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Abstract

Development of synthetic procedures for the preparation of 1,3,4-oxadiazole derivatives has always been in the interest
of researchers as a result of their widespread biological activities. In this study, an ultrasound-assisted procedure was pro-
posed for the synthesis of 1,3,4-oxadiazol-2-amines form the reaction of hydrazides and cyanogen bromide. They were
efficiently produced in 81-93% yields in the presence of ethanol and potassium bicarbonate as the reaction media and
the base, respectively. Their antioxidant properties were determined via DPPH free radical scavenging method as one of
the most basic steps in identifying other related biological effects. ICs, values were in the range of from 0.237 to 0.863
mM. The synthesized 1,3,4-oxadiazoles are protective agents against oxidative stress, and can be used in the treatment
of cancer, candidiasis, diabetes, neurodegenerative and inflammatory diseases. Furthermore, bond dissociation energies
(BDEs) and electron densities based NCI (non-covalent interactions) were calculated using density-functional theory
(DFT) to understand the observed reactivities. It was found that reversible dipole-dipole forces play a key role in most

interactions.
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1. Introduction

Antioxidants are synthetic or natural compounds
that inhibit the oxidation reactions via free radical scav-
enging. Free radicals are unstable and reactive atoms or
molecules containing one unpaired electron that can begin
a propagation sequence in the chain reactions leading to
cell damage.! Vitamins C and E as two essential nutrients
are well known for being potent antioxidants. Ascorbic
acid, known as vitamin C, is a water-soluble biologically
active compound which should be provided to humans
through food especially fresh vegetables and citrus fruits.
Lack of vitamin C is accompanied by early symptoms of
weakness and fatigue which can lead to anemia, hair loss,
bleeding gum and skin, and scurvy disease in the acute
cases.? Vitamin C is required for the proper functioning
of some enzymes and immune system, tissue regeneration
and the enzymatic production.®> Oil-soluble vitamin E
includes four tocopherols as well as four tocotrienols. It
is found in cereals, vegetable oils, meat, poultry, fruits and
eggs, and its deficiency damages the nervous system.®

It has been understood that there is a significant re-
lationship between the antioxidant capacity of compounds
and some of their biological activities. Mendonca et al.
have evaluated antioxidant and antiproliferative potentials
of muscadine grape extracts on breast cancer cell lines;
a strong positive correlation was observed between total
phenolic content of extracts and their inhibitory activities
against African American breast cancer cells.” There are
complex and often positive connections between oxidative
stress with the inflammatory response given as a result
of tissue injury and infection.® Guava leaves are used as
traditional medicines for the treatment of diabetes; they
lowered levels of cholesterol, sugar, triglycerides, malonal-
dehyde and glycated serum protein in the blood of strep-
tozotocin-induced diabetic mice according to their ABTS,
OH and DPPH free radical scavenging capabilities.” Reac-
tive oxygen species are one of the main causes of Alzheim-
er disease, as a result, any agent that blocks their genera-
tion, can be useful in treating the disease.!

1,3,4-Oxadiazole derivatives have attracted a great
deal of interest due to their diverse biological properties
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such as antioxidant, antiproliferative, anticonvulsant, anti-
microbial and anti- Alzheimer.!!-1> Synthetic approaches of
1,3,4-oxadiazoles were reviewed in several literatures.!6-18
Hypervalent iodine mediated reaction of N -arylidene
acetohydrazides, intracyclocondensation of thiosemicar-
bazides prepared from the reaction of aryl hydrazides with
ammonium thiocyanate using N,N,N’,N’-tetramethyl-
O-(benzotriazol-1-yl)uronium tetrafluoroborate (TBTU)
or N,N’-diisopropylcarbodiimide (DIC), and simultane-
ous reaction of 1-chloroketones, N-isocyaniminotriphe-
nylphosphorane and aryl carboxylic acids are examples of
recent methods proposed to synthesize 1,3,4-oxadiazole
derivatives.!?-2!

Theoretical calculations can be performed to justify
experimental observations. However, it is possible that a
logical relationship between experimental data and theo-
retical parameters cannot be found in all cases. The ther-
modynamics of free radical scavenge of some 1,3,4-oxadi-
azole derivatives were studied by DFT method in gas and
aqueous phases to predict their action mechanisms; it was
found that the selected reaction pathway is completely de-
pendent on the reaction medium.?

