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Abstract:



The title compound, (E)-3′,6′-bis(diethylamine)-2-[(2-methoxynaphthalen-1-yl)methyleneamino]spiro[isoindoline-1,9′-xanthen]-3-one, was synthesized in 92% isolated yield using microwave-assisted organic synthesis. This new rhodamine derivative was fully characterized by 1H-NMR, 13C-NMR, FTIR and high resolution MS.
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1. Introduction


The rhodamines are a highly fluorescent class of compounds used in many different fields of research, from fluorescent chemical sensors to biological stains and markers for cellular drug resistance [1,2,3,4,5]. Fluorescent molecular sensors have become an important and widely used tool for the real-time monitoring of metal ion concentrations in biological samples. Most such sensors reported so far have a transition metal chelating site linked to a fluorophore, and the metal binding causes the change in fluorescence intensity [6,7,8,9,10,11,12,13,14]. Selective detection of these metals has potential applications in many fields including chemistry, medicine, biology, and the environment [6,7,8,9]. Rhodamine B derivatives have received a great deal of attention as chemosensors due to their useful properties such as a high absorption coefficient, and high fluorescent quantum yield for excitation and emission wavelength within the visible region. Moreover, rhodamine B derivatives can undergo equilibrium between their spirocyclic and ring-open forms, which have completely different fluorescent properties.



In this note, we report the preparation of the rhodamine derivative L- that is, (E)-3′,6′-bis(diethylamine)-2-[(2-methoxynaphthalen-1-yl)methyleneamino]spiro[isoindoline-1,9′-xanthen]-3-one. Herein, we report the use of microwave-assisted organic synthesis of rhodamine derivative (L) in yields ranging from 74% to 92%. The significant reduction in solvent and reaction time as well as the derivative’s better purity offer privileges over other methods where complex chromatographic techniques are required for the purification of the target compounds. The synthesis of this compound was motivated by the excellent properties of rhodamine B, which is the backbone for the target compound (L). The target compound is a very fluorescent material, and we anticipate that it can be used for the development of chemical sensors. This new rhodamine derivative was fully characterized by melting point, 1H-NMR, 13C-NMR, FTIR and high resolution MS (HRMS).




2. Results and Discussion


The synthesis of the compound (E)-3′,6′-bis(diethylamine)-2-[(2-methoxynaphthalen-1-yl)methyleneamino]spiro[isoindoline-1,9′-xanthen]-3-one (L) was achieved in two steps, as presented in Scheme 1, which was performed by a condensation reaction of 2-amino-3′,6′-bis(diethylamino)spiro[isoindoline-1,9′-xanthen]-3-one (2) [15] with 2-methoxy-1-naphthaldehyde. The reaction was carried out in ethanol at different temperatures and with different reaction times. The desired product L was obtained in 92% yield at a reaction temperature of 100 °C. The structure of compound L was confirmed by 1H-NMR, 13C-NMR, FTIR and HRMS, and all data are in accordance with the proposed structure.




3. Materials and Methods


3.1. General Information


Reagents and solvents were purchased as reagent-grade and used without further purification unless otherwise stated. 1H- and 13C-NMR spectra were recorded on a Bruker Avance II 400 spectrometer (Bruker Biospin, Karlsruhe, Germany) in CDCl3. Data for 1H-NMR are reported as follows: chemical shifts (δ ppm), multiplicity (s = singlet, d = doublet, t = triplet, m = multiplet), integration and coupling constant (Hz). Data for 13C-NMR are reported in terms of chemical shift. NMR spectra were analyzed using MestReNova software (version 10, Mestrela research, Feliciano Barrera, Spain). The IR spectrum was obtained using an FTIR spectrometer (Shimadzu, IRAffinity-1S, Columbia, MD, USA), and reported in terms of frequency of absorption (cm−1). Microwave-assisted reactions were carried out in a single mode Biotage Initiator 2.0.




