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OLY (ethylene terephthalate) (PET) was hydrolyzed in aqueous

NaOH using solar energy. PET is used as versatile reagent for the
synthesis of a variety of heterocyclic compounds. Uracil (6a, b), 1,3,4-
oxadiazole (9, 12a, b), 1,3,4-triazole (10, 14), thiadiazole (11a, b and
15) derivatives were synthesized from PET. The antimicrobial and
antioxidant activities of the synthesized compounds were evaluated
and showed significant activities.
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Uracils, 1,3,4-oxadiazoles, 1,3,4-triazoles, and thiadiazoles were associated with
diverse pharmacological activities as anti-mycobacterial® , antidiabetic agents®,
kinase and phosphodiestrase inhibitors®, and for their valuable antiangiogenic,
fungicidal, cytotoxic antitubercular®, antimicrobial® and anthelmintic
activities”.  In this context, we report on the synthesis of uracil,1,3,4-
oxadiazole, 1,3,4-triazole, and thiadiazole derivatives starting from di-
butylterephthalate (2a) and 4-(butoxycarbonyl) benzoic acid (2b) which are
obtained from degradation of PET bottle waste. We found that PET can be
readily hydrolyzed by refluxing in sodium hydroxide solution to give terephthalic
acid monomer® in high yield using sun energy. Fisher esterification of
terephthalic acid in butanol afforded a mixture of di-butylterephthalate (2a) and
4-(butoxycarbonyl) benzoic acid (2b) ©9 .

Results and Discussion

Chemistry

Sun degradation of PET plastic waste using NaOH solution for 5 weeks
afforded terephthalic acid (1) in a 90% vyield, this was followed by esterification
with dry butanol containing H,SO,°' to afford a mixture of di-butyl
terephthalate 2a (80%) and 4-(butoxycarbonyl) benzoic acid 2b (10%)®?
(Scheme 1). Nitration of 2a and 2b provided a route to electrophilic substitution
to give the corresponding mononitro- derivatives 3a, b (Scheme 1). The *H NMR
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spectrum of the product 3a showed three aromatic protons in different positions
in the region of 8-8.4 ppm. Reduction of compounds 3a, b using Zn-dust in
boiling acetic acid afforded the corresponding mono-amino derivatives 4a, b.
The latter products were characterized by IR and *H NMR spectra. For example
compound 4b showed strong absorption bands at 3423 and 3380 cm™ in its IR
spectrum due to NH, group. Its *H NMR showed D,O exchangeable signal at
6.64 ppm corresponding to NH, group. The mono amino derivatives 4a,b were
allowed to react with equimolar amount of cyanoacetyl urea and
triethylorthoformate in refluxing dioxane for ~ 8 hr to produce the corresponding
uracil derivatives 6a, b in good yields (Scheme 1). The active methylene group
in cyanoacetyl urea underwent condensation with triethylorthoformate to form
the ethoxylidene intermediates (5a,b) which were attacked by nitrogen
nucleophile through loss of ethanol, followed by intramolecular cyclization with
loss of ammonia to afford the uracil derivatives 6a,b (yield ~62-75%)®1®
(Schemel). The structures of compounds 6a, b were established on the basis of
their spectral data [cf. Experimental part].

4-Butyrylbenzohydrazide (7) was prepared by the reaction of equimolar
amounts of dibutylterephthalte (2a) and hydrazine hydrate in ethanol (Scheme 2).
4-Butylrylbenzohydrazide (7) was allowed to react with carbon disulfide in
ethanol in presence of KOH to give the corresponding thiocarbazinate salt 8. The
latter salt underwent ring closure upon treatment with HCI to give 4-(5-mercapto-
4-amino-1,3,4-oxadiazole)benzoic acid (9). The IR spectrum of the isolated
product exhibited a strong bands at 1671(C=0) cm™, 3259 (OH) cm™. Its 'H
NMR spectrum revealed signals at 6 4.20, 11.84 ppm due to SH and OH protons;
its mass spectrum revealed a peak at m/z 222 corresponding to its molecular ion.

