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INTRODUCTION

Tetrazoles are the class of heterocyclic polyazoles con-
taining four nitrogen’s and a carbon atom. The chemistry of
tetrazole has obtained extensive development, because tetra-
zoles and their derivatives have various potential applications
in coordination chemistry as ligand due to their multiple N-
donar atoms and rich coordination modes [1]. Due to the high
enthalpy of formation, tetrazole decomposition results in the
liberation of two nitrogen molecules and a significant amount
of energy. Tetrazole and their derivatives are reported to show
various biological activities like antibacterial, antifungal,
anticonvulsant, analgesic, anti-inflammatory, antitubercular,
anticancer, antihypertensive and antidiabetic activities [2].
Tetrazoles are important synthons in synthetic organic chemistry
and also used as pre-cursors of carbenes in flash vacuum pyrolysis
[3]. The nitrogen rich ring system is used as explosives [4]
and pharmaceuticals [5].

Besides, tetrazoles could be used as components of new
generation filtering materials for the purification of biological

Accepted: 31 October 2017,

Published online: 31 December 2017, AJC-18702

Novel clip type-pyridyltetrazole analogs of 1,3-bis(5-(pyridin-2-yl)-1H-tetrazol-1-yl)propan-2-ol (3A) and 1,3-bis(5-(pyridin-2-yl)-2H- |
tetrazol-2-yl) propan-2-ol (3B) have been synthesized by the reaction of 2-(1H-tetrazol-5-yl)pyridine (2) with 0.5 equivalent of |
epichlorohydrine in DMF using K,COsas a base. Relevant monomers of 1-chloro-3-(5-(pyridin-2-yl)-1H-tetrazol-1-yl)propan-2-ol (3C)
and 1-chloro-3-(5-(pyridin-2-yl)-2H-tetrazol-2-yl)propan-2-ol (3D) have been synthesized by reaction of compound 2 with one equivalent |
of epichlorohydrine in DMF using K,COsas a base. The compounds 3C and 3D are further modified by the reaction sequences to obtain |
the ligands 1-(2-(hydroxymethyl)phenoxy)-3-(5-(pyridin-2-yl)-1H-tetrazol-1-yl)propan-2-ol (3G) and 1-(2-(hydroxymethyl)phenoxy)- |
3-(5-(pyridin-2-yl)-2H-tetrazol-2-yl)propan-2-ol (3H) respectively. The eight synthesized compounds (3A-3H) were characterized by 'H
NMR, "*C NMR, IR and Mass spectroscopy. The compound 3A, was crystallized in triclinic primitive system space group P2(1)/c with a |
=8.9442 A, b=9.2097 A, c = 11.3558 A, V = 814.68 A, R1 = 0.0213 at 298 K. The compounds 3A and 3B were optimized, HOMO/ |
LUMO and molecular electrostatic potential studies were carried by DFT calculations with B3LYP/6.311G** method. The molecular |
docking studies were performed on 3A, 3B, 3G and 3H and the studies reveal that all the compounds exist in crescent shapes. |
|

Keywords: Clip type-pyridyltetrazole, Epichlorohydrine, Salicylaldehyde, DFT studies, Molecular docking.

fluids (blood, lymph efc.) from heavy metal ions [6]. Various
tetrazole-based compounds have also shown good coordination
properties and are able to form stable complexes with several
metal ions [7]. The pyridine tetrazoles exhibit a strong fluore-
scence enhancement upon gel formation [8]. The tetrazole
coordination compounds form various structures exist as one-,
two- or three-dimensional coordination polymers and shown
to form a three-dimensional (3D) framework by hydrogen bonds
[9]. The tetrazole-containing uranium(VI) complexes were
prepared by incorporating the oxygen-containing substituent
at the tetrazole ring [10]. A 3D metal organic framework con-
taining tetrazole functionalized aromatic carboxylic acid has
been synthesized and shown to exhibit capability for the sorp-
tion of different gases [11]. Recently pyridyl-tetrazole ligands
containing ester or carboxylate pendant arms were shown to
form metal organic frame works [12]. Recently, we have des-
cribed the synthesis of pyridyl-tetrazole compounds containing
hydroxyl and dimethylamine pendant arms and examined their
coordination chemistry with Cu(II) metal [13]. As part of our
current investigations into the synthesis of novel pyridyl-
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tetrazole derivatives, we have altered the pendant arm and
synthesized eight novel ligands in which six compounds are
clip type [14] pyridyl tetrazole analogues. The coordination
studies of these ligands with metal salts are ongoing.

EXPERIMENTAL

Picolinonitrile and epichlorohydrine were purchased from
Sigma-Aldrich. The solvents used in the synthesis of the ligands
and metal complexes were distilled before use. All other chemicals
were of AR grade and were used without further purification.
All melting points were obtained on Elico instrument, India
(modelMP96) and are uncorrected. QIMSQ1/auto injection
mass spectra were performed using a Pexciex API 2000 eV
spectrometer. NMR spectra were recorded on Bruker Top Spin
Instrument. IR spectra were recorded using Bruker Alpha T
OPUS instrument.

