons can be shown as 

evidence that the structure is formed. 

 

 

 

2,4-dimethoxy-CA-Bt 

The disappearance of the carboxylic 

acid proton of the starting compound 

and the presence of two doublets and 

two triplet aromatic CH proton peaks 

of benzotriazole indicate that 

benzotriazole is attached to the 

structure. 

The presence of a total of 9 aromatic 

and olefinic CH carbons together with 

two methoxy CH3 carbons (number 16 

and 17) at 56.53 ppm and 56.16 ppm 

in the aliphatic region indicate that the 

structure is formed. 

 

 

 

2,4,5-trimethoxy-CA-Bt 

The existence of the characteristic 

benzotriazole ring protons two 

doublets in low filed and two triplet 

at high field and disappearance of 

carboxylic acid proton peaks of 

cinnamic acid prove that the structure 

was formed. 

Number of carbon peaks from 

benzotriazole 4 -CH and 2 -C carbon 

peaks and existence of three methoxy 

carbon at aliphatic region show that 

the structure was obtained. 

 

 

 

Phenylbenzyl-CA-Bt 

The aromatic CH peaks (number 

13,16 and 14,15) of benzotriazole 

appear as two doublets and two 

triplets, indicating that the compound 

was formed. 

The coherence of the number of 

olefinic carbon peaks and aromatic 

CH peaks proves that the structure 

was obtained 
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4.4. NMR Evaluation of Amino acid conjugates 

Table 4.4.1. Structural evaluation of amino acid conjugates  

Compund Name 1H NMR Interpretation 13C APT NMR Interpretation 

 

 

 

 

2-fluoro-CA-Gly-OH 

The Carboxylic acid -OH proton 

(number 9) of glycine at 12.61 ppm as a 

singlet, the triplet of NH proton (number 

7) at 8.56  – 8.53 ppm, aliphatic  CH2  

protons (number 8) of glycine at  3.92 – 

3.91 ppm, olefinic CH proton (number 5) 

at 7.55 – 7.51 ppm, the four aromatic CH 

protons between 8.56 – 7.26 ppm 

indicates the formation of the final 

product. 

The two carbonyl carbon peaks, 

carboxylic acid and amide, at 171.68 and 

165.52 ppm, aliphatic CH2 carbon peak 

at 41.34 ppm, olefinic carbons (number 

7 and 8) at 132.00 and 116.45 ppm and 

ipso carbon (number 1) at 122.96 ppm 

prove that the synthesis of the compound 

accomplished.  

 

 

 

2-chloro-CA-Gly-OH 

Existence of  carboxylic acid -OH proton 

at 12.64 ppm as a singlet, olefinic 

protons (number 7 and 8) at 7.78 – 7.76 

ppm and 6.81 – 6.77 ppm (16 Hz 

coupling constant indicates trans 

isomerism), NH proton of amide bond at 

8.55 – 8.52 ppm and glycine’s aliphatic 

CH2 protons at 3.93 – 3.91 ppm prove the 

formation of product. 

The structure has two carbonyl groups 

and carboxylic acid and amide carbonyls 

arise at 171.65 ppm and 165.26 ppm, 

respectively. In addition, aliphatic CH2 

carbon at 41.38 ppm, olefinic carbon 

peaks at 134.96 and 125.24 ppm and two 

quaternary carbon peaks at 133.80 and 

133.11 ppm show that the desired 

compound successfully synthesized. 

 

 

 

2-chloro-CA-Gly-OCH3 

CH3 protons of methoxy group (number 

11) at 3.67 ppm, CH2 protons of glycine 

(number 10) at 4.02 – 4.00 as a doublet, 

olefinic proton (number 8) at 6.80 – 6.76 

ppm as a doublet, NH proton (number 9) 

at 8.69 – 8.67 ppm are obvious proof of 

the product formation.  

Ester and amide carbonyl carbon peaks 

at 170.77 and 165.43 ppm, methoxy 

carbon (number 12) at 52.25 ppm, 

glycine’s CH2 carbon (number 10) at 

41.32 ppm and olefinic carbons (number 

7 and 8) at 135.21 and 124.93 ppm prove 

that the desired compound obtained. 
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Table 4.4.1. Structural evaluation of amino acid conjugates (continuing)  

 

 

 

 

2-chloro-CA-Ala-OCH3 

CH3 protons of methoxy group (number 

12) at 3.67 ppm, CH proton of alanine 

(number 10) at 4.46– 4.39 ppm, olefinic 

proton (number 8) at 6.78 – 6.73 ppm, 

CH3 protons (number 11) of alanine at 

1.37 – 1.35 ppm as doublet and NH 

proton (number 9) at 8.69 – 8.67 ppm are 

obvious proof of the product formation. 

Ester and amide carbonyl carbon peaks at 

173.50 and 164.73 ppm, methoxy carbon 

(number 12) at 52.43 ppm, olefinic 

carbons (number 7 and 8) at 135.21 and 

124.93 ppm, alanine’s CH carbon 

(number 10) at 48.30 ppm and CH3 

carbon (number 13) peak at 17.53 ppm 

proves that the desired compound 

obtained. 

 

 

 

 

 

 

2-methyl-CA-Gly-OH 

For this compound, the carboxylic acid 

OH proton peaked at 12.65 ppm as 

singlet, and olefinic CH protons (number 

7 and 8) peaked at 7.71 - 7.67 ppm and 

6.65 - 6.61 ppm as doublets. 15.6 Hz 

coupling constant of olefinic CH protons 

mean the structure in trans isomerization. 

Another characteristic peak belongs to 

glycine’s CH2 protons (number 11) show 

up at 3.92 – 3.91 ppm as a doublet. 

Existence of NH proton peak at 8.50 – 

8.48 ppm as a triplet provide us to pass 

judgment the amide bond successfully 

formed. 

Two carbonyl carbon (number 12 and 9) 

peaks (carboxylic acid and amide) in the 

carbon NMR spectrum appear at 171.85 

ppm and 165.78 ppm, respectively, 

which is proof that the free amine moiety 

successfully binds to the cinnamic acid 

compound. Moreover, CH2 carbon 

(number 11) belonging to glycine and 

methyl carbon (number 14) bound to the 

aromatic ring are seen at 19.89 ppm and 

41.29 ppm. Other aromatic carbon peaks 

are clearly visible in the aromatic region. 

