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ABSTRACT

  Ammonium dithiocarbamate was combined with a compound of phenacylbromide family;
4-(4/-Bromophenyl)-2-mercaptothiazole structure was synthesized. The spectroscopic properties
of this structure were studied using 1H-NMR, 13C-NMR, FT-IR, Mass Spectroscopy and elemental
analysis methods. Subsequently, its thermodynamic parameters were examined by density
functional theory and Hartree Fock (HF) methods; in this case, 6-311G(d,p) basis set were
employed. However, some parameters depending on HOMO and LUMO values were surveyed;
chemical potential, chemical hardness, electrophilicity and highest electronic charge transferred
were studied. Finally, the electrostatic potential values of this structure were studied. The results
indicate a high conformity between the theoretical and experimental values.

Keywords:  DFT; FT-IR Spectroscopy; NMR; Synthesis.

INTRODUCTION

The chemistry of Heterocycle compounds
including Thiazoles has spread because of their
various biological and pharmaceutical activities.
Since these compounds have shown various
pharmaceutical, antibacterial and antiviral
activities, they have much therapeutic value. Many
Thiazoles derivatives compounds have also been

synthesized for pharmacy purposes because of their
antifungal 1-12. On 18 November 1887, Hantzsch
and his colleague, Weber, identified and confirmed
the molecular structure of Thiazole. They showed
that Carbon between Sulfur and Nitrogen has much
activity; for this reason, they suggested prefix “Mezo”
for this situation. In 1889, the first derivative of
Thiazole was produced by J. Popp. He produced 2-
Aminothiazole structure by diazotisation reaction.
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This compound is also in the structure of Vitamin B1
13. Thiazoles are compounds which are used as
antihyperglycemic compounds 5. For this property,
they have many applications in pharmacy and
medicine industries 7. For example, this compound
has been applied in antituberculosis medicine.
These compounds have also been applied in
insecticides and antipests in agriculture 8-15. They
have tendency to participate in various chemical
reactions including alkalisation, oxidation and
cycloadditions 16, 17. 4-(4/-Bromophenyl)-2-
mercaptothiazole structure is also a compound of
Thiazoles family; its pharmaceutical, medical
properties and application in the industry may be
studied in the future. Electrophilicity is a parameter
which is dependant on HOMO and LUMO values;
in some references, it is known by proportional
compound stability 17. These parameters are
calculated by equation (1). In fact, electrophilicity
value is proportional to ionization potential and
electronic effects. The parameters of chemical
potential and chemical hardness can also be
calculated by equations (2) and (3). These
parameters are correlated to HOMO and LUMO
values; thus, their values are different for various
compounds. In fact, it is expected that chemical
potential changes as electronegative value
changes. As electronic potential increases,
chemical hardness decreases and we will have a
good electrophone species. The highest value for
transferred electronic charge can also be calculated
by equation (4) 17, 18.

...(1)

..(2)

...(3)

...(4)

EXPERIMENTAL

General method
All of chemical materials were purchased

from Germany firm Merck. For this study, all of
instruments that were used, are as follows:
microwave oven model LG-SOLARDOM LF-
5901WCR, Japanese weighing with 0.100 g
sensivity model ANDGF-300, hitter and stirrer model
Heidolphm Rn3004 Safty, Merk thin layer
choromatography sheets Art no: 1:0554,
Electrothermal melting point measurement
apparatus, Memmert (oven) materials and glossy
instruments desiccators (oven), vacuum pomp
Emerson model: C55-JJXH4205, Rmp: 1425/1725,
Heidolph model: Labrota rotary solution. 1H-NMR
and 13C-NMR spectra studying done by Bruker
Avance 300 spectrometer with the processing
software XWINNMR version 3.1 measured.
Chemical shifts of TMS. FT-IR by a Perkin Elmer
spectrum 1420 spectrometer in the frequency range
of 4000–400cm”1 using KBr discs are reported on 1
scale. The IR spectra were recorded at room
temperature at the spectral resolution of 1 cm”1. Used
Glossy instruments are as follows: one and two ports
round-bottom emery-top flasks species, simple,
bubble and spiral radiator, Erlenmeyer flask,
beakers, three and two ports, links, addition funnel,
Buchner funnel, capillary tube and etc.

