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ARTICLE INFO ABSTRACT

The new novel Oxadiazole derivatives linked to Indole moiety were

A’tifle History: prepared, and biological screened for the anti-microbial activities. These
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steps reaction procedure was utilized that start with the first step included
simple method of synthesis 2-(2-chloroacetyl) hydrazinecarbothioamide
(1) from refluxing equal moles from thiosemicarbazide and
chloroacetylchloride. Compound (1) was used as the starting substance
for preparing new 2-(2-(1H-indol-3-yl)acetyl)hydrazinecarbo thioamide
(2) via a refluxing with Indole by using anhydrous Na,CO, in Ethanol as a
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Heterocyclic ) solvent. On the other hand, new Oxadiazole derivative (3) was prepared via
Nanocomposites a cyclization method of compound (2] in H,SO,. The new synthetic schiff
Oxadiazole

base (4) was synthesized via condensation reaction of compound (3) with
substituted aromatic aldehyde in ethanol. Finally, the new nanocomposites
based Indole moiety and oxadiazole ring coated silver nanoparticles
(AgNPs) were synthesized by using silver nitrate with the final oxadiazole
derivative(4). All prepared compounds and chemical structure were
proved by FTIR, 'THNMR spectroscopy and colloidal (Ag NPs) it has been
confirmed by XRD,SEM ,UV-Vis. Also the antimicrobial screening of the
synthesized compounds against two resistant pathogenic bacteria (G+)
Staphylococcus aureus , E. coli(G-) and P. aeruginosa(G-) was examined in
vitro comparable with ampicillin and cefaxim as standard antibiotic, and
they exhibited positive result.
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INTRODUCTION

The Oxadiazoles are very enormous diversity
of useful heterocyclic compounds containing
biological effects that are attributed to Oxygen and
2 Nitrogen atoms which forms the five membered
rings [1]. The Oxadiazoles most used route by
reaction between acid hydrazine hydrate and
acids chlorides cyclization occurs via dehydrating
agents such as (POCI,, SOCI.)[2]. Many researchers
reported that both (G+) and (G-) bacteria are

* Corresponding Author Email: mscosama86@gmail.com

affected by oxadiazoles derivatives[3,4]. The
gram negative has multi-layered cell walls and
the gram positive has one layer cell wall so that
why there is different in the sensitivity against
antimicrobial agents [5]. The oxadiazole ring has
many bio properties such as hypoglycemic [6],
antifungal [7], antineoplastic [8] and antiviral
activities [9]. Oxadiazole classified as therapeutic
molecules has attracted many researchers to
develop more active selective molecule screened
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higher pharmacological efficiency [10, 11].
Recently, Ag NPs have extremely interesting
biological characteristics, from the wide spectrum
antibacterial actions to the anti-cancer and
antiviral activities, due to the fact that they
prevent the bacterial growth and inhibit their
activities[12]. Therefore , this study attempted to
synthesis Nanocomposities through heterocyclic
compound based oxadiazole ring with Silver ( Ag
NPs) to increase antibacterial activity.

MATERIALS AND METHODS

All raw chemical materials were supplied
from ROMIL chemical Co. and used as received.
FT-IR measurement was carried out by (Bruker)
FTIR spectrophoto -meter. *HNMR spectra were
recorded with Bruker spectrophotometer model

(@]

Cl\)J\ +
le]]

ultra-shield at (400 MHz) using DMSO-d, as a
solvent in university of Shiraz, Iran. Electronic
spectra were determined using UV-1800 Shimadzo.
The sliver nanoparticles also were confirmed by
using SEM microscopy (Nova NanoSem 450), FEI
FESEM and XRD analysis type (Xpert MPD).

The reaction series progressing to the forming
a new Ag Nanocomposite is summarized in Fig. 1.

Synthesis of 2-(2-chloroacetyl)
hydrazinecarbothioamide (1).[13]
Thiosemicarbazide (2.0 g 0.0128 mol) EtN
(1.6 mL 0.0130) were cooled to 0C° under stirring
then added drop by drop of chloroacetylchloride
(1.2mL). The combination was kept string for
2hrs at room temp. After that the temperature of
heating was up gradually to (80-90)°C for 4hrs. The
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Fig. 1. Synthesis of target compounds
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complete mixture was dripped into ice water and
the obtained crystal filtered and recrystallized from
EtOH. Physical properties of comp. (1) and yield
are listed in the table (1). IR(cm™, KBr):3400-3427,
3290(NH, NH,), 2875-2955(C-H alph),1630(C=0
amide),742(C-Cl).