Synthesis of 2-(1H-tetrazol-5-yl)pyridine (2): A suspen-
sion of 2-cyanopyridine (10 g, 96 mmol), sodium azide (12.5 g,
192 mmol), ammonium chloride (10.3 g, 192 mmol) and lithium
chloride (2 g, 48 mmol) in anhydrous dimethylformamide (100
mL) was stirred for 10 h at 110 °C. The solution was cooled
and the insoluble salts were removed by filtration. The solvent
was evaporated under reduced pressure and then the residue
was dissolved in deionized water (200 mL) and acidified with
concentrated HCI (3 mL), to initiate precipitation. The product
was removed by filtration, washed with water (30-40 mL) and
dried to give a brown solid, which was recrystallized from hot
ethanol to give 2 as brown needles, yield: 54 %. m.p.: 221-
223 °C; '"H NMR (DMSO-d,): 8.56 (d, 1H, J = 7.9 Hz,), 8.0
(d, 1H,J=7.8 Hz,), 7.79 (t, 1H, J=7.8 Hz,), 7.26 (t, 1H, J =
7.9 Hz,), 7.1 (s, 1H) ppm.

Syntheses of 1,3-bis[5-(pyridin-2-yl)-1H-tetrazol-1-yl]-
propan-2-ol (3A) and 1-[5-(pyridin-2-yl)-1H-tetrazol-1-yl]-
3-[5-(pyridin-2-yl)-2H-tetrazol-2-yl]propan-2-ol (3B): To
a solution of tetrazole (2) (2 g, 13.6 mmol) dissolved in dimethyl
fomamide (25 mL) was added epichlorohydrine (0.5 mL, 6.8
mmol) followed by potassium carbonate (3.7 g, 27.2 mmol).
The resultant suspension was stirred at 70 °C for 12 h. The
reaction mixture was filtered and the solvent was evaporated
under reduced pressure and the crude mass was diluted with
ethyl acetate (100 mL) and the organic layer was washed
successively with water (50 mL x 3) followed by brine solution.
The organic layer was dried over MgSO, and the solvent was
evaporated under reduced pressure to yield a crude gummy
oil which was purified by column chromatography on silica
gel using hexane/EtOAc (4:1v/v) to elute first the compound
3A followed by compound 3B (520 mg, 2.1 mmol) along with
inseparable mixture of other compounds.

Compound 3A: Off white solid, yield: 21 %. m.p.: 179-
183 °C; IR spectra (KBT, Vi, cm™): 3134.5, 2926.8, 2855.0,
1592.9, 1400.5, 1330.6, 1112.6, 1071.6, 703.7,449.1; '"H NMR
(CDCl;, 300 MHz): & 8.61 (dd, 1H, J = 4.2, 0.6 Hz), 8.34
(d, 1H, J = 8.1 Hz), 7.94 (td, 1H, J = 7.8, 1.8 Hz), 7.52-7.45
(m, 1H), 5.87-5.83 (m, 1H), 5.31-4.30 (m, 3H), 2.10-1.99
(m, 1H), 1.45-1.25 (m, 11H), 0.87 (t, 1H, J = 13.2, 6.3 Hz)
ppm; “C NMR (CDCls;, 75 MHz): § 153.25, 149.34, 138.31,
126.05, 125.21, 114.21, 69.73, 51.96 ppm; MS: m/z value
351.1 (M+1).

Compound 3B: Off white solid, yield: 15 %. m.p.: 168-
173 °C; IR spectra (KBT, Vi, cm™): 3235.3, 2828.9, 2755.5,
1594.8,1333.8,1328.8, 1111.8, 1077.0, 714.3, 458.1; 'H NMR
(CDCls, 300 MHz): 8 8.76 (d, 1H, J = 3.9 Hz), 8.55 (d, 1H, J =
5.1Hz),8.33(d, 1H, J = 8.1 Hz), 8.25 (d, 1H, J = 7.8 Hz), 7.97
(td, 1H,J=17.8,1.8 Hz), 7.87 (td, 1H, J = 7.8, 1.8 Hz), 7.5-7.39
(m, 2H), 5.90 (s, 1H), 5.2-4.93 (m, 5H), 1.43 (t, 1H, J = 10.2,
5.7Hz), 1.43-1.24 (m, 13H), 0.87 (t,2H, J = 13.2, 6.3 Hz) ppm;
3C NMR (CDCls, 75 MHz): § 165.12, 152.92, 150.43, 149.13,
146.63,143.96, 138.71, 137.37,126.25, 125.51, 125.18, 122.75,
114.20, 69.10, 56.70, 51.63 ppm; MS: m/z value 351.1 (M+1).

Syntheses of 1-chloro-3-[5-(pyridin-2-yl)-1H-tetrazol-
1-yl]propan-2-ol (3C) and 1-chloro-3-[5-(pyridin-2-yl)-2H-
tetrazol-2-yl]propan-2-ol (3D): The same procedure, workup
and purification methods which were used to prepare 3A and
3B were followed to prepare the compounds 3C and 3D except
1.0 equivalents of epichlorohydrine was used instead of 0.5
equivalent of it with respect to the tetrazole 2 (2 g, 13.6 mmol).
The column chromatography of the crude material using CHCl;
and MeOH (19:1v/v) was eluted first the compound 3C follo-
wed by compound 3D along with inseparable mixture of other
compounds.