 

 

 

2-methyl-CA-Gly-OCH3 

Compared to the 2-methyl-CA-Gly-OH 

compound, the only difference between 

them is the disappearance of the 

carboxylic acid OH proton seen at 12.65 

ppm and appearance of the CH3 protons 

of the methyl group from the ester at 3.67 

ppm. All remaining protons are 

compatible with the structure. 

The only difference seen in the 13C APT 

NMR is that the methyl carbon of the 

ester appears at 52.25 ppm. All 

remaining peaks are identical to 2-

methyl-CA-Gly-OH with very slight 

shifts. This is proof that the compound is 

formed. 
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Table 4.4.1. Structural evaluation of amino acid conjugates (continuing)  

 

 

 

2-methyl-CA-Ala-OCH3 

The difference of this compound from 2-

methyl-CA-Gly-OMe is only the methyl 

protons of alanine, which (number 15) is 

observed between 1.36 and 1.33 ppm. 

All remaining peaks are compatible with 

the structure and indicate that the 

targeted compound are formed. 

Two aliphatic methyl peaks (number 14 

and 15) at 19.88 and 17.55 ppm, CH 

carbon of alanine at 48.23 ppm, CH3 

carbon at 52.40 ppm and olefinic 

carbons (number 7 and 8) at 137.35 and 

122.98 ppm show that the structure are 

formed. 

 

 

3-methyl-CA-Gly-OH 

The presence of the carboxylic acid 

proton at 12.63 ppm and aliphatic CH2 

proton peaks of the amino acid at 3.91 – 

3.89 ppm, and the disappearance of 

aromatic protons of benzotriazole 

indicate that this compound has been 

successfully obtained. 

The existence of carboxylic acid 

(number 12) and amide carbonyl carbon 

(number 9) peaks at 171.84 and 165.76 

ppm, glycine’s aliphatic carbon (number 

11) peak at 41.29 ppm prove that the 

structure was formed. 

 

 

 

 

4-chloro-CA-Gly-OMe 

For this compound, there are several 

characteristic peaks such as glycine’s 

CH2 protons at 4.00 – 3.99 ppm as a 

doublet, methyl protons of ester 

functional group at 3.68 ppm as a 

singlet, formation of NH protons from 

amide at 8.49 ppm, and disappearance of 

carboxylic acid proton of the starting 

compound exhibit that the amino acid 

successfully bounded to cinnamic acid 

compound.  

Like its proton NMR evaluation, several 

specific peaks show that the desired 

product successfully obtained. These 

peaks are two carbonyl carbons at 

170.84 and 165.71 ppm, aliphatic CH2 

carbon at 41.28 ppm and two olefinic 

carbons at 138.59 and 122.68 ppm. 

 

 

 

4-chloro-CA-Ala-OMe 

The only difference from previous 

compound is that alanine’s methyl 

protons which is at 1.35 – 1.33 ppm as a 

doublet due to the adjacent CH proton. 

The rest of the peaks of the compound 

are exist with slight shifts. 

As in the proton NMR, the specific 

peaks of the methyl carbon of the 

alanine at 17.55 ppm and the methyl 

carbon of the ester group at 52.38 ppm 

and the two carbonyl carbons (number 

12 and 9) at 173.56 and 165.03 ppm 

show that the compound was obtained as 

a result of the reaction. 
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Table 4.4.1. Structural evaluation of amino acid conjugates (continuing)  

 

 

 

4-methoxy-CA-Gly-OH 

For this compound, free glycine was 

bound to cinnamic acid by cleavage of 

the benzotriazole group. As such, the 

disappearance of aromatic CH protons 

of benzotriazole and the appearance of 

aliphatic CH2 protons of glycine at 3.90 

– 3.88 ppm can be presented as 

evidences. 

The presence of the aliphatic CH2 carbon 

at 41.28 ppm and carboxylic acid 

carbonyl carbon at 171.86 ppm show 

that the structure was formed.  

 

 

 

4-methoxy-CA-Ala-OH 

Examples of evidence showing alanine 

binding to the structure, as in the case of 

glycine, can be shown as the presence of 

alanine’s aliphatic protons (number 11 

and 15) at 3.38 ppm and 1.33 – 1.31 ppm 

and carboxylic acid proton at 12.56 ppm. 

The presence of two carbonyl carbon 

peaks at 174.73 and 165.43 ppm and CH 

and CH3 carbon peaks of alanine are 

indicative of the formation of the 

structure. 

 

 

4-methoxy-CA-Gly-OMe 

The existence of NH proton at 8.49 – 

8.46 ppm as a triplet, olefinic protons 

(number 7 and 8) at 7.44 – 7.40 ppm and 

6.59 – 6.55 ppm as doublets and 

aliphatic protons (methoxy and CH2) can 

be shown as evidences of compound 

formation. 

Three aliphatic carbon peaks, 2 

equivalent aromatic protons and two 

carbonyl carbon peaks at 170.98 ppm 

and 166.20 ppm clearly show that the 

formation of amino acid conjugate 

successfully occurred. 

 

 

4-nitro-CA-Gly-OMe 

For this structure, the methyl proton 

peak at 3.67 ppm as a singlet, CH2 

proton (number 11) peak of glycine at 

4.03 – 4.02 ppm and aromatic protons 

(number 3,5 and 2,6) at 8.29 – 8.27 and 

7.89 – 7.87 ppm are clear evidences for 

product formation. 

Existence of two aliphatic carbons 

(number 11 and 13) and two carbonyl 

carbons (number 12 and 9) can be shown 

as  proofs for product formation. 

 

4-nitro-CA-Ala-OMe 

Compared to the glycine conjugate, the 

only difference is the methyl proton 

(number 14) peak of alanine at 1.37 – 

1.35 ppm, and all of the remaining peaks 

are complete with the structure. 

Here, the presence of the methyl carbon 

(number 14)  peak of the alanine at 17.52 

ppm and the compatibility of the 

remaining peaks with the carbons in the 

structure shows that the compound is 

obtained. 
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Table 4.4.1. Structural evaluation of amino acid conjugates (continuing)  

 

2,4,5-trimethoxy-CA-Gly-OH 

Carboxylic acid proton (number 13) at 

12.55 ppm, olefinic protons (number 7 

and 8) at 7.66 – 7.62 ppm and 6.65 – 6.61 

ppm and glycine’s CH2 peak at 3.92 – 

3.91 ppm clearly show that the structure 

was formed. 

