Synthesis, characterization, solvatochromic, antioxidant and antibacterial
activities investigation of 2,2'-((1E,1'E)-((1,2,5-oxadiazole-3,4-diyl)bis
(azanylylidene))bis(methanylylidene))bis(4-(phenyldiazenyl)phenol)

ABSTRACT

The azo-azomethine dyes 2-[(4-amino-1,2,5-oxadiazol-3-ylimino)methyl)-4-(phenyl
diazenyl]phenol (2a-h) have been synthesized from the condensation reaction of 3,4-diamino
-1,2,5-oxadiazole with 2-hydroxy-5-[(E)-(aryldiazenyl)]benzaldehyde(1a-h) in methanol. The
structures of dyes have been characterized by elemental analysis, mass, IR, UV-Vis, 'H and
13C NMR spectroscopy. UV-Vis absorption spectra indicated enol-keto tautomeric and
positive solvatochromism in compounds 2a-h which is dependent on the substitution, solvent,
pH and environment temperature. The synthesized compounds were investigated for their in
vitro antioxidant activity by 1,1-diphenyl-2-picrylhydrazyl (DPPH) assay. Compounds
substituted with electron donating groups, such as, alkyl and methoxy groups showed
moderate to mild antioxidant activity. The in-vitro antibacterial activity of all compounds was
determined by disc diffusion method. The tested compounds showed varying degree of
inhibition against B. cereus and S. aureus strains. However, E.coli and K. pneumonia were
not sensitive to any of the tested samples.

Keywords: Azo-azomethine, Azo-dyes, Schiff base, Solvatochromism, antioxidant activity,
antibacterial activity.



1. Introduction

The azo-azomethine dyes are considered privileged compounds because they are easily
prepared by the condensation between amines and aldehyde or ketones [1]. A large number
of azo-azomethines have been synthesized for their interesting properties e.g. light emittion
diode (LED)[2-5], corrosion inhibitor [6], potentiometric sensor [7], intermediate to
obtained of some heterocyclic compounds [8], to synthesize of conjugate polymers
containing azomethine [9], and their wide spectrum biological actives and used in drugs and
cosmetics [10, 11]. Also, these compounds have been used as dyestuffs for wool, leather and
synthetic materials because of their extraordinary coloring properties and in photonic
devices [2-5, 11]. Some of metal complexes of azo-azomethine have been widely used in
technology due to their photo physical and energy-transfer properties [5, 7, 12].
Furthermore, the oxadiazoles are important compounds that have many derivatives with
wide range of interesting properties, such as synthesis of condensed compounds heterocyclic
systems, antibacterial, antifungal, analgesic, anti-inflammatory, antiviral, anticancer,
antihypertensive, anticonvulsant, and anti-diabetic properties [13-16]. Also, the 2-hydroxy
Schiff bases have enol and keto form in their proton tautomeric structure and enol form is
usually more stable [8, 12, 17, 18]. The keto form stabilized by hydrogen bonding and
electrostatic intermolecular interactions [17-20]. We reported recently synthesis,
solvatochromism, antibacterial activity of 2-[(4-amino-1,2,5-oxadiazol-3-ylimino)methyl)-4-
(phenyldiazenyl]phenol [20]. In this article, our interest is focused on preparation of
symmetrical azo-azomethine dyes of 2,2'-(1E,1'E)-(1,2,5-oxadiazole-3,4-diyl)bis(azan-1-yl-
1-ylidene)bis(methan-1-yl-1-ylidene)bis(4-(phenyldiazenyl)phenol  (2a-h)  with  three
objectives: (i) Synthesis of oxadiazole-based azo-azomethine dyes, (ii) Study of biological
properties of synthesized compounds, (iii) Study of solvatochromic behavior and substituent

effects of the prepared dyes in various solvents.



