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Experimental Section

General: All chemicals were purchased from Sigma-Aldrich or Acros Organics. Solvents and reagents were used as supplied except tetrahydrofuran (THF), and CH2Cl2, which were freshly distilled under anhydrous conditions. Radiolabelled GDP-[U-14C]mannose (305 mCi/mmol) was purchased from Amersham Pharmacia Biotech (Buckinghamshire, UK); Ultima Gold scintillation fluid was from Packard Bioscience (Meriden, USA). 1H and 13C NMR analysis were recorded with a Bruker AC 250, a Varian Gemini 200 or a Bruker WH 360 instrument. Chemical shifts (() are reported in parts per million (ppm) downfield from Me4Si. Coupling constants (J) are reported in Hertz (Hz). IR spectra were recorded as films on sodium chloride plates on a Perkin Elmer Paragon 1000 FT-IR spectrophotometer, only noteworthy absorptions are listed. High-resolution mass spectra (HRMS) were recorded on a Kratos MS50TS instrument and measured by Fast Atomic Bombardment (FAB); the masses are quoted in Daltons. LC-MS was done on a Water alliance 2790 LC with Micromass Platform II mass spectrometer operated in electrospray +ve/-ve mode.

Flash column chromatography was carried out using either the appropriate sized parallel-sided column filled with silica gel 60 (35-70 m, Fisher) or by using a FLASH12i chromatography system with prepacked cartridges from Biotage (Hertford, UK). Analytical thin layer chromatography (TLC) was carried out on aluminium-backed plates coated with SiO2 (silica gel 60 F254, Merck). Components were detected by UV (254 nm) and/or visualised with ammonium molybdate reagent.

12-N-Phthalimidododecanol
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Potassium phthalimide (7.04 g, 38 mmol) was stirred in anhydrous DMF (80 mL) and a solution of 12-bromo-1-dodecanol (10.00 g, 38 mmol) in anhydrous DMF (80 mL) was added via syringe. The reaction mixture was stirred at 105°C for 16 h. It was then cooled to room temperature and diluted with water (100 mL) while the colour changed from brown to white. The aqueous layer was extracted with CH2Cl2 (3 x 100 mL); the combined organic layers were dried over MgSO4 and concentrated under reduced pressure to achieve a yellow oil which crystallised after some time. The residue was purified by flash column chromatography (petroleum ether/ethyl acetate, 2:1) to achieve 12-N-phthalimidododecanol as a white solid (11.19 g, 89 %).

m.p. 76°C; 1H NMR (200 MHz, CDCl3): ( = 1.15 (m, 19H; CH2, OH), 1.55 (m, 2H; CH2CH2OH), 3.65 (m, 4H; CH2O, CH2N), 7.55, 7.85 (m, 4H, Phth); 13C NMR (63 MHz, CDCl3): ( = 25.6, 26.7, 28.4, 28.9, 29.3, 29.3, 32.6, 37.9 (11 x CH2), 62.9 (CH2O), 122.9, 133.7 (4 x Phth CH), 131.9 (2 x Phth C), 168.3 (2 x CON); IR (Nujol): 
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 = 3550 (O-H), 1700 (C=O), 1500 (C=C) cm-1; HRMS: calcd. for C20H30NO3 [M+ + H] m/z: 332.22257; found 332.22259.

12-N-Phthalimidododecanal
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Tetrapropylammonium perruthenate (TPAP) (0.60 g, 1.7 mmol) was added to a stirred mixture of 12-N-phthalimidododecanol (11.19 g, 33.8 mmol), 4-methylmorpholine N-oxide (NMO) (6.85 g, 50.6 mmol) and molecular sieves 4 Å (16.80 g) in anhydrous CH2Cl2 (110 mL). The reaction mixture was stirred for 16 h where after the same amount of TPAP, NMO and molecular sieves was added again to complete the reaction. The reaction mixture was filtered through celite and washed with CH2Cl2 thoroughly. The solution containing TPAP was concentrated under reduced pressure to obtain a thick black oil.

The crude material was purified by flash column chromatography (petroleum ether/ethyl acetate, 7:1) to achieve 12-N-phthalimidododecanal as a white solid (4.85 g, 44 %).

m.p. 72°C; 1H NMR (200 MHz, CDCl3): ( = 1.3 (m, 14H; CH2), 1.65 (m, 4H; CH2), 2.40 (m, 2H; CH2CHO), 3.65 (t, 3J(H,H) = 7.2 Hz, 2H; CH2N), 7.65, 7.85 (m, 4H; Phth), 9.75 (s, 1H; CHO); 13C NMR (63 MHz, CDCl3): ( = 21.9, 26.7, 28.5, 29.2, 29.3, 29.6, 37.9, 43.8 (11 x CH2), 123.0, 133.7, (4 x CH Phth), 132.0 (2 x C Phth), 168.4 (2 x CON), 202.9 (CHO); IR (Nujol): 
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 = 1720 (C=O), 1500 (C=C) cm-1; HRMS: calcd. for C20H28NO3 [M+ + H] m/z: 330.20692; found 330.20692.