Synthesis of 2-(2-(1H-indol-3-yl)acetyl)
hydrazinecarbothioamide (2)[14].

Indole (1.17 g, 0.01 mol) with 2-(2-chloroacetyl)
hydrazinecarbothioamide (1) (2.18 g, 0.01 mol)
in EtOH (35 m L) and anhydrous Na,CO, (9.01 g).
The mixture were refluxed heating in steam bath
for 9hrs at (70 -80) C°, the mass left to cooled of
then filtered under reduced pressure. The P.PT
thus collected were recrystallized from absolute
ethanol, the analytical data given in Table 1 IR (cm’
!, KBr): 3130(NH of Indole) ,3290-3300(NH,NH,),
3041(C-Harom.), 2837(CH,) ,1722(C=0 amlde)
*HNMR (DMSO-d,) ppm: 6=10.00(s,1H,NHIndole),
8.50 (s,4H, NHNHCSNH ), 7.20-6.70(m,5H,Ar-H)

’

Table 1. Physical and analytical data of compounds (1-4)

4.22(s,2H,CH,).

Synthesis of 5-((1H-indol-3-yl) methyl)-1,3,4-
oxadiazol-2- amine ( 3) [15].
-(2-(1H-indol-3-yl)acetyl)
hydrazinecarbothioamide(2) (5.80 g, 0.01 mol) and
H,SO, concentrated ( 18mL) were sttired for 14 hrs
at room temperature then cooled off to ( 5°C) and
treated with NH, solution . The mixture kept under
stirring for half hour. The solid mass which is formed
was dehydrated and recrystallized from methanol.
the analytical data given in Table 1. IR(cm™, KBr)
3120(NH of Indole), 3400(NH,), 3066(C-Harom),
2985(CH,),1690(C=N), ~ 1080(C-O-C). ~ 'HNMR
(DMSO-d,), ppm: 6 =10.12 (s, 1H, NH Indole); 8.41
(s, 2H NH2) 7.81-7.00(m,5H,Ar-H);4.15(s,2H,CH,).

Synthesis of 5-((1H-indol-3-yl) methyl)-N-(2-
nitrobenzylidene)-1,3,4-oxadiazol-2-amine(4)
[16,17].

5-((1H-indol-3-yl)methyl)-1,3,4-oxadiazol-

physical characters

No. Structure M.P°C colour Yield%
S
.
1 185-187 Pale yell 65
Cl/ﬁ( \N NH, yellow
H
(6]
s
NP
Sy NH,
2 \ H
4 190-192 Off white 70
N
H
N_)N\
N—N
4 )\/@
T 178-180 Dark yellow 81
(o]
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2-amine(3)(5.4g,0.01mol) dissolved in ethanol
70mL, glacial acetic acid 0.5ml, (0.01 mol ,2.0 g )
2-nitro benzaldehyde was added . Combination
was refluxed for 10 h (80-90 ‘C). The solid achieved
was filtered off, and washed with mix of distilled
water and ether petroleum (1:1), recrystallized
from absolute ethanol. The physical properties
of compound (4) and yield are listed in the table
(1). IR (cm™,KBr): 3200(NH of Indole), 3030(CH
aroma), 2835(CH,),1624(C=N) 1599, (C=C arom
ring),1050(C-0O-C).

Silver nanoparticle synthesis

Colloidal silver nanoparticles (Ag NPs) were
synthesized by take (11mL,1.2 M) of silver nitrate
solution and added drop by drop into a (25mL, 2.5
M) sodium borohydride solution in a cold bath
and kept vigorous stirring at 4 C°degrees. Using
extra amount of sodium borohydride to keep the
BH, surrounding the (Ag NPs) in solution moiety
reaction continuous stirring till the color changed
to pale yellow first and dark yellow [18]. The
organic nanomaterial was prepared as follow.