Synthesis
In a 500 mL flask 5.1 g of 4-

bromophenacylbromide solved in Ethanol. Then
36.9 g Ammoniumdithio carbamate added and
refluxed for 3 hours. Distiller is used for reaction in
constant pressure and control of free gases. With
existing solvent by Rotary produced yellow wish
solid that Benzenes 125.0 mL, for 15 minutes
refluxed (scheme 1). Then it was cooled for
producing crystalline sediments, then it was rinsed
and dried, the outcome of reaction was 18 g product
with melting-point (218ÚC). The residue was purified
by thin layer chromatography on silica gel (1:2
cyclohexane-acetone) to give (18.0 g, 99%);

A pale yellow; Mp: 216-218; IR (KBr): 3128,
3050, 1628, 1401, 1259, 1180, 746; 13C-NMR
(CDC13, 400 MHz) δ(ppm): 121.23, 130.65, 134.88,
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136.92, 138.02, 138.84, 151.75, 158.46, 168.35;
1H-NMR (400 MHz, CDCl3)δ 3.46 (s, 1H, SH
Aliphatic), 7.37 (s, 1H, H-5), 7.61-7.63 (d, 2H, 2/-
H¡6/-H), 7.67-7.69 (J=9HZ, d, 2H, 3-H/, 5-H/ ); m/z:
272.91, 270.83 (94.2%), 272.61 (11.3%), 272.01
(9.4%), 273.78 (8.1%), 272.06 (1.7%); Anal. Calcd
for C9H6BrNS2: C, 39.71; H, 2.22; Br, 29.36; N, 5.15;
S, 23.56; Found: C, 39.53; H, 2.33; Br, 28.98; N, 5.28;
S, 22.85.

Computational details
To calculate the thermodynamic

parameters for 4-(4/-Bromophenyl)-2-
mercaptothiazole structure, at first, this structure was
predesigned by Gauss view software 19; its energy
was pre-optimized using AM1 semi-experimental
method. Then, the energy of structure was finally
optimized by DFT and HF methods with 6-
311G(d,p) basis sets 20-24. In this case, Gaussion
03w package of program was employed 25.
Subsequently, the vibrational frequency parameters
for this structure were studied; to approximate the
obtained results to the experimental values, 0.909,
0.967 and 0.963 scaled factors were applied for
three methods of HF, B3LYP and B3PW91
respectively. The results of vibrational parameters
were analyzed by VEDA 4 software 26. NMR
parameter values were also calculated by GIAO
method 27. All results were reported using TMS
reference. Finally, chemical potential, chemical
hardness, electrophilicity and highest transferred

electronic charge were studied using HOMO and
LUMO parameters. The electrostatic potential values
were also examined for this structure using Molekel
5.4 software. All calculations have been made in
the temperature of 298 °K, the pressure of one
atmosphere and gas state. However, all calculations
have been made by a Pentium IV, core i7, 1.7 GHz
computer processor, 4 GB memory and Windows 7
operating system.

RESULTS AND DISCUSSION

When 4-(4/-Bromophenyl)-2-
mercaptothiazole structure was synthesized by
some experimental methods, the results were
compared with the theoretical results (Fig 1). The
results are interpreted in this section.

Vibrational assignments
When the structure was optimized by both

DFT and HF methods, the values of vibrated
parameters were analyzed using VEDA 4 software.
4-(4/-Bromophenyl)-2-mercaptothiazole (BPMT)
structure consists of 19 atoms and has totally 51
normal vibrated modes (Fig 2 and 3). The results
are explained in the following section.

