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because of their brilliant complete properties, multipath
synthesis, various processing methods and wide
application fields. The current work aimed at the synthesis
of a new series of 1,3,4-oxadiazole derivatives on poly
(maleimid-co-methyl acylate). In first step poly (maleimid-
co-MA) (1) was prepared using gebrail reaction to give poly
(potassium maleimid-co-methyl acrylate) (2), then it
reacted with different alkyl halide to obtain compounds (3-
5) of free radical copolymerization. In the second step it
was treated with pure hydrazine (99%) to give compounds
(6-8). The final step was the reaction of different carboxylic
acid with copoly acid hydrazide in present phosphoryl
chloride to give compounds (9-23) as shown in Scheme (1).
All prepared compounds were characterized by Softening
points (FT-IR), and some of them by HNMR and Thermal
gravimetric analysis (TGA)). Further, their Biological
application was investigated. Some of their physical
characteristics are listed in Tables 1 and 2.

KEYWORDS

Addition polymerization; alternating copolymer; free
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Introduction

Recently, the

improvement  of

high-

two nitrogen atoms in their structure.
Different types of oxadiazole isomers can be
distinguished, occurring in the structure of

performance PI substances has found a
significant status [1]. Aromatic polyimides
(PIs) are receiving remarkable attention
because of their brilliant complete properties,
processing
methods and wide application fields [2], the
important products protecting P membranes
[3-6], composite materials [7-9], laminated

multi-path synthesis, various

resin [10], coatings, adhesives [11], separation
membranes [12], fibers [13], photosensitive
substances [14] and liquid crystal alignment
layers [15].

Oxadiazoles are heterocyclic five-atom
compounds containing one oxygen and atom
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many drugs [16]. The most promising
formulations are 1,3,4-oxadiazole derivatives.
The first derivatives of 1,3,4-oxadiazole were
prepared at the end of 19th century. The
strategies for acquiring the new constructions
have been multidirectional, which include the
interactions of phosgene and the fantastic
hydrazides, and the thermal cycle of the
cyclization of 1,2-diacylhydrazines or 1-
acylsemicarbazides with the help of drying
action [17]. Scientists are currently using
various methods to prepare 1,3,4-oxadiazole
derivatives, some of which are improved prior
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methods, for example, reactions carbon
disulfide with

cyclohydration, N-acylhydrazones, hydrazide

cyclooxygenase,

or diacylhydrazines [18]. A massive increase
in research on the 1,3,4-oxadiazole ring has
been observed during the past two decades
[19].

The 1,3,4-oxadiazole ring has
demonstrated a wide range of pharmaceutical
functions. According to the literature, for
many years scientists around the world have
been making new compounds with the basic
1,3,4-oxadiazole, which have confirmed an
enormous spectrum of biological activity,
including anti-inflammatory [20],
antidepressant [21] analgesic [22],
antidiabetic [24] and anticancer [24] effects.
The wunusual antimicrobial activity of
compounds containing 1,3,4-oxadiazole ring
in its structure has been also reported.
Scientists have conducted research for an
antifungal [25], antibacterial [26], and an
antiviral [27] agent carrying a 1,3,4-
oxadiazole scaffold.

Experimental

Materials

All chemical compounds used in this study
were of the easiest purity accessible and
derived from Fluka, BDH, and Sigma Aldrich
chemical compounds. Softening points were
determined on thermal microscope reichert
thermover 160 (University of Baghdad college
of science). FTIR spectra were recorded
utilizing KBr disc on Shimadzu FTIR 8400
Fourier Transform Infrared
spectrophotometer in the Department of
Chemistry, College of Science, University of
Baghdad. Some of the organized compounds
were characterized through H-NMR spectra
recorded on NMR in 400 MHz (Laboratory of
Isfahan University) with tetramethyl saline as
internal standard and DMSO as a solvent.
Thermal analysis was

thermal analysis system consisting of TGA50

performed using
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000801, which was carried out in the

Laboratory of Isfahan University.

Synthesis of
methylacrylate) (1) [28]

poly(maleimide-co-

Copolymerization of maleimid (5 mmol) with
methyl acrylate (5 mmol) was carried out in
DMSO (50 mL) using AIBN (25 mg) as free
radical initiator in bath water for 2h under
nitrogen atmosphere. The copolymer MIMA
was isolated by precipitation to methanol. The
precipitated copolymer was washed with
methanol several. The product used was
purified by using dissolving in DMSO and
reprecipitation from methanol. The physical
properties are listed in Table 1.

Synthesis of poly (potassium maleimid-co-
methyl acrylate) (2) [29]

Poly (maleimide-co-methylacrylate) (0.05
mole) was dissolved in absolute ethanol (30
mL) in presence of potassium hydroxide at 70-
80 °C and refluxed for 6-8 hours. Next, the
solution was allowed to dry. The products
formed were purified by dissolving in DMF
and rerecipitating with acetone. The physical
properties are listed in Table 1.

Synthesis of poly (N-subs. maleimid-co-methyl
acrylate) (3-5) [29]

The poly (potassium maleimid-co-methyl
acrylate) (0.01 mole) was suspended in
dioxane (30 mL); alkyl halide (0.01 mole) was
then added to the solution drop by drop and
stirred for 1 hour. The mixture was then left to
dry. Next, the product was purified by
dissolving in DMF and reprecipitation in
ethanol. The physical properties are listed in
Table 1.

Synthesis of poly (N-subs. maleimid-co- acryl
acid hydrazide) (6-8) [30]

To a solution of poly (N-subs. maleimid-co-
methyl acrylate) (1 mmol) in dioxane (30 mL),
hydrazine hydrate (99%) (2 mmol) was
added, then the resulting mixture was refluxed
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for 6hrs. The product was purified by
dissolving in ethanol and reprecipitation from
acetone. The physical properties are listed in
Table 2.

Synthesis of poly (N-subs. maleimid-co- 1,3.4-
oxadiazole)

A. From different aromatic carboxylic acids
with POCI; (9-20) [31]

Different aromatic carboxylic acids (1 mmol)
and POClz (3 mL) were
chloroform (10 mL) and refluxed for 18 hours.
The reaction combination was cooled and
poured into beaten ice by stirring and getting
neutralized with a solution of sodium
carbonate (10%). The resulting solid was
washed three times with water. The product
was purified through dissolving in DMF and

dissolved in
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reprecipitated from the water. The physical
properties are listed in Table 3.