T%

T I T I T I
4000 2500 2000 2500

2000 1500 1000 500

WAVE NUBER (cm’)
Fig. 2. FTIR-spectral data for compunds (1-2-3)

Table 2. The zone of inhibition in (mm) for Ag Nanocomposite

Inhibition zones (mm)

Comp. Compoun.d ' .
Concentration E.coli P. aeruginosa S. aureus
(ug/mL)
50 17 -- 10
100 22 12 11
. 200 22 12 11
Ag Nanocomposite Minimum inhibitory conc. M.I.C (ug/mL)
E.coli P. aeruginosa S. aureus
40 90 40
control -- -- --
cefaxim 40 300 300
Amoxicillin 13 150 200
824 J Nanostruct 13(3): 821-829, Summer 2023
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Fig. 3. FTIR-spectral data for compound (4)

Fig. 4. The effect of Ag Nanocomposite against bacteria

The oxadiazole derivative from step one dissolved
in 1.5 DMF mixed with different amount of ( Ag
NPs) 1\5 in (25mL) round flask on hot path at 85°C
under magnetic stirring for one hour to ensure the
mixing complete between the content of mixture.
Then the homogenous mixture transfer to a glass
dish and dried in an oven at 75°C to remove the
resident solvent from the prepared nanoparticle
composite and the result confirmed by X-RAY
diffraction.

Biological screening

The antimicrobial potency was screened

J Nanostruct 13(3): 821-829, Summer 2023
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by using the usual method of cup plate The
microorganisms which used (E.coli, P. aeruginosa
, S. aureus). Nutrient agar media were prepared in
Petri-dish as culture media [19,20] . By bunching
the agar media with a sterile probe to make pore
(6mm)thesolution of different concentration made
from the target compound Ag Nanocomposite
by DMF taken as blank and Cefixime, Amoxicillin
were taken as positive control[21,22]. The plates
were incubated for 24 hrs at 37°C. The inhibition
zones data for antibacterial Ag Nanocomposite
compound are listed in Table 2. The zones of the
microbial increase were measured in millimeters.

825



RESULTS AND DISCUSSION

This study procedure is to perform the synthesis
of 5-membered cyclic ring oxadiazole (3-4) based
on Indole. The compounds were exploited to
made new oxadiazole derivatives represented
by final compounds which consist four steps Fig.
1. Stretching band of (NH) belonged to Indole
appeared in (2939-3200) cm™,(CH,) at 2835 cm™
(C-H) aromatic at (3030) cm?, (C=C) aromatic
ring at (1599) cm™ . Compounds (1-4) have been
totally characterized and correlated with their

spectroscopic analysis (Figs. 2and 3) and their
physical properties are explainsin (Table 1) [23,24].

The antibacterial potency of the synthesized
Ag Nanocomposite was achieved by agar cup
plate method [18] the mean radius of zone
inhibition (mm) and MIC (ug/mL) were tested in
comparison with cefixime, amoxicillin antibiotics.
The inhibition of Ag Nanocomposite shows that
the oxadiazole derivatives with phenyl ring made
the biological activity at the high level of affection
against the significant type of bacteria , this could
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Fig. 5. XRD patterns of synthetic AgNPs
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Fig. 6. AFM 3-D photo and the granola size
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Fig. 7. SEM of nanoparticle composite (AgNPs)
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Fig. 8. UV-Vis of AgNPs
be due to the presence of the oxadiazole ring and The XRD of silver nanoparticle shown in Fig. 5
NO, group[25,26], as displayed in Fig. 4, Table 2. the pattern of XRD it contain three peak (37.5—

J Nanostruct 13(3): 821-829, Summer 2023

[ |

827



O. S.Hashim and 1. A. Yass / New Oxadiazole Derivatives with Ag NPs

200 - a1y

150 A
3
=
E
£ 100
= (200)

Mﬂ, 220 311
50
o y o T | 4 M 4 .2 T > 1 4 y T 1 4 1 T
20 25 30 35 40 50 55 60 65 70 75 80
2 Theta(deg)

Fig. 9. The diffraction angles of AgNPs

44-65) and diffraction angles was (111), (200)
and (220). Fig. 6 reveals AFM chart of silver NPs —
texture. However, SEM micrograph for presence of
AuNPs has been noticed the grain size as result of
examination showed in Fig. 7 also, the particles in
nanoparticle composite (Ag NPs) were found with
almost spherical morphology and the size range
from 21 to 38 nm[27].