Experimental

2.1. Materials and Measurements

All chemical reagents were obtained from the Merck and used without further
purification.  2-hydroxy-5-(aryldiazenyl))benzaldehyde (la-h) and 3,4-diamino-1,2,5-
oxadiazole have been prepared and purified according to the method reported in the literature
[8, 12, 17-20]. Melting points were measured with Electrothermal 9300 apparatus. Elemental
analyses were performed on an Elementar Vario EL Ill elemental analyzer. Mass spectra
were recorded on a Agilent MS Model 5973. The IR spectra were recorded with a Shimadzu
8400 S spectrometer. The structure of synthesized compounds was confirmed by H and *C
NMR spectra, in DMSO-ds as solvent on a Bruker AV 300 MHz spectrometer. The pH
variation experiments were carried out in a microprocessor pH meter (HANNA 211 pH) at
constant temperature (298 K). The UV-vis. spectra were recorded with a Shimadzu 1650
spectrophotometer. In order to obtain UV-vis. spectra, 2.5 mL of a 0.001 M solution of the
synthesized ligand was transferred into a 1.00 cm quartz cell and titrated with a concentrated
solution of potassium hydroxide using a 100-uL. Hamilton syringe. Each spectrum was

recorded immediately after the titrant addition.

2.2. General procedure for Synthesis of 2,2'-(1E,1'E)-(1,2,5-oxadiazole-3,4-diyl)bis(azan-1-
yl-1-ylidene)bis(methan-1-yl-1-ylidene)bis(4-(phenyldiazenyl)phenol (2a-h)

To a stirring solution of 2-hydroxy-5-(aryldiazenyl))benzaldehyde (1a-h, 20 mmol)
in methanol (300 mL), a solution of 3,4-diamino-1,2,5-oxadiazole (1.20 g, 12 mmol) in
methanol (10 mL) was added at 60-70 °C. The solution was stirred for 1 h at 60-70 °C and
was added acetic acid (0.10 g of 98% aqueous solution, 2 mmol). The mixture was stirred and
refluxed for 8 h at 60-70 °C. The solution was then concentrated to a volume of ca. 20 mL

and precipitate filtered.



Compound 2a: The brown product is soluble in CH3OH, C,HsOH, DMSO, DMF and
crystallized from a 1:1 mixture of THF. Yield, 3.65 g(70.74 %). m.p.281-282 °C. FT-IR
(KBr, cm™): 3429 v(OH), 1610 v(C=N), 1573 v(N=N),1483 v(C=C), 1284 v(C-N), 1191 v(C-
N), 1110 v(Ar-0), 1037 v(N-O). *H NMR, ppm: 11.82(2H, OH, D,0O exchangble), 9.46(s,
2H, CH=N), 8.51(bs, 2H), 8.06, 8.03(d, 2H, J=8.50 Hz), 7.82, 7.80(d, 4H, J=6.72 Hz), 7.52,
7.50(d, 6H, J=5.79), 7.20, 7.17(d, 2H, J=8.83 Hz). 13C NMR, ppm: 167.02, 162.81, 156.48,
151.86, 145.02, 131.10, 128.91, 124.40, 124.36, 122.39, 120.81, 118.05. The EI-MS: m/z
516(M)*, 515(M-1)*, 514(M-2)*, 292, 224, 105. Anal. Calcd. for CasH20NgOs : C, 65.11; H,

3.90; N, 21.69. Found: C, 65.02; H, 3.82; N, 21.50.

Compound 2b: The brown product is soluble in DMSO, DMF and crystallized from THF.
Yield, 3.42 g(62.87 %). m.p.270-271 °C. FT-IR (KBr, cm™): 3435 v(OH), 2930, 2856
V(CH=N), 1612 v(C=N), 1577 v(N=N),1483 v(C=C), 1340, 1284 v(C-N), 1191 v(C-N), 1103
V(Ar-0), 1014, 923 v(N-0). *H NMR, ppm: 11.90(2H, OH, DO exchangble), 9.46(s, 2H,
CH=N), 8.49, 8.48 (d, 2H, J=2.43 Hz), 8.05, 8.04, 8.02, 8.01(dd, 2H, J= 2.48 Hz), 7.74,
7.72(d, 4H, J=8.2 Hz), 7.32, 7.29(d, 4H, J=8.11 Hz), 7.25, 7.23(d, 2H, J=8.90 Hz), 2.35(s,
6H). ¥C NMR, ppm: 166.95, 162.58, 156.55, 149.95, 144.97, 141.21, 131.34, 129.90,
123.88, 122.40, 120.80, 118.07, 21.00(CHs). The EI-MS: m/z 545(M+1)*, 544(M)*, 543(M-
1)*, 540, 528, 426, 307, 265, 239, 212, 120, 107, 92. Anal. Calcd. for C3oH24NgO3: C, 66.17;

H, 4.44; N, 20.58. Found: C, 66.08; H, 4.36; N, 20.42.