1-Benzyloxy-3,7-dimethyloct-6-ene
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A 60 % NaH dispersion in mineral oil (3.38 g, 0.141 mol) was washed with hexane (2 x 20 mL) and anhydrous THF (20 mL). To the NaH suspension in anhydrous THF (30 mL) citronellol (20.00 g, 0.128 mol) in anhydrous THF (50 mL) was added. The suspension was refluxed for 2 h and then cooled to room temperature. Benzylbromide (21.89 g, 0.128 mol) in anhydrous THF (25 mL) was added to the orange reaction mixture followed by tetrabutylammonium iodide (1.26 g, 3.42 mmol). The reaction mixture was refluxed for 18 h while the colour changed to white. After cooling to room temperature the reaction was quenched with a minimum quantity of water and the THF was evaporated under reduced pressure. Afterwards diethyl ether (100 mL) was added, the layers were separated and the aqueous layer was extracted with diethyl ether (2 x 100 mL). The combined organic layers were dried over MgSO4 and concentrated under reduced pressure. The residue was purified by flash column chromatography (petroleum ether/ethyl acetate, 100:1) to achieve 1-benzyloxy-3,7-dimethyloct-6-ene as a clear oil (18.31 g, 58 %).

1H NMR (200 MHz, CDCl3): ( = 0.90 (d, 3J(H,H) = 6.6 Hz, 3H; CH3), 1.10-2.10 (m, 9H; CH2), 1.60, 1.69 (2 x s, 6H; CH3), 3.42-3.56 (dt, 2J(H,H) = 7.7 Hz, 3J(H,H) = 1.2 Hz, 2H; CH2OBn), 4.51 (s, 2H; OCH2Ph), 5.04-5.16 (m, 1H; CH=C), 7.22-7.38 (m, 5H; Bn); 13C NMR (63 MHz, CDCl3): ( = 17.5, 19.4 (2 x CH3), 25.3 (CH2), 25.6 (CH3), 29.4 (CH), 36.6, 37.1, 68.6, 72.8 (4 x CH2), 124.7, 127.3, 127.5, 128.2, 128.7, 128.9 (5 x CH Bn, CH=C), 131.0, 138.5 (C Bn, CH=C); IR (Nujol): 
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 = 1500 (C=C) cm-1; HRMS: calcd. for C17H27O [M+ + H] m/z: 247.20619; found 247.20659.

8-Benzyloxy-2,6-dimethyl-oct-2-en-1-al

8-Benzyloxy-2,6-dimethyl-oct-2-en-1-ol
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To selenium dioxide (0.25 g, 2.2 mmol) in CH2Cl2 (30 mL) t-BuOOH (15.14 g, 168.0 mmol) was added. The reaction mixture was stirred for 1 min where after it was charged with 1-benzyloxy-3,7-dimethyloct-6-ene (18.31 g, 74.4 mmol) in CH2Cl2 (20 mL). Then water (3 mL) was added and the biphasic mixture was stirred vigorously for 16 h. The reaction mixture was cooled in an ice bath and a saturated solution of Na2S2O5 (75 mL) was added where after the peroxide test was negative. The organic solvent was evaporated under reduced pressure. The remaining aqueous layer was extracted with diethyl ether (3 x 75 mL), the combined organic layers were washed with brine and dried over MgSO4. The solution was filtered and concentrated under reduced pressure. The residue was purified by flash column chromatography (petroleum ether/ethyl acetate, gradient from 9:1 to 5:1) to achieve 8-benzyloxy-2,6-dimethyl-oct-2-en-1-al as a yellow oil (2.31 g, 12 %) and 8-benzyloxy-2,6-dimethyl-oct-2-en-1-ol as a slightly yellow oil (5.25 g, 27 %).

To 8-benzyloxy-2,6-dimethyl-oct-2-en-1-al (2.31 g, 8.9 mmol) dissolved in EtOH/CH2Cl2 (15 mL, 4:1) a solution of NaBH4 (0.39 g, 10.0 mmol) in cold water (10 mL) was added dropwise while the solution changed from clear yellow to cloudy white. The reaction mixture was stirred for 16 h. Then the organic solvents were evaporated under reduced pressure and the resulting residue was dissolved in diethyl ether (10 mL). The organic and aqueous layers were separated. The organic layer was washed carefully with 0.1 M HCl and the aqueous layer was extracted with diethyl ether (2 x 10 mL). The combined organic layers were washed with water, dried over MgSO4, filtered, and concentrated under reduced pressure. The residue was purified by flash column chromatography (petroleum ether/ethyl acetate, gradient from 9:1 to 1:1) to achieve 8-benzyloxy-2,6-dimethyl-oct-2-en-1-ol as a clear oil (0.77 g, 33 %) in an overall yield of 31 %.

