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* L and D-alanine dimethyl ester bolaamphiphiles 

A solution of -dicarboxylic acid chloride (2.70 mmol) in 20 ml of anhydrous CH2Cl2 were added dropwise to a mixture of D or L-alanine methyl ester hydrochloride (0.754 g, 5.4 mmol) and distilled triethylamine (10,8 mmol) in 30 ml of anhydrous DMF at 0°C. The mixture was stirred over twelve hours at room temperature for the compounds having ten and twelve methylene units and over three days for the compounds having twenty methylene units. After solvent evaporation, the dry residue was purified by flash chromatography (dichloromethane/ethanol, 98/2).

compound L-1 dimethyl ester : yield = 65 %; F = 142°C ; Rf = 0.69 (eluent: CH2Cl2/EtOH : 90/10) ; [D = - 35° (ethanol, c = 10-2 g.ml-1)

1H NMR (CDCl3,  ppm):1.26 (m, 12H, CH2); 1.39 (d, J1 = 7.3 Hz, 6H, CH3); 1.61 (m, 4H, CH2CO); 2.19 (t, J = 7.3 Hz, 4H, CH2CO); 3.74 (s, 6H, CH3O); 4.59 (qd, J1 = J2 = 7.3 Hz, 2H, CH); 6.05 (d, J2 = 7.3 Hz, 2H, NHCO).

13C NMR (CDCl3,  ppm): 173.75 (NHCO); 172.66 (COO); 52.43 (CH3O); 47.86 (CH); 36.54 (CH2CO); 29.32 (CH2CO); 29.23-25.54 (CH2); 18.59 (CH3).

IR (cm-1): 3330 (NH); 2950-2930 (CH2); 2860 (CH3); 1735 (COO); 1650 (CONH).

Mass (DCI, NH3): m/z = 401, MH+ (100%).

Anal calc (%) for C20H36N2O6, C 59.98 ; H 9.06 ; N 6.99  Found C 59.51 ; H 9.26 ; N 6.83.

compound -D-1 dimethyl ester : yield = 65 %; F = 140°C; Rf = 0.69 (eluent: CH2Cl2/EtOH : 90/10); [D = + 35° (ethanol, c = 10-2 g.ml-1)

1H NMR (CDCl3,  ppm): 1.26 (m, 12H, CH2); 1.39 (d, J1 = 7.2 Hz, 6H, CH3); 1.61 (m, 4H, CH2CO); 2.19 (t, J = 7.3 Hz, 4H, CH2CO); 3.74 (s, 6H, CH3O); 4.60 (qd, J1 = J2 = 7.2 Hz, 2H, CH); 6.01 (d, J2 = 7.2 Hz, 2H, NHCO).

13C NMR (CDCl3,  ppm): 173.75 (NHCO); 172.65 (COO); 52.46 (CH3O); 47.86 (CH); 36.55 (CH2CO); 29.33 (CH2CO); 29.24-25.54 (CH2); 18.61 (CH3) .

IR (cm-1): 3330 (NH); 2950-2930 (CH2); 2860 (CH3); 1735 (COO); 1650 (CONH).

Mass (DCI, NH3): m/z = 401, MH+ (100%).

Anal calc (%) for C20H36N2O6, C 59.98 ; H 9.06 ; N 6.99  Found C 59.92 ; H 9.17 ; N 6.94.

compound L-2 dimethyl ester : yield = 65 %; F = 144°C; Rf = 0.57 (eluent: CH2Cl2/EtOH : 90/10); [D = - 45° (ethanol, c = 10-2 g.ml-1)

1H NMR (CDCl3,  ppm): 1.26 (m, 16H, CH2); 1.40 (d, J1 = 7.2 Hz, 6H, CH3); 1.60 (m, 4H, CH2CO); 2.20 (t, J = 7.1 Hz, 4H, CH2CO); 3.75 (s, 6H, CH3O); 4.61 (qd, J1 = 7.2 Hz, J2 = 7.3 Hz, 2H, CH); 6.10 (d, J2 = 7.3 Hz, 2H, NHCO).

13C NMR (CDCl3,  ppm): 173.75 (NHCO); 172.70 (COO); 52.50 (CH3O); 47.91 (CH); 36.64 (CH2CO); 29.55 (CH2CO); 29.46-25.61 (CH2); 18.68 (CH3).

IR (cm-1): 3310 (NH); 2940-2920 (CH2); 2850 (CH3); 1730 (COO); 1645 (CONH).

Mass (DCI, NH3): m/z = 429, MH+ (100%).