Compound 2c: The orange product is soluble in DMSO, DMF and crystallized from CH3CN.
Yield, 3.86 g(62.87 %). m.p.273-274 °C. FT-IR (KBr, cm™): 3465 v(OH), 2958, 2869
v(CH=N), 1604 v(C=N), 1521 v(N=N), 1479 v(C=C), 1338, 1280 v(C-N), 1193 v(C-N), 1153
V(Ar-0), 1045, 931 v(N-O). 'H NMR, ppm: 11.87(2H, OH, D,O exchangble), 9.46(s, 2H,

CH=N), 8.48(bs, H), 8.04, 8.01(d, H, J=7.41 Hz), 7.81, 7.78(d, 2H, J=7.18 Hz), 7.76, 7.73(d,



4h, J=7.93 Hz), 7.43, 7.40(d, 2H, J=7.18 Hz), 7.37, 7.34(d, 4H, J=8.09 Hz), 7.21, 7.18(d, 2H,
J=8.75 Hz), 294-2.90(q, 4H, J=6.75 Hz), 1.23-1.18(t, 6H, J=6.75 Hz). 3C NMR, ppm:
167.05, 163.80, 156.45, 150.25, 144.85, 128.87, 124.05, 122.47, 120.77, 118.15, 23.65(CHy),

13.37(CHs).

Compound 2d: The orange product is soluble in CH3OH, C2HsOH, THF, DMSO, DMF and
crystallized from a 1:1 mixture of THF/CHsCN. Yield, 4.34 g(75.87%). m.p.199-200 °C. FT-
IR (KBr, cm™): 3452 v(bs, OH), 2918, 2848v(Ar-H), 1622 v(C=N), 1622, 1581 v(N=N), 1488
v(C=C), 1282 v(C-N), 1101 v(Ar-0), 1039, 941 v(N-0). 'H NMR, ppm: 11.81(2H, OH, D20
exchangble), 9.40 (s, 2H, CH=N), 8.46 (s, 2H), 8.02, 7.99(d, 2H, J=8.85 Hz), 7.39(s, 4H),
7.17, 7.14(d, 2H, J=8.85 Hz), 7.09(s, 2H), 2.28 (s, 12H). *C NMR, ppm: 167.10, 162.75,
156.38, 152.04, 145.17, 138.63, 132.54, 129.02, 124.32, 120.80, 120.30, 118.03, 20.88(CHs3).
Anal. Calcd. for Cs2H28NgO3: C, 67.12; H, 4.93; N, 19.57. Found: C, 66.96; H, 4.88; N,
19.52. The EI-MS: m/z 574(M+2)*, 572(M)*, 570(M-2) *, 555, 440, 348, 322, 252, 225, 133,

106, 78.

Compound 2e: The brown product is soluble in CH3sOH, C,HsOH, THF, DMSO, DMF and
crystallized from CH3OH. Yield, 4.34 g(75.87%). m.p.275-276 °C. FT- IR (KBr, cm™): 3460
v(bs, OH), 2964, 2871v(Ar-H), 1600 v(C=N), 1525 v(N=N), 1481 v(C=C), 1284 v(C-N),

1110 v(Ar-0), 1037, 962 v(N-O).

Compound 2f: The brown product is soluble in CH30H, CoHsOH, THF, DMSO, DMF and
crystallized from CH3OH. Yield, 4.34 g(75.87%). m.p.274-277 °C. FT- IR (KBr, cm™): 3461
v(bs, OH), 2939, 2840v(Ar-H), 1654 v(C=N), 1583 v(N=N), 1473 v(C=C), 1278 v(C-N),

1107 v(Ar-0), 1033, 907 v(N-O).