When the thiocarbazinate salt 8 was treated by hydrazine hydrate, it gave the
corresponding 4-(5-mercapto-4-amino-1,3,4-triazole)benzoicacid (10) (Scheme 2).
The structure of the latter product was established on the basis of its elemental
analysis and spectral data which are compatible with the assigned structure. For
example, its mass spectrum revealed a molecular ion peak at m/z236 [cf.
Experimental part]. Treatment of the mercaptotriazole (10) with aromatic
carboxylic acids, in the presence of POCI; in a one pot reaction, afforded
[1,2,4]triazolo[3,4-b][1,3,4]thiadiazol-3-yl)benzoic acid derivatives (11a, b) yield
~65-77% (Scheme 3). The structures of the latter products were assigned on the
basis of their analytical and spectral data. Thus, the IR spectra of the reaction
products showed, in each case, OH absorption bands in the region 3580-3431 cm™.
Their mass spectra revealed molecular ion peaks at the appropriate m/z value [cf.
Experimental part].
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Treatment of 4-butyrylbenzohydrazide (7) with aromatic carboxylic acids; in
the presence of trifluoroacetic acid, afforded 1H-benzo[1,2,3]triazol-1-yl(1,3,4-
oxadiazol-2-yl) benzoate derivatives (12 a,b) in yield =71-77% (Scheme 4). The
structures of the latter products were assigned on the basis of their analytical and
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spectral data. Thus, the IR spectra of the reaction products showed, in each case,
carbonyl absorption band around the region 1720 cm™. Their mass spectra
revealed molecular ion peaks at the correct m/z values [cf. Experimental part].
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4-Butyrylbenzohydrazide (7) reacted with ethyl isothiocyanate in dioxan, in the
presence of catalytic amount of triethylamine to produce the corresponding
mercaptotriazole derivative (14) (Scheme 4). The IR spectrum of the isolated
product showed a strong carbonyl band at 1689 and OH band at 3428 cm™. The 'H
NMR spectrum of 14 revealed D,0-exchangable signals at & 11.9 and 4.3 ppm due
to OH and HS protons, in addition to an aromatic multiplet in the region & 7.69-
8.19. Its mass spectrum showed molecular ion peak m/z 249 (100%). On the other
hand, when the reaction was carried out in presence of H,SO,, the thiadiazole
derivative 15 was obtained (Scheme 4). The elemental analyses and spectral data of
the obtained product are in complete agreement with the assigned structure.

Biological Evaluation

Anti-microbial activity

Antibacterial and antifungal activities were performed at the Regional Center
for Mycology and Biotechnology (RCMB), Cairo University, Cairo, Egypt.
Initially, target compounds were evaluated in vitro for their antibacterial and
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antifungal activity, by inhibition zone technique using two fungi: A. fumigatus
(RCMB 02568, Af), Candida albicans (RCMB 05036,Ca), two Gram positive
bacteria: S. pneumonia (RCMB 010010,Sp) and B. subtilis (RCMB 010069,Bs),
two Gram-negative bacteriaz E. coli (RCMB 010052,Ec) and Neisseria
gonrrhoeae ( NCCP11945, Ng“*2?Y. The results were depicted in Table 1. For
the uracil-containing compounds 6a and 6b, it was observed that the free
carboxylic acid derivative 6b displayed better antibacterial activities than the
ester analog 6a against the two tested Gram positive and E. coli Gram negative
bacteria, while both derivatives did not show any significant antifungal activity.
Hinting that the presence of free carboxylic acid functionality is more favorable
for the antibacterial activity for this scaffold.

We then investigated the effect of attaching different non fused five-membered
rings to benzoic acid (derivatives 8, 10 and 14) and 4-ethyl benzoate cores
(derivatives 12a and 15).Generally, acid derivatives 8, 10 and 14 showed better
antibacterial activities than the esterified members 12a and 15, where ester members
displayed better antifungal activity specially against A. flavus. Also, incorporation of
substituted 1,3,4-triazole moiety in compound 9 resulted in a good antibacterial
activity against Gram negative bacteria. Moreover, compound 9 bearing substituted
1,3,4-oxadiazole moiety emerged as the most active member against Gram positive S.
peneumoniae among its acid analogous in this study. On the other hand, incorporation
of fused system [1,2,4] triazolo[3,4-b][1,3,4]thiadiazol and [1,2,4] triazolo[3,4-
b][1,3,4]thiadiazole with the benzoic acid core led to compounds 1la and 11b,
respectively. Compound 11a (18+0.043 mg/ml ™) was more potent than 11b against
all tested Gram positive and Gram negative bacteria, whereas 11b showed superior
antifungal activity against C. albicans than 11a.

Antioxidant activity

Organic acids and esters compounds®?? and P-heterocycles in particular %
have been recognized for their antioxidant activity. Furthermore, their
mechanism of action and the structure-activity relationships (SAR) were
extensively studied. The antioxidant activity of the synthesized heterocyclic
compounds was evaluated using DPPH radical scavenging assays . This
widely used method determines antioxidant activity by measuring the hydrogen
donating ability of the compound being studied. IC50 values are displayed in
Tables 2 & 3. Vitamin C (ascorbic acid) was used as a positive standard for the
antioxidant activity in all experiments. Antioxidant assay was performed by
ABST method % Inhibition = {[A sample — Atest] / A control} x 100. The data
presented in Table 2 showed that all new synthesized compounds showed good to
moderate antioxidative activity. Nevertheless, N,S,0-heterocycles 2a, 7, and 9
exhibited good radical scavenging ability (56.42 uM £8.18) as compared to the
standard ascorbic acid (34.41%), whereas compounds 6a and 6b displayed
moderate radical scavenging activity. However, compound 12a showed minimum
activity. Furthermore, [1,2,4]triazolo[3,4-b][1,3,4]thiadiazol-3-yl)benzoic acid
(11a) (54.6 uM £6.14) and 1,3,4-oxadiazolebenzoic acid 9 (56.42 pM +8.18) have
demonstrated high radical scavenging activity in the micromolar range, and also di-
butyl terephthalate (2a) (47.1uM=10.34) exhibited high antioxidant activity.