Compound 3C: Off white solid, yield: 32 %. m.p.: 83-
88 °C; IR spectra (KBT, Vi, cm™): 3319.9, 2933.2, 2501 .4,
2103.8,1691.0, 1592.8, 1533.8, 1437.6,1352.3, 1197.8, 752.7,
457.0; '"H NMR (CDCls, 300 MHz): 8 8.74 (d, 1H, J = 4.2
Hz), 8.37 (d, 1H, J = 7.8 Hz), 8.02 (td, 1H, J = 7.8, 1.5 Hz),
7.62-7.55 (m, 1H), 5.83 (d, 1H, J = 5.1 Hz), 5.20-4.80 (m,
2H), 4.46-4.40 (m, 1H), 3.62 (dd, 1H, J = 12.6, 5.1 Hz), 3.44
(dd, 1H, J = 12.9, 4.8 Hz) ppm. *C NMR (CDCl;, 75 MHz):
d 152.95, 149.10, 143.89, 138.83, 126.33, 125.56, 70.29,
54.25, 51.66 ppm. MS: m/z value 240.6 (M+1).

Compound 3D: Off white solid, yield: 29 %. m.p.: 68-
73 °C; IR spectra (KBr, Vi, cm™): 3420.1, 2814.5, 2726.9,
2104.4,1593.9, 1351.0,935.7, 763.4,470.8; '"H NMR (CDCls,
300 MHz): 8 8.72 (d, 1H, J = 4.5 Hz), 8.17 (d, 1H, J = 7.8
Hz), 7.85 (td, 1H, J = 7.8, 1.5 Hz), 7.44-7.38 (m, 1H), 4.92-
4.78 (m, 2H), 4.67-4.58 (m, 1H), 4.16 (s, 1H), 3.61-3.47 (m,
2H) ppm; “C NMR (CDCl;, 75 MHz): § 164.59, 150.06,
146.15,137.52,125.23, 122.63, 69.04, 56.66, 53.91 ppm; MS:
m/z value 240.06 (M+1).

Syntheses of 2-(2-hydroxy-3-(5-(pyridin-2-yl)-1H-
tetrazol-1-yl)propoxy)benzaldehyde (3E) and 2-(2-hydroxy-
3-(5-(pyridin-2-yl)-2H-tetrazol-2-yl)propoxy)benzaldehyde
(3F): Chloro compound 3C or 3D (1g, 4.2 mmol) was dissolved
in dimethyl formamide (30 mL) and cinnamaldehyde (0.51 g,
4.2 mmol) followed by K,CO; (1.1g, 8.4 mmol) was added.
The resultant suspension was stirred at 70 °C for 16 h. The
reaction mixture was diluted with water and the crude product
was extracted with ethyl acetate (60 mL) and the organic layer
was washed successively with water (50 mL x 3) followed by
brain solution. The organic layer was dried over MgSO, and
the solvent was evaporated under reduced pressure to get yellow
colour solids 3E and 3F respectively. The solids were triturated
with diethyl ether:hexane solution (1:1, v/v) and utilized them
without further purifications.

Compound 3E: yellowish solid, yield: 98 %. m.p.: 97 °C;
Anal. Calc (%). for CiHsNsO; (325.32): C, 59.07; H, 4.65;
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0, 14.75; N, 21.53. Found (%): C, 59.03; H, 4.61; O, 14.74;
N, 21.58; '"H NMR (DMSO-ds, 300 MHz): 8 10.40 (s, 1H),
8.72 (d, 1H, J = 4.2 Hz), 8.21 (d, 1H, J = 8.1 Hz), 8.06 (td,
1H, J = 1.5-7.8 Hz), 7.72-7.53 (m, 4H), 7.19 (d, 1H, J = 8.4
Hz), 7.15-6.92 (m, 2H), 5.59 (d, 1H, J = 6 Hz), 5.19 (d, 2H, J
= 6.6 Hz), 4.48-4.37 (m, 1H), 4.24-4.12 (m, 3H), 4.03 (q, 1H,
J = 19.2 Hz) ppm; *C NMR (DMSO-ds, 75 MHz): & 189.42,
160.66, 152.31, 149.54, 144.34, 138.16, 136.37, 127.40,
125.85, 124.40, 124.33, 120.90, 113.42, 70.07, 67.40, 51.63
ppm; MS: m/z value 326.13 (M+1).

Compound 3F: yellowish solid, yield: 99 %. m.p.: 84 °C;
Anal. Calc (%). for CisHsNsO; (325.32): C, 59.07; H, 4.65;
0, 14.75; N, 21.53. Found (%): C, 59.01; H, 4.62; O, 14.71;
N, 21.50; '"H NMR (DMSO-ds, 300 MHz): 4 10.48 (s, 1H),
8.75(d, 1H, J = 3.3 Hz), 8.14 (d, 1H, J = 7.8 Hz), 8.01 (td,
1H, J = 1.5-7.8 Hz), 7.75-7.64 (m, 2H), 7.56 (dt, 1H, J = 6.6-
4.8), 7.26 (d, 1H, J = 8.4 Hz), 7.11 (t, 1H, J = 15-7.5 Hz),
7.07-6.87 (m, 1H), 5.78 (d, 1H, J = 6 Hz), 5.10-4.90 (m, 2H),
4.59-4.54 (m, 1H), 4.26 (t, 2H, J = 8.4-3.6 Hz), 4.03 (q, 2H, J
= 6.9 Hz), 1.99 (s, 3H) ppm; “C NMR (DMSO-ds, 75 MHz):
d 189.62, 160.66, 150.13, 146.31, 137.57, 136.37, 127.63,
125.17, 124.46, 122.33, 120.99, 113.60, 70.08, 67.37, 59.73,
56.03 ppm; MS: m/z value 326.13 (M+1)