B. From chloroacetic acid with POCl; (21-23)
[32]

To a stirred solution of phosphoryl chloride
(15 mL), acid hydrazide compounds 6-8 (1
mmol) and chloroacetic acid (1Immol) were
added at 0 °C, then reaction mixture was
refluxed at 80 °C for 4 h. After the completion
of the reaction, the reaction mixture was
concentrated and poured into ice cold water
(100 mL); the solid material was precipitated
out which was filtered out and washed with
water. The product was purified through
dissolving in DMF and re-precipitated from

the water. The physical properties are listed in
Table 4.

TABLE 1 Some of the physical properties of compounds (1-5) and their FT-IR spectral data (cm-1)

physical properties FT-IR spectral data (cm-1)
viel 1.vC=0
. Color S.P d v C-H imide Y UN- vC- Other
ocC (%) aliph. 2.vC=0 C-N H 0-C bands
0 ester
EZ‘EH‘ 2954
" 1-1724 2-
o o ¢=0 Colourless 130-145 82 , 1373 3274 1257
N | 1741
| OCH; 2854
H
22—'c|1+
" 2948 1-1755 2-
c=0 Whi 200-21 ’ 137 - 12
o " 0 | ite 00-215 90 2887 1739 373 30
I OCHz
K
- _jf_l)
D‘:‘ :N: e 7 . 2948, 1-1750 2-
OCH; Whit 140-155 86 1373 - 1234
)'\ e 2829 1693
v C-H
e arom.
Y N S 3044
“ o ) J)CH 1
| Light 2990, 1-1752 2-
160-175 83 1398 - 1220 C=C
@ yellow 2836 1740
arom.
1602
1554
g
{2
o o 7= 82. 2950, 1-17412-
N den, Whit 155-170 ’ 1350 - 1222
o e 2830 1730
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TABLE 2 Some of the physical properties of compounds (6-8) and their FT-IR spectral data (cm-
1)

physical properties FT-IR spectral data (cm-1)
Yie C-H 1.vC=0 1.v
S.P Id aliph imide NH2 v Other
Structure Color oc (% P  2.0C=0 2 v v (C-C1) C-N v N-N bands
) amide N-H
m?_%_ White  125-140 80 2920, 2920, 1-1749 1.3342 1352 1467
o N o {7 ° 2850 2850 2-1679 2.3234

off 133-147 81 2923 2923 1.1737 1.3325 1371 1473 v C-H

:jz:—jg;f’—f—}— white 2854 2854  2.1668 2.3220 arom.
I 3039
le C=C
arom.
1602
1514
&) White 128-142 80 2954, 2954, 11730  1.3326 1344 1461
L o 2854 2854  2-1651  2.3217
T ILHNH2
CHy

TABLE 3 Some of the physical properties of compounds (9-20) and their FT-IR spectral
data (cm-1)

physical properties FT-IR spectral data (cm-1)
1.v
C-H v
Structure St spoc Yield arom. V€0 €=C  1vC=N LuN-N  Other
' (%) Zucﬂ'imMe arom 2.vC-N 2.vC-0 bands
aliph
834 o Offwhite 150-165 73 1740 1550 v (C-CI)
Tl 1.3040
T i&ﬁ>~a§i 5 5016 1.1654 1.1429 790
[iij 2848 2.1327  2.1256
() Off white ~ 148-164 72 1730 1545 v (C-CI)
m;ZH}%”)wﬁ ) 1.3044 795

| ! 1.1658  1.1425
y! NP A 2.2928

2.1320  2.1259
N ) 2856
)
() Light ~ 130-145 60 .~ 1735 1559
Lo yellow 2 7920 1.1645 1.1428 v (C-Cl)
d N ' 2.1319  2.1257 788

2850
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19

20
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et T nght
Ny o o yellow

< Light

T - yellow
ln, JLN /L{ y
Y

T Yellow
I P /s
AN

) Yellow
gy

‘\r—/—;.‘h—'f—l— om Yellow
o%l\ =5 ff,'_°

M u j nght
. o wo, yellow
4 " |
e Light
| ' )\O\ yellow
Ltk Light
PN o /3 yellow
L | '\\N/\©
et Off white

160-175

143-158

155-170

154-169

178-193

185-200

146-164

150-165

141-156

64

62

70

69

72

68

67

65

75
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1744 1559
;";g:; 1.1659  1.1429
2856 2.1328  2.1259
1749 1550
;";g:; 1.1650  1.1429
2852 2.1320 2.1259
1750 1545
;;g;g 1.1654 1.1429
2852 2.1322  2.1259
1745 1540 v (NO2)
;28;; 1.1657 1.1429 ?Zgg
' 2.1319 2.12
2852 3 59 Sym
1375
1755 1550 v (NO2)
;;gzg 1.1645  1.1429 ?ig:
' 2.1316  2.1259
2852 Sym
1370
1749 1558 v (NO2)
;;8;2 1.1660  1.1429 ?ig:
' 2.1330 2.1259
2852 Sym
1372
L3047 1740 1554
22922 1.1651 1.1429
2852 2.1328  2.1259
L3047 1747 1559
22977 1.1654 1.1434
2850 2.1328  2.1267
1745 1554
1.3047
29920 1.1654 1.1419

2855 2.1328 2.1249
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TABLE 4 Some of the physical properties of compounds (21-23) and their FT-IR spectral data