8-Benzyloxy-2,6-dimethyl-oct-2-en-1-al: 1H NMR (250 MHz, CDCl3): ( = 0.93 (d, 3J(H,H) = 6.4 Hz, 3H; CH3), 1.22-1.72 (m, 5H; CH2, CH), 1.74 (s, 3H; CH3), 2.35 (m, 2H; CH2), 3.50 (m, 2H; OCH2), 4.50 (s, 2H; OCH2Ph), 6.46 (td, 3J(H,H) = 7.3 Hz, 4J(H,H) = 1.3 Hz, 1H; C=CH), 7.26-7.35 (m, 5H; CH Bn), 9.38 (s, 1H; CHO); 13C NMR (63 MHz, CDCl3): ( = 14.0, 19.1 (2 x CH3), 26.3 (CH2), 29.5 (CH), 35.3, 36.3 (2 x CH2), 68.1, 71.4 (2 x OCH2), 127.4, 128.1 (5 x CH Bn), 138.9, 170.9 (C=CH, C Bn), 154.9 (C=CH), 195.2 (C=O); IR: 
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 = 1700 (C=O), 1650 (C=C) cm-1; HRMS: calcd. for C17H24O2, [M+] m/z: 260.1778; found: 260.1798.
8-Benzyloxy-2,6-dimethyloct-2-en-1-ol: 1H NMR (250 MHz, CDCl3): ( = 0.88 (d, 3J(H,H) = 6.5 Hz, 3H; CH3), 1.14-1.74 (m, 6H; CH2, CH, OH), 1.64 (s, 3H; CH3), 2.05 (m, 2H; CH2), 3.49 (m, 2H; CH2O), 3.96 (s, 2H; CH2O), 4.49 (s, 2H; OCH2Ph), 5.38 (m, 1H; C=CH), 7.24-7.36 (m, 5H; CH Bn); 13C NMR (63 MHz, CDCl3): ( = 13.5, 19.3 (2 x CH3), 24.9 (CH2), 29.3 (CH), 36.5, 36.6 (2 x CH2), 68.4, 68.8, 72.7 (3 x OCH2), 126.3, 127.3, 127.5, 128.2 (C=CH, 5 x CH Bn), 134.4, 138.4 (C=CH, C Bn); IR: 
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 = 3390 (O-H), 1650 (C=C) cm-1; HRMS: calcd. for C17H27O2, [M+ + H] m/z: 263.2011; found: 263.2002.

8-Benzyloxy-1-bromo-2,6-dimethyl-2-octene
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A solution of 8-benzyloxy-2,6-dimethyl-oct-2-en-1-ol (5.57 g, 21 mmol) in anhydrous CH2Cl2 (80 mL) was stirred under nitrogen at –50°C. Triethylamine (4.25 g, 42 mmol) was added to the reaction mixture and after 5 min stirring MeSO2Cl (4.12 g, 36 mmol) was added causing an exothermic reaction to –20°C. The solution was cooled again to –50°C and stirred under nitrogen for 1 h while a white solid was formed. A solution of LiBr (6.43 g, 74 mmol) in anhydrous THF (35 mL) was added to the reaction mixture resulting in a temperature raise to –20°C. It was stirred for 2 h at this temperature where after it warmed up gradually to room temperature.

The reaction mixture was quenched by pouring it into ice water (150 mL); the aqueous layer was extracted with CH2Cl2 (3 x 100 mL). The combined organic layers were washed with brine and water, dried over MgSO4, filtered and concentrated under reduced pressure. The residue was purified by flash column chromatography (petroleum ether/ethyl acetate, 20:1) to achieve 8-benzyloxy-1-bromo-2,6-dimethyl-2-octene as a clear oil (4.85 g, 71 %).

