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Abstract

Functionalization of chitosan (Cs) and modified polymethylmethacrylate (PMMA) with 5-phenyl-
1,3,4-oxadiazole derivatives was achieved for biological applications. Reaction of 5-phenyl-1,3,4-
oxadiazole-2-thiol (1) with both Cs and functionalized PMMA with 1,2-ethylenenediamine afforded
the grafted polymers 2 and 3, respectively. Additionally, reaction of compound 1 with
ethylchloroformate furnished O-ethyl S-(5-phenyl-1,3,4-oxadiazol-2-yl) carbonothioate (4).
Similarly, grafting of compound 4 with both Cs and functionalized PMMA yielded polymers 5 and
6, respectively. Some of the grafted polymers were characterized using Fourier transform infrared
(FT-IR). The thermal properties of these polymers were investigated using thermo gravimetric
analysis (TGA) which displayed the first degradation of water and 5-phenyl-1,3,4-oxadiazole
derivatives followed by the degradation of the main Cs and PMMA chains. X-ray diffraction (XRD)
explained the crystal structure of the functionalized polymers with the appearance of Cs and PMMA
peaks and the new peaks that referred to oxadiazole moieties. The biological activity of these
polymers was investigated as antifungal agents where compound 1 showed the highest antifungal
activity.
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Introduction been reported as potential insecticide[1],
o . fungicide [2], herbicide [3, 4], antibacterial [5-
The emergence of pesticidal resistance to 7], antimicrobial[8, 9], anticancer[10-12].
existing pesticides has posed a serious concern Sulphides and sulphones derived from
for pesticide professionals during the last 5-phenyl-1,3,4-oxadiazole-2-thione  showed
decade due to the harmful insect pest in pesticidal activity[13]. In addition, different
agriculture has brought about actual losses in substituted  1,3,4-oxadiazole rings exhibit
productivity of crops. Number of researches antifungal, pesticidal, antibacterial,
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[14]. Extensive research showed that 1,3,4-
oxadiazole scaffold had been reported as
potential  insecticide[7], fungicide and
herbicide[3].Some high active compounds
were treated as pesticide candidates for further
commercialization[ 15]. Recently,
anthranilicdiamide with an 1,3,4-oxadiazole
pharmacophore was reported as an insecticidal
agent.

Materials and methods

Synthesis of
thiol 1 :

A solution of benzohydrazide (20g, 0.147
mol)[15] dissolved in ethanol containing
(8.232 g, 0.147 mol) of potassium hydroxide,
was cooled to 0 °C to which carbon disulphide
(8.85 ml, 0.147 mol) was added dropwise. The
reaction mixture was refluxed for 24 h (tlc).
The solvent was evaporated and the resulted
solid was dissolved in distilled water and
neutralized by dil. HCI. The precipitate formed
was filtered off and crystallized from
ethanol/water, m.p. 217 — 219 ©C, yield 95%.

5-phenyl-1,3,4-oxadiazole-2-

Reaction of compound 1 with Cs :

Cs (0.5 g, 0.029 mol) was dissolved in 1%
aqueous solution of acetic acid, then a solution
of compound 1(0.5 g, 0.0017 mol) dissolved in
DMF (5 ml) was added. The reaction mixture
was refluxed for 48 h. The solvent was
evaporated till dryness and the precipitate was
collected and dried to give polymer (2), yield
55 %. [16] FT-IR Fig.(1):v (cm™) 3466 (st.
OH and st. NH), 3142 (ar. CH), 2948,2760
(alph. CH), 1605 (C=C), 1566 (C=N).

Functionalization
ethylenediamine:

of PMMA by 1,2-

PMMA was prepared by polymerization of
methylmethacrylate[17]. A mixture of PMMA
(9 g, 0.09 mol), 1,2-ethylenediamine (6.11 ml,
0.09 mol), n-BuLi (1 ml) and n-hexane (50
ml) was stirred for 4 days [18]. The reaction
mixture was poured onto distilled water. The
precipitate formed was filtered off, washed by
ethanol and dried on oven at 40° C for 48 h to
furnish PMMA-NH(CH2):NH2, yield 91%.