Compound 2g: The red product is soluble in DMSO, DMF and crystallized from THF. Yield,
3.22 g(53.14%). m.p.295-296 °C. FT-IR (KBr, cm™): 3431 v(bs, OH), 2926, 2881 v(Ar-H),
1633 v(C=N), 1578 v(N=N), 1478 v(C=C), 1521 v(N=0O, Unsym. Stretching), 1335 v(N=0,
Sym. Stretching), 1286 v(C-N), 1147 v(Ar-0), 1103, 912 v(N-0O). *H NMR, ppm: 11.89(2H,
OH, D0 exchangble), 10.58(s, 2H, CH=N), 8.71(m, 2H), 8.36, 8.33(d, 4H, J=7.94 Hz), 8.18-
8.07(m, 2H), 7.92, 7.88(d, 4H, J=7.94 Hz), 7.22(m, 2H). 3C NMR, ppm: 169.42, 163.80,
156.72, 152.12, 149.96, 143.68, 129.78, 126.79, 124.08, 122.44, 122.04, 117.98. Anal. Calcd.
for CasH1gN1007: C, 55.45; H, 2.99; N, 23.09. Found: C, 55.36; H, 2.86; N, 23.00. The ElI-

MS: m/z 608(M+2)*, 607(M+1)*, 606(M)", 561, 457, 365, 353, 338, 308, 243, 138, 123.

Compound 2h: The Orang product is soluble in CH3sOH, C2HsOH, THF, DMSO, DMF and
crystallized from diethyl ether or THF. Yield, 4.00 g(59.00 %). m.p.>300 °C(dec). FT-IR
(KBr, cm™): 3442 v(OH), 3072 v(Ar-H), 1652 v(C=N), 1574 v(N=N),1481 v(C=C), 1284
v(C-N), 1222 v(S=0, Unsym. Stretching), 1184 v(S=0, Sym. Stretching), 1155 v(Ar-0),
1037 v(N-0), 680 v(S-O-H, Unsym, Stret.), 630 v(S-O-H, Sym. Stret.). *H NMR, ppm: 11.57,
1156(4H, OH, D20 exchangble), 10.35(s, 2H, CH=N), 8.19-7.17(m, 14H, Ar-H). 3C NMR,
ppm: 171.83, 163.50, 157.48, 151.53, 150.43, 144.76, 129.80, 126.72, 123.85, 122.64,
121.94, 118.49. The EI-MS: m/z 676(M)*, 628, 604, 576, 551, 536, 515, 490, 368, 313, 299,
265, 185, 97 . Anal. Calcd. for CogH20NgOeS> : C, 49.70; H, 2.98; N, 16.56; S, 9.48. Found:

C, 49.56; H, 2.84; N, 16.46; S, 9.32.

2.4.1. Antioxidant Activity

The in vitro Antioxidant activity of 2(a-h) was investigated by DPPH assay [21].

200 pL of test compounds in DMSO (1mg/mL) was mixed with 4mL of 6x10°M DPPH in

methanol. These solutions were vortexed vigorously and kept in dark at RT for 30 min. The

control contained all reagents without the compound. DPPH radical scavenging activity was



determined by measuring the absorbance at 517 nm against blank samples lacking compound.
Methanol was used for the baseline correction. Lower absorbance of the reaction mixture
indicates higher free radical scavenging activity [22]. The radical scavenging activity was
expressed as the inhibition percentage and was calculated using the following formula:

% Inhibition = [(Ag — A1) / Ag] x 100
Where Ag is the absorbance of DPPH at 517 nm as a control and A; is the absorbance of

DPPH in the presence of test sample. The result was compared to butylated hydroxy toluene

(BHT) as standard.

2.4.2. Antibacterial Activity

The in vitro antibacterial activity of 2(a-h) was evaluated against Bacillus cereus
(PTCC 1556), Staphylococcus aureus (PTCC 1112), Escherichia coli (PTCC 1330) and
Klebsiella pneumonia (PTCC 1053) by disc diffusion method [23]. Nutrient agar plates were
inoculated with the overnight bacterial culture. The compounds were dissolved in DMSO and
at concentration of 30ug/disc were placed on the surface of the inoculated plates. Amikacin
(30ug/disc) was used as standard. The petri plates were incubated at 37°C for 24 h.