 

 

Phenylbenzyl-CA-Gly-OH 

The presence of the NH proton (number 

12) at 8.14 – 8.12, the olefinic proton 

peak (number 10) at 6.98 – 6.94 ppm and 

the aliphatic CH2 proton peak of the 

glycine at 3.81 – 3.80 ppm indicates that 

the structure was formed. 

The glycine ch2 carbon peak at 43.31 

ppm, the olefinic carbon peak at 138.47 - 

122.96 ppm, is an indication that the 

compound is formed. 

 

 

 

Phenylbenzyl-CA-Ala-OH 

The characteristic protons for this 

compound are the CH3 and CH aliphatic 

proton peaks at 1.33 – 1.31 ppm and 4.30 

– 4.27 ppm, respectively. In addition, the 

existence of the NH proton peak at 8.31 

– 8.29 ppm can be shown as another 

evidence. 

the situation is similar here, and the 

presence of aliphatic CH3 and CH carbon 

peaks at 18.57 and 49.03 ppm, two 

carbonyl carbons at 175.45 and 164.87 

ppm and olefinic carbons at 138.68 and 

122.78 ppm are indications that the 

structure is clearly obtained. 

 

Phenylbenzyl-CA-Leu-OH 

The presence of the NH proton peak at 

8.23 – 8.21 ppm , olefinic CH proton 

(number 10) at 6.86 – 6.82 ppm, and the 

aliphatic protons can be considered 

sufficient as evidence of compound 

formation. 

the presence of 4 different aliphatic 

carbon peaks at 22.09, 23.48, 24.96, 

41.47 and 51.72 ppm from leucine and 

the compatibility of other carbon peaks 

with the structure is proof that the 

compound is formed. 

 

 

 

Naft-CA-Gly-OH 

Characteristic peaks for this compound; 

although the amino acid has a carboxylic 

acid proton at 12.70 ppm and aliphatic 

CH2 proton peak at 3.96 - 3.95 ppm, the 

number of ring protons belonging to 

naphthalene also indicates that the 

compound is obtained. 

The presence of two carbonyl peaks at 

171.83 and 165.75 ppm and aliphatic 

CH2 carbon at 41.38 ppm can be shown 

as clear evidence for product formation. 
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Table 4.4.1. Structural evaluation of amino acid conjugates (continuing)  

 

 

 

 

Naft-CA-Gly-Gly-OMe 

This compound contains two amino 

acids compared to other derivatives and 

ends with the ester group instead of the 

carboxylic acid. The methoxy proton 

peak of the ester at 3.66 ppm, the CH2 

proton peak of two glycine at 3.96 – 3.95 

and 3.92 – 3.90 ppm and the presence of 

two NH proton peaks  indicate that the 

target compound is obtained. 

Three carbonyl carbon peaks at 170.77 

ppm, 169.99 ppm, and 165.72 ppm, 

methoxy carbon of ester at 52.22 ppm 

and the presence of CH2 carbon peaks of 

amino acids at 42.43 ppm and 41.05 ppm 

showed that the compound was formed. 

 

 

Phenant-CA-Gly-OH 

Total number of aromatic CH proton 

peak and presence of aliphatic  CH2 

proton peak at 3.89 – 3.88 ppm coherent 

with compound. 

Carboxylic acid carbon at 173.11 ppm, 

glycine’s CH2 carbon at 43.14 ppm and 

remaining aromatic proton peaks can be 

shown as evidences. 

 

 

Phenant-CA-Meth-OH 

Total number of aromatic and olefinic 

proton and aliphatic protons of 

methionine are in accordance with the 

structure. 

The observation of the CH carbon at 

52.68 ppm, two CH2 carbons at 32.08 

and 30.38 ppm and  CH3 carbon peak of 

methionine at 15.12 ppm can be given as 

sufficient evidence that the compound is 

formed. 

 

 

 

Pyrene-CA-Gly-OH 

The most characteristic peak for this 

compound is the CH2 aliphatic proton 

peak of glycine at 3.95 – 3.93 ppm, 

which is the most important evidence 

that the structure is obtained. In addition, 

the spectrum supports the existence of all 

the remaining protons. 

The presence of both aliphatic peak at 

42.16 ppm and olefinic carbon peaks at 

135.65 ppm  and 122.96 ppm in the 13C 

NMR spectrum is an indication that the 

structure is formed. 
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Table 4.4.1. Structural evaluation of amino acid conjugates (continuing) 

 

 

 

2,4-dimethoxy-CA-Gly-OH 

The most significant evidences showing 

that glycine bound to the 2,4-dimethoxy-

CA-Bt compound, the presence of the 

glycine's CH2 proton peak at 3.88 – 3.86 

ppm and the NH proton peak at 8.28 – 

8.25 ppm from the amide bond formed. 

The remaining peaks are compatible 

with other protons of the structure. 

In addition to the presence of two 

methoxy carbons at 56.13 and 55.88 

ppm with the CH2 carbon of glycine at 

41.32 ppm, the appearance of two 

carbonyl carbon peaks at 171.95 and 

166.49 ppm can be presented as 

evidence that the structure is formed. 

 

 

 

 

 

2,4-dimethoxy-CA-Meth-OH 

When examining methionine amino acid 

containing conjugate, both the presence 

of aliphatic peaks of methionine  

(number 11,14,15 and 16) and the 

presence of aromatic - olefinic proton 

peaks of cinnamic acid indicate that the 

structure was formed. The mixing of 

some aliphatic peaks with the solvent 

peak complicates the interpretation, but 

it will have a better chance of 

interpretation when the carbon NMR 

spectrum is evaluated. 

The aliphatic carbon peaks (number 

11,14,15 and 16) of methionine at 51.60 

ppm, 30.24 ppm, 31.40 ppm and 15.06 

ppm, respectively, are clearly seen here. 

In addition, the presence of two different 

carbonyl carbon peaks at 173.96 and 

166.33 ppm is another proof that the 

structure is formed. 

 

 

Naft-CA-Ala-OH 

Unlike the product containing glycine, 

the CH and CH3 proton peaks of the 

alanine at 4.46 – 4.36 and 1.39 – 1.37 

ppm and the olefinic protons at 8.26 – 

8.20 and 6.82 – 6.78 ppm in the spectrum 

prove that the compound is formed. 

