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Introduction

Sulfonamides are widely used in the field of coordination chemistry [1][2][3][4] and have also been investigated for their luminescent and antimicrobial properties and for analytical applications [5][6][7].

Many sulfonamide derivatives and their complexes have been recently reported [8 a-d ]. Furthermore, complexes containing sulfonamide groups have been used to catalyze various organic reactions, for example olefin metathesis, asymmetric transfer hydrogenation, the nitroaldol (Henry) reaction etc. [9][10][11]. Sulfonamides containing 8-aminoquinoline have rarely been studied by the scientific community, mostly in relation to their luminescent properties [12][13][14][15][16]. Also, catalysis and molecular structural properties of sulfonamides have recently been studied in detail by our research team [17 a -d ].

The ketone transfer hydrogenation (TH) catalyzed by Ru(II) complexes containing N-donors ligands has attracted increasing attention [18][19][20][21][22][23][24][25][26][27][28][29][30][31][32] since the success of Noyori's work using 1,2-diamine ligands [33]. Several diamine ligand modifications have been explored aimed at developing catalysts with increased activity. At the same time, half-sandwich ruthenium(II) complexes containing thioamides, 2-(diphenylphosphanyl)-aniline, ferrocenyl tosylamine-phosphine and pyridine-based chelating diamine ligands were also studied for the catalytic transfer hydrogenation of ketones [34][35][36][37].

Also, remarkable studies have been carried out in the TH of acetophenone derivatives [38][39][40][41][42][43][44][45][46][47][48][49][50][51][52].

Herein, a series of new half-sandwich Ru(II) complexes containing sulfonamide ligands were synthesized and characterized by various spectroscopic techniques. The synthesized complexes were used as catalysts for transfer hydrogenation of acetophenone derivatives.

Results and Discussion

Syntheses

The synthesis and reaction routes to the ligands and to their corresponding Ru(II) complexes are presented in Figures 1 and2. The ligands 1-6 were obtained by the reaction of 8-aminoquinoline with R-arylsulfonyl chlorides in the presence of triethylamine in THF (Figure 1). Then, the new ruthenium complexes (7)(8)(9)(10)(11)(12) were synthesized by the reaction of 1-6 with [RuCl2(p-cymene)]2 in methyl alcohol (Figure 2). All compounds were characterized by 1H-NMR, 13C-NMR and IR spectroscopy techniques.

In addition, the solid state structures of complexes 8 and 9 were confirmed by X-ray crystallography. Selected bond lengths and angles are shown in Table 1. Such geometry is common for all  6 -ruthenium arene complexes [56][57][58]. Esds in parentheses refer to the last significant digit.

NMR Spectra

In the 1 H-NMR spectra of the ligands 1-6, the -Ha, -Hb and -Hc protons were observed as a doublet and two triplets, respectively, in a 2:2:1 ratio at around δ 7.79-7.88 ppm in N-quinoline-8-ylbenzenesulfonamide. Similarly in other N-quinoline-8-yl-arylsulfonamides ligands, the -Ha and -Hb protons were observed as doublets in a 2:2 ratio at around δ 6.99-8.80 ppm. The NH protons were found at around δ 9.31-11.66 ppm.

In the 1 H-NMR spectra for 7-12, the sulfonamide NH proton is no longer present while new resonances belonging to the p-cymene group. (-Hk, -Hx, -Hy, -Hl and -Hm) appear shown in Table 2. 

Infrared Spectra

The sulfonamide N-H stretching band for the ligands 1-6 appears at 3260-3192 cm -1 see Table 3.

This band disappears on going to the ruthenium complexes 7-12. The frequencies of the SO2 stretching and bending peaks are shown in Table 3. For 7-12, there is a blue shift for the bending and asymmetric stretching are observed a general shift toward increase frequency as compared to their respective ligands.

But, the symmetric stretching was also seen a general shift toward lower frequency as compared to their respective ligands. 