Antibacterial activity was determined by measuring the diameter of inhibition zone.

3. Results and discussion

The synthesis route is shown in Fig.1. azo-azomethine dyes 2,2'-(1E,1'E)-(1,2,5-
oxadiazole-3,4-diyl)bis(azan-1-yl-1-ylidene)bis(methan-1-yl-1-ylidene)bis(4-(phenyldi
azenyl)phenol (2a-h) have been synthesized via condensation reaction of 2-hydroxy-5-
(aryldiazenyl)benzaldehyde (1a-h) with 3,4-diamino-1,2,5-oxadiazole in methanol. All
prepared dyes are air stable solids, soluble in DMSO, DMF and purified by recrystallization.
The structures of all compounds were then characterized by elemental analysis, mass, IR,

UV, H and *C NMR spectroscopy. The presence of -CH=N-, -N=N- and OH functional



groups in structure of synthesized dyes makes which could potentially act as multidentate

ligands and used in polymer
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Fig. 1: Synthesized 2 with azo precursors and the enol-keto tautomeric

3.1. Infrared spectra

The characteristic IR absorption bands of azo-azomethine Schiff base derivative 2a-h
were determined in KBr. The solid state FT-IR spectra of dye’s 1a-h showed C=0 bands at
range of 1660-1672 cm™[8, 19-20]. The absence of v(C=0) absorption in the IR spectra of
synthesized dyes together with the appearance of new v(C=N) absorption in the range of

1610-1674 cm™ indicated that new Schiff base compounds had been formed. The solid state



FT-IR spectra of dye’s 2a-h showed OH phenolic band at range of 3417-3460 cm™. The
v(CH=N) and v(N=N) absorptions appeared in the range of 2840-2960 cm™ and 1571-1583
cm?, respectively, which indicates the formation of Schiff bases of 2a-h. The bands v(C-N),
v(C-0) and v(N-O) vibrations are in the range of 1278-1296, 110-1163 and 1018-1045¢cm™,
respectively. Also for 2f, 2g and 2h, the azo-azomethine vibration is very sharp at 1635, 1652
and 1674 cm™, which corresponds to v(C=0) vibration. This might arise from existence of
the hydrazone and/or enaminone tautomers of azo—azomethine compounds in the solid state.
Another evidence for existence of the hydrazone and/or enaminone tautomers is phenolic
v(C-0O) vibration which observed at 1147-1155 cm™ in compounds 2f-h, and it is in
agreement with results obtained for similar azo Schiff bases [12, 17-20]. The IR spectra of 2g
and 2h show strong bonds at 1335 and 1521 cm™ and/or 1184 and 1222 assigned for vs and

vas Of the NO2 and SO- groups, respectively [2, 5, 8, 17-20, 24].

3.2. 'H and *C NMR spectra

The NMR spectral results, obtained for Schiff base compounds 2a-h at ambient
temperature in DMSO-ds, with the hydrogen assignments are presented in experimental
section. The NMR analysis appeared to support the synthesis of all compounds. The *H NMR
spectrum of 2a-h exhibited D,O exchangeable signals for the OH protons at o4 11.57-11.89
ppm. The CH=N proton signals appears in the range of 9.37-10.58 ppm. *H NMR spectra of
azo—azomethine compounds 2b and 2d-h show two doublet at 7.99-8.12 ppm and 7.14-7.23
ppm, assigned to the para-substituted aromatic ring. The *C NMR spectra of 2a-h consisted
of twelve carbon peaks; One peak for CH=N, one peak for five member ring oxadiazole
carbons and ten peak for benzene aromatic region. The CH=N, and five member ring
oxadiazole carbons appear in the range of 162.58-163.80 and 156.38-157.48 ppm,
respectively. Also for azo-azomethine dyes 2a-h, the phenolic carbons (C-OH) appear at
167.00-171.83 ppm, which may be corresponds to C=0 character. This might arise from

q



existence of the hydrazone and/or enaminone tautomers of azo—azomethine compounds and it

IS in agreement with results obtained for similar azo Schiff bases [8, 18-20, 24].