The presence of carbonyl carbon peaks 

at 174.70 and 165.05 ppm belonging to 

cinnamic acid and amino acid and 

aliphatic carbons at 48.30 and 17.90 ppm 

belonging to alanine clearly shows that 

the compound is obtained. 

 

Naft-CA-Meth-OH 

The presence of aliphatic peaks of the 

methionine (CH, CH2 and CH3) and the 

number of aromatic CH protons of 

naphthene are compatible with the 

structure. 

The aliphatic carbon peaks at 52,68 ppm, 

32.08 ppm, 30.38 ppm and 15.12 ppm 

can be shown as evidences that the 

structure is formed. 
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4.5.   Mechanistic evaluation of synthesis steps 

In this section, possible reaction mechanisms of cinnamic acid formation, N-

acylbenzotriazole and amino acid conjugates are presented and discussed. 

 

 

Figure 4.5.1. Proposed mechanism for cinnamic acid synthesis 

As a result of the breakdown of the acid proton by pyridine, the carboxylate anion of the 

malonic acid is formed together with the pyridinium cation. Piperidine provides the 

formation of enolate by removing the acidic CH2 proton of malonic acid, while this enolate 

provides a nucleophilic attack on the enamine cation formed between aldehyde and 

piperidine in the reaction medium. Carbon dioxide is separated from the dicarboxylate 

anion formed as a result of intermolecular proton transfer, and as a result of the proton 

rupture of the carboxylate anion from the pyridinium cation, piperidine and target product 

cinnamic acid derivative are formed. 
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Figure 4.5.2. Proposed reaction mechanism for synthesized conjugates based on CDMT method 

In this reaction (Figure 4.5.2), which can take place as one pot synthesis, the carboxylic 

acid derivative (amino acid / peptide) reacts with CDMT in the presence of N-methyl 

morpholine, giving the 2-acyloxy-4,6-dimethoxy-1,3,5-triazine compound over the 

DMTMM intermediate. . In the final stage, the targeted product is obtained by reacting 

with the free amine (amide bond) as nucleophile. The reaction takes place under cold 

conditions (around 0 degree of celsius), where NMM is added dropwise and solvents such 

as DCM or MeCN are used. Due to the weak base character of the Triazine compound, 

possible by-products are eliminated by using dilute acid and NaHCO3 in the purification 

process. 
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Figure 4.5.3. Proposed reaction mechanism for amino acid conjugate via N-acylbenzotriazole 

When the conjugates are synthesized via N-acylbenzotriazole as shown in Figure 4.5.3., 

initially, two molecules of benzotriazoles is replaced by two chlorines of thionylchloride. 

In the next stage, carboxylic acid oxygen attacking to the sulfur atom causing the cleavage 

of the benzotriazole as an anion, while the possibility of attacking of the benzotriazole 

anion may occur in 1,2-addition. N-acylbenzotriazole, the stable intermediate, is formed 

when the benzotriazole anion causes intramolecular proton transfer and leaving of SO2 and 

BtH by nucleophilic attack to the carbonyl carbon of the acid. In the final step, the amino 

acid conjugate is formed after a nucleophilic attack of free amino acid.  
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4.6.  Evaluation of dielectric properties for amino acid conjugates 

The conductance measurements of the compounds were analyzed at between 1 Hz and 

20 kHz based on the alternating current (AC) conductivities. Tables 4.6.1.-4.6.6. show the 

conductivity and dielectric behavior of selected compounds versus frequency at room 

temperature. The conductivity values change with the frequency due to the electrical 

conductivity of the compounds depends on mobility of electrons or ions in their structures 

Table 4.6.1. The dielectric constant (ε'), dielectric loss (ε'') and ac conductivity (σ) values in 1 kHz and at 25 
oC 

Compounds ε' ε'' σac (Siemens/cm) log σac 

4-nitro-CA-Gly-OMe 7,481 0,289 4.16 x 10-9 -8,380 

4-nitro-CA-Ala-OMe 8,250 0,341 4.59 x 10-9 -8,338 

4-methoxy-CA-Gly-OMe 7,938 0,317 4.41 x 10-9 -8,354 

4-methoxy-CA-Ala-Ome 7,871 0,328 4.38 x 10-9 -8,358 

4-chloro-CA-Gly-OMe 7,584 0,307 4.22 x10-9 -8,375 

4-chloro-CA-Ala-OMe 8,337 0,339 4.64 x 10-9 -8,333 

 

 

Considering other comparisons, there is an inverse situation in para substitute conjugates 

in Table 4.6.1. Although the nitro group has strong electron withdrawing feature, it has 

been observed that the electrical values are higher because it contributes to the resonance 

structure of the aromatic ring and causes the electrons to dissipate more. The conjugates 

bearing the nitro group show a distinct difference in themselves. The hyperconjugation of 

the methyl group in the amino acid of alanine makes the compound electron richer than the 

glycine conjugate, which caused the electrical parameters to be higher. 4-chloro-CA-Ala-

OMe has the highest value of dielectric constant (ε') 8.34 and conductivity (σac) 4.64 x 10-

9 and closest one is 4-nitro-CA-Ala-OMe has a value of dielectric constant (ε') 8.25 and 

conductivity (σac) 4.59 x 10-9. The conductivity values change with the frequency due to 

the electrical conductivity of the compounds depends on mobility of electrons or ions in 

their structures. 
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Table 4.6.2. The dielectric constant (ε'), dielectric loss (ε'') and ac conductivity (σ) values in 1 kHz and at 25 
oC 

Compounds ε' ε'' σac (Siemens/cm) log σac 

Naft-CA-Gly-OH 3,20 0.027 2.97 x 10-9 -9,573 

Naft-CA-Ala-OH 5,507 0,190 3.06 x 10-9 -8,513 

Naft-CA-Meth-OH 7,488 0,382 4.66 x 10-9 -8,380 

Naft-CA-Gly-Gly-OMe 9,055 0,357 5,04 x 10-9 -8,240 

Phen-Benzyl-CA-Gly-OH 4,67 0.082 3.16 x 10-9 -9,74 

Phenylbenzyl-CA-Ala-OH 8,381 0,378 4.41 x 10-9 -8,331 

 

This table clearly shows how the amino acid difference in naphthalene-containing 

conjugates affects electrical parameters. The increase in the polarity of the group in the 

side chain of the amino acid was reflected in proportion to the electrical parameter results. 

