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Experimental Section

Solvents and starting materials. These were purchased from Fluka AG (Buchs, Switzerland) and used without further purification unless otherwise stated.  Thionyl chloride was distilled from elemental sulfur, acetonitrile, dichloromethane, N,N-dimethyformamide and triethylamine were distilled from CaH2. Silicagel (Acros, 0.035-0.07 mm) was used for preparative column chromatography. The triflate salts Ln(CF3SO3)3.nH2O (Ln = La-Lu) and the perchlorate salts Ln(ClO4)3.nH2O (Ln = La-Lu) were prepared from the corresponding oxides (Rhodia, 99.99 %) and dried according to published procedures [1]. The Ln content of solid salts was determined by complexometric titrations with Titriplex III (Merck) in the presence of urotropine and xylene orange [2].
Caution: dry perchlorates may explode and should be handled in small quantities and with the necessary precautions [3].

Preparation of 1-chloro-4-methoxymethyl-2-nitrobenzene [4]. KOH (85 %, 22.40 g, 400 mmol) was dissolved in freshly distilled DMSO, and 4-chloro-3-nitrobenzyl alcohol (18.76 g, 100 mmol) and methyl iodide (31.1 ml, 500 mmol) were added. After 3 h of stirring at room temperature, the mixture was poured into 1 L of water and the resulting solution was extracted with dichloromethane (4 × 100 ml). The combined organic phases were washed with deionized water (5 × 20 mL), dried over MgSO4, filtered and evaporated to dryness and the residual oil was distilled (95-100 °C, 5 × 10-2 Torr) to afford 1-chloro-4-methoxymethyl-2-nitrobenzene (19.60 g, 97 mmol, 97 %) as a yellow liquid. 1H NMR (CDCl3): 3.43 (s, 3H), 4.49 (s, 2H), 7.47 (dd, J3 = 8.7 Hz and J4 = 1.8 Hz, 1H), 7.53 (d, J3 = 8.1 Hz, 1H), 7.86 (d, J4 = 1.5 Hz, 1H). 13C NMR (CDCl3): 58.6, 72.6, 124.1, 125.8, 131.7, 131.8, 139.1, 147.9.

Preparation of N-ethyl-(4-methoxymethyl-2-nitrophenyl)amine (2) [4]. 1-chloro-4-methoxymethyl-2-nitrobenzene (19.60 g, 97 mmol) and ethylamine (70 % in water, 100 ml) were heated in an autoclave at 100 °C for 12 h. The orange mixture was poured into 100 ml of half-saturated aqueous NH4Cl solution and extracted with dichloromethane (4 × 30 mL). The combined organic phases were dried over MgSO4, filtered and evaporated to dryness and the residual oil was distilled (120-130 °C, 5 × 10-2 Torr) to afford N-ethyl-(4-methoxymethyl-2-nitrophenyl)amine (2) (19.74 g, 94 mmol, 97 %) as a red liquid. 1H NMR (CDCl3): 1.37 (t, J3 = 7.0 Hz, 3H), 3.36 (m, 5H), 4.34 (s, 2H), 6.85 (d, J3 = 8.7 Hz, 1H), 7.45 (dd, J3 = 8.7 Hz and J4 = 1.8 Hz, 1H), 8.00 (bs, 1H), 8.13 (d, J3 = 1.8 Hz, 1H). 13C NMR (CDCl3): 14.4, 37.8, 57.9, 73.5, 114.1, 125.1, 126.2, 131.1, 136.3, 145.1.

Preparation of pyridine-2,6-dicarboxylic acid monomethyl ester [5]. A mixture of 2,6-dipicolinic acid (16.7 g, 100 mmol), water (80 ml), methanol (80 mL) and concentrated H2SO4 (8 mL) was refluxed for 20 min, poured into 500 mL of half-saturated aqueous NaHCO3 solution, washed with dichloromethane (3 × 80 mL), acidified to pH = 2 with concentrated hydrochloric acid (37 %) and extracted with dichloromethane (6 × 80 mL). The combined organic phases were dried over MgSO4, filtered and evaporated to dryness to afford pyridine-2,6-dicarboxylic acid monomethyl ester (8.85 g, 49 mmol, 49 %). 1H NMR (CDCl3): 4.00 (s, 3H), 8.08 (t, J3 = 7.0 Hz, 1H), 8.33 (dd, J3 = 8.1 Hz and J4 = 1.2 Hz, 1H), 8.38 (dd, J3 = 8.1 Hz and J4 = 1.2 Hz, 1H).

