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1. General Information. All solid-phase reactions were carried out in Bio-Rad polypropylene columns 

by shaking and mixing using a Glass-Col small tube rotator in dry conditions at room temperature unless 

otherwise stated. Real-time monitoring of loading of compounds on resin beads was carried out with a 

Thermo-Nicolet 550 FT-IR spectrophotometer using OMNIC software. The chemical structures of final 

products were characterized by nuclear magnetic resonance spectrometry (1H NMR, 13C NMR, 31P 

NMR) determined on a Bruker NMR spectrometer (400 MHz). 13C NMR spectra are fully decoupled. 

Chemical shifts are reported in parts per millions (ppm). The chemical structures of final products were 

confirmed by a high-resolution PE Biosystems Mariner API time-of-flight electrospray mass 

spectrometer and quantitative phosphorus analysis. The substitution of the resins for each step was 

estimated from the weight gain of the resin. Total isolated yields for final products were calculated 

based on the loading of aminomethyl polystyrene resin-bound α,β-methylene-β-triphosphitylating 

reagent 8 and the amount of nucleoside 5′-O-α,β-methylene-β-triphosphates products. The polymer-

bound p-acetoxybenzyl alcohol (7) was synthesized according to the previously reported procedure.24 

The synthesis of phosphitylating reagents 6 was carried out under extremely dry conditions and 

nitrogen. C18 Sep-Pak columns were purchased from Altech (Cat. No. 20924). 

 

2. Preparation of methylene[bis(2-cyanoethoxy)phosphite]-O-[2-cyanoethoxychlorophosphite]-

N,N-diisopropylaminophoramidite (6). Bis(dichlorophosphino)methane (1, 979 µL, 7.2 mmol) and 

2,6-lutidine (839 µL, 7.2 mmol) were added to anhydrous THF (25 mL). Then diisopropylamine (1,008 

µL, 7.2 mmol) was added dropwise in 5 min to the solution and the mixture was stirred for 45 min at 0 

°C to yield dichlorophosphino N,N-diisopropylaminechlorophosphino methane (2). 2,6-Lutidine (1,678 

µL, 14.4 mmol) and 3-hydroxypropionitrile (984 µL, 14.4 mmol) were added dropwise in 10 min to the 

solution of 2 and the mixture was stirred for 20 min at 0 °C to yield bis(2-cyanoethoxy)phosphino N,N-

diisopropylaminechlorophosphino methane (3). Water (130 µL, 7.2 mmol) and 2,6-lutidine (839 µL, 7.2 
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mmol) were added dropwise in 5 min period to the solution. The mixture was stirred for 10 min at 0 °C 

to yield bis[2-cyanoethoxy]phosphino N,N-diisopropylaminehydroxyphosphino methane (4). In a 

separate reaction vessel, phosphorus trichloride (630 µL, 7.2 mmol) and 2,6-lutidine (839 µL, 7.2 mmol) 

were added to anhydrous THF (25 mL). 3-Hydroxypropionitrile (492 µL, 7.2 mmol) was added 

dropwise in 10 min to the solution and the mixture was stirred for 25 min at 0 °C to yield 2-

cyanoethoxyphosphorodichloridite (5). The contents of reaction vessel containing 4 and 2,6-lutidine 

(839 µL, 7.2 mmol) were added dropwise in 5 min to the solution of 5 and the mixture was stirred for 30 

min at 0 °C to yield 6, which was immediately used in coupling reactions with polymer-bound p-

acetoxybenzyl alcohol 7. HR-MS (ESI-TOF) (m/z): calcd. for C16H28ClN4O4P3  469.1012; found, 

469.1674 [M + H]+; Anal. Calcd, P 19.82%; found 19.97%. 

 

3. Preparation of polymer-bound α,β-methylene-β-triphosphitylating reagent: Polymer-bound 

methylene[bis(2-cyanoethoxy)phosphite]-O-[2-cyanoethoxyphosphite]-N,N-

diisopropylaminophoramidite (8). The prepared reaction mixture containing 6 in THF (~7.2 mmol) 

was added to a swollen solution of polymer-bound p-acetoxybenzyl alcohol 7 (9.231 g, 0.65 mmol/g) 

and 2,6-lutidine (839 µL, 7.2 mmol). The mixture was shaken for 24 h at room temperature. The resin 

was collected by filtration, washed with THF (3 × 25 mL), DCM (3 × 25 mL), and MeOH (3 × 25 mL), 

respectively, and was dried overnight under vacuum to give 8 (11.658 g, 93%, 0.48 mmol/g). IR (cm-1): 

1757 (C=O ester), 1028 (P-O-C), 2261 (CN). 

