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Abstract

The optimized geometry, wavenumber, polarizability and several thermodynamic properties of
Benzothiazole were studied using ab initio HF/cc-pVDZ and DFT/cc-pVDZ basis set methods. The
thermodynamic properties of the title compound have been computed. A complete vibrational assignment
aided by the theoretical harmonic wave number analysis was proposed. From the optimized structures,
HOMO-LUMO energy gap and geometrical parameters were derived.
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1. Introduction

Benzothiazole is a heterocyclic compound, weak base, having varied biological activities and
still of great scientific interest now a days. They are widely found in bioorganic and medicinal
chemistry with application in drug discovery. Benzothiazole moites are part of compounds
showing numerous biological activities such as antimicrobial [!* anticancer [*%], anthelmintic
Pl and anti-diabetic ['7 activities. They have also found application in industry as anti-
oxidants, vulkanisation accelerators. Various benzothiazoles such as 2-aryl benzothiazole
received much attention due to unique structure and its uses as radioactive amyloid imagining
agents [ and anticancer agents ['2l. Benzothiazoles are bicyclic ring system with multiple
applications. In the 1950s, a number of 2-aminobenzothiazoles were intensively studied, as the
2-amino benzothiazole scaffold is one of privileged structure in medicinal chemistry !> 131 and
reported cytotoxic on cancer cells ['3], It must be emphasized that combination of 2- amino
benzothiazoles with other heterocyclic is a well known approach to design new drug like
molecules, which allows achieving new pharmacological profile, action, toxicity lowering. The
2-(4-aminophenyl) benzothiazoles are novel class of potent and selective antitumor agents and
display characteristic profile of cytotoxic response across the cell lines.

In addition, benzothiazole ring is present in various marine or terrestrial natural compounds,
which have useful biological properties. In last few years it was reported that benzothiazole, its
Bioisostere and derivatives had antimicrobial activities against Gram-negative, Gram-positive
bacterias (e.g., Enterobacter, Pseudomonas aeruginosa, E. coli, and Staphylococcus
epidermidis etc.) and the yeast (e.g., Candida albicans). Benzothiazoles are fused membered
rings, which contain the heterocycles bearing thiazole. Sulphur and nitrogen atoms constitute
the core structure of thiazole and many pharmacologically and biologically active compounds.
The basic structure (Fig.1) of benzothiazole consist of benzene ring fused with 4, 5 position of
thiazole. The two rings together constitute the basic nucleus 1, 3-benzothiazle.

Computational details

The entire calculations conducted in the present work were performed at Hartree-Fock (HF)
and B3LYP levels included in the Gaussian 09W package ['4 program together with cc-pVDZ
basis set function of the density functional theory (DFT) utilizing gradient geometry
optimization. Initial geometry generated from standard geometrical parameters was minimized
without any constraint in the potential energy surface at Hartree-Fock level, adopting the cc-
pVDZ basis set. This geometry was reoptimized again at B3LYP level, using basis set cc-
pVDZ for better description. The optimized structural parameters were used in the vibrational
frequency calculations at the HF and DFT levels to characterize all stationary points as minima.
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At the optimized structure of the examined species, no
imaginary frequency modes were obtained proving that a true
minimum on the potential energy surface was found. By
combining the results of the Gauss view program 3 with
symmetry considerations, vibrational frequency assignments
were made with a high degree of accuracy. Finally calculated
normal mode vibrational frequencies, provide thermodynamic
properties by way of statistical mechanics.

Result and Discussion

Molecular geometry

The benzothiazole assumed as C1 point group of symmetry
and the optimized geometrical parameters of the title
compound are calculated according to labelling of atoms as
shown in the Figure 1. The most optimized bond lengths and
bond angles of this compound were calculated and shown in
Table 1.

Fig 1: Geometry of the Benzothiazole optimized at the B3LYP/cc-pVDz.