The reason why conjugate containing methionine has the highest value is the polarity of 

the thio-ether group in the side chain. On the other hand, the effect of an extra amino acid 

added to the structure was more than the side chain effect. In the Naft-CA-Gly-Gly-OMe 

conjugate, the carbonyl group with a high polarity from the second amino acid contributed 

positively to the movements of electrons, resulting in increased electrical values. 

Table 4.6.3. The dielectric constant (ε') dielectric loss (ε'') and ac conductivity (σ) values in 1 kHz and at 25 
oC 

Compounds ε' ε'' σac (Siemens/cm) log σac 

2-methyl-CA-Gly-OH 7,756 0,298 4.31 x 10-9 -8,364 

2-methyl-CA-Ala-OH 8,422 0,399 4.68 x 10-9 -8,328 

3-methyl-CA-Gly-OH 8,254 2,292 4.76 x 10-9 -8,273 

2-methyl-CA-Gly-OMe 7,142 0,304 3.97 x 10-9 -8,401 

Comparison of the dielectric properties of conjugates containing methyl substituents 

revealed following knowledge; the conjugates with methyl group in the meta position 

positively contributes to the ortho position. In addition to methyl group, the amıno acid in 

conjugate was also found to affect conductivity in direct proportion to the growth of the 

side chain as in other compounds. The extra methyl group on alanine side chain donates 
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electrons to 2-methyl-CA-Ala-OH via hyperconjugation while 2-methyl-CA-Gly-OH did 

not show such effect which makes conductivity of 2-methyl-CA-Ala-OH higher than 2-

methyl-CA-Gly-OH and other compounds in table 4.6.3. As with the comparison of the 

dielectric properties of the halogen containing compounds, the compounds containing the 

methyl group in the ortho and meta position in the benzene ring were compared in terms 

of electrical parameters. The dielectric constant of the 2-methyl-CA-Gly-OH compound in 

the conjugates was 7.75 and the ac conductivity value was 4.31 x 10 -9, while the chalcone 

compound with methyl in ortho position was 2.99 and 0.091 x 10-9, respectively. There is 

a 2.5-fold difference between the dielectric constants and a 47-fold difference between the 

ac conductivity values. These results show that the polarization of the amino acids in the 

structure is higher than that of the phosphazene compound. Although a similar trend was 

observed when the methyl group was in the meta position, the difference between 

conductivity values (4.76 x 10-9 vs. 2.68 x 10-9) were approximately 2 times higher (Koran 

et al. 2014).  

Table 4.6.4. The dielectric constant (ε') dielectric loss (ε'') and ac conductivity (σ) values in of 1 kHz and at 

25 oC 

Compounds ε' ε'' σac (Siemens/cm) log σac 

2,4-dimethoxy-CA-Meth-OH 7,160 0,322 3.98 x 10-9 -8,399 

4-methoxy-CA-Gly-OH 6,784 0,279 3.77 x 10-9 -8,423 

4-methoxy-CA-Gly-OMe 7,938 0,317 4.41 x 10-9 -8,357 

4-methoxy-CA-Ala-OMe 7,871 0,328 4,38 x 10-9 -8,358 

 

In methoxy group conjugates, the ester group has a positive effect on conductivity between 

4-methoxy-CA-Gly-OH with free carboxylic acid and 4-methoxy-CA-Gly-OMe 

conjugates with methyl ester. The amino acid side chain affected the dielectric constant 

positively. The more polar group the amino acid has the higher dielectric properties the 

conjugates has.  
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Table 4.6.5. The dielectric constant (ε') dielectric loss (ε'') and ac conductivity (σ) values in 1 kHz and at 25 
oC 

Compounds ε' ε'' σac (Siemens/cm) log σac 

2-chloro-CA-Gly-OH 7,273 0,324 4.04 x 10-9 -8,392 

2-fluoro-CA-Gly-OH 6,982 0,280 3.88 x 10-9 -8,410 

2-chloro-CA-Gly-OMe 6,774 0,261 3.76 x 10-9 -8,424 

2-chloro-CA-Ala-OMe 6,873 0,289 3.82 x 10-9 -8,417 

4-chloro-CA-Gly-OMe 7,584 0,307 4.22 x 10-9 -8,374 

4-chloro-CA-Ala-OMe 8,338 0,339 4.64 x 10-9 -8,333 

Dielectric properties of halogen substituted conjugates are compared in Table 4.6.5. The 

conductivity and other electrical properties of 2-chloro-CA-Gly-OH is higher than 2-

fluoro-CA-Gly-OH. This is attributed to the electronegativity differences of the halogens 

for which fluorine has higher value of electronegativity. Fluorine withdraws more electron 

from the ring than chlorine making the ring electron poor and this causes 2-fluoro-CA-Gly-

OH to be less conductive. The position of the chlorine was also found to be important in 

defining electrical behaviors of the conjugates. The comparison of the electrical behaviors 

of the conjugates for which chlorine was in ortho and para position was also studied. The 

results demonstrated that 4-chloro-CA-Ala-OMe and 4-chloro-CA-Gly-OMe were more 

conductive than 2-chloro-CA-Ala-OMe and 2-chloro-CA-Gly-OMe, respectively. This 

was probably due to electrical conductivity of the compounds depends on distance of the 

electrons moved through the conjugates. The structural similarities of the chalcone 

compounds containing halogens in their structure obtained by Koran et al., And the amino 

acid conjugates synthesized in this thesis, enabled the comparison of the electrical 

parameters of these compounds. As a result of comparing the electrical parameters of the 

chalcone compound containing fluorine atom in the ortho position and the fluorine-bearing 

conjugate in the same position, there is an approximately 3-fold difference between the 

dielectric constants (6.98 vs 2.6), and the same trend is observed as a 5.3-fold difference in 

ac conductivity values (3.9 x 10- 9 vs 7.3 x 10-10) and this difference is thought to be due to 

the extra polarization provided by amino acids. 
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Again, according to the comparison obtained from the same study, it was seen that the 

comparison of compounds with chlorine atom in ortho position gave similar results to the 

previous comparison. It is thought that there is an approximately 2-fold difference between 

the dielectric constants and approximately 4.5 times ac conductivity values (7.27 vs 1.62) 

and this difference is due to the intramolecular polarization provided by the amino acid 

structures (Koran et al. 2017). 

