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Abstract

Volatile components in the extracts of basil leaves (Ocimum basilicum L.) were identified by gas
chromatography/mass spectrometry (GC/MS) with electron ionization (EI) mode. The major vola-
tile components of basil under investigation are a-pinene, sabinene, f-pinene, d-limonene, euca-
lyptol, 1-linalool and estragole. Electron ionization mass spectra of these compounds have been
obtained and investigated. Furthermore, the semi-empirical MNDO [Modified Neglect of Diatomic
Overlap] method was used to calculate the thermochemical data for the structural properties of
these compounds.
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1. Introduction

The genus Ocimum is the largest genera in the lamiaceae family with more than 150 species [1]. Among these
species of basil, O. basilicum is considered as the major essential oil crop and cultivated commercially in dif-
ferent regions all over the world [2]. All parts of basil plants were used in folk medicine for treatment of cold,
sedative, coughs, removing heat and eliminating toxins as well as used in making flavoring and perfume [3].

Among the many studies to determine the volatile compounds in basil, the most have focused mainly on the
detection and reported the chemical composition of the volatile components in the essential oil [4]-[9]. For this
reason the employment of mass spectrometer has been proposed [10].

Mass spectrometer (MS) is one of the fastest-growing areas in analytical instrumentation. The use of mass
spectrometry in support of synthetic, organic, and pharmaceutical chemistry is well established. Also, it is used
in environmental research, forensic chemistry, essential oil and natural product analysis [10]. MS has the capac-
ity to generate more structural information of an analyte than that can be determined by any other analytical
technique [11]. The production of positive ions by electron ionization is a widely employed technique, as it can
be utilized for the analysis of nearly all gases and volatile compounds [12].

On the other hand, quantum chemical (QCH) methods for the calculations of thermochemical data have been
developed beyond the level of just reproducing experimental data. Also, they can now make accurate predictions
where the experimental data are unknown or uncertain [13]. The semi-empirical molecular orbital methods of
guantum chemistry [14]-[25] were widely used in computational studies of small and large molecules, particu-
larly in organic chemistry and biochemistry. Thermochemical data for chemical compounds are essential for
demands of the ever increasing development of science and technology. Such data as the different physico-
chemical parameters are important on the understanding of the chemical problems, like energetics of the chemi-
cal bonds, structural properties and reactivity or even in more applied field like chemical industry, medical and
life science, military matters, etc. [26]. Elsherbiny A. Elsherbiny et al. [27] they have determined the chemical
compositions of all components in the total ion chromatogram of Ocimum basilicum L and its concentrations.

The aim of the present work was to study some volatile compounds in Basil (Ocimum basilicum L) namely:
a-pinene, pabinene, S-pinene, dl-limonene, eucalyptol, L-linalool and estragole according to their mass spectra
in combination with semi-empirical MNDO method to report some of their thermochemical data such as heats
of formation, total and binding energies, ionization energy and dipole moment.

2. Experimental
2.1. Plant Material

The leaves of O. basilicum L. were collected in Mansoura, Egypt (latitude 31°3'0"N, longitude 31°23'0"E, tem-
perature 24°C - 30°C, loam soil) from plants growing in the Mansoura University campus in July 2013. The
taxonomic identification of plants was confirmed at the Botany Department, Faculty of Agriculture, Mansoura
University, where a voucher specimen has been deposited.

2.2. Extraction of the Essential Oil

The air-dried leaves (1.5 kg) of O. basilicum L. were subjected to hydrodistillation using a Clevenger-type ap-
paratus for 4 hours. The oily layer obtained on top of the aqueous distillate was separated and dried with an-
hydrous sodium sulfate (Na,SO,4). The extracted essential oil was kept in sealed air-tight glass vials and covered
with aluminum foil at 4°C until used for GC/MS analysis and biological activity tests. The yield of the essential
oil was 24.25% (v/w).