Egypt. J. Chem. 59, No.3 (2016)



Synthesis, Biological Evaluation of 1,3,4-Oxadiazole, Triazole... 291

TABLE 1. The antimicrobial activity screening of the prepared compounds at
concentration 2mg/disc compared with tetracycline and Amphotericin B

as a reference drug.

. . - Anti-
sample ID _Antlbacterlal,acthltX fungial
(in mm/conclmg/ml ) o
activity
Bacillus Sct(;igh(; Escheri- | Neisseria | Aspergillusf gl?)?gzli(rj\{:
subtitles peneumoni chia coli | gonrrhoeae lavus (Fungus)
(G+)Bs ae (G+)Sp (G-)Ec (G-) Ng | (Fungus)Af Ca
0 H 0
0 Y
N
AN 7N
0~ | 13+0.031 | 14+0.033 [15+0.036| 13+0.031 NA* NA
0
fa
0 H 0
0 Y\I
HO N C=N
O0._~_~ | 15+0.043 | 18+0.052 |21+0.061| 13+0.038 NA NA
0
6b
0
NHNH,
\/\/0 16+0.067 | 15+0.063 |16+0.067| 18+0.076 | 21+0.088 |15+0.063
07
SH
o~
NS /N
N
H,o 17+0.076 | 22+0.09 [15+0.067| 16+0.076 NA NA
o]
9
HN - SH
N
NG /N
N 17+0.07 16+0.06 |20+0.08 | 18+0.076 NA NA
.0
H
0
10
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OZN\?/NOZ
NS
N /\4
\(@/L\N,N 18+0.043 | 20+0.048 |16+0.038| 18+0.043 NA NA
.0
H
o
1la
o O«
H
N7
‘N’\QN 15+0.040 | 15+0.040 |14+0.038| 15+0.040 0 12+0.032
S
H/O
o
11b
ON
NO,
o\N
SN NA NA NA NA 13+0.031 |12+0.029
o0
0
12a
< SH
N~
NG /N
N 12+0.048 | 13+0.052 |13+0.052| 12+0.048 0 12+0.048
H/O
0 14
NHPh
s
N
N
N YQ/L 13+0.036 | 14+0.039 |13+0.036| 13+0.036 0 10+0.028
0]
15
Tetracycline 30+0.067 | 30+0.067 |32+0.072| 30+0.067 0 0
Amphotericin B - - - - 18+0.019 |20+0.021

Mean zone of inhibition in mm + Standard deviation beyond well diameter (6 mm) produced on a range
of clinically pathogenic microorganisms.NA*: No Activity; The screening organisms, Mould: Gram
positive bacteria: B. subtilis (RCMB 010069,Bs) and S. pneumonia (RCMB 010010,Sp), two Gram-
negative bacteria: E. coli (RCMB 010052,Ec) and Neisseria gonrrhoeae ( NCCP11945, Ng), two fungi
A. fumigatus (RCMB 02568,Af), Candida albicans (RCMB 05036,Ca). Inhibition zone : High activity

>12(mm), Moderate activity 9-11(mm),Slight activity 7-8(mm) and Non sensitive 0-6(mm).
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TABLE 2. DPPH radical scavenging of new synthesized compounds.

DPPH ICs DPPH ICs,
Sample ID (UM)® Sample ID (M)
Vitamin C 3446.17° Vitamin C
3446.17"
0 47.1+10.34 OzN\?/NOz 54.66.14
O/\/\ TS
\N"\(N
AP =
H,O
0 2 o
1la
0 68.34+10 H,N  SH | 66.06+0525
N—
O/\/\ -~ N
N
w0 H/OT\/©//\
0 2b © 10
H 62.14+10.01 OO 65.41+6.08
0s_N_0
0 Yj
N
NN ANe=N s
N,
N Y
N
6a e}

60.384+9.82 O:zN 73.88+1.72

H
e fans
H. N _
o N o=,
O~ ﬁm’
~~©
o o

6b 12a
] 58+16.25 < SH 71.7248.21
NHNH, N/\<N
\/\/O \NI
o 7 H/o
o 14
SH 56.42+8.18 NHPh 67.32+2.3
o/\< ST
~ .N - N
N N
o T SNes
o o
9 15

ICso values represent as mean+SD of three determinations. °Reported ICs, =38.0 uM .
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Experimental

Chemical reagents and instruments

Melting points were determined with an open capillary tube on an
Electrothermal (variable heater) melting point apparatus. Later on, the used
thermometer was calibrated by using standard compounds of known mps and the
melting points of the new compounds were corrected exclusively. IR spectra
were recorded on a JASCO FT-IR 6100 using KBr the bromide discs. NMR
spectra were measured using JEOL E.C.A-500 MHz (*H: 500.7 MHz, **C: 125.4
MHz) spectrometer. The mass spectra were performed at 70 eV on an MS-50
Kratos (A.E.l.) spectrometer provided with a data system. Elemental analysis of
the products was carried out at the Microanalysis Laboratory, Cairo University,
Cairo, Egypt, using Elemental C, H, N analyzer Vario EL Il | Germany. The
purity of all new samples was verified by microchemical analysis (C/H/N/ S) and
spectroscopy. TLC: Merck 0.2 mm silica gel 60 F254 analytic aluminum plates.
All international principles and local regulations concerning the care and use of
laboratory animals were considered during the pharmacological screening.