Preparation of 6-(N,N-diethylcarbamoyl)pyridine-2-carboxylic acid (4) [6]. A mixture of 2,6-pyridinedicarboxylic acid monomethyl ester (12.68 g, 70 mmol), dichloromethane (100 mL), freshly distilled thionyl chloride (50.9 ml, 700 mmol), and DMF (100 L) was refluxed for 60 min. The mixture was evaporated and dried under vacuum for 30 min, and the resulting solid was dissolved in dry dichloromethane (130 mL). Dry N,N-diethylamine (36.3 mL, 350 mmol) was added dropwise under an inert atmosphere over 10 min. The resulting solution was refluxed for 90 min and evaporated. The brown crude residue was partitioned between dichloromethane (250 mL) and half-saturated aqueous NH4Cl solution (800 mL). The aqueous phase was extracted with dichloromethane (3 × 50 mL), and the combined organic phases were washed with water (15 mL) and evaporated to dryness. The resulting brown solid was dissolved in 1 M KOH solution (400 mL) and stirred at room temperature for 10 min. The aqueous phase was washed with dichloromethane (2 × 40 mL) and acidified to pH = 2 with concentrated hydrochloric acid (37 %). White crystals were collected by filtration, washed with cooled water and recrystallized from hot acetonitrile (120 mL) to afford 6-(N,N-diethylcarbamoyl)pyridine-2-carboxylic acid (4) (13.06 g, 59 mmol, 84 %) as white crystals. 1H NMR (CDCl3): 1.21 (t, J3 = 7.1 Hz, 3H), 1.29 (t, J3 = 7.1 Hz, 3H), 3.30 (q, J3 = 7.1 Hz, 2H), 3.59 (q, J3 = 7.1 Hz, 2H), 7.83 (dd, J3 = 7.8 Hz and J4 = 0.9 Hz, 1H), 8.06 (t, J3 = 7.8 Hz, 1H), 8.27 (dd, J3 = 7.8 Hz and J4 = 0.9 Hz, 1H).
Preparation of pyridine-2,6-dicarboxylic acid 2-diethylamide 6-[ethyl-(4-methoxymethyl-2-nitro-phenyl)-amide] (5) [7]. A mixture of 6-N,N-diethylcarbamoyl-pyridine-2-carboxylic acid 4 (9.33 g, 42 mmol), CH2Cl2 (120 mL), thionyl chloride (30.6 mL, 420 mmol) and DMF (0.1 mL) was refluxed for 1.5 h under a nitrogen atmosphere and evaporated to dryness. The white residue was dried under vacuum for 30 min, dissolved in CH2Cl2 (60 mL) and cooled at 0 °C. A mixture of N-ethyl-(4-methoxymethyl-2-nitrophenyl)amine (2, 7.36 g, 35 mmol), triethylamine (25 mL) and CH2Cl2 (50 mL) was added dropwise. The resulting solution was stirred for 10 min at 0 °C, refluxed for 2 h and evaporated to dryness. The brown residual oil was dissolved in CH2Cl2/aqueous half-saturated NH4Cl (200 mL/300 mL), the organic layer was separated and the aqueous layer was extracted with CH2Cl2 (4 × 25 mL). The combined organic phases were washed with deionized water (50 mL), dried over MgSO4, filtered and evaporated to dryness. The resulting crude compound was purified by column chromatography (silicagel, CH2Cl2/MeOH 99:1(96:4) to afford pyridine-2,6-dicarboxylic acid 2-diethylamide 6-[ethyl-(4-methoxymethyl-2-nitro-phenyl)-amide] 5 as a brown oil (12.28 g, 29.6 mmol, 85 %). 1H NMR (CDCl3): 0.91 (t, J3 = 7.2 Hz, 3H), 1.20 (t, J3 = 7.2 Hz, 3H), 1.25 (t, J3 = 7.2 Hz, 3H), 2.96 (sext, J2 = 14.4 Hz and J3 = 7.2 Hz, 1H), 3.32 (sext, J2 = 14.4 Hz and J3 = 7.2 Hz, 1H), 3.40 (s, 3H), 3.51 (sext, J2 = 14.4 Hz and J3 = 7.2 Hz, 1H), 3.60 (sext, J2 = 14.4 Hz and J3 = 7.2 Hz, 1H), 4.32 (sext, J2 = 14.4 Hz and J3 = 7.2 Hz, 1H), 4.45 (s, 2H), 7.17 (d, J3 = 7.8 Hz, 1H), 7.33 (dd, J3 = 7.5 Hz and J4 = 1.2 Hz, 1H), 7.43 (dd, J3 = 8.4 Hz and J4 = 1.2 Hz, 1H), 7.77 (d, J3 = 7.8 Hz, 1H), 7.82 (dd, J3 = 8.1 Hz and J4 = 1.5 Hz, 1H), 7.93 (d, J4 = 1.8 Hz, 1H). 13C NMR (CDCl3): 12.4, 12.6, 14.0, 39.8, 42.6, 45.9, 58.5, 72.6, 123.5, 123.9, 124.5, 131.8, 132.0, 135.7, 137.2, 139.8, 146.1, 151.3, 152.9, 166.3, 167.3. IR (KBr, cm-1): 3070, 2980, 2940, 2880, 1640, 1570, 1530, 1485. EI-MS : m/z (%) 415 (M, 5), 343 (M – NEt2, 27), 368 (M – HNO2, 17), 316 (M – CONEt2 + H, 13), 72 (NEt2, 100).