It has been shown that phenolic compounds act as
antioxidants in three ways (Scheme 1):

OH*

Le _H+

(@]
1
L

Y

Scheme 1. Antioxidant mechanism of phenolic compounds: (A)
Single Electron Transfer Followed by Proton Transfer (SET-PT); (B)
Hydrogen Atom Transfer (HAT); (C) Sequential Proton Loss Elec-
tron Transfer (SPLET).

Computational studies can be applied to calculate
values of bond dissociation enthalpy, ionization poten-
tial and proton dissociation enthalpy, proton affinity and
electron transfer enthalpy to determine the predominant
path.?> DPPH free radical scavenging activity of some syn-
thesized 1,2,4-triazole-3-thiones containing phenolic sub-
stituents was evaluated by Ivanovic¢ et al.; DFT calculations
proved synergistic effects of 1,2,4-triazole-3-thione rings
and predicted SPLET pathway as the action mechanism in
methanol.?®

In order to expand library of small organic bio-
molecules, some 5-alkyl/aryl/heteroaryl-1,3,4-oxadiazol-
2-amine derivatives were synthesized via a new procedure
under ultrasound irradiation. Antioxidant activities of the
synthesized 1,3,4-oxadiazoles were assessed against DPPH
to predict their other possible biological capabilities. Bond
dissociation energy and electron density of all synthesized
heterocycles were calculated to establish the probable rela-
tion to the observed antioxidant activities.

2. Experimental
2. 1. Chemicals

All chemicals, solvents and aluminium thin-layer
chromatography (TLC) plates pre-coated with silica gel
containing fluorescent indicator F254 were purchased
from Merck and Sigma-Aldrich companies. The melting
points were determined with Kruss KSP1N melting point
apparatus, and are uncorrected. Bruker Tensor-27 FT-IR
spectrometer was applied to record the FT-IR spectra of
compounds. 'H and *C NMR spectra were registered
using a Bruker 300 MHz NMR spectrometer. Chemical
shifts are provided as § values (ppm) and coupling con-
stants J (Hz). Elemental analyses for C, H, N and S atoms
were performed on a Termo Finnigan Flash EA micro-
analyzer. Ultrasonic irradiation was supplied by Backer
vCLEANI1-L03 (40 kHz frequency and 100 W output
power).

2. 1. 1. General Procedure for the Synthesis of
5-Substituted 1,3,4-Oxadiazol-2-amines
3a-h

A 25 mL round-bottom flask containing 5 mmol of
each hydrazides 1a-h, cyanogen bromide (2) (0.53 g) and
potassium bicarbonate (0.50 g) in 10 mL absolute ethanol
was subjected to an ultrasonic bath. The reaction pro-
gress was checked by TLC with different volumetric ratios
of methanol and dichloromethane as the desired mobile
phase. The reaction content was added to 20 g of crushed
ice containing an excess of salt. The solid phase was filtered
out, washed respectively with water (5 mL) and ethanol
(5 mL), and oven-dried at 70 °C to give pure 1,3,4-oxadi-
azoles 3a-h.

5-Methyl-1,3,4-oxadiazol-2-amine (3a).

Yellow powder; yield 0.40 g (81%); m.p. 172-174 °C
(lit. m.p. 176-180 °C?%); IR (KBr) v 3420, 3352 (NH,),
3120, 2359, 1666 (C=N), 1595, 1383, 1254, 1123 (C-
0), 1005 (N-N), 781, 626 cm~}; 'H NMR (300 MHz,
DMSO-dy) 6 6.85 (s, 2H, NH,), 2.27 (s, 3H, CHj3); 13C
NMR (75 MHz, DMSO-dy) § 10.9 (CH;), 156.6 (C-5
oxadiazole), 164.0 (C-2 oxadiazole). Anal. Calcd. for
C,H:N,0: C, 36.36; H, 5.09; N, 42.41. Found: C, 36.31;
H, 5.11; N, 42.43.
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5-Phenyl-1,3,4-oxadiazol-2-amine (3b).

