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Free radicals properties of some gamma-irradiated organic compounds
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Powders of some organic compounds (compounds 1-4) were irradiated with ®°Co gamma-rays and the spectroscopic
properties of the free radicals formed were investigated at ambient temperature using electron paramagnetic resonance
(EPR) technique. The analysis of the EPR spectra of irradiated powder samples demonstrated that the paramagnetic
species produced by the radiation damage was NCH,. The g values of the radicals and the hyperfine structure constants
of the free electron with nearby protons and **N nucleus were determined. The EPR spectra show that they are of radicals
remained unchanged for more than two months. The results were found to be in good agreement with earlier studies on

amine radicals.
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INTRODUCTION

It is known that ionizing radiations produce free
radicals that have unpaired electron [1]. Free radicals
provoke both beneficial and harmful effects in living
organisms [2]. By initiating and propagating free
radical chain reactions, they can damage the cells
and may be involved in the progression of a number
of diseases including diabetes, hyperlipidemia,
neurodegeneration, heart disease, cancer, and so on
[3-5]. Qualitative and quantitative aspects of free
radicals in oxidative stress can be evaluated by using
different techniques [6]. The EPR spectroscopy is
the most effective technique for detection of free
radicals [7, 8]. Thus, the EPR method has been
applied to the identification of irradiation damage
centres in many substances, including amino acids,
drugs and other organic compounds [9-18]. The
spectroscopic splitting factor g and the hyperfine
coupling constants (a) of unpaired electrons give
valuable information about the structure of the
radical [19]. The X-irradiated hippuric acids have
been investigated at 295 K by the EPR technique and
the observed paramagnetic species have been
attributed to the PhCONH-CH, radical [20].
Furthermore, the EPR of gamma-irradiated powders
of L-arginine monohydrochloride were studied by
Aydin [21] at ambient temperature, and the radiation
damage center was attributed to the
NH2(NH)HNCHCH>CH>CH(NH2)COOH radical.
Another technique to identify the molecular
structure of substances is the infrared spectroscopy.

1,4-Dihydropyridines are an important class of L-
type calcium channel blockers that mainly exert their
pharmacological activity by modulating Ca?" influx

and are used to treat cardiovascular conditions such
as hypertension and angina [22, 23]. We have
previously reported the development of a series of
condensed 1,4-dihydropyridine derivatives.
Although the effects of these compounds on calcium
and potassium channels have been elucidated [24,
25], the defects induced by gamma-irradiation have
not been investigated. The purpose of this study is to
investigate the defects induced by gamma-
irradiation in powders of 1,4-dihydropyridine
derivatives (compounds 1-4) and to determine their
properties at ambient temperature.

EXPERIMENTAL
Materials

The study was performed on the following
dihydropyridine derivatives differing in number,
position and type of the substituents:

Compound  1:  methyl  2-methyl-4-(2,3-
dichlorophenyl)-5-oxo-7-phenyl-1,4,5,6,7,8-
hexahydroqguinoline-3-carboxylate; molecular
weight (MW, g/mole): 442.34;

Compound 2: ethyl 2,7-dimethyl-4-(2,5-
dichlorophenyl)-5-0x0-1,4,5,6,7,8-
hexahydroquinoline-3-carboxylate; MW, g/mole:
394.30;

Compound 3: ethyl 2-methyl-4-(2,3-
dichlorophenyl)-5-oxo-7-phenyl-1,4,5,6,7,8-
hexahydroquinoline-3-carboxylate; MW, g/mole:
456.37;

Compound 4: ethyl 2-methyl-4-(2,5-
dichlorophenyl)-5-oxo-7-phenyl-1,4,5,6,7,8-
hexahydroquinoline-3-carboxylate; MW, g/mole:
456.37.
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Fig. 1. Molecular structures of: (a) compound 1, (b)
compound 2, (c) compound 3, (d) compound 4.

