Supporting Information (SI)
Bryophyllum pinnatum extract mediated Biogenic ZnCuFe2O4 nanoparticles catalyzed benzoxazole/benzothiazole synthesis: Biological and Computational Insights
Swaranjali S. Gotea, Pranali P. Umranikara, Sachin J. Kambleb, Shashikant S. Bhanadaric, Nisha Nerlekard, Trupti P. Bansodee, Rahul B. Shirsatf, Padma B. Dandged, Gajanan S. Rashinkarg, Prakash A. Bansodea*
aDepartment of Chemistry, Sangola Mahavidyalaya, Sangola-413307 Maharashtra India
bSajay Ghodawat Institute, Atigre, Kolhapur-416118
cDepartment of Pharmaceutical Chemistry, AISSMS College of Pharmacy, Pune-411001, India
dDepartment of Biochemistry, Shivaji University Kolhapur, 416004 India
eDepartment of Computer Science and Engineering, Fabtech Technical Campus College of Engineering and Research, Sangola-413307 Maharashtra India
 fIndia Shri Shivaji Memorial Society’ College of Pharmacy, Kennedy road, Pune-411001 (Maharashtra) India,
gDepartment of chemistry, Shivaji University Kolhapur, 416004 India
*email: bansode.prakash4@gmail.com
	Sr. No.

	Name of Author
	Mail address

	1.
	Miss. Swaranjali S. Gote
	revatigote10@gmail.com

	2.
	Miss. Pranali P. Umranikar
	umranikarpranali29@gmail.com


	3.
	Sachin J. Kamble
	sachin.kamble305@gmail.com

	4.
	Prof. Dr. Shashikant Bhandari
	drugdesign1@gmail.com

	5.
	Dr. Nisha A. Nerlekar
	nishak1809@gmail.com


	6.
	Ms. Trupti P. Bansode
	satpute.trupti@gmail.com


	7.
	Rahul B. Shirsath
	rahulbshirsath2901@gmail.com

	8.
	Prof. Padma B. Dandge
	pbd_biochem@unishivaji.ac.in


	9.
	Prof. Dr. Gajanan S. Rashinkar
	gsr_chem@unishivaji.ac.in


	10.
	Dr. Prakash A. Bansode	

	bansode.prakash4@gmail.com




INDEX
	Sr. No.
	Content
	Page No.