White powder; yield 0.74 g (92%); m.p. 243-245
°C (lit. m.p. 239-242 °C?%); IR (KBr) v 3476, 3413 (NH,),
2924, 2358, 1613 (C=N), 1452, 1113 (C-0), 1027 (N-N),
620, 478 cm™; 'H NMR (300 MHz, DMSO-dy) 6 7.25 (s,
2H, NH,), 7.80-7.78 (m, 2H, H-2",6" Ph), 7.51-7.49 (m,
3H, H-3,4",5" Ph); 3C NMR (75 MHz, DMSO-d,) &
124.8 (C-1’ Ph), 125.4 (C-2",6" Ph), 129.6 (C-3",5" Ph),
130.7 (C-4" Ph), 157.8 (C-5 oxadiazole), 164.3 (C-2 oxa-
diazole). Anal. Calcd. for CgH,N;0: C, 59.62; H, 4.38; N,
26.07. Found: C, 59.59; H, 4.35; N, 26.11.

5-(4-Nitrophenyl)-1,3,4-oxadiazol-2-amine (3c).

Yellow powder; yield 0.91 g (88%); m.p. 265-267
°C (lit. m.p. 267-270 °C?%); IR (KBr) v 3436, 3375 (NH,),
2924, 2358, 1652 (C=N), 1598 (N-0O), 1527, 1389, 1344,
1116 (C-0), 1037 (N-N), 858, 620 cm!; 'H NMR (300
MHz, DMSO-d,) § 7.52 (brs, 2H, NH,), 8.32 (d, ] = 8.7
Hz, 2H, H-3",5" Ar), 7.98 (d, J = 8.7 Hz, 2H, H-2",6" Ar);
13C NMR (75 MHz, DMSO-dy) § 124.9 (C-3",5" Ar), 126.4
(C-2°,6" Ar), 130.2 (C-1" Ar), 148.3 (C-4" Ar), 156.5
(C-5 oxadiazole), 165.0 (C-2 oxadiazole). Anal. Calcd. for
CgHN,0;: C, 46.61; H, 2.93; N, 27.18. Found: C, 46.66; H,
2.93; N, 27.15.

5-(4-(tert-Butyl)phenyl)-1,3,4-oxadiazol-2-amine (3d).

Pink powder; yield 1.01 g (93%); m.p. 262-264 °C
(it. m.p. 256-258 °C%»); IR (KBr) v 3434, 3358 (NH,),
3127, 2963, 2358, 1655 (C=N), 1609, 1391, 1118 (C-0),
1042 (N-N), 836, 621, 561 cm™!; 'H NMR (300 MHz,
DMSO-dy) 6 7.55 (brs, 2H, NH,), 7.83 (d, ] = 8.5 Hz, 2H,
H-2",6" Ar), 7.63 (d, ] = 8.5 Hz, 2H, H-3",5" Ar), 1.34
(s, 9H, 3 x CH,); 3C NMR (75 MHz, DMSO-d,) & 31.1
(C(CH3y)3), 35.0 (C(CHj3)3), 121.4 (C-37,5" Ar), 125.0 (C-
26" Ar), 127.2 (C-1" Ar), 152.6 (C-4" Ar), 157.5 (C-5
oxadiazole), 164.3 (C-2 oxadiazole). Anal. Calcd. for
C,H,sN;0: C, 66.34; H, 6.96; N, 19.34. Found: C, 66.30;
H, 6.98; N, 19.36.

3-(5-Amino-1,3,4-oxadiazol-2-yl)phenol (3e).

White powder; yield 0.73 g (83%); m.p. 240-242 °C
(lit. m.p. 244-245 °C2%); IR (KBr) v 3554 (OH), 3458, 3413
(NH,), 3145, 2924, 2360, 2341, 1643 (C=N), 1601, 1568,
1493, 1384, 1320, 1309, 1221, 1126 (C-0), 1064 (N-N),
1035, 994, 876, 799, 739, 701, 688, 669, 617, 450 cm™!; 'H
NMR (300 MHz, DMSO-dy) 6 9.90 (s, 1H, OH), 7.35-7.26
(m, 5H, NH,, H-2",5",6 " Ar), 6.91 (d, ] = 6.9 Hz, 1H, H-4~
Ar); 13C NMR (75 MHz, DMSO-d,) 8 112.0 (C-2" Ar),
116.3 (C-4" Ar), 118.0 (C-6" Ar), 125.8 (C-1" Ar), 130.8
(C-5" Ar), 157.9 (C-3" Ar), 158.2 (C-5 oxadiazole), 164.2
(C-2 oxadiazole). Anal. Calcd. for CgH,N;0,: C, 54.24; H,
3.98; N, 23.72. Found: C, 54.19; H, 3.96; N, 23.75.