Preparation of 6-(1-ethyl-5-methoxymethyl-1H-benzoimidazol-2-yl)-pyridine-2-carboxylic acid diethylamide (6) [7]. A mixture of pyridine-2,6-dicarboxylic acid 2-diethylamide 6-[ethyl-(4-methoxymethyl-2-nitro-phenyl)-amide] 5 (4.86 g, 11.7 mmol), ethanol (420 mL), water (120 mL), powdered iron (5.24 g, 93.6 mmol) and concentrated hydrochloric acid (37 %, 14 mL, 168.5 mmol) was refluxed for 18 h under nitrogen atmosphere, filtered and concentrated under vacuum. The residual aqueous layer was poured into a mixture of CH2Cl2 (200 mL), water (370 mL) and Na2H2EDTA.2 H2O (63.2 g, 169.6 mmol). The pH was adjusted to 7 with a 25 % aqueous ammonia solution, 30 % hydrogen peroxide solution (3.5 mL, 34.4 mmol) was slowly added and the mixture was stirred for 15 min. The pH was adjusted to 8.5 with a 25 % aqueous ammonia solution, the aqueous layer was extracted with CH2Cl2 (3 × 50 mL), and the combined organic layers were washed with deionized water until neutral, dried over MgSO4, filtered and evaporated to dryness. The resulting crude compound was purified by column chromatography (silicagel, CH2Cl2/MeOH 98:2) to afford 6-(1-ethyl-5-methoxymethyl-1H-benzoimidazol-2-yl)-pyridine-2-carboxylic acid diethylamide 6 as a pale yellow solid (4.01 g, 10.96 mmol, 93 %). 1H NMR (CDCl3): 1.07 (t, J3 = 7.2 Hz, 3H), 1.29 (t, J3 = 7.2 Hz, 3H), 1.48 (t, J3 = 7.2 Hz, 3H), 3.35 (q, J3 = 7.2 Hz, 2H), 3.40 (s, 3H), 3.62 (q, J3 = 7.2 Hz, 2H), 4.61 (s, 2H), 4.78 (q, J3 = 7.2 Hz, 2H), 7.39 (dd, J = 8.4 Hz and J3 = 1.2 Hz, 1H), 7.46 (d, J3 = 8.4 Hz, 1H), 7.57 (dd, J3 = 7.6 Hz and J4 = 1.2 Hz, 1H), 7.81 (s, 1H), 7.97 (t, J3 = 7.9 Hz, 1H), 8.45 (d, J3 = 7.5 Hz, 1H). 13C NMR (CDCl3) : 12.8, 14.3, 15.4, 39.5, 40.6, 42.8, 57.8, 75.1, 110.1, 119.7, 122.5, 123.9, 125.0, 132.9, 135.9, 138.0, 142.7, 149.4, 149.6, 154.5, 168.4. IR (KBr, cm-1): 3050, 2980, 2940, 2880, 2820, 1715, 1635, 1570, 1485. EI-MS : m/z (%) 366 (M, 23), 335 (M – OCH3, 3), 267 (M – CONEt2 + H, 100).