	1
	General Information
	4

	2
	Experimental section (Chemistry, Pharmacology and docking)
	5-9

	3
	Characterization data of synthesized compounds
	10-16

	4
	Figures 1: FTIR and 1H NMR spectra of 6a
	17

	5
	Figures 2: 13C NMR spectra of 6a
	18

	6
	Figures 3: FTIR and 1H NMR spectra of 6b
	19

	7
	Figures 4: 13C NMR spectra of 6b
	20

	8
	Figures 5: FTIR and 1H NMR spectra of 6c
	21

	9
	Figures 6: 13C NMR spectra of 6c
	22

	10
	Figures 7: FTIR and 1H NMR spectra of 6d
	23

	11
	Figures 8: 13C NMR and Mass spectra of 6d
	24

	12
	Figures 9: FTIR and 1H NMR spectra of 6e
	25

	13
	Figures 10: 13C NMR and Mass spectra of 6e
	26

	14
	Figures 11: FTIR and 1H NMR spectra of 6f
	27

	15
	Figures 12: 13C NMR spectra of 6f
	28

	16
	Figures 13: FTIR and 1H NMR spectra of 6g
	29

	17
	Figures 14: 13C NMR spectra of 6g
	30

	18
	Figures 15: FTIR and 1H NMR spectra of 6h
	30

	19
	Figures 16: 13C NMR spectra of 6h
	32

	20
	Figures 17: FTIR and 1H NMR spectra of 6i
	33

	21
	Figures 18: 13C NMR spectra of 6i
	34

	22
	Figures 19: FTIR and 1H NMR spectra of 6j
	35

	23
	Figures 20: 13C NMR spectra of 6j
	36

	24
	Figures 21: FTIR and 1H NMR spectra of 6k
	37

	25
	Figures 22: 13C NMR and Mass spectra of 6k
	38

	26
	Figures 23: FTIR and 1H NMR spectra of 6l
	39

	27
	Figures 24: 13C NMR and Mass spectra of 6l
	40

	28
	Figures 25: FTIR and 1H NMR spectra of 6m
	41

	29
	Figures 26: 13C NMR and Mass spectra of 6m
	42

	30
	Figures 27: FTIR and 1H NMR spectra of 6n
	43

	31
	Figures 28: 13C NMR and Mass spectra of 6n
	44

	32
	Figures 29: FTIR and 1H NMR spectra of 6o
	45

	33
	Figures 30: 13C NMR and Mass spectra of 6o
	46

	34
	Figures 31: FTIR and 1H NMR spectra of 6p
	47

	35
	Figures 32: 13C NMR and Mass spectra of 6p
	48

	36
	Figures 33: FTIR and 1H NMR spectra of 6q
	49

	37
	Figures 34: 13C NMR and Mass spectra of 6q
	50

	38
	Figures 35: FTIR and 1H NMR spectra of 6r
	51

	39
	Figures 36: 13C NMR and Mass spectra of 6r
	52

	40
	Figures 37: FTIR and 1H NMR spectra of 6s
	53

	41
	Figures 38: 13C NMR and Mass spectra of 6s
	54

	42
	Figures 39: FTIR and 1H NMR spectra of 6t
	55

	43
	Figures 40: 13C NMR and Mass spectra of 6t
	56




1. General information: 
1.1 Material
The chemicals required Zinc acetate dihydrate [Zn (CH3COOH)2.2H2O], cupric nitrate trihydrate [Cu (NO3)2.3H2O], iron chloride hexahydrate (FeCl3.6H2O), zinc ferrite (ZnFe2O4), copper ferrite (CuFe2O4), aromatic aldehydes, 2-aminophenol, 2-aminothiophenol, and ethyl acetate were obtained from Spectrochem Pvt. Ltd. and were used without further purification. The alkali (NaOH, 2 M) was used as a precipitant. Deionized water was utilized throughout the preparation, and ethanol was employed for washing steps to ensure minimal contamination and to remove residual ions and organic impurities. The other reagents 2,2-diphenyl-1-picrylhydrazyl (DPPH), alpha-amylase enzyme, soluble starch, 3,5-dinitrosalicyclic acid (DNSA), and sodium phosphate buffer, were procured from a local supplier. All the chemicals were used as received without further purification.
1.2 General remark
The 1H NMR and 13C NMR spectra were recorded on a Bruker 400 MHz and 100 MHz spectrometer, respectively, using TMS as an internal standard while using CDCl3 as solvent. FTIR spectra were recorded using KBr pellets on a Bruker ALPHA II spectrometer. Mass spectra were recorded using a Thermo TSQ Quantum Discovery Max spectrometer. The UV-Vis spectra were recorded using UV-vis – BioSpectrometer fluorescence. SW-Version: 4.2.3.0. The X-ray diffractograms were obtained employing a Rigaku Ultima IV diffractometer.  The SEM analysis was performed on SEM - JSM-IT200, and TEM analysis was done using TEM - TEM-HT7800 Series (120 kV) Hitachi. The VSM studies were done on a vibrating sample magnetometer - Quantachrome v5.25. The BET surface analysis was carried out on a Quantachrome BET Instrument v5.25. The mass spectra were scanned by a Waters ACQUITY QDa Mass spectrometer.

1.3 Experimental section
Preparation of zinc ferrite, copper ferrite and zinc copper ferrite nanoparticles
Synthesis of zinc ferrite nanoparticles (ZnFe2O4 NPs)
Zinc ferrite (ZnFe2O4) nanoparticles were synthesized by a simple co-precipitation using zinc acetate dihydrate [Zn (CH3COOH)2.2H2O] and Iron chloride hexahydrate (FeCl3.6H2O) as precursors. Stoichiometric amounts of zinc salt (2.195 g in 100 mL distilled water) and Iron salt (2.78 g in 100 mL distilled water), in a 1:1 molar ratio. The mixed solution was treated with 0.5 M NaOH  in 30 mL B. pinntaum aqueous extact at 70 ℃ and stirred for 2 h to obtain the brownish precipitate. The precipitate was centrifuged, washed with deionized water and 70 %, ethanol and dried at 120 °C for 8 h. The dried powder was calcined at 400 °C for 4 h to obtain ZnFe₂O₄ nanoparticles as shown in Fig. 2 [38].
Synthesis of copper ferrite nanoparticles (CuFe2O4 NPs)
Copper ferrite (CuFe2O4) nanoparticles were synthesized by co-precipitation using cupric nitrate trihydrate [Cu(NO3)2.3H2O] and iron chloride hexahydrate (FeCl3.6H2O) as precursors. Stoichiometric amounts of copper salt (2.42 g in 100 mL distilled water) and iron salt (2.78 g in 100 mL distilled water), in a 1:1 molar ratio. The mixed solution was treated with 0.5 M NaOH in 30 mL B. pinntaum aqueous extact at 70 ℃ and stirred for 2 h to obtain the blackish precipitate. The precipitate was centrifuged, washed with deionized water and 70 % ethanol, and dried at 120 °C for 8 h. The dried powder was calcined at 400 °C for 4 h to obtain CuFe₂O₄ nanoparticles as shown in Fig. 2 [39].
Synthesis of Zinc Copper ferrite nanoparticles (ZnCuFe2O4 NPs)
Zinc Copper ferrite (ZnCuFe2O4) nanoparticles were synthesized using co-precipitation by using zinc acetate dihydrate [Zn(CH3COOH)2.2H2O], cupric nitrate trihydrate [Cu(NO3)2.3H2O], and iron chloride hexahydrate (FeCl3.6H2O) as precursors. Stoichiometric amounts of zinc salt (2.195 g in 100 ml distilled water), copper salt (2.42 g in 100 ml distilled water) and iron salt (2.78 g in 100 ml distilled water), maintaining a molar ratio of Zn:Cu:Fe to 1:1:1. The mixed solution was treated with 0.5 M NaOH  in 30 mL B. pinntaum aqueous extact at 70 ℃ and stirred for 2 h to obtain the blackish precipitate. The precipitate was centrifuged, washed with deionized water and 70 % ethanol, and dried at 120 °C for 8 h. The dried powder was calcined at 400 °C for 4 h to obtain ZnCuFe₂O₄ nanoparticles as shown in Fig. 2 [40].
General procedure for the synthesis of benzoxazoles and benzothiazoles (6a-t)
In a clean and oven-dried 50 mL capacity round-bottom flask, aromatic aldehydes (5 mmol) and 2-aminophenol/2-aminothiophenol (5 mmol) were added, followed by 100 mg ZnCuFe2O4 in ethanol. The reaction mixture was subjected to microwave irradiation at a power of 350 W and allowed to proceed until reaction completion, as monitored by thin layer chromatography (TLC). After completion of the reaction, the ZnCuFe2O4 nanoparticles were separated from the reaction matrix via magnetic separation using an external magnet. The reaction mixture was then cooled, poured onto crushed ice, and stirred vigorously to facilitate the formation of a solid benzoxazole/benzothiazole. The crude product was then collected by filtration under vacuum, washed with cold water, and recrystallized from hot ethanol to obtain the pure benzoxazoles and benzothiazoles [31]. 
Anti-diabetic activity by α-amylase inhibition assay
All the synthesized 2-substituted benzoxazoles and benzothiazoles (6a-t) were screened for α-amylase inhibitory activity using the DNSA colorimetric method. α-amylase enzyme (0.5 %) in 0.02 M sodium phosphate buffer (pH 6.9) containing 6 mM NaCl was prepared. Five concentrations of enzyme solution ranging from 20 to 100 µg/mL were pre-incubated with different concentrations of 6a-t at 37 °C for 10 min. After the pre-incubation step, 250 µL of 1 % soluble starch solution in phosphate buffer (as substrate) was quickly added, and the solution was incubated at 37 °C for 10 min. The reaction was ended by adding 1.0 mL of DNSA reagent, followed by a 5-min heating of the mixture in a boiling water bath for 5 min. After cooling, the final mixture was diluted with 5 mL of distilled water, and the absorbance was recorded at 540 nm employing a UV-Visible spectrophotometer. A control reaction without inhibitor was run simultaneously. Acarbose was used as the standard anti-diabetic drug. All experiments were performed in triplicate, and results were expressed as mean ± SD [58]. The percentage inhibition of α-amylase activity was calculated using the following formula:
% Inhibition = [(Acontrol − Asample) / Acontrol] × 100 ​


