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Abstract: In this study, polyvinyl alcohol (PVA), which is very useful for the electrospinning method, was used in
terms of its properties such as being easily dissolved in water, easy to spin, and forming qualified nanofiber surfaces.
A mixture of 10% by mass of pure water and granular PVA was prepared by weighing on a precision scale. The
mixture was stirred at 80 °C for 3 hours in a heated magnetic stirrer and left at room temperature for 24 hours. The
resulting 10% PV A solution was mixed with a magnetic stirrer at 30 ‘C for 45 minutes by adding 5% ozone oil. 10%
PVA, 10% PVA-5% Ozone Oil composites were obtained by electrospinning technique. Morphological
characterization of the obtained composites was carried out with Field Emission Gun Scanning Electron Microscopy
(FEGSEM). Membranes that we produce for chronic wounds, especially for diabetes patients, will be ideal material
candidates with their rapid wound healing properties.

Keywords: Ozone oil, polyvinyl alcohol, electrospinning, wound dressing, diabetes

Ozon Yag Iceren Nanoteknolojik Yara Ortiisii Uretimi ve Karakterizasyonu

Ozet: Bu calismada suda kolay ¢oziinebilmesi, kolay spinlenebilmesi, nitelikli nanofiber yiizeyler olusturabilmesi
gibi dzellikleri bakimindan elektroegirme yontemi igin oldukg¢a kullanish olan polivinil alkol (PVA) kullanilmistir.
Hassas terazide tartilarak graniil haldeki PV A ile saf suyun kiitlece %10’luk karisimi hazirlanmistir. Karigim 1siticili
manyetik karistiricida 80 °C sicaklikta 3 saat boyunca karistirilmis ve 24 saat boyunca oda sicakliginda bekletilmistir.
Olusan %10’luk PVA ¢ozeltisine %5 oraninda ozon yag1 maddesi katilarak 45 dakika 30 °C sicaklikta manyetik
karigtiricida karigtirllmistir. %10 PVA, %10 PVA-%5 Ozon Yagi kompozitleri elektroegirme teknigi ile elde
edilmistir. Elde edilen kompozitlerin Alan Emisyon Tabancali Taramali Elektron Mikroskobu (FEGSEM) ile
morfolojik karakterizasyonlar1 gergeklestirilmistir. Diyabet hastalar1 basta olmak iizere kronik yaralara yonelik
iirettigimiz membranlar hizli yara iyilestiri 6zellikleri ile ideal malzeme aday1 olabilecektir.

Anahtar Kelimeler: Ozan yag1, polivinil alkol, elektroegirme, yara ortiisii, diyabet

*Corresponding Author; edoganci@kocaeli.edu.tr (E. Doganci)
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1. INTRODUCTION

The deterioration of the integrity and functions of tissues
or organs by various factors is called wound healing, and
the restoration of this integrity through a series of
intertwined processes is called wound healing. Wound
healing is a dynamic and complex process consisting of
successive periods. The use of appropriate dressings plays
an important role in the wound healing process. The duties
of wound dressings are to provide protective properties
against infection and microorganisms, to absorb blood and
wound fluid, to provide wound healing and in some cases
to apply drug therapy on the wound. Other tasks of
dressings include fluid control, odour removal, microbial
control, physical barrier, space-filling effect, and complete
cleaning (debridement) of foreign bodies and damaged and
infected tissues in the wound [1].

A wide variety of wound care products are used in wound
care today. These include composite dressings, transparent
film dressings, hydrocolloids, alginate dressings and
wound fillers, antibacterial dressings, and hydrogel
dressings. There is no ideal wound care product to be used
for every wound and at all times. Wound care products are
selected according to the wound and are changed according
to the need in different periods of the same wound. It is
used in wound healing, regeneration, and healing of dermal
and epidermal tissue. The materials used

in the preparation of the dressing protect the wound as a
physical barrier against microorganisms and are permeable
to moisture and oxygen. An ideal dressing should have the
following features: It should accelerate wound healing,
provide a moist environment for the wound, remove excess
exudate and toxic substances from the environment
without allowing the wound to dry, prevent odour, protect
the temperature of the wound surface, not allow the
passage of microorganisms from the air to the wound
surface, allow oxygen exchange and gas exchange. It
should aid cell migration and division by allowing [2].

Wound dressing is an important method to complete the
wound healing process quickly and properly. Wound
dressings are materials that act as a barrier to protect the
wound. Due to the importance of wound protection, the
development of appropriate wound dressings is extremely
important. Purpose in the treatment of surgical wounds in
the past; the wound was to bring the lips closer together to
quickly heal the wound. Nowadays, the dressings are
understood that a moist and warm environment created
around the wound is more effective in wound healing. This
current approach is based on the ideal environment for
wound healing and the ability of epithelial cells to move
easily [3].

An ideal dressing should have the following properties:
e  Providing a moist environment for the wound,
e Removing exudates,
e Preventing microorganisms from entering the
wound,
e Allowing gaseous exchange,
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Must be sterile,

Must not be toxic and allergic,

Minimal frequency of dressing exchange,
Thermal insulation,

Easy of application,

Comfortable and conformable [4,5].

Biomaterials are defined as materials that can adapt to the
human body, perform the functions performed by the
human body, support and heal. Biomaterials science is an
interdisciplinary branch that studies the physical and
biological studies of materials and their interactions in the
biological environment [6].

PVA, abiocompatible and water-soluble hydroxy polymer,
has very good chemical resistance, flexibility, mechanical
strength, and biodegradability. Chemical stability at room
temperature with very good physical and mechanical
properties, ability to form very good fibrous material alone
or mixed with other polymers [7].

The oil known as ozone oil is actually ozone-enriched pure
olive oil. Although the ozonisation

process is usually done with olive oil, it can also be done
with other natural oils such as argan oil, hemp oil. The
main feature of ozone molecules is the ability to destroy
organic compounds such as bacteria and viruses with a
high purification process. One of the most important
benefits of ozone oil is that it provides rapid healing of
wounds. It is a product that should be used by diabetics
who have wounds for no reason. It is a type of oil that
works with its positive effects in the treatment process of
foot fungus and other diseases. Ozone oil is often used in
the treatment of skin problems such as psoriasis, varicose
veins, wrinkles, eczema, and acne [8].

Nanofibers is a designation used for fibers with a diameter
of 100 nanometers or less. Its properties such as flexibility,
high porosity, small pore size, axial strength have caused it
to find many different and wide application areas [9].

It is a method applied by drawing the polymer from a
specially prepared solution using an electric field. In
addition, nanofibers can be produced from polymers, metal
oxides and ceramics with this method. With this method,
one-dimensional nanostructures are formed [10].

Nanostructured wound dressings, which can be described
as a new generation wound dressing, consist of nanofibers.
The nanofibers with large surface have three-dimensional
surface area. They have anti-bleeding feature thanks to
their high surface area. Since they are nano-sized fine
fibers, they can mimic the natural extracellular matrix
structure (ECM), and provide a favorable environment for
the attachment, development and proliferations of cells. Its
high porosity gives the dressing a breathable structure that
prevents the passage of bacteria and infection [11].

The electrospinning technique is one of the most used to
produce nanofibers due to its simplicity and effectiveness.
Electrospinning is a spinning technique which is using
electrostatic force to fabricate fine fibers from polymer
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solutions. In this technique, the polymer is electrically
charged using a high potential voltage to induce the
formation of a liquid jet. The polymer jet formed by this
method flows towards the grounded source. During this
flow, the polymer jet is scattered around as very thin fibers
and as a result, nano-scale fine fibers are formed [12].

In the electrospinning process, many different polymers
have been used to produce nanofibers. The
polycaprolactone (PCL) which is synthetic polymer, is
used in nanofiber production. This polymer is used in the
dressings because it supports wound healing. PCL is a
polymer that has some superiorities related to
physicochemical aspects which covers hydrophobicity,
high spinnability, preferable mechanical effects. Beside
these, it degrades gradually that makes desirable for
purpose of matrix to load natural products [13].

In this study, PVA nanofiber composites containing ozone
oil were obtained by electrospinning technique, and the
obtained membranes will be able to show ideal material
properties that can appeal to all people with chronic
wounds, especially diabetes patients.

2. MATERIAL AND METHOD
2.1. Materials

ANKA Biological Implant Medical Software Tourism
Defense Industry and Trade Limited (Erzurum/Turkey)
Sigma/Aldrich brand PVA polymer: 85,000-124,000 g/mol
weight, pure water (distilled water) was used to dissolve
polymer and used as fatty paper. Ozone oil was obtained
from Mediazon (Istanbul/Turkey).

2.2. Method
2.2.1. Preparation of Wound Dressing Solutions

PVA, which is very useful for electrospinning method in
terms of its properties such as being easily soluble in water,
easy to spin, and creating quality nanofiber surfaces, was
weighed on a precision balance and a 10% mass mixture of
pure water was prepared. The mixture was stirred at 80 'C
for 3 hours in a heated magnetic stirrer and left at room
temperature for 24 hours to remove the bubbles in the
solution. In addition to pure PVA, 2 different
electrospinning solutions were obtained by adding 5%
ozone oil to the PVA solution. Preparation of necessary
solutions for dressing production is given in Table 2.1.

Table 2.1. Preparation of necessary solutions for dressing
production
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Polymer/Ad  Solvent Mixture Mixture
detive Temperature  Time
Matter ('C) (Min.)

10% PVA Distile 30 240
water
10% PVA- Distile 30 240
5% Ozone water
Oil

2.2.2. Biocomposite Production by Electrospinning
Method

Nanofibers were obtained by depositing the nanofibers on
a collecting wax paper at room temperature using a
NANOFEN brand N100 model electrospinning device.
Electrospinning parameters required for biocomposite
production are shown in Table 2.2.

Table 2.2. Electrospinning parameters required for the
production of biocomposites

Polymer/Ad Working Flow Rate Voltage
detive Distance (ml/hour) (kV)
Matter (cm)

10% PVA 15 35 25.8
10% PVA- 15 5 30
5% Ozone

QOil

Suitable solvent/solvent systems for electrospinning were
investigated. Pure water was used in PVA and ozone oil
added PVA solutions. The stages of wound dressing
production by the electrospinning method are given in

Figure 2.1.
Collector N
iy,
J—‘_ ] |
-
Voltage Taylor Cone

—1

Syrinég Pump

.

PVA Solution PVA-Ozone Oil Solution

PVA Ozone Oll
Nanofiber Membrane

Figure 2.1. Wound dressing production by electrospinning
method
2.2.2. Characterization Method

2.2.2.1. FEGSEM Analysis
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During the examination of nanofiber diameters of the
membranes produced on FEI FEGSEM QUANTA 450
device, the images of x1500 and x3000 enlargements were
examined in the potential of 7 kV. The average nanofiber
diameter ranges were determined by measuring 30
nanofiber diameters over the images and taking their
arithmetic averages [14].

3. RESULTS AND DISCUSSION
3.1. Morphological Analysis

3.1.1. FEGSEM Analysis

Nanofiber formation was observed in all samples. The
fineness of nanofibers obtained by electrospinning from
PVA and PVA-Ozone Oil solutions was even finer
compared to pure PVA polymer. This is because; It is
thought that the solution conductivity increases with the
additive in the mixture. The fiber diameters in the samples
were measured with the FEGSEM device. Looking at the
fineness of nanofibers, it has been determined that the
material produced in PVA-Ozone Oil mixtures is formed
in the form of fine fibers. The PVA-Ozone Oil sample was
the composite with the thinnest fiber structure compared to
the PVA sample. The average diameter of the fibers was
150-300 nm, measured on the FEGSEM images obtained
within the device and the arithmetic average of 30
calculated fibers was determined [15]. Figure 3.1. PVA and
Figure 3.2. PVA-Ozon Oil FEGSEM images of nanofiber
membranes in different magnitues are shown.
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(b)
Figure 3.1. (a) x1500, (b) PVA Nanofiber FEGSEM image
in x3000 magnification

(b)

Figure 3.2. (a) x1500, (b) PVA-Ozone Oil Nanofiber
FEGSEM image in x3000 magnification

Table 3.1 shows the nanofiber diameter distribution range
of the samples.

Table 3.1. Nanofiber diameter distribution range of
samples

Sample Name
10% PVA

Fiber Thickness (nm)
180-330

10% PVA-5% Ozone Oil 150-300

4. CONCLUSIONS

PVA and PVA-Ozone Qil composites were successfully
obtained by electrospinning technique. Wound healing
tape was produced by adding 5% ozone oil to the PVA
solution.  When the morphological (FEGSEM)
characterization tests of the produced composites are
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examined, the fiber structure of the ozone oil added
composite is thinner compared to the pure PVA polymer.
The thinnest fibers were obtained in the PVA-Ozone Oil
composite, and the fiber thicknesses are 150-300 nm on
average. The obtained values may exhibit wound healing
tape properties for tissue engineering and biomedical
applications. The fields of application can be expanded as
a result of the values obtained by carrying out mechanical,
thermal and biological (antimicrobial, cell culture)
characterization studies of the produced biocomposites.

5. CONFLICT OF INTEREST
The authors declare no competing financial interest.

Ethical Approval: Ethics Approval is not required for this
study.
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Abstract: Parabens are among the potential biologically active compounds due to their low toxicity potential for
humans and their effective antibacterial and antifungal activity. The properties of cyclotriphosphazenes increase their
efficiency according to the properties of the side groups to which they are attached. For this reason, scientists use it
as a platform to design target molecules in particular. In this study, new types paraben substituted monospiro-
cyclotriphosphazene compounds (5-7) were successfully synthesized and these compounds were fully characterized
by MALDI-TOF mass, *H, 3P and '°C spectroscopy techniques. The molecular structure of compound 5 was also
determined by single crystal X-ray crystallography.

Keywords: Cyclotriphosphazene, Paraben, NMR, X-Ray.

Paraben Siibstitiie Monospiro-Siklotrifosfazen Bilesikleri: Sentezi ve
Karakterizasyonu

Ozet: Parabenler, insanlar igin diisiik toksisite potansiyelleri ve etkili antibakteriyel ve antifungal aktiviteleri
nedeniyle potansiyel biyolojik olarak aktif bilesikler arasindadir. Siklotrifosfazenlerin 6zellikleri bagli olduklart yan
gruplarin 6zelliklerine gore etkinliklerini arttirir. Siklotrifosfazenlerin gostermis olduklar1 6zellikler, yan gruplara
bagh olarak degisir ve etkinlikleri artar. Bu nedenle bilim adamlari, 6zellikle hedef molekdilleri tasarlamak i¢in bir
platform olarak kullanirlar. Bu c¢alismada, yeni tip paraben ikameli monospiro-siklotrifosfazen bilesikleri (5-7)
basariyla sentezlendi ve bu bilesikler MALDI-TOF kiitlesi, *H, 3P ve 1*C NMR spektroskopi teknikleri ile tamamen
karakterize edildi. Bilesik 5'in molekiiler yapisi da tek kristal X-1511 kristallografisi ile belirlendi.