1H NMR (200 MHz, CDCl3): ( = 0.85 (m, 3H; CH3), 1.30 (m, 7H; CH2), 1.75 (s, 3H; CH3), 3.42-3.50 (m, 2H; CH2OBn), 3.90 (s, 2H; CH2Br), 4.50 (s, 2H; OCH2Ph), 5.50 (m, 1H; CH=C), 7.22-7.38 (m, 5H; Bn); 13C NMR (63 MHz, CDCl3): ( = 14.2, 20.4 (2 x CH3), 25.4 (CH2), 30.1 (CH), 36.6, 37.7, 43.9 (3 x CH2), 69.2, 73.2 (2 x CH2O), 127.1, 131.2, 133.6 (CH=C, CH Bn), 127.4, 140.7 (C=CH, C Bn); IR (Nujol): 
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 = 1500 (C=C) cm-1; HRMS: calcd. for C17H24BrO [M+ + H] m/z: 323.1010, 325.1090; found 323.1010, 325.0908.
8-Benzyloxy-2,6-dimethyl-2-octenyltriphenylphosphonium bromide
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To a solution of 8-benzyloxy-1-bromo-2,6-dimethyl-2-octene (6.16 g, 19 mmol) in anhydrous toluene (80 mL) triphenylphosphine (9.95 g, 38 mmol) was added and the reaction mixture was stirred in the dark for 6 days. The milky suspension was filtered and the sticky white solid was washed with toluene (3 x 40 mL). The residue of the solvent was evaporated under reduced pressure to achieve 8-benzyloxy-2,6-dimethyl-2-octenyltriphenylphosphonium bromide as a white silvery solid (9.62 g, 97 %).

m.p. 105°C; 1H NMR (400 MHz, CDCl3): ( = 0.80 (d, 3J(H,H) = 6.3 Hz, 3H; CH3), 0.84-1.71 (m, 7H; CH2), 1.60 (s, 3H; CH3), 3.42-3.48 (m, 2H; CH2OBn), 4.49 (s, 2H; OCH2Ph), 4.63 (d, 2J(H,P) = 14.9 Hz, 2H; CH2PPh3Br), 5.29 (m, 1H; CH=C), 7.15-7.87 (m, 20H; Bn); 13C NMR (63 MHz, CDCl3): ( = 18.8, 19.7 (2 x CH3), 26.3 (CH2), 29.9 (CH), 34.6 (d, 1J(C,P) = 46 Hz; CH2PPh3Br), 36.6, 36.9 (2 x CH2), 68.9, 73.4 (2 x CH2O), 118.9 (d, 1J(C,P) = 85 Hz; 3 x C-P), 122.2 (C=CH), 125.7, 127.9, 128.1, 128.6, 128.8, 129.4, 130.6, 130.7, 134.5, 134.6, 135.3, 135.4, 137.4, 137.3, 139.0 (5 x CH Bn, 15 x CH Ph, CH=C); 31P NMR (101 MHz, CDCl3): 21.0 (s, CH2PPh3Br); HRMS: calcd. for C35H40OP [M+] m/z: 507.2817; found 507.2817.

1-Benzyloxy-3,7-dimethyl-20-N-phthalimido-6,8-eicosadiene
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To 8-benzyloxy-2,6-dimethyl-2-octenyltriphenylphosphonium bromide (6.08 g, 11.7 mmol) in anhydrous THF (100 mL) a solution of LDA (12.3 mL, 2 M) was added. After 45 min stirring at room temperature a solution of 12-N-phthalimidododecanal (3.84 g, 11.7 mmol) in anhydrous THF (60 mL) was added while the colour changed from dark brown-red to orange. The reaction mixture was stirred for 16 h where after it was diluted with diethyl ether (100 mL) and washed with water. The aqueous layer was extracted with diethyl ether (3 x 100 mL); the combined organic layers were washed with brine and dried over MgSO4. The solvent was evaporated under reduced pressure. The residue was purified by flash column chromatography (petroleum ether/ethyl acetate, 9:1) to achieve 1-benzyloxy-3,7-dimethyl-20-N-phthalimido-6,8-eicosadiene as a Z/E mixture (1:1) of a slightly yellow oil (3.38 g, 52 %).

1H NMR (400 MHz, CDCl3): ( = 0.87 (m, 3H; CH3), 1.14-2.21 (m, 30H; CH2), 3.46-3.51 (m, 2H; CH2OBn), 3.66 (t, 3J(H,H) = 7.3 Hz, 2H; CH2N), 4.48 (s, 2H; OCH2Bn), 5.22-5.59 (m, 2H; CH=C(H)), 5.77 (d, 3J(H,H) = 11.8 Hz, 0.5H; CH=CH), 6.02 (d, 3J(H,H) = 15.5 Hz, 0.5H; CH=CH), 7.23-7.33 (m, 5H; Bn), 7.65-7.84 (m, 4H; Phth); 13C NMR (63 MHz, CDCl3): ( = 12.3, 16.5 (2 x CH3), 19.4 (2 x CH3), 29.4, 29.5 (2 x CH), 25.4, 26.7, 28.5, 28.6, 29.0, 29.1, 29.4, 29.6, 30.2, 32.8, 36.5, 36.8, 37.9 (28 x CH2), 68.5, 72.7 (4 x CH2O), 123.0, 127.3, 127.4, 128.2, 129.5, 130.3, 130.5, 132.6, 133.7, 134.5 (18 x CH Bn/Phth, 6 x CH=C(H)), 132.0, 132.4, 133.6, 138.5 (C=CH), 168.3 (4 x CON); HRMS: calcd. for C37H51NO3 [M++H] m/z: 558.39472; found 558.39460.

