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Abstract  

The design, synthesis, spectral and biological activities of some new benzo[d]oxazolederivatives 

are studied in this work. The acid hydrazides 2-(6-(methylthio)-benzo[d]oxazol-2-yl) 

acetohydrazide (II) was subjected to cyclization with carbon disulphide under basic conditions to 

yield 5-((6-(methylthio)-benzo[d]oxazol-2-yl) methyl)-1,3,4-oxadiazole-2(3H)-thione (III) which on 

aminomethylation with formaldehyde and primary aromatic amines afforded a series of Mannich 

bases (P16-P30). Purity of the compounds has been confirmed by TLC. The structures of these 

newly synthesized compounds were established on the basis of their IR, 1H-NMR, and Mass 

spectral data. All the title compounds have been screened for their anti-inflammatory activity. It's 

worth noting that title compounds (P16-P30) were shown to have anti-inflammatory efficacy as 

compared to the normal medication, diclofenac at 10 mg/kg p.o, in a carrageenan-induced paw 

oedema test in rats. The tested compounds showed anti-inflammatory activity ranging from 

24.96 % (P21) to 78.62 % (P28) whereas standard drug diclofenac sodium showed 73.66 % 

inhibition after 3h. The highest activity (78.71 %) was found for the Mannich base, P28. 
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1. Introduction 

The pharmaceutical industry as a whole is currently facing the task of rising productivity 

and creativity. The main roadblocks are raising research and development prices, as well 

as a stagnant number of new chemical organizations (NCEs). The origin of this creativity 

gap is unquestionably not genetics. The human genome's decoding has resulted in a 

plethora of medication goals. With over 30,000 human genes, it's safe to assume that at 

least 1,000 are active in the onset and progression of illness. Furthermore, each of these 

genes is related to the action of between five and ten proteins, implying that there may 

be 5,000–10,000 potential drug targets [1-5].  

Despite the popularity of protein therapeutics and the possibility of gene therapy, large 

pharmaceutical firms continue to concentrate their efforts on the research and 

production of low-molecular-weight compounds (6-9). As a result, the challenge is to 

identify the most druggable targets and drug-like molecules that not only interact with 
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the target but also have unique pharmacokinetic and toxicological properties that 

enable them to be formulated as a drug (10-14). Combinatorial chemistry, microwave-

assisted organic synthesis (MAOS) (14-17), and high-throughput purification are only a 

handful of the latest methods that medicinal chemistry has developed in recent years to 

speed up the drug development method (18-29).  

Despite this continuous growth in research and development, the amount of NCEs 

joining the industry has dropped sharply. Selecting suitable molecules to synthesize 

seems to be one of the most difficult tasks. The number of potential molecules with a 

molecular weight of less than 500 Da has been calculated to be 10200, with only 1060 

having drug-like properties (30-34). One part in 1057, or approximately the mass of one 

proton to the mass of the sum, has been calculated as the proportion of these drug-like 

molecules synthesized to date. The challenge is to find new molecules in this large world 

that have the ability to be biologically involved [35-37]. 

The aim of this research was to create several new benzo[d]oxazole derivatives in order 

to provide a limited library of "drug-like" substances. Since benzo[d]oxazole is a unique 

shape, compounds synthesized in this research are supposed to provide anti-

inflammatory activity. 

 

2. Materials and Methods 

 

2.a.  Chemistry 

 

2.a.i. Materials 

Commercially 2-amino (5-methylthio) phenol and 3-oxopropanoic acid were used 

without further purification. The melting points were determined by an open capillary 

method and are uncorrected. A Shimadzu FT-IR 157 spectrophotometer was used to 

capture the IR spectra (in KBr pellets). The 1H spectra were recorded on a BRUKER 

AP14NCE II-300 (300 MHz) spectrometer using TMS as an internal standard 

(CDCl3/DMSO-ds mixture). Mass spectra were recorded using argon/xenon in a JEOL SX 

102/DA-6000 mass spectrometer (6kv, 10mA). Thin Layer Chromatography (TLC) on silica 

gel plates was used to monitor the reaction's development. 