Anti-oxidant activity by DPPH radical scavenging assay
The anti-oxidant potential of synthesized 2-substituted benzoxazoles and benzothiazoles (6a-t) was examined using the DPPH assay. A freshly prepared 5 mM DPPH solution in ethanol was used for the assay. The different solutions of 6a-t with five concentrations ranging from 20 to 100 µg/mL were prepared, and to them 1.0 mL of DPPH solution was added. The reaction mixture was incubated in the absence of light for 30 min to avoid photodegradation. Post-incubation, the absorbance was recorded at 517 nm employing a UV-Visible spectrophotometer (Shimadzu UV-1800) against ethanol as a blank. Ascorbic acid was used as the reference anti-oxidant. All experiments were carried out in triplicate, and the results were expressed as mean ± standard deviation (SD) [59].
The percentage of DPPH radical scavenging activity was calculated using the formula:
% of inhibition = [(A0-AT) × 100]
                                                                           (A0)
Where, A0 is the absorbance of control sample and AT is absorbance of test sample.
In silico assessment of bioactivity scores and pharmacokinetic parameters of synthesized benzoxazoles and benzothiazoles (6a-t)
ChemDraw Pro 2016 was used to generate 2-D molecular structures and obtain Simplified Molecular Input Line Entry System (SMILES) strings for the newly synthesized benzoxazoles and benzothiazoles (6a-t). These structures were fed to monolinspiration (https://www.molinspiration.com/) - to calculate molecular properties, predict bioactivity scores, and assess the drug-likeness of chemical compounds, ADMET Lab 3.0 (https://admetlab3.scbdd.com/) - to predict and evaluate the pharmacokinetics, drug-likeness, and toxicity of chemical compounds and Swiss ADMT (http://www.swissadme.ch) – for pharmacokinetic and drug-likeness profiling [60] and Schrödinger software (https://www.schrodinger.com/life-science/learn/white-papers/docking-and-scoring/) -  to predict bioactivity scores and estimate key molecular descriptors [61]. ProTox-III (https://tox.charite.de/protox3/index.php?site=compound_input) – for in silico toxicity prediction [62]. 
	All the synthesized benzoxazoles and benzothiazoles (6a-t) were assessed for their absorption, distribution, metabolism, excretion, and toxicity (ADMET) profiling employing QikProp version 4.3 (Schrödinger LLC) [63]. The 2D structures of ligands were imported into the QikProp panel in Maestro using the descriptor calculation method. The prediction of key physicochemical and pharmacokinetic descriptors was carried out which served as a basis for assessing the drug-likeness of molecules [64]. All the synthesized benzoxazoles and benzothiazoles (6a-t) were evaluated for their key physicochemical and pharmacokinetic parameters, including molecular weight, hydrogen-bond donors and acceptors, lipophilicity (QPlogPo/w), blood–brain barrier distribution (QPlogBB), and Caco-2 cell permeability (QPPCaco).
The artificial intelligence (AI) and machine learning (ML) based in silico toxicity prediction tool, GeinTox module of Geinforce software, is used for the evaluation of toxicity studies [65]. 
Molecular docking
Molecular docking studies were performed using the Glide-dock module of Maestro version 13.4 (Schrödinger) to investigate the binding affinity and molecular interactions of the designed compounds 6a-t against human pancreatic α-amylase. The crystal structure of human pancreatic α-amylase complexed with the inhibitor acarbose (PDB ID: 1XH0) was selected as the target protein. The structure contains the N298S mutation and was determined by X-ray crystallography at a resolution of approximately 2.1 Å. The enzyme consists of a single polypeptide chain (Chain A) and exhibits the characteristic (β/α)₈ TIM-barrel fold of α-amylases. The protein structure was prepared using the Protein Preparation Wizard of Schrödinger. The co-crystallized ligand, acarbose, was used to identify the catalytic binding pocket and define the receptor grid for subsequent molecular docking. Particular attention was given to the catalytically and structurally important residues Asp197, Glu233, Asp300, His201, His299, Tyr62, Trp58, and Trp59, which contribute to catalysis and ligand stabilization within the α-amylase active site. 