Catalytic Studies

As the starting point, the performances of the catalysts in the transfer hydrogenation were screened by using acetophenone as a model substrate and we screened the influence of the base. NaOH and KOH are known to yield better conversions when compared to K2CO3 and KOBu t in the TH reactions [36,49]. The stronger the base the higher the general conversion rankings, KOH > NaOH > KOBu t > K2CO3.

Indeed, the TH of acetophenone catalyzed by compound 10 leads to better results when using KOH, reaching 97% conversion within 120 min at a substrate/catalyst/base (S/C/base) molar ratio of 1: 0.002: 10 (Figure 4). In the absence of a base no transfer hydrogenation was observed. Therefore, KOH was selected as the base in all subsequent studies. We have also examined the acetophenone TH at a (S/C/base) molar ratio of 1: 0.001: 10 (Figure 6). The results of the catalytic experiments show once again that complexes 10 and 12 are highly efficient. The highest measured TOF were in the 734-575 h -1 range for the S/C molar ratio of 1: 0.001, at 20 min. (Table 4). [a] Acetophenone/Ru molar ratio.

Conclusions

In summary, we have reported the preparation and characterization of the sulfonamide ligands 1-6, and their neutral half-sandwich sulfonamido-Ru(II) complexes 7-12. We have also reported the catalytic activity of these complexes in the transfer hydrogenation of some acetophenone derivatives with the use TOF= moles of product / (moles of the catalyst)x(hour), measured on the basis of the conversion at 20 min for entries 1-18, at 30 min for entries 19-24. Conditions are given in the legends of Fig. 5 and6.

General procedure for the synthesis of Ligands (L), 1-6

N-quinoline-8-yl-aryl-benzenesulfonamides (1-6) were prepared by modifying the published procedure [44]. A 50 ml Schlenk tube containing a magnetic stirring bar was charged with a solution of the suitable benzenesulfonylchloride derivative (10 mmol) in THF (10 ml). The slow addition of a solution of triethylamine (20 mmol) in THF (5 ml) and 8-aminoquinoline (10 mmol) in THF (5 ml), respectively, gives rise to the immediate precipitation of a white solid (HCl.N(C2H5)3). After being stirred for 12 hours at room temperature, the solid was removed by filtration using a fine sintered-glass filter. Then, the solvent was completely removed under reduced pressure. The crude product was used without further purification. An analytically pure sample was obtained by recrystallization from chloroform/diethyl ether (15 ml 1:3, v/v) (Fig. 1). 
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Figure 1 .Figure 2 .

 12 Figure 1. Synthesis of the ligands together with NMR numbering scheme

Figure 3 :

 3 Figure 3: Molecular views of compounds 8 and 9 with the atoms labelling scheme. Ellipsoids are drawn at the 50% probability level. H atoms are represented as small spheres of arbitrary radii.

Figure 4 .

 4 Figure 4. Effect of various bases in the TH of acetophenone catalyzed by 10 (0.2 mol %) in 2-propanol at 82 o C.

Figure 5 .

 5 Figure 5. Catalytic activity as shown by the % conversion vs. time for the transfer hydrogenation of (a) acetophenone, (b) 4-chloro-acetophenone, (c) 4-methyl-acetophenone catalyzed by compounds 7-12 in isopropanol. Conditions: ketone/Ru/KOH, 1:0.002:10; T= 82 o C