From table 1, Comparing bond angles and lengths of B3LYP
with those of HF, as a whole the formers are on higher side
than the later. According to molecular structure of
benzothiazole have mainly three different bond lengths
between different atom such as C-C, C-N and C-S. The bond
length between C1-C2 in benzene ring is higher value for
comparing to other C-C bonds in benzene ring. The C5-N9

bond length is 1.3893 and 1.3897 for HF and DFT methods
respectively and C4-S7 bond length is 1.7516 and 1.7710 for
HF and DFT methods respectively. The bond angles are
almost same for all atoms between, but (C4, S7, and C8) are
smaller than other bond angles (88.0744 and 88.0308 HF and
DFT), because of hetero atom S is present.

Table 1. Optimized parameters of Benzothiazole

othe in A0 PR
Bond type BOII_II% len thi)l;,l{& Bond angle type Bﬁ;d angle ;;IFI;,

C1-C2 1.4012 1.4089 (C2,C1,C6) 120.8408 | 120.8602

C1-Cé6 1.3790 1.3908 (C2,C1,H10) 119.4255 | 119.4281

CI1-H10 1.0815 1.0919 (C6,C1,H10) 119.7337 | 119.7117

C2-C3 1.3805 1.3937 (C1,C2,C3) 120.9236 | 121.1020

C2-H11 1.0817 1.0921 (C1,C2,H11) 119.5883 | 119.5776

C3-C4 1.3930 1.4005 (C3,C2,H11) 119.4881 | 119.3204

C3-H12 1.0809 1.0912 (C2,C3,C4) 118.0351 | 118.0020

C4-C5 1.3951 1.4184 (C2,C3,H12) 120.8499 | 120.8256

C4-S7 1.7497 1.7572 (C4,C3,H12) 121.1150 | 121.1724

C5-C6 1.3955 1.4053 (C3,C4,C5) 121.4962 | 121.4856

C5-N9 1.3893 1.3897 (C3,C4,S7) 129.6227 | 129.3878

C6-H13 1.0805 1.0912 (C5,C4,S7) 108.8811 | 109.1266

S7-C8 1.7516 1.7710 (C4,C5,C6) 119.8523 | 119.5096

C8-N9 1.2675 1.2923 (C4,C5,N9) 115.3744 | 115.4610

C8-H14 1.0814 1.0920 (C6,C5,N9) 124.7733 | 125.0294

(C1,C6,C5) 118.8521 | 119.0406

(C1,C6,H13) 121.7019 | 121.8866

(C5,C6,H13) 119.4460 | 119.0727

(C4,57,C8) 88.0744 88.0308

(S7,C8,N9) 117.0902 | 116.9530

(S7,C8,H14) 119.7430 | 119.3129

(N9,C8,H14) 123.1668 | 123.7341

(C5,N9,C8) 110.5799 | 110.4286

Vibrational analysis and theoretical prediction of spectra

Benzothiazole is a planar molecule and possesses C1 point
group symmetry. The molecule has 14 atoms and 36 normal
modes of fundamental vibrations. All the 35 vibrations are

active in IR and one of the vibration mode is not active (32
vibration number in table). The harmonic vibrational
frequencies calculated at HF and B3LYP level using cc-pVDZ
basis set have been collected in Table 2. Comparison of the
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frequencies calculated at B3LYP with HF method assignments
(present in Table 2) reveals the overestimation of the HF
vibrational modes due to the neglect of electron correlation

contributions which are especially important in systems
contacting extensive electron conjugation and /or electron lone
pairs in the real system.

Table 2: Calculated vibrational frequencies of Benzothiazole at HF/cc-pVDZ and DFT/cc-pVDZ level.

