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Abstract

Ab initio and density functional theory methods have been employed to study the vibrational (IR) spectrum, molecular
geometry, and chemical shifts of clobazam (CLB). Experimental studies were conducted on these parameters, including FTIR,

FTRaman and 1H- and 13C NMR spectroscopy. The FTIR and FTRaman spectra of Clobazam have been recorded in the
region 4000-400cm-' and 3500-100 cm-'respectively. On the basis of the comparison between calculated and experimental
results and the comparison with related molecules, assignments of fundamental vibrational modes are examined. A detailed

interpretation of the infrared spectrum of CLB is reported. Moreover, the complete assignment of 1H- and 13C-NMR signals
was achieved using DFT/GIAO calculated isotropic magnetic shielding at the B3LYP/6-31G(d) basis set. Theoretical values

were compared to the experimental data’s.
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Introduction

Clobazam (C16H13CIN2O5) is chemically known
as 7-Chloro-1-methyl-5-phenyl-1, 5-benzodiazepine-
2,4(3H)-dione. Clobazam (CLB) is a new antiepileptic
drug that is the first 1, 5-benzodiazepine (BZP) having
nitrogen atoms in the 1 and 5 positions of the
heterocyclic ring, whose chemical structure was
designed to give it a different pharmacological profile
from that of 1, 4-BZPs. CLB had a wide spectrum of
anticonvulsive actions against seizures in several
animal models induced by chemical convulsants and
maximal electroshock. Clobazam is approved for
adjunctive therapy in complex partial seizures [1]
certain types of status epileptics, specifically the
myoclonic, myoclonic-absent, simple partial, complex
partial, tonic varieties and non-status absence seizures
[2]. From both experimental and clinical observations,
CLB was proven to possess a wide spectrum of
activity, high effectiveness and good tolerability in
several types of epilepsies.

For the proper understanding of IR and Raman
spectra, a reliable assignment of all vibrational bands
is essential. For this purpose, the quantum chemical
methods, ranging from HF to DFT approaches, are
invaluable tools [3-5], each method having its own
advantages. The Hartree-Fock, ab-initio methods are
able to give good results provided a reasonable basis
set and an appropriate correlation treatment are taken
into account. On the other hand, DFT methods have
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evolved to a powerful quantum chemical tool for the
determination of the electronic structure of molecules.
In the frame work of DFT approach, different exchange
and correlation functions are routinely used. Among
these, the B3LYP combination [6, 7] is the most used
since it proved its ability in reproducing various
molecular properties, including vibrational spectra. In
this study, an attempt has been made to interpret the
vibrational spectra of clobazam by applying ab initio
and density functional theory calculations based on
Hartree-Fock and Becke3- Lee-Yang-Parr (B3LYP)
level using 6-31G (d,p) basis set. In addition to these
H and 3C- chemical shifts were calculated with GIAO
method [8, 9] using corresponding TMS shielding
calculated at the B3LYP/6-31G(d) level.

Experimental

The compound Clobazam was purchased from
sigma-Aldrich chemical company, USA with more than
98% purity and was used as such without further
purification to record Fourier transform infrared (FTIR)
spectrum in the region 4000 — 400cm-! at a accuracy
of £ 4em?' on a bruker model IFS 66V
spectrophotometer using the KBr pellet technique. The
FT-Raman spectrum of TMHQ was recorded using
1064 nm line of Nd:YAG laser as excitation
wavenumber in the region100-3500 cm-' on the
BRUCKER IFS-66 V spectrophotometer equipped with
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FRA 106 Raman module. The observed FTIR and FT
Raman spectrum of clobazam is shown in Fig.1.