C-H vibrations
The type of C-H vibration frequency varies

depending on the molecule structure. C-H stretch
vibration is usually observed in Heteroaromatic

Fig .1: Serial number of atom and optimized structure of
BPMT structure performed by B3LYP/6-311G(d,p) method
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Fig .2 Show frequency animation in different bond in BPMT structure.

Fig .3 (a) FT-IR spectrum obtained by B3LYP/6-311G(d,p) method and
 FT-IR spectrum obtained by experimental method of BPMT structure.

(a)

(b)
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compounds, in the frequency range of 2850-3200
cm-1 28, 29. In N,N-di(p-thiazole)formamidine structure,
this type of vibrational has been observed in the
regions of 2978, 3112, 3113 and 3071 cm-1; in 2-
chloro-N-(diethylcarbamothioyl)benzamide
structure, stretch vibration C-H has been observed
in 2872-3091 30. In BPMT structure, CH stretch
vibration is observed in 3050 and 3128 cm-1 using
the experimental results. The results of PEDs
analysis also confirm this matter (See table 1). By
HF method, this vibration was observed in 3038-
3108 cm-1, by B3LYP method, it was observed in
3014-3151 cm-1 and by B3PW91 method, it was
observed in 3038-3108 cm-1. It is also expected that
CH bending vibration is obtained in 1000-1300
cm-1. Experimental results show that, in BPMT
structure, this vibration can be observed in 1066-
1259 cm-1. These vibrations have appeared by
different tests and the results of PEDs analysis
confirm them.

C-S vibrations
In many resources, C-S stretch vibration

was reported in 600-750 cm-1 of BPMT 31; in some
other resources, it was observed in 680-710 cm-1

and in other resources, it was reported in 609-716
cm-1 32, 33. However, according to the results of
experimental tensional vibrations for BPMT, this
vibration was obtained in 746 cm-1; using HF, B3LYP
and B3PW91 methods, it was obtained in 847, 803
and 847 cm-1. The results of PEDs analysis confirm
these results. Of course, this vibration has also
appeared below 450 with a lower intensity by a
theoretical method which is not so important. CS
bending vibration was also appeared in various
regions below 700 cm-1. The results of PEDs
analysis approve this matter.

C-Br vibrations
The results for C-Br stretch vibrations show

that in the experimental method, vibration range is
observed below 700 cm-1. In HF method, the
theoretical results were 718, 411 cm-1 and even
lower than it. In B3LYP method, these vibrations
were observed in 648, 406 cm-1 and below it. Using
B3LYP method, these vibrations are observed in
648, 406 cm-1 and lower than it. However, using
B3PW91 method, this vibration can be observed in
718 and 411cm-1 and even lower than it. PEDs

analysis for C-Br bending vibration shows that this
vibration is appeared below 350 cm-1. The results
for this vibration can be studied in Table 1.

C-N and C=N vibrations
In aromatic Amines, the range of C-N

stretch variations varies in 1200-1330 cm-1 so that
in some compounds such as Benzoxazole, C-N
stretch vibration is obtained as (FT-IR), 1315 cm”1

(FT-Raman), 1315 cm-1 (HF) and 1332 cm-1 34. This
vibration was observed in 1259 cm-1 by the
experimental method; it can be observed in the
region lower than 1521 cm-1 by the theoretical
method. The PEDs analysis for this vibration in the
mode noses of 42, 41 and 39 can be observed with
a rather suitable intensity.

S-H vibrations
S-H stretch vibration is observed in 2500-

2700 cm-1. Since in DPTF structure, this vibration
has not appeared in a desirable region by the
experimental method, it may be considered in 2064
cm-1. Using HF, B3LYP and B3PW91 methods, this
vibration is observed in 2617, 2586 and 2617cm-1

respectively. As it is shown in Table 1 (mode nos
46), this vibration range has been appeared as 100
percent.