(cm-1)
physical properties FT-IR spectral data (cm-1)
v 1.v
Yield C-H ) v(C- 1.vC=N 1.uN-N Other
Structur Color S.POC Cc=0
ructure (%) aliph . C) 2.vCN 2.vC-O bands
imide
ZF
I 2928 1.1690 1.1420
ey \/ = Off whit 126-141 76 1740 790
H white 2853 2.1328  2.1250
o N j; . 2926 1.1654 1.1429
enc Off whit 128-143 78 1749 799
/L N Tewe VUL WALLE 2859 2.1320  2.1259
o v C-H
Ef \ C_Tt arom.
T N0 3039
| N 2922 1.1669 1.1430
Ha ff whi 131-14 77 17 791 =
Offwhite  131-146 2852 53 21322 2.1259 ¢
arom.
1602
1514
Results and discussion This work aimed at the reaction and
synthesis of novel derivatives of 1,3.4-
oxadiazole as shown in Scheme 1.
0
— | Y .
AIBN C-C- C—O KOH(alc) C-C-C=0
. H,.C=C—C—0CH; ——= 2H o, —— FH Scn,
0 0O 0 =]
N 0 H 0 N 0
(1) (2)
><
_él\ C- (\SS\( =
ﬁ?ﬁ (.JHNI b NH,NH, Ha H C')CHg
O (6-8)
O“ (3-5)
x/ ‘%
Jr
iZlc
HgH\‘/ >\
i EQHY
>\(|
(9-20) 0

SCHEME 1 Synthesis of 1,3,4-oxadiazole

Alternating  copolymer preparation
poly(maleimide-Co-methylacrylate)

of

Maleimide reacted with methylacrylate and
AIBN as a catalyst to prepare compounds
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(1). The FTIR spectrum of these compounds
(1) shows the appearance of the absorption
bands [3213, 1724, 1741, 1398,1228] cm-!
due to v (NH), v (C=0) imide, v (C=0) ester,
v (C-N) and v (C-0-C) consecutively. These
and other bands are shown in Table 1.
IHNMR spectrum of compound (1) showed
signals at 62.09 ppm (s, 2H, CH-CH;); 6 2.96
ppm (t, H, 0=C-CH-CH); 6 3.39 ppm (t, H,
0=C- CH-CH; imid); 6 3.34 ppm (m, H, 0=C-
CH-CH imid): § 3.59 ppm (s, 3H, 0-CH3,); 6
6.67 ppm (s, 1H, NH). Also, there was a
signal at § 2.5 ppm due to the solvent
(DMSO0).

Preparation of poly (potassium maleimid-co-
methyl acrylate)

Poly(maleimide-Co-methylacrylate) reacted
with KOH in ethanol as a catalyst to prepare
compounds (2). The FTIR spectrum of these
compounds (2) shows the appearance of the
absorption bands [ 1755, 1739, 1373,1006]
cm-tdue to v (C=0) imide, v (C=0) ester, v
(C-N) and v (C-O-C) consecutively. These
and other bands are shown in Table 1. The
disappearance of the absorption bands at
(3213) cm-! due to v (NH) are also
displayed.

Preparation of poly (N-subs. maleimid-co-
methyl acrylate)

Poly  (potassium  maleimid-co-methyl
acrylate) reacted with different alkyl halide
in dioxane to prepare compounds (3-5). The
FTIR spectrum of these compounds (1)
shows the appearance of the absorption
bands [2990-2818,1750-1741, 1693-1740,
1326-1373,1006-1260] cm* due to v (C - H)
aliphatic, v (C=0) imide, v (C=0) ester, v (C-
N) and v (C-0-C) consecutively. These and
other bands are shown in Table 1: tHNMR
signals for the compound (3) at §0.96 ppm
(d, 6H, CH-CH3); 6 3.64 ppm (d, 2H, N- CH2-
CH); 6 2.03 ppm (m, H, CH>- CH-CH3); 6 2.09
ppm (s, 2H, CH-CH2); 6 2.96 ppm (t, H, 0=C-
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CH-CHz); 6 3.39 ppm (t, H, 0=C- CH-CH;
imid); & 3.34 ppm (m, H, 0=C-CH-CH imid):
6 3.59 ppm (s, 3H, 0-CH3). Also, there was a
signal at § 2.5 ppm due to the solvent
(DMSO).

Preparation of poly (N-subs. maleimid-co-
acryl acid hydrazide)

Compounds 3-5 reacted with hydrazine
hydrate (99%) in dioxane as a catalyst to
prepare compounds (6-8). The FTIR
spectrum of these compounds (6-8) shows
the appearance of the absorption bands
[3303-3326, 3234-3217,1730-1749, 1612-
1620, 1398-1328,1434-1467]cm-1due to v
(NH2), v (NH), v (C=0) imide, v (C=0) amid,
v (C-N) and v (N-N) consecutively. Also,
absorption bands disappear at (1228) cm-
due to v (C-0-C). These and other bands are
shown in Table 2: tHNMR signals for the
compound (7) at §1.96 ppm (s, 2H, CH-CH);
6 2.96 ppm (t, H, 0=C-CH-CH3); 6 3.39 ppm
(t, H, 0O=C- CH-CH; imid); 6 3.34 ppm (m, H,
0=C-CH-CH imid): § 3.90 ppm (s, 2H, NH-
NH;); 6 4.46 ppm (d, 2H, N-CH;-Ar); 6 7.21-
7.33 ppm (m, 5H, Ar-H); § 7.50 ppm (s, 1H,
0=C-NH-NH3). Also, there was a signal at &
2.5 ppm due to the solvent (DMSO).

Preparation of 1,3.4-oxadiazole

Compounds (6-8) reacted with POCl; in
chloroform as to prepare compounds (9-
20). The FTIR spectrum of these compounds
(1) shows the appearance of the absorption
bands [3040,2916-2848, 1740,
1654,1327,1256] cm-! due to v (C-H) arom,,
v (C - H) aliphatic, v (C=0) imide, v (C=N), v
(C-N) and v (C-0) consecutively. These and
other bands are shown in Table 3: tHNMR
signals for the compound (9) at of §2.96 ppm
(s, 2H, CH-CH); 6 3.30 ppm (t, H, O-C-CH-
CHy); 6 3.41 ppm (t, H, 0=C- CH-CH; imid);
63.64 ppm (m, H, 0=C-CH-CH imid); & 4.46
ppm (d, 2H, N-CH,-Ar); 6 7.23-7.93 ppm (m,
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9H, Ar-H). Also, there was a signal at § 2.5
ppm due to the solvent (DMSO).
Compounds (6-8) reacted with POClz as a
catalyst to prepare compounds (21-23). The
FTIR spectrum of these compounds (1)
shows the appearance of the absorption
bands [3040,2916-2848, 1740,
1654,1327,1256,667] cm-! due to v (C-H)
arom., v (C - H) aliphatic, v (C=0) imide, v
(C=N), v (C-N), v (C-0) and v (C-CD)
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consecutively. These and other bands are
shown in Table 4: 1HNMR signals for the
compound (22) at 6 0.93 ppm ppm (d,6H,
CH-CH3); 6 3.60 ppm (d, 2H, N- CH2-CH); &
1.96 ppm (m, H, CH;- CH-CHs); § 2.59 ppm
(s, 2H, CH-CHy); § 3.30 ppm (t, H, O-C-CH-
CHy); 6 3.34 ppm (t, H, 0=C- CH-CH; imid); &
3.44 ppm (m, H, 0=C-CH-CH imid); 6 4.95
ppm (s, CH,-Cl). Also, there was a signal at §
2.5 ppm due to the solvent (DMSO).