The sliver nanoparticles also confirmed by (UV-
Vis) spectrum in 103 M, Fig. 8 exhibited intense
absorption peaks of Ag NPs at 420 nm affiliated
to (n = m* ) electronic, it’s calculated during
the color change to pale yellow. Fig. 9 showed
diffraction angles of Ag NPs. The anti-microbial
effect of silver depends on Ag+, as it bonds closely
to electron donor groups in microbial cell walls like
S, N, or O elements. However, the effect of silver
nanoparticles on this cells through, the efficiency
of silver nanoparticles to bind and log into the cell
wall, and create the free radicals by Ag NPs, which
may damage the cell membrane and puncture
it[26).

CONCLUSION

The target of the study was to produce a new
oxadiazole derivatives linked to Indole moiety
with Silver (Ag NPs) to increase antimicrobial

828

activities. The Ag nanocomposities synthezied by
a series of reactions that began by the formation
oxadiazole derivatives. The anti-macrobial activity
of Ag nanocompositie synthesized compounds
was tested in vitro and exhibited very good
antimicrobial activities comparable with cefixime,
amoxicillin as standard antibiotic, however, more
studies are also needed.

CONFLICT OF INTEREST
The authors declare that there is no conflict
of interests regarding the publication of this

manuscript.

REFERENCES

1. Lashkari M, Roudbaraki SJ, Ghashang M. Preparation
of 1,3,4-oxadiazole derivatives via supported and
unsupported phosphinium dibromide reagents. Can J
Chem. 2020;98(11):670-675.

2. Eliseeva Al, Nesterenko OO, Slepukhin PA, Benassi E,
Belskaya NP. Synthesis and Fluorescent Behaviour of 2-Aryl-
4,5-dihydro-1H-1,2,4-triazoles. The Journal of Organic
Chemistry. 2016;82(1):86-100.

3. Tokumaru K, Johnston JN. A convergent synthesis of
1,3,4-oxadiazoles from acyl hydrazides under semiaqueous
conditions. Chemical Science. 2017;8(4):3187-3191.

4. Tomma JH, Khazaal MS, Al-Dujaili AH. Synthesis and
characterization of novel Schiff bases containing pyrimidine
unit. Arabian Journal of Chemistry. 2014;7(1):157-163.

5. Glomb T, Wiatrak B, Gebczak K, Gebarowski T, Bodetko D,

J Nanostruct 13(3): 821-829, Summer 2023
(@)er |



http://dx.doi.org/10.1139/cjc-2020-0185


http://dx.doi.org/10.1139/cjc-2020-0185


http://dx.doi.org/10.1139/cjc-2020-0185


http://dx.doi.org/10.1139/cjc-2020-0185

http://dx.doi.org/10.1021/acs.joc.6b02144

http://dx.doi.org/10.1021/acs.joc.6b02144

http://dx.doi.org/10.1021/acs.joc.6b02144

http://dx.doi.org/10.1021/acs.joc.6b02144

http://dx.doi.org/10.1039/c7sc00195a

http://dx.doi.org/10.1039/c7sc00195a

http://dx.doi.org/10.1039/c7sc00195a

http://dx.doi.org/10.1016/j.arabjc.2013.08.024

http://dx.doi.org/10.1016/j.arabjc.2013.08.024

http://dx.doi.org/10.1016/j.arabjc.2013.08.024

http://dx.doi.org/10.3390/ijms21239122


10.

1

[N

12.

13.

14.

15.

O. S.Hashim and 1. A. Yass / New Oxadiazole Derivatives with Ag NPs

Czyznikowska Z, et al. New 1,3,4-Oxadiazole Derivatives of
Pyridothiazine-1,1-Dioxide with Anti-Inflammatory Activity.
Int J Mol Sci. 2020;21(23):9122.

Matheau-Raven D, Dixon DJ. General a-Amino
1,3,4-Oxadiazole Synthesis via Late-Stage Reductive
Functionalization of Tertiary Amides and Lactams**. Angew
Chem Int Ed. 2021;60(36):19725-19729.

Hassan A, Khan AH, Saleem F, Ahmad H, Khan KM. A patent
review of pharmaceutical and therapeutic applications of
oxadiazole derivatives for the treatment of chronic diseases
(2013-2021). Expert Opin Ther Pat. 2022;32(9):969-1001.
Saglam MF, Gindogdu A, Hora M, Kandemir H, Sengul IF.
Synthesis of pyrrolo[3,2-c]carbazole-2-carbohydrazides
and  pyrrolo[3,2-c]carbazol-2-yl-1,3,4-oxadiazoles  and
their in vitro antibacterial evaluation. Synth Commun.
2021;51(20):3164-3174.