Syntheses of 1-[2-(hydroxymethyl)phenoxy]-3-[5-
(pyridin-2-yl)-1H-tetrazol-1-yl]Jpropan-2-ol (3G) and 1-[2-
(hydroxymethyl)phenoxy]-3-[5-(pyridin-2-yl)-2H-tetrazol-
2-yl]propan-2-ol (3H): To a solution of aldehyde 3E or 3F
(487 mg, 1.5 mmol) in methanol (25 mL) at 0 °C was added
NaBH. (29 mg, 0.75 mmol) and the resultant mixture was
stirred for 30 min at room temperature. The reaction mixture
was quenched with aqueous ammonium chloride. Methanol
was evaporated under reduced pressure and the compound was
extracted with ethyl acetate (60 mL) and the organic layer
was washed successively with water (50 mL x 3) followed by
brain solution (50 mL). The organic layer was dried over
MgSO, and the solvent was evaporated under reduced pressure
to get colourless solids 3G and 3H respectively. The solids
were triturated with diethyl ether and utilized without further
purifications.

Compound 3G: Colourless solid, yield: 99 %. m.p.: 141 °C.
Anal. calc. (%). for C;cH;7NsO5 (325.32): C, 58.71; H, 5.23;
0, 14.66; N, 21.39. Found(%): C, 58.69; H, 5.20; O, 14.70;
N, 21.38. '"H NMR (DMSO-ds, 300 MHz) : 6 8.74 (d, 1H, J =
4.5 Hz), 8.22 (d, 1H, J = 7.8 Hz), 8.07 (td, 1H, J = 7.8-1.5
Hz), 7.62 (dt, 1H, J = 6.6-4.8 Hz), 7.38 (d,1H, J = 7.2 Hz),
7.19 (t, 1H, J = 14.4-6.9 Hz), 6.93 (q, 2H, J = 16.5-7.5 Hz),
5.45(d, 1H, J = 5.7 Hz), 5.15-5.10 (m, 2H), 5.00 (t, 1H, J =
11.1,5.4 Hz), 4.53 (d, 2H, J = 5.4 Hz), 4.37-4.29 (q, IH, J =
5.4 Hz), 4.02 (d, 2H, J = 5.1 Hz) ppm. "C NMR (DMSO-ds,
75 MHz): § 154.97, 152.32, 149.66, 144.37, 138.16, 130.69,
127.56, 126.93, 125.81, 124.37, 120.40, 110.99, 69.55, 67.52,
57.89, 51.98 ppm; MS: m/z value 328.14 (M+1)

Compound 3H: Colourless solid, yield: 99 %. m.p.: 132 °C.
Anal. calc. (%) for C,sH7;NsO; (325.32): C, 58.71; H, 5.23; O,
14.66; N, 21.39. Found(%): C, 58.69; H, 5.20; O, 14.70; N,
21.38. '"H NMR (DMSO-ds, 300 MHz) :  8.75 (d, 1H, J = 4.5
Hz), 8.14 (d, 1H, J = 7.8 Hz), 8.01 (td, 1H, J = 7.5-1.5 Hz),
7.55 (dt, 1H, J = 6.9-5.1 Hz), 7.21 (d, 1H, J = 7.2 Hz), 7.22 (t,

1H, J = 15.3-7.8 Hz), 7.00-6.93 (m, 2H), 5.64 (d, 1H, J = 6.0
Hz), 5.12-4.83 (m, 3H), 4.57 (d, 2H, J = 5.4 Hz), 4.52-4.46
(m, 1H), 4.10 (d, 2H, J = 5.1 Hz) ppm. *C NMR (DMSO-ds,
75 MHz): § 157.88, 155.10, 150.14, 146.33, 137.59, 130.75,
127.66, 127.16, 125.18, 122.18, 120.51, 111.28, 69.44, 67.55,
58.00, 56.25 ppm; MS: m/z value 328.14 (M+1).

Single-crystal structure determination: A suitable colour-
less single crystal of 3A with dimensions 0.28 mm x 0.26 mm
x 0.14 mm was obtained from methanol solution at room
temperature was mounted on a CryoLoop (Hampton Research
Corp.); (at IIT Hyderabad) with a layer of light mineral oil
and placed in a nitrogen stream at 150(2) K. All measurements
were made on an Oxford Supernova X-calibur Eos CCD detector
with graphite-monochromatic CuK,, (1.54184 A) radiation,
CrysAlisPro, Agilent Technologies, Version 1.171.35.19. The
structures were solved by direct methods (SIR92) and refined
on F2 by full-matrix least-squares using SHELXL-97 [15].
ORTEP-3 was used to draw the molecule.

Computational procedures: The DFT calculations were
performed using the B3LYP three parameter density functional,
which includes Becke’s gradient exchange correction [16] the
Lee, Yang, Parr correlation functional [17] and the Vosko, Wilk,
Nusair correlation functional [18]. The geometries of molecules
were fully optimized with respect to the energy using the 6-
31g(d,p) basis set using the Gaussian O9W suite.