Table 4.6.6. The dielectric constant (ε') dielectric loss (ε'') and ac conductivity (σ) values in 1 kHz and at 25 
oC 

Compounds ε' ε'' σac (Siemens/cm) log σac 

Phenant-CA-Gly-OH 7,84 0.170 4.45 x 10-9 -9,56 

Pyrene-CA-Gly-OH 6,72 0.088 3.86 x 10-9 -9,50 

Phenylbenzyl-CA-Gly-OH 4,67 0.082 3.16 x 10-9 -9,74 

Naft-CA-Gly-OH 3,20 0.027 2.97 x 10-9 -9,57 

Electrical properties of glycine conjugates containing extra aromatic benzene rings were 

examined in table 4.6.6. Among the conjugates Naft-CA-Gly-OH had the lowest 

conductivity while Phenant-CA-Gly-OH had the highest conductivity. The most interesting 

point in this comparison is that the Pyrene-CA-Gly-OH (four benzene rings) was less 

conductive than Phenant-CA-Gly-OH (three benzene rings) indicating that the positive 

effect of conjugation decreases after a point. A possible explanation for that could be the 

electrons localize within pyrene ring decreasing electron movement and hence 

conductivity.  

 

 

 

 

 



5. CONCLUSION 

The aim of the work described in this thesis was synthesis of novel cinnamic acid 

substituted amino acid conjugate and investigation of their physical activities in terms of 

structure-activity relationship. Collectively, synthesis, characterization and electrical 

measurements of the targeted conjugates were carried out, and a total of 28 amino acid 

conjugates were obtained from different cinnamic acids by benzotriazole and triazine 

methods. The structures of all the compounds obtained in the thesis were characterized by 

1H, 13C APT, COSY, HETCOR NMR, FT-IR and elemental analysis methods. The 

electrical parameters were measured with impedance analyzer. Physical parameters such 

as dielectric constant, dielectric loss factor and conductivity were compared by considering 

structure-activity relationship. The presence of characteristic olefinic proton-carbon peaks 

and carboxylic acid proton seen in NMR spectra of cinnamic acids is evidence that 

compounds were formed. Evidence that those carrying free carboxylic acid groups from 

the amino acid conjugates were formed by the presence of aliphatic proton-carbon peaks 

and olefinic peaks from cinnamic acid seen in NMR spectra. It has been observed that as 

the frequency increases, there is a rapid decrease in the dielectric constant and this trend 

decreases towards higher frequency regions. Along with the relaxation times and electronic 

polarization as an explanation for this trend, another reason is that the inter-surface dipoles 

do not have enough time to orient themselves in the direction of the alternating current. 

The rapid decreases in low frequencies indicate that the charged dipoles in the molecules 

have a high tendency to move in the direction of the electric field applied to this frequency 

region. The electrical properties of the conjugates were evaluated by study of electron 

acceptor-donor group effect, conjugation number, amino acid differences in conjugates and 

effect of the ortho/meta/para positions of aromatic ring in cinnamic acid derivatives. Naft-

CA-Gly-Gly-OMe had the most striking result with a conductivity value of 5.04 x 10-9 

Siemens/cm. In halogenated conjugates, the 4-chloro-CA-Ala-OMe compound overrides 

others with a value of 4.64 x 10-9 Siemens/cm. In nutshell, the higher number of electrons 
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releasing group of amino acid side chain make the compounds have the higher conductivity 

and dielectric constant value. As the number of polarizable groups increases, the increase 

in the conductivity of the compound is clearly seen.  
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APPENDIX 

A.1. NMR spectrum of cinnamic acid derivatives 

 

Appx. 1.1. 1H NMR spectra of 2-fluoro-CA-OH 

 

Appx. 1.2. 13C APT NMR spectra of 2-fluoro-CA-OH 
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Appx. 1.3. 1H NMR spectra of 2-fluoro-CA-Bt 

, 

Appx. 1.4. 13C APT NMR spectra of 2-fluoro-CA-Bt 



102 

 

 

 

Appx. 1.5. 1H NMR spectra of 2-fluoro-CA-Gly-OH 

 

Appx. 1.6. 13C APT NMR spectra of 2-fluoro-CA- Gly-OH 
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Appx. 1.7. 1H NMR spectra of 2-chloro-CA-OH 

 

Appx. 1.8. 13C APT NMR spectra of 2-chloro-CA-OH 
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Appx. 1.9. 1H NMR spectra of 2-chloro-CA-Bt 

 

Appx. 1.10. 13C APT NMR spectra of 2-chloro-CA-Bt 
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Appx. 1.11. 1H NMR spectra of 2-chloro-CA-Gly-OH 

 

Appx. 1.12. 13C APT NMR spectra of 2-chloro-CA-Gly-OH 
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Appx. 1.13. 1H NMR spectra of 2-chloro-CA-Gly-OMe 

 

Appx. 1.14. 13C APT NMR spectra of 2-chloro-CA-Gly-OMe 
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Appx. 1.15. 1H NMR spectra of 2-chloro-CA-Ala-OMe 

 

Appx. 1.16. 13C APT NMR spectra of 2-chloro-CA-Ala-OMe 
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Appx. 1.17. 1H NMR spectra of 2-methyl-CA-OH 

 

Appx. 1.18. 13C APT NMR spectra of 2-methyl-CA-OH 
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Appx. 1.19. 1H NMR spectra of 2-methyl-CA-Bt 

 

Appx. 1.20. 13C APT NMR spectra of 2-methyl-CA-Bt 
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Appx. 1.21. 1H NMR spectra of 2-methyl-CA-Gly-OH 

 

Appx. 1.22. 13C APT NMR spectra of 2-methyl-CA-Gly-OH 
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Appx. 1.23. 1H NMR spectra of 2-methyl-CA-Gly-OMe 

 

Appx. 1.24. 13C APT NMR spectra of 2-methyl-CA-Gly-OMe 
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Appx. 1.25. 1H NMR spectra of 2-methyl-CA-Ala-OMe 

 

Appx. 1.26. 13C APT NMR spectra of 2-methyl-CA-Ala-OMe 
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Appx. 1.27. 1H NMR spectra of 3-methyl-CA-OH 

 

Appx. 1.28. 13C APT NMR spectra of 3-methyl-CA-OH  
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Appx. 1.29. 1H NMR spectra of 3-methyl-CA-Bt 

 