 

4. Solid-phase α,β-methylene-β-triphosphorylation of unprotected nucleosides using polymer-

bound α,β-methylene-β-triphosphitylating reagent (8). 
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4.1. Preparation of polymer-bound nucleoside 5′-O-α,β-methylene-β-triphosphite derivatives 

(9a−f). Unprotected nucleosides (a−f, 4.0 mmol) and 5-(ethylthio)-1H-tetrazole (260 mg, 2.0 mmol) 

were added to 8 (1943 mg each, 0.48 mmol/g) in anhydrous THF (2 mL) and DMSO (3 mL) in case of 

3′-azido-3′-deoxythymidine, 3'-fluoro-3'-deoxythymidine, 2',3'-didehydro-2',3'-dideoxythymidine, and 

inosine or in anhydrous DMSO (5 mL) in case of adenosine and cytidine. The mixtures were shaken for 

60 h at room temperature. The resins were collected by filtration, washed with DMSO (3 × 30 mL), THF 

(3 × 30 mL), and MeOH (3 × 35 mL), respectively, and dried under vacuum to give 9a−f (2053-2092 

mg), IR (cm-1): 9a: 3338 (OH), 2258 (CN), 1755 (C=O ester), 1028 (P-O-C); 9b: 2258 (CN and N3), 

1760 (C=O ester), 1028 (P-O-C); 9c: 2251 (CN), 1753 (C=O ester), 1028 (P-O-C); 9d: 2252 (CN), 1753 

(C=O ester), 1028 (P-O-C); 9e: 3325 (OH), 2257 (CN), 1759 (C=O ester), 1027 (P-O-C); 9f: 3333 (OH), 

2252 (CN), 1759 (C=O ester), 1028 (P-O-C). 

 

4.2. Oxidation of polymer-bound nucleoside 5′-O-α,β-methylene-β-triphosphite triester derivatives 

(9a−f) to polymer-bound nucleoside 5′-O-α,β-methylene-β-triphosphosphate triester derivatives 

(10a−f). t-Butyl hydroperoxide in decane (5-6 M, 2.2 mL) was added to the swollen resins 9a−f (2053-

2092 mg) in THF (5 mL). After 2.5 h of shaking at room temperature, the resins were collected by 

filtration, washed with THF (3 × 25 mL) and MeOH (3 × 25 mL), respectively, and were dried overnight 

at room temperature under vacuum to give 10a−f (2094-2132 mg). 

 

4.3. Preparation of polymer-bound nucleosides 5′-O-α,β-methylene-β-triphosphosphate diester 

derivatives (11a−f). DBU (1.79 mL, 12.0 mmol) was added to the swollen resins 10a−f (2094-2132 

mg) in THF (5 mL). After 48 h of shaking the mixtures at room temperature, the resins were collected 

by filtration, washed with THF (3 × 35 mL) and MeOH (4 × 35 mL), respectively, and were dried 

overnight at room temperature under vacuum to give 11a−f (1956-1998 mg). IR (cm-1): 11a: 3328 (OH), 
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1752 (C=O ester), 1028 (P-O-C); 11b: 2256 (N3), 1757 (C=O ester), 1028 (P-O-C); 11c: 1755 (C=O 

ester), 1027 (P-O-C); 11d: 1746 (C=O ester), 1028 (P-O-C); 11e: 3339 (OH), 1756 (C=O ester), 1028 

(P-O-C); 11f: 3326 (OH), 1747 (C=O ester), 1028 (P-O-C). 

 

4.4. Preparation of nucleoside 5′-O-α,β-methylene-β-triphosphosphates (15a−f). The resins 11a−f 

(1956-1998 g) were swollen in anhydrous DCM (20 mL) and filtered. To the swollen resins was added 

DCM/TFA/water/EDT (72.5:23:2.5:2 v/v/v/v, 5 mL). After 35 min of shaking the mixtures at room 

temperature, the resins were collected by filtration and washed with DCM (10 mL), THF (10 mL), and 