Anahtar Kelimeler: Siklotrifosfazen, Paraben, NMR, X-Ray.
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1. INTRODUCTION

Para-hydroxy benzoate (PHB) esters and their sodium
salts, often called parabens, have been used as
preservatives for fifty years in the food, cosmetic and
pharmaceutical industries to prevent microbe growth. For
the commonly used methylparaben (MP), ethylparaben
(EP), propylparaben (PP), and butylparaben (BP),
antimicrobial activity increases with increasing alkyl chain
length, and synergy among parabens has been reported [1].
Although parabens are frequently used against many yeast,
mold and bacteria species, their mechanism of action on
these organisms is still not fully elucidated [2]. In a study
by Nguyen et al., it was stated that parabens interacted with
mechanosensitive channels in E. coli and disrupted the
bacterial osmotic gradient [3]. After the antimicrobial
properties of parabens were determined, their presence in
human breast cancer tissue was detected. The detection of
parabens in human breast cancer tissue and its association
with cancer have led researchers to this issue [4, 5]. Despite
the limited epidemiological evidence linking paraben
exposure with breast cancer, recent in vitro and animal
studies have shed light on the endocrine-modulating effects
of parabens, suggesting that parabens may be implicated in
breast carcinogenesis [6]. An interesting recent study
investigated the toxic effects and mechanisms of four
different paraben groups (MP, EP, PP, BP) on zebrafish by
Lui et al. They reported that the toxic effects of parabens
on the zebrafish embryos tested increased in parallel with
the carbon chain length of the paraben alkyl [7]. On the
other hand, estrogenic activity of parabens was
investigated by in vivo experiments in mice and rats and it
was reported that especially methyl, ethyl and propyl
paraben did not have a negative effect. For example,
Witorsch et al. have pointed out studies that the estrogenic
activity of some parabens does not threaten human health
[8]. While the investigation of the potential of parabens to
harm human health continues, its use in the industry
continues due to its antimicrobial properties. Therefore,
synthesis and research of new paraben-substituted
compounds is necessary. In particular, the newly
synthesized compounds should not have harmful effects on
human breast tissue and should not threaten human health.
Cyclotriphosphazenes an important part of inorganic
chemistry and they are the most preferred platform because
they can give easy substitution reactions and form stable
compounds [9]. Depending on the physical and chemical
properties of the substituted groups, anticancer [10-14],
antimicrobial [15], antitumor [16], antifungal [17], liquid
crystals [18] and chemical sensors [19], flame retardants
[20] etc. The reactions of phosphazenes with parabens
were first studied in our laboratories. In our first study,
paraben substituted cyclotetraphosphazene compounds
were synthesized and their effects on DNA (genotoxicity)
were investigated. Since traditional genotoxicity test
methods are laborious, time-consuming and expensive,
DNA damage studies were carried out with a biosensor
device in this study. Propyl and benzyl substituted
cyclotetraphosphazene compounds have been shown to
have more effective results [21]. In a study conducted by
our research group in 2017, paraben derivatives of
cyclotriphosphazene compounds were synthesized and it
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was determined that some derivatives could be potential
anticancer agents [22]. In another study, fully paraben-
substituted fluorenylidene double-bridged
cyclotriphosphazenes were synthesized and their effects on
DNA were evaluated by automatic biosensor device and
gel electrophoresis method [23]. In our previous studies,
some cyclotriphosphazene derivatives and spermine
bridged cyclotriphosphazene derivatives were prepared
and the in vitro cytotoxic effects (MTT) of these
compounds against HT-29 (colon cancer) and Hep2
(larynx cancer) cells were investigated. As a result of
studies, it was determined that some compounds showed
significant effects on these cells [10, 24]. Based on these
results, reactions of spermine-derived cyclotriphosphazene
and parabens were carried out in 2020, and the paraben-
substituted spermine-derived cyclotriphosphazene series
were synthesized. DNA interactions were examined with
both automatic biosensor device and gel-electrophoresis
methods, and positive results were obtained [25, 26]. In
recent studies by our group, new paraben-substituted
compounds with mono and disipro structures were
obtained and their in vitro cytotoxic activities were
investigated. Some derivatives have positive results for
MCF-7 and DLD-1 cells as cytotoxic agents [11,12].

All these studies encouraged us to synthesize and
characterize new paraben-substituted cyclotriphosphazene
compounds.

In this study monospiro-cyclotriphosphazene compounds
decorated with different parabens that likely to show
biological activity were designed and successfully
synthesized for the first time (Scheme 1). The structures of
the purified compounds (5-7) were elucidated by MALDI-
TOF mass, *H, *3C and 3'P NMR spectroscopic techniques.
Also, the solid-state structure and geometry of compound
5 was determined by single crystal X-ray crystallography.

2. MATERIAL AND METHOD

2.1. Materials and general methods

Hexachlorocyclotriphosphazene (Otsuka Chemical Co.,
Ltd) was purified by fractional crystallization from n-
hexane. Sodium hydride, (60% dispersion in mineral oil,
Merck; prior to use the oil was removed by washing with
dry heptane followed by decantation). Methyl 4-
Hydroxybenzoate (99.0%), Ethyl 4-Hydroxybenzoate
(99.0%) were obtained from Alfa Aesar and Benzyl 4-
hydroxybenzoate (99.0%) was obtained from Aldrich.
Tetrahydrofuran (99.0%), n-hexane (95.0%), were
obtained from Merck. Silica gel 60 (230—400 mesh) for
column chromatography was obtained from Merck. CDCl;
for NMR spectroscopy was obtained from Merck. Mass
spectra were recorded on a Bruker MALDI-TOF (Matrix-
Assisted Laser Desorption/lonization-Time-Of-Flight
mass, Rheinstetten, Germany) spectrometer using DIT
(1,8,9-anthrasenetriol) and DHB (2,5-Dihydroxybenzoic
acid) as a matrix. All reactions were monitored using thin-
layer chromatography (TLC) on Merck silica gel plates
(Merck, Kieselgel 60, 0.25 mm thickness) with Foss
indicator. Column chromatography was performed on
silica gel (Merck, Kieselgel 60, 230-400 mesh; for 3 g.
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crude mixture, 100 g). All reactions were carried out under
an argon atmosphere. 'H, 3P NMR and 3C NMR spectra
were recorded in CDClIs solutions on a Varian INOVA 500
MHz spectrometer. Melting point analyses were performed
on a Stuart SMP3 melting point apparatus.

( )

5:-CH;  6:-CH,CH;

7: -CHy(CgHg)

)

NaH/THF

H,C=NH HN-CH,
\ y,

Scheme 1. Synthesis routes for paraben substituted
monospiro-cyclotriphosphazenes.

2.2. X-ray Crystallography

The structure of the compound 5 was confirmed by X-ray
crystallography. The intensity data and unit cell
measurements were obtained on a Bruker APEX I
QUAZAR three-circle diffractometer using
monochromatized Mo-Ka X-radiation (A = 0.71073 A).
Indexing was performed using APEX2 [27]. Data
integration and reduction were carried out with SAINT
[28]. Absorption correction was performed by multi-scan
method implemented in SADABS [29]. The structure was
solved using SHELXT [30] and then refined by full-matrix
least-squares refinements on F2 using the SHELXL [31] in
SHELXTL Software Package [32]. All non-hydrogen
atoms were refined anisotropically using all reflections

J. Ata-Chem.,Volume 2, Issue 1, 6-34, 2022

Bayik Tiiliice et al.

with T > 20(I). The C-bound H atoms were positioned
geometrically and refined using a riding mode. CCDC
2151053 (comp. 5) contains the supplementary
crystallographic data for this paper. These data can be
obtained free of charge from The Cambridge
Crystallographic Data Centre via
www.ccdc.cam.ac.uk/data_request/cif. Mercury software
was used for visualization of the cif file [33].

2.3. Experimental Section

2.3.1. Syntheses of compound 1
Compound 1 was synthesized according to the literature
[10].

2.3.2. Synthesis of compound 5

Methyl 4-Hydroxybenzoate (2) (0.48 g, 3.2 mmol) and
NaH (0.13 g. 3.2 mmol) were dissolved in 30 mL of dry
THF under an argon atmosphere in a 100 mL three-necked
round-bottomed flask. The reaction mixture was cooled in
an icebath and monospiro compound (1) (0.3 g, 0.80 mmol)
in 10 mL of dry THF was dropped into the reaction
medium. The reaction mixture was stirred at room
temperature for 3 days, controlled by TLC. The reaction
mixture was filtered to remove the formed sodium chloride
and the solvent was removed under reduced pressure. The
crude was subjected to column chromatography using
THF:n-hexane (1:2) as the eluent. Compound 5 (183 mg,
28%, colorless oily, Rf = 0.32) was isolated from the crude
and the product was crystallized using an n-hexane-THF
(4:1) system (m.p:103°C). *H NMR (500 MHz, 298 K,
CDCls-d1 8, ppm): 7.96 (d, Ha/ Ha*, 8H, *Juarb= 8.56 Hz),
7.26 (d, Ho/Hp’, 8H, 3Jpp-ra= 8.33 Hz), 3.92 (s, -OCHj,
lZH), 2.97 (m, SpiI’O-N-CHz, 4H, 3..]|-|.}-|:l'_J.5(.), SJH—H:9-15),
2.10 (d, spiro-N-CHs, 6H), 1.84 (m, spiro-chain-CHz- CH,-
CHa-, 2H); 3P NMR-decoupled to (202 MHz, CDCls, 298
K), 8=23.88 ppm 2[PN(Spiro)] (t, 1P, 2Jax=59.82 Hz);
§=9.30 [PR;] (R=methylparaben) (d, 2P, 2Jxa=59.85 Hz).
Spin system: AX,. Anal. Calc. for Cs7HioNsO12P3,
MALDI-TOF-MS (DHB)(m/z) calc: 839.67 m/z, found:
840.481 m/z [M]*. C NMR (CDCls, 8, ppm) 166.23,
154.53, 131.22,126.85, 120.90, 52.16, 50.20, 34.74, 24.54.

2.3.3. Synthesis of compound 6

Ethyl 4-Hydroxybenzoate (3) (0.53 g, 3.2 mmol) and NaH
(0.13 g. 3.2 mmol) were dissolved in 30 mL of dry THF
under an argon atmosphere in a 100 mL three-necked
round-bottomed flask. The reaction mixture was cooled in
an icebath and monospiro compound (1) (0.3 g, 0.80 mmol)
in 10 mL of dry THF was dropped into the reaction
medium. The reaction mixture was stirred at room
temperature for 4 days, controlled by TLC. The reaction
mixture was filtered to remove the formed sodium chloride
and the solvent was removed under reduced pressure. The
crude was subjected to column chromatography using
THF:n-hexane (1:2) as the eluent. Compound 8 (181 mg,
25%, colorless oily, Rf = 0.49) was isolated from the
crude.'H NMR (500 MHz, 298 K, CDCls-d1 §, ppm): 7.98
(d, Ha/ Ha’, 8H, 3Jpa-np=8.17 Hz), 7.27 (d, Hu/Hy’, 8H, 3Jpp-
Ha= 8.50 HZ), 4.39 (S, -OCHz-, 8H, 3JH.H=6.70, SJH.
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n=13.51), 2.97 (m, spiro-N-CHz, 4H, 3J4.4=9.13, 3Ju
1=11.00), 2.10 (d, spiro-N-CHgs, 6H), 1.84 (m, spiro-chain-
CHa- CH,- CHp-, 2H), 1.41 (t, -O-CH-CHs, 3J4-1=6.81);
3P NMR-decoupled to (202 MHz, CDCls, 298 K), 6=23.31
ppm [PN(Spiro)] (t, 1P, 2Jax=58.41 Hz); §=9.23 [PR:]
(R=ethylparaben) (d, 2P, 2Jxa=59.04 Hz). Spin system:
AXo. Anal. Calc. for C41H48N5012P3, MALDI-TOF-MS
(DHB)(m/z) calc. 895.78, found: 896.367 [M]*. 3C NMR
(CDCls, 6, ppm) 166.18, 154.45, 131.89,127.25, 120.90,
60.96, 50.23, 34.73, 24.68, 14.38.

2.3.4. Syntheses of compounds 7

Benzyl 4-Hydroxybenzoate (4) (0.73 g, 3.2 mmol) and
NaH (0.13 g. 3.2 mmol) were dissolved in 30 mL of dry
THF under an argon atmosphere in a 100 mL three-necked
round-bottomed flask. The reaction mixture was cooled in
an icebath and monospiro compound (1) (0.3 g, 0.80 mmol)
in 10 mL of dry THF was dropped into the reaction
medium. The reaction mixture was stirred at room
temperature for 6 days, controlled by TLC. The reaction
mixture was filtered to remove the formed sodium chloride
and the solvent was removed under reduced pressure. The
crude was subjected to column chromatography using
THF:n-hexane (1:3) as the eluent. Compound 7 (138 mg,
15%, colorless oily, Rf = 0.17) was isolated from the crude.
H NMR (500 MHz, 298 K, CDClz-d1 3, ppm): 8.05 (d,
Ha/ Ha’, 8H, 3Jna-iv= 8.39 Hz), 7.51-7.34 (M, -Ha/-Hc/-He,
20H), 7.30 (d, Ho/Hy’, 8H, 3Jnp-na= 8.24 Hz), 5.38 (s, -
OCHyz, 8H), 2.99 (m, spiro-N-CHa, 4H, 3Jy.n=5.22, 3Jp.
1=9.55), 2.13 (d, spiro-N-CHs;, 6H), 1.86 (m, spiro-chain-
CHa- CH,- CHy-, 2H); 3'P NMR- decoupled to (202 MHz,
CDCls, 298 K), 6=23.66 ppm [PN(Spiro)] (t, 1P,
2)ax=59.64 Hz); 5=9.17 [PR;] (R=benzylparaben) (d, 2P,
2Jxa=59.71 Hz). Spin system: AX,. Anal. Calc. for
Ce1Hs6NsO12P3,  MALDI-TOF-MS  (DIT)(m/z)  calc.
1144.06, found: 1144.182 [M]*. 3C NMR (CDCls, 8, ppm)
165.59, 154.71, 135.97, 131.42, 128.63, 128.30, 128.19,
126.87, 120.97, 66.82, 50.23, 34.79, 24.55.