C-C and C=C vibrations
C-C vibration will vary in the different

sections of the structure. Usually, C-C stretch
vibrations will vary in 1430-1625 cm-1. In general,
the bands are of variable intensity and are
observed at 1625–1590, 1590–1575, 1540–1470,
1465–1430 and 1380–1280 cm”1 from the wave
number ranges given 35 for the five bands in the
region. C=C tensional vibration in FT-IR spectrum
was observed in 1521, 1586 and 1596 cm-1; in FT-
Raman spectrum, it was observed in 1600 cm-1.
These results are absolutely consistent with the
theoretical results. In B3LYP/6-311G(d,p) method,
this vibration was observed in 1560, 1566, 1587
and 1589 cm-1. The obtained results were similar to
the range of vibrations obtained for C=C in DMFP
and N,N-di(p-thiazole)formamidine structures 36, 37.
In DMFP structure, C-C-C vibrations were observed
in 800, 618, 573 and 483 cm-1 which were
absolutely similar and close to the results obtained
for TEPE structure 36. ofcourse, it should be
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mentioned that the intensity of these peaks is
moderate and rather weak. In Benzamide oxim
structure, this vibration is observed in 600 and 625
cm-1 38. In BPMT structure, C=C vibration will be in a
cycle with 5 members and a cycle with 6 members;
C-C stretch vibration will be between two cycles.
This vibration may be observed in 1628 cm-1 by the
experimental results; this tensional vibration can be
observed in 1450 and 1650 cm-1 by the theoretical
method. But C-C-C bending vibration is appeared
in various regions so that the highest intensity may
be in different regions such as mode noises of 18
and 30.

NMR spectra
As it was mentioned in the experimental

section, when BPMT was synthesized, this structure
was identified by 13C-NMR and 1H-NMR
spectroscopy method. To verify the obtained results
by GIAO theory method, the chemical movement
values for the mentioned compound were studied.
In this case, three levels of HF, B3LYP and B3PW91
as well as basis set 6-311G(d,p) mode were
employed. The results obtained by both theoretical
and experimental methods are reported in table 2.
The results indicate that the values of theoretical
and experimental methods are absolutely close and

Table .2 :Theoretical and experimental 1H and 13C isotropic chemical
shifts (with respect toTMS, all values in ppm) for BPMT structure.

Atomic Methods
Number HF B3LYP B3PW91 Exp

H8 8.52 8.39 8.42 7.69
H9 7.85 7.60 7.59 7.67
H7 7.74 7.50 7.49 7.63
H10 7.65 7.43 7.41 7.61
H13 6.93 7.03 6.98 7.37
H16 4.28 4.47 4.42 3.46
C14 174.06 169.02 164.70 168.35
C11 156.07 159.26 156.95 158.46
C6 141.37 147.78 143.91 151.75
C3 138.92 138.17 135.71 138.02
C1 138.86 138.44 136.85 138.84
C5 137.86 137.34 135.50 136.92
C2 136.08 135.32 133.83 134.88
C4 132.02 129.86 128.48 130.65
C12 114.45 119.21 116.50 121.23

C
h

em
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 S

h
if

t

Table .3: Correlation between theoretical and experimental methods for
 NMR property in BPMT structure.

Correlation between Kind of NMR Equation R2

HF 13C-NMR y = 1.069x - 10.89 0.916
1H-NMR y = 0.851x + 1.285 0.921

Experimental B3LYP 13C-NMR y = 1.022x - 3.740 0.989
1H-NMR y = 0.765x + 1.787 0.920

B3PW91 13C-NMR y = 0.976x + 0.433 0.978
1H-NMR y = 0.775x + 1.700 0.913
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similar to each other. To compare the obtained
results, the values were put beside each other; the
gradient and R2 values were calculated for them.
As the results show, R2 in 13C-NMR is higher than
R2 in 1H-NMR. The reason may be that 1H-NMR is
absolutely dependant on the effects of solvent while

13C-NMR is absolutely independent from the effects
of solvent (Table 3). Theoretical calculations have
been made in gas phase while experimental
calculations have been made in the conditions in
which the solvent has been effective on the results.
It should be mentioned that TMS has been

Fig .4 (a) HF (b) B3LYP (c) B3PW91 calculated 3D molecular electrostatic
potential of BPMT structure (isosurface value 0.01 a.u.).
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considered as the reference for 1H-NMR and 13C-
NMR results.