Abdelrehim E-sM. Synthesis and Screening of New [1,3,4]
Oxadiazole, [1,2,4]Triazole, and [1,2,4]Triazolo[4,3-b]
[1,2,4]triazole Derivatives as Potential Antitumor Agents
on the Colon Carcinoma Cell Line (HCT-116). ACS Omega.
2021;6(2):1687-1696.

Pal D, Pandey D, Tripathi R, Mishra P. Synthesis,
characterization, antimicrobial, and pharmacological
evaluation of some 2, 5S-disubstituted sulfonyl

amino  1,3,4-oxadiazole and  2-amino-disubstituted
1,3,4-thiadiazole derivatives. Journal of Advanced
Pharmaceutical Technology &amp; Research.2014;5(4):196.

.Kapadiya K, Dubal G, Bhola Y, Dholaria P. Synthesis and

Antimicrobial Evaluation of 1,3,4-Oxadiazole bearing Schiff
Base Moiety. Asian Journal of Organic &amp; Medicinal
Chemistry. 2020;5(1):1-5.

Yang D, Liu Q, Gao Y, Wan S, Meng F, Weng W, et al.
Characterization of silver nanoparticles loaded chitosan/
polyvinyl alcohol antibacterial films for food packaging.
Food Hydrocolloids. 2023;136:108305.

Yadav L, Kapoorr R, Singh S, Tripathi S. Photocatalytic
Oxidative Heterocyclization of Semicarbazones: An Efficient
Approach for the Synthesis of 1,3,4-Oxadiazoles. Synlett.
2015;26(09):1201-1206.

Alshammari MB, Aly AA, Brase S, Nieger M, Abd El-Haleem
LE. Efficient Synthesis of Various Substituted (Thio)Ureas,
Semicarbazides, Thiosemicarbazides, Thiazolidones, and
Oxadiazole Derived from [2.2]Paracyclophane. ACS Omega.
2022;7(15):12879-12890.

Puthiyapurayil P, Poojary B, Chikkanna C, Buridipad SK.
Design, synthesis and biological evaluation of a novel series
of 1,3,4-oxadiazole bearing N-methyl-4-(trifluoromethyl)
phenyl pyrazole moiety as cytotoxic agents. Eur J Med

J Nanostruct 13(3): 821-829, Summer 2023
[@)er |

16.

17.

18.

19.

20.

21.

22.

2

w

24,

25.

26.

Chem. 2012;53:203-210.

Tomma JH, Abbas SF, Al-Dujaili AH. New Quinolin-2-one,
Indazole, and Benzisoxazole Derivatives Derived from
Chalcones: Synthesis, Characterization, and Biological
Activity. Russ J Org Chem. 2023;59(6):1027-1032.

Kumar D, Sundaree S, Johnson EO, Shah K. An efficient
synthesis and biological study of novel indolyl-1,3,4-
oxadiazoles as potent anticancer agents. Bioorganic &amp;
Medicinal Chemistry Letters. 2009;19(15):4492-4494.
Aydin i, Ertekin K, Oncuoglu S, Hizliates CG. Manipulating
spectral properties of the Hg (ll) sensitive carbazole-
oxadiazole derivative by silver nanoparticles: Two different
sensing mechanisms for the same probe. Opt Mater.
2021;115:111030.

Abu-Zaied MA, El-Telbani EM, Elgemeie GH, Nawwar GAM.
Synthesis and in vitro anti-tumor activity of new oxadiazole
thioglycosides. Eur ) Med Chem. 2011;46(1):229-235.
Al-Rawi MS, Hussei DF, Al-Taie AF, Al-Halbosiy MM,
Hameed BA. Cytotoxic effects of new synthesis heterocyclic
derivatives of Amoxicillin on some cancer cell lines. Journal
of Physics: Conference Series. 2018;1003:012012.

Hashemi SM, Hosseini-khah Z, Mahmoudi F, Emami
S. Synthesis of 4-Hydroxycoumarin-Based Triazoles/
Oxadiazoles as Novel Anticancer Agents. Chemistry &amp;
Biodiversity. 2022;19(10).