Reaction of compound 1 with PMMA-
NH(CH:2):NH: formation of compound 3:

A solution of PMMANH(CH2),NH2 (0.5 g,
0.0039 mol ) in 1,4-dioxane (20 ml) and
compound 1 (1.03 g ,0.0039 mol) was refluxed
for 48 h. The solvent was evaporated till
dryness and the precipitate formed was dried
under vacuum to give polymer 3, yield 65%.
FT-IR Fig.(2):v (ecm™) 3547 (N-H), 3148
(st.ar.C-H), 2948, 2760 (aliph. C-H), 1729
(C=0), 1609 (C=C), 1490 (C=N). 'H-NMR
(CDCI3) Fig. (3): 6 (ppm) = 0.619-2.06 (br
CH2 of PMMA), 2.41 (s, 3H,CH.C), 3.32 (br.
2CH.N), 3.5-3.752 (1H, 2NH), 7.1-8.2 (m, CH
ar)..

Reaction of compound 1 with ethylchloro-
formate. Formation of compound 4:

A mixture of compound 1 (5 g ,0.0281mol)
and (2.3 g, 0.0281mol ) anhydrous sodium
acetate in ethanol (30ml) was refluxed for 1 h.
to which ethylchloroformate (3 ml,
0.0281mol) was added. The reaction mixture
was stirred for 2 h (tlc), concentrated and
poured onto ice. The precipitate formed was
filtered off and crystallized from ethanol/water
to give compound 4, m.p. 78 — 80°C, yield
89% [19]. FT-IR Fig.(1):v (cm™) 3057
(st.ar.C-H), 2976, 2932 (aliph. C-H), 1778
(C=0), 1620(C=C), 1576(C=N).

Reaction of 4 with Cs:

Cs (0.5 g, 0.0031 mol) was dissolved in 1%
aqueous acetic acid, then a solution of 4 (0.5 g,
0.0019 mol) in DMF (5ml) was added. The
reaction mixture was refluxed for 48 h. The
solvent was evaporated and the residual solid
was collected to give polymer 5, yield 40% .
FT-IR Fig.(1):v (cm™) 3466 (O-H), 3138 (N-
H), 2946, 2758 (aliph. C-H), 1745 (C=0),
1605 (C=N), 1492 (C-N).

Reaction of 4 with PMMA-NH(CH:2):NH2:

A mixture of PMMANH(CH2):NH> (0.5 g
,0.0039 mol), 1,4-dioxane (20 ml) and
compound 4 (1.03 g ,0.0039 mol) was refluxed
for 48 h. The solvent was evaporated till
dryness. The precipitate formed was dried
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under vacuum to give polymer 6, yield 75%.
FT-IR Fig.(2):v (cm™) 3436(N-H), 3045
(st.ar.C-H), 2997, 2945 (aliph. C-H), 1729
(2C=0), 1611 (C=C), 1530 (C=N).

Antifungal assay:

A solution of 1% of compounds 1,4 and the
polymers 2,3,5 and 6 was prepared in DMSO.
The two fungi Fusarium spp. and Alternaria
alternate were collected from infected cotton
bolls in the field the Gimmeza Agriculture
Research Center Station. Preliminary in vitro
antifungal assays were performed with the
treatments on Potato Dextrouse Agar (PDA)
using the radial growth method against the
aggressive isolates of Fusarium spp. and
Alternaria as described by [20] to assist in the
selection of the effective treatments for this
study. PDA medium was prepared by
autoclaving at 121°C and cooled to 45°C.
Afterwards, appropriate volume of each
compounds and polymers was added to PDA
medium to get several concentrations, while
sterilized distilled water was used as negative
control. PDA medium were thoroughly mixed
with treatments and 15 ml of the mixture were
poured into sterilized 9 cm-Petri plates and
allowed to solidify. Three plates were used for
each concentration as replicates. The plates
were then incubated with 5 mm-disks of 7-day
old culture of grown on PDA and incubated at
(27°C+2) until mycelial growth of pathogenic
fungi covered the surface of medium in control
treatment (after 7 days). The percent inhibition
of radial growth of Fusarium and
Alternariawere calculated using the following
equation.[21]

C

Where C is the diameter of hyphal extension
(cm) of controls and T is the corresponding
diameter of treatments.