3,7-Dimethyl-20-N-phthalimidoeicosanol
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To Pd/C (338 mg) in MeOH (60 mL) a solution of 1-benzyloxy-3,7-dimethyl-20-N-phthalimido-6,8-eicosadiene (3.38 g, 6 mmol) in acetone/MeOH (120 mL, 1:1) was added. The reaction mixture was stirred under a slight pressure of hydrogen for 16 h.

The reaction mixture was filtered through celite and washed with acetone. The filtrate was concentrated and the residue dissolved in CH2Cl2, washed with water, dried over MgSO4 and concentrated under reduced pressure. The residue was purified by flash column chromatography (petroleum ether/ethyl acetate, 4:1) to obtain 3,7-dimethyl-20-N-phthalimidoeicosanol as a white solid (1.97 g, 69 %).

m.p. 35°C; 1H NMR (400 MHz, CDCl3): ( = 0.83 (d, 3J(H,H) = 6.5 Hz, 3H; CH3), 0.88 (d, 3J(H,H) = 6.6 Hz, 3H; CH3), 1.23-1.54 (m, 34H; CH2, CH), 3.66 (m, 4H; CH2O, CH2N), 7.83, 7.70 (m, 4H; Phth); 13C NMR (63 MHz, CDCl3): ( = 19.6 (2 x CH3), 24.2, 26.8, 27.0, 28.5, 29.1, 29.4, 29.6, 29.9, 36.9, 37.0, 37.2, 37.3, 38.0, 39.9 (17 x CH2), 29.4, 32.6 (2 x CH), 61.1 (CH2O), 123.0, 133.7 (4 x CH Phth), 132.0 (2 x C Phth), 168.4 (2 x CON); IR (film): 
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 = 3054 (O-H), 1716 (C=O) cm-1; HRMS: calcd. for C30H50NO3 [M++H] m/z: 472.37907; found 472.37928.

3,7-Dimethyl-20-N-phthalimidoeicosanylphosphate di-t-butyl ester


[image: image17.wmf]P

h

t

h

N

O

P

O

O

t

B

u

O

t

B

u

1

1


To a stirred solution of 3,7-dimethyl-20-N-phthalimidoeicosanol (565 mg, 1.2 mmol) in anhydrous THF (20 mL) 1H-tetrazole (378 mg, 5.4 mmol) and di-t-butyl diisopropylphosphoramidite (748 mg, 2.7 mmol) were added. The reaction mixture was stirred for 2 h while a white solid was formed. A solution of MCPBA (1.307 g of 57 % MCPBA, 4.3 mmol) in anhydrous CH2Cl2 (20 mL) was added and it was stirred for 16 h. Then a 10 % Na2SO3 solution (70 mL) was added and the biphasic system was stirred for 30 min. The layers were separated by addition of some CH2Cl2. The organic layer was washed with saturated NaHCO3 solution, dried over MgSO4 and concentrated under reduced pressure. The residue was purified by flash column chromatography (petroleum ether/ethyl acetate, 5:1) to obtain 3,7-dimethyl-20-N-phthalimidoeicosanylphosphate di-t-butyl ester as a clear oil (580 mg, 73 %).

1H NMR (200 MHz, CDCl3): ( = 0.82 (d, 3J(H,H) = 6.2 Hz, 3H; CH3), 0.89 (d, 3J(H,H) = 6.2 Hz, 3H; CH3), 0.97-1.81 (m, 34H; CH2, CH), 1.45, 1.48 (2 x s, 18H; CH3 t-Bu), 3.67 (t, 3J(H,H) = 7.3 Hz, 2H; CH2N), 3.98 (m, 2H; CH2O), 7.64-7.88 (m, 4H; Phth); 13C NMR (63 MHz, CDCl3): ( = 19.3, 19.6 (2 x CH3), 29.7, 29.8 (6 x CH3 t-Bu), 24.2, 26.8, 27.0, 28.5, 29.1, 29.4, 29.5, 29.6, 29.9, 36.9, 37.0, 37.1, 37.2, 38.0 (17 x CH2), 29.1, 32.7 (2 x CH), 65.1 (d, 2J(C,P) = 7 Hz; CH2OP), 81.8 (d, 2J(C,P) = 7 Hz; 2 x COP), 123.0 (2 x C Phth), 132.1, 133.7 (4 x CH2 Phth), 168.4 (2 x CON); 31P (101 MHz, CDCl3): ( = -8.9 (s, CH2OPO(Ot-Bu)2); IR (film): 
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 = 1710 (C=O) cm-1; HRMS: calcd. for C38H67NO6P [M++H] m/z: 664.47060; found 664.47040.

