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Abstract

:

1-[5-(4-Tolyl)-1,3,4-oxadiazol-2-yl]methanamine (3) has been successfully synthesized by reacting p-toluic hydrazide (1) and glycine (2) via the polyphosphoric acid condensation route. The course of the reaction was found to be high yielding (87%) and the title compound was spectroscopically characterized by UV-Vis, FTIR, DSC, 13C/1H-NMR, and sass spectrometric techniques.
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1. Introduction


Among the preeminent heterocyclic compounds, oxadiazole structures have been demonstrated to be good electron-transporting (ET) materials and prominent hole blockers (HB) used in organic optoelectronic devices [1,2,3]. 1,3,4-oxadiazoles are the most widely studied class of ET materials due to their electron deficiency, high photoluminescence quantum yield, and good thermal and chemical stabilities [4,5,6,7]. Device performance can be improved by the use of oxadiazoles in the ET layers of both organic light-emitting diodes (OLEDs) and organic solar cells (OSCs), as they help to reduce the operating voltages [8,9,10].



The first reported small organic molecule as the ET layer in OLEDs is 2-tert-butylphenyl-5-biphenyl-1,3,4-oxadiazole (PBD) [11]. Subsequently, the preference of using oxadiazole motifs in polymeric and hyperbranched dendrimeric structures extensively improved the photo- and electroluminescence characteristics for their utilization in green OLED devices [12,13,14,15]. Since oxadiazolediamines with ether links are designed to develop flexible aromatic polyimides [16,17], postpolymer modification of specific carboxylic acid pendant polymers is easily performed by oxadiazole amines via mild reaction conditions, which effectively tunes the dielectric properties of the resulting polymers for specialized applications [18,19]. Recently, a series of 1,3,4-oxadiazoles were tested for their optical nonlinearity. By tuning the electronic properties to study the origin of the nonlinearity in the molecules, various aromatic donors and acceptor functional groups were inserted to oxadiazole frameworks. The literature explicitly indicates that 1,3,4-oxadiazoles have been explored in electroluminescent and light-emitting devices because of their good electron withdrawing effect [20]. With this in mind, chromophores made of oxadiazole moiety were successfully designed and employed in easily processable polymers and nonlinear optical (NLO) responses were studied [21,22].



1,3,4-Oxadiazoles are not only common in materials science but are also used in medicinal chemistry as a potent pharmaceutical scaffold. The improved biological activity and low toxicity of the oxadiazole moiety has attracted a great amount of attention from medicinal chemists for the development of novel drugs [23]. Since heterocyclic azo compounds are well known for their medicinal importance as anti-inflammatory, antibacterial, and antidiabetic compounds [24,25], several alkyl and aryl azo derivatives of 1,3,4-oxadiazoles have been developed and screened for their antimicrobial, anticancer, and in vitro antioxidant properties [24,25].



A number of synthetic routes have been reported for the synthesis of 1,3,4-oxadiazole derivatives [26]. The 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 pentoxide, triflic anhydride, etc. [27]. However, a polyphosphoric-acid-mediated condensation route is a more prominent and convenient path with high purity [28]. Pidugu et al. [29] successfully synthesized the same compound in the form of hydrochloride salt by three steps. In the first step, Boc-glycine was reacted with p-toluic hydrazide in the presence of 1-[bis(dimethylamino)methylene]-1H-1,2,3-triazolo[4,5-b]pyridinium 3-oxide-hexafluorophosphate (HATU) and N,N-Diisopropylethylamine base (DiPEA). Later, cyclization was done by triphenylphosphine and carbon tetrachloride using trimethylamine base at room temperature. Finally, Boc protection by trifluoroacetic acid (TFA) was cleaved and 1-[5-(4-tolyl)-1,3,4-oxadiazol-2-yl]methanamine HCl salt by hydrochloride ethyl acetate was isolated. However, the protocol described here is the polyphosphoric acid (PPA) condensation route and is more convenient to synthesize 1-[5-(4-tolyl)-1,3,4-oxadiazol-2-yl]methanamine in its free form. The title compound can be exploited easily to other functional clusters or inserted to various functional polymers for pharmacological and technological applications.




2. Results and Discussion


The use of PPA as a reagent for the condensation of 2 and 1 is reported in Scheme 1. The target compound 3 is a grey crystalline powder, is insoluble in water, n-hexane, and has good solubility in tetrahydrofuran, dimethylformamide, methanol, ethanol, isopropanol, and dimethyl sulfoxide. The UV-Vis spectrum of compound 3 was obtained in three solvents—N,N′-dimethylformamide, ethyl alcohol, and tetrahydrofuran—and showed absorption maxima (λmax) at 296, 271, and 279 nm, respectively.



