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Abstract

Tetrazoles are involved in many pharmacological agents due to the carboxylic acid bioisoster. Despite their adjacent acidity,
tetrazoles are further liphofilic than the agreeing carboxylate and are ionized at physiological potential for hydrogen (pH).
Tetrazoles have gotten a lot of consideration because of their wide range of claims in coordination chemistry, medicinal
chemistry and pharmaceutical sciences as well as materials science, including oxygen-containing fuels. They can be used as
precursors for a variety of nitrogen-containing compounds, such as triazoles and thiazoles. Because of their wide range of
applications, research into the catalytic preparation of tetrazoles has piqued the interest of many people. In particular, 1 -
substituted tetrazole derivatives have been the subject of fundamental research due to their biological and medical
applications. 5-(Benzylthio)-1H-tetrazole (5B1HT) was synthesized in this study. Powder XRD, FT-IR, FT-Raman, SEM,
UV-Vis and NMR spectroscopy techniques were used to characterize it. The FT-IR, 'H-NMR and *C-APT spectral
measurements of the synthesized compound were discussed, as well as the complete assignment of the vibrational bands
observed in spectra. Following full structure optimization and force field calculations based on density functional theory
(DFT) at 6-311++G(d,p), cc-pVDZ basis sets, the spectra were interpreted using normal coordinate analysis. The total
energy distribution, harmonic vibrational frequencies and IR intensities were determined using optimized geometry with
both basis sets. The novelty of this paper is to study the properties of 5-(benzylthio)-1H-tetrazole (5B1HT) compound in its
pure form.
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1. Introduction

Tetrazoles are a considerable heterocyclic compound with numerous industrial applications and scientific
research in coordination chemistry [1], medicinal chemistry [2] and pharmaceutical sciences [3] as well as
materials science, including oxygen-containing fuels [4-6]. Because of their practical applications, tetrazole and
its derivatives have received a lot of (CN4H,) attention [7]. The tetrazolic acid fragment is almost isosteric with
the carboxylic -CN4 H acid group in terms of acidity [8]. However, it is biochemically more stable as COOH. As
a result, one of the primary goals of -CN4H research is to replace -CO-.H groups with groups from biologically
active compounds [9]. Undeniably, the numeral of patent rights and journals related to tetrazole therapeutic uses
is rapidly increasing and covers an extensive range of applications: Tetrazoles have been shown to have anti-
hypertensive [10], anti-allergic and anti-biotic activity [11] and they are now used as anti-convulsant, as well as
in cancer and AIDS dealing [12,13]. Tetrazoles are also used in agribusiness [14] as organic amendments [15],
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pesticides [16] and insecticides [17], as stabilizing agents [18] in cinematography [19] and photo imaging [20]
and as gas generators in airbags [21-24].

More notably, tetrazole is a particularly fascinating molecule because it has been demonstrated to exhibit the
tautomerism depicted in Fig. 1. Tetrazole was discovered to occur solely as its ‘1H-tautomer’ in the crystalline
phases [25-27]. In solution, however, ‘1H- and 2H’-tautomers coexist, with the cohort of the most polar 1H-
form operating at high solvent polarity [28,29]. The solvent effects on the tautomeric equilibrium were
theoretically estimated using the ‘self-consistent reaction field” (SCRF) model [30] and it was predicted that in
media with dielectric constants less than approximately 7, 2H-tetrazole would be the least energy tautomer,
even though in media with relatively large dielectric materials, an energy reversal occurs and 1H-tetrazole
becomes the tautomeric ground state. The aim of this paper is to communicate the properties of 5-(benzylthio)-
1H-tetrazole (5B1HT) compound in its pure form. The structure of 5B1HT along with the numbering of atoms
are shown in Fig.1.2. There is currently no report based on its pure compound. Furthermore, DFT calculations
are used to analyze the conformational, structural and vibrational properties of the 5BIHT molecule using the
B3LYP functional with 6-311++G(d,p) and cc-pVDZ basis sets. The minimum energy conformational
geometries were performed in the conformational analysis using a potential energy surface scan. The harmonic
force field with the Pulay's scaled quantum mechanics force field (SQMFF) methodology was used to complete
the report of the bands encountered in the vibrational spectra, taking into consideration the natural internal
coordinates for the more stable structures.

n*.n
Wl
Ly

9 9

(1H) (2H)

Fig.1. Tautomersof S-substituted tetrazoles  Fig, 1.2, Structure of 5-(Benzylthio)-1H-terazole molecule.