3.3. The electronic absorption spectra

The electronic spectra of compounds 2a-h were measured (in the range of 300-600
nm) in four common solvents, MeOH, THF, DMSO and DMF at room temperature (Table 1).
The UV-vis absorption spectra of compounds 2a-h, in MeOH, THF, DMSO and DMF
solvents display mainly two bands at 318-397 nm and 432-486 nm and give a red shift similar
to the same spectra of azo- Schiff bases (Table 1). The broad band observed in the range of
432-486 nm can be assigned to an n—x* electronic transition of azo-aromatic chromophore
and intramolecular charge transfer interaction such as the whole of dyes [8, 18-20, 25, 26].
The intramolecular charge transfer bands can be assigned to the existence of enol-keto
equilibrium originating from hydrogen transferred form hydroxyl group to imine or azo
nitrogen. The absorption curves of 2a-h in DMF solvent are shown in Figure 2. The results
indicated that the position t—x* band is influenced by the nature of the para-substitution
(Table 1). The intensity of bands appeared at 318-397 nm bands are in the order, 2g >2h >2f
>2e ~2¢ >2d >2a >2b and 432-486 nm are in the order: 2g >2h >2f >2e >2¢ >2b >2a >2d
respectively. When the NO., SOzH and MeO groups was introduced in the aryl azo
component, in lieu of hydrogen or alkyl groups, the absorption spectra give a considerable
blue shift as other aryl azo-Schiff bases [18-20, 24-27]. This means that 2f-h has a more

extensive conjugation than others substitution (Table 1).
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Fig. 2: Electronic absorption spectra of 2a-h in DMF(C= 4.30x10° M) at room temperature.

Table 1: Summary of the UV-Vis absorption bands for compounds 2a-h
compound MeOH THF DMSO DMF

2a 318(A=0.173), | 326(A=0.49), 337(A=0.634), | 345(A=0.936),
442(A=0.036) | 451(A=0.19) 460(A=0.059) | 473(A=0.556)
2b 319 (A=0.479), | 321(A=0.605), | 329(A=0.511), | 338(A=0.978),
439(A=0.399) | 445(A=0.437) | 453(A=0.323) | 468( A=0.571)
2c 330(A=0.699), | 339(A=0.566), | 346(A=0.836), | 350(A=0.949),
442( A=0.156) | 452( A=0.16) 455( A=0.222) | 470( A=0.469)
2d 328(A=0.412), | 331(A=0.423), | 338(A=0.476), | 343(A=0.962),
432(A=0.042) | 439(A=0.038) | 447(A=0.02) 454( A=0.582)
2e 340(A=0.402), | 345(A=0.459), | 349(A=0.838), | 351(A=0.772),
449( A=0.158) | 459( A=0.174) | 476( A=0.25) 475( A=0.324)
2f 341(A=0.437), | 345(A=0.782), | 357(A=0.651), | 363(A=0.952),
458( A=0.171) | 465( A=0.154) | 474( A=0.247) | 478( A=0.402)
29 - 383(A=0.481), | 397( A=0.389), | 392(A=0.674),
462(A=0.202) | 477( A=0.252) | 486(A=0.589)
2h 360(A=0.476) | - 365(A=0.423) | 378 (A=0.840)
455(A=0. 022) 468(A=0.057) | 480 (A=0.701)

AR




The solvatochromic behavior of a dye is the shift of the n=—n* band wavelength due
to the presence of solvent with different polarity which is due to the interaction between the
solvent and solute [28]. The electronic spectra of 4.30x10° M solution of compounds 2a-h
were measured in three organic solvents with different polarity at room temperature (Table
1). The absorption bands at 345-363 nm and 462-481 nm, generally show bathochromic shift
(positive solvatochromism) with polarity change of solvent (Fig. 3). We show that the
solvatochromism may be due to the effect other causes such as dipole moment changes and

the hydrogen bonding strength in polar solvents.
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Fig. 3: Absorption spectra of 2g in DMF, DMSO and THF solvents.