Molecular electronic potential maps
The results for molecular electronic

potential maps are shown in Fig 4. When the
structure was optimized by HF, B3LYP and B3PW91
levels of theory methods, molecular electronic
potential maps (MESP) calculations were made. In
fact, this figure shows us how reactivity map displays;

Table .4 : Theoretically computed energies (kcal.mol-1), zero-point vibrational
energies (kcal.mol-1), rotational constants (GHz), heat capacities (cal.mol-1.K-1),
entropies (cal.mol-1.K-1), dipole moment (Debye), molecular orbitals energies

(εεεεεHOMO  and εεεεεLUMO, eV), electronic chemical potential, εεεεε (eV), chemical hardness, ηηηηη
(eV), electrophilicity, ωωωωω (eV) and maximum amount of electronic charge transfer

for BPMT structure.

Parameters HF B3LYP B3PW91
Total energy -2363246.606 -2366843.172 -2366669.646
ZPVE 83.973 77.939 78.337
Rotational constant 1.769 1.735 1.752

0.147 0.145 0.146
0.136 0.134 0.135

Entropy
Total 110.884 116.539 115.959
Translational 42.689 42.689 42.689
Rotational 33.470 33.514 33.490
Vibrational 34.725 40.336 39.779

Heat capacity 40.971 44.019 43.846
Dipole moment(D) 3.501 3.377 3.420
HOMO -0.305 -0.225 -0.227
LUMO 0.077 -0.058 -0.059
Chemical potential(µ) -0.114 -0.142 -0.143
Chemical hardness(η) 0.383 0.167 0.167
Electrophilicity(ω) 0.016 0.060 0.061
ΔΔΔΔΔNmax 0.297 0.851 0.855

Scheme .1 Synthetic route for the new compound (BPMT).

the more this parameter value is negative, the
probability of nucleophilic attack to these sections
is more. As the figure shows, blue sections are less
affected by nucleophilic attack and red sections are
more affected by nucleophilic attack 39. For example,
the sections containing nitrogen may be more
subjected to the nucleophilic attack because there
is a pair of non bonding electrons. The process and
results obtained by three different methods are
shown in Fig 4.
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Other molecular properties
Using quantum mechanics calculations,

some other thermodynamic parameters such as
energy levels, entropy values and thermal capacity
were studied for BPMT structure by three different
methods. Then, some parameters dependant on
HOMO and LUMO values like chemical hardness,
chemical potential, electrophilicity and highest
electronic charge transferred were examined. The
results for these calculations have been reported
in Table 4.

CONCLUSIONS

       BPMT structure was synthesized by the
experimental method; the related structure was
identified by FT-IR, 1H-NMR, 13C-NMR, Elemental
analysis and Mass Spectroscopy methods. Then,
the results were compared with the experimental
values using DFT and Hartree Fock methods. The
results for vibrated spectra show that R2 value is
0.970, 0.975 and 0.970 for three mentioned

methods respectively. It indicates that theoretical
and experimental results are close to each other.
The comparison between the theoretical and
experimental results for 1H-NMR also shows that
R2 value is equal to 0.921, 0.920 and 0.913. The
results for 13C-NMR indicate that R2 value will be
equal to 0.916, 0.989 and 0.978 using three different
methods. It means that the results are close to each
other. Finally, some thermodynamic parameters for
the structure such as electrostatic potential,
electrophilicity, chemical hardness, chemical
potential and highest transferred electronic charge
were studied.
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