TABLE 5 H NMR spectral data (6 ppm) for some of the prepared compounds

2.09 (s, 2H, CH-CHy); 2.96(t, H, 0=C-CH-CH.); 3.39 (t, H, 0=C- CH-CH imid);

0.96 (d, 6H, CH-CHj); 3.64 (d, 2H, N- CH,-CH); 2.03-(m, H, CH,- CH-CH3); 2.09 (s,
2H, CH-CH,); 2.96 (t, H, 0=C-CH-CH>); 3.39 (t, H, 0=C- CH-CH, imid); 3.34(m, H,

1.96 (s, 2H, CH-CHz); 2.96(t, H, 0=C-CH-CH3); 3.39 (t, H,0=C- CH-CH; imid); 3.34
(m, H, 0=C-CH-CH imid): 3.90 (s, 2H, NH-NH;); 4.46 (d, 2H, N-CH;-Ar); 7.21-

2.96 (s, 2H, CH-CH,); 3.30 (t,H,0-C-CH-CH,);3.41 (t, H,0=C- CH-CH, imid); 3.64

0.6 (d, 6H, CH-CHs); 2.37 (s, 3H, CHs-Ar); 3.58 (d, 2H, N- CHo-CH); 1.96-(m, H,
CH,- CH-CHs); 2.96 (s, 2H, CH-CH,); 3.30 (t, H, 0-C-CH-CH,); 3.41 (t, H,0=C- CH-

0.86 (t, 3H, CH,-CHs); 1.37 (m, 4H, CHo-CHs); 3.53 (d, 2H, N- CH,-CH,); 1.60 (d,
2H, CHz- CH2-CH); 2.96 (s, 2H, CH-CH,); 3.30 (t, H, 0-C-CH-CH,); 3.41 (t, H,

2.53 (s, 2H, CH-CH,); 3.30 (t, H, 0-C-CH-CH,); 3.41 (t, H, 0=C- CH-CH, imid);
3.64 (m, H, 0=C-CH-CH imid); 4.61 (d, 2H, N-CH,-Ar); 7.19-7.96 (m, 9H, Ar-H);

0.93 (d, 6H, CH-CHs); 3.60 (d, 2H,N- CH2-CH); 1.96 (m, H, CH,- CH-CH3); 2.59 (s,

No. of
C:m(;). 1H NMR spectral data (8 ppm)
1
3.34 (m, H, 0=C-CH-CH imid): 3.59 (s, 3H, 0-CH3, ); 6.67 (s, 1H, NH).
3
0=C-CH-CH imid): 3.59 (s, 3H, 0-CH3)
7
7.33 (m, 5H, Ar-H); 7.50 (s, 1H, O=C-NH-NH3).
9
(m, H, 0=C-CH-CH imid); 4.46 (d, 2H, N-CHz-Ar); 7.23-7.93 (m, 9H, Ar-H);
12
CH; imid); 3.64 (m, H, 0=C-CH-CH imid); 7.19-7.83 (m, 4H, Ar-H)
17
0=C- CH-CH; imid); 3.64 (m, H, 0=C-CH-CH imid); 7.66-8.04 (m, 4H, Ar-H)
18
2.35 (s, 3H, CHz-Ar);
22

Biological activity [32]

2H, CH-CH,); 3.30 (t, H, 0-C-CH-CH>); 3.34 (t, H, 0=C- CH-CH, imid); 3.44 (m, H,
0=C-CH-CH imid); 4.95 (s, CH,-Cl)

agar medium at a temperature of 37 °C for a
period of 24 hours, and the results were

Antimicrobial susceptibility tests of some
synthesized compounds were performed
according to the well diffusion method. A
number of synthesized compounds were
evaluated on two bacterial strains, one gram
positive (Staphylococcus aurous) and one
gram negative. (Escherichia coli). The
samples were cultured on Muller Hinton

good for some compounds, as shown in
Table 5. Also, one fungal
pathogenic fungal

strain like
(Rhizosporium) was
evaluated, where samples were planted on
the medium of PDA at a temperature of 28
°C for a period of (3-5) days and some
results were good, as shown in Table 6 and
Figure 1.
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[conc.] = 0.02 g/ml, Control = Solvent =
DMSO, Inhibition Zone: (-) no inhibition; (6-
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weak; (11-18) mm moderate; (19-

30) mm strong, (30-35) mm very strong.

TABLE 6 Anti-microbial for some of the prepared compounds

Antibacterial activity test

No. of
Bimmn, Staphylococcus
aurous (Gram-
positive bacteria)
Control -
1 16
9 21
17 23
18 12
26 20
29 22
Amoxicillin 28
Flucanazole

Antifungal
activity test
Escherichia coli
(Gram-negative Rhizosporium
bacteria)
18 10
20 11
21 13
16 20
22 16
21 10
30
14

FIGURE 1 Biological activities of some prepared compounds on Rhizosporium, Escherichia

coli and Staphylococcus aurous

Antioxidant activity [33]

DPPH Radical Scavenging Activity:

DPPH (1,1-Diphenyl-2-picryl-
hydrazyl): DPPH (4 mg) was
dissolved in 100 mL of ethanol, and
the solution was kept protected

from light by covering the test tubes
with aluminum foil.

