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Abstract: 1-[5-(4-methylphenyl)-1,3,4-oxadiazol-2-yl]methanamine compound has been 
successfully synthesized by reacting p-Toluic hydrazide and glycine via polyphosphoric acid 
condensation route. The course of the reaction was found to be high yielding and the title 
compound was spectroscopically characterized by FT-IR, DSC, 13C/1H-NMR and Mass 
spectrometric techniques.  

Keywords: FTIR; Heterocyclic amines; NMR; Oxadiazole; Polyphosphoric acid  

PACS:  
 

1. Introduction 

Among the preeminent heterocyclic compounds, oxadiazole structures has been demonstrated 
as good electron-transporting (ET) materials and prominent hole-blockers (HB) used in organic 
optoelectronic devices [1–3]. 1,3,4-Oxadiazoles are the most widely studied classes of ET materials 
due to their electron deficiency, high photoluminescence quantum yield, good thermal, and 
chemical stabilities [4–6]. The better performances of the device can be addressed by using 
oxadiazole as ET layer in organic light emitting diodes (OLEDs) and organic solar cells by effectively 
reducing the operation voltages [7–9].     

The first reported small organic molecule as ET layer in organic light-emitting diodes (OLEDs) 
is 2-tert-butylphenyl-5-biphenyl-1,3,4-oxadiazole (PBD) [10]. Subsequently, the preferences of using 
oxadiazole motifs in polymeric and hyper-branched dendrimeric structures extensively improved 
the photoluminescence and electroluminescence characteristics for their utilization in green OLED 
devices [11–14]. Since, oxadiazole diamine molecules with ether links are designed to develop 
flexible aromatic polyimides [15, 16], post polymer modification of specific carboxylic acid pendant 
polymers are easily performed by oxadiazole amines by mild reaction conditions, effectively tune 
the dielectric properties of resulting polymers for specialized applications [17, 18]. In recent past, a 
series of 1,3,4-oxadiazole derivatives were tested for their optical nonlinearity. To tune the electronic 
properties and study the origin of the nonlinearity in the molecules, various aromatic donors and 
acceptor functional groups were inserted to oxadiazoles. Literature explicitly indicated that 
1,3,4-oxadiazole rings have been explored in electroluminescent and light emitting devices because 
of their good electron withdrawing effect [19]. Keeping this in view, chromophores made of 
oxadiazole moiety were successfully designed and employed in easily processable polymers and 
studied nonlinear optical (NLO) responses [20, 21].    

1,3,4-Oxadiazole derivatives are not only familiar in materials science but also exhibited there 
extensive performances in medicinal chemistry as a potent pharmaceutical scaffold. The improved 
biological activity and less toxicity of the oxadiazole moiety has attracted a wide attention of the 
medicinal chemists for the development of novel drugs [22]. Since, the heterocyclic azo compounds 
are well known for their medicinal importance as anti-inflammatory, antibacterial and antidiabetics 
[R], several alkyl and aryl azo derivatives of 1,3,4-oxadiazoles are developed and screened for their 
antimicrobial, anticancer and in vitro antioxidant properties [23].  
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A number of synthetic routes have been reported for the synthesis of 1,3,4-Oxadaizole 
derivatives, most commonly used synthetic route includes reactions of acid hydrazides with acid 
carboxylic acids and direct cyclization of diacylhydrazines using a variety of dehydrating agents 
such as phosphorous oxychloride, thionyl chloride, phosphorous pentaoxide, triflic anhydride etc., 
[24, 25]. However, polyphosphoric acid mediated condensation route is more prominent and 
convenient path with high purity [26]. The present paper describes the synthesis of 1,3,4-Oxadiazole 
compound with amine functionality by polyphosphoric acid condensation route, and the title 
compound can be exploited easily to other functional clusters, or inserted to various functional 
polymers for pharmacological and technological applications. 

2. Experimental Section  

2.1. Materials  

p-Toluic hydrazide ≥99%, Glycine ≥99%, Polyphosphoric acid (115% H3PO4 basis) and Sodium 
bicarbonate were procured from Sigma Aldrich, Seoul, South Korea. All the other chemicals and 
solvents were of AR grade and used without any further purification. Double distilled water was 
used throughout the study.     

