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Abstract:



A solvent-free “one-pot” synthetic approach to 1-(3-iodopropyl)-4-methylquinolin-1-ium iodide is reported in the present work. The title compound is derived from N-alkylation of 4-methylquinoline with 1,3-diiodopropane proceeded at room temperature. The target quinolinium salt is obtained in a highly pure form. It’s structure was evaluated by 1H-NMR, 13C-NMR, and DEPT135 spectra.






Keywords:


4-methylquinoline; 1,3-diiodopropane; N-alkylation; 1-(3-iodopropyl)-4-methylquinolin-1-ium iodide








1. Introduction


1-(3-iodopropyl)-4-methylquinolin-1-ium iodide is known as a key intermediate product for the synthesis of several commercially available dyes such as TOTO-1, YOYO-1, TOPRO-1, YOPRO-1 (Life Technologies), used as non-covalently binding fluorescent probes for nucleic acids [1,2,3,4,5,6,7,8,9]. Classic methods for the synthesis of the quinolinium derivative, involve heating of the starting compounds in equimolar ratios using various solvents. Except from the formation of the title compound, this approach always yields a bis-N-quaternary side product [(1,1′-(propane-1,3-diyl)bis(4-methylquinoline-1-ium)diiodide)], which is rarely mentioned in the literature.



We found that pure 1-(3-iodopropyl)-4-methylquinolin-1-ium iodide 3 can be obtained by reacting the two starting compounds 1 and 2 at room temperature using large excess (5 equiv.) of 1,3-diiodopropane 2 according to Scheme 1. In this case, there is no need of column purification in order to refine the target quinolinium derivative, due to the fact that only mono-N-quaternary product is obtained under the reaction conditions reported herein.



In general, residues of the dimer side product 4 can be observed when using lower proportions of 4-methylquinoline and 1,3-diiodopropane. Even by heating, which usually takes up to 18–20 hours based on reported methods, the reaction mixture does not necessarily prevent the formation of any by-products [10,11,12]. Furthermore, we found that the total yield can considerably be enhanced by adding extra equimolar amounts of the starting materials to the filtrate. This last operation can be repeated several times, according to the general synthetic procedure illustrated in the experimental section. Performing this procedure with one filtration after 21 days, results in significant decrease of the total yield of the mono N-quaternary product, and formation of the bis-N-quaternary side product (as seen by TLC). Based on these observations, we decided to use the procedure described in our manuscript as a more efficient way to obtain the target product in higher yield and pure form.




2. Experimental Section


2.1. General


All reagents and chemicals were purchased from Sigma-Aldrich and TCI America (Portland, OR, USA), and used without any further purification. The deuterated solvent was purchased from Deutero GmbH. The reactions were monitored using TLC plates (Merck F 254 silica gel, Kenilworth, NJ, USA). 1H and 13C-NMR spectra were recorded on a Brucker Avance III 500 MHz (Billerica, MA, USA) using DMSO-d6 at room temperature. Chemical shifts (δ) are reported in ppm and referenced indirectly to the corresponding shift of the deuterated solvent peak. The melting point temperatures were evaluated on a Kofler bench (DDR, Berlin, Germany) and are uncorrected.




2.2. Experimental Procedure for the Preparation of 1-(3-Iodopropyl)-4-methylquinolin-1-ium Iodide 3


А 250 mL Erlenmeyer flask is charged with 4-methylquinoline 1 (13.25 mL, 0.1 mol) and 1,3-diiodopropane 2 (148 mL, 0.5 mol), and the reaction mixture was stored in a dark place at room temperature. 48 h later, the precipitated product yielded 18.67 g (42.5%). The filtrate was returned to the flask and stored as described previously. After 168 h from the starting point, the second filtration results in extra 10.74 g (24.5%). On the 11th day, the reaction mixture was filtered off again, and resulted in additional 4.98 g (11.3%). The final filtration (after 21 days) gained 6.35 g (14.5%). The total yield of pure mono N-quaternary compound 3 is 40.74 g (93%). (monitored by TLC, chloroform/methanol/acetic acid 86:13:1). In order to remove any 1,3-diiodopropane residues, the product is washed with diethyl ether after each filtration, and finally recrystallized from methanol.



m.p. = 170–172 °C, lit. m.p. = 175–177 °C [12].



1H-NMR (500 MHz, DMSO-d6, δ/ppm): 2.50 (quint., J = 7.3, 2H, CH2-CH2-CH2), 2.51 (quint., DMSO-d6 solvent peak), 3.01 (s, 3H, CH3), 3.37 (t, J = 6.7, 2H, CH2-I), 5.05 (t, J = 7.5, 2H, CH2-N), 8.05–8.09 (m, 2H, 2 x ArH), 8.26-8.29 (m, 1H, ArH), 8.54–8.57 (m, 1H, ArH), 8.60 (d, J = 8.9, 1H, ArH), 9.40 (d, J = 6.1, 1H, ArH).



13C-NMR (125 MHz, DMSO-d6, δ/ppm): 1.7; 19.8; 33.1; 39.5 (DMSO-d6 solvent peak); 57.5; 119.1; 122.8; 127.2; 129.0; 129.6; 135.2; 136.9; 148.7; 158.9;



Figure S1 illustrates 1H-NMR spectrum of 3, Figure S2 represents the 13C-NMR spectrum of it, and Figure S3 is the DEPT135-NMR Spectrum. All spectra were recorded as supplementary materials at 25 °C in DMSO-d6.
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Scheme 1. Preparation of 1-(3-iodopropyl)-4-methylquinolin-1-ium iodide 3. 
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