Anal calc (%) for C22H40N2O6, C 61.66 ; H 9.41 ; N 6.54  Found C 61.68 ; H 9.68 ; N 6.47.

compound D-2 dimethyl ester : yield = 60 %; F = 142°C; Rf = 0.57 (eluent: CH2Cl2/EtOH : 90/10); [D = + 45° (ethanol, c = 10-2 g.ml-1)

1H NMR (CDCl3,  ppm):1.23 (m, 16H, CH2); 1.38 (d, J1 = 7.2 Hz, 6H, CH3); 1.57 (m, 4H, CH2CO); 2.18 (t, J = 7.3 Hz, 4H, CH2CO); 3.73 (s, 6H, CH3O); 4.58 (qd, J1 = J2 = 7.2 Hz, 2H, CH); 6.10 (d, J2 = 7.2 Hz, 2H, NHCO).

13C NMR (CDCl3,  ppm): 173.75 (NHCO); 172.70 (COO); 52.45 (CH3O); 47.85 (CH); 36.54 (CH2CO); 29.51 (CH2CO); 29.42-25.57 (CH2); 18.56 (CH3).

IR (cm-1): 3320-3300 (NH); 2930-2920 (CH2); 2850 (CH3); 1730 (COO); 1645 (CONH).

Mass (DCI, NH3): m/z = 429, MH+ (100%).

Anal calc (%) for C22H40N2O6, C 61.66 ; H 9.41 ; N 6.54  Found C 61.32 ; H 9.57 ; N 6.46.

compound L-3 dimethyl ester : yield = 45 %; F = 144°C ; Rf = 0.47 (eluent: CH2Cl2/EtOH : 90/10); [D = - 20° (ethanol, c = 10-2 g.ml-1)

1H NMR (CDCl3,  ppm): 1.25 (m, 32H, CH2); 1.40 (d, J1 = 7.1 Hz, 6H, CH3); 1.61 (m, 4H, CH2CO); 2.20 (t, J = 7.5 Hz, 4H, CH2CO); 3.75 (s, 6H, CH3O); 4.61 (qd, J1 = 7.1 Hz, J2 = 7.2 Hz, 2H, CH); 6.00 (d, J2 = 7.2 Hz, 2H, NHCO).

13C NMR (CDCl3,  ppm): 173.76 (NHCO); 172.66 (COO); 52.48 (CH3O); 47.87 (CH); 36.61 (CH2CO); 29.68 (CH2CO); 29.49-25.59 (CH2); 18.63 (CH3).

IR (cm-1): 3310 (NH); 2920 (CH2); 2850 (CH3); 1730 (COO); 1645 (CONH).

Mass (DCI, NH3): m/z = 541, MH+ (100%).

Anal calc (%) for C30H56N2O6, C 66.63 ; H 10.44 ; N 5.18  Found C 66.68 ; H 10.74 ; N 5.08.

compound D-3 dimethyl ester : yield = 31 %; F = 142°C; Rf = 0.47 (eluent: CH2Cl2/EtOH : 90/10); [D = + 20° (ethanol, c = 10-2 g.ml-1)

1H NMR (CDCl3,  ppm):1.24 (m, 32H, CH2); 1.39 (d, J1 = 7.1 Hz, 6H, CH3); 1.59 (m, 4H, CH2CO); 2.20 (t, J = 7.6 Hz, 4H, CH2CO); 3.75 (s, 6H, CH3O); 4.60 (qd, J1 = J2 = 7.2 Hz, 2H, CH); 5.99 (d, J2 = 7.2 Hz, 2H, NHCO).

13C NMR (CDCl3,  ppm): 173.76 (NHCO); 172.68 (COO); 52.48 (CH3O); 47.87 (CH); 36.60 (CH2CO); 29.68 (CH2CO); 29.49-25.59 (CH2); 18.62 (CH3) .

IR (cm-1): 3310-3300 (NH); 2910 (CH2); 2840 (CH3); 1725 (COO); 1640 (CONH).

Mass (DCI, NH3): m/z = 541, MH+ (100%).

Anal calc (%) for C30H56N2O6, C 66.63 ; H 10.44 ; N 5.18  Found C 66.61 ; H 10.75 ; N 5.02.

* L-histidine dimethyl ester bolaamphiphiles 
Ammonia was bubbling for 15 minutes through a suspension of L-histidine methyl ester dihydrochloride (1 g, 4.13 mmol) in dry chloroform (50 ml). Ammonium chloride was eliminated by filtration and the filtrate evaporated to dryness. Dialkanoic acid (2.07 mmol) in 5 ml of dry dimethylacetamide (DMA) was added to the residue. Then a solution of hydroxybenzotriazole (HOBt) (0.56 g, 4.13 mmol) in DMA (5 ml) was added dropwise. The mixture was cooled to 0°C and 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (0.792 g, 4.13 mmol) was added. The mixture was stirred at room temperature for five days. The solution was evaporated to dryness and the residue purified by flash chromatography on a silica gel column eluted with dichloromethane/ethanol : 90/10.