 

2.a. ii. Methodology 

 

Step-I: Synthesis of 2-(6-(methylthio)-benzo[d]oxazol-2-yl) acetohydrazide (II) 

The 2-(6-(methylthio)-benzo[d]oxazol-2-yl) acetohydrazide (II) was synthesized by 

refluxing 2-amino-5-(methylthio)phenol (I) with 3-oxopropanoic acid in excess absolute 

ethanol in the presence of a few drops of con. sulphuric acid, as described in the general 

method [38]. TLC had determined that the resulting 2-(6-(methylthio)-benzo[d]oxazol-2-

yl) acetic acid was clean. For 8 hours, a mixture of 0.1 mole 2-(6-(methylthio)-

benzo[d]oxazol-2-yl) acetic acid and 0.2 mole hydrazine hydrate was refluxed in absolute 

alcohol (50 ml). The residual solvent was then distilled off under reduced pressure 

before being quenched in freezing cold water. Filtered, cleaned, and dry solids are 

separated and recrystallized from ethanol. 
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Synthesis of 5-((6-(methylthio)-benzo[d]oxazol-2-yl) methyl)-1,3,4-oxadiazole-2(3H)-

thione (III)  

In a found bottom flask, a mixture of 2-(6-(methylthio)-benzo[d]oxazol-2-yl) 

acetohydrazide (II) (0.1 mole), potassium hydroxide (5.6 g, 0.1 mole) in absolute alcohol 

(50 ml), and carbon-di-sulphide (15.2 g, 0.2 mol) was refluxed for around 4 hours until 

no hydrogen sulphide was generated[39]. The reaction mixture was mixed with water 

after cooling to room temperature. After being acidified with dilute hydrochloric acid, 

the stock was purified, vigorously cleaned with cold water, and recrystallized from 

ethanol. 

 
 

General procedure for the preparation of Mannich bases (P16- P30) 

A mixture of formaldehyde (0.45 g, 15 mmole) and substituted aniline (10 mmol) in 10 

ml ethanol was added with stirring to a solution of 5-((6-(methylthio)-benzo[d]oxazol-2-

yl) methyl)-1,3,4-oxadiazole-2(3H)-thione (III) (10 mmol) in ethanol (15 mL). Once all of 

the ingredients had been added, the stirring was started at room temperature 

overnight. The solids that had precipitated were filtered, washed in water, and dried. 

Ethanol was used to recrystallize the crude product.  
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Table 2: Physical characterization data of Mannich bases (P16- P30) 

 

S. No Compound Code -R Mol. Formula Mol. Wt. M.P (oC) %Yield 

1 P16 

 

C16H15N3OS2 329.44 97-99 85 

2 P17 

 

 

C17H17N3O2S2 359.46 101-103 90 

3 P18 

 

C16H14BrN3OS2 408.33 112-115 75 

4 P19 

 

C16H14ClN3OS2 363.08 126-128 82 

5 P20 

 

C16H13Cl2N3OS2 398.32 117-119 68 

6 P21 

 

C17H16N4O2S2 372.46 130-132 74 

7 P22 

 

C20H17N3OS2 379.50 123-125 69 

8 P23 

 

C16H14N4O3S2 374.43 110-112 56 
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9 P24 

 

C16H16N4O3S3 408.51 99-101 66 

10 P25 

 

C16H14ClN3OS2 363.88 140-142 56 

11 P26 

 

C16H14FN3OS2 347.43 126-128 69 

12 P27 

 

C17H17N3OS2 343.46 115-117 68 

13 P28 

 

C17H14F3N3OS2 397.43 114-116 85 

14 P29 

 

C17H15N3O2S2 357.45 127-129 59 

15 P30 

 

C17H15N3O2S2 357.45 118-120 82 
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5. a. iii. Spectral Data Analysis 

 

Spectral Data of 2-(6-(Methylthio)-benzo[d]oxazol-2-yl) Acetohydrazide (II)  

 
 

IR (KBr) cm-1:3356 (NHStr), 3025 (Ar-CHStr), 2946 (CH3-CHStr), 1741 (C=OStr), 1627 (C=CStr), 755 (C-S-

CStr): 1H NMR (CDCl3) δ (ppm): 9.08 (s, 1H, CONH), 7.15-7.88 (m, 4H, Ar-H), 4.21 (s, 2H, CH2 linkage), 

3.40 (s, 3H, SCH3), 2.26 (s, 2H, NH2):Mass (m/z): C9H12N2OS; 196 (M+). 