Various concentrations (100, 50,
25, 12.5 and 6.25) ppm were
prepared from the
prepared compounds. It was
prepared by dissolving 1 milligram
of the compound and dissolving it

some of
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with 10 mL of ethanol to prepare
100 ppm, then it was diluted to 50
and 25 ppm...etc.

e Ascorbic acid (vitamin C): Similar
concentrations were prepared.
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e The following equation was used to
determine the potential to scavenge
DPPH radicals:

[%= (Abs blank - Abs sample) / Abs
blank x 100 (Figure 2).

120

100

80

100 50

60

12,5 6,25

FIGURE 2 The scavenging's comparison between the prepared compounds and ascorbic acid

The ICso value of DPPH radical scavenging
activity [34]

The ICso value was determined to assess the
sample concentration required to inhibit
50% of the radical. The higher antioxidant

activity lowers ICso value of the compound
(17) due to NO2, which is the preferred place
of free radical attack. Ascorbic acid is a
standard with an ICso value of 36.3 ppm
(Table 7).

TABLE 7 1C50 value of DPPH radical scavenging activity

Comp. No. Linear Equation IC50
17 y = 1.033x 48
19 y = 0.995x 50
25 y =0.979x 51.
29 y =1.01x 49
32 y =1.02x 46

Thermal gravimetric analysis

Thermal gravimetric evaluation (TGA)
measures weight/mass change (loss or
gain) and the rate of weight trade as a
feature of temperature,
atmosphere. = Measurement is

time and
used

principally to determine the thermal
composition of materials and to predict
their thermal stability, revealing that weight
loss was below 20 % up to 200 C. The
maximum weight loss in 40% occurred
between 300 to 600 C. The total weight loss
up to 800C is 80.6% (Figure 3).
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FIGURE 3 Thermal analysis (TG) of compound [18]

Conclusion

The  synthesized compounds have
been demonstrated with the aid of using
spectroscopic methods (FTIR and 1HNMR).
Some of the organized compounds gave

a top efficiency. The biochemical
studies published that the newly
synthesized compounds brought
about activatory consequences on two types
of micro-organism ie. Staphylococcus
aureus, Klebsiella  pneumonia, and
one type of fungal, i.e. Rhizosporium.
Staphylococcus aureus
showed reasonable inhibition via the
compounds 18 and 26

and excessive inhibition in compounds 9,17
and 29. Klebsiella
pneumonia confirmed average inhibition by
means of the compounds 9 and

18, excessive inhibition in
compounds 17,26 and 29,.
Rhizosporium confirmed moderate
inhibition in compounds 9,17 and

29 and excessive inhibition in compound

18,26. Based on what achieved, it can
be stated that these organized compounds
have precise efficacy towards micro-
organism and fungi.

Acknowledgements

The authors would like to extend their
sincere appreciation to the Deanship at
Baghdad University College of Science, and I
want to thank everyone who helped me to
complete this research.

Orcid:

Israa Sattar Gatea:
https://www.orcid.org/0000-0002-5220-
3825

References

[1] Y. Wang, H. Zhang, W. Shen, P. He, Z.
Zhou, J. Cancer Res. Clin. Oncol., 2018, 144,
1768-1751. [crossref], [Google Scholar],
[Publisher]



https://www.orcid.org/0000-0002-5220-3825
https://www.orcid.org/0000-0002-5220-3825
https://doi.org/10.1007/s00432-018-2664-y
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Effectiveness+and+tolerability+of+targeted+drugs+for+the+treatment+of+metastatic+castration-resistant+prostate+cancer%3A+a+network+meta-analysis+of+randomized+controlled+trials&btnG=
https://link.springer.com/article/10.1007/s00432-018-2664-y

Page |555 Eurasian
Chemical

Communications

D) AL

[2] C. Yuan, Z. Sun, Y. Wang, J. Polym. Res.,
2020, 27, 220. [crossref], [Google Scholar],

LS. Gatea and E.O. Al-Tamimi

88, 132-138. [crossref], [Google Scholar],
[Publisher]

[Publisher]

[3] M. Lan¢, P. Sysel, M. Soltys, F. Stépanek,
K. Fénod, M. Klepi¢, O. Vopicka, M. Lhotka, P.
Ulbrich, K. Friess, Polymer, 2018, 144, 33—
42. [crossref], [Google Scholar], [Publisher]
[4]]. Xu, H. Ni, S. Wang, Z. Wang, H. Zhang, /.
Membr. Sci., 2015, 492, 505-517. [crossref],

[16] A. Siwach, P.K. Verma, BMC Chem.,
2020, 14, 1. [crossref], [Google Scholar],
[Publisher]

[17] C.S.de Oliveira, B.F. Lira, ].M. Barbosa-
Filho, J.G.F. Lorenzo, P.F. de Athayde-Filho,
Molecules, 2012, 17, 10192-10231.
[crossref], [Google Scholar], [Publisher]

[Google Scholar], [Publisher]

[5] Y. Zhang, ]. Liu, X. Wu, H. Bi, G. Jiang, X.X.
Zhi, L. Qi, X. Zhang, J. Polym. Res., 2018, 26, 2.
[crossref], [Google Scholar], [Publisher]

[6] Y. Zhang, Y.Y. Tan, ].G. Liu, X.X. Zhi, M.G.
Huangfu, G.L. Jiang, X. Wu, X. Zhang, J. Polym.
Res., 2019, 26, 171. |[crossref], [Google
Scholar], [Publisher]

[7]S. Kurinchyselvan, A. Hariharan, P.
Prabunathan, P. Gomathipriya, M. Alagar, J.
Polym. Res, 2019, 26, 207. [crossref],
[Google Scholar], [Publisher]

[8] Z. Rafiee, L. Golriz, J. Polym. Res., 2015,
22, 630. |[crossref], [Google Scholar],
[Publisher]

[9]1Y. Zhang, |. Liu, X. Wu, C. Guo, L. Qu, X.
Zhang, J. Polym. Res, 2018, 25, 139.
[crossref], [Google Scholar], [Publisher]
[10] LH. Tseng, T.T. Hsieh, C.H. Lin, M.H.
Tsai, D.L. Ma, C.J. Ko, Prog. Org. Coat., 2018,

[18] ]. Bostrom, A. Hogner, A. Llinas, E.
Wellner, A.T. Plowright, J. Med. Chem., 2012,
55,1817-1830. [crossref], [Google Scholar],
[Publisher]

[19] A.G. Banerjee, N. Das, S.A. Shengule,
R.S. Srivastava, S.K. Shrivastava, Eur. . Med.
Chem., 2015, 101, 81-95. [crossref], [Google
Scholar], [Publisher].