	The prepared ligands were docked into the acarbose-binding pocket using the Glide Standard Precision (SP) flexible docking protocol. The resulting ligand poses were ranked according to their docking scores, and the binding modes were further examined based on hydrogen bonding, π–π stacking, salt-bridge interactions, ligand orientation, Glide energy, and Glide E-model values. Glide predicts favourable ligand–protein binding poses using an empirical scoring function known as the Glide score (G-score), which incorporates different energetic and structural contributions. The scoring function can be represented as:
G-Score = 0.065×vdW+0.130×Coul+Lipo+Hbond+Metal+BuryP+RotB+Site
Characterization data of synthesized compounds (6a-t)
[1] 2-(3-nitrophenyl)benzo[d]oxazole (6a) [39]
M.F.: C13H8N2O3; Yield: 119 mg, 93 %; Colour: Yellow solid; M.P.: 145 ℃
FTIR (KBr) ʋ (cm-1): 3075, 1585, 1529, 1478, 1375, 1148; 1H NMR (CDCl3, 400 MHz): δ 8.79-8.25 (m, 4H, Ar), 7.71-6.92 (m, 4H, Ar) ppm; 13C NMR (CDCl3, 100 MHz): δ 153.9, 152.6, 148.7, 137.4, 134.4, 134.0, 130.1, 129.9, 125.7, 123.3, 120.3, 115.9, 115.5 ppm; Elem. Anal.: C, 65.00 %; H, 3.36 %; N, 11.66 %; O, 19.98 %; found: C, 65.00 %; H, 3.35 %; N, 11.65 %; O, 19.97 %.
[2] 2-(anthracen-9-yl)benzo[d]oxazole (6b) 
M.F.: C21H13NO; Yield: 143 mg, 91 %; Colour: Yellow solid; M.P.: 173 ℃
FTIR (KBr) ʋ (cm-1): 3052, 1658, 1486, 1161; 1H NMR (CDCl3, 400 MHz): δ 7.89 - 7.72 (m, 2H, Ar), 7.45 - 7.38 (m, 7H, Ar), 7.02 - 6.88 (m, 4H, Ar) ppm; 13C NMR (CDCl3, 100 MHz): δ 193.0, 156.6, 152.4, 136.5, 135.2, 115.2, 115.8, 120.2, 123.5, 124.6, 124.7, 125.5, 125.7, 127.2, 127.4, 129.1, 129.3, 130.7, 131.0, 131.0, 131.3, 132.1, 135.2, 136.5, 152.4, 156.6                                                                                                                     ppm; Elem. Anal.: C, 85.40 %; H, 4.44 %; N, 4.74 %; O, 5.42 %; found: C, 85.39 %; H, 4.43 %; N, 4.73 %; O, 5.41 %. 
[3] 2-phenylbenzo[d]oxazole (6c) [40]
M.F.: C13H9NO; Yield: 098 mg, 90 %; Colour: White solid; M.P.: 106 ℃
FTIR (KBr) ʋ (cm-1): 2919, 1626, 1483, 1250; 1H NMR (CDCl3, 400 MHz): δ 7.93 (dd, J = 1.6, 2.8 Hz, 2H, Ar), 7.50 (dd, J=1.6, 1.2 Hz, 2H, Ar), 7.32-6.90 (m, 5H, Ar) ppm; 13C NMR (CDCl3, 100 MHz): δ 157.1, 152.3, 135.8, 135.4, 131.6, 128.9, 128.8, 128.8, 120.1, 115.8, 114.9, 29.7 ppm; Elem. Anal.: C, 79.98 %; H, 4.65 %; N, 7.17 %; O, 8.20 %; found: C, 79.97 %; H, 4.63 %; N, 7.15 %; O, 8.19 %. 
[4] (Z)-2-styrylbenzo[d]oxazole (6d) [41]
M.F.: C15H11NO; Yield: 113 mg, 92 %; Colour: Yellow solid; M.P.: 107 ℃
FTIR (KBr) ʋ (cm-1): 3042, 1584, 1484, 1153; 1H NMR (CDCl3, 400 MHz): δ 7.57-7.35 (m, 5H, Ar), 7.26-7.22 (m, 2H, Ar), 7.20-7.11 (m, 2H, Ar), 7.01 (t, 1H, olefinic), 6.99-6.87 (m, 1H, olefinic) ppm; 13C NMR (CDCl3, 100 MHz): δ 158.2, 152.3, 144.0, 135.7, 135.5, 129.7, 128.9, 128.8, 128.5, 127.5, 120.0, 115.5, 114.9 ppm; Mass (EI) m/z [M+] Calculated 221, Observed 224; Anal.: C, 81.43 %; H, 5.01 %; N, 6.33 %; O, 7.23 %; found: C, 81.42 %; H, 5.00 %; N, 6.31 %; O, 7.22 %, found: C, 81.40 %; H, 5.00 %; N, 6.30 %; O, 7.20 %.
[5] 2-(pyridin-2-yl)benzo[d]oxazole (6e) [42]
M.F.: C12H8N2O; Yield: 109 mg, 96 %; Colour: Brown solid; M.P.: 96 ℃
FTIR (KBr) ʋ (cm-1): 3055, 1589, 1512. 1487, 1182; 1H NMR (CDCl3, 400 MHz): δ 8.23-7.37 (m, 4H, Ar), 7.35-7.05 (m, 4H, Ar) ppm; 13C NMR (CDCl3, 100 MHz): δ 192.8, 186.0, 179.1, 175.4, 165.6, 157.7, 150.1, 116.0, 67.1, 61.5, 60.0 ppm; Mass (EI) m/z [M+] Calculated 196, Observed 199; Elem. Anal.: C, 73.46 %; H, 4.11 %; N, 14.28 %; O, 8.15 %; found: C, 73.44 %; H, 4.10 %; N, 14.26 %; O, 8.14 %.