 

Spectral Data of 5-((6-(methylthio)-benzo[d]oxazol-2-yl) methyl)- 

 

1,3,4-oxadiazole-2(3H)-thione (III) 

 

 
 

IR (KBr) cm-1: 3358 (NHStr), 3024 (Ar-CHStr), 2946 (CH3-CHStr), 1647 (C=NStr), 1601 (C=CStr), 1213 

(C=SStr), 1029 (C-O-CStr), 756 (C-S-CStr): 1H NMR (CDCl3) δ (ppm): 8.13 (s, 1H, CSNH), 6.95-7.55 (m, 4H, 

Ar-H), 2.88 (s, 2H, CH2 linkage), 1.92 (s, 3H, SCH3):Mass (m/z): C10H10N2OS2; 238 (M+). 

Spectral Data of 5-((6-(methylthio)-benzo[d]oxazol-2-yl) methyl)-3-(((4-nitrophenyl) amino) 

methyl)-1,3,4-oxadiazole-2(3H)-thione (P30) 

 
 

IR (KBr) cm-1:3326 (NHStr), 3075 (Ar-CHStr), 2916 (CH3-CHStr), 1644 (C=NStr), 1608 (C=CStr), 1494 & 1390 

(NO2Str), 1221 (C=SStr), 1085 (C-O-CStr), 785 (C-S-CStr): 1H NMR (CDCl3) δ (ppm): 6.79-7.90 (m, 8H, Ar-
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H), 4.61 (s, 2H, CH2 linkage), 3.78 (s, 1H, NH2), 2.89 (s, 2H, CH2 linkage), 2.53 (s, 3H, SCH3):Mass (m/z): 

C17H16N4O3S2; 388 (M+). 

 

2.b. Biological Activity 

 

2.b.i. Anti-Inflammatory Activity 

 

Procedure  

The animals were divided into 8 groups with each group containing 6 animals. A mark was made on 

the hind paw (left) just below the tibiatarsal junction, so that every time the paw was dipped in the 

mercury column up to fixed mark to ensure constant paw volume. The initial paw volume of each rat 

was noted by plethysmometrically[40-45].  

Group I received 0.6 % Na CMC (sodium carboxy methyl cellulose) and the Group II received 

diclofenac sodium at a dose of 10 mg/kg body weight p. o. The Group III to Group VIII groups were 

administered with the test compounds at a dose 10 mg/kg (suspended in 0.6 % CMC given p. o.). 

Thirty minutes after the treatment of test compounds, 0.1 ml of 1 % (w/v) carrageenan was injected 

in the subplantar region of the left hind paw. The right paw served as a reference to non-inflamed 

paw for comparison. The initial paw volume was measured within 30s of the injection. The relative 

increase in paw volume was measured in control, standard and test compounds at 3 h after the 

carregeenan injection. The difference between the two readings was taken as the volume of 

oedema & the percentage inhibition by the drugs was calculated using the formula, 

 
Where,  

V control = volume of paw oedema in control group; 

V test = volume of paw oedema in the test compounds in treated group. 

The results were expressed as % inhibition of oedema over the untreated control group. The results 

of anti-inflammatory studies are given in Table 2. 

The tested compounds showed anti-inflammatory activity ranging from 33.68 % to 76.63 %, whereas 

standard drug diclofenac sodium showed 73.66 % inhibition after 3h. 