Molecular docking studies: Crystal structure of DNA
was downloaded from Protein Data Bank (PDB ID: 453D).
Energy minimized conformations of compound A, B, C and D
were generated in FRee On line druG conformation generation
(FROG) web-server (Frog2 version), which uses AMMOS force
field [19]. The conformation obtained for each of the compound
was used further for docking with DNA. The biomolecule was
prepared for docking using Autodock tools involved removal of
all water molecules from PDB files, addition of polar hydrogen
atoms and assigning Gasteiger charges to the proteins. Docking
was carried out with Autodock 4.2 Lamarckian Genetic
Algorithm, where DNA was enclosed in the grid defined by
Auto Grid having 0.375 A spacing. All other docking para-
meters were kept as default. PyMol was used for visualization
and measurement of distances between the atoms of ligand
and the nucleotides of DNA.

RESULTS AND DISCUSSION

Synthesis and characterization: The synthetic route was
started from picolinonitrile 1 by following the method published
recently [13] to form the tetrazole 2 and the structure was con-
firmed by comparing the analytical data of 2 with the reported
data. With the compound 2 in hand we tried the reaction of
the same with 0.5 equivalents of epichlorohydrine in dry
DMF in the presence of K,CO; at 70 °C which furnished
tetrazoles 3A and 3B and the same reaction with 1.0 equivalents
of epichlorohydrine was afforded tetrazoles 3C and 3D
(Scheme-I). The structure of 3A-3D were readily confirmed
by observing their *C NMR which showed chemical shift of
the tetrazole carbon atom appearing at about 152.95 or 164.59
ppm in the 1,5- and 2,5-disubstituted tetrazoles, respectively
[13].
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Scheme-I: Synthesis of ligands 3A-3D; Reagents and conditions: a: NaN; (2eq), LiCl (0.5 eq), NH4CI (2 eq), DMF, 110 °C, 10 h; b:
epichlorohydrine (0.5 eq), K,CO; (2 eq), DMF, 70 °C, 12 h; c: epichlorohydrine (1.0 eq), Ko.COs (2 eq), DMF, 70 °C, 12 h

The "H NMR spectra of both 3A and 3B (Scheme-I) showed
four and eight signals for the pyridyl protons, which indicated
the symmetric and unsymmetrical structures respectively. The
structures of 3A and 3B further confirmed by observing one
set of peaks in 'H and “C NMR spectra of 3A which indi-
cated a symmetric bis-tetrazole and those two sets of peaks in
3B which indicated unsymmetrical bis-tetrazole. The presence
of peak at § 152.9 ppm in the “C-spectrum of 3A confirmed
thatitis 1,5-regio isomer at both the tetrazole rings. The presence
of peaks at § 165.1 ppm and § 152.9 ppm in the *C-spectrum
of 3B confirmed that it is 1,5 and 2,5-regio isomer at the
tetrazole rings. In the '"H NMR, the -OH peak of 3A is observed
as broad multiplet at & 5.88-5.71 ppm whereas it is observed
in 3B as broad singlet at § 5.9 ppm. In the case of 3A the two
-CH, groups attached to tetrazole rings are observed as a single
multiplet at & 5.35-5.13 ppm and the -CH-O proton resonated
as multiplet at 8 4.87-4.78 ppm whereas in the case of 3B the
two -CH, group protons attached to tetrazole rings along with
the -CH-O proton are observed as multiplet at 5.23-4.89 ppm.

The 'H NMR spectra of both 3C and 3D showed four
signals for the pyridyl protons. Further the structure of 3C
was confirmed by observing a signal of '"H NMR spectrum at
65.06-4.91 ppm (m, 2H), which is characteristic of -CH, group
adjacent to the tetrazole ring and of 1,5-regio isomer. The -CH
signal of -CH-OH group is observed as multiplet at § 4.45-
4.37 (1H). A sharp doublet at 8 5.83 (1H) is observed for -OH
group. Two sets of doublet of doublets (dd) are observed for
-CH,-CI group protons at 6 3.44 and 3.62.

The structure of 3D was confirmed by observing a peak
of '"H NMR spectrum at § 4.92-4.78 (m, 2H) slightly downfield
compared to the signal of 3C, which is characteristic of -CH,
group adjacent to the tetrazole ring and of 2,5-regio isomer.
The -CH signal of -CH-OH group is observed as multiplet at

8 4.67-4.58 ppm (1H) slightly up field compared the signal of
3C. A broad singlet at 8 4.16 ppm (1H) is observed for -OH
group. The protons of -CH,-Cl group are appeared as multiplet
at 8 3.61-3.47 ppm. The presence of -OH signal in both the 'H
NMR spectra of 3C and 3D indicates the opening of epoxide
ring in preference to the displacement of chloride ion of
epichlorohydrine by the tetrazole ring.

The chloro compounds 3C and 3D were reacted with
cinnamaldehyde separately to afford 3E and 3F respectively
(Scheme-II). The 'H NMR spectra of 3E and 3F showed peaks
for aldehyde protons at 8 10.40 and & 10.48 ppm, respectively.
The signals corresponding to -CH,Cl in 3C and 3D are shifted
to around & 4.1 ppm region, which confirmed the formation
of ether linkage. The aldehydes 3E and 3F are further converted
into the alcohols 3G and 3H respectively by reducing with
NaBH, in methanol (Scheme-II). The formation of alcohols
3G and 3H are confirmed by observing their 'H NMR spectra
which indicated the disappearance of aldehyde proton peaks
at 6 10.4 ppm and appearance of two protons at around 6 4.5
in both alcohols 3G and 3H. The studies for the further modi-
fications of aldehyde group of 3E and 3F and the formation
of metal complexes with all the synthesized ligands and the
studies of their properties are in progress.