3. RESULTS AND DISCUSSION

3.1. Synthesis and characterization
substituted cyclotriphosphazenes

of paraben

In the present study, hexachlorocyclotriphosphazene was
reacted with N,N” -dimethyl 1,3-propane diamine under an
argon atmosphere at room temperature to yield monospiro
compound (1) according to the literature [10]. Compound
1 was reacted with methyl 4-hydroxybenzoate, ethyl 4-
hydroxybenzoate and benzyl 4-hydroxybenzoate at room
temperature in a ratio of 1:4 to give compounds 5-7,
respectively. The final compounds (5-7) were
characterized by MALDI-TOF MS, NMR (*H, 3P, 13C)
spectroscopy techniques. Also, the molecular structure of
the 5 compound was also elucidated by single crystal X-
ray crystallography. The spectral data of compounds 5-7
were given in the supporting information file (Fig. S1-
S15). The molecular ion peaks for compounds 5-7 were
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measured using MALDI-TOF MS as 840.481, 896.367 and
1144.182, respectively (Table 1, Fig. S1, S6, and S11,
ESI{), which are all consistent with the proposed
structures. The 3P (decoupled/coupled) and H NMR
spectra of compound 5 are shown in Fig. 1a, b and c,
respectively. All of the compounds showed similar signals
for aromatic protons at around 6=8.05-7.26 ppm range and
the aliphatic protons of the spiro groups were observed at
around 6=5.38-1.84 ppm range (Fig. S2, S7, and S12,
ESIT). The products formed in each reaction mixture were
checked using thin-layer chromatography (TLC), proton-
decoupled and proton-coupled 3:P NMR spectroscopy. The
31P NMR chemical shifts and phosphorus-phosphorus
coupling constants of the pure compounds are given in the
experimental section and Table 1. The proton decoupled
3P NMR spectra of compounds 5-7, as expected, were
observed as AX; spin systems, due to the two different
phosphorus nuclei present in the cyclotriphosphazene rings
(Table 1). All of the compounds similar signals consisted
of one triplet for the [PN(Spiro)] group (6=23.88-23.31
ppm range) and one dublet for the [PR2] group (6=9.30-
9.17 ppm range) (Fig. S3, S8 and S13 ESIt). Also, the
multiple peak resonating at 6=23.88-23.66 ppm range in
the proton-coupled 3P NMR spectra of all compounds
belong to the [PN(Spiro)] group and are cleaved due to
protons located beyond two bonds (Fig. S4, S9 and S14
ESIt). In the 3C NMR spectra of the compounds (5-7),
carbonyl (C=0) carbon peaks were observed in the
6=166.23-165.59 ppm range, aromatic carbon peaks in the
6=154.71-120.90 ppm range, and aliphatic carbon peaks in
the 6=66.82—14.38 ppm range (Fig. S5, S10 and S15 ESIt).
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Fig. 1. (a) %P decoupled NMR (b) 3P {*H} NMR (c)
'H NMR spectrum in CDCl; of compound 5.
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Table 1. 3'P NMR and Mass Parameters for Compounds 32 and 5-72.
1P NMR (§, ppm) 2Jp.p [HZ] Mass (m/z)
Compd. [PCl;] [PR2] [PN(Spiro)] spin system 2Jpp [M]*
3 22.80 - 16.00 AxX 35.04 376.137
5 - 9.30 23.88 AX; 59.82 840.481
6 - 9.23 23.31 AX: 58.41 896.367
7 - 9.17 23.60 AX; 59.64 1144.182
3CDCls, "Reference [10].
gww— §
1250
1000 |
750
5001
0]
0 o L e
200 400 600 800 1000 1200 o
) Fig. 3. The ball-stick drawings of the molecular structure
Fig. 2. Mass spectrum of compound 5. of compound 5. The gray, gold, blue, and red colored atoms

3.2 X-Ray crystallography

The newly synthesized paraben-substituted
cyclotriphosphazene (5) was crystallized in the n-
hexane:THF solvent system, and single crystals were
grown by recrystallization in the same solvent system. The
solid state structure and geometry of Compound 5 was
determined using single-crystal X-ray structural analysis
(Fig. 3,S16). Crystallographic data and refinement details
of the data collection for compound 5 is summarized in
Table 2. The bond lengths and bond angles of compound
5 was given in Supplamentary Materials. Compound 5 has
the triclinic crystal system with P-1 space group. The P-N
bonds in the cyclotriphosphazene ring (NsP3) range from
1.5674(19) A to 1.650(2) A and show double bond
character. The P-N-P angles in the compound change range
from 118.45(11)° to 123.14(12)°, and N-P—-N bond angles
vary range from 114.19(10)° to 118.13(10)°. The bond
parameters of compound 5 are consistent with the
crystallographic data of cyclotriphosphazene derivatives
reported in the literatures [26, 11].
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represent C, P, N, and O atoms, respectively. All hydrogen
atoms have been omitted for clarity.

Table 2. Crystal data and refinement parameters for
compound 5.

CCDC 2151053
Empirical Formula Cs7H40N5012P3
Formula weight (g. molY) | 839.65
Temperature (K) 296
Radiation MoK, (A =0.71073)
Crystal system Triclinic
Space group P-1
10.9405(14),

a(A),b(A), c () 11.4582(15), 17.099(2)

a(®),B(°), ¥(°) 74.851(2), 85.012(2),

75.717(2)
Crystal size (mm) 0.28 x 0.13 x 0.09
V (A3 2004.5 (4)
Z 2
Pcalcd (g Cm_a) 1.391
u (mm™?) 0.22
F(000) 876
h, k, | max. 14,14,22
Reflections collected 9189

RIF? > 26(F?)], wR(F?), S | 0.048, 0.131, 1.03
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4. CONCLUSIONS

Although parabens show antibacterial and antifungal
activity properties, their toxic effects to human health
research and discussions still continue. In this case,
scientists are in an effort to obtain new paraben-substituted
compounds that have no toxicity effect. It is essential to
synthesize and research new paraben-substituted
compounds that do not have side effects on, especially
human breast tissue etc. In this direction, studies continue
in our laboratory. For this purpose, a series of paraben
substituted monospiro-cyclotriphosphazene compounds
have been successfully synthesized. The structural
properties of all synthesized compounds (5-7) were
examined by MALDI-TOF spectrometer, X-Ray (for
compound 5), 'H, 3P and '3C NMR spectroscopy.
Biological activity and application studies will be
continued in our laboratory in the future.
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Figure S16. Perspective view of crystal packing of compound 5
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Title

Enter author details here

Abstract

Table 1

Experimental details

Crystal data
Chemical formula
Ml’

Crystal system, space group
Temperature (K)
a,b,c(A)

o B,y (°)

V(A%

VA

Radiation type

u (mm™)

Crystal size (mm)

Data collection
Diffractometer
Absorption correction

No. of measured, independent and
observed [/ > 20([)] reflections

Rim
(sin O/M)max (A7)

Refinement

R[F? > 20(F?)], wR(F?), S
No. of reflections

No. of parameters
H-atom treatment

Apmax, Apmin (€ A73)

C37H40N5012P3

839.65

Triclinic, P1

273

10.9405 (14), 11.4582 (15), 17.099 (2)
74.851 (2), 85.012 (2), 75.717 (2)
2004.5 (4)

2

Mo Ka

0.22

0.28 x 0.13 x 0.09

Bruker APEXII Quazer

30322, 9189, 5796

0.049
0.649

0.048,0.131, 1.03

9189

520

H-atom parameters constrained
0.19,-0.29

Computer programs: SHELXT 2018/2 (Sheldrick, 2018), SHELXL 2018/3 (Sheldrick, 2015), Olex2 1.3 (Dolomanov et al., 2009).
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supporting information

Title

Computing details

Program(s) used to solve structure: SHELXT 2018/2 (Sheldrick, 2018); program(s) used to refine structure: SHELXL
2018/3 (Sheldrick, 2015); molecular graphics: Olex2 1.3 (Dolomanov et al., 2009); software used to prepare material for
publication: Olex2 1.3 (Dolomanov et al., 2009).

(20gtu73_20_nb_01)

Crystal data

C37H40N5012P3

M, = 839.65
Triclinic, P1
a=10.9405 (14) A
b=11.4582 (15) A
c=17.099 (2) A
a="74851 2)°
B=85.012 (2)°
y=75.717 (2)°
V'=2004.5 (4) A3

Data collection

Bruker APEXII Quazer
diffractometer
Detector resolution: 8.3333 pixels mm™!
¢ and o scans
30322 measured reflections
9189 independent reflections

Refinement

Refinement on F?
Least-squares matrix: full

R[F? > 20(F?)] = 0.048

wR(F?) =0.131

§=1.03

9189 reflections

520 parameters

0 restraints

Primary atom site location: dual

Special details

zZ=2

F(000) = 876

D,=1.391 Mgm?

Mo Ka radiation, 1 =0.71073 A

Cell parameters from 5859 reflections

6=23-23.7°
4 =022 mm™!
T=273K

Plate, clear colourless
0.28 x 0.13 x 0.09 mm

5796 reflections with 1> 20(/)
Ring=0.049

Omax = 27.5°, Omin = 1.2°
h=-14—14

k=-14—14

[=-22-522

Hydrogen site location: inferred from neighbouring
sites

H-atom parameters constrained

w = 1/[2(F,?) + (0.0532P)* + 0.6682P]
where P = (F,2 + 2F2)/3

(A/0)max < 0.001

Apimax =0.19 ¢ A3

Apmin=—029 ¢ A3

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two 1.s. planes) are estimated using the full covariance matrix.
The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of
cell e.s.d.'s is used for estimating e.s.d.'s involving 1.s. planes.

Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (42)

X y z l]iso*/Ueq
P2 0.46982 (5) 0.56738 (5) 0.67167 (4) 0.03449 (15)
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supporting information

P3 0.30932 (6) 0.79245 (5) 0.66362 (4) 0.03764 (16)
Pl 0.49931 (6) 0.70515 (6) 0.77738 (4) 0.04412 (17)
03 0.55948 (14) 0.57249 (14) 0.59309 (9) 0.0393 (4)
012 0.33325 (15) 0.89642 (14) 0.58539 (10) 0.0445 (4)
06 0.45837 (15) 0.42760 (14) 0.68555 (9) 0.0430 (4)
09 0.16054 (14) 0.83871 (15) 0.67240 (10) 0.0459 (4)
ol 1.13081 (17) 0.28201 (18) 0.61162 (12) 0.0630 (5)
N5 0.34068 (17) 0.66076 (17) 0.64319 (11) 0.0372 (4)
07 ~0.15543 (19) 0.45380 (19) 0.84150 (11) 0.0655 (5)
N3 0.53438 (18) 0.58162 (17) 0.74589 (11) 0.0395 (5)
010 0.03480 (19) 0.9225 (2) 0.28410 (12) 0.0688 (6)
N4 0.37631 (19) 0.80507 (18) 0.73683 (12) 0.0452 (5)
ol1 0.2252 (2) 0.8505 (2) 0.23354 (12) 0.0744 (6)
08 ~0.1507 (2) 0.5285 (2) 0.94963 (12) 0.0867 (7)
02 1.0919 (2) 0.2716 (2) 0.48846 (14) 0.0865 (7)
C8 0.6826 (2) 0.5016 (2) 0.58781 (14) 0.0364 (5)
N2 0.6213 (2) 0.7695 (2) 0.76306 (17) 0.0643 (7)
26 0.2068 (2) 0.8952 (2) 0.36326 (15) 0.0436 (6)
C16 0.3929 (2) 0.3667 (2) 0.75100 (14) 0.0407 (5)
04 0.2721 (3) 0.0488 (2) 0.97601 (13) 0.0941 (8)
c3 0.9263 (2) 0.3743 (2) 0.56373 (15) 0.0435 (6)
N1 0.4825 (2) 0.6636 (2) 0.87694 (14) 0.0657 (7)
C31 0.2917 (2) 0.8974 (2) 0.50938 (14) 0.0409 (6)
C6 0.7664 (2) 0.4660 (2) 0.64938 (15) 0.0457 (6)
H6 0.741181 0.483904 0.699144 0.055%
23 0.0899 (2) 0.7633 (2) 0.72509 (14) 0.0419 (6)
29 0.1750 (2) 0.9677 (2) 0.48444 (16) 0.0502 (6)
H29 0.125198 1.016635 0.516301 0.060*
c21 0.0166 (2) 0.7087 (2) 0.69138 (15) 0.0465 (6)
H21 0.014492 0.722029 0.635423 0.056*
C18 ~0.0516 (2) 0.6140 (3) 0.82533 (15) 0.0487 (6)
c4 0.8886 (2) 0.4031 (2) 0.63699 (15) 0.0470 (6)
H4 0.946115 0.379947 0.678409 0.056*
C28 0.3271 (2) 0.8296 (2) 0.38794 (16) 0.0514 (7)
H28 0.379625 0.785221 0.354575 0.062*
C30 0.3696 (2) 0.8295 (2) 0.46142 (16) 0.0507 (6)
H30 0.449866 0.784181 0.478342 0.061*

C7 0.7180 (2) 0.4732 (2) 0.51438 (15) 0.0505 (6)
H7 0.660488 0.497006 0.472933 0.061*
Cll 0.2690 (3) 0.2279 (3) 0.87234 (16) 0.0532 (7)
€20 ~0.0538 (2) 0.6339 (2) 0.74169 (15) 0.0484 (6)
H20 ~0.103528 0.596154 0.719448 0.058*
27 0.1318 (2) 0.9654 (2) 0.41171 (16) 0.0512 (7)
H27 0.051603 1.011420 0.395065 0.061*