Preparation of 6-(1-ethyl-5-hydroxymethyl-1H-benzoimidazol-2-yl)-pyridine-2-carboxylic acid diethylamide (7) [7]. A mixture of 6-(1-ethyl-5-methoxymethyl-1H-benzoimidazol-2-yl)-pyridine-2-carboxylic acid diethylamide 6 (990 mg, 2.70 mmol), acetic anhydride (20 mL) and BF3·Et2O (3.8 mL, 30.0 mmol) was stirred at room temperature (25 °C) for 1 h and poured into an ice-cooled aqueous 2 M KOH (500 mL). The aqueous layer was extracted with CH2Cl2 (4 × 50 mL) The combined organic layers were washed with deionized water until neutral, dried over MgSO4, filtered and evaporated to dryness to afford the crude acetate as a pale yellow solid (1065 mg, 100 %) which was dissolved in methanol (50 mL) and 1 M KOH aqueous solution (50 mL), stirred for 15 h at room temperature, concentrated under vacuum, poured into brine (500 mL) and extracted with CH2Cl2 (7 × 50 mL). The combined organic layers were washed with deionized water until neutral, dried over MgSO4, filtered and evaporated to dryness. The resulting crude compound was purified by column chromatography (silicagel, CH2Cl2/MeOH 95:5) to afford 6-(1-ethyl-5-hydroxymethyl-1H-benzoimidazol-2-yl)-pyridine-2-carboxylic acid diethylamide 7 as a white solide (896 mg, 2.55 mmol, 94 %). 1H NMR (CDCl3) : 1.07 (t, J3 = 7.2 Hz, 3H), 1.29 (t, J3 = 7.2 Hz, 3H), 1.46 (t, J3 = 7.2 Hz, 3H), 2.21 (bs, 1H), 3.35 (q, J3 = 7.2 Hz, 2H), 3.61 (q, J3 = 7.2 Hz, 2H), 4.75 (q, J3 = 7.2 Hz, 2H), 4.81 (s, 2H), 7.37 (dd, J3 = 9.3 Hz and J4 = 1.5 Hz, 1H), 7.43 (d, J3 = 8.4 Hz, 1H), 7.55 (dd, J3 = 7.8 Hz and J4 = 1.1 Hz, 1H), 7.79 (s, 1H), 7.94 (t, J3 = 8.1 Hz, 1H), 8.39 (dd, J3 = 8.1 Hz and J4 = 1.1 Hz, 1H). 13C NMR (CDCl3) : 12.9, 14.4, 15.5, 39.7, 40.8, 42.9, 65.8, 110.3, 118.8, 122.7, 123.5, 125.2, 135.8, 136.2, 138.2, 142.7, 149.3, 149.7, 154.6, 168.6. EI-MS : m/z (%) 352 (M, 29), 253 (M – CONEt2 + H, 100), 281 (M – NEt2 + H, 6).