S. No HF/cc-pVDZ DFT/cc-pVDZ Assignments
Wave number | Intensity | Wave number | Intensity

1 3380.02 10.2187 3210.40 8.79 C-H stretch
2 3378.60 2.3318 3207.36 0.91 C-H stretch
3 3371.07 17.1484 3203.27 13.20 C-H stretch
4 3358.15 8.9699 3192.48 6.71 C-H stretch
5 3343.61 1.5706 3179.84 1.28 C-H stretch
6 1796.00 3.7034 1646.33 2.70 C=C stretch
7 1759.10 20.1567 1605.55 3.35 C=C stretch
8 1721.98 63.8601 1538.29 56.22 C=N stretch
9 1606.26 17.0927 1486.25 5.83 C-H in plane bend
10 1591.59 31.747 1458.25 23.90 C-H in plane bend
11 1435.46 16.4621 1365.02 10.48 C-C stretch
12 1387.48 0.5821 1315.85 8.03 C-N stretch
13 1346.45 6.7126 1278.86 1.88 C-H in plane bend
14 1313.45 2.5634 1216.93 1.68 C-H in plane bend
15 1242.09 5.0463 1170.73 1.30 C-H in plane bend
16 1208.81 0.4538 1136.40 2.67 C-H in plane bend
17 1159.42 8.5003 1071.18 9.09 C-C stretch
18 1107.78 5.0576 1037.58 4.27 C-H out plane bend
19 1102.34 0.0612 1002.21 0.03 C-H out plane bend
20 1068.04 2.8629 963.98 1.81 C-H out plane bend
21 981.58 12.8561 882.62 2.89 C-H out plane bend
22 956.88 3.1298 877.97 26.30 C-H out plane bend
23 954.98 37.3229 830.51 16.68 C-S strech
24 862.57 23.4633 797.12 24.78 C-H out plane bend
25 852.83 43.0351 779.27 19.14 C-H out plane bend
26 817.78 21.3711 749.11 22.54 Benzene ring vibration
27 766.23 4.4102 712.94 3.43 C-S strech
28 720.30 3.7399 662.92 5.99 C-N bend strech
29 646.98 0.2367 600.91 0.04 | = -
30 577.43 0.3553 535.21 0.66 | = e
31 543.31 0.7154 507.45 041 | e
32 535.95 0.0000 497.75 0.00 | ememememeeeee
33 468.28 8.8575 432.66 5.67 Rings vibration
34 380.07 2.8783 354.84 2.38 Rings vibration
35 231.23 2.8914 214.47 1.63 Rings vibration
36 211.98 1.9968 196.36 1.63 Rings vibration

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- 2900 cm™ 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 ['®1. 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
3210 — 3179 cm™! for B3LYP and 3380 - 3343cm™ for HF
predicts the CH stretching bands, which supports the literature
values [17:18],

The bands due to C-H in-plane bending vibration interact
somewhat with C-C stretching vibrations, are observed as
number of bands in the region 1300-1000 cm™ .The C-H out-
of-plane bending vibrations occur ') in the region 900-667
cml. In the present investigation, the bands observed at 1606,
1591,1346,1313,1242, and 1208 cm! and

1486,1458,1278,1216,1170, and 1025 cm™! are assigned to C-
H in plane bending vibration for HF and DFT methods
respectively. The C-H out of plane bending modes was also
assigned at 1107, 1102, 1068, 981, 956, 862 and 852 cm™! and
1278, 1216, 1170, 1136, 1037, 1002, 963,882, 877, 797 and
779 cm'for HF and DFT methods respectively.

C-C vibrations

Generally the C-C stretching vibrations in aromatic
compounds form Y the band in the region of 1430 to 1650
cm-1. In the present case investigation the bands are observed
at 1640,1595,1580,1505, 1440, 1325 and 1310 cm-1. The last
two bands lie below the expected range; this may be due to the
substitution of heavy elements oxygen and methyl group in the
present case. The in-plane bending C-C vibrations generally
occur at higher frequencies than of out-of-plane bending28. In
the present study the bands observed at 760, 720, 580, 500,
465 and 430 are assigned to C-C in plane bending modes. The
out of plane bending modes of frequencies are attributed to
554, 460 and 420 cm-1 in Raman and 175, 140 and 85 cm-1 in
IR.
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C=N, C-N vibrations

The identification of C-N vibrations is a difficult task, since
the mixing of vibrations is possible in this region. However,
with the help of the animation option of gauss view 5.0
graphical interfaces for Gaussian programs the C—N vibrations
identified. Silverstein ! assigned C-N stretching absorption
in the region 1382-1266 cm™! for aromatic amines. The IR
bands appearing at 1721 and 1538 cm™! are assigned to vC=N
vibrations and 1387 and 1315 cm™ are assigned to vC-N

vibrations with the 8CH for the title compound for HF and
DFT methods respectively. The 954 and 830 ¢m™ assigned to
C-S bond at HF and DFT level of theory.