Compound 4 methyl ester : yield = 30 %; F = 159°C; Rf = 0.43 (eluent: CH2Cl2/EtOH : 80/20) ; [D = - 12° (ethanol, c = 10-2 g.ml-1)

1H NMR (DMSO d6,  ppm): 1.20 (m, 12H, CH2); 1.43 (qt, J1 = J2 = 7.0 Hz, 4H, CH2CO); 2.08 (t, J1 = 7,0 Hz, 4H, CH2CO); 2.84 (m, AB system, 4H, CH2his); 3.58 (s, 6H, CH3O); 4.46 (m, X, 2H, CH); 6.90 (s, 2H, H5im); 7.52 (s, 2H, H2im); 8.16 (m, 2H, NHCO).

13C NMR (DMSO d6,  ppm): 172.15 (COO); 134.55 (C5im); 52.19 (CH3O); 51.60 (CH); 34.89 (CH2his); 28.80 (CH2CO); 28.67 (CH2CO); 28.37-25.05 (CH2).

IR (cm-1): 3320 (NH); 2930 (CH2); 2850 (CH3); 1735 (COO); 1640 (CONH).

Mass (DCI, NH3): m/z = 533, MH+ (100%).

Anal calc (%) for C26H40N6O6, C 58.63 ; H 7.57 ; N 15.78  Found C 58.28 ; H 7.53 ; N 15.56.

Compound 5 methyl ester : yield = 35 %; F = 156°C; Rf = 0.62 (eluent: CH2Cl2/EtOH : 80/20); [D = - 13° (ethanol, c = 10-2 g.ml-1)

1H NMR (DMSO d6,  ppm): 1.23 (m, 16H, CH2); 1.44 (qt, J1 = J2 = 7.5 Hz, 4H, CH2CO); 2.07 (t, J1 = 7.5 Hz, 4H, CH2CO); 2.87 (m, AB system, 4H, CH2his); 3.59 (s, 6H, CH3O); 4.46 (m, X, 2H, CH); 6.80 (s, 2H, H5im); 7.53 (s, 2H, H2im); 8.16 (m, 2H, NHCO).

13C NMR (DMSO d6,  ppm): 172.16 (COO); 136.00(C4im); 134.74 (C5im); 113.05 (C2im); 52.25 (CH3O); 51.58 (CH); 34.91 (CH2his); 29.76 (CH2CO); 28.92 (CH2CO); 28.86-25.05 (CH2).

IR (cm-1): 3240 (NH); 2920 (CH2); 2850 (CH3); 1730 (COO); 1650 (CONH).

Mass (DCI, NH3): m/z = 562, MH+ (100%).

Anal calc (%) for C28H44N6O6, C 59.98 ; H 7.91 ; N 14.99  Found C 60.13 ; H 8.03 ; N 14.66.

Compound 6 methyl ester : yield = 23 %; F = 160.4°C; Rf = 0.3 (eluent : CH2Cl2/EtOH: 80/20)

1H NMR (DMSO d6,  ppm): 1.23 (m, 24H, CH2); 1.48 (m, 4H, CH2CO); 2.07 (m, 4H, CH2CO); 2.87 (m, AB system, 4H, CH2his); 3.57 (s, 6H, CH3O); 4.46 (m, X, 2H, CH); 6.78 (s, 2H, H5im); 7.53 (s, 2H, H2im); 8.1 (m, 2H, NHCO).

13C NMR (DMSO d6,  ppm): 172.14 (COO); 116.80 (C5im); 109.80 (C2im); 52.15 (CH3O); 51.60 (CH); 34.9O (CH2his); 28.95-24.36 (CH2).

IR (cm-1): 3240 (NH); 2920 (CH2); 2850 (CH3); 1730 (COO); 1650 (CONH).

Mass (DCI, NH3) : m/z = 673, MH+ (100%).

* Bolaamphiphiles 1, 2, 3

A solution of bolaamphiphile methyl esters (2.8 mmol) and potassium carbonate (28.1 mmol) in methanol/water (40 ml/20ml) was stirred for two hours. After solvant evaporation under reduced pressure, ethanol was added (20 ml), warmed to refluxing and potassium carbonate was eliminated by hot filtration. The expected product cristallise.

* Bolaamphiphiles 4, 5, 6

A solution of bolaamphiphile methyl esters (2.8 mmol) and sodium hydroxyde (5.6 mmol) in methanol/water (40 ml/20ml) was stirred for two hours. For bolaamphiphiles 4 and 5, the methanol was evaporated and the aqueous solutions obtained were acidified until pH 7. The residue was purified by C18 chromatography (water). For bolaamphiphile 6 the solvents were evaporated and the residue was washed with ethanol.