[6] 2-(thiophen-2-yl)benzo[d]oxazole (6f) [43]
M.F.: C11H7NOS; Yield: 112 mg, 93 %; Colour: Black solid; M.P.: 113 ℃
FTIR (KBr) ʋ (cm-1): 3097, 1592, 1426, 1174, 809; 1H NMR (CDCl3, 400 MHz): δ 7.51 (d, J=4 Hz, 2H, Ar), 7.29 (s, 1H, Ar), 7.20-7.00 (m, 4H, Ar) ppm; 13C NMR (CDCl3, 100 MHz): δ 152.1, 149.7, 142.8, 135.0, 132.5, 130.7, 128.8, 127.9, 120.1, 115.7, 115.0 ppm; Elem. Anal.: C, 65.65 %; H, 3.51 %; N, 6.96 %; O, 7.95 %, S, 15.93%; found: C, 65.64 %; H, 3.50 %; N, 6.95 %; O, 7.94 %, S, 15.92 %.
[7] (E)-2-styrylbenzo[d]oxazole (6g) [44]
M.F.: C15H11NO; Yield: 116 mg, 94 %; Colour: Brown solid; M.P.: 93 ℃
FTIR (KBr) ʋ (cm-1): 3042, 1623, 1484, 1152; 1H NMR (CDCl3, 400 MHz): δ 7.57-7.39 (m, 5H, Ar), 7.38-6.87 (m, 4H, Ar), 6.95 (d, J=32 Hz, 1H, olefinic), 6.88 (d, J=8.0 Hz, 1H, olefinic) ppm; 13C NMR (CDCl3, 100 MHz): δ 158.2, 152.3, 144.0, 135.7, 135.5, 129.7, 129.6, 129.1, 128.9, 128.8, 128.5, 127.5, 120.1, 120.0, 115.5, 114.9 ppm; Elem. Anal.: C, 81.43 %; H, 5.01 %; N, 6.33 %; O, 7.23 %; found: C, 81.42 %; H, 5.00 %; N, 6.32 %; O, 7.22 %.
[8] 2-(4-(benzyloxy)phenyl)benzo[d]oxazole (6h) [25]
M.F.: C20H15NO2; Yield: 149 mg, 93 %; Colour: White solid; M.P.: 135 ℃
FTIR (KBr) ʋ (cm-1): 2918, 1636, 1576, 1260, 1165; 1H NMR (CDCl3, 400 MHz): δ 7.84 (d, J = 8.8 Hz, 4H, Ar), 7.44 -7.02 (m, 5H, Ar), 7.08 (d, J = 8.8 Hz, 4H, Ar), 5.15 (s, 2H, -CH2) ppm; 13C NMR (CDCl3, 100 MHz): δ 190.7, 163.7, 135.9, 132.0, 128.7, 128.3, 127.4, 115.1, 70.2 ppm; Elem. Anal.: C, 79.72 %; H, 5.02 %; N, 4.65 %; O, 10.62 %; found: C, 79.71 %; H, 5.01 %; N, 4.64 %; O, 10.61 %.
[9] 2-(4-chlorophenyl)benzo[d]oxazole (6i) [45]
M.F.: C13H8ClNO; Yield: 112 mg, 90 %; Colour: Brown solid; M.P.: 137 ℃
FTIR (KBr) ʋ (cm-1): 3046, 1585, 1490, 1198, 791; 1H NMR (CDCl3, 400 MHz): δ 7.86 (d, J=8.4 Hz, 2H, Ar), 7.47 (t, 2H, Ar), 7.23 (d, J=1.6 Hz, 2H, Ar), 7.20 (d, J=1.2 Hz, 1H, Ar), 7.03-6.93 (m, 1H, Ar) ppm; 13C NMR (CDCl3, 100 MHz): δ 155.5, 152.3, 137.6, 135.1, 134.3, 129.9, 129.2, 129.2, 120.1, 115.8, 115.1 ppm; Elem. Anal.: C, 67.99 %; H, 3.51 %; Cl, 15.44 %; N, 6.10 %; O, 6.97 %; found: C, 67.98 %; H, 3.50 %; Cl, 15.43 %; N, 6.09 %; O, 6.95 %.
[10] 2-(ferrocenyl)benzo[d]oxazole (6j) [46]
M.F.: C17H13FeNO; Yield: 306 mg, 95 %; Colour: Black solid; M.P.: 150 ℃ 
FTIR (KBr) ʋ (cm-1): 2920, 1586, 1457, 1106, 492; 1H NMR (CDCl3, 400 MHz): δ 7.77-7.36 (m, 4H, Ar), 4.80 (s, 2H, Ar), 4.62 (s, 2H, Ar), 4.28-4.16 (m, 5H, Ar) ppm; 13C NMR (CDCl3, 100 MHz): δ 178.9, 149.5, 136.6, 116.8, 101.1, 86.1, 69.9 ppm; Elem. Anal.: C, 67.36 %; H, 4.32 %; Fe, 18.42 %; N, 4.62 %; O, 5.28 %; found: C, 67.35 %; H, 4.31 %; Fe, 18.41 %; N, 4.61 %; O, 5.27 %.
[11] 2-(4-(benzyloxy)phenyl)benzo[d]thiazole (6k) [47]
M.F.: C20H15NOS; Yield: 162 mg, 90 %; Colour: White solid; M.P.: 150 ℃
FTIR (KBr) ʋ (cm-1): 3061, 2850, 1578, 1473, 1244, 747; 1H NMR (CDCl3, 400 MHz): δ 7.49-7.33 (m, 7H, Ar), 7.03 – 6.94 (m, 5H, Ar), 6.93-6.76 (m, 1H, Ar), 5.07 (s, 2H, -CH2) ppm; 13C NMR (CDCl3, 100 MHz): δ 167.8, 161.0, 159.1, 154.2, 146.2, 136.7, 136.3, 134.8, 133.8, 129.1, 128.6, 128.6, 128.3, 128.2, 128.0, 127.9, 127.5, 127.4, 126.7, 126.6, 126.2, 125.4, 124.8, 122.8, 121.6, 121.5, 120.6, 115.2, 114.9, 109.6, 70.1, 10.0, 69.9 ppm; Mass (EI) m/z [M+] Calculated 317, Observed 318; Elem. Anal.: C, 75.68 %; H, 4.76 %; N, 4.41 %; O, 5.04 %; S, 10.10 %; found: C, 75.67 %; H, 4.75 %; N, 4.40 %; O, 5.03 %; S, 10.09 %. 
[12] 2-(anthracen-9-yl)benzo[d]thiazole (6l) [48]
M.F.: C21H13NS; Yield: 162 mg, 92 %; Colour: Yellow solid; M.P.: 174 ℃
FTIR (KBr) ʋ (cm-1): 3059, 1582, 1474, 749; 1H NMR (CDCl3, 400 MHz): δ 8.25-8.05 (m, 2H, Ar), 7.55-7.45 (m, 1H, Ar), 7.53-7.50 (m, 2H, Ar), 7.14-6.70 (m, 4H, Ar), 6.70-6.57 (m, 4H, Ar) ppm; 13C NMR (CDCl3, 100 MHz); δ 148.6, 136.8, 131.6, 128.5, 126.8, 125.4, 118.7, 118.2, 115.2 ppm; Mass (EI) m/z [M+] Calculated 311, Observed 312; Elem. Anal.: C, 81.00 %; H, 4.21 %; N, 4.50 %; S, 10.30 %; found: C, 81.00 %; H, 4.20 %; N, 4.49 %; S, 10.29 %. 