5-(3-Methoxyphenyl)-1,3,4-oxadiazol-2-amine (3f).
Yellow powder; yield 0.86 g (90%); m.p. 193-194
°C (lit. m.p. 192-195 °C?); IR (KBr) v 3415, 3386 (NH,),

3109, 2359, 1654 (C=N), 1489, 1390, 1322, 1284, 1215,
1106 (C-0), 1040 (N-N), 875, 786, 748, 683, 621 cm™};
IH NMR (300 MHz, DMSO-d,) 8 7.48-7.38 (m, 2H,
H-5,6"),7.31-7.30 (m, 3H, NH,, H-2" Ar), 7.10 (d, = 7.0
Hz, 1H, H-4" Ar), 3.83 (s, 3H, CH;); >*C NMR (75 MHz,
DMSO-d,) 8 55.7 (CH,), 110.3 (C-2” Ar), 116.8 (C-4° Ar),
117.8 (C-6" Ar), 126.6 (C-1" Ar), 130.9 (C-5" Ar), 157.7
(C-3" Ar), 160.0 (C-5 oxadiazole), 164.3 (C-2 oxadiazole).
Anal. Caled. for CgHgN;0,: C, 56.54; H, 4.75; N, 21.98.
Found: C, 54.59; H, 4.74; N, 21.95.

5-(3-Bromophenyl)-1,3,4-oxadiazol-2-amine (3g).

White powder; yield 1.10 g (92%); m.p. 246-248
°C (lit. m.p. 240-243 °C%); IR (KBr) v 3451, 3413 (NH,),
3116, 2358, 1654 (C=N), 1604, 1557, 1392, 1112 (C-0),
1044 (N-N), 794, 681 cm™'; '"H NMR (300 MHz, DM-
SO-dg) § 7.91 (m, 1H, H-6"), 7.80 (d, J = 7.8 Hz, 1H, H-4"
Ar), 7.71 (d, J = 7.7 Hz, 1H, H-2" Ar), 7.50 (t, ] = 7.5 Hz,
1H, H-5" Ar), 7.38 (s, 2H, NH,); 3C NMR (75 MHz, DM-
SO-dy) & 122.7 (C-3" Ar), 124.4 (C-6" Ar), 126.9 (C-1’
Ar), 127.7 (C-4" Ar), 1319 (C-5" Ar), 133.4 (C-2" Ar),
156.4 (C-5 oxadiazole), 164.5 (C-2 oxadiazole). Anal. Cal-
cd. for CgH¢BrN;0: C, 40.03; H, 2.52; N, 17.50. Found: C,
40.01; H, 2.50; N, 17.47.

5-(Pyridin-4-yl)-1,3,4-oxadiazol-2-amine (3h).

Brown powder; yield 0.68 g (84%); m.p. 260-261
°C (lit. m.p. 262-264 °C%); IR (KBr) v 3417, 3383 (NH,),
2358, 1665 (C=N), 1538, 1391, 1340, 1123 (C-0), 1043
(N-N), 837, 682, 620 cm™!; 'H NMR (300 MHz, DM-
SO-dg) 68.74 (d, ] =7.7 Hz, 2H, H-2",6" Ar), 7.71 (d, ] =
7.7 Hz,2H, H-3",5" Ar), 7.58 (brs, 2H, NH,); IBCNMR (75
MHz, DMSO-d,) § 119.2 (C-3",5" Ar), 131.6 (C-4" Ar),
151.1 (C-27,6" Ar), 156.2 (C-5 oxadiazole), 165.0 (C-2 ox-
adiazole). Anal. Calcd. for C;HgN,O: C, 51.85; H, 3.73; N,
34.55. Found: C, 51.89; H, 3.75; N, 34.51.

2. 2. Half Maximal Inhibitory Concentration
(IC5,) Identification

DPPH free radical scavenging activities of prepared
1,3,4-oxadiazoles were evaluated and compared to those
of ascorbic acid.?® 1 mL of any oxadiazole at concentra-
tions 25, 50, 75, and 100 pg mL~! in methanol was added
to 4 mL of 0.004% (w/v) methanolic solution of DPPH.
The mixed solutions were stored at room temperature for
30 min in darkness. Then, the absorbance of the solutions
was read against the blank at A, 517 nm. The inhibition
percentage (I%) was calculated according to the following
equation:

A(blank) — A(sample) .