Appx. 1.30. 13C APT NMR spectra of 3-methyl-CA-Bt 
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Appx. 1.31. 1H NMR spectra of 3-methyl-CA-Gly-OH 

 

Appx. 1.32. 13C APT NMR spectra of 3-methyl-CA-Gly-OH 
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Appx. 1.33. 1H NMR spectra of 2-chloro-CA-OH 

 

Appx. 1.34. 13C APT NMR spectra of 2-chloro-CA-OH 
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Appx. 1.35. 1H NMR spectra of 2-chloro-CA-Gly-OMe 

 

Appx. 1.36. 13C APT NMR spectra of 2-chloro-CA-Gly-OMe 
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Appx. 1.37. 1H NMR spectra of 2-chloro-CA-Ala-OMe 

 

 Appx. 1.38. 13C APT NMR spectra of 2-chloro-CA-Ala-OMe 
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Appx. 1.39. 13C APT NMR spectra of 4-methoxy-CA-OH 

  

Appx. 1.40. 1H NMR spectra of 4-methoxy-CA-OH 
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Appx. 1.41. 1H NMR spectra of 4-methoxy-CA-Bt 

 

Appx. 1.42. 13C APT NMR spectra of 4-methoxy-CA-Bt 
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Appx. 1.43. 1H NMR spectra of 4-methoxy-CA-Gly-OH 

 

Appx. 1.44. 13C APT NMR spectra of 4-methoxy-CA-Gly-OH 
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Appx. 1.45. 1H NMR spectra of 4-methoxy-CA-Ala-OH 

 

Appx. 1.46. 13C APT NMR spectra of 4-methoxy-CA-Ala-OH 
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Appx. 1.47. 1H NMR spectra of 4-methoxy-CA-Gly-OMe 

 

Appx. 1.48. 13C APT NMR spectra of 4-methoxy-CA-Gly-OMe 
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Appx. 1.49. 1H NMR spectra of 4-methoxy-CA-Ala-OMe 

 

Appx. 1.50. 13C APT NMR spectra of 4-methoxy-CA-Ala-OMe 
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Appx. 1.51. 1H NMR spectra of 4-nitro-CA-OH 

 

Appx. 1.52. 13C APT NMR spectra of 4-nitro-CA-OH 
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Appx. 1.53. 1H NMR spectra of 4-nitro-CA-Gly-OMe 

 

Appx. 1.54. 13C APT NMR spectra of 4-nitro-CA-Gly-OMe 
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Appx. 1.55. 1H NMR spectra of 4-nitro-CA-Ala-OMe 

 

Appx. 1.56. 13C APT NMR spectra of 4-nitro-CA-Ala-OMe 
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Appx. 1.57. 1H NMR spectra of 2,4-dimethoxy-CA-OH 

 

Appx. 1.58. 13C APT NMR spectra of 2,4-dimethoxy-CA-OH 
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Appx. 1.59. 1H NMR spectra of 2,4-dimethoxy-CA-Bt 

 

Appx. 1.60. 13C APT NMR spectra of 2,4-dimethoxy-CA-Bt 
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Appx. 1.61. 1H NMR spectra of 2,4-dimethoxy-CA-Gly-OH 

 

Appx. 1.62. 13C APT NMR spectra of 2,4-dimethoxy-CA-Gly-OH 
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Appx. 1.63. 1H NMR spectra of 2,4-dimethoxy-CA-Meth-OH 

 

Appx. 1.64. 13C APT NMR spectra of 2,4-dimethoxy-CA-Meth-OH 
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Appx. 1.65. 1H NMR spectra of 2,4,5-trimethoxy-CA-OH 

 

Appx. 1.66. 13C APT NMR spectra of 2,4,5-trimethoxy-CA-OH 
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Appx. 1.67. 1H NMR spectra of 2,4,5-trimethoxy-CA-Bt 

 

Appx. 1.68. 13C APT NMR spectra of 2,4,5-trimethoxy-CA-Bt 
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Appx. 1.69. 1H NMR spectra of 2,4,5-trimethoxy-CA-Gly-OH 

 

Appx. 1.70. 1H NMR spectra of 4-phenyl-CA-OH 
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Appx. 1.71. 13C APT NMR spectra of 4-phenyl-CA-OH 

 

Appx. 1.72. 1H NMR spectra of 4-phenyl-CA-Bt 
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Appx. 1.73. 13C APT NMR spectra of 4-phenyl-CA-Bt 

 

Appx. 1.74. 1H NMR spectra of 4-phenyl-CA-Gly-OH 
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Appx. 1.75. 13C APT NMR spectra of 4-phenyl-CA-Gly-OH 

 

Appx. 1.76. 1H NMR spectra of 4-phenyl-CA-Ala-OH 
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Appx. 1.77. 13C APT NMR spectra of 4-phenyl-CA-Ala-OH 

 

Appx. 1.78. 13C APT NMR spectra of 4-phenyl-CA-Leu-OH 
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Appx. 1.79. 1H NMR spectra of 4-phenyl-CA-Leu-OH 

 

Appx. 1.80. 1H NMR spectra of Naft-CA-OH 
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Appx. 1.81. 13C APT NMR spectra of Naft-CA-OH 

 

Appx. 1.82. 1H NMR spectra of Naft-CA-Bt 
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Appx. 1.83. 13C APT NMR spectra of Naft-CA-Bt 

 

Appx. 1.84. 1H NMR spectra of Naft-CA-Gly-OH 
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Appx. 1.85. 13C APT NMR spectra of Naft-CA-Gly-OH 

 

Appx. 1.86. 1H NMR spectra of Naft-CA-Ala-OH 



143 

 

 

 

Appx. 1.87. 13C APT NMR spectra of Naft-CA-Ala-OH 

 

Appx. 1.88. 1H NMR spectra of Naft-CA-Meth-OH 
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Appx. 1.89. 13C APT NMR spectra of Naft-CA-Meth-OH 

 

Appx. 1.90. 1H NMR spectra of Naft-CA-Gly-Gly-OMe 
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Appx. 1.91. 13C APT NMR spectra of Naft-CA-Gly-Gly-OMe 

  

Appx. 1.92. 1H NMR spectra of Phenant-CA-OH 
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Appx. 1.93. 13C APT NMR spectra of Phenant-CA-OH 

 

Appx. 1.94. 1H NMR spectra of Phenant-CA-Bt 
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Appx. 1.95. 1H NMR spectra of Phenant-CA-Gly-OH 