Other calculated properties

Theoretically computed energies (a.u.), enthalpies, entropies
rotational constants (GHz) heat capacity, dipole moment (p)
and molecular Polarizabilities (<o) are presented in Table 3.

Table 3: Theoretically computed energies (a.u.), rotational constants (GHz) entropies (cal mol-'K"),
heat capacity (Kcal mol"'K"), dipole moment (i) and molecularPolarizabilities (<o>)

HF DFT
energy -719.994809022 -722.739450013
Enthalpy -719.878228 -722.629870
Free energy -719.915686 -722.668045
Entropy 78.836 80.345
CV 23.383 25.574
o 1.1342 1.1547
<o> 84.777 90.743
HOMO -0.32234 -0.24132
LUMO -0.10179 -0.0426
3.21266 3.14530
Rotational constants (GHZ): 1.34336 1.32588
0.94726 0.93271

One of the objectives of this investigation is to study the effect
of the basis set on molecular polarizability of benzothiazole
using Gaussian 09W. In this study the computation of
molecular polarizability of benzothiazole with HF and DFT
are reported. Here, a is a second rank tensor property called

the dipole polarizability and mean polarizability (o) are
evaluated using Eq. (1) 21,

<o> = 1/3((lxx+ Ooyy + (Xzz) (1)
The calculated polarizabilities using two methods for
benzothiazole molecule are summarized in Table 4.

Table 4. Calculated polarizabilities for Benzothiazole

Method Oxx Oxy Oyy Olxz Olyz Olzz <o>
HF/cc-pVDZ 124.857 | 1.210 93.728 0.0000 | -0.001 | 35.746 | 84.777
DFT/cc-pVDZ | 232.410 | 4.780 | 195.411 -0.004 0.000 | 59.992 | 90.743

Frontier molecular orbital analysis

The frontier molecular orbitals play an important role in the
electric and optical properties, as well as in UV-vis spectra and
chemical reactions 5%, The HOMO-LUMO energies were also
calculated and the values and figures are listed in Table 3 and

Figure 3 respectively. In the present study, the HOMO LUMO
gap values of the molecule are at -0.32234, -0.10179 and -
0.24132 and-0.0426 a.u for HF/cc-pVZD and, DFT /cc-pVZD
methods, respectively, as seen in Table 3.

HOMO

LUMO

Fig. 3. HOMO-LUMO plots of benzothiazole.

Conclusion

A complete vibrational analysis of benzothiazole was
performed on the basis of HF and DFT functional calculations
at B3LYP/cc-pVDZ basis level. On the basis of calculated
results, assignments of the entire fundamental vibrational
Frequencies have been made. The optimized geometry

parameters calculated at B3LYP/cc-pVDZ are slightly larger
than those calculated at HF/cc-pVDZ level. The calculated
first hyperpolarizability is comparable with the reported values
of similar structures, which makes this compound an attractive
object for future studies of nonlinear optics.

~12~



International Journal of Chemical Studies

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Gupta S, Ajmera N, Gautam N, Sharma R, Gauatam D.
Novel synthesis and biological activity study of pyrimido
[2,1-b] benzothiazoles. Ind J Chem 2009; 48B:853-858.
Kumbhare RM, Ingle VN. Synthesis of novel
benzothiozole  and  benzisoxazole  functionalized
unsymmetrical alkanes and study of their antimicrobial
activity. Ind J Chem 2009; 48B:996-1000.

