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Powders of N-acetyl-L-leucine and N-methyl-L-glutamic acid were gamma irradiated and the free
radicals formed were investigated at room temperature by electron paramagnetic resonance technique.
The free radicals formed in compounds were attributed to the (CH3 )2 ĊCH2 CH(NHCOCH3 )COOH and
HOOCCH2 CH2 Ċ(NHCH3 )COOH radicals respectively. Both radicals are very stable and we could observe
them for five months without almost intensity diminution at room temperature. The g values of the radicals and
the hyperfine structure constants of the free electron with nearby protons and 14 N nucleus were determined. The
results were found to be in good agreement with the existing literature data.
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1.

INTRODUCTION

Free radicals are important constituents of many reaction
mechanisms and they significantly contribute to normal functioning of the organisms as well as to development of pathological process [1-4].
The electron paramagnetic resonance (EPR) has been
widely used for the identification of irradiation damage
centers in many substances including amino acid and their
derivatives [5-15]. In previous study, Almanov et.al. [16]
were showed that two types of radicals were observed in
gamma irradiated single crystal of N-acetyl-L-leucine at
room temperature; (CH3 )2 ĊCH2 CH(NHCOCH3 )COOH
and (CH3 )2 CHCH2 Ċ(NHCOCH3 )COOH. Furthermore,
N-carbamoyl-L-glutamic acid were gamma irradiated and studied at room temperature with EPR [17].
The radiation damage center was attributed to the
HOOCCH2 CH2 Ċ(NHCONH2 )COOH radical.
Leucine and glutamic acid provide many benefits to the
body. Leucine is important for the regulation of protein synthesis and is essential in the building of muscle tissue. Glutamic acid is a potential source of energy and it is important
in brain metabolisms. To our knowledge N-acetyl-L-leucine,
(CH3 )2CCHCH2 CH(NHCOCH3 )COOH, and N-methyl-Lglutamic acid, HOOCCH2 CH2 CH(NHCH3 )COOH, powders have been not investigated. Therefore it is the purpose
of this work to identify and check the stabilities of the radical species formed in these two amino acid derivatives by
gamma irradiation at room temperature.

2.

FIG. 1: (a) The EPR spectrum of gamma irradiated NAL powder
at room temperature, (b) simulation form of the spectrum using
(1)
(2)
a(CH3) 2= 2.13 mT, aβ = 2.13 mT, aβ = 0.73 mT and linewidth
0.40 mT.

EXPERIMENTAL

The samples used in this study were obtained from commercial sources. Powder samples of the compounds were
exposed to gamma-irradiation from 60 Co gamma-ray source
(Nordion-Canada model JS 9600) at dose rate of 2 kGy/h
for a total of 10 h at room temperature. After irradiation,
samples were kept in plastic bags at room temperature in
the dark. The spectra of samples were recorded by putting
the sample in quartz sample tube. The EPR measurements
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was carried out in a Varian model X-band E-109C EPR
spectrometer at room temperature. The modulation amplitude was below 5.10−2 mT and the microwave power was 2
mW. The g factors were found by comparison with a dipenhylpicrylhydrazyl (DPPH) sample with of g=2.0036 [18,
19]. The spectrum simulations were made using McKelvey’s
programs [20].
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3.

RESULTS AND DISCUSSION

Before the gamma irradiation of powders of N-acetylL-leucine (NAL) and N-methyl-L-glutamic acid (NMGA),
samples did not give any EPR signals. The EPR spectra of
gamma irradiated samples are shown in figures 1, 2.
The gamma irradiated powder of NAL gives the spectrum shown in figure 1a at room temperature. This spectrum
can easily be thought as consisting of 8 sets of lines with
an intensity distribution of 1:7:21:35:35:21:7:1, in which
the unpaired electron interacts seven equivalent protons with
coupling constant equal to 2.13 mT. Then each of these 8
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FIG. 2: (a) The EPR spectrum of gamma irradiated NMGA powder at room temperature, (b) simulation form of the spectrum using
(1)
aβ = 3.00 mT, aN = 0.65 mT and linewidth 0.40 mT.