of 2 -

 2 propanol in the presence of base. Complexes 10 and 12 are the most active complexes. The procedure is simple and efficient towards various aryl ketones. The catalyst efficiency depends not only on the ligand but also on the aromatic ketone substituent. Electron-withdrawing groups introduced at the para position of the acetophenone accelerate the transformation, whereas electron-donating groups slow it down. Likewise, the presence of electron-withdrawing groups on the sulfonamido-ring has a beneficial effect. The catalytic activity decreases in the order 10 > 12 > 8 > 7 > 9 > 11, the best results being obtained in the presence of the -Cl and -CF3 substituents at para position of the sulfonamido aryl group. Ruthenium(II) arene complexes widely used in the TH of ketones. When examined to the literature, it is clear that the half-sandwich sulfonamido-Ru(II) complexes used herein have been a good efficiency in the TH[59][60][61][62][63][64][65][66][67][68][69][70][71][72][73].Experimental SectionMaterials and Methods. All reagents and solvents were obtained from commercial suppliers and used without any additional purification. NMR spectra were recorded in 5 mm tubes at 297 K on a Bruker Avance III 400 NMR spectrometer at 400 MHz ( 1 H) and 100.56 MHz ( 13 C). Signals are quoted in parts per million as δ downfield from tetramethylsilane (δ 0.00) as an internal standard. Coupling constants (J-values) are given in hertz. Abbreviations used for the NMR resonances are: br= broad, s = singlet, d = doublet, t = triplet, m = multiplet. Infrared spectra were measured with a Perkin-Elmer Spectrum 400 FTIR system and recorded using a universal ATR sampling accessory within the range 550-4000 cm -1 . Melting points were determined in open capillary tubes on a digital Electrothermal 9100 melting point apparatus. GC measurements for catalytic experiments were performed using Fisons 8000 Series instrument equipped with a DB-1MS column (30mx0.32mmx0.25m) & Younglin Acme 6100, OPTIMA 5 MS column (30mx0.32mmx0.25m).

Quinoline- 8 -

 8 yl -4-t-butyl-benzenesulfonamide (1): Yield: 85 %. Orange solid, Mp: 155-157 o C, 1 H-NMR (CDCl3, δ ppm): 1.24 (s, 9H, -C(CH3)3, 7.37-7.48 (m, 4H, -H2-5), 7.86 (dd, 4H, J=4 Hz, J=4 Hz, -Ha-b), 8.13 (d, 1H, J=8 Hz, -H1), 8.77 (d, 1H, J=8 Hz, -H6), 9.31 (br. 1H, -NH). 13 C-NMR (CDCl3, ppm): 30.9 (-C(CH3)3), 35.0 (-C(CH3)3), 115.1 (Ar. -C), 121.9 (Ar. -C), 122.0 (Ar. -C), 125.9 (Ar. -C), 127.0 (Ar. -C), 128.2 (Ar. -C), 133.8 (Ar. -C), 136.4 (Ar. -C), 136.6 (Ar. -C), 138.2 (Ar. -C), 148.4 (Ar. -C), 148.5 (Ar. -C), 156.7 (Ar. -C). IR (cm -1 ): 3258 (-NH), 3078, 2962, 2905, 2869, 1623, 1595, 1579,

Table 1 :

 1 Comparison of selected bond distances (Å) and bond angles (°) for both compounds 8 and 9.

Table 2 .

 2 1 H-NMR and13 C-NMR data of ligands and complexes

	Ligands					1 H-NMR / 13 C-NMR (ppm)	
		-Ha	-Hb	-Hc	NH	-p-C(CH3)3	-p-OCH3	-p-CH2CH2CH3
	1		7.86	-		9.31	1.24 ( 1 H)	-		-
						35.0, 30.9 ( 13 C)		
	2	7.80	6.99	-		10.02	-	3.74 ( 1 H) / 56.1 -13 C)	-
	3	8.80	8.20	-		11.66	-	-		0.84, 3.12, 1.40 ( 1 H)
										45.9, 24.0, 8.7 ( 13 C)
	4	7.83	7.80	-		11.00	-	-		-
	5	7.86	7.79	7.88	11.21	-	-		-
	6	8.03	7.86	-		10.94	-	-		-
	Complexes	-Hk	-Hx	-Hy	-Hl	-Hm	-p-C(CH3)3	-p-OCH3	-p-CH2CH2CH3
	7	2.37	6.29	5.70	2.62	0.95-1.07	1.24 ( 1 H)	-	-
							34.8, 31.1 ( 13 C)	
	8	2.36	6.26	5.67	2.62	0.92-1.08	-	3.72 ( 1 H)/	-
								55.3 ( 13 C)
	9	2.34	6.24	5.86	2.61	0.92-1.07	-		-	0.83, 3.10, 1.37 ( 1 H)
										46.1, 24.1, 8.7 ( 13 C)
	10	2.36	6.23	5.67	2.63	0.94-1.09	-		-	-
	11	2.37	6.26	5.69	2.62	0.93-1.08	-		-	-
	12	2.36	6.23	5.68	2.63	0.94-1.09	-		-	-