2 1.0561 (3) 0.3045 (2) 0.54925 (18) 0.0544 (7)
05 0.0852 (3) 0.1822 (3) 0.94749 (17) 0.1124 (10)
25 0.1603 (3) 0.8869 (2) 0.28700 (17) 0.0524 (7)
cs 0.8396 (3) 0.4092 (3) 0.50322 (17) 0.0568 (7)
HS 0.863658 0.389006 0.453968 0.068*
C37 ~0.1245 (3) 0.5301 (3) 0.87977 (17) 0.0583 (7)
22 0.0907 (3) 0.7480 (3) 0.80785 (16) 0.0563 (7)
H22 0.138839 0.787557 0.829802 0.068*
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Cl4 0.4609 (3) 0.2619 (2) 0.80209 (16) 0.0530 (7)
H14 0.548143 0.238064 0.795967 0.064*
C19 0.0197 (3) 0.6735 (3) 0.85737 (16) 0.0622 (8)
H19 0.019517 0.662991 0.913179 0.075%
c12 0.3975 (3) 0.1925 (3) 0.86275 (16) 0.0598 (7)
HI2 0.442405 0.120963 0.897532 0.072%
Cls 0.2652 (3) 0.4042 (3) 0.75908 (19) 0.0643 (8)
HIS 0.220445 0.475423 0.723904 0.077*
C10 0.1963 (4) 0.1539 (3) 0.93527 (19) 0.0709 (9)
C13 0.2034 (3) 0.3339 (3) 0.8209 (2) 0.0708 (9)
HI13 0.116357 0.358832 0.827536 0.085*
C36 0.6520 (3) 0.8161 (3) 0.6777 (2) 0.0823 (10)
H36A 0.657661 0.752385 0.649724 0.123*
H36B 0.731441 0.839306 0.672839 0.123*
H36C 0.587300 0.887402 0.654325 0.123%
C17 ~0.2304 (3) 0.3713 (3) 0.8877 (2) 0.0834 (10)
HI7A —0.242511 0.317199 0.856088 0.125%
H17B ~0.310849 0.419134 0.901190 0.125%
H17C ~0.187812 0.322586 0.936488 0.125%
32 0.3905 (3) 0.5873 (4) 0.90837 (18) 0.0900 (12)
H32A 0.306705 0.639424 0.902785 0.135%
H32B 0.405686 0.547034 0.964549 0.135%
H32C 0.399019 0.525634 0.878288 0.135%

Cl 1.2583 (3) 0.2114 (3) 0.6036 (2) 0.0848 (11)
HIA 1.291535 0.241867 0.550324 0.127*
HIB 1.258290 0.125273 0.611636 0.127*
HIC 1.309885 0.220089 0.643377 0.127*
24 ~0.0235 (3) 0.9119 (4) 0.2150 (2) 0.0873 (11)
H24A ~0.002722 0.970621 0.167465 0.131*
H24B ~0.113431 0.928843 0.223451 0.131*
H24C 0.006542 0.829220 0.207746 0.131%

C33 0.4820 (5) 0.7581 (4) 0.9199 (2) 0.1108 (16)
H33A 0.475920 0.722809 0.977772 0.133%
H33B 0.408658 0.826230 0.904680 0.133%
C35 0.6178 (4) 0.8611 (4) 0.8114 (3) 0.1121 (16)
H35A 0.549466 0.933281 0.793005 0.135%
H35B 0.696173 0.888388 0.802422 0.135%
C34 0.5993 (5) 0.8069 (5) 0.9006 (3) 0.128 (2)
H34A 0.671826 0.739711 0.919779 0.154*
H34B 0.595139 0.870339 0.929409 0.154*

C9 0.2079 (5) ~0.0286 (5) 1.0390 (3) 0.155 (2)
HOA 0.151069 ~0.059783 1.014533 0.233%
HOB 0.161211 0.019923 1.074512 0.233%
HOC 0.269006 ~0.097037 1.069430 0.233%

Atomic displacement parameters (4°)

Ull U22 U33 UIZ U13 U23
P2 0.0344 (3) 0.0316 (3) 0.0351 (3) —0.0075 (2) 0.0019 (2) ~0.0053 (2)
P3 0.0324 (3) 0.0354 (3) 0.0418 (4) ~0.0052 (2) 0.0015 (3) ~0.0070 (3)
Pl 0.0413 (4) 0.0488 (4) 0.0435 (4) ~0.0061 (3) ~0.0036 (3) -0.0169 (3)
03 0.0364 (9) 0.0410 (9) 0.0351 (9) —0.0054 (7) 0.0030 (7) ~0.0045 (7)
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012 0.0467 (10) 0.0364 (9) 0.0484 (10) ~0.0126 (7) 0.0009 (8) ~0.0049 (7)
06 0.0500 (10) 0.0313 (8) 0.0455 (10) ~0.0104 (7) 0.0066 (8) ~0.0071 (7)
09 0.0334 (9) 0.0463 (9) 0.0497 (10) ~0.0027 (7) 0.0046 (7) ~0.0055 (8)
ol 0.0418 (11) 0.0682 (13) 0.0779 (14) 0.0023 (9) ~0.0042 (10) ~0.0294 (11)
N5 0.0336 (11) 0.0372 (10) 0.0400 (11) ~0.0079 (8) ~0.0011 (8) ~0.0088 (8)
07 0.0691 (14) 0.0768 (14) 0.0533 (12) ~0.0336 (11) 0.0130 (10) ~0.0096 (10)
N3 0.0376 (11) 0.0400 (11) 0.0376 (11) ~0.0040 (9) ~0.0033 (9) ~0.0080 (9)
010 0.0560 (13) 0.0824 (15) 0.0671 (13) ~0.0103 (11) ~0.0086 (10) ~0.0204 (11)
N4 0.0434 (12) 0.0420 (11) 0.0501 (12) ~0.0027 (9) ~0.0021 (10) ~0.0176 (10)
ol1 0.0723 (15) 0.0930 (16) 0.0517 (12) ~0.0078 (12) 0.0034 (11) ~0.0197 (11)
08 0.0926 (18) 0.131 (2) 0.0459 (13) ~0.0560 (16) 0.0165 (11) ~0.0165 (13)
02 0.0649 (14) 0.1080 (18) 0.0882 (16) 0.0164 (12) ~0.0012 (12) ~0.0621 (15)
Cs 0.0344 (13) 0.0351 (12) 0.0389 (13) ~0.0099 (10) 0.0037 (10) ~0.0077 (10)
N2 0.0507 (15) 0.0596 (15) 0.093 (2) ~0.0167 (12) ~0.0140 (13) ~0.0289 (14)
26 0.0431 (15) 0.0377 (13) 0.0419 (14) ~0.0067 (11) 0.0035 (11) 0.0002 (11)
C16 0.0442 (14) 0.0329 (12) 0.0445 (14) ~0.0123 (11) 0.0033 (11) ~0.0071 (10)
04 0.117 (2) 0.0920 (18) 0.0637 (14) ~0.0503 (16) 0.0075 (14) 0.0187 (13)
c3 0.0397 (14) 0.0400 (13) 0.0517 (15) ~0.0064 (11) 0.0050 (11) ~0.0178 (11)
N1 0.0713 (17) 0.0790 (17) 0.0439 (13) 0.0025 (14) ~0.0102 (12) ~0.0261 (13)
C31 0.0422 (14) 0.0329 (12) 0.0417 (14) ~0.0103 (10) 0.0044 (11) 0.0006 (10)
C6 0.0442 (15) 0.0541 (15) 0.0380 (14) ~0.0074 (12) 0.0030 (11) ~0.0151 (12)
23 0.0288 (12) 0.0456 (14) 0.0436 (14) 0.0002 (10) 0.0023 (10) ~0.0068 (11)
29 0.0458 (16) 0.0409 (14) 0.0536 (16) 0.0024 (12) 0.0053 (12) ~0.0075 (12)
c21 0.0412 (14) 0.0561 (15) 0.0375 (14) ~0.0049 (12) 0.0025 (11) ~0.0105 (12)
C18 0.0376 (14) 0.0645 (17) 0.0396 (14) ~0.0094 (12) 0.0026 (11) ~0.0089 (12)
c4 0.0401 (14) 0.0514 (15) 0.0473 (15) ~0.0062 (12) ~0.0048 (11) ~0.0115 (12)
C28 0.0480 (16) 0.0506 (15) 0.0448 (15) 0.0012 (12) 0.0078 (12) ~0.0078 (12)
C30 0.0374 (14) 0.0522 (15) 0.0501 (16) 0.0013 (12) 0.0036 (12) ~0.0036 (12)
C7 0.0459 (16) 0.0612 (16) 0.0430 (15) ~0.0029 (13) ~0.0041 (12) ~0.0185 (13)
Cll 0.0615 (19) 0.0522 (16) 0.0492 (16) ~0.0254 (14) 0.0081 (13) ~0.0097 (13)
€20 0.0422 (15) 0.0586 (16) 0.0453 (15) ~0.0118 (12) ~0.0004 (11) ~0.0147 (13)
27 0.0417 (15) 0.0455 (14) 0.0545 (17) 0.0007 (12) ~0.0004 (12) ~0.0023 (12)
2 0.0476 (16) 0.0496 (15) 0.0664 (19) ~0.0051 (12) 0.0005 (14) ~0.0215 (14)
05 0.086 (2) 0.128 (2) 0.114 (2) ~0.0534 (18) 0.0305 (16) 0.0021 (17)
25 0.0541 (18) 0.0463 (15) 0.0494 (17) ~0.0095 (13) 0.0004 (14) ~0.0016 (12)
cs 0.0537 (17) 0.0696 (18) 0.0494 (16) ~0.0028 (14) 0.0044 (13) ~0.0316 (14)
C37 0.0460 (16) 0.079 (2) 0.0440 (17) ~0.0177 (15) 0.0035 (13) ~0.0037 (15)
22 0.0506 (17) 0.0760 (19) 0.0465 (16) ~0.0211 (15) ~0.0046 (13) ~0.0153 (14)
Cl4 0.0462 (16) 0.0511 (15) 0.0539 (16) ~0.0076 (12) 0.0007 (13) ~0.0036 (13)
C19 0.0599 (19) 0.092 (2) 0.0368 (15) ~0.0247 (17) 0.0001 (13) ~0.0126 (15)
c12 0.066 (2) 0.0547 (17) 0.0475 (16) ~0.0156 (14) ~0.0028 (14) 0.0087 (13)
Cls 0.0466 (17) 0.0466 (15) 0.084 (2) ~0.0071 (13) 0.0031 (15) 0.0068 (15)
C10 0.084 (3) 0.076 (2) 0.060 (2) ~0.045 (2) 0.0079 (18) ~0.0090 (17)
C13 0.0449 (17) 0.0634 (19) 0.096 (2) ~0.0189 (15) 0.0148 (16) ~0.0048 (17)
C36 0.054 (2) 0.066 (2) 0.123 (3) ~0.0277 (16) 0.0040 (19) ~0.007 (2)
C17 0.093 (3) 0.088 (2) 0.073 (2) ~0.050 (2) 0.0168 (19) ~0.0055 (18)
32 0.077 (2) 0.126 (3) 0.0452 (18) ~0.006 (2) 0.0081 (16) ~0.0017 (19)
Cl 0.0470 (19) 0.082 (2) 0.122 (3) 0.0119 (16) ~0.0120 (19) ~0.041 (2)
24 0.077 (2) 0.111 3) 0.077 (2) ~0.028 (2) ~0.0203 (19) -0.019 (2)
C33 0.139 (4) 0.115 (3) 0.074 (3) 0.026 (3) ~0.038 (3) ~0.058 (2)
C35 0.111 3) 0.082 (3) 0.167 (5) ~0.019 (2) ~0.049 (3) ~0.060 (3)
C34 0.157 (5) 0.115 (4) 0.136 (4) 0.004 (3) ~0.075 (4) ~0.081 (3)
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C9 0.186 (5) 0.159 (5) 0.102 (3) ~0.102 (4) 0.022 (3) 0.051 (3)

Geometric parameters (4, ©)