Fig. 1 Expt FTIR and FT-Raman spectrum of Clobazam
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Computational Details
The entire calculations were performed using the
G03 [10] package of programs. Initial geometry
generated from standard geometrical parameters [11]
and full optimization was carried out at Hartree-
Fock level of theory employing 6-31G(d,p) basis set.
All the geometries were then reoptimized using 6-
31G(d,p) basis set using density functional theory
(DFT)[12] employing the Becke's three — parameter
hybrid functional [6] combined with Lee-Yang-Parr
correlation [7] functional (B3LYP) method. The
optimized structural parameters were used in the
vibrational frequency calculations at the HF and DFT
levels to characterize all stationary points as minima.
Vibrationally averaged positions of CBZ were used for
harmonic frequency calculations resulting in IR
frequencies together with intensities. By combining the
results of the Chemcraft program [13] with symmetry
considerations, vibrational frequency assignments
were made. The Raman activities (Si) calculated with
the GAUSSIAN 2003 program and adjusted during the
scaling procedure with chemcraft were subsequently
converted to relative Raman intensities (li) using the
following relationship derived from the basis theory of
Raman scattering [14,15].
f(Uo - Ui)4Si
li= . - (1)
Ui [1 - exp(~hcuilkT)]
where ugis the exciting frequency (in cm-" units),
ui is the vibrational wave number of the i normal
mode; h, C and k are fundamental constants and f is a
suitably chosen common normalization factor for all
peak intensities. 'H- and '3C- chemical shifts were
calculated with GIAO method using corresponding
TMS shielding calculated at the B3LYP/6-31G(d) level.

Results and Discussion
Molecular Geometry

The optimized structure parameters of clobazam
calculated by ab initio HF and DFT-B3LYP levels with
the 6-31G(d,p) basis set are listed in the Table.1 in
accordance with the atom numbering scheme given in
Fig.2. Table 1 compares the calculated bond lengths
and angles for clobazam with the experimentally
obtained data [11]. From the theoretical values, we can
find that most of the optimized bond angles are slightly
larger than the experimental values, due to the
theoretical calculations belong to isolated molecules in
gaseous phase. Comparing bond angles and lengths
of B3LYP with those of HF, as a whole the formers are
on higher side than the later and the HF calculated
values correlates well with the experimental results. In
spite  of the differences, calculated geometric
parameters represent a good approximation and they
are the bases for calculating other parameters, such
as vibrational frequencies and thermodynamic
properties.

CBZ is a non-planar molecule and possesses

C4 point group symmetry. The molecule has 34 atoms
and 96 normal modes of fundamental vibrations [16].
All the 96 vibrations are active in both IR and Raman.
The harmonic vibrational frequencies calculated at HF
and B3LYP level using 6-31G(d,p) basis set have been
collected in Table 2. Comparison of the frequencies
calculated at B3LYP with experimental assignments
(present in Table 2) reveals the overestimation of the
calculated vibrational modes due to the neglect of
anharmonicity in the real system. Reduction in the
computed harmonic vibrations, though basis set
sensitive are only marginal as observed in the HF and
B3LYP values using 6-31G(d,p) basis set. Anyway
notwithstanding the level of calculations, it is
customary to scale down the calculated harmonic
frequencies in order to improve the agreement with the
experiment. In our study, we have followed the scaling
factors 0.903 for HF and 0.961 for B3LYP and those
values are entered in Table 2. The computed spectra
at B3LYP level, using 6-31G (d,p) has been shown in
Fig. 3. In order to investigate the performance and
vibrational frequencies for the title molecule, root mean
square value and correlation coefficient(s) between
calculated harmonic and observed fundamental
vibrational frequencies for HF and B3LYP method
using 6-31G(d,p) basis set were also calculated. The
small difference between the experimental and
calculated vibrational modes is observed. This
discrepancy can come from the formation of
intermolecular hydrogen bonding. Also we note that
the experimental results belong to the solid phase and
the theoretical calculations belong to the gaseous
phase. The frequency values computed at B3LYP level
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contains known systematic error. Therefore, linearity
between the experimental and calculated vibrational
frequency can be estimated by plotting the calculated
values against experimental frequency (shown in Fig.
4). Certain values obtained between the two methods,
are strongly underestimated. If the variations are
omitted, B3LYP calculations provide good linearity
between the calculated and experimental frequencies
(correlation coefficient for HF is 0.997 and for B3LYP
is 0.999).