2. Synthesis of 5-(benzylthio)-1H-tetrazole [5B1HT]

We used a 250-mL doubled-necked flask equipped with a reflux condenser to prepare a suspension of
triethylammonium chloride 'CeH16CIN' (0.70 g, 0.005 mol) in toluene 'C7Hg' (50 mL). The sodium azide 'NaNs'
(0.35 g, 0.005 mol) was then gradually added in portions while stirring. Toluene (50 mL) was gradually added
and stirred for 15 min before being heated to gentle reflux for 18-20 h. After cooling the reaction mixture, 30
mL of distilled water was added to separate the aqueous layer. The toluene layer was then washed thoroughly
and white crude extract was accumulated. After cooling to room temperature, the aqueous layer was acidified for
15 min with dilute HCI to pH 3-4 while stirring the mixture. The formed solid precipitate was collected, washed
with water, crystallized from ethanol and vacuum-dried [31]. Yield 85.67 %, m.p.: 138.0-139.9 °C, IR (KBr
max, grg’l): 3548 (-N-H), 3027.7 (aromatic —-C=C-H), 2988 (aliphatic —-C-H), 1536, 1453 (-C=C), 1394 (-
N=N), 1546 (aromatic —-C=C), "H NMR (300 MHz, CDCls) &: 13.40-11.50 (s, 1H -N—H), 7.49-7.35 (m, 5H Ar—
H), 4.58 (s, 1H —-S-CH>).
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2.1. Experiment specifics

All of the chemicals and solvents used were reagent grade (Aldrich or Sigma) and had not been purified. further.
PW1830 Philips analytical X-ray diffractometer (PXRD) with nickel filtered CuK (=0.154 nm) radiation was
used to examine the synthesized 5B1HT (35 kV, 30 mA). The specimens were scanned at a scan rate of 0.02°/s
for an angular range of 10°-70° of 2. Vibrational studies (3500- 100 cm™) were carried out using an FT-Raman
spectrometer (Perkin Elmer GX 2000) with a resolution of 5 cm™. UV-Vis spectra were recorded in the
wavelength range from 200 to 500 nm using a Jasco, V-570 UV-VIS Spectrophotometer. IR spectrum (3500-
500 cm™) was recorded using KBr disc on a Mattson 1000 FT-IR spectrometer and reported in cm™ units."H and
B3C-NMR spectra were recorded on a Bruker spectrometer (300 MHz for 1H-NMR and 75 MHz for 13C-NMR).
SEM Microscopy studies were carried out on JEOL, JSM-67001.

2.2. Computational details

Gaussian 09 software was used to perform the Density Functional Theory calculations, which included gradient
geometry optimization [32,33]. The potential energy surface of the 5B1HT molecule was scanned with MMFF
simulations to find the stable conformers. Conformational analysis was performed using the Spartan 10 program
[34], and all conformational geometry was optimized using the Gaussian 09 program package with B3LYP/6-
311++G(d,p) and B3LYP/cc—pVDZ basis sets. The most stable geometry of the 5B1IHT molecule has been
determined. Nuclear Magnetic resonance, Vibrational frequency calculations at the DFT level were performed
using the optimized geometry of the most stable conformer. The DFT method B3LYP with 6-311++G(d,p) and
cc-pVDZ bhasis sets were used in this study to compute all molecular properties of optimized structures. The
vibrational modes for B3LYP/6-311++G(d,p) were assigned using the SQM program based on TED analysis
[35].