% Inhibition = X 100

Characterization:

FT-IR spectra were recorded on Bruker, Tensor
27 FT-IR spectrophotometer with frequency
range 4000 cm’ to 400 cm! with KBr

pellets(Faculty of Science, Tanta University,
Egypt)..

TGA data were obtained by using shimadzu
thermal analyzer system at a heating rate of 10
°C/min, sample weight of 5-6 mg under
nitrogen (20 mL/min) flow. The range
investigated from 30-800 °C(The Central Lab,
Tanta University, Egypt).

XRD measurements were carried out using
GRN, APD 2000 PRO X-Ray diffraction,
equipped with Ni-filtered Cu-Ka radiation
(A=1.54 A) at a scanning rate of 0.05%s and
divergent slit 0.3(The Central Lab, Tanta
University, Egypt).

Results and Discussion

The grafting of Cs and PMMA with some 5-
phenyl-1,3,4-oxadiazole derivatives are shown
in scheme 1. Modification Cs with compound
1 afforded the corresponding polymer 2. FT-
IR spectrum of compound 4 showed stretching
carbonyl group as mentioned in the
experimental part. Additionally, FT-IR spectra
of polymers 2,3,5 and 6 displayed the aliphatic
stretching CH of both Cs and PMMA, the
stretching NH, C=0O and C=N groups exist in
the polymer chains as shown in Figs. 1 and
2.'"H NMR of polymer 3 showed peaks of the
methylene group and methyl group of PMMA,
the two NH groups and the aromatic protons
for the hetero moiety.

Thermogravimeteric analysis (TGA):

The thermal degradation of Cs and PMMA
functionalized with 5-phenyl-1,3,4-oxadiazole
derivatives was screened through TGA as
shown in Fig. 3.

TGA of Cs shows a weight loss in two stages.
The first stage ranges between 10 and 100 °C
that was corresponding to the loss of adsorbed
and bound water. The second stage of weight
loss starts at 210 °C and continues up to
360 °C which due to the degradation of Cs
chain [22].The thermal degradation of PMMA
occurred in two-steps. The first one is
attributed to the decomposition of PMMA
unsaturated chain ends and the second
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degradation is related to random scission of
the polymer chains [23].

TGA showed that the thermal degradation of
PMMA functionalized with 1,2-
ethylenediamine occurred in two steps, the
first step is around 180 °C that referred to the
loss of absorbed water and ethylenediamine
moieties and the second step is in the range
180-800 °C that referred to the random
scission of PMMA chains. The thermal
degradation of polymer 2 occurred in one-step
degradation that is referred to the random
degradation of both 5-phenyl-1,3,4-oxadiazole
moieties and Cs chains. Additionally, the
thermal degradation of polymer 3 occurred in
two-step degradation. The first one at T<320
°C is due to the loss of water, ammonia and
degradation of 5-phenyl-1,3,4-oxadiazole
moieties from the polymer chains. The second
one is attributed to the random degradation of
PMMA chains. Similarly, the thermal
degradation of polymer 6 occurred in two-
steps. The first one at T<300 °C is due to the
loss of water and degradation of 5-phenyl-
1,3,4-oxadiazole moieties from the polymer
chains and the second one is attributed to the
random degradation of Cs polymer at T >300
°C. Additionally, polymer 7 showed two-
degradation steps, the first one at T<320 °C is
due to loss of water molecules and the
degradation of 5-phenyl-1,3,4-oxadiazole
moieties and the second one is for the scission
of PMMA at T >320 °C.

X-Ray Diffraction (XRD):

The XRD spectra of Cs, PMMA, and their
grafting  with  5-phenyl-1,3,4-oxadiazole
derivatives are shown in Fig. 4. The XRD
pattern of pure Cs exhibits a strong
characteristic peak at about 20 = 10 and 20°
[24]. The broad characteristic peaks of pure
PMMA are observed at angles of 20 =13.28°
and 29° [25]. XRD pattern of PMMA
modified with 1,2-ethylenediamine showed the
same broad and amorphous structures as
PMMA only.