Figure 2 Geometry of the Clobazam optimized at the B3LYP/6-
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Fig. 3 Calculated IR and Raman spectra of Clobazam using
B3LYP/6-31G(d,p)
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Fig. 4. Graphic correlation between the experimental and
calculated wavenumber obtained by DFT
HF/6-31G(d,p) and B3LYP/6-31G(d,p) methods for Clobazam
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Table 1 Optimized geometrical parameters of Clobazam molecules, bond length (A), interfacial angles (%)

Parameters Expt HF/6-31G(d,p)  B3LYP 6-31G(d,p)
Bond Length

N1-Cz 1.462 1.369 1.388
N1-C7 1.462 1.414 1417
N1-Czo 1.470 1.459 1.466
C2-Cs 1.509 1.517 1.523
C2-012 1.208 1.195 1.219
Cs-C4 1.509 1.517 1.523
Cs-Haz 1.113 1.085 1.096
Cs-Has 1.113 1.077 1.088
Cs-Ns 1.462 1.377 1.398
Cs-O13 1.208 1.192 1.216
Ns-Cs 1.462 1.420 1.425
N5-C14 1.462 1.436 1.442
Ce-C7 1.420 1.393 1413
Ce-Cs 1.420 1.393 1.404
C7-C11 1.420 1.393 1.405



Cs-Co
Ce-Ha4
Co-C1o
Co-Clos
Ci10-Ci1
Cio-Hzs
Ci1-Hzs
C14-Cis
C14-C1g
Ci5-Cts
Cis-Hzz
Ci16-C17
Ci6-Hzs
Ci17-Cis
Ci7-Hzo
C1g-C19
C1g-Hso
Ci9-Ha1
Ca0-H32
Ca0-Hs3
Ca0-Ha4
Bond angle
Ca-Ns- C7
Ca2-Ni- C2o
N+1-Cz- C3
N1-C2- O12
C7-N1- C20
N+-C7- Cs
N1-C7- C11
N1-C20- H32
N1-C20- H3s
N1-C2o- Ha4
C3-C2- O12
C2-Cs- C4
C2-Cs- H2
C2-Cs- Has
C4-Cs- Hz2
Ca4-Cs- Hzs
C3-Cs-Ns
C3-Cs- O13
H22-Cs- H2s
Ns-Cs- O13
C4-Ns- Cs
C4-Ns- C14
Ce-Ns- C14
Ns-Ce- C7
Ns-Ce- Cs
Ns-C14- C15
N5-Ci14- C19
C7-Ce- Cs
Ce-C7- Ci1
Cg-Cs- Co
Ce-Cs- Has
C7-C11- C1o
C7-C11- Has
Co-Cs- Has
Cs-Co- C10
Cs-Co- Cl21
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1.420
1.100
1.420
1.7119
1.420
1.100
1.100
1.420
1.420
1.420
1.100
1.420
1.100
1.420
1.100
1.420
1.100
1.100
1.113
1.113
1.113

124.000
108.000
118.000
122.600
108.000
120.000
120.000
109.500
109.442
109.462
122.500
110.200
108.800
108.800
108.800
108.800
118.000
122.500
109.400
122.600
124.000
124.000
124.000
120.000
120.000
120.000
120.000
120.000
120.000
120.000
120.000
120.000
120.000
120.000
120.000
118.800

1.376
1.072
1.384
1.741
1.378
1.073
1.074
1.386
1.385
1.384
1.074
1.385
1.075
1.385
1.075
1.385
1.075
1.075
1.081
1.085
1.078