P2—03 1.5904 (16) C18—C20 1.390 (3)
P2—06 1.5913 (16) C18—C37 1.486 (4)
P2—N5 1.5747 (19) C18—C19 1.380 (4)
P2 N3 1.5674 (19) C4—H4 0.9300
P3—012 1.5928 (17) C28—H28 0.9300
P3—09 1.5895 (16) C28—C30 1.377 (4)
P3—N5 1.5861 (19) C30—H30 0.9300
P3— N4 1.559 (2) C7—H7 0.9300
P1—N3 1.592 (2) C7—C5 1.375 (4)
P1—N4 1.609 (2) Cl1—C12 1.371 (4)
P1—N2 1.649 (2) Cl11—C10 1.488 (4)
P1—NI1 1.650 (2) Cll—C13 1.374 (4)
03—C8 1.400 (3) C20—H20 0.9300
012—C31 1.410 (3) C27—H27 0.9300
06—Cl16 1.397 (3) 05—C10 1.194 (4)
09—C23 1.399 (3) C5—HS 0.9300
01—C2 1.333 (3) C22—H22 0.9300
01—Cl 1.445 (3) C22-C19 1.373 (4)
07—C37 1.338 (3) Cl4—H14 0.9300
07—Cl17 1.438 (3) Cl4—CI12 1.381 (4)
010—C25 1.334 (3) C19—H19 0.9300
010—C24 1.437 (4) Cl2—HI2 0.9300
011—C25 1.206 (3) C15—HI15 0.9300
08—C37 1.201 (3) Cl5—CI3 1.386 (4)
022 1.198 (3) C13—HI3 0.9300
C8—C6 1.369 (3) C36—H36A 0.9600
Cc8—C7 1.378 (3) C36—H36B 0.9600
N2—C36 1.458 (4) C36—H36C 0.9600
N2—C35 1.487 (4) Cl17—HI7A 0.9600
C26—C28 1.385 (3) C17—H17B 0.9600
C26—C27 1.382 (3) C17—H17C 0.9600
C26—C25 1.474 (4) C32—H32A 0.9600
Cl6—Cl4 1.372 (3) C32—H32B 0.9600
Cl6—Cl15 1.363 (4) C32—H32C 0.9600
04—C10 1.338 (4) Cl—HIA 0.9600
04—C9 1.455 (4) Cl—HIB 0.9600
C3—C4 1.381 (3) Cl—HIC 0.9600
c3—C2 1.483 (3) C24—H24A 0.9600
C3—C5 1.378 (4) C24—H24B 0.9600
N1—C32 1.470 (4) C24—H24C 0.9600
N1—C33 1.458 (4) C33—H33A 0.9700
C31—C29 1.368 (3) C33—H33B 0.9700
C31—C30 1.374 (3) C33—C34 1.501 (7)
C6—H6 0.9300 C35—H35A 0.9700
C6—C4 1.381 (3) C35—H35B 0.9700
23—C21 1373 3) C35—C34 1.506 (6)
C23—C22 1.380 (3) C34—H34A 0.9700
C29—H29 0.9300 C34—H34B 0.9700
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C29—C27 1.377 (4) C9—HO9A 0.9600
C21—H21 0.9300 C9—H9B 0.9600
C21—C20 1.376 (3) C9—HOC 0.9600
03—P2—06 97.35(8) 02—C2—O0l 122.8 (3)
N5—P2—03 106.00 (9) 02—C2—C3 124.6 (3)
N5—P2—06 110.58 (9) 010—C25—C26 111.6 (2)
N3—P2—03 112.78 (10) 011—C25—010 122.9 (3)
N3—P2—06 109.99 (9) 011—C25—C26 125.5 (3)
N3—P2—N5 118.13 (10) C3—C5—H5 119.4
09—P3—O012 98.76 (9) C7—C5—C3 121.1 (2)
N5—P3—012 110.06 (9) C7—C5—H5 119.4
N5—P3—09 108.83 (10) 07—C37—C18 111.3 (2)
N4—P3—012 108.86 (10) 08—C37—07 123.8 (3)
N4—P3—09 110.77 (10) 08—C37—C18 124.9 (3)
N4—P3—N5 117.88 (10) C23—C22—H22 120.4
N3—P1—N4 114.19 (10) C19—C22—C23 119.2 (3)
N3—P1—N2 109.59 (12) C19—C22—H22 120.4
N3—P1—NI1 107.52 (12) Cl16—Cl14—H14 120.6
N4—P1—N2 110.01 (12) Cl16—C14—C12 118.8 (3)
N4—P1—NI1 111.31 (12) C12—C14—H14 120.6
N2—P1—NI1 103.68 (14) C18—C19—HI19 119.6
C8—03—P2 126.90 (14) C22—C19—C18 120.8 (2)
C31—012—P3 119.74 (13) C22—C19—HI19 119.6
C16—06—P2 123.85 (14) Cl11—C12—Cl14 120.8 (3)
C23—09—P3 120.67 (14) C11—C12—H12 119.6
C2—01—Cl1 116.3 (2) Cl14—CI12—HI12 119.6
P2—N5—P3 118.45 (11) Cl16—CI15—HI15 120.7
C37—07—C17 116.1 (2) Cl16—C15—C13 118.6 (3)
P2—N3—P1 122.95 (12) C13—CI15—H15 120.7
C25—010—C24 117.4 (2) 04—C10—C11 110.9 (3)
P3—N4—P1 123.14 (12) 05—C10—04 123.9 (3)
C6—C8—03 123.4 (2) 05—C10—C11 125.2 (3)
C6—C8—C7 120.8 (2) C11—C13—CI5 120.9 (3)
C7—C8—03 115.8 (2) C11—C13—H13 119.6
C36—N2—P1 113.16 (19) C15—CI13—H13 119.6
C36—N2—C35 112.6 (3) N2—C36—H36A 109.5
C35—N2—P1 115.3 (2) N2—C36—H36B 109.5
C28—C26—C25 119.5 (2) N2—C36—H36C 109.5
C27—C26—C28 119.1 (2) H36A—C36—H36B 109.5
C27—C26—C25 121.3 (2) H36A—C36—H36C 109.5
C14—C16—06 117.1 (2) H36B—C36—H36C 109.5
C15—C16—06 120.9 (2) 07—C17—H17A 109.5
C15—C16—C14 121.8 (2) 07—C17—H17B 109.5
C10—04—C9 114.2 (3) 07—C17—H17C 109.5
C4—-C3—C2 121.9 (2) H17A—C17—H17B 109.5
C5—C3—C4 118.8 (2) H17A—C17—H17C 109.5
C5—C3—C2 119.3 (2) H17B—C17—H17C 109.5
C32—N1—P1 115.9 (2) N1—C32—H32A 109.5
C33—N1—P1 116.3 (3) N1—C32—H32B 109.5
C33—N1—C32 114.7 (3) N1—C32—H32C 109.5
C29—C31—012 119.0 (2) H32A—C32—H32B 109.5
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C29—C31—C30 121.4 (2) H32A—C32—H32C 109.5
C30—C31—012 119.6 (2) H32B—C32—H32C 109.5
C8—C6—H6 120.3 01—C1—H1A 109.5
C8—C6—C4 119.4 (2) 01—C1—HI1B 109.5
C4—C6—H6 120.3 01—C1—HI1C 109.5
C21—C23—09 117.6 (2) H1A—C1—HIB 109.5
C21—C23—C22 121.3 (2) H1A—C1—HIC 109.5
C22—C23—09 121.1 (2) H1B—C1—HI1C 109.5
C31—C29—H29 120.3 010—C24—H24A 109.5
C31—C29—C27 119.4 (2) 010—C24—H?24B 109.5
C27—C29—H29 120.3 010—C24—H24C 109.5
C23—C21—H21 120.5 H24A—C24—H24B 109.5
C23—C21—C20 118.9 (2) H24A—C24—H24C 109.5
C20—C21—H21 120.5 H24B—C24—H24C 109.5
C20—C18—C37 120.8 (2) N1—C33—H33A 109.4
C19—C18—C20 118.9 (2) N1—C33—H33B 109.4
C19—C18—C37 120.2 (2) N1—C33—C34 111.3 (3)
C3—C4—H4 119.7 H33A—C33—H33B 108.0
C6—C4—C3 120.7 (2) C34—C33—H33A 109.4
C6—C4—H4 119.7 C34—C33—H33B 109.4
C26—C28—H28 119.7 N2—C35—H35A 109.2
C30—C28—C26 120.6 (2) N2—C35—H35B 109.2
C30—C28—H28 119.7 N2—C35—C34 111.9 (3)
C31—C30—C28 119.0 (2) H35A—C35—H35B 107.9
C31—C30—H30 120.5 C34—C35—H35A 109.2
C28—C30—H30 120.5 C34—C35—H35B 109.2
C8—C7—H7 120.4 C33—C34—C35 113.0 (3)
C5—C7—C8 119.1 (2) C33—C34—H34A 109.0
C5—C7—H7 120.4 C33—C34—H34B 109.0
C12—CI11—C10 122.6 (3) C35—C34—H34A 109.0
C12—CI11—C13 119.2 (2) C35—C34—H34B 109.0
C13—CI11—C10 118.2 (3) H34A—C34—H34B 107.8
C21—C20—CI18 120.8 (2) 04—C9—H9A 109.5
C21—C20—H20 119.6 04—C9—H9B 109.5
C18—C20—H20 119.6 04—C9—H9C 109.5
C26—C27—H27 119.8 H9A—C9—H9B 109.5
C29—C27—C26 120.4 (2) H9A—C9—HO9C 109.5
C29—C27—H27 119.8 H9B—C9—H9C 109.5
01—C2—C3 112.6 (2)

P2—03—C8—C6 —34.2 (3) Cl16—C14—C12—Cl11 -0.5(4)
P2—03—C8—C7 148.50 (18) Cl16—C15—C13—Cl11 —0.8 (5)
P2—06—C16—C14 —119.4 (2) N1—P1—N3—P2 134.00 (15)
P2—06—C16—C15 66.3 (3) N1—P1—N4—P3 —131.14 (16)
P3—012—C31—C29 92.5(2) N1—P1—N2—C36 -178.9 (2)
P3—012—C31—C30 —88.5(2) N1—P1—N2—C35 —47.3(3)
P3—09—C23—C21 —107.0 (2) N1—C33—C34—C35 57.8 (5)
P3—09—C23—C22 75.2 (3) C31—C29—C27—C26 —1.6 (4)
P1—N2—C35—C34 54.1 (4) C6—C8—C7—C5 —0.6 (4)
P1—N1—C33—C34 —56.2 (4) C23—C21—C20—C18 0.3(4)
03—P2—06—C16 176.80 (17) C23—C22—C19—C18 0.3(4)
03—P2—N5—P3 —103.03 (13) C29—C31—C30—C28 —2.1(4)
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03—P2—N3—P1
03—C8—C6—C4
03—C8—C7—C5
012—P3—09—C23
012—P3—N5—P2
012—P3—N4—P1
012—C31—C29—C27
012—C31—C30—C28
06—P2—03—C8
06—P2—N5—P3
06—P2—N3—P1
06—C16—C14—C12
06—C16—C15—CI13
09—P3—012—C31
09—P3—N5—P2
09—P3—N4—P1
09—C23—C21—C20
09—C23—C22—C19
N5—P2—03—C8
N5—P2—06—C16
N5—P2—N3—P1
N5—P3—012—C31
N5—P3—09—C23
N5—P3—N4—P1
N3—P2—03—C8
N3—P2—06—C16
N3—P2—N5—P3
N3—P1—N4—P3
N3—P1—N2—C36
N3—P1—N2—C35
N3—P1—N1—C32
N3—P1—N1—C33
N4—P3—012—C31
N4—P3—09—C23
N4—P3—N5—P2
N4—P1—N3—P2
N4—P1—N2—C36
N4—P1—N2—C35
N4—P1—N1—C32
N4—P1—N1—C33
C8—C6—C4—C3
C8—C7T—C5—C3
N2—P1—N3—P2
N2—P1—N4—P3
N2—P1—N1—C32
N2—P1—N1—C33
N2—C35—C34—C33
C26—C28—C30—C31

106.15 (14)
~175.7 (2)
176.8 (2)
168.15 (17)
101.92 (13)
~109.84 (15)
~177.6 (2)
179.0 (2)
~63.41 (18)
152.50 (11)
~146.36 (13)
~173.8 (2)
174.2 (3)
~70.12 (17)
~150.88 (11)
142.61 (14)
179.9 (2)
179.7 (2)
~177.34 (16)
~73.00 (19)
~18.15 (18)
43.70 (19)
53.37(19)
16.4 (2)
51.94 (19)
59.3 (2)
24.56 (17)
~9.17 (19)
66.6 (2)
~161.8 (2)
~55.8(2)
165.0 (3)
174.30 (16)
~77.75 (19)
-23.71 (17)
9.97 (18)
-59.7 (2)
71.8 (3)
69.9 (2)
~69.3 (3)
~1.0 (4)
~0.7 (4)
~113.94 (16)
114.52 (17)
~171.9 (2)
48.9 (3)
~57.0 (5)
~12(4)

C21—C23—C22—C19
C4—C3—C2—O01
C4—C3—C2—02
C4—C3—C5—C7
C28—C26—C27—C29
C28—C26—C25—010
C28—C26—C25—011
C30—C31—C29—C27
C7—C8—C6—C4
C20—C18—C37—07
C20—C18—C37—08
C20—C18—C19—C22
C27—C26—C28—C30
C27—C26—C25—010
C27—C26—C25—011
C2—C3—C4—C6
C2—C3—C5—C7
C25—C26—C28—C30
C25—C26—C27—C29
C5—C3—C4—C6
C5—C3—C2—O01
C5—C3—C2—02
C37—C18—C20—C21
C37—C18—C19—C22
C22—C23—C21—C20
C14—C16—C15—C13
C19—C18—C20—C21
C19—C18—C37—07
C19—C18—C37—08
C12—C11—C10—04
C12—C11—C10—05
C12—C11—C13—C15
C15—C16—C14—C12
C10—C11—C12—C14
C10—C11—C13—C15
C13—C11—C12—C14
C13—C11—C10—04
C13—C11—C10—05
C36—N2—C35—C34
C17—07—C37—08
C17—07—C37—C18
C32—N1—C33—C34
C1—01—C2—02
Cl1—01—C2—C3
C24—010—C25—011
C24—010—C25—C26
C9—04—C10—Cl11
C9—04—C10—05

2.0 (4)
—4.4(3)
176.1 3)
1.0 (4)
~1.5(4)
161.1 (2)
~17.6 (4)
3.5(4)

1.4 (4)
18.7 (4)
~162.6 (3)
2.2 (4)
2.9 (4)
~17.6 (3)
163.7 3)
~178.6 (2)
179.5 (2)
~175.8 (2)
177.2 2)
0.2 (4)
177.2 2)
2.3 (4)
~178.1 (2)
177.8 3)
2.3 (4)
0.1(4)

1.9 (4)
~161.3 (3)
17.4(5)
33 (4)
177.9 (3)
0.8 (5)

0.5 (4)
178.1 3)
~177.6 (3)
0.2 (4)
175.0 (3)
-3.8(5)
~174.0 (3)
3.5(4)
~177.8 (2)
164.1 (3)
2.0 (4)
178.4 (2)
2.3 (4)
~176.4 (2)
179.8 (3)
~1.3(5)
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Abstract: Lipoxygenase (EC 1.13.11.34.; LOX) enzymes; They are iron carrier dioxygenases that oxidize fatty acids
with two or more unsaturated bonds in their structure and do not contain heme groups in their structure. LOXs are
found in plants, animal tissues, and cyanobacteria. In this study, the change of LOX enzyme activity in Santa Maria
pear puree depending on different concentrations of fumaric acid, syringic acid and rosmarinic acid and cooking
process was followed for 7 days. It has been observed that fumaric acid increases LOX activity. This increase was
not prevented by the cooking process. It was observed that syringic acid and rosmarinic acid decreased LOX activity
day by day, and a faster decrease in activity was observed in the samples that were additionally cooked. At the end
of 7 days, it was observed that rosmarinic acid caused approximately 60% inhibition, while syringic acid caused
approximately 80% inhibition. Based on these results, we can say that the cooking process with the addition of
rosmarinic acid or syringic acid to the medium in order to prevent the loss of taste, smell and flavor of the pear,
which is frequently used in baby complementary foods and fruit juices, extends the shelf life.

Keywords: LOX, rosmarinic acid, syringic acid, fumaric acid, shelf life.

Santa Maria armudu piiresinde LOX aktivitesi iizerine baz1 katki maddelerinin
inhibisyon etkileri

Ozet: Lipoksigenaz (EC 1.13.11.34.; LOX ) enzimleri; yapisinda iki ya da daha fazla doymamis bag bulunduran yag
asitlerini oksitleyen, yapilarinda hem grubu bulundurmayan demir tasiyici dioksigenazlardir. LOX'lar bitkiler,
hayvan dokular1 ve siyanobakterilerde bulunurlar. Bu c¢aligmada Santa Maria armudu piiresindeki LOX enzimi
aktivitesinin fumarik asit, sirinjik asit ve rosmarinik asitin farkli konsantrasyonlarina ve pigirme islemine baglh olarak
degisimi 7 giin boyunca takip edilmistir. Fumarik asitin LOX aktivitesini artirdig1 gézlenmistir. Bu artiga pisirme
islemi de engel olamamustir. Sirinjik asit ve rosmarinik asitin LOX aktivitesini giin gectikce azalttigi, ek olarak
pisirme uygulanan 6rneklerde daha hizli bir aktivite azalis1 oldugu goriilmiistiir. 7 glin sonunda rosmarinik asitin
yaklasik % 60'lik inhibisyona sebep oldugu, sirinjik asitin ise yaklasik %80'lik bir inhibisyona sebep oldugu
goriilmiistiir. Bu sonuglardan yola ¢ikarak bebek ek gidalari ve meyve sularinda sik¢a kullanilan armudun tat, koku
ve lezzet kaybmin onlenmesi i¢in ortama rosmarinik asit ya da sirinjik asitin eklenmesiyle birlikte pisirme iglemi
uygulanmasi raf dmriinii uzatmaktadir diyebiliriz.