 

Appx. 1.96. 13C APT NMR spectra of Phenant-CA-Gly-OH 
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Appx. 1.97. 1H NMR spectra of Phenant-CA-Meth-OH 

 

Appx. 1.98. 13C APT NMR spectra of Phenant-CA-Meth-OH 
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Appx. 1.99. 1H NMR spectra of Pyrene-CA-OH 

 

Appx. 1.100. 13C APT NMR spectra of Pyrene-CA-OH 
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Appx. 1.101. 1H NMR spectra of Pyrene-CA-Bt 

 

Appx. 1.102. 13C APT NMR spectra of Pyrene-CA-Bt 
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Appx. 1.103. 1H NMR spectra of Pyrene-CA-Gly-OH 

 

Appx. 1.104. 13C APT NMR spectra of Pyrene-CA-Gly-OH 
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Appx. 1.105. COSY NMR spectrum of Naft-CA-Gly-OH 

 

Appx. 1.106. HETCOR NMR spectrum of Naft-CA-Gly-OH 
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Appx. 1.107. COSY NMR spectrum of Pyrene-CA-Bt 

 

Appx. 1.108. HETCOR NMR spectrum of Pyrene-CA-Bt 
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Appx. 1.109. COSY NMR spectrum of Pyrene-CA-OH 

 

Appx. 1.110. HETCOR NMR spectrum of Pyrene-CA-OH 
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Appx. 1.112. COSY NMR spectrum of Naft-CA-OH 

 

Appx. 1.113. HETCOR NMR spectrum of Naft-CA-OH 



156 

 

 

 

Appx. 1.114. HETCOR NMR spectrum of Phenyl benzyl-CA-OH 
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A.2.  Dielectric measurements of amino acid conjugates 

0 5000 10000 15000 20000

7.0

7.5

8.0

8.5

9.0

9.5

10.0

 4-nitro-CA-Gly-OMe

 4-nitro-CA-Ala-OMe

 4-methoxy-CA-Gly-OMe

 4-methoxy-CA-Ala-OMe

 4-chloro-CA-Gly-OMe

 4-chloro-CA-Ala-OMe

D
ie

le
ct

ri
c 

C
o
n
st

an
t 

(e
')

Frequency (Hz)
 

Appx. 2.1. Dielectric constant graph of para substituted conjugates 
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Appx. 2.2. Dielectric loss graph of para substituted conjugates 
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Appx. 2.3. Dielectric loss graph of para substituted conjugates 
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Appx. 2..4. Dielectric constant graph of aromatic ring containing conjugates 
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Appx. 2.5. Dielectric loss graph of aromatic ring containing conjugates 
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Appx. 2.6. Dielectric loss graph of aromatic ring containing conjugates 
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Appx. 2.7. Dielectric constant graph of methyl substituted conjugates 
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Appx. 2.8. Dielectric loss graph of methyl substituted conjugates 
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Appx. 2.9. Dielectric loss graph of methyl substituted conjugates 
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Appx. 2.10. Dielectric constant graph of halogen substituted conjugates 
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Appx. 2.11. Dielectric loss graph of halogen substituted conjugates 
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Appx. 2.12. Conductivity graph of halogen substituted conjugates 
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Appx. 2.13. Dielectric constant graph of methoxy substituted conjugates 
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Appx. 2.14. Dielectric loss graph of methoxy substituted conjugates 
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Appx. 2.15. Conductivity graph of methoxy substituted conjugates 
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Appx. 2.16. Dielectric constant graph of aromatic ring substituted conjugates 
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Appx. 2.17. Dielectric loss graph of aromatic ring substituted conjugates 
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Appx. 2.18. Conductivity graph of aromatic ring substituted conjugates 
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A.3. FT-IR Spectrum of amino acid conjugates 

 

Appx. 3.1. FT-IR Spectra of 2-chloro-CA-Gly-OMe 

 

Appx. 3.2. FT-IR Spectra of 2-chloro-CA-Gly-OH 
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Appx. 3.3. FT-IR Spectra of 2-fluoro-CA-Gly-OH 

 

Appx. 3.4. FT-IR Spectra of Pyrene-CA-Gly-OH 
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Appx. 3.5. FT-IR Spectra of 4-methoxy-CA-Gly-O 

 

Appx. 3.6. FT-IR Spectra of Phenylbenzyl-CA-Leu-OH 
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Appx. 3.7. FT-IR Spectra of 4-methoxy-CA-Ala-OH 

 

Appx. 3.8. FT-IR Spectra of 2,4-dimethoxy-CA-Gly-OH 
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Appx. 3.9. FT-IR Spectra of 4-nitro-CA-Ala-OMe 

 

Appx. 3.10. FT-IR Spectra of Naft-CA-Gly-Gly-OMe 
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Appx. 3.11. FT-IR Spectra of Naft-CA-Gly-OH 

 

Appx. 3.12. FT-IR Spectra of Naft-CA-OH 

 

 

 

 



172 

 

 

 

Appx. 3.13. FT-IR Spectra of 2,4-dimethoxy-CA-Meth-OH 

 

Appx. 3.14. FT-IR Spectra of 2,4-dimethoxy-CA-OH 
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Appx. 3.15. FT-IR Spectra of 2-chloro-CA-OH 

 

Appx. 3.16. FT-IR Spectra of 4-nitro-CA-OH 
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Appx. 3.17. FT-IR Spectra of 2,4,5-trimethoxy-CA-Ala-OH 

 

Appx. 3.18. FT-IR Spectra of 2-chloro-Ala-OMe 
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Appx. 3.19. FT-IR Spectra of Phenant-CA-Gly-OH 

 

Appx. 3.20. FT-IR Spectra of 2-methyl-CA-Ala-OMe 
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Appx. 3.21. FT-IR Spectra of 4-chloro-Gly-OMe 

 

Appx. 3.22. FT-IR Spectra of 4-chloro-CA-Ala-OMe 
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Appx. 3.22. FT-IR Spectra of 4-metoksi-CA-Ala-OMe 

 

Appx. 3.23. FT-IR Spectra of 4-metoksi-CA-Gly-OMe 
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Appx. 3.24. FT-IR Spectra of 4-nitro-Gly-OMe 

 

Appx. 3.25. FT-IR Spectra of Phenylbenzyl-CA-Ala-OH 
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