 

3. Results and Discussion 

 

3.a. Chemistry 

The structures of 2-(6-(methylthio)-benzo[d]oxazol-2-yl) acetohydrazide (II), 5-((6-(methylthio)-

benzo[d]oxazol-2-yl) methyl)-1,3,4-oxadiazole-2(3H)-thione (III) and their mannich derivatives (P1-

P15) were established on the basis of IR, 1H NMR, Mass spectral data. Characterization data of all 

the newly synthesized compounds are presented in Table 1. The IR spectrum of Mannich base P2 

showed the absence of absorption bands corresponding to the NH group of the parent 

benzo[d]oxazole. It showed absorption bands at 3014 for aromatic C-H, 1670 cm-1 for C=N, 1206 cm-
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1 for C=S and 1013 cm-1 for C-O stretching vibrations. The 300 MHz 1H NMR spectrum P2 showed the 

signals corresponding to the NH/SH tautomeric proton was absent and a new singlet for N-CH2-N 

was observed at δ 4.25, thus confirming the aminomethylation. It also showed prominent singlets at 

δ 2.21 and δ 2.57 for its SCH3 and CH2 protons, respectively. Multiplet at δ 3.01-3.78 for eight 

protons were due to the methylene protons of the morpholine ring. The four protons of 4-

methylthiophenyl moiety appeared as multiplet in the range δ 7.69-8.22. The FAB mass spectrum of 

P30 showed a protonated molecular ion (M+l) peak at m/z 388 consistent with its molecular formula 

C17H15N3O2S2. 

 

3.b. Biological Activity 

 

3.b.i. Anti-Inflammatory Activity 

 

Table 2: Anti-inflammatory activity data of Mannich bases (P16-P30) 

Compound Dose (mg/kg 

body weight, p.o) 

Increase in paw volume in ml 

(MEAN ± SEM) 

% Inhibition of 

paw oedema 

P16 10 0.386 ± 0.0025 29.36 

P17 10 0.371 ±0.0021 33.68 

P18 10 0.271 ± 0.0025 52.25 

P19 10 0.236 ± 0.0025 57.26 

P20 10 0.403 ± 0.0025 25.36 

P21 10 0.412 ± 0.0025 24.96 

P22 10 0.379 ± 0.0025 32.36 

P23 10 0.281 ± 0.0025 51.17 

P24 10 0.385 ± 0.0025 30.87 

P25 10 0.289 ± 0.0034 50.71 

P26 10 0.262 ± 0.0025 55.17 

P27 10 0.362 ± 0.0025 35.17 

P28 10 0.014 ± 0.0027 78.62 

P29 10 0.215 ± 0.0025 60.37 

P30 10 0.210 ±0.0019 61.63 

Result was Mean ± SD, n = 6 

The tested compounds showed anti-inflammatory activity ranging from 24.96 % (P21) to 78.62 % 

(P28), whereas standard drug diclofenac sodium showed 73.66 % inhibition after 3h (Table 2). The 

highest activity (78.62 %) was found for the Mannich base, P28. 

 

4. Summary & Conclusion 

The design, synthesis, spectral and biological activities of some new benzo[d]oxazole derivatives are 

studied in this work. The acid hydrazides 2-(6-(methylthio)-benzo[d]oxazol-2-yl) acetohydrazide (II) 

was subjected to cyclization with carbon disulphide under basic conditions to yield 5-((6-

(methylthio)-benzo[d]oxazol-2-yl) methyl)-1,3,4-oxadiazole-2(3H)-thione (III) which on 
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aminomethylation with formaldehyde and primary aromatic amines afforded a series of Mannich 

bases (P16-P30). Purity of the compounds has been confirmed by TLC. The structures of these newly 

synthesized compounds were established on the basis of their IR, 1H-NMR, and Mass spectral data. 

All the title compounds have been screened for their antimicrobial and anti-inflammatory activities. 

With the aim of developing stronger anti-inflammatory agents, a total of 15 numbers of 

benzo[d]oxazolemannich bases were obtained from 2-amino-5-(methylthio) phenol with 3-

oxopropanoic acid. It's worth noting that title compounds (P16-P30) were shown to have anti-

inflammatory efficacy as compared to the normal medication, diclofenac at 10 mg/kg p.o, in a 

carrageenin-induced paw oedema test in rats. The tested compounds showed anti-inflammatory 

activity ranging from 24.96 % (P21) to 78.62 % (P28), whereas standard drug diclofenac sodium 

showed 73.66 % inhibition after 3h (Table 1). The highest activity (78.62 %) was found for the 

Mannich base, P28. Hence, these analogs may serve as a lead molecule to obtain more effective and 

safer anti-inflammatory. Further studies are planned for lead optimization to increase the anti-

inflammatory activity.  
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