lines are also doublets with a splitting spacing of 0.73 mT.
We may assume that this EPR spectrum belongs to the
(CH3 )2 ĊCH2 CH(NHCOCH3 )COOH radical. It is also determined that the hyperfine coupling constants of the protons
of the two rotating methyl groups and one of the methylene
protons is similar in value 2.13 mT and the coupling with
the second methylene proton is small in value 0.73 mT. The
measured value of the g factor is 2.0032 ± 0.0005. The simulation of the spectrum, with the above given values, is shown
in figure 1b.
The g value and the hyperfine constants of methyl protons of the radical discussed here agree well with some other
literature data [21-24]. In the gamma irradiated N-formylL-leucine, at room temperature, the free radical has been attributed to the (CH3 )2 ĊCH2 CH(NHCOH)CO2 radical [25].
This is similar to our proposed radical and the reported val(1)
ues of a(CH3)2 = 2.4 mT and aβ = 2.40 mT are in good
agreement with our results. A radical similar to this has been
observed in the gamma irradiated L-leucine methyl ester hydrochloride powders [26], but the hyperfine coupling constants of methylene protons (3.80 and 0.9 mT) are higher
than the values reported here. Similar values of the hyperfine coupling constants of the methylene protons have been
found in the gamma irradiated Al6 O4 (OH)10 (leucine)·5H2 O
system as 2.30 mT and 0.70 mT [27]. We can state that the
(CH3 )2 ĊCH2 CH(NHCOCH3 )COOH radical is obtained by
the removal of hydrogen atom from the tertiary carbon atom
of the NAL.
The characteristic stable EPR spectrum of the NMGA
powder at room temperature is shown in figure 2a. This
spectrum is a doublet of triplets. When the spectrum is ex-
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amined thoroughly, it can be seen that it consists of a doublet with a spacing of 3.00 mT. Then each line of the doublet is further subdivided into 3 lines of spacing 0.65 mT.
These indicate the hyperfine coupling of the unpaired electron with one of the methylene protons and a nitrogen nucleus (I=1). Therefore we attribute the species to the radical HOOCCH2 CH2Ċ(NHCH3 )COOH. The g values of this
radical is measured as g = 2.0027 ± 0.0005. A simulation of the spectrum is shown in figure 2b, using the
(1)
hyperfine coupling constants aβ = 3.00 mT and aN =
0.65 mT. The experimental and simulated EPR spectrum
is found to agree well with each other. The above given
values of the hyperfine coupling constant agree well with
some other literature values of amine radicals [28-32]. Single crystal of the gamma irradiated Nα-acetyl L-glutamic
acid has been investigated at room temperature and the radiation damage centre of this sample has attributed to the
HOOCCH2 CH2 Ċ(NHCOCH3 )COOH radical [33]. The re(1)
ported average values of the hyperfine constants are aβ =
3.65 mT and aN = 0.56 mT. This radical and the reported
EPR parameters are fairly similar to the radical obtained
from NMGA.
In the HOOCCH2 CH2Ċ(NHCH3 )COOH radical, only one
proton of the methylene group show a resolvable coupling.
Other proton of the methylene group lies in the nodal plane of
the pπ orbital and thus produces no hyperfine coupling [3435]. The coupling to the β-proton in this radical occurs primarily through hyperconjugation, and the magnitude of the
splitting depends on the dihedral angle θ between the C-H
bond and the pπ orbital which contains the unpaired electron. The β-proton coupling constant is given by [36]
aβ = B0 + B1 cos2 θ .

(1)

In this equation the constants B0 and B1 have been experimentally determined as 0.32 and 4.36 mT, respectively [33].
(1)
Substitution of the observed value of aβ = 3.00 mT into
equation (1) yields a value of 380 for θ. The much smaller
value of the hyperfine coupling constant (<0.4 mT) of the
second proton of the methylene group must be due to its θ
value of 900 m [33]. Hence we can state that the β-proton
in this radical rotates about Cα − Cβ and this rotation of the
β-proton exists at room temperature.

4.

CONCLUSION

The gamma irradiated NAL and NMGA samples indicated
the inducement of (CH3 )2 ĊCH2 CH(NHCOCH3 )COOH
alkyl type and HOOCCH2 CH2 Ċ(NHCH3 )COOH amine type
radicals respectively. The EPR parameters and the structure
of the radicals could be determined. The measurements of
magnetic properties of these radicals can be helpful in the
study of similar radicals found in biological systems.
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