122.3
116.9
116.2
122.0
119.4
121.8
119.4
108.9
1121
108.7
121.8
110.3
110.6
107.6
110.9
107.5
116.0
1214
109.9
122.6
122.6
119.2
118.1
122.1
118.4
120.9
118.9
119.5
118.8
120.4
119.4
121.7
119.1
120.1
120.8
119.5

1.387
1.083
1.395
1.756
1.389
1.084
1.084
1.398
1.398
1.395
1.083
1.396
1.086
1.396
1.086
1.394
1.086
1.085
1.091
1.096
1.089

1231
116.5
115.6
121.8
119.3
122.2
119.2
109.2
112.2
108

122.6
110.1
110.6
107.6
110.9
107.5
115.2
122.2
110

122.6
122.9
119.2
117.8
122.7
118

121.1
118.8
119.3
118.6
120.6
119.2
122

118.9
120.3
120.9
1194
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C10-Co- Cl21 118.800 119.7 119.7
Cg-C10- C11 118.823 118.8 118.7
Co-C10- Has 120.589 120.5 120.6
C11-C1o- Hos 120.589 120.7 120.8
C10-C11- Hos 120.000 119.2 119.1
C15-C14- C19 120.000 120.2 120.1
C14-C15- C1 120.000 119.7 119.6
C14-C15- Hor 120.000 119.8 119.8
C14-C19- C18 120.000 119.9 119.9
C14-C19- Ha1 120.000 119.6 119.5
C16-C15- Hor 120.000 120.5 120.6
C15-C1e- C17 120.000 120.3 120.5
C15-C16- Hos 120.000 119.6 1194
C17-C1e- Has 120.000 120.1 120.1
C16-C17- C18 120.000 119.8 119.7
C16-C17- Hao 120.000 120.1 120.1
C18-C17- Hao 120.000 120.1 120.1
C17-C1g- C19 120.000 120.1 120.1
C17-C18- Hao 120.000 120.2 120.3
C19-C18- Hao 120.000 119.7 119.6
C18-C19- Has 120.000 120.5 120.6
Ha2-Coo- Has 109.000 109.5 109.5
Ha2-Cao- Has 109.000 109.6 110.2
Ha3-Cao- H3s 109.000 108.1 107.8

Table 2 Calculated Scaled IR wavenumbers & relative intensities for Clobazam using HF/6-31G(d,p) and B3LYP/6-31G(d,p)
[for a clear view of Table 2, please see supplementary file supplied with the article]
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Vibrational assignments
C-H vibrations

The hetero cyclic aromatic compounds and its
derivatives are structurally very close to benzene.
The C-H stretching frequency of such compounds
falls very nearly in the region of 3100- 2900cm-* for
asymmetric stretching and 2980 - 2900cm-! for
symmetric stretching modes of vibration. This
permits the ready identification of the structure.
Further in this region, the bands are not much
affected by the nature and position of the
substitutions [17]. Hetero cyclic compound C-H
vibration absorption bands are usually week; in
many cases it is too week for detection. In general,
the aromatic C-H stretching vibrations calculated
theoretically in the region 3109 - 3061cm-'for
B3LYP and 3073 - 3021cm-! for HF predicts the CH
stretching bands, which supports the literature
values[18,19].

Methyl group vibrations

The molecule CLZ consists of CHs group
attached in the diazepine(7 membered ring) ring. For
the assignment of CHs group frequencies one can
expect that there are nine fundamentals, viz., the
symmetrical stretching in CHz (CHs sym. stretch) and
asymmetrical stretching (in plane hydrogen stretching
mode), the symmetrical (CHs; sym. deform) and
asymmetrical (CHz asym. deform) deformation modes;
the in-plane bending (CHj ipb), out of plane bending
(CHs opb), twisting (t CHs) and bending modes. The
FTIR bands observed 2977, 2918 cm-! represent
symmetric CHs stretching vibrations in CLZ. The
theoretically computed values of CHs asymmetric
stretching gives calculated at 3055 cm-! and CHs
symmetric stretching calculated at 3008,2927 c¢m' for
B3LYP shows an excellent agreement with
experimental results. The identified asymmetric in-
plane bending vibration at 1440 cm-', symmetric  in-
plane bending vibration at 1368 cm-' and rocking
vibration (mode no:51) of CHsz at 1034 cm-' are well
comparable with theoretically calculated values. These
assignments find support within the frequency intervals
given by Varsanyi [18]. The CHs torsional modes are
assigned at 102 and 147 cm-".