MeOH (10 mL), respectively. The solvents of filtrate solutions were evaporated at -20 °C. The residues 

were mixed with Amberlite AG-50W-X8 (100-200 mesh, hydrogen form, 1.0 g, 1.7 meq/g) in 

water/dioxane (75:25 v/v, 5 mL) for 25 min. After filtration, the solvents were removed using 

lyophilization and the crude products were purified on C18 Sep-Pak using appropriate solvents. In 

general, the crude products were eluted on 1-in. (2.5-cm) C18 Sep-Pak columns with 85:15 to 45:55 (v/v) 

water/methanol and then 30:70 to 75:25 (v/v) DCM/methanol. The solvents were evaporated and the 

residues were dried under vacuum at −20 °C to yield 15a−f. The purity and total isolated yields for 

15a−f are shown in Table 1. The compounds were characterized by 1H NMR, 13C NMR, 31P NMR, high 

resolution mass spectrometer (ESI-TOF), and quantitative phosphorus elemental analysis. Resin 13 was 

reacted with a solution of potassium hydroxide in water/dioxane (65:35v/v, 5 mL, 1N) in 45 min at room 

temperature to yield 14. The sharp peak of ~1750 (C=O ester) was disappeared. IR (cm-1): 3325 (broad, 

OH).  

 

4.5. Characterization of nucleoside 5′-O-α,β-methylene-β-triphosphosphates (15a−f). 
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Adenosine-5'-O-α,β-methylene-β-triphosphate (15a). 1H NMR (DMSO-d6, 400 MHz, δ ppm): 2.14 (t, 

JH,P = 20.0 Hz, CH2α,β, 2H), 3.48−3.61 (m, H-5', 1H), 3.62−3.73 (m, H-5'', 1H), 3.91−4.01 (m, H-4', 1H), 

4.11−4.22 (m, H-3', 1H), 4.54−4.68 (m, H-2', 1H), 5.15−5.24 (m, OH, 1H), 5.38−5.52 (m, OH, 2H), 

5.83−5.96 (m, H-1', 1H), 7.30−7.42 (br s, 6-NH2, 2H), 8.17 (s, H-2, 1H), 8.38 (s, H-8, 1H); 13C NMR 

(DMSO-d6, 100 MHz, δ ppm): 29.98 (dd, JCPβ = 130.0 Hz, JCPα = 125.0 Hz, CH2α,β), 62.54 (C-5'), 71.54 

(C-3'), 74.31 (C-2'), 86.77, 88.80 (C-4', C-1'), 120.22 (C-5), 140.82 (C-8), 149.90 (C-4), 153.25 (C-2), 

157.01 (C-6); 31P NMR (in DMSO-d6 and H3PO4 85% in water as external standard, 162 MHz, δ ppm): 

3.14 (d, Jβ,γ =29.2 Hz, OPγ), 7.19 (dd, Jβ,γ = 29.2 Hz, Jα,β = 6.5 Hz, Pβ), 14.00 (d, Jα,β = 6.5 Hz, CH2Pα); 

HR-MS (ESI-TOF) (m/z): calcd. for C11H18N5O12P3, 505.0165; found, 506.0005 [M + H]+; Anal. Calcd. 

P 18.39 %; found 18.24%. 

 

3′-Azido-3′-deoxy-5′-thymidine-5'-O-α,β-methylene-β-triphosphate (15b). 1H NMR (DMSO-d6, 400 

MHz, δ ppm): 1.71−1.83 (br s, 5-CH3, 3H), 2.24 (t, JH,P = 20.0 Hz, CH2α,β, 2H), 2.18−2.31 (m, H-2', 1H), 

2.32−2.44 (m, H-2'', 1H), 3.50−3.69 (m, H-5' and H-5'', 2H), 3.71−3.88 (m, H-4', 1H), 4.29−4.48 (m, H-

3', 1H), 5.10−5.27 (br s, OH, 1H), 6.01−6.16 (m, H-1', 1H), 7.62−7.80 (m, H-6, 1H), 11.21−11.37 (br s, 

NH, 1H); 13C NMR (DMSO-d6, 100 MHz, δ ppm): 13.06 (5-CH3), 28.13 (dd, JCPβ = 136.5 Hz, JCPα = 

130.0 Hz, CH2 α,β), 37.09 (C-2'), 61.01 (C-3'), 61.65 (C-5'), 84.29 (C-4'), 84.87 (C-1'), 110.38 (C-5), 

136.89 (C-6), 151.27 (C-2 C=O), 164.58 (C-4 C=O); 31P NMR (in DMSO-d6 and H3PO4 85% in water 

as external standard, 162 MHz, δ ppm): 3.54 (d, Jβ,γ = 29.2 Hz, OPγ), 6.33 (dd, Jβ,γ = 29.2 Hz, Jα,β = 6.5 

Hz, Pβ), 14.98 (d, Jα,β = 6.5 Hz, CH2Pα); HR-MS (ESI-TOF) (m/z): calcd. for C11H18N5O12P3, 505.0165; 

found, 506.0041 [M+H]+; Anal. Calcd. P 18.39 %; found 18.58%. 