The NMR analysis was carried out using the Gauge Independent Atomic Orbital (GIAO) method. Theoretical
chemical shifts are compared to experimental results in order to identify and characterize the 5B1HT molecule.
The chemical shifts of the most stable conformer of the 5B1HT molecule were calculated using the B3LYP
functional with the 6-311++G(d,p) basis set. The calculations were carried out in DMSO solution with the IEF-
PCM model. Theoretical and experimental chemical shifts in DMSO solution agree [36-40].

3. Experimental results and discussion:

3.1. Structural and optical study of [5-(benzylthio)-1H-Tetrazole] 5B1HT compound

5-(benzylthio)-1H-Tetrazole is found to be crystalline in nature [41] shown in Powder X-RD graph in Fig. 2.
The graph has strong peak in th&126 value of 17.14° with high intensity around at 18,028. Crystallinity of the
material [42] is calculated by the using equation:

Area of crystalline peaks E (1)
Area of all crystalline and amorphous q
peaks

crystallinity Index =

The calculated crystallinity obtained is ~51.15. High crystalline peaks in the same phase reveals the purity of the
synthesized sample [43].
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Fig. 2. Powder X-RD, Fig. 3 FT-RAMAN, Fig. 4. FT-IR (Vibrational study) Fig. 5. UV-Vis Spectroscopy
analysis of 5B1HT compound.
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Fig. 31 FT-Raman spectra of SBIHT (a) BSLYP/6-311++G(d,p) (b) BSLYP/aug-ccpVDZ and  Fig. 4.1. FT-IR spectra of SBIHT (a) B3LYP/6-311++G(d,p) (b) B3LYP/aug-cc-pVDZ and
(c) Experimental (c) Experimental

Fig. 3 shows the experimental FT-Raman spectrum of 5B1HT. Fig 3.1 shows FT-Raman spectra of 5B1HT at
(a) B3LYP/6-311++G(d,p) (b) B3LYP/aug-cc-pVDZ and (c) Experimental. Fig. 4 shows the experimental FT-
IR spectrum of 5B1HT. Fig 4.1 shows FT-IR spectra of 5B1HT at (a) B3LYP/6-311++G(d,p) (b) B3LYP/aug-
cc-pVDZ and (c) Experimental. Sokolova et al. reported the crystalline phase (a-crystal) at room temperature
for the first time in 1975 [44]. The precise behaviour of the crystalline phase under investigation could be easily
confirmed by analysing the Raman spectrum's lower frequency spectral region (Fig.3.). Below 500 cm™, the
recognized bands are 107.9 cm™ with a head in the 110-121 cm™ region, 136 and 169 cm™ with a shoulder at
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180 cm™, and the peaks shown are undistinguishable with those formerly testified by and Baglin in 1972 [45],
illustrating that the identified pattern is coherent with the 'P1 space group,' which is the defining attribute of the -
phase triclinic crystalline diverse array [46-48]. Bugalho et al. (2001) [49] confirmed the findings. In the Raman
spectrum, I(N-H) is expected to be much less intense and is attributed to a set of weak broad bands with main
intensities consolidated in the 3200-2900 cm™ region. The assignment of the N-H out-of-plane bending, on the
other hand, was not as simple. Because it is directly affected by inter-molecular connections, we can assume this
mode to produce comparatively broader bands [50].

Fig. 5, absorption spectroscopy is a powerful tool for investigating the optical properties of a newly synthesized
compound. Once it relates to un-substituted tetrazoles, UV-Vis spectroscopy is of little use because they absorb
the most in the vacuum UV region (n- ©* < 200 nm) [51]. When dissolved in DMSO, a single absorbance peak
at 271 nm is obtained, as shown in Fig. 5. This shift is caused by the bathochromic effect, which is influenced
by intermolecular interactions and shifts the signals to a more useful UV region [52,53].
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Fig. 6. SEM microscopic images of synthesized 5B1HT.

Fig. 6, microscopy images of the synthesized compound are shown. The lack of agglomeration in these images
can be attributed to the strong carbon, hydrogen and nitrogen bonding that exists between them [54].