Anahtar Kelimeler: LOX, rosmarinik asit, sirinjik asit, fumarik asit, raf 6mrii.
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1 INTRODUCTION

Lipoxygenases (LOXs) are a family of monomeric proteins
that produce hydroperoxide by oxidation of
polyunsaturated fatty acids (PUFA) such as linoleic,
linoleic, and arachidonic acids [1]. LOXs are found in
plants, animals, fungi and cyanobacteria [2]. 5-LOX is
ubiquitous in the mammalian body, its job is to oxidize the
number 5 carbon atom. 9-LOX and 13-LOX are found in
plants and they catalyze the oxidation of linoleic and
linolenic acid [2, 3]. Lipoxygenases play an important role
in stimulating inflammatory reactions in the human body.
The excessive reactive oxygen species formed in the body
first stimulates the release of cytokines and then the
activation of the LOX enzyme, the result may be
inflammation. Inflammation in the body is associated with
many diseases such as cancer, stroke, cardiovascular and
neurodegenerative diseases. LOXs are involved in the
synthesis of prostaglandins and leukotrienes, therefore they
are associated with diseases and their inhibition is
considered important for disease treatment [4].

LOXs are also abundant in grains, legumes and potato
tubers [5, 6]. The products produced in the LOX metabolic
pathways have various effects. LOX acts as a storage
protein in vegetative growth and also mobilizes storage
lipids during germination [7]. LOX protects plants from
pathogens and insects. It also plays a role in the production
of substances such as jasmonates, divinyl ethers, leaf
aldehydes that help protect during abiotic stress [8, 9].

On the other hand, the reaction between unsaturated fatty
acids and LOX can cause bad taste and odour, resulting in
food spoilage. Therefore, investigation of LOX inhibition
has gained importance [10]. Plant phytochemicals play an
important defensive role in preventing diseases caused by
oxidative stress. Plants have been used as medicine for
centuries. Today, many drugs are isolated from plants and
there is increasing interest in plant-derived therapeutics
[11].

Fumaric acid ((E)-2-butenedioic acid or trans-1,2-
ethylenedicarboxylic acid) (Fig. 1) is a naturally occurring
organic acid originally obtained from the plant Fumaria
officinalis. Since it is synthesized as a key intermediate in
the citrate cycle, it is produced in many living things, albeit
in small amounts [12]. Fumaric acid esters have been used
for many years in the treatment of chronic plaque psoriasis
[13] and multiple sclerosis [14] diseases.

Syringic acid (SA) (Fig. 1) is a phenolic compound found
in many natural foods (pumpkin, grapes, dates, various
spices, olives, acai palm, honey and wine) [15, 16] with
important effects such as antioxidant, antiinflammation,
antimicrobial, anticancer, antidiabetic, heart, liver and
brain / CNS (central nervous system) protection [17].

SA is also used in industry. Syringic acid is among the
many phenolic compounds that contribute to the structural
integrity of lignin. Syringic acid in lignin acts as a good
substrate for laccase, an important enzyme in the pulp and
bioremediation industry [18].

Although rosmarinic acid (Fig. 1) got its name because it
was first obtained from rosemary, it is also found in a wide

variety of herbs such as sage, mint, thyme, lemon balm,
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basil and thyme [19, 20]. Studies show that herbal
medicines containing RA do not have serious side effects
and have many positive effects on the body. In addition to
in vitro studies, it has been reported to be effective in the
treatment of metabolic syndrome, increasing cognitive
performance, osteoarthritic disorders, various
otolaryngological  treatments and  dermatological
treatments in clinical studies. It has been targeted in many
studies that RA is also used for long-term treatments by
prolonging the elimination process from the body [21-28].

Fig. 1. Structure of fumaric acid (A), syringic acid (B)
and rosmarinic acid (C).

In this study, fumaric acid, syringic acid and rosmarinic
acid were added to pear puree and activity measurement
was made for 7 days to examine the effects of these
chemicals on LOX activity. The effects of this chemicals
on the bitterness of pear puree provide important ideas for
the shelf life of the puree.

The inhibitors used in the study were chosen because they
are natural substances obtained from plants. so its use as an
additive in the food industry will also be beneficial for
human health. The use of such natural products in the
sector is more preferred than artificially produced
chemicals.

We think that it would be beneficial to add natural
inhibitors that reduces LOX activity to the literature.
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2 MATERIALS AND METHODS
2.1 Materials

The Santa Maria pear used in the study was obtained from
greengrocers. The chemicals used were purchased from
Merck, Sigma-Aldrich. (Fumaric acid CAS Number: 110-
17-8, syringic acid CAS number: 530-57-4, roamarinic
acid CAS number: 20283-92-5, linoleic acid CAS number:
60-33-3). In the study, activity measurements were made
with  the Beckman coulter DU730 UV-Vis
spectrophotometer.

2.2. Preparetion of pear puree

Santa Maria pears washed and grated. The seed zone was
not used in the study. Purees were taken into 10 mL glass
jars. Weighings were made to correspond to 1mM, 2mM,
3mM, 4mM and 5 mM concentrations for each inhibitor
and added to the jars and mixed.

Some of the grated pears were cooked at 100°C for 15
minutes and placed in 10 mL jars. After cooling, 3 mM
inhibitory substance was added to each jar (Figure 2). Here,
3 mM was chosen so that the inhibitor concentration was
not too high or too low. Jars were stored at 4°C for 7 days.
For each measurement, 500 pL of sample was taken from
the jar, centrifuged at 1000 x g for 10 minutes, and activity
with the supernatant was measured.

Fig. 2. Pear puree jar

2.3. Activity measurement procedure of LOX

For the activity measurement, the substrate solution was
first prepared by dissolving 0.04 mM linoleic in 5 mL of
methanol.

3 mL of 5mM phosphate buffer (pH 6.5) was added to 90
uL of substrate solution. It was incubated at 20°C for 5
minutes. After incubation, 30 pL of enzyme was added and
the change in absorbance was measured at 234 nm for 3
minutes [29].

Enzyme unit was defined as the amount of enzyme that
converts 1 pmol of substrate to product in 1 minute under
optimal conditions.

3  RESULTS
In this study, the effects of rosmarinic acid, fumaric acid,
syringic acid and cooking process on the shelf life of pear

puree was investigated. Activity measurement of LOX
enzyme was performed for 7 days.
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When the graph of rosmarinic acid is examined (Fig.3), the
first thing to notice will be that the cooking process
negatively affects the LOX activity and decreases the
activity rapidly. Although there is no change in activity in
the first 4 days at 5 mM concentration, a rapid decrease is
observed in the following days. In other cases, no effective
reduction in LOX activity was observed. This will cause
the pear puree to deteriorate and deteriorate its taste. Based
on these results, it can be said that 5 mM concentration of
rosmarinic acid in raw pear puree and 3 mM concentration
in cooked pear puree can be effective on LOX activity and
prolong shelf life.

Rosmarinic acid

100+

754

1mM
2mM
3mM
- 4mM
5mM
3 mM cooked

50

% Activity

254

Fig. 3. Effects of rosmarinic acid on LOX

fumaric acid

100+

1mM
2mM
3 mM
4 mM
5mM
3 mM cooked

% Activity

Fig. 4. Effects of fumaric acid on LOX

When Figure 4 is examined, it is seen that all
concentrations of fumaric acid increase the LOX activity
in pear puree for 7 days, even when cooked. Based on these
results, it can be said that fumaric acid does not inhibit the
LOX enzyme, but activates it and shortens its shelf life.

Syringic acid

100 T

imM

% Activity
@
=3
1

—
== 2mM
—— 3mM
259 4ammMm
= 5mM

~®= 3 mM cooked

Fig. 5. Effects of syringic acid on LOX
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Figure 5 shows that syringic acid has a similar effect to
rosmarinic acid. It is seen that the LOX activity in the
cooked pear puree containing 3 mM syringic acid
experienced a rapid decrease from the first day. At the end
of 7 days, approximately 75% of activity loss is observed.
Pear puree containing 5 mM syringic acid appears to have
half as much LOX activity as at the end of 7 days. Looking
at the results obtained in the study, it can be said that the
best inhibitor of LOX enzyme is syringic acid. rosmarinic
acid also appears to be effective, but fumaric acid appears
to increase LOX activity continuously. In addition, it is
seen that the cooking process is very effective in extending
the shelf life. A longer shelf life can be achieved by adding
less additives.

4  DISCUSSION

For this reason, there are studies investigating LOX
inhibitors in the literature. Yashanswinj et al. investigated
the effect of sesame derivatives on LOX inhibition and
reported that 51.84 uM amount of sesamol reduced LOX
activity to half of the initial activity [30].

The effects of salicylic acid, eupatorin, eupatilin, gardenin
A substances on LOX activity isolated from bovine liver in
2019 were investigated and the highest inhibition effect
was seen in Eupatilin (IC5=0.46 mM), and the lowest
inhibition effect was seen in Gardenin A (ICs=5.31 mM)
has been reported [22].

There are studies indicating that the correlation between
lipoxygenase activity and quality changes such as color
change and off-flavor formation in vegetables may be
better [31-33] In a study carried out, it was determined that
boiling at 100°C for 20 minutes was sufficient for LOX
inactivation and no LOX regeneration was detected during
the storage period. The tomato puree produced without the
boiling process was stored at two different temperatures, -
7 and -18°C. It was reported that the activity of the enzyme
decreased gradually during 130 days of storage in these
samples and no activity was observed when this period was
extended [34]. This study with tomatoes could be explored
for other foods as well.

Studies show that LOX is a very important enzyme for food
quality and storage, and its inhibition can be done by
various methods such as additives, heating and cold
storage. It is thought that extensive studies should be
carried out on LOX, especially in the food and health
industry.

5 CONCLUSIONS

LOX is a very important enzyme for the health and food
industry, which can be obtained from plants, animal tissues
and microorganisms. In this paper we measured LOX
activity in pear puree for 7 days. We saw that the chemicals
added to the environment and the applied heat were quite
effective on the LOX activity. The LOX activity in the
pear, which is widely used especially in fruit juices and
baby supplements, causes a great change in the color, smell
and taste of the food. The important results we obtained as
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a result of our study are that adding syringic acid or
rosmarinic acid to the medium or cooking the puree is
beneficial in maintaining the shelf life and therefore the
product quality for a long time. We think that LOX
inhibition and longer shelf life can be achieved by
developing different additives, cooking times or methods.

Conflicts of Interest: The authors declare no conflict of
interest.
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Abstract: In this study, the reaction of hexachlorocyclotriphosphazene with 4-(2-aminoethyl) morpholine which is
a primary amine was carried out in the presence of Trimethylamine in THF. The molecular structure of the final
compound was confirmed by mass spectrometry, FT-IR, 3P, *H and *3C NMR spectroscopies. The possible progress
mechanism of the reaction was proposed using the structure analysis of the product formed.

Keywords: Cyclotriphosphazene, aminoethylmorpholine, NMR

Yeni 4-(2-aminoetil)morfolin substitiie siklotrifosfazenin sentezi ve yap1 analizi

Ozet: Bu caligmada, hekzaklorosiklotrifosfazenin primer bir amin olan 4-(2-aminoetil) morfolin ile reaksiyonu THF
icerisinde trimetilamin varliginda gergeklestirilmistir. Final bilesigin molekiiler yapisi, kiitle spektrometresi, FT-IR
31p, 1H ve 13C NMR spektroskopi teknikleri ile dogrulandi. Olusan {iriiniin yap1 analizi kullanilarak, reaksiyon igin
olas1 ilerleme mekanizmasi 6nerildi.

Anahtar Kelimeler: Siklotrifosfazen, aminoetilmorfolin, NMR
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1 INTRODUCTION

Hexachlorocyclotriphosphazene ring is an important
member of inorganic ring systems [1-3]. This ring is
renowned for the robustness of the phosphorus-nitrogen
backbone and active phosphorus-chlorine bonds that
enable nucleophilic substitution reactions [1-5]. The planar
molecular geometry of the cyclotriphosphazene ring, its
resistance to heat, light and different reaction conditions,
and its ability to combine multiple groups with the same or
different properties in the same molecule make this ring an
indispensable carrier framework for new material designs
[1, 2, 6-8]. Depending on the number, type and properties
of the functional group carried by the cyclotriphosphazene
ring, fluorescence chemosensor [6, 7], anticancer [8, 9],
antimicrobial agents [10], organic light emitting diodes
[11,12], biosensor [13] and photosensitizer [14, 15]
applications have been successfully demonstrated.
Therefore, the nucleophilic substitution reactions of the
cyclotriphosphazene ring with different functional groups,
the diversity of the products formed and the potential
application areas attract attention.

The progression pathway of the substitution reactions in
the cyclotriphosphazene ring depends on many parameters,
especially electronic, steric and mechanistic effects [16-
21]. Thus, a great deal of effort has been devoted to
elucidate the preference of geminal and non-geminal
reaction pathways in cyclotriphosphazene derivatives [4,
19, 20, 22-24]. When electron-donating units are attached
to the cyclotriphosphazene core, the positive charge on the
P atoms decreases and then their reaction with
monofunctional alkoxy groups proceeds in the non-
geminal route [19]. The substitution reactions of
cyclotriphosphazenes with secondary amines generally
tend to form non-geminal product, while the formation of
geminal products with primary amines predominate due to
polar environment or steric factor [4, 18, 24-26].

Morpholine is a heterocyclic ring containing oxygen and
nitrogen atoms in its structure, and it is a bioactive
molecule often preferred in medical applications [27-29].
The reactions of morpholine, a secondary amine, and
cyclotriphosphazene were investigated and it was reported
that non-geminal products were dominant [23]. The di-, tri-
and tetra-non-geminal replacements in
cyclotriphosphazenes often lead to a mixture of cis- and
trans- isomers [19, 23, 26, 30]. In this study, the reaction
of hexachlorocyclotriphosphazene (1) with  4-(2-
aminoethyl) morpholine (2) which is a primary amine was
carried out and the progression route of the reaction was
investigated from the structure analysis of the obtained
product.

2 MATERIALS VE METHODS

2.1. General methods

All the precursors chemical reagents and solvents were
procured from commercial suppliers. Analytical thin layer

chromatography (TLC) was performed on silica gel plates
(Merck, Kieselgel 60 A, 0.25 mm thickness) with Fpsq
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indicator. Column chromatography was performed on
silica gel (200-400 mesh). Mass spectra were acquired in
linear modes with average of 50 shots on a Bruker
Daltonics Microflex mass spectrometer (Bremen,
Germany) equipped with a nitrogen UV- Laser operating
at 337 nm. 3P, 'H and *C NMR spectra were measured
with a 400 MHz spectrometer (Varian 400 MHz).