[20] A.R. Gulnaz, Y.H.E. Mohammed, S.A.
Khanum, Design, Bioorg. Chem., 2019, 92,

103220. [crossref], [Google Scholar],
[Publisher]
[21] M.A. Tantray, [. Khan, H. Hamid, M.S.

Alam, A. Dhulap, A. Kalam, Bioorg. Chem.,
2018, 77, 393-401. [crossref], [Google
Scholar], [Publisher]

[22] ]. Kaur, M. Soto-Velasquez, Z. Ding, A.
Ghanbarpour, M.A. Lill, R.M. van Rijn, V.J.
Watts, D.P. Flaherty, Eur. ] Med. Chem.,
2019, 162, 568-585. [crossref], [Google

124, 92-98. |[crossref], [Google Scholar],
[Publisher]

[11] T. Akhter, S. Saeed, H.M. Siddiqi, 0.0.
Park, G. Ali, J. Polym. Res., 2014, 21, 332.
[crossref], [Google Scholar], [Publisher]
[12] M. Xiao, X. Zhang, W. Xiao, J. Du, H.
Song, Z. Ma, Polymer, 2019, 165, 142-151.
[crossref], [Google Scholar], [Publisher]
[13] K. Wang, X. Yuan, M. Zhan, Int. J. Adhes.
Adhes., 2017, 74, 28-34. [crossref], [Google
Scholar], [Publisher]

[14]
Polym. Res., 2017, 24, 26. [crossref], [Google
Scholar], [Publisher]

[15] M.H. Chen, C.C. Lai, H.L. Chen, Y.H. Lin,
K.Y. Huang, C.H. Lin, H.T. Hsiao, L.C. Liu, C.M.
Chen, Mater. Sci. Semicond. Process., 2018,

Y. Mansourpanah, A. Ostadchinigar, J.

Scholar], [Publisher]

[23] S. Nazreen, M.S. Alam, H. Hamid, M.S.
Yar, S. Shafi, A. Dhulap, P. Alam, M.A.Q.
Pasha, S. Bano, M.M. Alam, S. Haider, Eur. J.
Med. Chem., 2014, 87, 175-185. [crossref],
[Google Scholar], [Publisher]

[24] T. Glomb, K. Szymankiewicz, P.
Swiatek, Molecules, 2018, 23, 3361.
[crossref], [Google Scholar], [Publisher]
[25] W. Xu, ]J. He, M. He, F. Han, X. Chen, Z.
Pan, ]. Wang, M. Tong, Molecules, 2011, 16,
9129-9141. |[crossref], [Google Scholar],
[Publisher]

[26] R.A. Rane, P. Bangalore, S.D. Borhade,
P.K. Khandare, Eur. . Med. Chem., 2013, 70,
49-58.  [crossref], [Google Scholar],
[Publisher]