[13] 2-(1H-indol-3-yl)benzo[d]thiazole (6m) [49]
M.F.: C15H10N2S; Yield: 132 mg, 91 %; Colour: Brown solid; M.P.: 184 ℃
FTIR (KBr) ʋ (cm-1): 3120, 3056, 1552, 1442, 786; 1H NMR (CDCl3, 400 MHz): δ 8.45 (d, J=7.6 Hz, 1H, NH), 7.97 (d, J=52.8 Hz, 1H, Ar), 7.50 (t, 2H, Ar), 7.19-7.09 (m, 3H, Ar), 6.72 (d, J=3.2 Hz, 3H, Ar) ppm; 13C NMR (CDCl3, 100 MHz): δ 185.4, 163.2, 153.7, 148.6, 136.8, 136.5, 133.8, 131.6, 126.5, 126.1, 124.9, 124.3, 124.2, 123.4, 122.3, 122.0, 121.8, 121.3, 120.9, 118.7, 118.3, 115.3, 112.2, 111.8, 29.6 ppm; Elem. Anal.: C, 71.97 %; H, 4.03 %; N, 11.19 %; S, 12.81 %; found: C, 71.96 %; H, 4.02 %; N, 11.18 %; S, 12.80 %. 
[14] (Z)-2-styrylbenzo[d]thiazole (6n) [50]
M.F.: C15H11NS; Yield: 129 mg, 91 %; Colour: Brown solid; M.P.: 134 ℃
FTIR (KBr) ʋ (cm-1): 1646, 1569, 1313, 956, 698; 1H NMR (CDCl3, 400 MHz): δ 8.02 (d, J=8 Hz, 4H, Ar), 7.88-7.61 (t, 2H, Ar), 7.60-7.36 (m, 3H, Ar), 7.32-7.12 (m, 2H, olefinic) ppm; 13C NMR (CDCl3, 100 MHz): δ 167.0, 153.8, 148.6, 137.7, 136.8, 135.3, 134.3, 131.6, 129.4, 129.1, 128.9, 128.8, 128.6, 128.5, 128.5, 128.4, 128.3, 127.7, 127.6, 127.4, 126.3, 125.4, 122.9, 122.1, 121.5, 118.2, 115.2, 57.6, 51.5, 49.9, 42.3, 36.0, 35.5 ppm; Mass (EI) m/z [M+] Calculated 237, Observed 238; Elem. Anal.: C, 75.92 %; H, 4.67 %; N, 5.90 %; S, 13.51 %; found: C, 75.94 %; H, 4.65 %; N, 5.88 %; S, 13.50 %.
[15] 2-(ferrocenyl)benzo[d]thiazole (6o) [51]
M.F.: C17H13FeNS; Yield: 309 mg, 91 %; Colour: Black solid; M.P.: 112 ℃
FTIR (KBr) ʋ (cm-1): 3092, 1570, 1446, 744, 489; 1H NMR (CDCl3, 400 MHz): δ 7.98-7.10 (m, 4H, Ar), 4.89-4.16 (m, 9H, Ar) ppm; 13C NMR (CDCl3, 100 MHz): δ 160.3, 151.6, 143.8, 142.4, 131.4, 127.2, 124.0, 115.5, 110.5, 97.3, 92.4, 88.9, 72.9, 71.8, 70.7, 70.3, 69.6, 69.5, 68.7, 61.7, 59.7, 41.0, 29.1, 20.1, 14.1 ppm; Mass (EI) m/z [M+] Calculated 319, Observed 320; Elem. Anal.: C, 63.97 %; H, 4.11 %; Fe, 17.50 %; N, 4.39 %; S, 10.04 %; found: C, 63.96 %; H, 4.10 %; Fe, 17.49 %; N, 4.38 %; S, 10.03 %.
[16] 2-(thiophen-2-yl)benzo[d]thiazole (6p) [43]
M.F.: C11H7NS2; Yield: 125 mg, 90 %; Colour: Pale Yellow solid; M.P.: 138 ℃
FTIR (KBr) ʋ (cm-1): 3097, 1579, 1543, 1462, 827, 754; 1H NMR (CDCl3, 400 MHz): δ 8.03 (dd, J=0.4, 0.4 Hz, 1H, Ar), 7.87 (dd, J=0.4, 0.8 Hz, 1H, Ar), 7.85-7.66 (m, 1H, Ar), 7.66-7.48 (m, 2H, Ar), 7.39-6.93 (m, 2H, Ar) ppm; 13C NMR (CDCl3, 100 MHz): δ 161.4, 153.6, 146.0, 145.3, 137.3, 134.6, 129.3, 128.6, 128.0, 126.6, 126.5, 126.4, 126.1, 125.6, 125.3, 125.2, 122.9, 121.7, 121.4, 121.1, 110.3, 65.5 ppm; Mass (EI) m/z [M+] Calculated 217, Observed 218; Elem. Anal.: C, 60.80 %; H, 3.25 %; N, 6.45 %; S, 29.51%; found: C, 60.79 %; H, 3.24 %; N, 6.44 %; S, 29.50 %.
[17] (E)-2-styrylbenzo[d]thiazole (6q) [52]
M.F.: C15H11NS; Yield: 132 mg, 93 %; Colour: Brown solid; M.P.: 126 ℃
FTIR (KBr) ʋ (cm-1): 1569, 1498, 1313, 956, 690; 1H NMR (CDCl3, 400 MHz): δ 8.03-7.88 (t, 3H, Ar), 7.88-7.86 (t, 2H, Ar), 7.61-7.14 (m, 4H, Ar), 7.19 (s, 2H, olefinic) ppm; 13C NMR (CDCl3, 100 MHz): δ 167.0, 153.8, 148.6, 137.7, 136.8, 135.3, 134.3, 131.6, 129.4, 128.9, 128.8, 128.6, 128.4, 128.4, 128.3, 127.7, 127.6, 127.4, 126.8, 126.4, 126.3, 126.3, 125.9, 125.4, 124.8, 122.9, 122.5, 122.1, 122.0, 121.5, 118.2, 115.2, 36.0, 35.5 ppm; Mass (EI) m/z [M+] Calculated 237, Observed 238; Elem. Anal.: C, 75.92 %; H, 4.67 %; N, 5.90 %; S, 13.51 %; found: C, 75.91 %; H, 4.66 %; N, 5.89 %; S, 13.50 %. 
[18] 2-(3-nitrophenyl)benzo[d]thiazole (6r) [53]
M.F.: C13H8N2O2S; Yield: 132 mg, 89 %; Colour: Pale Yellow solid; M.P.: 156 ℃