20-N-Phthalimido-3,7-dimethyleicosanyl dihydrogenphosphate (3)
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A solution of 3,7-dimethyl-20-N-phthalimidoeicosanyl​phosphate di-t-butyl ester (4 mg, 6 (mol) in TFA (1 mL) was stirred for 10 min. The TFA was evaporated under reduced pressure and the residue was coevaporated with toluene (3 x 3 mL).

1H NMR (250 MHz, CDCl3/MeOD, 1:1):  = 0.90 (d, 3J(H,H) = 6.3 Hz, 3H; CH3), 0.96 (d, 3J(H,H) = 6.4 Hz, 3H; CH3), 1.15-1.76 (m, 36H; CH2, CH, OH), 3.74 (t, 3J(H,H) = 7.2 Hz, 2H; CH2N), 4.05 (m, 2H; CH2OP), 7.81-7.93 (m, 4H; Phth); 31P NMR (101 MHz, CDCl3/MeOD, 1:1):  = 0.8 (s, OPO3H2); HRMS: calcd. for C30H50NNaO6P [M++Na] m/z: 574.32738; found 574.32716.

20-Amino-3,7-dimethyleicosanylphosphate di-t-butyl ester
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To 3,7-dimethyl-20-N-phthalimidoeicosanylphosphate di-t-butyl ester (180 mg, 0.271 mmol) in EtOH (8.5 mL) hydrazine hydrate (136 mg, 2.71 mmol) was added and the solution was stirred for 14 h while the formation of a white precipitate was observed. The solvent was evaporated. To the residue CH2Cl2 (5 ml) was added and the mixture was filtered, dried over MgSO4 and filtered again. After evaporation of the solvent under reduced pressure 20-amino-3,7-dimethyleicosanylphosphate di-t-butyl ester was achieved as a slightly yellow oil (150 mg), which was used in the next step without purification.

1H NMR (200 MHz, CDCl3):  = 0.83 (d, 3J(H,H) = 6.2 Hz, 3H; CH3), 0.89 (d, 3J(H,H) = 6.4 Hz, 3H; CH3), 1.00-1.81 (m, 36H; CH2, CH, NH2), 1.51, 1.48 (2 x s, 18H; CH3 t-Bu), 2.68 (t, 3J(H,H) = 6.8 Hz, 2H; CH2N), 3.98 (m, 2H; CH2OP); 13C NMR (63 MHz, CDCl3):  = 19.2, 19.3 (2 x CH3), 29.7 (6 x CH3 t-Bu), 24.1, 26.7, 26.9, 27.0, 29.0, 29.3, 29.5, 29.6, 29.7, 29.9, 30.1, 30.2, 33.3, 36.9, 37.0, 37.2, 41.9 (17 x CH2), 29.5, 32.6 (2 x CH), 65.1 (d, 2J(C,P) = 7 Hz; CH2OP), 81.7 (d, 2J(C,P) = 8 Hz, 2 x COP); 31P NMR (101 MHz, CDCl3):  = –8.8 (s, CH2OPO(Ot-Bu)2); HRMS: calcd. for C30H65NO4P [M++H] m/z: 534.46512; found 534.46527.

20-N-Biotinylamino-3,7-dimethyleicosanylphosphate di-t-butyl ester
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To biotin-N-hydroxysuccinimide ester (120 mg, 0.35 mmol) in anhydrous DMF (5 mL) a solution of 20-amino-3,7-dimethyleicosanylphosphate di-t-butyl ester in anhydrous DMF (5 mL) was added and the reaction mixture was stirred for 16 h. The solvent was evaporated under reduced pressure and the residue was purified by flash column chromatography (CH2Cl2/EtOH, 9:1) to achieve 20-N-biotinylamino-3,7-dimethyleicosanylphosphate di-t-butyl ester as a white amorphous solid (168 mg, 63 %). m.p. 157°C; 1H NMR (200 MHz, CDCl3):  = 0.81 (d, 3J(H,H) = 6.3 Hz, 3H; CH3), 0.87 (d, 3J(H,H) = 6.4 Hz, 3H; CH3), 1.06-1.78 (m, 58H; CH2, CH), 1.46 (s, 18H; t-Bu), 2.18 (t, 3J(H,H) = 7.4 Hz, 2H; CH2CONH), 2.73 (d, 2J(H,H) = 12.8 Hz, 1H; CH2S), 2.90 (dd, 2J(H,H) = 12.8 Hz, 3J(H,H) = 4.8 Hz, 1H; CH2S), 3.17 (m, 3H; CH2NH, CHS), 3.96 (m, 2H; CH2OP), 4.30, 4.49 (2 x m, 2H; CHNH), 5.50, 6.34 (2 x s, 2H; NHCONH), 6.00 (t, 3J(H,H) = 5.4 Hz, 1H; NHCO); 13C NMR (63 MHz, CDCl3):  = 19.2, 19.5 (2 x CH3), 29.7 (6 x CH3 t-Bu), 24.2, 25.6, 26.9, 27.9, 28.0, 29.2, 29.5, 29.6, 29.8, 29.9, 35.9, 36.9, 37.1, 39.4, 40.4 (22 x CH2), 29.1, 32.6 (2 x CH), 55.4 (CHS), 60.1, 61.6 (2 x CHNH), 65.1 (d, 2J(C,P) = 6 Hz, CH2OP), 81.8 (d, 2J(C,P) = 7 Hz, 2 x COP), 163.7 (NHCONH), 173.0 (CONH); 31P NMR (101 MHz, CDCl3):  = -9.7 (s, CH2OPO(Ot-Bu)2); HRMS: calcd. for C40H79N3O6PS [M++H] m/z: 760.54272; found 760.54275.