General procedure

PET hydrolysis

Plastic bottles (22 g) were cut into small strips, mixed with NaOH (12 g) and
exposed to sunlight for 5 weeks to obtain the sodium salt of terephthalate. The
resulting materials were dissolved in water, followed by acidification using
H,SO, (5 mol/L) to afford a white precipitate of terephthalic acid (1), Yield 90 %;
m.p. above 300 ~ C. Terephthalic acid (10g, 1.66 mol) was refluxed in absolute
butanol (30 ml) and H,SO, (5 ml) for 6 hr to give a mixture of
dibutylterephthalate (2a) and 4-(butoxycarbonyl) benzoic acid (2b). Compound
2a was obtained as yellow oil, 80% yield. IR (KBr) vmam/cm™: 1723 (C=0); *H
NMR (DMSO-dg): 0.853 (t, 6H, 2C Hj), 1.003 (m, 4H, 2C H,), 1.87 (dd, 4H, 2C
H,), 4.19 (t, 4H, 20C H,), 7.75 (dd, Juy = 8.5Hz, 2H, H-Ar), 8.10 (dd, Jun=8,
2H, H-Ar); m/z (%) 278 (M*, 100.0%), 216 (27.5%); Anal calcd for Ci6H,0,4
(278.15): C, 69.04% ; H, 7.97 %; Found C, 69.00%; H, 7.90%.

4-(Butoxycarbonyl) benzoic acid (2b) was separated by washing with 10%
Na,CO3 and recrystallized from EtOH as white solid in 20% yield; m.p 116° C;
IR(KBF) vm/cm™: 3466 (OH), 1722, 1693 (C=0), 2961, 2872 (CH); ‘H NMR
(DMSO-dg): 0.89 (t, 3H, C Hj), 1.3 (m, 2H, CH,) , 1.6 (m, 2H, C H,), 4.02 (s,
1H, OH, D,0 exchangeable ), 4.13(t, 2H, OC H,) , 7.95 (dd, Jyy = 8.5Hz, 2H, H-
Ar), 8.01 (dd, Juy =8.5Hz, 2H, H-Ar); m/z (%) 206 (M*, 100.0%), 191 (27.5%);
Anal calcd for C1,H1404 (222.09): C, 64.85 %,; H, 6.35 %; Found C, 64.80 %; H,
6.83%.

Synthesis of nitro derivatives (3a, b)

A 500 ml three-necked round-bottomed flask, was equipped with a magnetic
stirrer, thermometer, decanter and condenser, was charged with 20 g of
compounds 2a or 2b. A mixture of conc. H,SO,4 (25 ml) and fuming HNO; (75
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ml) was added dropwise that caused that temperature to raise to 80 °C. After the
addition was completed, the reaction was continued at 100°C for 3 hr, and then
poured onto water / ice mixture. The precipitate was filtered off, dissolved in hot
water and recrystallized from EtOH / DMF (2:1) to afford nitro derivatives 3a, b.

Dibutyl 2-nitroterephthalate (3a) was obtained as yellow powder in 75%
yield; mp 119 °C; IR(KBr) vpa/cm™: 1625 (C=0), 1466 (CH,), 1313 (N-O,
asymm.), 1120 (N-O, symmetric); ‘H NMR (DMSO-dg): 0.89 (t, 6H, 2C Hy),
1.34 (m, 4H, 2 H,), 1.61 (m, 4H, 2C H,), 4.26 (t, 4H, 20CHy), 7.94 (s, 1H, H-
Ar), 8.3 (d, IH, Jpn = 9 Hz, H-Ar), 8.43 (d, Jun = 9 Hz, 1H, H-Ar); m/z(%) 323
(M", 100.0%); Anal calcd for CisH2NOg (323.14): C, 59.43 %; H, 6.55 %; N,
4.33%; Found: C, 59.40 %; H, 6.60%; N, 4.2%.

4-(Butoxycarbonyl)-3-nitrobenzoic acid (3b) was obtained as white substance
in a 70% yield; mp 123°C; IR(KBr) vpad/cm™: 3025 (OH), 1675, 1653 (C=0),
1313(N-O, asymmetric), 1120 (N-O, symmetric); ‘H NMR (DMSO-dg): 0.89 (t,
3H, CHj3), 1.59 (m, 4H, 2 C Hy), 4.25 (t, 2H, OCHy), 7.91 (s, 1H, H-Ar), 8.25 (d,
Jun = 9 Hz, 1H, H-Ar), 8.39 (d, Jyn = 9 Hz, 1H, H-Ar) ), 4.05 (s, 1H, OH, D,0O
exchangeable), 4.23 (t, 2H, OCH,), ; m/z(%) 267 (M", 100.0%); Anal calcd for
C1,H13NOg (267.23): C, 53.93%; H, 4.90%; N, 5.24%; Found: C, 53.90%; H,
5.00%; N, 5.00%.