FTIR (KBr) ʋ (cm-1): 3086, 1610, 1581, 1529, 1346, 760; 1H NMR (CDCl3, 400 MHz): δ 8.80 (dd, J=2, 196 Hz, 1H, Ar), 8.41-8.32 (m, 3H, Ar), 8.32-7.94 (m, 1H, Ar), 7.89-7.44 (m, 3H, Ar) ppm; 13C NMR (CDCl3, 100 MHz): δ 164.9, 153.9, 148.7, 135.2, 135.1, 133.0, 130.1, 126.8, 126.0, 125.1, 123.7, 122.3, 121.8, 118.2 ppm; Mass (EI) m/z [M+] Calculated 256, Observed 257; Elem. Anal.: C, 60.93 %; H, 3.15 %; N, 10.93 %; O, 12.49 %; S, 12.51%; found: C, 60.92 %; H, 3.14 %; N, 10.92 %; O, 12.48 %; S, 12.50 %.
[19] 4-(benzo[d]thiazol-2-yl)phenol (6s) [54]
M.F.: C13H9NOS; Yield: 124 mg, Colour: Pale yellow solid; M.P.: 163 ℃
FTIR (KBr) ʋ (cm-1): 3054, 2919, 1514, 1481, 1166, 756; 1H NMR (CDCl3, 400 MHz): δ 8.01 (s, 1H, -OH), 7.99-7.11 (m, 4H, Ar), 7.02-6.57 (m, 4H, Ar) ppm; 13C NMR (CDCl3, 100 MHz): δ 168.2, 159.1, 148.6, 136.8, 136.4, 134.7, 131.6, 130.1, 129.9, 129.3, 126.2, 124.7, 122.6, 121.5, 118.7, 118.4, 118.2, 116.0, 115.5, 115.2, 114.8, 39.1, 29.7 ppm; Mass (EI) m/z [M+] Calculated 227, Observed 228; Elem. Anal.: C, 68.70 %; H, 3.99 %; N, 6.16 %; O, 7.04 %; S, 14.11%; found: C, 68.69 %; H, 3.98 %; N, 6.17 %; O, 7.02 %; S, 14.10%. 
[20] 2-(4-chlorophenyl)benzo[d]thiazole (6t) [55]
M.F.: C13H8ClNS; Yield: 136 mg, Colour: Green solid; M.P.: 150 ℃
FTIR (KBr) ʋ (cm-1): 3055, 1588, 1473, 828, 755; 1H NMR (CDCl3, 400 MHz): δ 8.04 (t, 2H, Ar), 8.02-7.90 (m, 1H, Ar), 7.42 (d, J=1.2, 2H, Ar), 7.27-7.04 (m, 3H, Ar) ppm; 13C NMR (CDCl3, 100 MHz): δ 166.6, 154.0, 148.8, 137.3, 137.1, 137.1, 137.0, 135.0, 132.0, 132.0, 129.2, 128.7, 128.7, 128.3, 126.5, 125.4, 123.2, 121.6, 118.5, 116.9, 110.6, 46.9 ppm; Mass (EI) m/z [M+] Calculated 245, Observed 246; Elem. Anal.: C, 63.54 %, H, 3.28 %, Cl, 14.43 %, N, 5.70 %, S, 13.05 %; found: C, 63.53 %, H, 3.27 %, Cl, 14.41 %, N, 5.68 %, S, 
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[image: ]Figure 1: FTIR and 1H NMR spectra of 2-(3-nitrophenyl)benzo[d]oxazole (6a)
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                       Figure 2: 13C NMR spectra of 2-(3-nitrophenyl)benzo[d]oxazole (6a)
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Figure 3: FTIR and 1H NMR spectra of 2-(anthracen-9-yl)benzo[d]oxazole (6b)
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                       Figure 4: 13C NMR spectra of 2-(anthracen-9-yl)benzo[d]oxazole (6b)
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Figure 5: FTIR and 1H NMR spectra of 2-phenylbenzo[d]oxazole (6c)
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Figure 6: 13C NMR spectra of 2-phenylbenzo[d]oxazole (6c)
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Figure 7: FTIR and 1H NMR spectra of (Z)-2-styrylbenzo[d]oxazole (6d)
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Figure 8: 13C NMR and Mass spectra of (Z)-2-styrylbenzo[d]oxazole (6d)
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Figure 9: FTIR and 1H NMR spectra of 2-(pyridin-2-yl)benzo[d]oxazole (6e)
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Figure 10: 13C NMR and Mass spectra of 2-(pyridin-2-yl)benzo[d]oxazole (6e)
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Figure 11: FTIR and 1H NMR spectra of 2-(thiophen-2-yl)benzo[d]oxazole (6f)
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Figure 12: 13C NMR spectra of 2-(thiophen-2-yl)benzo[d]oxazole (6f)
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Figure 13: FTIR and 1H NMR spectra of (E)-2-styrylbenzo[d]oxazole (6g)
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Figure 14: 13C NMR spectra of (E)-2-styrylbenzo[d]oxazole (6g)
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Figure 15: FTIR and 1H NMR spectra of 2-(4-(benzyloxy)phenyl)benzo[d]oxazole (6h)
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Figure 16: 13C NMR spectra of 2-(4-(benzyloxy)phenyl)benzo[d]oxazole (6h)
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Figure 17: FTIR and 1H NMR spectra of 2-(4-chlorophenyl)benzo[d]oxazole (6i)
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Figure 18: 13C NMR spectra of 2-(4-chlorophenyl)benzo[d]oxazole (6i)