Furthermore, the absorption spectra of 2g at different volume ratios of the applied pair
of solvents DMF/H20 were also recorded (Fig. 4). It was observed that the intensity of
absorption of the band about 392 nm (probably enol-imine form) increased, while absorption
of the band about 486 nm (keto-amine form) decreased with increasing of the volume content
of water. This implies that there is enol-keto equilibrium, that it is dependent on polarity of

solvent.

'Y



06

Absorbance(a.u)
o
w

0 1 1 1 o
320 370 420 470 520 570 620 670
Wavelength

Fig. 4: Absorption spectra of 2g in DMF (C= 4.3x10" M) and H,0O: (a) 0%; (b) 10% and (c)
30% water.
Also, the UV-visible spectrum of compound 2g was measured in different pH (Fig. 4). It was
observed that the intensity of absorption of the band about 392 nm (probably enol-imine
form) decreased, while absorption of the band about 486 nm (keto-amine form) increased and
show blue shift when the pH increased. It shows that enol-imine — keto-amine equilibrium is

dependent on pH (Fig. 1).
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Fig. 5: Dependence of electronic absorption spectra of 2g in DMF(C= 3.2x10° M) on
different pH.
Therefore, the nature of substitutions, solvent environment, hydrogen bonds, temperature, pH
and changes in the dipole moment of the molecules are the key factors in deciding the

solvatochromism of azo-azomethine dyes [8, 19-20, 24].

3.4. Quantum Chemical Calculations

We could not obtain suitable crystals of synthesized compounds (2a-c) for X-ray
diffraction work; therefore, we chose to assess its structural parameters by quantum chemical
calculations using the gaussian 03 program [29-31]. The geometries of the compound 2a
were fully optimized using the B3LYP density functional theory (DFT) method with standard
6-311++G(2d,2p) basis set. Harmonic frequency calculations were performed at all the
stationary points to characterize its nature and to ensure that the optimized structure
corresponds to a global minimum. The vibrational band assignments were made using the

Gauss-View molecular visualization program [32]. The representative structures and selected
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optimized geometric parameters of compound 2a and 2g are given in Figures S1 and Table
S2, (Supplementary data). The Quantum chemical calculations data indicated that dipole
moment, bond lengths, bond and torsion angles of 2a and 2g are approximately similar (Table
S2). The basic structural framework that contain three aromatic rings (phenyl,
salicylaldehyde and oxadiazole), N=N and C=N linkage is found to be planar in the
optimized structural of the compounds 2a and 2g. This allows the n-electron conjugation to
extend throughout the aromatic rings.

The Ci2-His distance of 2a and 2g are calculated to be 133.5 and 133.3 pm,
respectively which is lower than the C-OH phenolic. Also, according to calculation the O1s-
His and His~Ni7 distances of these molecules are 98.8, 98.9 pm and 175.6, 175.2 pm,
respectively. optimized structures of 2a and 2g indicate the formation of a strong O1s-His
~N17 hydrogen bond which are much shorter than the sum of the van der Waals radii of
nitrogen (155 pm) and hydrogen (120 pm). It indicates the presence of hydrogen bonding
interactions between the O—H bond and the nitrogen atom of the CH=N group. However, the
red shift of O-H stretching frequency provides further indication of this hydrogen bonding.
Results show that the hydrogen bonding in 2g is partially stronger than 2a. its indicate that
hydrogen bonding depends on substitution effcts.

The O-H stretching frequency in compound 2a and 2g appears at aboat 3430 cm™,
which are lower than the experimental value (3657 cm™) of the O—H stretching frequency in
phenol [20]. The C=N stretching vibrational frequency for 2a and 2g (1610, 1633 cm™,
respectively) is found to be almost unchanged in compound 2a.