2.2. Synthesis of 4-(2-aminoethyl)morpholine substituted
cyclotriphosphazene (3)

4-(2-aminoethyl)morpholine (2) (3 mL, 23.0 mmol) was
dissolved in 20 mL of dry THF in a 100 mL three-necked
round-bottomed flask. The reaction mixture was cooled in
an ice-bath and triethylamine (3.2 mL, 23.0 mmol) was
quickly added to the stirred solution. Then,
hexachlorocyclotriphosphazene (1) (1.0 g, 2.9 mmol) in
dry THF (10.0 mL) was added to the medium. The reaction
mixture was stirred for 4 days at room temperature and
followed by TLC silica gel plate. The triethylamine
hydrochloride (NEt;.HCI) and any other in soluble
materials were filtered off. The solvent was removed under
reduced pressure. The crude product was subjected to
column chromatography using THF:methanole: n - hexane
(90:9:1) as the mobile phase. The product (0.40 g, 17 %)
was obtained as oily. MALDI TOF (m/z) Calc. 721.08,
Found: 721.28 [M]*, 1076.85. 'P NMR (162 MHz, CDCls,
ppm) dp 24.1 (t, 1P), 14.3 (d, 2P). *H NMR (400 MHz,
CDCls, ppm) 64 3.6 (m, 16H) (-OCH>), 3.1 (s, 4H) (-NH),
3.0 (m, 8H) (-NCHy), 2.4 (m, 8H) (-NCH,), 2.4 (m, 16H)
(-NCH). 3C NMR (101 MHz, CDCls, ppm) ¢ 66.8, 58.9,
53.3, 37.0. FT-IR (v : em™): 3110.13 (N-H); 2954.91,
2856.20 and 2813.54 (C-H)aiiphatic; 1655.19 (N-H); 1222.77
and 1176.74 (P=N) ; 1116.48 (C-O) and 971.69 (P-N-C).

3  RESULT AND DISCUSSION

3.1. Synthesis and structural characterization of 4-(2-
aminoethyl)morpholine substituted cyclotriphosphazene
derivative

Cyclotriphosphazene ring is an important class of
molecules consisting of six peripheral arms [1-3].
Cyclotriphosphazene derivatives are easily prepared by the
nucleophilic substitution of reactive chlorine atoms with
different reagents, and their structural, physical and
chemical properties can be easily modulated by
substituents [4, 5, 19-23]. In this study, the 4-(2-
aminoethyl)morpholine substituted cyclotriphosphazene
derivative (3) was synthesized (Scheme 1). The compound
3 was prepared by treating hexachlorocyclotriphosphazene
(1) with 4-(2-aminoethyl) morpholine (2) in the presence
of EtsN in THF. The product was purified by column
chromatography and then the molecular structure of the
final compound was confirmed by mass spectrometry, FT-
IR, 3P, *H and 3C NMR spectroscopies. The molecular
ion peak of the compound was marked as 721.07 Da by
MALDI-TOF mass spectrometer (Fig.1). The MS data of
the novel compound confirmed that the four chlorine atoms
on the cyclotriphosphazene core had been replaced by the
morpholine group.
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Scheme 1. Synthesis pathway of 4-(2-aminoethyl)
morpholine substituted cyclotriphosphazene derivative

FT-IR spectrum of compound 3 exhibited characteristic
stretching bands for P=N- at 1222.77 and 1176.74 cm™.
The vibration band assignable to the stretching of the N-H
was observed at 3110.13 cm™. The stretching bands of
aliphatic C-H was seen about 2856 cm and peaks of C-O

Yildiz-Giil et al.

was observed about 1116.48 cm® (Fig.2). However, these
analyses were insufficient about whether the displacement
occurred via geminal or non-geminal. The NMR spectra of
the novel compound were examined to explain this
situation. The proton decoupled 3P NMR spectrum of the
compound 3 was observed as an AX; spin system due to
two different phosphorus environments within the
molecule (Fig. 3). The signals of the compound 3 consisted
of one triplet for the [PCI,] group at 24.1 ppm and a doublet
for the [P(NR)2] groups at 14.3 ppm. The coupling constant
for phosphorus atoms was calculated as 47.5 Hz. The 3!P
NMR data confirmed the geminal displacement of four 4-
(2-aminoethyl) morpholine groups with chlorine atoms.
Further structural verification was obtained via *H and 3C
NMR spectroscopies. The -OCH, and -NCH- protons of
morpholine ring were marked at 3.6 and 2.4 ppm,
respectively.  The characteristic -NH protons were
observed at 3.1 ppm as broad signal. The other aliphatic -
NCH_: protons gave signals at 3.0 and 2.4 ppm (Fig. 4).
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Figure 1. The MALDI-TOF mass spectrum of compound 3
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The location of the NH- protons was also confirmed by
DO exchange in *H NMR (Fig 4). As expected, four
different carbon signals (66.8, 58.9, 53.3, 37.0) were seen
in the 13C NMR spectrum (Fig. 5). All NMR spectra of the
final compound (3) was consistent with molecular
structure.

3.2. Chlorine replacement pattern

The nucleophilic ~ displacement  reactions  of
cyclotriphosphazene derivatives result in the formation of
geminal and non-geminal cis- or trans- isomers due to
kinetic, thermodynamic and steric effects [4, 18-24].
Previous works have shown that the non-geminal trans-
product is formed as the predominant product and the cis-
isomer was a minor product at the di-substitution stage of
the reaction of hexachlorocyclotriphosphazene with
morpholine, a secondary amine [23]. In the current work,
outcomes from P NMR and MALDI-TOF mass data of the
cyclotriphosphazene derivative including 4-(2-aminoethyl)
morpholine units pointed to the formation of geminal product
(3). Similar product formations with primary amines such
as aniline, cyclopropanemethlyamine and t-butylamine are
available in the literature [4, 25, 31]. It can be said that Sy!
and proton abstraction-chloride elimination mechanism go
together for the formation of the compound 3. In this
reaction pathway, triethylamine used as the base abstracted
a proton from the PCI(NHR) center in the
cyclotriphosphazene ring, resulting in loss of chloride ion
and a three-coordinate phosphoranimine intermediate is
formed. With the attack of another amine group on this
phosphoranimine, a geminal substitution product is
formed.

4  CONCLUSIONS

In this work, the synthesis of 4-(2-aminoethyl) morpholine
substituted cyclotriphosphazene derivative was described.
The final compound was isolated in moderate yield by
simple column chromatography. The molecular structure
of the compound (3) was confirmed by mass spectrometry,
FT-IR, %P, 'H and *C NMR spectroscopies. The
formation of the geminal product was explained by the
combined action of Sy* and proton abstraction-chloride
elimination mechanisms. The new compound may be
useful as antimicrobial or antifungal agents owing to
containing its morpholine moieties.
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Ozet: Bu calismada, Cu(ll) metal iyonlarmm farkli mol oranlarinda 6,7-dihidroksi-3-(3-klorofenil)kumarin
bilesiginin (DPCI-Kum) dielektrik sabiti, dielektrik kayip faktorii ve ac iletkenliginin frekansin bir fonksiyonu olarak
incelenmesi amaglanmistir. DPCI-Kum igin dielektrik dlgiimleri, frekansin bir fonksiyonu olarak bir empedans
analizorii kullanilarak belirlenmistir. DPCI-Kum ve kompozitlerinin dielektrik 6zellikleri, oda sicakliginda 100 Hz
ile 20 kHz arasindaki frekansta ol¢lilmiis ve birbirleriyle karsilastirilarak verilmistir. DPCI-Kum bilesigindeki
polarize olan serbest -OH fonksiyonel gruplarinin Cu(ll) iyonlari ile etkilesimi sonucu polarizasyonun azalmasindan
dolay1 Cu (II) iyonunun artan mol oranlarinda dielektrik 6zelliklerinde de azalma oldugu goriildii. Ayrica DPCI-Kum
ve kompozitlerinin TGA analizleri gergeklestirildi. Cu(II) orani arttikga hem termal kararliligin arttigi hem de artik
miktarlarinin arttig1 gorildi.

Anahtar Kelimeler: Kumarin, Dielektrik Ozellik, Bakir (11) iyonlarl

Investigation of Dielectric Properties of Cu(II) Doped 6,7-Dihydroxy-3-(3-
chlorophenyl)coumarin Compound

Abstract: We aimed to investigate the dielectric constant, dielectric loss factor and ac conductivity of 6,7-dihydroxy-
3-(3-chlorophenyl)coumarin compound (DPCI-Kum) at different mole ratios of Cu(ll) metal ions as a function of
frequency. Dielectric measurements for DPCI-Kum were determined using an impedance analyzer as a function of
frequency. Dielectric properties of DPCI-Kum and its composites were measured at 25 °C over the frequency from
100 Hz to 20 kHz and given as compared with each other. It was observed that the dielectric properties of the Cu (1)
ion decreased with increasing mole ratios due to the decrease in polarization as a result of the interaction of polarized
free —OH functional groups with Cu(ll) ions in the DPCI-Kum compound. In addition, TGA analyzes of DPCI-Kum
and its composites were performed. It was observed that as the Cu(ll) ratio increased, both the thermal stability
increased and the residual amount increased.

Keywords: Coumarin, Dielectric Properties, Copper (I1) lons

46
*Corresponding Author: kenan.koran@gmail.com (Kenan Koran)


mailto:kenan.koran@gmail.com
mailto:Kenan
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1 GIRiS
Kumarin kimyast 200 yilik bir gecmise sahiptir.
1820'lerde  kumarin ilk kez Tonka fasulyesinin

¢iceklerinden izole edilmistir. Daha sonra bu bilesige tonka
fasulyesinin Fransizca “coumarou” kumarin ad1 verilmistir
[1-5].

W. H. Perkin, 1868'de salisilaldehitin sodyum tuzunu
asetik asitle 1sitarak kumarini yapay sentezleyen ilk kisi
olmustur ve bu yontem Perkin reaksiyonu olarak kabul
edilmigtir [6]. Kumarin yapisi, 1872'de Strecker, Fittig ve
Tiemann tarafindan 1-benzopiran-2-on yapisinda olarak
onerilmigtir. Ayrica 1741'de Rama Swamy, 1973'te
Myasnikova [1] kumarinin kristal yapisiyla ilgili
arastirmalarda bulunmugtur. Kumarin floroforlari, antiviral
[7], antikanser [8], antilosemi [9], anti-diyabetik [10], anti-
inflamatuar [11] gibi ¢esitli farmakolojik uygulamalarda
katki maddesi olarak kullanilmakta ve adenosin reseptor
antagonistleri [12, 13] olarak iglev gordiigii belirlenmistir.
Bunun diginda kumarin ve triinleri pestisitlerde [14], gida
katki maddelerinde [15], parfim sanayisinde [16],
kozmetiklerde [17], boya ve kauguklarda koku
maskeleyicilerde [18], ugucu yaglarin giiglendiricilerinde
[19] olarak kullanilmaktadir [20].

Kumarin, bir benzen halkasi ile bir piran halkasi igeren iki
halkali bir sistemdir. 3 ve 4 numarali karbon arasindaki
C=C, cis-/trans- izomerizasyonunu smirlamaktadir ve bu
sekilde tiim kumarin ¢ekirdegi bir planya haline gelir.
Kumarinin planer yapisindan dolayr miikemmel yiik
transferi 6zelligi gosterir ve iistiin fotofiziksel 6zelliklere
sahiptirler. Kumarin, 1 ve 2 konumlarinda bir lakton
grubuna ve C-3'ten C-8'e kadar alti gevresel hidrojen
atomuna sahiptir. Periferal hidrojenler uygun sekilde
stistitiie edilebilir. Dogal olarak olusan kumarin tiirevleri 7.
pozisyonda bir hidroksil grubuna sahipken, bazi temel
floresan kumarin aym pozisyonda amino- veya hidroksil-
gruplarma sahiptir [1, 20].

Kumarin, Perkin kondenzasyonu [6], Knoevenagel
kondenzasyonu [21] ve Pechmann reaksiyonu [22] gibi
cesitli yontemlerle sentezlenebilmektedir. Son zamanlarda
mikrodalga destekli kumarin sentezi gelistirilmistir [23,
24]. Metal Katalizli siklizasyon da kumarin omurgasinin
sentezi i¢in tercih edilen yontemdir [25].

Kumarin halkasina bagli olan siibstitiie gruplarin yeri ve
konumunun degismesi, kumarinlerin farkli fiziksel,
kimyasal ve biyolojik 6zellikler gésterebilmesine olanak
saglamaktadir. Bu durum kumarin tirevlerinin yeni
uygulama alanlarinin kesfedilmesini dnemli kilmistir.

Bu amagla, bu c¢alismada  6,7-dihidroksi-3-(3-
klorofenil)kumarin bilesigi (DPCI-Kum) literaturdeki
metoda gore sentezlendi [24] ve yapis1 FT-IR, H ve 1C-
APT NMR spektroskopi yontemleri ile aydinlatildi. Ayrica
DPCI-Kum bilesigi farkli mol oranlarinda bakir (II) iyonu
ile katkilandi. Elde edilen Cu(Il) iyonu ile doplanmis
kumarin karisimlarinin dielektrik sabiti, dielektrik kayip
faktorii ve ac iletkenlik 6zellikleri oda sicakliginda 100 Hz
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ile 20 kHz frekans aralifinda frekansin bir fonksiyonu
olarak incelendi.

2 MATERYAL VE METOD

2,4,5-trimetoksibenzaldehit, 3-kloroakrilonitril bilesikleri
Sigma-Aldrich firmasindan temin edilmistir. Silikajel, n-
hekzan, aseton, etanol, kloroform ve tetrahidrofuran ve
NMR calismalarinda déteryumlu ¢oziicii olarak kullanilan
DMSO-d6 Merck firmasindan satin alinmigtir.
Bilesiklerin karakterizasyonunda FT-IR spektrumlari
Perkin Elmer SpectrumOne FT-IR spektrometre cihazi ile
NMR Spektrumlar1 Bruker DPX—400 High Performance
Digital FT-NMR cihaz1 ile ve dielektrik parametrelerin
6l¢timlerinde Quadtech 7600 Precision LCR meter cihazi
kullanilmistir.

