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Abstract

:

Background: New amino derivatives of NBD type are of high interest due to their strong fluorescence, while compounds containing a disulphide moiety are of high interest in nano-chemistry due to their easiness of attaching to noble nanoparticles. Therefore, in this work a new fluorescent derivative of NBD and cystamine was obtained. Methods: The reaction between cystamine and NBD-chloride occurs straightforwardly, and the isolated new compound was characterized by IR, UV-Vis, fluorescence, 1H- and 13C-NMR, MS, etc. Results: Structural analysis confirmed the proposed structure and highlighted the fluorescence behavior. Conclusions: A new fluorescent derivative of cystamine was obtained and characterized by different means.
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1. Introduction


Amino-derivatives of nitrobenzofurazan are usually highly fluorescent compounds used in a plethora of chemical and analytical processes [1]. These derivatives are simply obtained from an amine in reaction with 4-chloro-7-nitrobenz[c][1,2,5]oxadiazole (known as NBD-chloride or NBD-Cl). NBD-Cl is a non-fluorescent reagent that after reaction with primary or secondary amines yields the fluorescent compounds. Therefore, NBD chloride has been extensively used as a derivatizing reagent for easily obtaining fluorescent derivatives employed in the detection and analysis of many amines of interest, including amino acids [2,3,4].



The possibility of attaching different compounds onto noble metal nanoparticle surfaces occurs through chemical interaction, one of the most-used classes of compounds being thiols or disulphides, and this structural motif is required, considering the strong affinity of sulphur for noble metals such as gold or silver is well-known [5,6].



The literature data has shown that for nano-chemistry processes a lot of NBD-derivatives have been synthesized and studied, including those derived from dendrimers, and so on [7]. In the quest for obtaining new fluorescent disulphides, we present in this communication the synthesis and characterization of a new, unpublished compound that brings together in a simple molecule the disulphide moiety as an anchor for nanoparticle ligand exchange and the NBD-moiety as a fluorescent label.




2. Results and Discussion


The synthesis of the title compound occurs straightforwardly from commercially available materials, such as cystamine and NBD-Cl (Figure 1). The reaction is fast and does not require supplementary heating, taking place at room temperature in the presence of a base (sodium hydrogen carbonate, necessary to retain the hydrochloric acid formed during the reaction). Isolation of the final compound is achieved either by solvent removal or by precipitation from water, and purification is carried out by column chromatography.



Structural analysis confirmed the structure of the compound. Thus, the IR spectrum (see Figure S1 from Supplementary Material) showed the presence of the amino groups at about 3340 cm−1, aromatic bonds at 3050 cm−1, and aliphatic moieties at 2920 cm−1, while nitro groups could be found at 1580 cm−1.



The UV-Vis spectrum had as its main characteristic the absorption band at 329 nm and 460 nm (Figure S2 from Supplementary Material), and the fluorescence band appeared at 536 nm (Figure S3 from Supplementary Material). These also confirm the well-known characteristics of the NBD moiety as chromophore and fluorophore [8,9]. The 1H-NMR spectrum (Figure S4 from Supplementary Materials) presented the NH at 9.49 ppm, and the two hydrogen nuclei from the NBD moiety appeared as doublets at 8.46 and 6.42 ppm, while the aliphatic CH2 were encountered at 3.75 and 3.08 ppm. The 13C-NMR spectrum (Figure S5 from Supplementary Materials) and ESI-MS spectrum (Figure S6 from Supplementary Materials) also confirmed the structure.




3. Materials and Methods


Chemicals and apparatus. All chemicals, solvents, and materials were obtained from Merck, Sigma-Aldrich, or Chimopar, and were used as received.



For the UV-Vis spectrum, a V-560 Jasco UV-Vis apparatus was employed using 1 cm path length quartz cells and methanol as a solvent, while for fluorescence a FP-6500 Jasco spectrofluorometer was employed (Jasco Int. Co. Ltd., Tokyo, Japan). The fluorescence was recorded using λex = 460 nm. The infrared spectrum (4000–400 cm−1) was recorded on a Jasco FTIR 4700 spectrophotometer equipped with an ATR PRO ONE accessory at 4 cm−1 resolution. The 1H- and 13C-NMR were recorded in deuterated dimethylsulfoxide (DMSO-d6) at room temperature using a Bruker Advance spectrometer operating at 500 MHz for 1H and 125 MHz for 13C. The residual solvent peaks were taken as the internal reference and the chemical shifts δ were reported as ppm values. For the MS spectrum a Varian 310—MS LC/MS/MS triple quadrupole mass spectrometer was used.



Synthesis. A total of 200 mg cystamine (1.1 mmol) and 500 mg NBD-chloride (2.5 mmol) dissolved in 50–100 mL acetonitrile was stirred at room temperature for a day in the presence of 2–3 g of solid sodium hydrogen carbonate. After filtration and removal of the solvent, the residue was purified by column chromatography on silica gel using DCM/ethyl acetate 9/1 or hexane/ethyl acetate 1/1 as an eluent, yielding a yellow solid (40%); similar results could be obtained by precipitation with water.



C16H14N8O6S2, M.M. 478. Rf: 0.43 (silica gel with DCM/ethyl acetate 9/1 v/v). Melting point 163 °C. Elemental analysis: calc.: C: 40.16%, H: 2.95%, N: 23.42%, S: 13.40%; found: C: 39.99%, H: 2.94%, N: 23.35%, S: 13.55%. IR (ν, cm−1): 3343; 3188; 3052; 2921; 2852; 1716; 1618; 1578; 1487; 1442; 1402; 1313; 1285; 1254; 1217; 1180; 1117; 1015; 995; 893; 803; 725; 587; 512; 467. 1H-NMR (500 MHz, DMSO-d6, δ ppm, J Hz): 9.49 (s, 2H, NH); 8.46 (d, 2H, CH-arom, 8.8 Hz); 6.42 (d, 2H, CH-arom, 8.9 Hz); 3.75 (s, 4H, CH2); 3.08 (t, 4H, CH2, 6.7 Hz). 13C-NMR (125 MHz, DMSO-d6, δ ppm): 145.1; 144.8; 144.4; 138.2; 121.7; 99.7; 42.9; 36.1. (-)ESI-MS: 477 (M-H+).




4. Conclusions


Starting from commercially available compounds, a new fluorescent derivative of NBD and cystamine was obtained and characterized by different means. The physical and chemical properties of the new compound allow us to recommend it for use in nano-chemistry and fluorescent studies.
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The following supporting information are available online, Figure S1: IR spectrum (ATR); Figure S2: UV-Vis spectrum recorded in methanol; Figure S3: Fluorescence spectrum recorded in methanol; Figure S4: 1H-NMR spectrum recorded in DMSO-d6; Figure S5: 13C-NMR spectrum recorded in DMSO-d6; Figure S6: ESI-MS spectrum.
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Figure 1. Chemical synthesis of the NBD-derivative of cystamine. 
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