Preparation of 6-(5-chloromethyl-1-ethyl-1H-benzoimidazol-2-yl)-pyridine-2-carboxylic acid diethylamide (8) [7]. A mixture of 6-(1-ethyl-5-hydroxymethyl-1H-benzoimidazol-2-yl)-pyridine-2-carboxylic acid diethylamide 7 (705 mg, 2.0 mmol), CH2Cl2 (20 mL) and thionyl chloride (1.46 mL, 20.0 mmol) was stirred at 0 °C for 30 min, at room temperature (25 °C) for 4 h and then poured into a NaHCO3 saturated aqueous solution (250 mL). The aqueous layer was extracted with CH2Cl2 (2 × 10 mL). The combined organic layers were washed with deionized water until neutral, dried over MgSO4, filtered and evaporated to dryness. The resulting crude compound was purified by column chromatography (silicagel, CH2Cl2/MeOH 96:4) to afford 6-(5-chloromethyl-1-ethyl-1H-benzoimidazol-2-yl)-pyridine-2-carboxylic acid diethylamide 8 as a white solid (725 mg, 1.96 mmol, 98 %). 1H NMR (CDCl3) : 1.05 (t, J3 = 7.0 Hz, 3H), 1.26 (t, J3 = 7.2 Hz, 3H), 1.46 (t, J3 = 7.2 Hz, 3H), 3.32 (q, J3 = 7.0 Hz, 2H), 3.59 (q, J3 = 7.2 Hz, 2H), 4.75 (s, 2H), 4.76 (q, J3 = 7.1 Hz, 2H), 7.41 (d, J3 = 9.0 Hz, 1H), 7.46 (d, J3 = 8.4 Hz, 1H), 7.56 (d, J3 = 7.5 Hz, 1H), 7.87 (s, 1H), 7.96 (t, J3 = 8.0 Hz, 1H), 8.45 (d, J3 = 8.1 Hz, 1H). 13C NMR (CDCl3) : 13.2, 14.6, 15.7, 39.9, 41.1, 43.1, 47.5, 110.9, 120.6, 123.1, 125.0, 125.5, 132.8, 136.4, 138.5, 142.5, 149.2, 150.3, 154.9, 168.7. EI-MS : m/z (%) 370 (M, 21), 335 (M – Cl, 8), 271 (M – CONEt2 + H, 100).

Preparation of 4-(2-cyanoethyl)-heptane-1,7-dinitrile [8]. A mixture of 4-(2-cyanoethyl)-4-nitro-1,7-heptane-dinitrile (4.40g, 20.0 mmol), azabisisobutyronitrile (AIBN, 0.66 g, 4.0 mmol) and tri-n-butyltin hydride (6.98 g, 24.0 mmol) was refluxed for 7 h in dichloromethane (20 mL) and evaporated. The brown residue was diluted with hexane (30 mL) and stored overnight at 4 °C. The brown solid was recrystallized in dichloromethane/hexane to afford  4-(2-cyanoethyl)-heptane-1,7-dinitrile as a pale yellow solid (2.40 g, 13.7 mmol, 68 %). 1H NMR (CDCl3): 1.77 (m, 7H), 2.43 (t, 6H). 13C NMR (CDCl3): 14.7, 28.0, 35.7, 119.0.

Preparation of 4-(2-ethoxycarbonyl-ethyl)-heptanedioic acid diethyl ester [8]. A mixture of 4-(2-cyanoethyl)-heptane-1,7-dinitrile (2.40 g, 13.7 mmol) in freshly HCl saturated ethanol (25 mL) was refluxed for 15 h and evaporated. The residue was diluted with water (100 mL) and extracted with dichloromethane (3 × 10 mL). The combined organic phases were dried over MgSO4, filtered and evaporated to dryness and the residual oil was distilled (120-130 °C, 5 × 10-2 Torr) to afford 4-(2-ethoxycarbonyl-ethyl)-heptanedioic acid diethyl ester as a yellow liquid (3.64 g, 11.5 mmol, 84 %). 1H NMR (CDCl3): 1.21 (t, J3 = 7.2 Hz, 9H), 1.35 (hept, J3 = 6.3 Hz, 1H), 1.57 (m, 6H), 2.27 (t, J3 = 8.0 Hz, 6H), 4.08 (q, J3 = 7.2 Hz, 6H). 13C NMR (CDCl3): 14.4, 28.1, 31.6, 36.3, 600.5, 173.8.