Khidre RE, Salem MA, Ameen TA, Abdelgawad AAM.
Triazoloquinolines  1l:  Synthesis,  Reactions, and
Pharmacological Properties of [1,2,4]Triazoloquinoline and
1,2,4-Triazoloisoquinoline Derivatives. Polycyclic Aromatic
Compounds. 2021;43(1):13-53.

. PirimovaM, Torambetov B, Kadirova$, ZiyaevA, Gonnade RG,

Ashurov J. Synthesis, crystal structure and Hirshfeld surface
analysis of a zinc(ll) coordination polymer of 5-phenyl-
1,3,4-oxadiazole-2-thiolate. Acta Crystallographica Section
E Crystallographic Communications. 2022;78(8):794-797.
Ayyash AN. Synthesis and Antimicrobial Studies of
New [Tetrakis (1, 2, 4-Triazole / 1, 3, 4-Oxadiazole / 1, 3,
4-Thiadiazole] [Bis-(Benzene-1, 3, 5-Triyl)] Dioxymethylene
Compounds. Iraqi Journal of Science. 2020:234-245.

Study the Toxicity and Anticancer activity of Some New
Amic Acid and Their Derivatives of Mefenamic acid. Indian
Journal of Forensic Medicine &amp; Toxicology. 2020.

Hug MA, Ashrafudoulla M, Parvez MAK, Balusamy SR,
Rahman MM, Kim JH, et al. Chitosan-Coated Polymeric Silver
and Gold Nanoparticles: Biosynthesis, Characterization and
Potential Antibacterial Applications: A Review. Polymers.
2022;14(23):5302.