Further the structure of 3A is unambiguously assigned
by its X-ray single crystal studies. The efforts for the crystalli-
zation of rest of the compounds were met with failure.

Crystal structure of 3A and comparison with DFT studies
of 3A and 3B: Colourless crystals of 1,3-bis-(5-pyridin-2-yl-
tetrazol-1-yl)-propan-2-ol (3A) suitable for X-ray diffraction
were obtained from slow evaporation of methanol solution.
Crystal data and structure refinements are shown in Table-1.
The compound 3A crystallizes in triclinic, space group P-1.
The crystal structure comprising of two pyridyl-tetrazoles
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16 h; b and d: NaBH4 (0.5 eq), CH;OH (0.2M), 0 °C room temperature, 30 min

TABLE-1
CRYSTAL DATA AND STRUCTURE
REFINE SEGMENT FOR COMPOUND 3A

moieties linked by 2-propanol chain through tetrazole N
moieties at the NS and N6 site to generate a dimer (Fig. 1).
Selected bond distances and bond angles are listed in Table-2.

g;;g;ﬁf;tlfzr;r;ﬁ: g:;iNmO Each of the pyridyl tetrazole moiety lie perpendicular to the
Formula weight 350.36 other, while tetrazole ring is coplanar with the pyridyl ring
Temperature 293(2) K [20,21]. The distance of centers of gravity of the two rings
Wavelength 1.54184 A

Crystal system, Space group
Unit cell dimensions

Triclinic, P-1

a=28.9442(7) A; o= 83.079 (8)°
b=9.2097 (9) A; B =87.997 (7)°
c=11.3558 (10) A; Y=61.355 (9)°

Volume 814.68(12) A°

Z, Calculated density 2, 1.428 Mg/m’

Absorption coefficient 0.833 mm’

F(000) 364

Crystal size 0.28 mm x 0.26 mm x 0.14 mm

Theta range for data collection  3.92 to 70.71 deg.

Limiting indices -10<=h<=10, -11<=k<=10,
-13<=1<=13

Reflections collected/unique 6111/3032 [R(int) = 0.0213]

Completeness to theta 70.71 96.9 %

Absorption correction
Max. and min. transmission
Refinement method
Data/restraints/parameters
Goodness-of-fit on F2

Final R indices [I>20(1)]

Semi-empirical form equivalents
1.00000 and 0.88373
Full-matrix least-squares on F*
3032/0/237

1.068

R1=0.0547, wR2 =0.1510

IR e ) RI = 0.0592, wR2 = 0.1570 Fig. 1. Ortep diagram of compound 3A
TABLE-2
SELECTED BOND LENGTHS (A) AND BOND ANGLES (°) FOR 3A AND 3B COMPOUNDS
Exp. (Xtay _ B3LYP/6-  B3LYP/631G Do B3LYP/6- B3LYP/6-
Bromd lewgih - oy 31G of 3A of 3B Bondangles % .vof3A)  3IGof3A 31G of 3B
N5- C6 1347 1.345 13508 C6 N>~ N4 108.0 107.16 1129
N5- C7 1.465 1472 1.4634 (N4-C7) | C6- N5-C7 131.8 133.56 102.34 (C6-N5-N4)
N5- N4 1.349 1.345 1.3744 NA4-N5-C7 119.6 118.06 121,46 (N5-N4-C7)
01-C8 1414 1431 1.4603 N5-C7-C8 109.7 110.28 110.94 (N4-C7-C8)
N2-C6 1322 1315 1.3815 01-C8-C7 109.9 111.14 11322
N6 - C9 1.465 1472 1.4824 01-C8-C9 1074 103.42 109.42
N6 -C10 1.346 1.355 13613 C8-C9-N6 1.0 113.30 112,18
8 -C9 1.521 1.535 1.536 C10-N6-N7 108.8 107.28 107.75
8- C7 1519 1.530 1.557 C9-N6-N7 119.5 119.10 121,18
C6-C5 1473 1.465 1,460 C9-N6-C10 1317 133.58 131.05
N6 -N7 1342 1.355 1414 N5-C6-C5 1273 126.69 124.92
N10-C11 1321 1326 1352 N10-C11-C10 117.3 114.81 118,01
Cl1-CI0 1.479 1472 1,460 C11-C10-N9 1243 12326 122.89
N2- C6 1322 1315 1381 C7-C8-C9 111.6 113.24 105.97
C5 NI 1330 1,328 1.355 _ _ _ _




338 Babu et al.

Asian J. Chem.

through C8-O1 plane is 2.440 A(C8---N5); 3.397 A (C8---
N1) and 2.454 A (C8---N6); 3.200 A (C8---N10). Dihedral
angle of N5-C7-C8-0O1 is -52.84 A and N6-C9-C8-O1 is
165.29 A suggesting that two pyridyl tetrazole moieties are
arranged in different planes. The close packing structure of
3A is shown in Fig. 1. The structure displayed strong inter-
molecular hydrogen bonding between O1 of one molecule
and N2 of other molecule establishing a closed circle structure
to form dimeric arrangement [22].