3.2. Vibrational study

The molecule 5-(Benzylthio)-1H-tetrazole (5B1HT) has 21 atoms which result in 3x21-6 = 57 modes of
vibration. The vibrational spectral study of the molecule is analyzed by FT-IR and FT-Raman both
experimentally and theoretically by DFT calculations using B3LYP/aug-cc-pVDZ and B3LYP/6-311++G(d,p)
basis sets. The wavenumbers of various vibrational modes are obtained from the FT-IR and FT-Raman spectra.
It is observed that the wavenumbers obtained by DFT calculations are overestimated as compared to
experimental values. To match the theoretical wavenumbers with the experimental ones, appropriate scaling
factors are used for both the basis sets. The scaling factor fis given by =3 (ve x vt) /Y (vt2), where ve is the
experimental wavenumber and vt is the theoretical wavenumber. The scaling factor for B3LYP/aug-cc-pVDZ
basis set is 0.970 and for the B3LYP/6-311++G(d,p) basis set is 0.967. The vibrational experimental frequency
(wavenumber), scaled and unscaled theoretical wavenumbers on both the basis sets along with detailed
vibrational assignments are given in Table 1. The vibrational assignments show the percentage of stretching, in—
plane bending, out—of—plane bending and torsion at each observed vibrational wavenumber. These assignments
are based on potential energy distribution in which contributions greater than 10% are shown in the last column
of Table 1. Out of the 57 modes of vibrations, 20 modes are of stretching, 19 modes are of bending and 18
modes are of torsion but most of the modes are a mixture of various types of vibrations.
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In the aromatic ring, the C—C stretching (v) vibrations are observed in the region 1700-1500 cm ™. In Table 1, the
C-C stretching are observed at mode number 9, 10, 18, 21, 28 and 30. In 5B1HT, the C-C stretching vibrations
are observed at 1710, 1603 and 11016 cm™ in the FTIR spectrum and at 1613 cm™ in the FT-Raman spectrum.
The scaled C-C stretching vibrations are also observed theoretically at 1590, 1570, 1295, 1185, 1014 and 984 cm™
in 6-311++G(d,p) basis set and at 1598, 1577, 1300, 1183, 1016 and 980 cm ™ in aug-cc-pVDZ basis set. The in—
plane bending mode for C-C-C vibrations is observed at mode number 28, 30 and 37. All the three modes are
observed along with C—C stretching vibrations. The C—C stretching vibrations are observed at 1016 cm™ in the
FTIR spectrum and at 984 and 799 cm™ in 6-311++G(d,p) basis set and at 980 and 800 cm™ in aug-cc-pVDZ
basis set. The C—C—C torsion vibrational mode are observed at mode number 31, 33, 34, 36, 38 and 40. The C-C—
C torsion is observed at 976, 951, 925 and 759 cm ™ in the IR spectrum and at 893 and 727 cm* in the Raman
spectrum. The scaled C—C—C torsion vibrations are also observed theoretically at 970, 953, 903, 827, 759 and 686
cm ™ in 6-311++G(d,p) basis set and at 969, 951, 896, 821, 760 and 686 cm " in aug-cc-pVDZ basis set.

The aromatic C—H stretching vibrations are observed in the region 3100-300 cm*, C—H in—plane bending modes
(B) are observed in the range 1300-850 cm* and C—H out-of—plane bending modes (y) are observed in the range
950-600 cm . In 5B1HT, the aromatic C—H stretching vibrations are observed from mode 2 to mode 8. The C—H
stretching vibrations are observed at 2863 and 2826 m* in the experimental FT-Raman spectrum and from mode
2 to mode 6 and the scaled theoretical wavenumbers are observed at 3087, 3077, 3068, 3060 and 3057 cm ™ at
6311++G(d,p) basis set. The in—plane bending modes for C—H vibrations are observed at mode numbers 11, 13,
14, 16, 22 and 23. The in—plane bending modes for C—H vibrations are observed at 1539 and 1153 cm ™ in the
FTIR spectrum and observed at 1434 cm™ in the FT-Raman spectrum. The C—H torsion vibrational modes are
observed at mode numbers 31, 34, 36, 38 and 40 and observed at 976, 925 and 759 cm* in the FTIR spectrum and
observed at 893 and 727 cm™ in the FT—Raman spectrum. The observed vibrational modes are matched with the
literature [55, 56].