https://doi.org/10.1007/s10965-020-02208-z
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Synthesis+and+characterization+of+a+novel+organo-soluble+polyimide+containing+hydroxyl+and+bis-tert-butyl+substituted+triphenylpyridine+units&btnG=
https://link.springer.com/article/10.1007/s10965-020-02208-z
https://doi.org/10.1016/j.polymer.2018.04.033
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Synthesis%2C+preparation+and+characterization+of+novel+hyperbranched+6FDA-TTM+based+polyimide+membranes+for+effective+CO2&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S003238611830329X
https://doi.org/10.1016/j.memsci.2015.06.031
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Direct+polymerization+of+a+novel+sulfonated+poly%28arylene+ether+ketone+sulfone%29%2Fsulfonated+poly%28vinylalcohol%29+crosslinked+membr&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0376738815300107?via%3Dihub
https://doi.org/10.1007/s10965-018-1664-6
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Synthesis+and+characterization+of+thianthrene-containing+preimidized+soluble+polyimide+resins+and+the+derived+films+with+high+refractive+indices+and+good+optical+transparency&btnG=
https://link.springer.com/article/10.1007/s10965-018-1664-6
https://doi.org/10.1007/s10965-019-1835-0
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Molecular+design%2C+synthesis+and+characterization+of+intrinsically+black+polyimide+films+with+high+thermal+stability+and+good+electrical+properties&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Molecular+design%2C+synthesis+and+characterization+of+intrinsically+black+polyimide+films+with+high+thermal+stability+and+good+electrical+properties&btnG=
https://link.springer.com/article/10.1007/s10965-019-1835-0
https://doi.org/10.1007/s10965-019-1852-z
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fluorinated+polyimide+nanocomposites+for+low+K+dielectric+applications&btnG=
https://link.springer.com/article/10.1007/s10965-019-1852-z
https://doi.org/10.1007/s10965-014-0630-1
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Polyimide+nanocomposite+films+containing+%CE%B1-Fe2O3+nanoparticles&btnG=
https://link.springer.com/article/10.1007/s10965-014-0630-1
https://doi.org/10.1007/s10965-018-1537-z
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Trisilanolphenyl-POSS+nano-hybrid+poly%28biphenyl+dianhydride-p-phenylenediamine%29+polyimide+composite+films%3A+miscibility+and+structure-property+relationship&btnG=
https://link.springer.com/article/10.1007/s10965-018-1537-z
https://doi.org/10.1016/j.porgcoat.2018.04.037
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Phosphinated+polyimide+hybrid+films+with+reduced+melt-flow+and+enhanced+adhesion+for+flexible+copper+clad+laminates&btnG=
https://www.sciencedirect.com/science/article/pii/S0300944017311141?via%3Dihub
https://doi.org/10.1007/s10965-014-0459-7
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Development+of+novel+coatable+compatibilized+polyimide-modified+silica+nanocomposites&btnG=
https://link.springer.com/article/10.1007/s10965-014-0459-7
https://doi.org/10.1016/j.polymer.2018.12.047
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+influence+of+chemical+constitution+on+the+structure+and+properties+of+polyimide+fibre+and+their+graphite+fibre&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0032386118311716?via%3Dihub
https://doi.org/10.1016/j.ijadhadh.2016.12.008
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Comparison+between+microwave+and+thermal+curing+of+a+polyimide+adhesive+end-caped+with+phenylethynyl+groups&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Comparison+between+microwave+and+thermal+curing+of+a+polyimide+adhesive+end-caped+with+phenylethynyl+groups&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0143749616302512?via%3Dihub
https://doi.org/10.1007/s10965-017-1186-7
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Preparation+of+chemically+attached+polyamide+thin+film+membrane+using+different+diamines%3A+separation+and+computational+investigation&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Preparation+of+chemically+attached+polyamide+thin+film+membrane+using+different+diamines%3A+separation+and+computational+investigation&btnG=
https://link.springer.com/article/10.1007/s10965-017-1186-7
https://doi.org/10.1016/j.mssp.2018.08.005
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Preparation+of+photosensitive+polyimides+%28PSPIs%29+and+their+feasible+evaluation+for+lithographic+insulation+patterns+%28LIPs%29+of+integrated+circuits+%28ICs%29+without+negative+photoresists&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S1369800118310588?via%3Dihub
https://doi.org/10.1186/s13065-020-00721-2
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Therapeutic+potential+of+oxadiazole+or+furadiazole+containing+compounds&btnG=
https://bmcchem.biomedcentral.com/articles/10.1186/s13065-020-00721-2
https://doi.org/10.3390/molecules170910192
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Synthetic+Approaches+and+Pharmacological+Activity+of+1%2C3%2C4-Oxadiazoles%3A+A+Review+of+the+Literature+from+2000%E2%80%932012&btnG=
https://www.mdpi.com/1420-3049/17/9/10192
https://doi.org/10.1021/jm2013248
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Oxadiazoles+in+Medicinal+Chemistry&btnG=
https://pubs.acs.org/doi/10.1021/jm2013248
https://doi.org/10.1016/j.ejmech.2015.06.020
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Synthesis%2C+characterization%2C+evaluation+and+molecular+dynamics+studies+of+5%2C+6%E2%80%93diphenyl%E2%80%931%2C2%2C4%E2%80%93triazin%E2%80%933%282H%29%E2%80%93one+derivatives+bearing+5%E2%80%93substituted+1%2C3%2C4%E2%80%93oxadiazole+as+potential+anti%E2%80%93inflammatory+and+analgesic+agents&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Synthesis%2C+characterization%2C+evaluation+and+molecular+dynamics+studies+of+5%2C+6%E2%80%93diphenyl%E2%80%931%2C2%2C4%E2%80%93triazin%E2%80%933%282H%29%E2%80%93one+derivatives+bearing+5%E2%80%93substituted+1%2C3%2C4%E2%80%93oxadiazole+as+potential+anti%E2%80%93inflammatory+and+analgesic+agents&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0223523415300957?via%3Dihub
https://doi.org/10.1016/j.bioorg.2019.103220
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Design%2C+synthesis+and+molecular+docking+of+benzophenone+conjugated+with+oxadiazole+sulphur+bridge+pyrazole+pharmacophores+as+anti+inflammatory+and+analgesic+agents&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0045206819307230?via%3Dihub
https://doi.org/10.1016/j.bioorg.2018.01.040
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Synthesis+of+benzimidazole-linked-1%2C3%2C4-oxadiazole+carboxamides+as+GSK-3%CE%B2+inhibitors+with+in+vivo+antidepressant+activity&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Synthesis+of+benzimidazole-linked-1%2C3%2C4-oxadiazole+carboxamides+as+GSK-3%CE%B2+inhibitors+with+in+vivo+antidepressant+activity&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0045206817304881?via%3Dihub
https://doi.org/10.1016/j.ejmech.2018.11.036
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Optimization+of+a+1%2C3%2C4-oxadiazole+series+for+inhibition+of+Ca2%2B%2Fcalmodulin-stimulated+activity+of+adenylyl+cyclases+1+and+8+for+the+treatment+of+chronic+pain&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Optimization+of+a+1%2C3%2C4-oxadiazole+series+for+inhibition+of+Ca2%2B%2Fcalmodulin-stimulated+activity+of+adenylyl+cyclases+1+and+8+for+the+treatment+of+chronic+pain&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0223523418309954?via%3Dihub
https://doi.org/10.1016/j.ejmech.2014.09.010
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Design%2C+synthesis%2C+in+silico+molecular+docking+and+biological+evaluation+of+novel+oxadiazole+based+thiazolidine-2%2C4-diones+bis-heterocycles+as+PPAR-%CE%B3+agonists&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0223523414008289?via%3Dihub
https://doi.org/10.3390/molecules23123361
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Anti-Cancer+Activity+of+Derivatives+of+1%2C3%2C4-Oxadiazole&btnG=
https://www.mdpi.com/1420-3049/23/12/3361
https://doi.org/10.3390/molecules16119129
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Synthesis+and+Antifungal+Activity+of+Novel+Sulfone+Derivatives+Containing+1%2C3%2C4-Oxadiazole+Moieties&btnG=
https://www.mdpi.com/1420-3049/16/11/9129
https://doi.org/10.1016/j.ejmech.2013.09.039
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Synthesis+and+evaluation+of+novel+4-nitropyrrole-based+1%2C3%2C4-oxadiazole+derivatives+as+antimicrobial+and+anti-tubercular+agents&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S022352341300620X?via%3Dihub

Novel synthesis of 1,3,4 oxadiazole poly...