3.2. Synthesis of 2-Amino-3′,6′-bis(diethylamino)spiro[isoindoline-1,9′-xanthen]-3-one (2)


Using microwave heating protocols, a mixture of rhodamine B (0.12 g, 0.25 mmol), an excess of hydrazine hydrate (80%) (0.3 mL), and ethanol (3 mL) was placed in a 10-mL reaction vial [15]. The resulting mixture was stirred to make it homogenous and it was placed in the cavity of Biotage microwave reactor irradiated for 10 min at 100 °C. After cooling to room temperature, the resulting solid was filtered and washed three times with water. After drying, the 2-amino-3′,6′-bis(diethylamino)spiro[isoindoline-1,9′-xanthen]-3-one (2) was isolated to give the yields (85%). Melting point: 176–177 °C; 1H-NMR (CDCl3), δ (ppm): 1.14 (12H, t, J = 7.2 Hz, NCH2CH3), 3.31 (8H, q, J = 7.2 Hz, NCH2CH3), 3.64 (2H, broad s, NH2), 6.31 (2H, dd, J = 8.8 and J = 2.4 Hz, H-2, 7), 6.44 (2H, d, J = 2.4 Hz, H-4, 5), 6.48 (2H, d, J = 8.8 Hz, H-1, 8), 7.12–7.14 (1H, m, Ar-H), 7.46–7.50 (2H, m, Ar-H), 7.95–7.97 (1H, m, Ar-H). 13C-NMR (CDCl3), δ (ppm): 12.7 (NCH2CH3), 44.4 (NCH2CH3), 66.0 (spiro carbon), 77.1, 98.0, 104.6, 108.0, 108.1, 122.9, 123.8, 128.1, 130.0, 132.5, 148.9, 151.6, 153.9, 166.




3.3. Synthesis of (E)-3′,6′-bis(Diethylamine)-2-[(2-methoxynaphthalen-1-yl)methyleneamino]spiro[isoindoline-1,9′-xanthen]-3-one (L)


Using microwave heating protocols, a mixture of 2 (105 mg, 0.230 mmol), 2-methoxy-1-naphthaldehyde (41 mg, 0.220 mmol), and ethanol (2 mL) was placed in a 10-mL reaction vial. The resulting mixture was stirred to make it homogeneous and then placed in the cavity of a biotage microwave reactor (MW) with a power of 180 W. The closed reaction vessel was run under pressure and the reaction was irradiated according to the parameters described in Table 1. This reaction was performed safely at a maximum temperature of 100 °C. However, reactions can safely be performed at pressures up to 20 bar and temperatures ranging from 40 °C to 250 °C. After cooling to room temperature, the resulting solid was filtered and washed three times with cold ethanol. After drying, the compound (L) was isolated to give the yields presented in Table 1. Melting point: 244–246 °C; 1H-NMR (CDCl3), δ (ppm): 1.14 (12H, t, J = 6.9 Hz, NCH2CH3), 3.31 (8H, q, J = 6.9 Hz, NCH2CH3), 3.82 (3H, s, OCH3), 6.28 (2H, dd, J = 8.8 Hz, 2.6 Hz), 6.44 (2H, d, 2.2 Hz), 6.63 (2H, d, 8.8 Hz), 7.09 (1H, d, J = 4.9 Hz), 7.12 (1H, d, J = 8.4 Hz), 7.15–7.27 (2H, m, H-Ar), 7.48–7.51 (2H, m, H-Ar), 7.63 (1H, d, 7.7 Hz, H-Ar), 7.71(1H, d, J = 8.0, H-Ar), 7.74 (1H, d, J = 8.4 Hz, H-Ar), 8.77 (1H, d, J = 7.4 Hz, H-Ar), 9.63 (1H, s, N=C-H); 13C-NMR (CDCl3), δ (ppm): 12.7 (NCH2CH3), 44.3 (NCH2CH3), 56.7, 66.3 (spiro carbon), 79.9, 104.6, 106.5, 107.9, 108.1, 112.9, 116. 8, 123.2, 124.0, 126.7, 127, 128.1, 129.2, 130.3, 131.9, 133.1, 137.6, 147.6 (N=C-H), 148.8, 151.7, 153.4, 157.8, 164.6; HRMS (ESI) m/z: [M + H]+ Calcd. for: C40H40N4O3 625.3173; Found: 625.3176.



Table 1. Step 2: experiments to prepare the title compound (L) using different heating methods.







	
Trial

	
Method

	
Temp. (°C)

	
Pressure (Bar)

	
Hold Time (min)

	
Yield a (%)






	
1

	
MW in ethanol

	
100

	
8.3

	
10

	
92




	
2

	
MW in ethanol

	
80

	
6.7

	
10

	
86




	
3

	
MW in ethanol

	
80

	
6.7

	
20

	
74








a Isolated yields.
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Scheme 1. Synthesis of (E)-3′,6′-bis(diethylamine)-2-[(2-methoxynaphthalen-1-yl)methyleneamino]spiro[isoindoline-1,9′-xanthen]-3-one (L). 
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