In the FT-IR spectra of benzy! thiocyanide, we were measured at 2145.38 cm™ in the 2500 cm™ region. This peak
is part of the -CN group [57,58]. In this work, the C—N stretching vibrations are observed at mode numbers 12, 15,
20, 27 and 32 as given in Table 1 and observed at 963 cm™ in the experimental Raman spectrum. The N—H in—
plane bending vibrations are observed at mode numbers 12, 15 and 20. The N-N stretching vibrations are
observed at mode numbers 17, 20, 26 and 29 where mode 17 shows 58% of N-N stretching at 1297 cm™ at 6—
311++G(d,p) basis set and at 1043 cm™* in the FT—IR spectrum and 994 cm* in the Raman spectrum. The N-H
torsion vibrations are observed at mode 41 at 677 cm* [59, 60].

Overall, because the band has a variable intensity, the assignment of the band due to the carbon-sulfur (C-S)
stretching vibration is difficult to see in FT-IR spectra. These peaks can be found in the 1030.23-200 cm™ range
[61]. For title compound, there are four C-S stretches. The standard mode numbers are 42, 44, 46 and 47. The 46
mode shows 46% C-S stretching. For the B3LYP/6-311++G(d,p) level of theory, the 46th mode is predicted at 482
cm™. Other stretching vibrations are interacting with bending and stretching vibrations. In the DFT (6-
311++G(d,p) basis sets) calculation, CS vibrations with mixing other bending and stretching are determined in the
445-465 cm™ region. These peaks were not measured in the FT-IR spectra. Infrared spectra typically show
characteristic vibration peaks for free tetrazole groups at 1639.9-1340 and 1200-900 cm™ [62, 63].

The peak of NN stretching vibrations is determined to be 1329.03 cm™. In the Infrared spectra, the CH2 scissoring
vibrations are measured at 1432 cm™ at mode 14. This peak is associated with the S-CH2 group's scissoring
vibrations [64]. The observed frequencies are in good agreement with previously reported FT-IR spectra. The
observed and calculated frequencies are found to be very close. The C-S torsion modes are observed at mode
numbers 35, 55, 56 and 57. The out—of—plane N-S bending is observed at mode numbers 41 and 51.
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Table 1- Computed and observed vibrational assignments of N26D1P atB3LYP/cc—pVDZ and B3LYP/ 3-21G
basis sets [v— stretching, f—in—plane bending, y- out of plane bending, —Torsion, vw- very weak, w— weak, m-

medium, s— strong, vs— very strong].

Mode Observed B3LYP/6311++G(d,p) | B3LYP/CCPVDZ | Probable Assignments (>10%)
No. | Wavenumber (cm™) Calculated Calculated
wavenumber wavenumber

FTIR RAMAN | Unscaled Scaled Unscaled | Scaled

1 3649 3529 3642 | 3533 | vN;-He(100)

2 3192 3087 3201 | 3105 | vCis-Hig(26)+ vCis-Hag(26)+ vCyo-
H,.(40)

3 3182 3077 3191 | 3095 | vCra-Huo(41)+ vCis-Hyo(40)

4 3173 3068 3182 | 3087 | vCip-His(20)+ vCig-Hyy(21)+ vCos-
H,.(46)

5 3164 3060 3173 | 3078 | vCip-His(39)+ vCig-Hyy(A1)+ vCyo-
H,o(10)

6 3161 3057 3170 | 3075 | vCrp-His(27)+ vCig-Hi(24)+ VCoa

Hi9(18)+ vC1g-Hyo(17)+ vCig-Hyi (14)

7 2863(m) 3148 3044 3161 | 3066 | vCg-Ho(49)+ vCs-Huo(50)

8 2826(vw) | 3091 2989 3096 | 3003 | vCg-Ho(50)+ vCs-Huo(49)

9 | 1710(vs) 1644 1590 1647 | 1598 | vCip-C1a(30)+ vCyg-Cya(10)