Table 3 .

 3 IR data of ligands and complexes

Ligand IR (cm -1 ) ν(NH) νas(SO2) a νs(SO2) b ∆(SO2) c

  

	1	3258	1303	1162	570
	2	3192	1332	1153	572
	3	3260	1306	1156	560
	4	3243	1303	1157	555
	5	3217	1307	1169	557
	6	3239	1307	1163	551
	Complex	νas(SO2)	νs(SO2)	∆(SO2)
	7	1315	1145	577	
	8	1316	1140	572	
	9	1316	1139	577	
	10	1315	1140	567	
	11	1316	1139	582	
	12	1317	1144	563	
	a νas= asymmetric stretching.			

b νs= symmetric stretching. c ∆=bending

Table - 5

 - Initial TOF for the TH of various ketones catalyzed by compounds 7-12.

	Entry	Complex	Substrate	Product	S/C [a]	TOF/h -1
	1	7				243 (610)
	2	8				403 (653)
	3	9			500/1	197 (575)
	4	10			(1000/1)	624 (703)
	5	11				484 (697)
	6	12				673 (734)
	7	7				338
	8	8				339
	9 10	9 10			500/1	348 476
	11	11				480
	12	12				557
	13	7				138
	14	8				365
	15 16	9 10			500/1	67 224
	17	11				233
	18	12				433

Table - 1

 - . Crystal data for 8 and 9.

	Identification code	8	9
	Empirical formula	C26 H27 Cl N2 O3 Ru S C28 H31 Cl N2 O2 Ru S
	Formula weight	584.08	596.13
	Temperature, K	180(2)	180(2)
	Wavelength, Å	0.71073	0.71073
	Crystal system	Monoclinic	Monoclinic
	Space group	P21/n	P21/c
	a, Å	14.4087(17)	10.5377(12)
	b, Å	11.6057(14)	13.6881(14)
	c, Å	16.2028(19)	17.987(2)
	 ( o )	90.0	90.0
	β ( o )	116.146(2)	95.771(5)
	γ ( o )	90.0	90.0
	Volume, Å 3	2432.2(5)	2581.3(5)
	Z	4	4
	Density (calc), Mg/m 3	1.595	1.534
	Abs. coefficient, mm -1	0.872	0.821
	F(000)	1192	1224
	Crystal size, mm 3	0.50 x 0.45 x 0.25	0.48 x 0.48 x 0.10
	Theta range, °	2.25 to 30.03	1.87 to 29.24
	Reflections collected	49026	21457
	Indpt reflections (Rint)	7061 (0.0242)	6964 (0.0243)
	Completeness, %	99.2	99.1
	Absorption correction	Multi-scan	Multi-scan
	Max. and min. transmission	0.7462 and 0.6219	0.7458 and 0.6462
	Refinement method	F 2	F 2
	Data /restraints/parameters	7061 / 0 / 311	6964 / 0 / 320
	Goodness-of-fit on F 2	1.062	1.059
	R1, wR2 [I>2(I)]	0.0292, 0.0624	0.0250, 0.0581
	R1, wR2 (all data)	0.0404, 0.0706	0.0298, 0.0604
	Residual density, e.Å -3	1.066 and -0.586	0.477 and -0.496
	CCDC deposition no.	925980	925981
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