[27] W.A.El-Sayed, F.A. El-Essawy, 0.M. Alj,
B.S. Nasr, M.M. Abdalla, A.A.H. Abdel-
Rahman, Zeitschrift fiir Naturforschung C,
2010, 64, 773-778. [Google
Scholar], [Publisher]

[28] E.O.Al-Temimi, S.]. Al-Bayati, Baghdad
Sci. J., 2010, 7, 631-640. [crossref], [Google
Scholar], [Publisher]

[29] A.S.Sadiq, E.O. Al-Tamimi, Iraqi J. Sci.,
2020, 61, 2467-2478. [crossref], [Google
Scholar], [Publisher]

[30] N.Y. Subbaiah, S.K. Mohanty, B.N.
Sudha, C. Ayyanna, Synthesis, 2016, 1,39-42.
[Google Scholar], [Publisher]

[31] M.M. Gamal EI-Din, M.I. El-Gamal, M.S.
Abdel-Maksoud, K. Ho Yoo, C.-Hyun Oh, Eur.
J. Med. Chem., 2015, 90, 45-52. [crossref],
[Google Scholar], [Publisher]

[32] T.M. Nalawade, K.G. Bhat, S. Sogi, Int. J.
Clin. Pediatr. Dent., 2016, 9, 335. [crossref],
[Google Scholar], [Publisher]

[crossref],

Eurasian
Chemical
Communications

@m Page |556

[33] M. Olszowy, A.L. Dawidowicz, Chem.
Pap., 2018, 72, 393-400. [crossref], [Google
Scholar], [Publisher]

[34] S. Phongpaichit, J. Nikom, N.
Rungjindamai, J. Sakayaroj, N.
HutadilokTowatana, V. Rukachaisirikul, K.
Kirtikara, FEMS Immunol. Med. Microbiol.,
2007, 51, 517-525. [crossref], [Google
Scholar], [Publisher]

How to cite this article: Israa Sattar
Gatea*, Entesar 0. Al-Tamim. Novel
synthesis of 1,3,4 oxadiazole derivatives
poly (maleimide-co-methyl acrylate) with
some carboxylic acids and their biological
activity. Eurasian Chemical
Communications, 2022, 4(6), 544-556.
Link:
http://www.echemcom.com/article_147
318.html

Copyright © 2022 by SPC (Sami Publishing Company) + is an open access article distributed

under the Creative Commons

(https://creativecommons.org/licenses/by/4.0/),

Attribution

License(CC  BY) license

which permits unrestricted use,

distribution, and reproduction in any medium, provided the original work is properly cited.


https://www.degruyter.com/journal/key/znc/html
https://doi.org/10.1515/znc-2009-11-1203
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Anti-HIV+Activity+of+New+Substituted+1%2C3%2C4-Oxadiazole+Derivatives+and+their+Acyclic+Nucleoside+Analogues&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Anti-HIV+Activity+of+New+Substituted+1%2C3%2C4-Oxadiazole+Derivatives+and+their+Acyclic+Nucleoside+Analogues&btnG=
https://www.degruyter.com/document/doi/10.1515/znc-2009-11-1203/html
https://doi.org/10.21123/bsj.2010.7.1.631-640
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Synthesis+and+Polymerization+of+Poly+Acryl+Imide+and+One+of+Their+Derivatives+Then+Curing+the+Product+with+Alkyl+Halide&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Synthesis+and+Polymerization+of+Poly+Acryl+Imide+and+One+of+Their+Derivatives+Then+Curing+the+Product+with+Alkyl+Halide&btnG=
https://www.iasj.net/iasj/article/24482
https://doi.org/10.24996/ijs.2020.61.10.3
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Synthesis+and+Characterization+of+New+Polymers+Bearing+Tetrazole+and+Triazole+Moieties+with+Studying+their+Corrosion+Protection+of+Stainless+Steel+Surface+in+Hydrochloric+Acid&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Synthesis+and+Characterization+of+New+Polymers+Bearing+Tetrazole+and+Triazole+Moieties+with+Studying+their+Corrosion+Protection+of+Stainless+Steel+Surface+in+Hydrochloric+Acid&btnG=
https://ijs.uobaghdad.edu.iq/index.php/eijs/article/view/2590
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Synthesis%2C+characterization+and+evaluation+of+antibacterial+%26+anti-fungal+activity+of+2%2C+5-disubstituted+1%2C+3%2C+4-oxadiazole+derivatives&btnG=
https://www.researchgate.net/profile/Sujit-Mohanty/publication/305912252_Synthesis_characterization_and_evaluation_of_antibacterial_anti-fungal_activity_of_2_5-disubstituted_1_3_4-oxadiazole_derivatives/links/57a5a0e908aefe6167b3a589/Synthesis-characterization-and-evaluation-of-antibacterial-anti-fungal-activity-of-2-5-disubstituted-1-3-4-oxadiazole-derivatives.pdf
https://doi.org/10.1016/j.ejmech.2014.11.011
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=M.+M.+Gamal+El-Din+%2C+M.I.+El-Gamal++%2C+M.+S.+Abdel-Maksoud++%2C+K.+Ho+Yoo+e+%2C+C.-Hyun+Oh%3B+Synthesis+and+in+vitro+antiproliferative+activity+of+new+1%2C3%2C4-oxadiazole+derivatives+possessing+sulfonamide+moiety%3A+European+Journal+of+Medicinal+Chemistry%2C+90%2C+45%E2%80%9352.+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0223523414010332
https://doi.org/10.5005/jp-journals-10005-1388
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Antimicrobial+Activity+of+Endodontic+Medicaments+and+Vehicles+using+Agar+Well+Diffusion+Method+on+Facultative+and+Obligate+Anaerobes&btnG=
https://www.ijcpd.com/doi/pdf/10.5005/jp-journals-10005-1388
https://doi.org/10.1007/s11696-017-0288-3
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Is+it+possible+to+use+the+DPPH+and+ABTS+methods+for+reliable+estimation+of+antioxidant+power+of+colored+compounds%3F.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Is+it+possible+to+use+the+DPPH+and+ABTS+methods+for+reliable+estimation+of+antioxidant+power+of+colored+compounds%3F.&btnG=
https://link.springer.com/article/10.1007/s11696-017-0288-3
https://doi.org/10.1111/j.1574-695X.2007.00331.x
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Biological+activities+of+extracts+from+endophytic+fungi+isolated+from+Garcinia+plants&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Biological+activities+of+extracts+from+endophytic+fungi+isolated+from+Garcinia+plants&btnG=
https://academic.oup.com/femspd/article/51/3/517/631743
http://www.echemcom.com/article_147318.html
http://www.echemcom.com/article_147318.html
http://www.samipubco.com/
https://creativecommons.org/licenses/by/4.0/