2.2. Instrumentaion 

NMR spectra were recorded on an Agilent Technologies 400-MR DD2 spectrometer. 1H and 13C 
NMR spectra were referenced to external SiMe4 (tetramethylsilane) using the residual protio solvent 
peaks as internal standards [with a 5 mm dual broad-band probe, 5 mm dual inverse broad-band 
probe, 1.7 mm triple resonance (1H-13C) probe]. LCMS measurement was performed on Liquid 
chromatography system with mass spectrometry detection (Q-TOF) – Agilent ACCURATE MASS 
6530 Q TOF LC/MS. The elemental analysis was carried on a VARIO EL III Elemental analyzer 
(Elementar Analysensysteme GmbH, Hanau, Germany) and the results for C, H, and N were within 
0.5% of the theoretical values. FTIR analysis was carried out on Nicolet 6700 (ATR) in the scanning 
range 4000-500 cm−1. The resolution was 4 cm−1 with 64 scans and the measurement was done with 
Germanium crystal.  

2.3. Synthesis of 1-[5-(4-methylphenyl)-1,3,4-oxadiazol-2-yl]methanamine  

Synthesis was performed using oven-dried glasswares under an atmosphere of nitrogen. The 
pulverized mixture of 1g (6.65 mmol) of p-Toluic hydrazide (I) and 0.499g (6.65 mmol) of glycine (II) 
in 20g of polyphosphoric acid was gradually heated to 120 °C for 2h with stirring (Scheme 1). 
Further, the heating was raised to 160 °C for 12h to accomplish the cyclization reaction, resulting in 
the formation of the title compound (III). The reaction mixture was cooled to 80 °C and poured 
slowly on crushed ice (500g) with agitation. The obtained grey solids were separated by filtration 
and suspended in 1M sodium bicarbonate solution for 1h and filtered again. The title compound was 
washed with distilled water until the pH of the filtrate is neutral. The product was vacuum dried at 
60°C for 12h and recrystallized using ethyl alcohol. The desired product was achieved as grey solids 
(1.1g) in 87% of yield and it was confirmed by FTIR, DSC, 1H, 13C-NMR, and LCMS analyses.    

Grey Solid; m.p. 174.63 °C (DSC); 1H-NMR (400 MHz, DMSO-d6): δ 8.00 (d, 2H, J = 8.0 Hz), 7.42 
(d, 2H), J = 8.0 Hz, 4.05 (s, 2H), 2.39 (s, 3H), 13C-NMR (100 MHz, DMSO-d6): (ppm) 164.32, 161.98, 
142.59, 130.40, 127.05, 121.11, 50.24, 21.59. Anal. calcd. for C10H11N3O (189.213): C, 63.48; H, 5.86; N, 
22.21. Found: C, 63.29; H, 5.78; N, 21.98. LCMS (ESI): m/z = 190.066 (Found), 189.213 (Expected for [M 
+ H]+), FTIR (Ge Crystal): 3435, 3375 cm-1 (-NH Stretch, Primary amine); 3065 cm-1 (C-H, Aromatic); 
1625 cm-1 (C=N, Oxadiazole); 1520 cm-1 (C=C, Aromatic); 1315 cm-1 (CH2); 1190 cm-1 (C-N); 1025 cm-1 
(C-O-C, Oxadiazole); 755 cm-1 (N-H wag).  
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3. Results and Discussion  

The use of polyphosphoric acid (PPA) as a reagent for the condensation of glycine and p-Toluic 
hydrazide has been reported (Scheme 1). The target compound is grey solid, insoluble in water, 
non-polar solvents such as n-hexane and completely soluble in tetrahydrofuran, 
dimethylformamide, methanol, ethanol, isopropanol and dimethyl sulfoxide.   

  
 
 
 
 
 
 

Scheme 1. Synthesis of 1-[5-(4-methylphenyl)-1,3,4-oxadiazol-2-yl]methanamine 

The 1H and 13C NMR spectral data of the title compound is in good agreement with the 
proposed structure. From 1H NMR spectra (Figure 1), the peaks at 8.00 δ and 7.42 δ corresponds to 
aromatic protons. The methyl and methylene proton signals has appeared at 2.39 δ and 4.05 δ 
respectively. 13C NMR spectra contributes eight carbon signals (Figure 2). The signals at 164.32 and 
161.98 δ value corresponds to oxadiazole ring carbons. The signal for aromatic carbon attached to the 
oxadiazole ring and methyl group has appeared at 121.11 δ and 142.59 δ respectively. The aliphatic 
carbon attached to the oxadiazole moiety has appeared at 50.24 δ. The δ values at 130.40 and 127.05 
corresponds aromatic carbons of the benzene ring. The δ value at 21.59 ascribed to carbon of methyl 
functionality.  

 
 

Figure 1. 1H-NMR spectra of 1-[5-(4-methylphenyl)-1,3,4-oxadiazol-2-yl]methanamine  
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Figure 2. 13C NMR spectrum of 1-[5-(4-methylphenyl)-1,3,4-oxadiazol-2-yl]methanamine 
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