The calculated C=N stretching frequency (1661 cm™) is in agreement with the
experimental value of 1633 cm™. It is difficult to determine precisely the O—H stretching

frequency for the hydrogen bonded O-H, because of the well-known broadening effect.
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Table S2: Selected bond lengths, bond angles and torsion angles
for optimized structures B3LYP/6-311++G(2d, 2p) of 2a and 29

Compounds 2a 29

H 1.6677 Y, A9V
Bond lengths(A)

C1-N7 1.417 1.417
N7-Nsg 1.252 1.252
Ns- Co 1.413 1.410
Co-Cio 1.404 1.405
C12-Cy3 1.425 1.426
C12-O15 1.335 1.333
O15-His 0.988 0.989
C13-Cys 1.441 1.442
Ci16-N17 1.292 1.292
Ni7...His 1.756 1.752
N17-C1g 1.382 1.382
C18-N1g 1.306 1.306
N19-O20 1.372 1.372
Bond angles (°)

C1-N7-Ns 115.49 115.17
Co-Nsg-N7 115.43 115.61
C10-Co-C14 118.93 119.02
Co-C14-Cy3 120.95 120.90
C11-C12-Cy3 119.40 119.47
C12-C13-Cu4 119.27 119.25
C14-C13-Cys 119.09 119.13
C13-C12-O15 121.96 121.90
C11-C12-O15 118.63 118.62
C13-C16-N17 122.26 122.16
C16-N17-C1s 119.74 119.76
Torsion angles(®)

C2-C1-N7-Ng 179.85 179.85
C1-N7-Ng-Cg 179.96 179.95
N7-Ng-Co —C10 -179.90 -179.76
C13-C16-N17- His -0.5411 -0.4118
C11-C12-O15-H1s 179.36 179.50
C13-C12-O15-H1s -0.5550 -0.4244
C16-C13-C12-O15 -0.1983 -0.2559
C14-C13-Cy16-Ny7 -179.21 -179.36
C13'C16'N17' C18 '176.73 -176.77
C16-N17-C18-N1g 28.868 27.882
N19-C18-N17-His -145.23 -146.50
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3. 4. Biological activities

The antioxidant activity of newly synthesized compounds was evaluated using DPPH
radical scavenging method. The results indicated that the compounds 2a-g exhibited
moderate to mild antioxidant effect (Table 2). Compound 2e bearing an isopropyl group on
the phenyl ring showed maximum antioxidant activity and least activity was observed for 2g
bearing a nitro group in the same position. Obtained results revealed that compounds
substituted with electron donating groups increased the scavenging /antioxidant activity.
The results for antibacterial activity revealed that synthesized compounds showed varying
degree of inhibition against B. cereus and S. aureus strains (Table 3). However, E.coli and K.
pneumonia were not sensitive to any of the test samples. In compounds substituted with
Alkyl groups antibacterial activity was increased, while the activity decreased when nitro or
methoxy groups were substituted. Compound 2d (bearing two methyl groups in the 3 and 5
positions on the aromatic ring) showed higher activity than other test compounds. This
activity may be correlated with the greater lipophilic nature of the compound which

subsequently favors its permeation through the lipoid layer of the bacterial membrane.

Table 2: Antioxidant activity of 2a-g (Img/ml)
Compound % Inhibition

2a 5.0

2b 7.0

2C 16

2d 17

2e 28

2f 11

29 1.0

BHT 92.1
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Table 3: Antibacterial activity of 2a-g
Compound Zone of inhibition(mm)
30 (pg/disc) B.cereus S.aureus

4a 10 11
4b 13 12
4c 12 13
4d 8 10
de 12 13
4f 12 11
49 9 9
Amikacin 25 21
DMSO - -

4. Conclusion

A series of azo-azomethine dyes based on oxadiazole rings were synthesized by
condensation reaction of 5-((4-R-phenyl)diazenyl)-2-hydroxybenzaldehyde with 3,4-
diamino-1,2,5-oxadiazole. Substitution, solvent environment and acid-base influence on the
wavelength of electronic absorption have been studied. The absorption maxima of
synthesized dyes show bathochromic shift (positive solvatochromism) in DMF and DMSO

than THF solvent. Obtained results revealed that compounds substituted with electron

donating groups increased the scavenging /antioxidant activity.
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