829


http://dx.doi.org/10.3390/ijms21239122

http://dx.doi.org/10.3390/ijms21239122

http://dx.doi.org/10.3390/ijms21239122

http://dx.doi.org/10.1002/anie.202107536

http://dx.doi.org/10.1002/anie.202107536

http://dx.doi.org/10.1002/anie.202107536

http://dx.doi.org/10.1002/anie.202107536

http://dx.doi.org/10.1080/13543776.2022.2116312


http://dx.doi.org/10.1080/13543776.2022.2116312


http://dx.doi.org/10.1080/13543776.2022.2116312


http://dx.doi.org/10.1080/13543776.2022.2116312


http://dx.doi.org/10.1080/00397911.2021.1966040

http://dx.doi.org/10.1080/00397911.2021.1966040

http://dx.doi.org/10.1080/00397911.2021.1966040

http://dx.doi.org/10.1080/00397911.2021.1966040

http://dx.doi.org/10.1080/00397911.2021.1966040

http://dx.doi.org/10.1021/acsomega.0c05718

http://dx.doi.org/10.1021/acsomega.0c05718

http://dx.doi.org/10.1021/acsomega.0c05718

http://dx.doi.org/10.1021/acsomega.0c05718

http://dx.doi.org/10.1021/acsomega.0c05718

http://dx.doi.org/10.4103/2231-4040.143040

http://dx.doi.org/10.4103/2231-4040.143040

http://dx.doi.org/10.4103/2231-4040.143040

http://dx.doi.org/10.4103/2231-4040.143040

http://dx.doi.org/10.4103/2231-4040.143040

http://dx.doi.org/10.4103/2231-4040.143040

http://dx.doi.org/10.14233/ajomc.2020.ajomc-p199


http://dx.doi.org/10.14233/ajomc.2020.ajomc-p199


http://dx.doi.org/10.14233/ajomc.2020.ajomc-p199


http://dx.doi.org/10.14233/ajomc.2020.ajomc-p199


http://dx.doi.org/10.1016/j.foodhyd.2022.108305

http://dx.doi.org/10.1016/j.foodhyd.2022.108305

http://dx.doi.org/10.1016/j.foodhyd.2022.108305

http://dx.doi.org/10.1016/j.foodhyd.2022.108305

http://dx.doi.org/10.1055/s-0034-1380493

http://dx.doi.org/10.1055/s-0034-1380493

http://dx.doi.org/10.1055/s-0034-1380493

http://dx.doi.org/10.1055/s-0034-1380493

http://dx.doi.org/10.1021/acsomega.2c00141

http://dx.doi.org/10.1021/acsomega.2c00141

http://dx.doi.org/10.1021/acsomega.2c00141

http://dx.doi.org/10.1021/acsomega.2c00141

http://dx.doi.org/10.1021/acsomega.2c00141

http://dx.doi.org/10.1016/j.ejmech.2012.03.056

http://dx.doi.org/10.1016/j.ejmech.2012.03.056

http://dx.doi.org/10.1016/j.ejmech.2012.03.056

http://dx.doi.org/10.1016/j.ejmech.2012.03.056

http://dx.doi.org/10.1016/j.ejmech.2012.03.056

http://dx.doi.org/10.1134/s107042802306009x

http://dx.doi.org/10.1134/s107042802306009x

http://dx.doi.org/10.1134/s107042802306009x

http://dx.doi.org/10.1134/s107042802306009x

http://dx.doi.org/10.1016/j.bmcl.2009.03.172

http://dx.doi.org/10.1016/j.bmcl.2009.03.172

http://dx.doi.org/10.1016/j.bmcl.2009.03.172

http://dx.doi.org/10.1016/j.bmcl.2009.03.172

http://dx.doi.org/10.1016/j.optmat.2021.111030

http://dx.doi.org/10.1016/j.optmat.2021.111030

http://dx.doi.org/10.1016/j.optmat.2021.111030

http://dx.doi.org/10.1016/j.optmat.2021.111030

http://dx.doi.org/10.1016/j.optmat.2021.111030

http://dx.doi.org/10.1016/j.ejmech.2010.11.008

http://dx.doi.org/10.1016/j.ejmech.2010.11.008

http://dx.doi.org/10.1016/j.ejmech.2010.11.008

http://dx.doi.org/10.1088/1742-6596/1003/1/012012

http://dx.doi.org/10.1088/1742-6596/1003/1/012012

http://dx.doi.org/10.1088/1742-6596/1003/1/012012

http://dx.doi.org/10.1088/1742-6596/1003/1/012012

http://dx.doi.org/10.1002/cbdv.202200043

http://dx.doi.org/10.1002/cbdv.202200043

http://dx.doi.org/10.1002/cbdv.202200043

http://dx.doi.org/10.1002/cbdv.202200043

http://dx.doi.org/10.1080/10406638.2021.2008457

http://dx.doi.org/10.1080/10406638.2021.2008457

http://dx.doi.org/10.1080/10406638.2021.2008457

http://dx.doi.org/10.1080/10406638.2021.2008457

http://dx.doi.org/10.1080/10406638.2021.2008457

http://dx.doi.org/10.1107/s2056989022006922

http://dx.doi.org/10.1107/s2056989022006922

http://dx.doi.org/10.1107/s2056989022006922

http://dx.doi.org/10.1107/s2056989022006922

http://dx.doi.org/10.1107/s2056989022006922


http://dx.doi.org/10.24996/ijs.2020.61.2.1



http://dx.doi.org/10.24996/ijs.2020.61.2.1



http://dx.doi.org/10.24996/ijs.2020.61.2.1



http://dx.doi.org/10.24996/ijs.2020.61.2.1


http://dx.doi.org/10.37506/ijfmt.v14i1.123

http://dx.doi.org/10.37506/ijfmt.v14i1.123

http://dx.doi.org/10.37506/ijfmt.v14i1.123

http://dx.doi.org/10.3390/polym14235302


http://dx.doi.org/10.3390/polym14235302


http://dx.doi.org/10.3390/polym14235302


http://dx.doi.org/10.3390/polym14235302


http://dx.doi.org/10.3390/polym14235302



	New Oxadiazole Derivatives  with Ag NPs :Synthesis, Characterization and Antimicrobial Screening 
	Abstract
	Keywords
	How to cite this article 
	INTRODUCTION 
	MATERIALS AND METHODS 
	Synthesis of 2-(2-chloroacetyl) hydrazinecarbothioamide (1).[13] 
	Synthesis of 2-(2-(1H-indol-3-yl)acetyl)hydrazinecarbothioamide (2)[14]. 
	Synthesis of 5-((1H-indol-3-yl) methyl)-1,3,4-oxadiazol-2- amine ( 3) [15]. 
	Synthesis of 5-((1H-indol-3-yl) methyl)-N-(2-nitrobenzylidene)-1,3,4-oxadiazol-2-amine(4)[16,17]. 
	Silver nanoparticle synthesis  
	Biological screening  

	RESULTS AND DISCUSSION 
	CONCLUSION 
	CONFLICT OF INTEREST 
	REFERENCES 