The 1H and 13C-NMR spectral data of the title compound is in good agreement with the proposed structure. From 1H-NMR spectra (Figure S1), the peaks at δ 8.00 and 7.42 correspond to aromatic protons. The methyl and methylene proton signals appeared at δ 2.39 and 4.05, respectively [30]. 13C-NMR spectra show eight carbon signals (Figure S2). The signals at δ 164.32 and 161.98 correspond to oxadiazole ring carbons. The signal for aromatic carbon attached to the oxadiazole ring and methyl group appeared at δ 121.11 and 142.59, respectively. The aliphatic carbon attached to the oxadiazole moiety appeared at δ 50.24. The signals at δ 130.40 and 127.05 correspond to aromatic carbons of the benzene ring. The chemical shift value at δ 21.59 was ascribed to carbon of methyl functionality [31,32].




3. Experimental Section


3.1. Materials


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




3.2. Instrumentaion


NMR spectra were recorded on an Agilent Technologies 400-MR DD2 spectrometer (Agilent, CA, USA). 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, a 5-mm dual inverse broad-band probe, and a 1.7-mm triple resonance (1H-13C) probe). LCMS measurement was performed on a liquid chromatography system with mass spectrometry detection (Q-TOF)—Agilent ACCURATE MASS 6530 Q TOF LC/MS (Agilent). The elemental analysis was carried out 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 a Nicolet 6700 (ATR) (Thermo Fisher Scientific, MA, USA) in the scanning range of 4000–500 cm−1. The resolution was 4 cm−1 with 64 scans and the measurement was done with a germanium crystal. The DSC measurement was performed using the NETZSCH DSC 214 Polyma (Mettler-Toledo GmbH, Giessen, Germany), aluminum crucibles (type Concavus) with pierced lids, and pure nitrogen as the purge gas at a flow rate of 40 mL·min−1. UV-Vis absorption spectra were recorded by a VARIAN-EL08043361, UV-Vis spectrophotometer (Varian, CA, USA) in a scanning range of 200–600 nm at ambient temperature (24–25 °C). UV-Vis spectra of 0.001 M solution of compound 3 in ethanol, tetrahydrofuran, and N,N’-dimethylformamide were recorded with a 1-cm quartz cell in the range of 250–600 nm at ambient temperature.




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


Synthesis was performed using oven-dried glassware under an atmosphere of nitrogen. The pulverized mixture of 1 (1.00 g, 6.65 mmol) and 2 (0.499 g, 6.65 mmol) in polyphosphoric acid (20 g) was gradually heated to 120 °C for 2 h with stirring (Scheme 1). Further, the heating was raised to 160 °C for 12 h to accomplish the cyclization reaction, resulting in the formation of the title compound 3. The reaction mixture was cooled to 80 °C and poured slowly on crushed ice (500 g) with agitation. The product was obtained by salting-out the reaction mixture with NaCl (220 g). The obtained grey solids were separated by filtration and suspended in 300 mL of 1 M sodium bicarbonate solution for 1 h and filtered again. The title compound was washed with distilled water until the pH of the filtrate was neutral. The product was vacuum dried at 60 °C for 12 h and recrystallized using ethyl alcohol. The desired product was achieved as a grey microcrystalline powder (1.1 g) in 87%.



Grey microcrystalline powder; m.p. (DSC) onset: 174.63 °C, peak max: 176.20 °C; 1H-NMR (400 MHz, DMSO-d6): δ 8.00 (d, 2H, J = 8.0 Hz), 7.42 (d, 2H, J = 8.0 Hz), 4.45 (s, 2H), 2.39 (s, 3H); 13C-NMR (100 MHz, DMSO-d6): δ 164.32, 161.97, 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 = 189.213 (Actual), 190.066 (Expected for [M + H]+); FTIR (Ge Crystal): 3435, 3375 (N-H Stretch, Primary amine), 3065 (C-H, Aromatic), 1625 (C=N, Oxadiazole), 1520 (C=C, Aromatic), 1315 (CH2), 1190 (C-N), 1025 (C-O-C, Oxadiazole), 755 cm−1 (N-H wag). UV-Vis: λmax 296 (log ε = 3.51), 271 (log ε = 3.52), and 279 (log ε = 3.54) nm in N,N′-Dimethylformamide, ethyl alcohol, and tetrahydrofuran, respectively.









Supplementary Materials


The following are available online, Figure S1: 1H-NMR spectra of compound 3, Figure S2: 13C-NMR spectra of compound 3, Figure S3: LCMS spectrum of compound 3, Figure S4: FTIR spectrum of compound 3, Figure S5: DSC spectrum of compound 3, Figure S6: UV-Vis spectrum of 0.001 M solution of compound 3 in (a) N,N′-Dimethylformamide (b) Ethyl alcohol (c) Tetrahydrofuran.
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Scheme 1. Synthesis of 1-[5-(4-tolyl)-1,3,4-oxadiazol-2-yl]methanamine 3. 
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