Preparation of amino derivatives (4a, b)

A 250 ml three- necked round-bottomed flask, fitted with a mechanical stirrer
containing 9 g of Zn dust, 15 ml of acetic acid, 15 ml of water and 0.5 ml fuming
HCI, was heated under reflux for 10 min. 3.2 g of the nitro derivatives 3a or 3b
were added portion wise for 20 min. The reaction was stirred for another 10 min
under reflux. The reaction was cooled down at room temperature followed by
addition of 0.3 g of NaHCO3. After the reaction was stirred for 3hr, the mixture
was filtered off, concentrated and dissolved in EtOH (20ml) and 10 ml HCI. The
mixture was heated for 1lhr. The precipitated material was filtered off and
crystallized from EtOH to afford the amino derivatives 4a,b.

Butyl-2-amino-4-pentanoylbenzoate (4a) was obtained as yellow brown
substance in a 65% yield; mp 129 °CIR(KBr) vma/cm™: 3423 (NH,), 1709(C=0),
'H NMR (DMSO-dg): 1.02 (t, 6H, 2C Hs), 1.38 (m, 4H, 2CH,), 1.64 (m, 4H, 2C
H,) 4.24 (t, 4H, 20CHy,), 7.65 (s, 1H, H-Ar), 8.03 (d, Juy = 9.2 Hz, 1H, H-Ar),
8.6 (d, Jun = 9.2 Hz, 1H, H-Ar), 10.45 (s, 2H, NH,); m/z (%) 293 (M, 100%),
291 (M-2H, 21%); Anal calcd for C1gH23sNO, (293.36): C, 65.51%; H, 7.90%; N,
4.77%; Found: C, 65.54%; H, 7.92%; N, 4.73%.

3-Amino-4-(butoxycarbonyl)benzoic acid (4b) was obtained as yellow in
60% yield; mp 198; IR(KBr) vma/cm™: 3423 (NH,), 1702 (C=0), 1623 (C=0);
'H NMR (DMSO-dg): 1.02(t, 3H, CH3), 1.37 (m, 2H, CH,), 1.73 (m, 2H, CH,),
4.05 (s, 1H, OH, D,0 exchangeable), 4.23 (t, 2H, OCH,), 6.64 (s, 2H, NH, D,0
exchangeable), 7.0 (s,1H, H-Ar), 7.33 (dd, Jyn = 8.4 Hz, 1H, H-Ar), 7.67 (dd, Iy
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= 8.4 Hz, 1H, H-Ar); miz(%) 237 (M*, 100.0%), 219 (22%); Anal calcd for
C1.H1sNO, (237.10): C, 60.75; H%, 6.37 %; N, 5.90 %; Found: C, 60.70%; H,
6.45%; N, 5.88%.

Preparation of uracil derivatives (6a, b)

Compounds 4a, b (0.01 mol), triethylorthoformate (0.03 mol, 4.4 ml) and
cyanoacetyl urea (0.127 g, 0.01mol) were refluxed in dioxane for 8 hr (until the
evolution of NHj;). The solid product was formed on hot, filtered off and
crystalized from the proper solvent to give 6a,b.

Dibutyl 2-(5-cyano-2-hydroxy-4-oxopyrimidin-1(4H)-yl)benzene-1,4-dioate
(6a) was obtained as brown substance (from EtOH/DMF, 2:1), in 62% vyield; mp
198 °C ; IR (KBr) vpa/cm™ : 3348 (OH), 2225 (CN), 1702, 1612 (C=0); *H
NMR (DMSO-dg): & 1.02 (t, 6H, 2CH3), 1.3- 1.7 (m, 8H, 4CH,), 4.23 (t, 4H,
20CH,), 7.38-7.99(m, 3H, 3H-Ar), 9.95(s, 1H, H-pyrimidin), 12.5(s, 1H, NH,
D,0 exchangeable); *C NMR (DMSO d6 ), & 13.8(CHj), 18.9(CH,), 31.1(CH,),
64.5(CH,), 114.1 (CH), 115.8 (CN), 119.8(CH), 125.9(CH), 130.6 (CH),
135.2(CH), 142.6(CH), 163(CH), 165.4 (C=0), 168.4 (C=0); m/z (%) 413 (M",
100.0%),223 (6.28%); Anal calcd C,1H23N3Og (413.42); C, 61.01%; H, 5.61%;
N, 10.16;% Found C, 61.05%; H,5.62%; N,10.62%.