C=0 stretching vibrations

The structural unit C=0 has an excellent group
frequency, which is described as a stretching vibration.
Since the C=0 group is a terminal group, only the
carbon is involved in a second chemical bond. This
reduces the number of force constants determining the
spectral position of the vibration. The C=0 stretching

vibration usually appears in a frequency range that is
relatively free of other vibrations. For, example, in
many carbonyl compounds the double bond of the
C=0 has a force constant different from those of such
structural units such as C=C, C-C, C-H, efc.; only
structural units such as C=C have force constants of
magnitudes similar to that of the C=0 group. The C=C
vibration could interact with the C=0 if it were of the
same species, but generally it is not. Almost all
carbonyl compounds have a very intense and narrow
peak in the range of 1800 - 1600 cm-!. This is why this
region is considered as a very important region by
organic chemists. In this present study the C=0
stretching vibration observed at 1736 cm is in
excellent agreement with theoretically predicted
frequency obtained in B3LYP/6-31G(d,p) value [20,21]

Charge density

The gross atomic charges of clobazam with
chemical shifts are given in Tables 3. This data would
be used to explain the preferred position of
nucleophilic attack of this molecule. In the present
study, we employed Hartree-Fock and DFT levels to
calculate the atomic charges. The gross atomic
charges at the carbon C, attached to nitrogen and
oxygen atoms are electron deficient compared to other
carbon atoms. In general, electron deficient atoms
have the higher & value than an electron rich atom.
The chemical shift at & 165.9 was assigned to the
carbonyl carbon (C-2) and the presence of a carbony!
group was confirmed through the IR absorption at
1736 cm-'. With increase in the electron density of the
hydrogen atom the shielding increases and hence &
values for such proton decrease as show in Table 3.
We attempted to correlate the total charge density on
the hydrogen and carbon atoms with the chemical
shifts obtained in NMR spectrum [22, 23]. The 'H- and
13C- chemical shifts were calculated with the B3LYP/6-
31G(d,p) optimized geometries by GIAO method [24].
In order to obtain the calculated results comparable
with the experimental data, we have transformed the
absolute shieldings returned by the program in
chemical shifts subtracting to the absolute shielding of
TMS and the absolute shieldings of the molecule in
exam. Orel. = Orel - Oaps. IN particular, each value of the
absolute shieldings of the TMS was obtained with the
same level of the absolute shieldings of the TMS,
which was found with the same level of theory used in
the determination of absolute shielding of the
compound. There is satisfactory correlation between
the total charge density and chemical shifts (exp &
Theoretical).
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Table 3 Gross atomic charge density and chemical shift (Experimental and Theoretical) of Clobazam

Atomic Charge density 1H & 13C NMR Expt B3LYP/6-31G (d.p)