[image: ]

[image: ]
Figure 19: FTIR and 1H NMR spectra of 2-(ferrocenyl)benzo[d]oxazole (6j)
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Figure 20: 13C NMR spectra of 2-(ferrocenyl)benzo[d]oxazole (6j)
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Figure 21: FTIR and 1H NMR spectra of 2-(4-(benzyloxy)phenyl)benzo[d]thiazole (6k)
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    Figure 22: 13C NMR and Mass spectra of 2-(4-(benzyloxy)phenyl)benzo[d]thiazole (6k)
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[image: ]	Figure 23: FTIR and 1H NMR spectra of 2-(anthracen-9-yl)benzo[d]thiazole (6l)
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Figure 24: 13C NMR and Mass spectra of 2-(anthracen-9-yl)benzo[d]thiazole (6l)
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Figure 25: FTIR and 1H NMR spectra of 2-(1H-indol-3-yl)benzo[d]thiazole (6m)
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Figure 26: 13C NMR and Mass spectra of 2-(1H-indol-3-yl)benzo[d]thiazole (6m)
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Figure 27: FTIR and 1H NMR spectra of (Z)-2-styrylbenzo[d]thiazole (6n)
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Figure 28: 13C NMR and Mass spectra of (Z)-2-styrylbenzo[d]thiazole (6n)
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Figure 29: FTIR and 1H NMR spectra of 2-(ferrocenyl)benzo[d]thiazole (6o)
[image: ]
[image: ]
Figure 30: 13C NMR and Mass spectra of 2-(ferrocenyl)benzo[d]thiazole 6o)
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Figure 31: FTIR and 1H NMR spectra of 2-(thiophen-2-yl)benzo[d]thiazole (6p)
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Figure 32: 13C NMR and Mass spectra of 2-(thiophen-2-yl)benzo[d]thiazole (6p)
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Figure 33: FTIR and 1H NMR spectra of (E)-2-styrylbenzo[d]thiazole (6q)
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Figure 34: 13C NMR and Mass spectra of (E)-2-styrylbenzo[d]thiazole (6q)
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Figure 35: FTIR and 1H NMR spectra of 2-(3-nitrophenyl)benzo[d]thiazole (6r)
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Figure 36: 13C NMR and Mass spectra of 2-(3-nitrophenyl)benzo[d]thiazole (6r)
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Figure 37: FTIR and 1H NMR spectra of 4-(benzo[d]thiazol-2-yl)phenol (6s)
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Figure 38: 13C NMR and Mass spectra of 4-(benzo[d]thiazol-2-yl)phenol (6s)
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Figure 39: FTIR and 1H NMR spectra of 2-(4-chlorophenyl)benzo[d]thiazole (6t)
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Figure 40: 13C NMR and Mass spectra of 2-(4-chlorophenyl)benzo[d]thiazole (6t)
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