A(blank) 19

1% =

Wher A(blank) and A(sample) are the absorbance of
control and sample solutions, respectively. A graph of %
(y-axis) vs. concentration (x-axis) was plotted. The ICs is
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x in the equation of a straight line y = mx + b, while y = 50.
Finally, the pg mL~! units were converted to the mM units.

2. 3. Computational Details

All the geometries were optimized in the gas phase
and frequency calculations confirmed the nature of the sta-
tionary points. The methanol solvent was modelled using
C-PCM as implemented in Gaussian 09 program package
at the B3LYP level of density functional theory using the
6-311++G (d) basis set.?-32 NCI analysis was performed
by the NCIPlot software.>?

3. Results and Discussion

3. 1. Synthesis and Spectroscopic
Characterization of 1,3,4-Oxadiazol-2-
amines 3a-h

5-Substituted 1,3,4-oxadiazol-2-amine derivatives
3a-h were synthesized via reaction of hydrazides la-h
and cyanogen bromide (2) under ultrasonic irradiation
(Scheme 2). Potassium bicarbonate and absolute ethanol
were applied as the base and the solvent, respectively.

0 N
EtOH, KHCO; N
f AN NHz + Br=CaN — o= )\o\>_NH2

\
.50 °C
ﬁ ) R
-h
R

1a 2 3a-h

= a: CHg; b: CgHs; c: 4-O,N-CgHy; d: 4-(H3C)3,C-CgHy;
e: 3-HO-CgHy; f: 3-H3CO-CgHy; g: 3-Br-CgHy; h: 4-Pyridinyl

Scheme 2. Reaction scheme of the synthesis of 1,3,4-oxadi-
azol-2-amines 3a-h.

The interaction of 1 mmol of both benzhydrazide
(1b) and cyanogen bromide was selected as the model re-
action for the preparation of 1,3,4-oxadiazoles (Table 1).
Water and hydrous solvents were not used as a result of
hydrolysis of cyanogen bromide to hypobromous acid and
hydrogen cyanide. Absolute ethanol as a green, nontoxic,
readily available, low-cost, water soluble, nonexplosive,
easily removable, and recoverable solvent was selected and
preferred to the toxic methanol. 2 mL of ethanol was used
in all processes as the minimum solvent required to dis-
solve the most reactants and perform the reaction. Only
nucleophilic attack of NH, group of hydrazide to cyano
group of cyanogen bromide occurred at room temperature
(Table 1, entry 1). Intramolecular cyclization to 3b oc-
curred at temperatures above 60 °C (Table 1, entry 2). The
product yield and the reaction time were improved under
refluxing conditions due to the increased solubility of the
hydrazide and effective interactions between the reagents

(Table 1, entry 3). Higher yields were achieved at similar
times in the presence of bases such as potassium bicar-
bonate (1 mmol) and potassium carbonate (0.5 mmol);
increasing basicities had no effect on the yield and time.
They only neutralized hydrogen bromide produced during
the process so that it would not react with the hydrazide.
Relative cyanogen bromide cleavage was observed in the
presence of potassium hydroxide. The reaction progress
was checked in the presence of KHCOj as a nontoxic and
inexpensive base under ultrasound irradiation at 50 °C.
1,3,4-Oxadiazole 3b was afforded in the shortest time with
the highest yield under these conditions (Table 1, entry 7).

Table 1. Optimization of reaction conditions in the synthesis of
5-phenyl-1,3,4-oxadiazol-2-amine (3b).

Entry Base T (°C) Time (h) Yield (%)
1 - r.t. 3 -
2 - 60 9 68
3 - reflux 7 72
4 KHCO;, reflux 5 81
5 K,CO;3 reflux 5 81
6 KOH reflux 5 75
7 KHCO; ))), 50 3.5 92

1,3,4-Oxadiazoles 3a-h were synthesized under op-
timized conditions. The results are given in the Table 2.

Table 2. The data of ultrasonic-assisted reactions of hydrazides
la-h and cyanogen bromide in ethanol yielding 1,3,4-oxadiazoles
3a-h.