Atom HF/6-31G(d,p) B3LYP/6-31G(d,p) : :
Chemical (5)shift

N 0.730946 049301
2C 0.68138 0.482982 165.9 182.2828
3C -0.36207 0.29139 447 61.4293
4C 0.55376 0.352528 165.3 186.5421
5N -0.68685 -0.46892
6C 0.305218 0.308148 137.2 122.2198
7C 0.255843 0.234942 130.5 110.8562
8C -0.06518 -0.01139 119.7 134.5799
9C -0.1852 -0.17016 130.8 127.6228
10C -0.14931 0.10179 118.6 117.7686
11C -0.11856 -0.08872 1239 120.6818
120 -0.51515 -0.41493
130 -0.50325 -0.4126
14C 0.326712 0.273712 140.7 123.8544
15C -0.19482 -0.04674 119.1 127.4104
16 C -0.12438 -0.14209 129.7 122.9138
17C -0.17203 -0.07154 118.3 114.9895
18C -0.14106 -0.1052 129.7 122.2732
19C -0.2053 -0.12493 119.1 104.9685
200C -0.15327 -0.19554 298 56.0128
21Cl 0.009195 -0.01642
22H 0.185784 0.150877 3.17 5.7529
23H 0.199171 0.162263 3.7 5.3819
24 H 0.127187 0.065957 7.70 32.8006
25H 0.168292 0.093899 7.06 7.3109
26 H 0.1796 0.100147 7.02 7.8618
27H 0.227481 0.167283 7.64 33.3832
28 H 0.157613 0.084288 7.24 8.0799
29 H 0.143092 0.072426 7.00 7.3904
30H 0.158756 0.086294 7.24 7.7522
31H 0.172315 0.101984 7.64 7.4163
32H 0.155864 0.142861 2.78 4.1822
33H 0.152963 0.139958 2.78 4.9626
34 H 0.147165 0.134801 2.78 3.8922

Table 4. Calculated polarizabilities for Clobazam

Dipole
Basis set moment axx axy avy axz avz 0zz (a)
B3LYP/6-
31G(d,p) 40514 231255 4932  210.553 -12.659 12589 141.702 194.503

HF/6-31G(d,p) 44836 203.998 6.448  183.134 -13.098  3.991 136.522  174.551




S. Muthu et al./Rec Res Sci Tech 3 (2011) 127-135

Table 5. Theoretically computed energies (a.u.), zero-point vibrational energies (Kcal mol), rotational constants (GHz) entropies (cal mol-
'K-") and heat capacity (Kcal mol-'K-")

Parameters HF/ 6-31G(d,p) B3LYP/ 6-31G(d,p)
Total energy -1331.3 -1337.4
Zero point vibrational energy 175.76674 163.77832
Rotational constants
0.30272 0.30070
0.28838 0.28435
0.17664 0.17282
Entropy
Total 131.575 135.995
Translational 42.993 42.993
Rotational 34.299 34.341
Vibrational 54.282 58.661

Other molecular properties

One of the objectives of this investigation is to
study the effect of the basis set on molecular
polarizability of clobazam using Gaussian 03W. In this
study the computation of molecular polarizability of
CLZ with different levels are reported. Here, a is a
second rank tensor property called the dipole
polarizability and mean polarizability (a) are evaluated
using Eq. (1) [25].

(0)=1/3(axx* avy + azz) (1)

The calculated polarizabilities using different
basis sets for CLZ molecule are summarized in Table
4,

Several calculated thermodynamic parameters
are presented in Table 5. Scale factors have been
recommended [26] for an accurate prediction in
determining zero-point vibrational energies (ZPVE)
and the entropy S. The variation in ZPVEs seems to
be insignificant.

Conclusion

From the before described results, the following
conclusions can be drawn:
1. On the basis of calculated results, assignments
of the entire fundamental vibrational
Frequencies have been made.
2. The optimized geometry parameters calculated
at B3LYP/6-31G(d,p) are slightly larger than
those calculated at HF/6-31G(d,p) level and the HF
calculated values correlates well compared with the
experimentally obtained data on the whole.
3. Comparison between the calculated vibrational
frequencies and the experimental values (FTIR and
FT-Raman spectral data) indicates that both the

10.

methods of B3LYP/6-31G(d,p) and HF/6-31G(d,p) can
predict the vibrational spectra of the title compound
well.

4. Atomic charges and chemical shifts of CBZ were
calculated and results are discussed.

5. Molecular polarizability of CBZ were discussed
and reported.
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