Murthi Y, Pathak D. Synthesis and Antimicrobial
screening of Substituted 2-Mercaptobenzothiazoles. J
Pharm Res 2008; 7(3):153-155.

Rajeeva B, Srinivasulu N, Shantakumar S Synthesis,
Antimicrobial activity of some new 2-substituted
benzothiazole derivatives. E-Journal of Chemistry 2009;
6(3):775-779.

Maharan M, William S, Ramzy F, Sembel A. Synthesis
and in vitro Evaluation of new benzothiazolederivaties as
schistosomicidal agents. Molecules 2007; 12:622-633.
Kini S, Swain S, Gandhi A. Synthesis and Evaluation of
novel Benzothiazole Derivates against Human Cervical
Cancer cell lines. Ind J Pharm Sci 2007; Jan-Feb: 46-50.
Stanton HLK, R Gambari, Chung HC, Johny COT, Filly
C, Albert SCC. Synthesis and anti-cancer activity of
benzothiazole containing phthalimide on human
carcinoma cell lines. Bioorg Med Chem 2008; 16:3626-
3631.

Wang M, Gao M, Mock B, Miller K, Sledge G, Hutchins
G, Zheng Q. Synthesis of C-11 labelled fluorinated 2-
arylbenzothiazoles as novel potential PET cancer imaging
agent. Bioorg Med Chem 2006; (14):8599-8607.
Sreenivasa M, jaychand E, Shivakumar B, Jayrajkumar K,
Vijaykumar J. Synthesis of bioactive molecule
flurobenzothiazole comprising potent heterocylic moieties
for anthelmintic activity. Arch Pharm Sci and Res 2009;
1(2):150-157.

Pattan S, Suresh C, Pujar V, Reddy V, Rasal V, Koti B.
Synthesis and antidiabetic activity of 2-amino[5”(4-
sulphonylbenzylidine)-2, 4-thiazolidinenone]-7-chloro-6-
flurobenzothiazole. Ind J Chem. 2005; 44B:2404-2408.
Reddy P, Lin Y, Chang H. Synthesis of novel
benzothiazole compounds with an extended conjugated
system. Arcivoc 2007; xvi: 113-122.

Heo Y, Song Y, Kim B, Heo J. A highly regioselective
synthesis of 2-aryl-6- chlorobenzothiazoles employing
microwave-promoted Suzuki-Miyaura coupling reaction.
Tetrahedron Letters 2006; 47:3091-3094.

Piscitelli F, Ballatore C, Smith A. Solid Phase synthesis of
2- aminobenzothiazoles. Bioorg Med Chem Lett 2010;
(20):644-648.

MJ Frisch, GW Trucks, HB Schlegel, PM W Gill, BG
Johnson, MA Robb, et al, GAUSSIAN 09, Revision,
Gaussian, Inc., Wallingford CT, 2009.

A Frisch, HP Hratchian, RD Dennington II, et al,
Gaussview, Ver. 5.0 (Gaussian, Inc., Wallingford CT,
2009.

Sathyanarayana, DN Vibrational spectroscopy, Theory
and Applications, New Age International Publishers: New
Delhi, 2004.

Varasanyi G. Assignments for vibrtional spectra ofseven
hundred Benzene derivatives, AcademicKiaclo, Budapest,
1973.

Colthup NB, Daly LH, Wiberly SE. Introduction
tolnfrared and Raman Spectroscopy, Academic press,
Newyork 1964; 74:221, 226.

Bowman WD, Spiro TG. J Chem Phys 1980; 73:5482.

20.

21.

22.

~13~

Varasanyi G. Vibrational Spectra of Benzene Derivatives,
Academic Press, New York, 1969.

Silverstein M, Clayton Basseler G, Morill C.
Spectrometric identification of organic compounds, New
York: Wiley, 1981.

Seda Sagdine, Fatma Kandemirli, Sevgi Haman Bayari,
Spectrochim Acta Part A. 2007; 66:405.