The synthetic procedure to obtain the compounds
1-4 has been described previously [24]. Briefly: 1
mmol of the appropriate 1,3-cyclohexanedione (5-
methyl-1,3-cyclohexanedione /5-phenyl-1,3-
cyclohexanedione), dichloro-substituted
benzaldehyde (1 mmol) and methyl or ethyl

aminocrotonate (1 mmol) were refluxed for 4 h in
methanol. The solvent was then evaporated and the
residue was crystallized from ethanol. The molecular
structures of the compounds are shown in Figs. 1a-d
which are simple demonstration pictures obtained
from ACD/3D Viewer (Freeware) to explain the
structural properties of the compounds used in this
study.

Irradiation

The powder samples were irradiated for 40 h
using ®°Co gamma ray source with dose speed of
0.89 kGy/h. The irradiated samples were kept in
plastic bags at ambient temperature in the dark.

EPR spectroscopy

The EPR measurements were performed with a
Varian model X-band E-109C spectrometer at
ambient temperature. The modulation amplitude was
below 0.40 mT and the microwave power was 2
mW. The spectroscopic g factors of the radicals were
determined by comparison with a
dipenhylpicrylhydrazyl (DPPH) sample (g = 2.0036)
as reference [26]. Before irradiation no EPR signals
were observed for all studied samples. The EPR
spectra of the gamma-induced free radicals were
unchanged and undiminished at ambient
temperature for more than two months after
irradiation.

RESULTS AND DISCUSSION

The EPR spectrum of the gamma irradiated
compound 1 at ambient temperature is shown in Fig.
2a. The spectrum exhibits a triplet (1:2:1) due to the
two equivalent o - protons adjacent to the carbon
atom and each of the lines (1:2:1) splits into the
triplet (1:1:1) because of the N nucleus, resulting
in an approximate intensity distribution of
1:1:1:2:2:2:1:1:1. Hence, the paramagnetic species
can be attributed to the R1 radical which is a result
of the removal of hydrogen atom from the methyl

group.
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The EPR parameters (g factor and hyperfine
splitting) of the R1 radical were extracted from the
EPR spectrum analysis as a, = 1.56 mT, ay = 0.42
mT and g = 2.0034 £ 0.0005. The simulation of the
EPR spectrum with the above given values is shown
in Fig. 2b.
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Fig. 2. (@) EPR spectrum of gamma-irradiated
compound 1, (b) simulation of the spectrum.

Fig. 3. (@ EPR spectrum of gamma-irradiated
compound 2, (b) simulation of the spectrum.

The radical R1 discussed here is similar to the
radical which has been observed in the gamma-
irradiated powders of ethyl 2-methyl-4-(2,6-
dichlorophenyl)-5-oxo-7-phenyl-1,4,5,6,7,8-
hexahydroguinoline-3-carboxylate at  ambient
temperature; the determined EPR parameters were
a,=1.24mT,an=0.48 mT and g =2.0029 [27]. But
the hyperfine coupling constants of the a- protons
measured here are higher than the values reported in
ref. [27]. Similar values of the hyperfine coupling
constants of «- protons have been found in the
gamma-irradiated N-glycyl-L-valine as 1.45 mT
[28].

The characteristic EPR spectrum of the gamma-
irradiated compound 2 at ambient temperature is
shown in Fig. 3a. As can be seen, the spectrum
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consists of a triplet with a spacing of 1.34 mT. The
1:2:1 triplet structure of the spectrum is obviously
brought about by the interaction of the unpaired
electron with two magnetically equivalent «- protons
in the methylene group. Therefore, we assume that
this EPR spectrum belongs to the R2 radical.
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A simulation of the EPR spectrum is shown in
Fig. 3b using the hyperfine coupling constants a, =
1.34 mT, an=0.41 mT and linewidth (AH) 0.54 mT.
Since the linewidth of the spectrum is larger than the
hyperfine splitting of the nitrogen nuclei, the
hyperfine splitting is not observed in the spectrum
and was determined using the simulation program.
The g value of the radical was measured as g =
2.0029 £ 0.0005. The EPR spectrum of the radical
R2 is similar to the EPR spectrum observed in the
irradiated powders of ammonium acetate at ambient
temperature [4], but the hyperfine coupling constants
of a-protons were higher than the values determined
for the radical R2. However, similar to the R2
radical were the hyperfine coupling constants of a-
protons measured in the gamma- irradiated azocalix
[4] arene (a, = 1.28 mT) [29].