Alternative procedure: A mixture of 4-(2-cyanoethyl)-heptane-1,7-dinitrile (1.01 g, 5.8 mmol) in 10 % aqueous NaOH (25 mL) was refluxed for 24 h, cooled, acidified to pH = 2 with concentrated HCl (37 %) and evaporated to dryness. The residue was solubilized in a mixture of ethanol (25 mL), water (25 mL) and concentrated sulfuric acid (98 %, 0.5 mL), refluxed for 2 h and poured into a saturated aqueous NaHCO3 solution. The aqueous phase was extracted with dichloromethane (3 × 20 mL), the combined organic layers were washed with deionized water until neutral, dried over MgSO4, filtered and evaporated to dryness and the residual oil was distilled (120-130 °C, 5 × 10-2 Torr) to afford 4-(2-ethoxycarbonyl-ethyl)-heptanedioic acid diethyl ester as a yellow liquid (1.31 g, 4.1 mmol, 71 %).
 Preparation of 4-(3-hydroxy-propyl)-heptane-1,7-diol (10) [8]. A mixture of 4-(2-ethoxycarbonyl-ethyl)-heptanedioic acid diethyl ester (0.89 g, 2.8 mmol) and LiAlH4 (0.40 g, 10.5 mmol) in THF (25 mL) was refluxed for 6 h, filterred off over silicagel and evaporated to dryness. The resulting crude compound was purified by column chromatography (silicagel, CH2Cl2/MeOH 85:15) to afford 4-(3-hydroxy-propyl)-heptane-1,7-diol 10 as a colorless liquid (0.48 g, 2.5 mmol, 90 %). 1H NMR (CD3OD): 1.35 (m, 7H), 1.53 (m, 6H), 3.53 (t, J3 = 6.6 Hz, 6H), 4.89 (s, 3H). 13C NMR (CD3OD): 30.71, 30.72, 38.3, 63.4.

Preparation of tris-{3-[2-(6-diethylcarbamoyl-pyridin-2-yl)-1-ethyl-1H-benzoimidazol-5-yl-methoxy]propyl}methane (L9). To a suspension of NaH (60 % dispersion in mineral oil, 64 mg, 1.60 mmol) in 4 mL of dry DMF was added a solution of 4-(3-hydroxy-propyl)-heptane-1,7-diol (10, 76 mg, 0.40 mmol) in 6 mL of DMF. After 30 min of stirring at room temperature (25 °C), a solution of 6-(5-chloromethyl-1-ethyl-1H-benzoimidazol-2-yl)-pyridine-2-carboxylic acid diethylamide (8, 593 mg, 1.60 mmol) in 6 mL of DMF was added. The mixture was stirred at room temperature for 15 h and poured into brine (200 mL). The solution was extracted with CH2Cl2 (4 × 20 mL). The combined organic layers were washed with deionized water until neutral, dried over MgSO4, filtered and evaporated to dryness. The resulting crude compound was purified by column chromatography (silicagel, CH2Cl2/MeOH 95:5) to afford pure tris-{3-[2-(6-diethylcarbamoyl-pyridin-2-yl)-1-ethyl-1H-benzoimidazol-5-ylmethoxy]-propyl}-methane L9 as a white solid (395 mg, 0.33 mmol, 83 %). 1H NMR (CDCl3): 1.05 (t, J3 = 7.1 Hz, 9H), 1.28 (t, J3 = 7.1 Hz, 9H), 1.34 (m, 7H), 1.45 (J3 = 7.1 Hz, 9H), 1.60 (m, (6H), 3.35 (q, J3 = 7.1 Hz, 6H), 3.45 (t, J3 = 6.7 Hz, 6H), 3.60 (q, J3 = 7.1 Hz, 6H), 4.63 (s, 6H), 4.75 (q, J3 = 7.1 Hz, 6H), 7.36 (J3 = 8.4 Hz and J4 = 1.3 Hz, 3H), 7.42 (d, J3 = 8.4 Hz, 3H), 7.54 (dd, J3 = 7.7 Hz and J4 = 1.0 Hz, 3H), 7.77 (s, 3H), 7.93 (t, J3 = 7.9 Hz, 3H), 8.39 (dd, J3 = 8.0 Hz and J4 = 1.0 Hz, 3H). 13C NMR (CDCl3): 13.0, 14.4, 15.5, 27.0, 29.9, 37.2, 39.7, 40.7, 42.9, 70.7, 73.4, 110.2, 119.6, 122.6, 124.0, 125.2, 133.6, 135.9, 138.1, 142.7, 149.4, 149.6, 154.6, 168.6.  ESI-MS (CH2Cl2) : 1193.6 (M+H); elemental analysis calculated (%) for C70H90N12O7 (L9 · H2O): C 69.40, N 13.87, H 7.49; found: C 69.55, N 13.72, H 7.51.
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