4-(Butoxycarbonyl) -2- (5-cyano-2- hydroxy-4- oxopyrimidin-1 (4H)-yl)
benzoicacid (6b) was obtained as green substance (from EtOH) in 75% vyield; mp
240°C; IR (KBr) vmad/cm™: 3245(0H), 2243 (CN), 1658(C=0) , 1602 (C=0); 'H
NMR (DMSOdg): 6 1.02 ( t, 3H, CH3), 1.3 (m, 2H, CH,), 1.7 (m, 2H, CH), 2.05 (s,
1H, OH), 4.05 (s, 1H, OH, D,0O exchangeable), 4.23 (t, 2H, OCH,), 7.47- 7.85 (m,
3H, H-Ar), 8.45 (s, 1H, H-pyrimidin); *C NMR (DMSO dg): & 13.8(CH,), 18.9
(CH,), 31.1(CH,),64.5 (CH,), 114.1 (CH), 115.8 (CN), 119.8 (CH), 127.8(CH),
131.1 (CH), 136.1(CH), 143 (CH), 163 (CH), 165.4 (C=0), 166(C=0); m/z (%)
341 (M+, 1000%),320 (25%), Anal calcd C17H15N304 (35732), C, 57.14%; H,
4.23:%; N, 11.76;% Found C, 57.12%; H,4.25%;N,11.70%.

Preparation of 4-butyrylbenzohydrazide (7)

Dibutylterephthalate (2a) (10 ml) and hydrazine hydrate (1.4 ml) were
refluxed in absolute ethanol (30 ml) for 8 hr. The reaction mixture was filtered
off, washed with ether, dried then recrystallized from ethanol to afford 4-
butyrylbenzohydrazide (7) as white solid in an 87% yield; m.p 300° C; IR(KBTr)
Vmadem™: 3321(NH),1659 (C=0), 1612 (C=C), cm™; 'H NMR (DMSOdg): &
1.009 (t, 3H, C Hg), 1.379 (m, 2H, C H,) , 1.660(m, 2H, CH,), 3.73 (t, 2H, CH,),
4.24 (br, 2H, NH,, D,O exchangeable ), 7.81(dd, Juy =7.5 Hz, 2H, H-Ar),
7.961(dd, Jun = 7.5 Hz, 2H, H-Ar), 9.83 (br, 1H, NH, D,0O exchangeable); B¢
NMR (DMSO d6 ):5 13.8 (CHs), 18.9(CHy), 31.1(CH,), 64.5(0CH,), 93.5 (C-
CN), 114.1(CH), 115.8(CN), 119.8 (CH), 125.9 (CH), 130.6 (CH), 135.5(CH),
142.6 (CH), 163 (C=0), 167.9(C=0); m/z (%) 236 (M", 100.0%), 191 (27.5%);
Anal calcd Cy,H16N,03 (236.27) C, 61.00%; H, 6.83%, N, 11.86%; Found C,
61.23%; H, 6.88%, N, 11.80%.
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Synthesis of potassium thiocarbazinate (8)

Potassium hydroxide (3 mmol) was dissolved in absolute ethanol (25 ml). The
solution was cooled in ice bath. 4-Butyrylbenzohydrazide (7) (1 mmol) was
added with stirring. Carbon disulfide (5 mmol) was added portionwise with
constant stirring. The reaction mixture was agitated continuously for 12 hr at
room temperature. The precipitated potassium thiocarbazinate was collected by
filtration, washed with cold ethanol (50 ml) and dried in vacuum. The potassium
salt, thus obtained, was used in the next step without further purification. The
latter was treated with water and then filtered. the filtrate was cooled and
neutralized to pH= 6 using diluted HCI, washed with water, dried and crystalized
from ethanol to afford 4-(5-mercapto-1,3,4-oxadiazol-2-yl)benzoic acid (9) as
yellow crystals in 80% yield; m.p>300 °C; IR (KBr) vmas/cm™: 3259 (OH),
1671(C=0) ;'H NMR (DMSOde): 4.23(s, 1H, SH, D,O exchangeable), 7.69(dd,
Jun = 8.5Hz, 2H, H-Ar), 8.19(dd, Juy = 8.5Hz, 2H, H-Ar), 11.84 (s, 1H, OH) ;
BC NMR (DMSO d6 ): 127.5(CH), 130.2(CH), 131.2(CH), 164.5(C-O),
169.3(C=0); m/z (%)222 (M", 100.0%), 205 (7.11%), 180 (41.49%); Anal calcd
CgHgN,05S(222.22) C, 48.64%; H, 2.72%, N, 12.61%,S, 14.43%; Found C,
48.68%; H, 2.69%;N, 12.63%; S,14.40%.

A mixture of potassium thiocarbazinate (1mmol) in water (5 ml) and
hydrazine hydrate (99%, 3mmol) was heated for 18h at 100° C with occasional
shaking. The color of the reaction mixture was changed to green with evolution
of hydrogen sulfide gas. A homogenous reaction mixture was obtained during
reaction process. The reaction mixture was cooled to room temperature and
diluted with cold water (20 ml). On acidification with HCI, 4-(5-mercapto-4-
amino-1,3,4-triazole)benzoic acid (10) was precipitated, collected and
recrystallized from DMF/H,0 (1:2), 80% yield, m.p 235° C; IR (KBr) vpad/em™:
3855(0H), 3434.6(NH,), 1623(C=0); 'H NMR (DMSOdg): & 4.2(s, 1H, SH,
D,0 exchangeable), 7.99( dd, Jyy = 7.5Hz, 2H, H-Ar), 8.11(dd, Jun = 7.5Hz,
2H, H-Ar), 11.84(s, 1H, OH), 14.03 (s, 2H, NH,, D,0 exchangeable) ; *C NMR
(DMSO d6): 6127(CH), 128(CH), 128.4(CH), 129.7(CH), 142(C-SH), 155(CH-
triazole), 167 (C=0); m/z (%)236 (M", 100.0%), 180 (41.49%); Anal calcd
CyHgN40,S (236.25) C, 45.75%; H, 3.41%, N, 23.72%, S, 13.57%; Found C,
45.77%; H, 3.42%, N, 23.65%, S,13.59%.