20-N-Biotinylamino-3,7-dimethyleicosanyl dihydrogenphosphate (4a)
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To 20-N-biotinylamino-3,7-dimethyleicosanylphosphate di-t-butyl ester (5 mg, 6.6 (mol) TFA (1 mL) was added and the reaction mixture was stirred for 10 min. The TFA was evaporated under reduced pressure and the residue was coevaporated with toluene (3 x 3 mL).

31P NMR (101 MHz, CDCl3):  = -10.0 (s, CH2OPO(OH)2); HRMS: calcd. for C32H63N3O6SP [M++H] m/z: 648.41752; found 648.41770.

20-N-(Biotinyl-N--aminocaproyl)-amino-3,7-dimethyleicosanylphosphate di-t-butyl ester
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To a stirred solution of biotinyl-N--aminocaproyl-N-hydroxysuccinimide ester (30 mg, 0.066 mmol) in anhydrous DMF (1 mL) a solution of 20-amino-3,7-dimethyleicosanylphosphate di-t-butyl ester (35 mg, 0.066 mmol) in anhydrous DMF (1 mL) was added and stirred for 16 h. The solvent was evaporated under reduced pressure and the residue was purified by flash column chromatography (CH2Cl2/EtOH, 9:2) to achieve 20-N-(biotinyl-N--aminocaproyl)-amino-3,7-dimethyleicosanylphosphate di-t-butyl ester as a white solid (30 mg, 52 %). m.p. 165°C; 1H NMR (250 MHz, CDCl3):  = 0.86 (d, 3J(H,H) = 6.4 Hz, 3H; CH3), 0.92 (d, 3J(H,H) = 6.5 Hz, 3H; CH3), 1.23-1.79 (m, 46H; CH2/CH), 1.50 (s, 18H; CH3 t-Bu), 2.24 (m, 4H; CH2CON), 2.77 (d, 2J(H,H) = 12.7 Hz, 1H; CH2S), 2.96 (dd, 2J(H,H) = 12.7, 3J(H,H) = 4.9 Hz, 1H; CH2S), 3.25 (m, 5H; CH2N, CHS), 4.01 (m, 2H; CH2OP), 4.35, 4.55 (2 x m; 2H, 1H; CHN), 5.50, 6.31 (2 x s, 2H; NHCONH), 5.94, 6.31 (2 x t, 3J(H,H) = 5.2 Hz, 2H; NHCO); 13C NMR (63 MHz, CDCl3):  = 19.8, 20.1 (CH3), 30.2 (6 x CH3 t-Bu), 24.7, 25.6, 25.9, 26.7, 27.4, 28.3, 29.5, 29.8, 30.1, 36.1, 36.8, 37.7, 39.5, 40.0, 40.9 (27 x CH2), 29.7, 33.2 (2 x CH), 55.9 (CHS), 60.7, 62.2 (2 x CHNH), 65.7 (d, 2J(C,P) = 6 Hz; CH2OP), 82.4 (d, 2J(C,P) = 7 Hz; 2 x OC(CH3)3), 162.5 (NHCONH), 173.1, 173.2 (CONH); 31P NMR (101 MHz, CDCl3):  = –8.5 (s, CH2OPO(Ot-Bu)2); HRMS: calcd. for C46H90N4O7SP [M++H] m/z: 873.62679; found 873.62612.

20-N-(Biotinyl-N--aminocaproyl)-amino-3,7-dimethyleicosanyl dihydrogenphosphate (4b)
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To 20-N-(biotinyl-N--aminocaproyl)-amino-3,7-dimethyleicosanylphosphate di-t-butyl ester (5 mg, 5.7 (mol) TFA (1 mL) was added and the reaction mixture was stirred for 10 min. The TFA was evaporated under reduced pressure and the residue was coevaporated with toluene (3 x 3 mL). HRMS: calcd. for C38H74N4O7SP [M++H] m/z: 761.50159; found 761.50247.