 

3'-Fluoro-3'-deoxythymidine-5'-O-α,β-methylene-β-triphosphate (15c). 1H NMR (DMSO-d6, 400 

MHz, δ ppm): 1.75−1.90 (br s, 5-CH3, 3H), 2.18 (t, JH,P = 20.0 Hz, CH2α,β, 2H), 2.24−2.62 (m, H-2' and 
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H-2'', 2H), 3.52−3.81 (m, H-5' and H-5'', 2H), 4.07−4.36 (m, H-4', 1H), 5.20−5.59 (m, H-3′, OH, 2H), 

6.18−6.43 (br s, H-1', 1H), 7.60−7.80 (br s, H-6, 1H), 11.31−11.59 (br s, NH, 1H); 13C NMR (DMSO-d6, 

100 MHz, δ ppm): 13.10 (5-CH3), 30.43 (dd, JCPβ = 136.5 Hz, JCPα = 130 Hz, CH2 α,β), 37.61 (C-2'), 

61.69 (C-5'), 84.44 (C-4'), 85.52 (d, J1′,F = 23 Hz, C-1'), 95.58 (d, J3′,F = 172 Hz, C-3'), 110.47 (C-5), 

136.41 (C-6), 151.12 (C-2 C=O), 164.26 (C-4 C=O); 31P NMR (in DMSO-d6 and H3PO4 85% in water 

as external standard, 162 MHz, δ ppm): 4.28 (d, Jβ,γ = 29.2 Hz, OPγ), 7.59 (dd, Jβ,γ =29.2 Hz, Jα,β= 6.5 

Hz, Pβ), 16.08 (d, Jα,β = 6.5 Hz, CH2Pα); HR-MS (ESI-TOF) (m/z): calcd. for C11H18FN2O12P3, 

482.0057; found, 483.0013 [M + H]+; Anal. Calcd. P 19.27%; found 19.04%. 

 

2',3'-Didehydro-2',3'-dideoxythymidine-5'-O-α,β-methylene-β-triphosphate (15d). 1H NMR 

(DMSO-d6, 400 MHz, δ ppm): 1.61−1.85 (br s, 5-CH3, 3H), 2.16 (t, JH,P = 20.0 Hz, CH2α,β, 2H), 

3.49−3.73 (m, H-5' and H-5'', 2H), 4.61−4.84 (m, H-4', 1H), 4.88−5.13 (m, OH, 1H), 5.75−6.05 (m, H-

2', 1H), 6.30-6.51 (m, H-3', 1H), 6.69−6.97 (m, H-1', 1H), 7.52−7.79 (m, H-6, 1H), 11.11−11.45 (br s, 

NH, 1H); 13C NMR (DMSO-d6, 100 MHz, δ ppm): 13.01 (5-CH3), 28.36 (dd, JCPβ = 133 Hz, JCPα = 127 

Hz, CH2 α,β), 63.16 (C-5'), 88.22 (C-4'), 89.80 (C-1'), 109.93 (C-5), 126.94 (C-2'), 135.92 (C-3'), 137.75 

(C-6), 151.79 (C-2 C=O), 164.87 (C-4 C=O); 31P NMR (in DMSO-d6 and H3PO4 85% in water as 

external standard, 162 MHz, δ ppm): 3.44 (d, Jβ,γ = 29.2 Hz, OPγ), 5.59 (dd, Jβ,γ =29.2 Hz, Jα,β= 6.5 Hz, 

Pβ), 15.10 (d, Jα,β = 6.5 Hz, CH2Pα); HR-MS (ESI-TOF) (m/z): calcd. for C11H17N2O12P3, 461.9994; 

found, 461.0448 [M - H]-; Anal. Calcd. P 20.10%; found 19.94%. 