10 | 1603(s) | 1613(w) 1624 1570 1626 | 1577 | vCig-C1s(28)+ vC13-C11(22)+BC1p-Cos
C15(10)

11 | 1539(vs) 1526 1476 1515 | 1470 | PHis-Ci-Cra(15)+ PHi-Cia-Cao(15)+

BH19-C14-C1g(17)+ BH20-C16-C15(17)

12 | 1515(m) | 1498(w) 1502 1452 1503 | 1458 | vN,-Cs(17)+ vN;-Cs(12)+ PHe-Ni-
N,(42)
13 1434(vs) 1484 1435 1472 | 1428 | PHig-Cis-Cig(11)+PHy0-Cis-Crg(11)+

BHz1-Ci6-C16(26)

14 1481 1432 1456 | 1412 | PHy-Cg-Hy(79)

15 | 1327(m) 1377 1332 1383 | 1342 | vN,-Co(47)+VN;-C5(18)+BN,-N;-
Cs(12)

16 1359 1314 1354 | 1313 | PHy5-C1p-C14(27)+ PHi7-Ci3-Cis(27)+

BH16-C14-Ci5(10)+ BH2o-Ci16-Cag(10)+
BH21'C18'016(1O)

17 1341 1297 1341 1301 | vN;-N,(58)

18 1339 1295 1340 1300 Vclz'C14(17)+ VCIA'C13(18)+VC15'
C13(17)+vCi3-C11(24)
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19 1279 1237 1264 | 1226 | vC1i-Co(10)+ BHug-Ca-Ho(16)+tHo-Co-
S7-Cs(23)+ tH14-Cg-S7-Cs(35)

20 1241 1200 1239 | 1202 | vNy-Ny(20)+ vN,-Co(16)+ BHe-N,-
Ny(33)

21 1225 1185 1220 1183 | vCy;1-Cg(35)

22 1204 1164 1195 | 1159 | PH-Co-Cue(@1)* PHir-Cry-Cro2L)+
PHig-C14-C1(17)+ BHyo-Ci6-C1g(17)

23 1153(m) 1184 1145 1173 1138 | BH;-C14-Cy5(19) +PH,0-C14-C15(19) +
BH,;-C15-C16(39)

2 1152 1114 1138 | 1104 | PHy-Cy-S/(46)+ tHyp-Co-5,-Co(23)

25 1097 1061 1092 | 1059 | vC1p-Cra(13)F vC1o-Cro(14)+ PHy-Co-
S7(17)+ BH2-C1g-Cig(11)

26 | 1043(w) 1078 1042 1084 | 1051 | vN,-N;(24)* BNg-N,-N;(60)+ BN,-Ny-
Cs(11)

27 1056 1021 1053 1021 | vN,;-C5(17)+BN4-Cs-Ny(15)+ BN,-Ny-
Cs(44)

28 1016(w) 1049 1014 1047 1016 | vCi4-C1g(21)+ vCig-C16(20)+BC1-Coy-
C1s(13)+ BH1g-C14-Cig(11)+BH5p-Co-
Ci(12)

29 994(vw) | 1023 989 1033 | 1002 | vNp-N,(65)*BHe-N;-N5(11)+BN;-N,-
N,(10)

30 1018 984 1010 980 | vCy4-C15(13)+vCi1g-Ci6(11)+BC1o-Coy-
Ci18(27)+ BC14-C1g-C16(20)+ PC1g-Cie-
C15(13)

31 976(w) 1003 970 999 969 TH19-C14-C1g-C16(21)+ TH,-C16-Cog-
C14(20)+ tH,;-C15-C16-C13(36)+ tC1s-
C1s-C16-C13(11)

2 963(vw) 990 957 998 968 | vN;-Co(35)+ PNa-Co-N(44)

33 | 951(w) 986 953 980 951 | tHy5-C1p-C1a-Cra(18)+ TH-Cra-Coo-
C15(18)+ THyg-Cya-Coa-Cis(27)+ tHao-
C16-C15-C14(28)