Product R Time (h) Yield (%)
3a CH, 7 81
3b CeHs 3.5 92
3¢ 4-0,N-C¢H, 45 88
3d 4-(H;C);C-CH, 5 93
3e 3-HO-C¢H, 6 83
3f 3-H,CO-C¢H, 6 90
3g 3-Br-CgH, 3.5 92
3h 4-Pyridinyl 25 84

The chemical structure of all synthesized 1,3,4-oxa-
diazoles 3a-h was determined by spectral data. Recorded
melting points are already in agreement with previously
reported findings.?*~?” The absorption bands around 1120
and 1660 cm™! attributed respectively to C-O and C=N
stretching vibrations confirmed the formation of 1,3,4-ox-
adiazole rings. In 'H NMR spectra, singlet or broads peaks
in the range of 6.85 to 7.58 ppm belong to amino groups.
In *C NMR spectra, signals corresponding to the asym-
metric 2- and 5-carbons of 1,3,4-oxadiazole ring have ap-
peared in the 156.2-165.0 ppm range.
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The reaction between hydrazides 1 and cyano-
gen bromide is a straightforward method to synthesize
1,3,4-oxadiazole derivatives 3. Several procedures were
developed for this purpose. Faizi et al. prepared 1,3,4-0x-
adiazole 3b in 62% yield from the reaction of benzhy-
drazide and a 1.22 molar excess of cyanogen bromide in
boiling methanol for 4 h.>* Some 1,3,4-oxadiazol-2-amine
derivatives were synthesized via the stirring of mixture in-
cluding hydrazides and 1.5 molar excess of both cyanogen
bromide and potassium bicarbonate in acetonitrile water
mixture (v/v 6.25:93.75) for 1 day at room temperature.*®
Katritzky et al. proposed a convenient method for the
preparation of 1,3,4-oxadiazole 3b; the mixture of sym-
metric and asymmetric di(benzotriazolyl)methanimines
prepared from 1,2,3-benzotriazole and cyanogen bromide
was reacted with benzhydrazide in THF under reflux for 3
h to afford 3b in 94% yield.*

3. 2. Antioxidant Evaluation of the
Synthesized Compounds

Free radical scavenging activity of all 1,3,4-oxadi-
azoles 3a-h was assessed against DPPH. The inhibitory
effects were calculated as IC5, values and are reported in
Table 3.

1,3,4-Oxadiazole derivatives 3a-h exhibited anti-
oxidant activities in the following order: 3¢ > 3h > 3a >
3e > 3f > 3b > 3g > 3d which, were less than that of vita-
min C. No antioxidant property was observed with deriv-
ative 3d containing 5-(4-(tert-butyl)phenyl) substituent.

nitro and pyridinyl groups exhibited significant effects.
Methylation of hydroxy group of derivative 3e did not
significantly alter its antioxidant properties; this proba-
bly indicates a lack of hydrogen-atom donation of OH
substituent in 3e.

3. 3. Non-Covalent Interactions (NCI)
Analysis

We have also used NCI index, while it is a visual-
ization index based on the electron density (p) and the
reduced density gradient (s). It is based on the empirical
observation that NCI can be associated with the regions
of small reduced density gradient at low electronic den-
sities. In quantum chemistry, the NCI index is used to
visualize non-covalent interactions in three-dimensional
space. Its visual representation arises from the isosurfac-
es of the reduced density gradient colored by a scale of
strength. The strength is usually estimated through the
product of the electron density and the second eigenvalue
(Ap) of the Hessian of the electron density at each point
of the isosurface, with the attractive or repulsive charac-
ter being determined by the sign of Ay. This allows for
a direct representation and characterization of non-co-
valent interactions in the three-dimensional space, in-
cluding hydrogen bonds and steric clashes. Being based
on the electron density and derived scalar fields, NCI
indexes are invariant with respect to the transformation
of molecular orbitals. Furthermore, the electron density
of a system can be calculated by X-ray diffraction exper-

Unlike 3-(5-amino-1,3,4-oxadiazol-2-yl)phenol (3e), iments as well as theoretical wavefunction calculations
1,3,4-oxadiazoles 3c and 3h with electron-withdrawing (Figure 1).577%
Table 3. Antioxidant activity of 1,3,4-oxadiazole derivatives 3a-h.
Products 3a 3b 3¢ 3d 3e 3f 3g 3h Vitamin C
1Csy (mM) 0.237 0.306 0.114 0 0.273 0.284 0.863 0.222 0.022
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Figure 1. Plots of the reduced density gradient (RDG) versus sign (A, p and NCI isosurface (isovalue = 0.8 au) of compounds 3a-h.
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The reduced density gradient (s) is a scalar field of
the electron density (p) that can be defined as:

_ Ve ()]
- 2(3m2)1/3 p(r)*/3

s(r)

3. 4. Radicalization Energy and BDE Theory

The BDE of radicals generated from compounds
3a-h were calculated and are reported in Table 4, they
were arranged according to the increasing BDEs in mov-
ing from the top to the bottom on this table. Based on
calculations and BDE theory, the stability of free radicals
decreases as we go from left to right across the periodic
table.*? Accordingly, the product 3e tends to form radical
from nitrogen side; oxygen atom is more electronegative
than nitrogen atom and its partially empty orbital is be-
ing held more closely to the positively charged nucleus.
Thus, radical 3e(NH,) is more stable than radical 3e(OH)
by about 4 kcal mol™!. Mesomeric and/or inductive elec-
tron-withdrawing groups such as nitro destabilize free
radicals; as radical 3¢ is about 3 kcal mol™! less stable than
radical 3b. Radical 3g containing 3-bromophenyl substit-
uent is about 1 kcal mol™! more stable than radical 3b; this
slight energy difference may be due to the dual nature of
the halogen atoms (electron-withdrawing inductive effects
versus electron-donating mesomeric effects). Unexpected-
ly, the replacement of C-4 in benzene with one nitrogen
atom (4-pyridyl ring instead of a phenyl ring) in 3h can
increase the stability of corresponding radical.

Table 4. Calculation of energy opt + frq of compounds 3a-h using
DFT method in 6-311++G (d) basis set.

Com- Reactants Radicals BDE
pounds (a.u.) (a.u) (kcal mol™)
3h -564.5609986 -563.9221562 400.88
3e(OH) -623.7550404 -623.1156937 401.20
3d -705.7909084 -705.1461778 404.57
3b -548.5353695 -547.8896743 405.18
3e(NH,) -623.7550392 -623.1091857 405.28
3f -663.0593888 -662.4135282 405.28
3g -3119.639242 -3118.991964 406.17
3a -356.7947813 -356.1463463 406.90
3c -753.0392 -752.38958 407.64

4, Conclusions

In this study, a new and efficient procedure was
proposed for the synthesis of 1,3,4-oxadiazol-2-amines.
They were prepared in good to excellent yields under ul-
trasound irradiation as promotion of the reaction between
hydrazides and cyanogen bromide. Hydrogen-atom-do-
nating abilities of all synthesized heterocycles were eval-
uated against DPPH radical. Acceptable to good antioxi-

dant properties of the derivatives candidate them as potent
antidiabetic, antiproliferative, anti-inflammatory and an-
ti-neurodegenerative agents. The trend observed in the
stability of radicals was not in complete agreement with
the theoretical data suggesting that other mechanisms
should be involved in the formation of all or some of them.
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Razvoj sinteznih postopkov za pripravo 1,3,4-oksadiazolskih derivatov je bil vedno v sredi§¢u pozornosti raziskovalceyv,
saj tovrstni heterocikli izkazujejo mnozico uporabnih bioloskih aktivnosti. V tej studiji smo z reakcijo med razli¢nimi
hidrazidi in cianogen bromidom s pomocjo ultrazvo¢nega valovanja, ob prisotnosti etanola kot topila in kalijevega hi-
drogenkarbonata kot baze, uspesno sintetizirali serijo 1,3,4-oksadiazol-2-aminov, ki smo jih izolirali z 81-93 % izkorist-
ki. Antioksidativne lastnosti pripravljenih spojin smo dolo¢ili s pomoc¢jo metode lovljenja DPPH prostih radikalov; to
je ena izmed najbolj osnovnih stopenj pri identifikaciji povezanih bioloskih u¢inkov. Izmerjene IC5, vrednosti so bile v
obmodju 0.237 to 0.863 mM. Sintetizirani 1,3,4-oksadiazoli lahko sluzijo kot spojine, ki $¢itijo pred oksidativnim stre-
som, in se lahko uporabljajo za zdravljenje raka, kandidiaze, sladkorne bolezni ter nevrodegenerativnih in inflamatornih
obolenj. S pomocjo teorije gostotnega polja (DFT) smo izrac¢unali energije disociacije vezi (BDE) in elektronske gostote,
ki temeljijo na nekovalentnih interakcijah (NCI). Ugotovili smo, da reverzibilne sile dipol-dipol igrajo klju¢no vlogo pri

vecini interakcij.
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