XRD spectrum of polymer 2 showed its
crystalline structure compared with Cs with

the formation of new peaks at 20 equal to 16,
16.65, 17.65, 18.35, 23.95, 25.35, 27.55, 35.35
and 38.05°. These peaks referred to compound
1 grafted with Cs. In addition, the crystal
structures of polymer 3 were enhanced and
increased according to the amorphous
structure of PMMA due to the grafting by
compound 1 with the appearance of new
characteristic peaks around 20 equal 16.05,
16.75, 18.4, 24, 25.45 and 27.25°. Similarly,
XRD spectra showed the crystalline structures
of polymer 5 (20 equal 16, 24.65 and 26.65 °)
compared to Cs structure. This increase in
crystallinity is referred to the presence of 5-
phenyl-1,3,4-oxadiazole derivatives on Cs
backbone structure.

XRD study showed that polymer 6 yielded
from the grafting of modified PMMA (treated
with ethylenediamine) with 5-phenyl-1,3,4-
oxadiazole derivative ( have a notable
crystalline structure as compared to PMMA
structure. The crystalline structure of polymer
6 is referred to the appearance of new peaks at
20 equal 10.15, 11.6, 13.3, 16.15, 18.5, 22.5,
25.45 and 17.55° where these peaks is referred
to 5-phenyl-1,3,4-oxadiazole derivative.

Antifungal activity:

The antifungal activity showed that compound
1 have the highest antifungal effect on the
Fusarium spp. even at the low concentration
100 ppm, and the inhibition effect increases
with increasing concentration till 500 ppm.
The polymer 2 comes in the second place
which have also high inhibition effect on
Fusarium spp. followed by polymer 35,
compound 4, polymer 3 and finally polymer 6
which have the lowest inhibition effect even at
the concentration 500 ppm ( Table 1).

Compound 1 showed the highest antifungal
activity against Alternaria allternata, the
inhibition effect increase with increasing the
concentration till reach to 500 ppm. Polymer 5
comes in the second place followed by
compound 4 , polymer 3 , polymer 6, finally
polymer 2 has the lowest inhibition effect. It is
noticed that polymers 3 and 5 that contain Cs
polymer displayed high antifungal activity as
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compared to polymers 2 and 6 that contain
PMMA against the two tested fungi. This may
be due to the high biological activity of Cs
itself [26].

Conclusion

The grafting of Cs and PMMA with 5-phenyl-
1,3,4-oxadiazole derivatives was successfully
achieved in this study. Some of the resulted
polymers were characterized using FT-IR,
TGA and XRD techniques. The thermal
degradation of most of the grafted polymers
occurred in two step degradation where the

N—N

first step is attributed to the loss of water and
the degradation of oxadiazole moieties and the
second step is for the random scission of the
main chains of both Cs and PMMA. XRD
showed the crystal structure of the grafted
polymers as compared to Cs and PMMA
patterns.

Compound 1 showed the highest antifungal
activity against Fusarium spp. and Alternaria
alternata followed by the polymers 3 and 5
that contain the biologically active Cs.
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Scheme : Synthetic pathway of grafting of Cs and PMMA

with 5-phenyl-1,3,4-oxadiazole derivatives.

Table 1: Antifungal inhibition zones of 1-6 and their LSD against Fusarium spp.

Code No. | 100 ppm | 200 ppm | 300 ppm | 400 ppm | 500 ppm

1 45.18 70.0 100 100 100

2 34.44 34.44 86.66 100 100

3 7.40 20.0 41.11 71.48 100

4 7.77 50.0 66.66 70.74 100

5 11.11 20.37 27.77 77.77 100

6 0.00 0.00 22.22 40.0 79.25
LSD 5% 2.40 2.68 0.37 1.40 0.42
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Table 2: Antifungal inhibition zones of 1-6 and their LSD against Alternaria alternata.

Code No. | 100 ppm | 200 ppm | 300 ppm | 400 ppm | 500 ppm
1 87.03 90.0 92.22 94.44 100
2 45.55 77.77 81.11 93.33 96.66
3 53.33 79.25 81.11 85.55 100
4 62.59 77.77 88.14 88.88 92.22
5 64.44 81.11 83.33 94.44 100
6 52.22 58.88 77.77 82.22 100
LSD 5% 1.89 0.42 0.42 1.99 2.67
Cs

T[%]
'S

4000 3500 3000 2500 2000 1500 1000 500
-
Wavelength Cm

Fig.1: FT-IR of Cs, 2,4 and 5.
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Fig.2: FT-IR of PMMA, 3, PMMA-NH(CH2)NH; and 6.
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