Fig. 4a presents the EPR spectrum of the gamma-
irradiated compound 3, recorded at ambient
temperature. Since this spectrum has fairly large
linewidth (AH= 0.60 mT), it is not resolvable at first
view. The EPR parameters of the spectrum can be
determined from the simulation of the spectrum [30,
31]. The hyperfine constants values obtained by the
simulation are a, = 1.24 mT, an = 0.46 mT and AH=
0.60 mT and the simulated spectrum (Fig. 4b) is in
excellent agreement with the experimental spectrum.
The measured g value at the center of the spectrum
is 2.0032. According to these results, we can state
that the R3 radical is obtained by the removal of
hydrogen from the methyl group.
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The EPR spectrum of the gamma-irradiated
compound 4 is similar to that of the irradiated
compound 3. Thus, the observed radical of the
gamma-irradiated compound 4 is similar to the
radical R3. Therefore, the spectrum of compound 4
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is not shown. The g values, hyperfine coupling
constants and linewidth obtained by the simulation
are a, = 1.24 mT, an = 0.46 mT and g = 2.0027 +
0.0005. These results agree well with the EPR
parameters of the (CH3).NCH, radical [12]. The g
values of the radicals in this study, which were
produced by gamma rays, are in agreement with the
literature data for their analogous and various other
amine radicals [15, 21, 27, 32-36].

Fig. 4. (@) EPR spectrum of gamma-irradiated
compound 3 and compound 4, (b) simulation of the
spectrum.

CONCLUSION

It can be concluded that gamma-irradiation
produces very stable amine type free radicals of
dihydropyridine derivatives. The EPR parameters
and the spectroscopic properties of these radicals
were determined. The values of the spectroscopic
splitting factor g of these radicals were quite similar
to the g-factor for a free electron. The determination
of magnetic properties of the produced radicals can
be helpful in the study of similar radicals found in
biological systems.
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CBOMCTBA HA CBOBOJHUTE PAIUKAJIA HA HIKOU I'AMA-OBJTBUEHU
OPI'’AHMYHU CBEJUHEHNW A

P. Iummrex?, M. T. Tormost, k. [ladak’, 1. Keoxmuuap? M. Aiinpu®”

YDdaxynmem no papmayus, Yuusepcumem Xaooncemene, 06100-Auxapa, Typyus
2[Ipoghecuonanto yuunuwe 3a mexnuyecku nayxu, Yuusepcumem Aovsaman, Typyus
306pazoeamenen paxynmem, , Yuusepcumem Aovaman, Typyus, 02040-Aovaman, Turkey

[Moctenuna Ha 15 mait, 2015 r.; kopurupana Ha 3 ¢peBpyapu, 2016 .

(Pestome)

IIpaxoBe Ha HAKOUW OPraHUYHH ChEAUHEHHS (IUXUAPO-TIMPHUIMHY, CheIuHeHus 1-4) 6sxa o0IbUeHH ¢ rama-
abun ot °Co, a CIEKTPOCKONICKUTE CBOWCTBAa Ha OOpa3yBaHWTE CBOOOJHM PaIMKaid OsSXa W3CIEABAHH TPHU
OOMKHOBEHA TeMIlepaTypa ¢ IOMOLITA Ha eJeKTpOHeH mapamarHuteH pesuHanc (EPR). Anamusst Ha EPR-
CTEKTpHTE TIOKa3Ba, Y€ MapaMarHMTHUTE TPOIYKTH, TOJyYeHM MpH paguanuonHata gectpykims ca NCHo.
OmnpenenieHn ca CTOWHOCTUTE § Ha pajUKalUTe W CBPBX-(QUHHUTE CTPYKTYPHHM KOHCTAaHTH Ha CBOOOJHMTE
€JIEKTPOHU C ONM3KUTE MPoToHU M sapara Ha ““N. EPR-cnektpute mokassar, 4e Te ca Ha PajMKajd, OCTABAllM
HENPOMEHEHH B IIPOIbJDKEHHE Ha ITOBEYE OT JBa Mecela. Pesynrarure ca B 100po chriiacue ¢ Te3H OT MPEANIIHI
U3CIeIBaHMUS Ha aMHHOBH PaIHKaIIH.
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