2.1  Sentez ve Karakterizasyon

2-(2,4,5-trimetoksifenil)-1-(3-klorofenil)akrilonitrile

(TM-CN) [26] ve 6,7-dihidroksi-3-(3-klorofenil)kumarin
(DPCI-Kum) [24]  bilesikleri gore
sentezlenmistir. Genel sentez semasi Sekil 1°de verilmistir.

literatiire

211  2-(2,4,5-trimetoksifenil)-1-(3-klorofenil)
akrilonitrile (TM-CN) Bilesiginin

Karakterizasyonu

2,4,5-trimetoksibenzaldehit (TM) (2.7 mmol) ve 3-
klorobenzilsiyanit (AC) (2.7 mmol) kullanild1. Yesil renkli
katt madde: Verim: 70%, E.N. 164-165 °C. FT-IR (KBr,
cmt) v:v: 1612, 1580, 1510 (C=C), v: 2196 (C=N), 3049,
3008 (Ar-CH). 'H-NMR (400 MHz, CDCls) 6 6.53 (1H, s,
H?), 7.66 (1H, s, H%), 3.94 (3H, s, H"), 3.98 (3H, s, H?),
3.97 (3H, s, HY), 7.95-7.99 (2H, s, H, H?), 7.33-7.40 (2H,
m, H*® ve HY), 7.58 (1H, d, H®). 3C-NMR (CDCls) ¢
154.12 C1, 96.14 C?, 152.65 C3, 143.02 C*% 110.11 C°,
113.92 C8, 56.81 C7, 56.11 C8, 56.42 C° 137.44 CY,
106.10 C*, 118.81 C*2,137.10 C™3, 124.01 C*4, 134.92 C*°,
125.71 C*%, 130.13 CY7, 128.42 C*8,

2.1.2  DPCI-Kum Bilesiginin Karakterizasyonu

Acik kahverenkli kati madde DPCI-Kum, Verim:90%,
FT-IR (KBr, cm): 1580, 1602 ve 1621, vc=c, 1661 vc=o,
3059 VC-H(Ar), 3370, 3168 vo.h. 1H NMR (400 MHZ,
DMSO-de): 8, 7.07 (1H, s, H?), 6.79 (1H, s, H%), 9.55 (1H,
s, H"), 10.36 (1H, s, H®), 7.73 (1H, s, H®), 8.16 (1H, s, H'3),
7.50 (1H, d, J=8.4 Hz, H%), 7.52 (1H, t, J=8.0 Hz, H9),
7.76 (1H, d, J=6.8 Hz, HY). 3C-NMR (DMSO-dg): $,
143.6 Ct, 102.6 C?, 151.2 C?, 148.6 C*,112.9 C5 111.8 C§,
141.9 C° 121.2 C™¥, 160.65 C, 132.9 C%, 128.6 C®,

134.6 C4, 130.4 C™5, 132.2 C%¢,128.6 C*'.
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Sekil 1. TM-AC ve DPCI-Kum Bilesiklerinin genel

sentez reaksionu

2.2  DPCI-Kum Bilesiginin Cu(ll) Kompozitlerinin

Hazirlanmasi

100 ml lik reaksiyon balonunda DPCI-Kum bilesigi ve
kiitlece farkli oranlarda tartilan (%10, %20, %28) bakir (II)
kloriir etanol/su karisiminda ¢6ziildii ve oda sicakliginda
12 saat boyunca karigtirlldi. Daha sonra ultrasonic
homojenizator ile 30 dk dispers edildi (300 kw). Daha

sonar ¢Oziiciiniin fazlasi uzaklastirildiktan sonra tiriinler

vakum altinda 40 ° C’de kurutuldu.
2.3 Dielektrik Ozelliklerin Belirlenmesi
DPCI-Kum bilesigi ve Cu (II) ile doplanmig DPCI-Kum

dielektrik

belirlenmesi i¢in Oncelikle numuneler basing altinda

bilesiginin  karisimlarimin ozelliklerinin
(vaklasik 4 ton) tablet haline getirildi. Tablet kalinligi
Olciildii. Kapasitans degerleri (Cp) ve dielektrik kayip
faktorii (DF) ve Gp degerleri belirlendi. Olgiimler 100 Hz
ile 20 kHz araliginda oda sicakliginda frekansa karsi
yapildi. Dielektrik sabitleri agagida belirtilen formiiller ile

hesaplandi[27-30].

’ d
£ = Cppe &)
e’ = ¢'DF (2)
d
g = sz (3)
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A: Numunenin alani (m?); ¢" Dielektrik sabiti
C:Numunenin kapasitansi(F); &": Dielektrik kayip
d: Numunenin c¢ap1 (m)

£0: Boslugun dielektrik sabiti (8.85x107? F/m)

3 BULGULAR
3.1 Sentez ve Karakterizasyon

Calismanin sentez basamaginda ilk olarak TM, 3-
klorobenzilsiyanit (AC) ile etanol igerisinde ve %20°lik
NaOH varliginda 70 ° C’de, argon atmosferi altinda
etkilestirilerek TM-AC bilesigi literatiire benzer metotla
elde edildi. Elde edilen TM-AC bilesigi havasi alinmis bir
balona ilave edildi ardindan silikajel:piridinyum
hidrokloriir (3:1) karisimi eklenerek ev tipi bir mikro dalga
firmn iginder etkilestirilerek DPCI-Kum bilesigi elde edildi.
Bilesiklerin yapilar1 FT-IR, *H- ve *C-NMR teknikleri ile
aydinlatildi ve elde edilen veriler literatiirle uyumlu oldugu
gozlendi [24]. Bilesiklerin *H ve *C-NMR spektrumlari
Sekil 2 ve 3’de verilmistir. Detayli veriler deneysel
boéliimde agiklanmustir. Bilesik TM-AC de 2196 cm deki
-CN pikinin, DPCI-Kum bilesiginin FT-IR spektrumunda
gozlenmemesi halkanin olustugunu goéstermektedir. TM-
AC Bilesiginin yapisindaki —-CN’e komsu 1612 cm deki
C=C baglarinin DPCI-Kum bilesiginin olusumuyla 1622
cme kaydigi gozlenmistir. TM-AC Bilesigindeki —-OCHj3
gruplarinin -OH a doniistiigli ve —OH gerilme titresimleri

DPCI-Kum bilesiginin FT-IR spektrumunda gozlenmistir.

"H-NMR spektrumunda 9.5 ve 10.3 ppm’de goriilen singlet
1 protonluk pikler yapida bulunan —OH protonlarina aittir.
TM-AC bilesiginde aromatik halkaya bagl 3.5-4 ppm
arasinda olan —OCHj3 protonlarinin DPCI-Kum bilesiginde
gozlenmemesi yapinin olustugunu gostermektedir. -OCH3
Gruplarinin —OH’a déniismesinin bir sonucu olarak —OH
protonlarinin varligi ve integral yiiksekliklerinin yapiya
uygun olmasi énerilen yapiy1 desteklemektedir. *3C-NMR
spektrumunda da DPCI-Kum bilesigine ait karakteristik
lakton karbonili ve diger karbon atomlarina ait pikler

spektrumda goriilmektedir.
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Sekil 2. TM-AC Bilesiginin 'H ve *C-NMR spektrumu (Kloroform-d)
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3.2 Dielektrik ve Termal Ozellikleri

DPCI-Kum bilesigi ve agirlikga %10, %20 ve %28
oranlarinda Cu(Il) kloriir ile hazirlanan kompozitlerinin
dielektrik sabiti, dielektrik kayip faktéri ve ac
iletkenlikleri incelendi ve bilesigin saf hal ile farkli
oranlardaki kompozitleri bir birleri ile karsilagtirild: (Sekil
4-6). DPCI-Kum ve hibrit yapilarin termal 6zelliklerini
incelemek amaciyla Shimadzu marka DTG-60 birlesik
sistemi kullanildi. Toz halindeki numunelerden 5 mg 6rnek
almarak azot atmosferinde oda sicakligindan 600 °C’ye
kadar 10 °C dk 1sitma hiziyla analiz edildi. Sonuglar aym
sicaklik ekseninde karsilagtirmali olarak Sekil 7°de
gosterilmigtir.

DPCI-Kum

DPCI-Kum-Cu2+/10%)
DPCI-Kum-Cu2+/20%)|
DPCI-Kum-Cu2+/28%)|

4.2 4

LN NN )

4.0

3.89

3.6

3.4+

3.24

3.04

2.8+ O

Dielektrik sabiti (¢

2.6

241 M,

224

2.0 T T T T T
0 5000 10000 15000 20000

Frekans (Hz)

Sekil 4. DPCI-Kum bilesigi ve Cu(ll) kompozitlerinin
artan frekansa kars1 dielektrik sabitlerinin degisimi

Dielektrik dzellikler iizerinde artan Cu?* yiizdesinin etkisi
frekansin bir fonksiyonu olarak oda sicakliginda incelendi.
DPCI-Kum bilesiginin 2 kHz’deki dielektrik sabiti 3.77
iken Cu(Il) kompozitlerinde bu deger konsantrasyona bagli
olarak azalmis ve %28 kompozit oranina 2.28’e diismdistiir.
DPCI-Kum ve kompozitlerin degerleri artan frekansla
azaldigr tespit edildi (Sekil 4). Genellikle diisiik
frekanslarda bu azalma olduk¢a belirgindir. Yiksek
frekans degerlerine dogru dielektrik sabitindeki azalma
egilimi yavaglamakta ancak diisiiy yine de devam
etmektedir. Diisiik  frekanslardaki ani azalmalar,
muhtemelen bu frekanslarda uygulanan elektriksel alan
yoniinde maddenin yapisinda bulunan yiiklii dipollerin
kendi eksenleri etrafinda ve alan yoniinde hareket etme
egilimlerinin yiiksek olmasindandir. Benzer durum Sekil
5’teki dielektrik kayip grafiginde de goriilmektedir.

DPCI-Kum Ve Cu(ll) kompozitleri i¢in Sekil 6’da, AC
iletkenligin frekans ile degisimini de gosterilmektedir.
Buna gore, iletkenlik diisiik frekans bolgelerinde oldukga
hizli artarken, yiiksek frekans bolgelerine dogru artis hizt
azalmakta ve sabit bir degisim durumuna yaklagmaktadir.
Elde edilen kompozitlerin i¢in 1 kHz’de 6l¢iilen dielektrik
sabiti (¢'), dielektrik kayip faktorii (¢”) ve iletkenlik (logo)
sonuglar1 Tablo 1’de 6zetlenmistir.
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Sekil 6. DPCI-Kum Bilesigi ve kompozitlerinin artan
frekansa kars1 AC iletkenliginin degisimi

Tablo 1. DPCI-Kum Bilesigi ve kompozitlerinin 25 °C ve
1 kHz’deki Dielektrik Sonuglari

g g" logo

DPCI-Kum 377 0.086 -8.67

DPCI-Kum-Cu?/10% 345 0.042 -8.71

DPCI-Kum-Cu?*/20% 278 0.037 -8.80

DPCI-Kum-Cu?*/28% 238 0.036 -8.87
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4  TARTISMA

Bu c¢aligmada, 6,7-Dihidroksi-3-(3-klorofenil)kumarin
(DPCI-Kum) bilesigi ve agirlikca %10, 20 ve 28
oranlarinda Cu (II) kloriir ile hazirlanan kompozitlerinin
dielektrik 6zelliklerinin belirlenmesi amaglanmustir.
Sentezleri gergeklestirilen bu DPCI-Kum bilesiginin
dielektrik sabiti, dielektrik kayip faktorii ve AC iletkenlik
degerleri sabit sicaklikta frekansin bir fonksiyonu olarak
(100 Hz ile 20 kHz arasinda) empedans analizorii ile
belirlendi. Bu bilesiklerde artan frekans ile dielektrik
ozellikleri degismektedir. Dielektrik sabitinin frekans
arttik¢a bir miktar azaldig1 ve yiiksek frekans degerlerinde
sabit kaldigi gorilmistir. Ayrica, dielektrik kayip
faktorleri frekansla bir azalis egilimi gosterdigi, AC
iletkenlik degerlerinin ise frekansla arttig1 gdzlenmistir. Bu
artiglar literatiirde yapilan g¢aligmalarla kiyaslandiginda
sonuglarin  artan  frekansla uyumluluk gosterdigi
bulunmustur[28, 30, 31]. Ayrica, Cu(ll) iyonunun artan
mol oranlarinda dielektrik &zelliklerinde de azalma oldugu
goriildii. Bunun nedenin DPCI-Kum bilesigindeki polarize
olan serbest —OH fonksiyonel gruplarmin Cu(ll) iyonlar
ile etkilesimi sonucu polarizasyonun azalmasindan
kaynaklandigi distiniilmektedir. Bu sonuglar
incelendiginde bilesiklerin iletkenligi hem frekansa hem de
Cu(Il) iyonlarina duyarlt olup bu O&lgiitlerin artigiyla
azaldigi gorilmiistiir.

0.00 _—

—— DPCHum
DRCHMCw2 510

—— DPCHuMCI2 520 N
DRCHuMCY+2 %25 St

Agirlik Kaybi (%)
— .
/

100.00
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Sicaklik (°C)
Sekil 7. DPCI-Kum Bilesigi ve kompozitlerinin TGA
egrileri

TGA egrilerindeki sonuglara gore CuCl, orani arttikga
yapinin termal kararlilik kazandigir goriilmektedir. Bu
durumun sebebinin organik bilesigin metal ile etkilesimi
sonucu bozunmanin geciktirmesinden kaynaklandigi
diistiniilmektedir. Ayrica Cu(I) konsantrasyonun arttikga
600 °C’deki % atik miktarlar1 da artmaktadir. Sicakligin
artmastyla birlikte molekiildeki zayif etkilesimler ve
kimyasal baglarin kirilmast ayrica molekiilde ugucu
bilesenlerin ayrilmasi ile kiitle kayb1 olmustur. Organik
yapilarinin bozundugu son sicaklik degerinde inorganik
bilesenlerin daha kararli olmasi sebebiyle bozunmadan
kaldig1 distiniilmektedir.

5 SONUCLAR

Literatiir ~ ¢aligmalar1  incelendiginde =~ DPCI-Kum
bilesiginin 6l¢iilen floresans 6zelligine bagli olarak Cu(Il)
iyonlarina karsi sensor 6zelligi gosterdigi tespit edilmistir.
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Bu sonuglar yapilan bu ¢aligmanin da Cu(Il) iyonuna karsi
duyarli oldugunu ve elektriksel 6zelliklerinde de degisime
neden oldugunu agikga gdsteren ve ispatlayan
parametrelerden olmustur.

Bu tiir malzemelerin yararliligi bu maddelerin yapisal
ozelliklerinin yaninda metal iyonlar1 ile yapmis olduklar1
etkilesimde bagli oldugunu gostermektedir. Kumarin
bilesikleri metal iyonlarma karst sensor Ozelligi
gostermesinin [24] yaninda ayni metal iyonlarina kargi
elektriksel ozelliklerinde degisimin oldugu yapilan bu
caligma ile ortaya koyulmustur. Bu tiir yapilarin elektriksel
aygitlarda da kullanilabilme potansiyeline sahip oldugu
belirlenmistir.
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