Hirshfeld interactions studies: The interactions are further
studied by Hirshfeld interactions studies. Hirshfeld surface and
2D fingerprint plot is generated for the crystal data of compound
3A using crystal explorer v. 3.1. which are shown in Fig. 2.
The colour mapping and the shape of the three dimensional
Hirshfeld surfaces of 3A showed the different intermolecular
interactions present in the crystal packing. The red spots on
the surfaces indicated the close-contact interactions and mainly
responsible for the molecular packing in the crystal. The crystal
packing of 3A is mainly controlled by dominant interactions
involving O-H:---N and N---H contacts, which are observed as
red spots on the Hirshfeld surfaces [23,24]. The percentage of
surface area having close contact reciprocal data with atom
vs. atom is given in Table-3. From the data it is clear that the
H-bonding interactions are major with N---H; C---H of pyridine
moiety and O---H interactions.

TABLE-3
MAJOR PERCENTAGE INTERACTIONS IN COMPOUND 3A
S. No. Interaction %
1 N-H 332
2 N-C 6.4
3 N-N 3.8
4 O-H 4.4
5 H-H 323
6 C-H 17.8
7 C-N 33

The X-ray crystallographic bond lengths and the bond
angles of 3A are compared with calculated values with the
B3LYP/6-311G** method for the isolated molecule. Observation
of overall data is in good agreement (about + 0.01 A for bond
lengths and about + 1.5° bond angle), except when atoms O1,
C7,C8 and C9 are involved. The dependence of the calculated
structure upon the DFT functional (B3LYP) and basis sets (6-
311G**) is displayed in Fig. 3 as overlaying with the X-ray
structure.

HOMO and LUMO studies of 3A and 3B: The main contri-
bution to the maximum absorption band is the HOMO (highest
occupied molecular orbital) - LUMO (lowest unoccupied
molecular orbital) transitions, whose isovalue surfaces are
depicted in Fig. 4. It is observed from Fig. 4 that the HOMO is

2.8
2.6
2.4
2.2
2.0
1.8
1.6
1.4
1.2
1.0
0.8
0.6

06 08 10 12 14 16 1.8 20 22 24 26 28

Fig. 2. Hirshfeld surface and 2D fingerprint plot associated with compound 3A

J

Fig. 3. Optimized structure of compound 3A and 3B at B3LYP/6-311G**
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3A

@
2P

HOMO

Fig. 4. Isovalue surfaces of the HOMO (highest occupied molecular orbital) and LUMO (lowest unoccupied molecular orbital) of HOMO
and LUMO of 3A and 3B computed at the B3LYP/6-311G** level

localized over the vertical pyridyl-tetrazole rings, whereas the
LUMO is localized on the horizontal pyridyl-tetrazole fragment.
The HOMO and LUMO energies of 3A and 3B are -0.367,
-0.324 and 0.046, 0.042 with HOMO-LUMO energy gaps
0.320, 0.282, respectively.

Molecular electrostatic potential (MEP): The molecular
electrostatic potential is a useful property to determine the
preferred sites for the nucleophilic and electrophilic attack and
hydrogen-bond interactions [25,26]. The H-donor and H-
acceptor properties are related to the positive and negative
regions, respectively. Thus, the formation of hydrogen bonds
can be related to the electrostatic potentials [27]. Being a real
physical property, electrostatic potential can be calculated by
both experimental i.e. X-ray diffraction and computational
methods [28]. In most of the MEPs, the regions with the most

negative charge values, shown in red colour, are assigned as
the preferred site for electrophilic reactions, while the region
of highly positive charge, shown in blue, is the preferred site
for nucleophilic attack [29]. The molecular electrostatic potential
map of compound 3A computed at B3LYP/6-311G** is shown
in Fig. 5. The negative electrostatic region is localized on N4,
NS5, O1, N8, N9 and N10 atoms. However, the most positive
region (blue) is localized on the pyridine hydrogen atom being
the highest positive region, which indicates the possible site
for nucleophilic attack.

Molecular docking: Molecular docking studies provide
some insight into the interactions between the macromolecule
and ligand. Fig. 6 shows the docked conformation of com-
pounds 3A, 3B, 3G and 3H with ct-DNA. In the final docked
conformation, all the molecule exists in a crescent shape, which

Fig. 5. Molecular electrostatic potential map (MEP) calculated at PBE1PBE/6-311G (d,p) level
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Fig. 6. The docked conformations of compounds 3A, 3B, 3G and 3H with ct-DNA

is complementary to the natural curvature of the minor groove
of B-DNA [30,31]. The docked structure as shown in Fig. 6
suggests that the molecules could fit within the minor groove
of ct-DNA. Minor groove binders generally have aromatic
rings connected by single bonds that allow for torsional rotation
in order to fit into the narrower helical curvature of the groove
comprising the A-T region with displacement of water mole-
cules. The narrower A-T regions compared to G-C regions