Synthesis of 1,4 (6-substituted-[1,2,4]triazole[3,4-b][1,3,4]thiadiazoles 11 a,b.
An equimolar mixture of compound 10 and the appropriate aromatic
carboxylic acid (1 mmol) in phosphorous oxychloride (5ml) was refluxed for 5hr.
The reaction mixture was cooled to room temperature and then gradually poured
onto crushed ice with stirring. The mixture was neutralized with NaHCO;
solution and allowed to stand overnight. The solid that separated out was filtered
and washed thoroughly with cold water to give 4-(6-(3,5-dinitrophenyl)-
[1,2,4]triazolo[3,4-b][1,3,4]thiadiazol-3-yl)benzoic acid (11a) in a 65% yield, mp
260° C ; IR (KBr) vpg/ecm™ 3431(0H), 1638(C=0),symmetric1153(N-O); ‘H
NMR (DMSOdg): 6 2.05 (s, 1H, OH, D,0 exchangeable), 7.60 - 8.80 (m, 6H, H-
Ar), 9.08(s, 1H, OH, D,0 exchangeable ); **C NMR (DMSO d6): & 118.1(CH),
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127.4(CH), 130.2(CH), 135.3 (CH), 143.3(CH), 148(CH), 149.3(C-N),167.6(N-
C-S), 169.3(C=0); m/z(%) 412 (M®, 100.0%), 180 (41.49%); Anal calcd
C16HgNgOeS (412.02) C, 46.61%; H, 1.96%, N, 20.38%, S, 7.78%; Found C,
46.63%; H, 1.97%, N, 20.38%, S,7.80% ; 4-(6-p-Carboxyl-[1,2,4] triazolo [3,4-b]
[1,3,4]thiadiazol-3-yl) benzoic acid (11b) 77% yield, m.p 280 ° C ; IR (KBr)
VimadCM™3580 (OH), 1641(C=0); 'H NMR (DMSO dq): & 7.69 - 8.19 (m, 8H,
H-Ar), 11.40, 13.27(2bs, 2H, OH, D,0 exchangeable ), *C NMR (DMSO dg): &
127.5 (CH), 130.2(C-C=0), 135.8(CH]), 138.7 (CH), 143.3 (CH), 149 (CH),
167.6 (CH), 170 (C=0); m/z(%)366 (M", 100.0%), 180 (41.49%); Anal calcd
C17H10N404S (366.35) C, 55.73%; H, 2.75%, N, 15.29%, S, 8.75%; Found C,
55.74%; H, 2.75%, N, 15.30%, S,8.72%.

General procedure for the preparation of butyl (5-aryl-1,3,4-oxaadiazole-2-
ylbenzoate (12a,b)

A mixture of compound 7 (1 mmol) and the appropriate aromatic carboxylic
acid (1 mmol) in trifluoroacetic acid (10 ml) was refluxed for 4-6hr. The reaction
mixture was slowly poured onto crushed ice and kept overnight. The solid thus
separated out, was neutralized with NaHCOs,, filtered, washed with water and
recrystallized from ethanol.

Butyl  4-(5-(3,5-dinitrophenyl)-1,3,4-oxadiazol-2-yl)benzoate  (12a) was
obtained as white powder; yield:77% , m.p220° C ; IR (KBr) vama/cm™ 3088(CH),
1719(C=0), 1473 asymmetric (NO), 1348 asymmetric (NO); *H NMR (DMSO
dg): 8 0.897(t, 3H, CHy), 1.38 (m, 2H, C H,), 1.66 ( m, 2H, C H,), 4.266(t, 2H,
OCH,), 7.9-8.85(m, 6H, H-Ar), 10.99(s, 1H, OH, D,0 exchangeable) ; *C NMR
(DMSO d6 ): & 13.8(CHg), 18.9(CH,), 31.1(CH,), 64.5 (OCH,), 118.1 (CH), 127.4
(CH), 128.9 (CH), 130.4(CH), 147.4 (CH), 149.3(CH), 164.5 (C-0), 165.9 (C=0),
miz (%)412 (M, 100.0%), 395 (73.37%); Anal calcd CiqH;6N4O; (412.35) C,
55.34%; H, 3.91%, N, 13.59%; Found C, 55.32%; H, 3.92%, N, 13.59%.