2.3. Gas Chromatography-Mass-Spectrometry

GC/MS data were acquired using (Trace GC-1SQ mass spectrometer, Thermoscintific, USA) equipped with
A3000 autosampler and TG-5MS Capillary column of 30 m length, 0.25 mm i.d. and 0.25 um film thickness.
Temperature was programmed from 50°C - 280°C at a rate of 10°C/min. Mass spectrometer in EI mode at 70 eV,
source temperature, 200°C; interface temperature, 220°C; injector temperature, 220°C. Diluted sample of 1 pl
injected in splitless mode and mass scan, 50 - 600 amu. Helium was used as a carrier gas with 1 mL/min flow
rate. The components of essential oil were identified tentatively by comparing their relative retention times and
mass spectra with those of WILEY (Wiley Registry of Mass Spectral Data, 9th Edition Version 1.02) and NIST
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05 (NIST/EPA/NIH mass spectral library version 2.0d) mass spectral database.

3. Theoretical Calculations

The semi-empirical MNDO procedure [28] with the associated HyperChem professional 7.5 program [29] [30]
was used for the structural investigation of the studied compounds in their ground and charged states-in the gas
phase.

4. Results and Discussion

The total ion chromatogram of the Basil essential oil are shown in Figure 1 while the chemical composition of
the essential oil of Ocimum basilicum is listed in Table 1 where the components are listed according to their
elution on the TG-5MS column. Figures 2-8: shows the mass spectra of the studied compounds at 70 eV while
the main fragment ions and their relative intensities are listed in Table 2. The identification of the chemical con-
stituents was assigned on the basis of comparison of their retention indices [6] and mass spectra in the database
of the system.

The chemistry and reactivity of medicinal plants such as Basil (Ocimum basilicum L) have always been of
great interest because of its importance role in the treatments of various kinds of diseases. Knowledge of mass
spectrometric fragmentation mechanisms of the volatile components in Basil together with the calculated data
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Figure 1. The total ion chromatogram of the Basil oil.
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Figure 2. The mass spectrum of a-pinene.
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Figure 3. The mass spectrum of sabinene.
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Figure 4. The mass spectrum of #-pinene.
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Figure 6. Mass spectrum of eucalyptol.
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Figure 7. Mass spectrum of I-linalool.
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Figure 8. Mass spectrum of estragole.
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Table 1. Chemical composition of the main components of basil essential oil.

No. Rt (min.) Compound Peak area (%) Molecular formula & Molecular weight
1 6.62 o-pinene 0.83 CioH1s (MW:136)
2 7.95 Sabinene 0.22 CioHi6 (MW:136)
3 8.16 p-pinene 0.90 CioH1s (MW:136)
4 9.59 d-limonene 3.2 CioHi6 (MW:136)
5 10.14 eucalyptol 3.19 Ci1oH150 (MW:154)
6 12.16 I-linalool 3.57 C10H150 (MW:154)
7 16.50 estragole 19.67 C10H1,0 (MW:148)

Table 2. Fragment ions and their relative intensities R | (%) produced from of the studied compounds.

R | (%)

m/z a-pinene Sabinene p-pinene d-limonene Eucalyptol I-linalool Estragole
65 - 6 4 8 - - 7
67 - 5 10 80 33 22 -
68 - - 2 100 30 12 -
69 - 11 27 6 62 44 -
71 - - - - 74 100 -
77 23 37 22 21 - - 24
78 4 6 4 - - - 14
79 23 26 24 41 14 17 13
80 8 13 12 15 - 39 -
81 3 3 3 12 100 15 -
82 - - - - 14 - -
83 - - - - 36 21 -
84 - - - - 71 - -
91 46 47 31 26 - 16 27
92 42 13 12 31 - 19 -
93 100 100 100 87 74 92 -
94 9 12 14 42 - 15 -
95 - - - 10 29 - -
96 - - - - 42 11 -
103 - - - - - - 13
105 12 3 4 8 - 8 23
106 3 - - - - - -
107 5 4 7 30 - 10 -
108 - - - 7 83 - -
109 - - - - - 10 -
111 - - - - 65 - -
115 - - - - - - 24
116 - - - - - - 11
117 - - - - - - 38
118 - - - - - - 5
121 12 8 13 30 - 31 36
125 - - - - 19 - -
133 - - - - - - 20
136 10 20 11 31 - 11 -
139 - - - - 63 - -
147 - - - - - - 62
148 - - - - - - 100
154 - - - - 67 - -
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obtains by the semi-empirical MNDO method is very important in order to understand the chemical processes
that shared in biological systems.
4.1. Structures Investigation of the Studied Compounds by Mass Spectra

The fragmentation pathways of the main fragment ions formed from molecular ions of the studied compounds at
70 eV are interpreted through fragmentation Schemes 1-7.