32 | 925(m) | 893(w) 934 903 924 896 | tHys-C1p-C1s-Cra(28)+ TH-Cra-Coo-
C15(28)+ THy-Ca-Ci5-C15(29)

35 900 870 893 866 | PHo-Ca-5:(30)+ tHo-Cg-57-Co(41)

36 855 827 846 821 TH5-C15-C4-C1g(26)+ TH;7-C13-Co6-
C15(26)+ THye-Coe-Ca-Cis(23)+ tHag-
C16-C1g-C14(23)
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37 826 799 825 800 | vC11-C4(20)+BCys-C1g-Ci15(32)

38 759(m) 727(W) 785 759 784 760 Tng'C14'C18'C16(1O)+ TH20'C15'C18'
C14(10)+ tH2;-C15-C16-C13(10)+ 1C1-
Clﬁ_cl3_Cll(26)

39 699(m) 721 697 726 704 | tN4Cs-Ni-Ny(30)+ tN;-N,-N;-Co(63)

40 709 686 707 686 | tH;5-C15-Cy4-Cig(13)+ TH17-Cy3-Ci6-
C15(13)+ tHp-C1s-C16-C13(19)+ TCop-
C14-C15-C15(15)+ 1C14-C1g-Ci6-
C13(10)+ 1C15-C16-C13-C11(21)

41 700 677 706 685 THg-N;-No-N3(27)+ tN,-Cs-N;-
N(36)+ t™3-N,-N;-C5(15)+ yS7-N;-
N,-Cs5(20)

42 683 660 680 660 vS7-Cg(41)+ 1C1p-C14-Cig-Ci(11)+
1C15-C16-C13-C11(17)

43 635 614 630 611 | PC12-C14-Cig(24)+ PCro-Cia-Crr(21)+
BClS'ClG'CIS(SS)
44 578 559 576 559 | vS;-Ce(15)+ BCus-Crs-Cre(14)+ PCis-

C13‘C11(19)

45 526(w) 520 503 549 533 | tHg-N;-Np-Ny(70)+ tN3-N,-N;-Cs(16)
46 498 482 498 483 | vS,-Cs(47)

47 483 467 485 470 | vS;-Co(17)+1C14-C1a-C1o-C1a(21)

48 413(vw) 414 400 413 401 | tHy5-C1p-C14-Cra(12)+ tH17-Cra-Crs-

C18(12)+ 1C15-C14-C15-C16(40)+ 1C14-
Ci15-C16-C13(24)

49 335 324 340 330 | BC1s-C11-Co(71)

50 328 317 324 314 | BS;-C5-Na(56)+BCq-S,-Cs(15)

51 245 237 250 243 | tN4-Cs-N1-Ny(25)+ vS,-N;-N,-C4(63)
52 176(vw) 238 230 237 230 | vS;-Cg(16)+BC11-Ce-57(20)+1C14-Crg-

C16-C13(11)+ 1C16-Cy3-C13-C4(20)

53 130 126 129 125 | BS;-Cs-Ny(18)+ PCy-S1-Cs(39)+ tCre-
ClS'Cll'C8(23)

54 62 60 61 59 | BCu-Cy-5/(35)+ PCq-S;-C(24)+ 1C1s-
C13-C11-C4(32)

55 59 57 57 55 TC13'C11'C8'S7(29)+ TCg'S7'C5'N1(68)
56 33 2 31 30 | tCrs-Cu1-Co-5/(68)+ 1Cq-5,-C5-N1(28)
57 22 21 18 17 TC“-CS-S7-C5(85)
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33 NMR Study

Table-2 summarises the calculated and observed **C NMR and *H NMR chemical shift values. The calculated
values of *C and 'H chemical shifts in DMSO are summarized using the B3LYP/6- 311++G(d, p) level of theory.
Figs. 7 and 8 show the measured *H and **C NMR spectra respectively. Table-1 summarises the observed *C NMR
and *H NMR chemical shift values. The lowest NMR signals in the 'H NMR spectra of the title compound belong
to the methylene (CH2) group. These signals were displayed in the 2.01-0.99 ppm range. The singlet peaksat 4.47
and 4.49 ppm in the 'H NMR spectra (Fig. 7) belong to protons of the methylene groups between the aromatic
benzene ring and the sulphur atom [65]. DFT calculations predict these chemical shifts at 4.16 ppm (H10) and 4.56
ppm (H9).