produce a better fit of these types of molecules into the minor
groove and lead to vander Waals interaction with the DNA
functional groups that define the groove. Hydrogen bonding
from the C-2 carbonyl oxygen of T or the N-3 nitrogen of A to
the minor groove binders is important [32] which is seen from
the distance between the bonded atoms of ct-DNA and the
compounds as in Table-4. Also there are extensive van der Waals
contacts between the docked molecules and the floor and walls
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TABLE-4
DISTANCES (/0\) BETWEEN POLAR NEIGHBORS OF DNA AND COMPOUND 3A, 3B, 3G AND 3H
DNA Compound 3A Compound 3B Compound 3G Compound 3H
G4 2-NH, 3.13 [1-N (B)]
3.02 [2-N (B)]
3.06 [3-N (B)]
3.20 [4-N (B)]
A5 N3 2.97 [1-N (A)]
3.01 [4-N (B)]
1'-O of sugar 2.73 [3-N (B)]
3.05 [4-N (B)]
A6 1'-O of sugar 3.01 [1-N (A)]
T7 (2-C=0) 3.41 [1-N (B)]
2.67 [5-N (B)]
T8 1'-O of sugar 3.34 [1-N (B)]
3.40 [5-N (B)]
2-C=0 2.90 [3-N (B)] 2.80 [3-N (O)] 2.93 [2-C-CH,0 (O)]
C9 1'-O of sugar 3.39 [1-N (B)] 3.33 [1-N (O)] 2.58 [1-C-0 (O)]
3.34 [2-N (B)] 3.49 [2-N (O)] 3.49 [2-C-CH,0 (O)]
3.45 [3-N (B)] 3.28 [3-N (O)]
3.02 [5-N (O)]
2-C=0 3.08 [2-N (B)] 2.99 [2'-0]
G10 2-NH, 3.04 [3-N (B)]
N3 3.12 [2-N (B)]
3.24 [3-N (B)]
1'-O of sugar 3.34 [2-N (B)]
C11 1'-O of sugar 3.36 [2-N (B)]
2.79 [3-N (B)]
2.73 [4-N (B)]
G16 2-NH, 2.63 [2-N (O)] 3.47 [1-N (B)]
3.19 [3-N (O)] 2.88 [2-N (B)]
3.17 [3-N (B)]
3.19 [2'-0]
Al7 N3 3.33 [2-N (B)] 2.70 [2'-0] 3.20 [2-C-CH,0 (O)]
3.05 [2'-0] 3.45 [2-N (O)]
1'-O of sugar 3.40 [2-N (O)]
2.80 [3-N (O)]
3.19 [4-N (O)]
Al8 N3 2.65 [3-N (B)] 3.41 [2-N (O)] 2.84 [2-C-CH,0 (O)]
3.26 [4-N (B)] 2.71 [3-N (O)]
1'-O of sugar 3.36 [2-N (B)] 3.09 [2'-0] 3.38 [2-C-CH,0 (O)]
3.49 [3-N (B)] 3.14 [2-N (O)]
2.75 [2'-0]
T19 2-C=0 3.06 [1-N (B)]
2.78 [5-N (B)]
1'-O of sugar 3.28 [4-N (B)] 3.35[2-0]
T20 (2-C=0) 3.12 [1-N (A)]
1'-O of sugar 3.33 [3-N (B)]
3.36 [5-N (B)]
C21 2-C=0 3.05 [1-N (A)]
G22 N3 2.97 [2-C-CH,0 (O)]
1'-O of sugar 3.31 [2-C-CH,0 (O)]
C23 N1 3.41 [2-C-CH,0 (O)]
1'-O of sugar 3.03 [1-C-0O (O)]

2.41 [2-C-CH,0 (C)]

Note: Rings have been mentioned within parenthesis for all the ligands.

of the minor groove suggesting that this type of interaction
contributes to the stabilization of the complex. The estimated
free energy of binding at 298.15 K was found to be -8.90 kcal/
mol, -10.06 kcal/mol, -6.30 kcal/mol and -7.50 kcal/mol for
compound 3A, 3B, 3G and 3H respectively.

Conclusion

A new series of pyridyl-tetrazole analogues 3A-H were
synthesized and characterized with spectroscopic techniques.

Compound 3A was crystallized and its crystal structure was
confirmed by X-ray diffraction which proved the two pyridyl
tetrazole moieties lie perpendicular to each other, while tetrazole
ring is coplanar to the pyridyl ring. It has shown strong inter-
molecular hydrogen bonding between O1 of the one molecule
and N2 of the other molecule establishing a closed ring struc-
ture to form dimer. DFT calculations were carried out on com-
pounds 3A and 3B using B3LYP/6-11G** method. The optimized
structure, bond lengths and bond angles are comparable. Hirshfeld
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interaction studies and molecular electrostatic potential map
suggest that negative electrostatic region is localized on N4,
N5, O1, N8, N9 and N10 atoms of 3A and 3B. The molecular
docking studies of 3A, 3B, 3G and 3H revealed that all the
compounds bind with cz-DNA and exist in crescent shapes.

Supplementary information (SI): CCDC 1415988 contains
supplementary crystallographic data (excluding structure
factors) for the structure reported in this article. These data
can be obtained free of charge via http://www.ccdc.cam.ac.uk/
data_request/cif, by e-mailing data_request@ ccdc.cam.ac.uk
or by contacting The Cambridge Crystallographic Data Centre,
12 Union Road, Cambridge CB2 1EZ, UK; fax: +441223
336033. Supplementary data of 'H and C NMR spectra
associated with this article can be found, in the online version,
at www.ias.ac.in/chemsci.
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