. _ -CH
M 2CHs o IMCHSTT % [M-CHgCHY
m/z= 136 m/z=121 m/z=105
R.1=10% R.1=12% R.1=12%
-C3Hy
+
[M-C3H]
m/z= 93
R.1=100%
“H®
_H2
[M-C3H7 - HI*
M-C.H- - HoT* m/z= 92
[M-Catt7 - Hzl R.1=42 %
m/z= 91
R.1=46 %
Scheme 1. Fragmentation pathway of a-pinene.
M1T_—CHs o M-CHyI"
m/z= 136 m/z=121
R.1=20% R.1=8%
-C3Hy
[M-CHr]” H, [M-CaHr - Hal”
m/z= 93 - > m/z=91
R.1=100% R.1=47 %
Scheme 2. Fragmentation pathway of sabinene.
[M-CaHo] ™
m/z=79
R.1=24%
-C4Ho
[M/—C_aHﬂ+ ~CaHy M1 CHs o [M-CHGl
L+ e %
-CsHy
[M-CsH71"
m/z= 69

R.1=27%

Scheme 3. Fragmentation pathway of S-pinene.
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Scheme 4. Fragmentation pathway of d-limonene.
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+ - CHz .
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- CH3
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Scheme 5. Fragmentation pathway of eucalyptol.
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Scheme 6. Fragmentation pathway of I-linalool.
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+
MH - T CHs L mcHyT”
m/z_: 1317 m/z= 148 m/z=133
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'CH3O -C2H3
+ -CoHyf
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Scheme 7. Fragmentation pathway of estragole.

In our study we are divide the studied compounds to two groups, the first group contain a-pinene, sabinene,
S-pinene and d-limonene (isomers compounds) which have the chemical formula (CyoHs¢). These four com-
pounds represent the isomers compounds which can be readily distinguished from its mass spectra through un-
imolecular fragmentation processes. The second group contains I-linalool, eucalyptol (C,,H;30) and estragole
(C1oH120) compounds which have an oxygen atom in their structures.

The mass spectra of these compounds show, the relative intensity (R 1) of the molecular ions [M]™ at m/z =
136 for the first group are low (a-pinene R | = 10%, sabinene R | = 20%, S-pinene R | = 11% and d-limonene R
I = 31%). These aliphatic compounds have the cyclic structures which hardly produce higher abundance mole-
cular ions in comparison with relative intensities of the second group (eucalyptol m/z = 154 R | = 67%, estragole
m/z = 148 R | = 100%) except linalool m/z = 154 which has linear structure compound which has no peak for
the molecular ion. This is due to its low stability in the ion source.

The fragmentation processes of the first group are achieved by mean of their unimolecular dissociation of the
parent ions by loss of C3H- radical to produce the main fragment ion (base peak) [M-C;H;]" at m/z = 93, which
they are in stable cyclic structures (six or seven membered ring). The second fragmentation process of the mo-
lecular ion of is the formation of the fragment ion at m/z 121 which represents the ion [M-CHs]" with low rela-
tive intensities (a-pinene R | = 12%, sabinene R | = 8%, #-pinene R | = 13% and D-limonene R | = 30%). The
base peak of the d-limonene in the first group is formed directly from the molecular ion by simple cleavages of
C-C bond directly to form the fragment CsHg" ion at m/z = 68 as shown in Schemes 1-4.