4-{5-[4-(Butoxycarbonyl) phenyl]-1,3,4-oxadiazol-2-yl} benzoic acid (12b)
was obtained as white powder; yield :71%; m.p223 ° C IR (KBI) vmad/cm™
3248(0H), 1719 (C=0), 1666 (C=0); *H NMR (DMSO dg): & 0.96(t, 3H, C Hs),
1.33 (m, 2H, CHy), 1.75( m, 2H, CH,), 2.05( s, 1H, OH, D,0O exchangeable ),
4.25(t, 2H, OCH,), 7.59 - 8.19 (m, 8H, H-Ar); *C NMR (DMSO dq): 813.8
(CHs), 18.9 (CH,), 31.1(CH,), 64.5(0CH,), 127-130.5(CH), 147.4(CH),
164.5(CH), 165.9(C=0), 170(C=0); m/z (%) 367 (M", 100.0%), 349(18.01%),
310(10.18%); Anal calcd CyyH1gN,O5 (366.37) C, 65.57%; H, 4.95%, N, 7.65%;
Found C, 65.58%; H, 4.96%, N, 7.66%.

Reactions of hydrazide 7 with isothiocyanate derivatives

Compound 7 (0.01 mol) was refluxed with an equimolar amount of ethyl
isothiocynate in dry dioxane (30 ml) in presence of NaOH for 3hr. After the solution
was cooled, the solid formed was filtered off and recrystallized from EtOH.
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4-(4-Ethyl-5-mercapto-4H-1,2,4-triazol-3-yl)benzoic acid (14) was obtained
as green crystals in a 75% ; mp 198°C ; IR(KBI) vmadcm™ : 3428 (OH),
1689(C=0);'H NMR (DMSOdg): & 1.02( t, 3H, CHs), 3.2(q, 2H, CH,), 4.3 (s,
1H, SH), 7.69(dd, Jyy = 8.2 Hz ,2H, H-Ar), 8.19(dd, Juy = 8.2 Hz, 2H, H-Ar),
11.9( s, 1H, OH); *C NMR (DMSO dg): §13.9 (CHs), 19.11(CH,), 126.7(CH),
129.8(CH), 130.6(CH), 134.1(CH), 165.6(CH), 167(CH), 178(C=0); m/z (%)
146 (M*, 100.0%), 219 (25%); Anal calcd C;,H1;N30, S (249.29); C, 53.00%; H,
4.45%; N, 16.86% ; S,12.86% Found C, 53.00%; H,4.43%; N,16.87%; S,12.83%.

Moreover, compound 7 (0.01 mol) was heated with phenyl isothiocynate in
dioxane and conc H,SO, (3 ml) at 100°C for 1hr. The solution was then cooled,
and water was added dropwise till precipitation is ended. The solid, thus formed,
was filtered off, washed and crystallized from ethanol to obtain butyl 4-(5-
(phenylamino)-1,3,4-thiadiazol-2-yl)benzoate (15) was obtained as green crystals
in a 71%; m.p. 225°C ; IR(KBr) vpedcm™ : 3406 (OH), 1688(C=0);'H NMR
(DMSOdg): 6 0.91(t, 3H, CHz3), 1.40 (m, 2H, CH,), 1.68( m, 2H, CH,), 4.05(s,
1H, NH, D,0 exchangeable) 4.28(t, 2H, OCH,), 6.46-7.01(m, 5H, H-Ar), 7.59
(dd, Ju = 8.2 Hz, 2H, H-Ar), 8.03 (dd, Juy = 8.2 Hz, 2H, H-Ar) ;*C NMR
(DMSOdg): 6 13.9 (CH3), 18.9 (CH,), 31.1 (CH), 64.5 (OCH,), 117.8 (CH),
122.4 (CH), 127.4 (CH), 129.5(CH), 137.8(CH), 147.4(CH), 152.7 (CH),
165.9(C=0); m/z (%) 55 (M", 100.0%), 77(82.22%), 242(34%); Anal calcd
C1oH19N30,S(353.44) C, 64.57%; H, 5.42%, N, 11.89%, S, 9.07%;Found C,
64.77%; H, 5.40%, N, 11.86%, S, 9.06%.

Conclusion

In this investigation, we have developed an efficient and simple method for
the synthesis of a series of new 1,3,4-oxadiazol, triazoles , thiadiazoles and
uracils in good yields. The starting materials were obtained from plastic bottle
waste using the renewable source of energy. This technique was successful to
produce potent broad-spectrum antimicrobial and antioxidant agents. The
structure-activity relations study displayed in Tables 1 & 2 and Schemes 1-4
showed that the antibacterial activity of benzoic acid hydrazide 7 resembles that
of the known parapene preservatives which are useful in industrial applications.
In this study, novel heterocycles were successfully synthesized and twelve of
them were evaluated for their antimicrobial and antioxidant activities. In addition,
the 1,3,4-oxadiazol 9 showed higher activity against all types of strains. Also,
compounds of thiadiazoles 11a and 1,3,4-oxadiazole 9 exhibited high antioxidant
activity due to presence of the OH group. It can be concluded that this class of
compounds certainly holds great promise towards pursuit to discover novel class
of antimicrobial and antioxidant agents. Further studies are being conducted to
acquire more information about quantitative structure-activity relations (QSAR).
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