Multiple peaks for the -CH group protons of the bounded tetrazole ring were observed in the 5.70-3.14 ppm range.
DFT calculates this H6 proton signal at 5.71 ppm. The aromatic protons have *H NMR signals in the range 7.37-
7.18 ppm for the phenyl group. 7.25 ppm (H19), 7.28 ppm (H15), 7.36 ppm (H17), 7.38 ppm (H20) and 7.26 ppm
(H21) are the locations of these signals [66]. We calculated 7.83 ppm (H19), 7.50 ppm (H15), 7.63 ppm (H17), 7.78
ppm (H20) and 8.20 ppm (H21) using the theoretical method. Furthermore, we detected a weak and broad 11 N-H
signal from the tetrazole ring at 12.40 ppm in 5-(benzylthio)-1H-tetrazole [67]. Tetrazole formation is also
supported by the data.

Previous research [68] indicates that the range of *C NMR chemical shifts for a typical organic molecule is
typically greater than 100 ppm, ensuring a reliable interpretation of spectroscopic parameters [69]. The *C NMR
chemical shifts of the tetrazole group for the title compound are greater than 100 ppm in Fig. 8 of the current paper
except that for C8. The signal for C8 has been observed at 38.86 ppm in experimental spectra and at 42.62 in
theoretical calculation. The experimental spectra show these signals in the 128.17-154.26 ppm range. Using
theoretical calculations, the chemical shifts are observed at 132.5 (C12), 132.7 (C13), 133.2 (C14), 133.7 (C16),
134.8 (C18) and 148.9 (C11). The observed and calculated *C NMR signals are found to be in good agreement, as
shown in Table-1. The tetrazole group has a 154.26 ppm signal and a higher signal in the *C NMR spectra [70].
The chemical shifts obtained for the 1H atoms are lower than those obtained from the *C NMR signal of the
tetrazole group [71, 72]. All of the signals are less than 100 ppm. Other signals are calculated in the 36.55-40.62
ppm range and measured between 25.72 and 38.76 ppm [73]. Weak signals of 16.54 and 2.44 ppm are also detected
[74,75]. The observed signals are found to be in good agreement with the NMR spectra.
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Table-2 The observed and predicted 1H and *C NMR isotropic chemical shifts (with respect to TMS, all
valuesin ppm) f

Atom numbering Theoretical Experimental
Cs 42.62 38.86
Ci2 132.5 126.05
Cis 132.7 126.05
Cua 133.2 128.08
Cis 133.7 128.08
Cis 134.8 129.01
Cu 148.9 137.81
Cs 128.5 126.4
Ho 4.56 4.49
Ho 4.16 4.47
He 5.71 5.70
Hio 7.83 7.25
His 7.50 7.28
Hiz 7.63 7.36
Hao 7.78 7.38
Ha: 8.20 7.26

4. Conclusion

First, we synthesized 5-(benzylthio)1H-tetrazole (5B1HT). Data from powder XRD, FT-IR, FT-Raman, SEM,
UV-Vis and NMR spectroscopy were collected and analyzed. The 5B1HT molecule was subjected to nuclear,
conformational, structural and theoretical analysis using Gaussian 09 and Spartan 10 software. Theoretical and
experimental NMR and FT-IR spectral results were compared. The experimental NMR chemical shifts and FT-
IR spectra peaks matched the theoretical values very well. In medicinal chemistry, the tetrazole heterocycle is an
important moiety. It can mimic enzymatic targets due to its similarities to the cis-amide and carboxylic acid
functionalities and it has a wide range of biological activities such as antiviral, antifungal, antibacterial and
antihypertensive activities. Several other synthetic routes have also been demonstrated to be efficient and cost-
effective; however, these pathways must still be optimized in order to produce a more diverse set of final
products.
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