20-(3’-Mercaptopropionylamido)-3,7-dimethyleicosanylphosphate di-t-butyl ester
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To a solution of 20-amino-3,7-dimethyleicosanylphosphate di-t-butyl ester (92 mg, 0.17 mmol) in degassed aqueous sodium bicarbonate (0.5 m, 1 mL) and EtOH (1 mL) (-thiobutyrolactone (92 (L, 1.05 mmol) and dithiothreitol (68 mg, 0.44 mmol) were added. The reaction mixture was stirred at 50°C under a nitrogen atmosphere for 6 h. The reaction mixture was then acidified with 1 M HCl to pH 7 and CH2Cl2 (5 mL) was added. The organic layer was separated and the aqueous layer was extracted with CH2Cl2 (2 x 5 mL). The combined organic layers were washed with water, dried over MgSO4, filtered, and concentrated under reduced pressure. The residue was purified by flash column chromatography (petrol ether/ethyl acetate, gradient from 5:1 to 1:1) to achieve 20-(3’-mercaptopropionylamido)-3,7-dimethyleicosanylphosphate di-t-butyl ester as a sticky white solid (24 mg, 22 %). 1H NMR (250 MHz, CDCl3):  = 0.81 (d, 3J(H,H) = 6.5 Hz, 3H; CH3), 0.87 (d, 3J(H,H) = 6.5 Hz, 3H; CH3), 1.12-1.35 (m, 35H; CH2, CH, SH), 1.46 (s, 18H; t-Bu), 1.93 (quintet, 3J(H,H) = 7.0 Hz, 2H; HSCH2CH2CH2CO), 2.29, 2.55, 2.58 (3 x t, 3J(H,H) = 7.0 Hz, 4H; CH2CON, HSCH2), 3.20, 3.22 (2 x t, 3J(H,H) = 7.0 Hz, 2H; CH2N), 3.96 (m, 2H; CH2OP), 5.60 (br. s, 1H; NH); 13C NMR (63 MHz, CDCl3):  = 19.3, 19.6 (2 x CH3), 29.8 (6 x CH3 t-Bu), 24.0, 24.2, 26.8, 27.0, 29.4, 29.5, 29.7, 29.9, 34.6, 36.9, 37.0, 37.2, 39.4, (20 x CH2), 29.2, 32.6 (2 x CH), 65.1 (d, 2J(C,P) = 6 Hz, CH2OP), 81.8, (d, 2J(C,P) = 7 Hz, 2 x OC(CH3)3), 171.8 (CONH); 31P NMR (101 MHz, CDCl3):  = -9.0 (s, CH2OPO(Ot-Bu)2); HRMS: calcd. for C34H71NO5PS [M++H] m/z: 636.47906; found 636.47694.

Thiopropyl sepharose conjugate, protected
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Activated thiopropyl sepharose® 6B gel (700 mg, degree of functionalization: 18-31 (mol 2-pyridyl disulfide/mL drained gel) was re-swollen in water (6 mL) for 15 min at room temperature where after the additives were washed away with water (150 mL) during 15 min in small portions. To the gel resuspended in water (2.5 mL) a solution of 20-(3’-mercaptopropionylamido)-3,7-dimethyleicosanylphosphate di-t-butyl ester (15.7 mg, 24.7 mol) in EtOH (5 mL) was added and the reaction mixture was rotated for 16 h. The resin was filtered and washed with EtOH (25 mL) and water (25 mL) in small portions. The solvent of the filtrate was evaporated and the residue was dissolved in CH2Cl2 (30 mL).

For recording of a calibration curve of 20-(3’-mercaptopropionylamido)-3,7-dimethyleicosanylphosphate di-t-butyl ester by LC-MS following solutions were prepared:0.030 mM, 0.020 mM, 0.015 mM, 0.010 mM. By means of the integration of the molecular peak the concentration of the filtrate (30 mL) could be estimated. It contained 6.36 mol of 20-(3’-mercaptopropionylamido)-3,7-dimethyleicosanylphosphate di-t-butyl ester, which left a total yield for coupling on solid phase of 18.3 mol (28-48 %) with 2.1 mL gel containing 37.8-65.1 mol active groups.

Thiopropyl sepharose conjugate, deprotected (6)
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To the thiopropyl sepharose conjugate (18.3 (mol) TFA (6 mL) was added and the reaction mixture was shaken for 10 min. The resin was filtered, washed with water (60 mL), EtOH (60 mL) and again water (60 mL) in small portions. The resin was stored as a suspension in water (4.5 mL) at 4°C.
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