The fragmentation processes of the second group are achieved by mean of the loss of CH; from the mole-
cular ion to form the fragment ion [M-CH;]" at m/z 139 (R | = 63%) and at m/z 133 (R | = 20%) in the case of
eucalyptol and estragole, respectively. On the other hand, the fragmentation process of the molecular ion of
I-linalool achieved by mean of the loss of H,O to form the fragment ion [M-H,0]" at m/z = 136 (R | = 11%) as
shown in Schemes 5-7. In the case of eucalyptol, the mass spectrum show the fragment ion at m/z = 81 have
represented the most intense peak (base peak) which is formed by secondary process [M-CsHgO-CH;]" as shown
in Scheme 5.

4.2. Semi-Empirical Molecular Orbital Calculations of the Studied Compounds

The structure of each compound from our studied compounds was optimized using MNDO (semi-empirical mo-
lecular orbital method) to calculate thermochemical and energies data. The semi-empirical methods can be op-
timized for different purposes. For instance, MNDO method (see theoretical calculations paragraph and the
fourth paragraph at introduction section) were used to calculate heats of formation and structures energies data
of the studied compounds in the gas phase as shown in Table 3.

From these calculations, we have determined the values of heats of formation, total energies of the neutral and
charged molecules and their ionization energies. These thermochemical data are important in the description of
the conformational properties of the studied compounds and are not published before as our knowledge.

One can observe that the calculated values for the total energies for the first group (isomers structures) at the
ground state (a-pinene = —34,707, sabinene = —34,708, S-pinene = —34,704 and d-limonene = —34,722
Kcal/mol), the calculated values of dipole moments (a-pinene = 0.113, sabinene = 0.122, S-pinene = 0.112 and

@
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Table 3. Some energies of the studied structures calculated within the MNDO framework.

S— KACI:I%())I é?af I%Z; Tota(l 'Slr;ergy Totall\;lenfrgy éI\E/ Bindir(1'g;.]/I t)energy mo%igrﬁI?M)
Kcal/mol Kcal/mol Kcal/mol D

a-pinene 17 217 —34,707 —34,508 8.7 —2525 0.113
Sabinene 16 204 —34,708 —34,521 8.2 —2527 0.1453
S-pinene 20 225 —34,704 —34,499 9 —2522 0.1122

d-limonene 2 209 —34,722 —34,515 9 —2541 0.1229

Ecuolyptol -52 166 —42,819 —42,601 9.4 —2758 1.385
I-linalool -34 168 —42,801 —42,599 8.7 —2740 1.576
Estragole -8 176 —40,816 —40,631 8 —2402 1.18

D-limonene = 0.145D) and binding energies values (a-pinene = —2525, sabinene = —2527, S-pinene = —2522 and
D-limonene = —2541) have similar values, respectively.

Also, for the second group (an oxygen atom in their structures) the calculated values of total energies (euca-
lyptol = —42,819, linalool = —42,801 and estragole = —40,816 Kcal/mol), dipole moments (ecuolyptol = 1.385,
linalool = 1.576 and estragole = 1.18 D) and binding energies values (eucalyptol = —2758, linalool = —2740 and
estragole = —2402) have also similar values (Table 3).

One can calculate the ionization energies of these compounds as listed in Table 3. The lowest value is 8.0 eV
for estragole compound, which is due to the phenyl group and oxygen atom in its structure. The presence of I1
bonds and lone pair electron reduce the El value. One of the important values of the chemical properties of or-
ganic compounds are the heats of formation AH{(M). The theoretical values of AH¢{(M) are calculated by semi-
empirical MNDO method are 17, 16, 20 and 2 kcal/mole for the first group and —52, —34, —8 for the second
group. From these values the first group is relatively less stable than the second group which has an oxygen
atom in their structures.

To our knowledge, no experimental or theoretical values for AH¢{(M) and AH¢{M)*" and the energies values for
the studied compounds were reported in the literature.

5. Conclusion

The experimental investigations show that the application of GC-MS can provide a rather detailed analysis of
basil leaves by using a good obtained chromatogram and mass spectra. These experimental data together with
the theoretical quantum chemical calculations (MNDO) give us more information about the chemical behavior
of the studied molecules which may be important for many chemical and medical applications (all MNDO data
and its contribution to understand the chemical behavior of the studied compounds are clear in Table 3 and Sec-
tion 4.2.).
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