 

Cytidine-5'-O-α,β-methylene-β-triphosphate (15e). 1H NMR (DMSO-d6, 400 MHz, δ ppm): 2.09 (t, 

JH,P = 20.0 Hz, CH2α,β, 2H), 4.01−4.26 (m, H-5', H-5'', 2H), 4.27−4.38 (m, H-4', 1H), 4.39−4.52 (m, H-2', 

H-3', 2H), 5.25−5.46 (br s, 2H, OH), 5.53−5.69 (br s, 1H, OH), 5.85−6.04 (m, H-1', H-5, 2H), 7.07−7.28 

(br s, NH2, 2H), 7.47−7.62 (m, H-6, 1H); 13C NMR (DMSO-d6, 100 MHz, δ ppm): 27.76 (dd, JCPβ = 124 



Supplementary Material (ESI) for Organic & Biomolecular Chemistry 
This journal is (c) The Royal Society of Chemistry 2010  

S10

Hz, JCPα = 106.0 Hz, CH2 α,β), 61.88 (C-5'), 70.74 (C-2'), 75.23 (C-3'), 85.39 (C-4'), 90.23 (C-1'), 95.69 

(C-5), 142.79 (C-6), 157.02 (C-2 C=O), 166.76 (C-4 C=O); 31P NMR (in DMSO-d6 and H3PO4 85% in 

water as external standard, 162 MHz, δ ppm): 2.73 (d, Jβ,γ = 29.2 Hz, OPγ), 6.43 (dd, Jβ,γ =29.2 Hz, Jα,β= 

6.5 Hz, Pβ), 14.25 (d, Jα,β = 6.5 Hz, CH2Pα); HR-MS (ESI-TOF) (m/z): calcd. for C10H18N3O13P3, 

481.0052; found, 482.0183 [M + H]+; Anal. Calcd. P 19.31%; found 19.47%. 

 

Inosine-5'-O-α,β-methylene-β-triphosphate (15f). 1H NMR (DMSO-d6, 400 MHz, δ ppm): 2.11 (t, 

JH,P = 24.0 Hz, CH2α,β, 2H), 3.50−3.75 (m, H-5', H-5'', 2H), 3.95−4.04 (m, H-4', 1H), 4.11−4.22 (m, H-3', 

1H), 4.48−4.53 (m, H-2', 1H), 5.05−5.14 (m, OH, 1H), 5.14−5.33 (m, OH, 1H), 5.48−5.61 (m, OH, 1H), 

5.82−5.94 (m, H-1', 1H), 8.12 (s, H-2, 1H), 8.37 (s, H-8, 1H), 12.37-12.46 (br s, OH, 1H); 13C NMR 

(DMSO-d6, 100 MHz, δ ppm): 30.11 (dd, JCPβ = 122.0 Hz, JCPα = 112.0 Hz, CH2 α,β), 62.31 (C-5'), 71.37 

(C-2'), 75.21 (C-3'), 86.68 (C-4'), 88.57 (C-1'), 125.39 (C-5), 139.90 (C-8), 147.01 (C-4), 149.21 (C-2), 

157.70 (C-6); 31P NMR (in DMSO-d6 and H3PO4 85% in water as external standard, 162 MHz, δ ppm): 

2.80 (d, Jβ,γ = 29.2 Hz, OPγ), 6.29 (dd, Jβ,γ =29.2 Hz, Jα,β= 6.5 Hz, Pβ), 14.43 (d, Jα,β = 6.5 Hz, CH2Pα); 

HR-MS (ESI-TOF) (m/z): calcd. for C11H17N4O13P3, 506.0005; found, 505.0034 [M - H]-; Anal. Calcd. P 

18.36%; found 18.19%. 

 

Table S1. Overall Isolated Yields and Purity of Crude Products for 15a-f. 

no. Overall yield (%) 

calculated from 8  

Weight of pure products 

(mg) 

Purity of crude products 

15a 65 307 77 
15b 70 331 83 
15c 47 212 68 
15d 59 255 78 
15e 67 302 76 
15f 73 344 81 
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5. Purification of HIV-1 Reverse Transcriptase (RT) and Enzyme Assays. Enzyme p66/p51 HIV-1 

RT was purified according to the protocol described in Le Grice et al.26 RNase H assay was performed 

as previously described27 using recombinant RT and the previously described RNA/DNA hybrids. 

Briefly, substrates were generated by 5' end-labeling the 30 nt RNA with γ-32ATP and annealing it to a 

40 nt DNA. Hydrolysis was initiated in the presence or absence of the compounds by adding wild type 

p66/p51 HIV-1 RT to the RNA-DNA hybrids in 10 mM Tris-HCl (pH 8.0), 80 mM NaCl, 5 mM DTT 

and 6 mM MgCl2, with enzyme and substrate present at final concentrations of 50 and 200 nM, 

respectively at 37˚C. Reactions were terminated after 10 min by adding an equal volume of a 

formamide-based gel-loading buffer (95% (v/v) formamide containing 0.1% (w/v) bromophenol blue 

and xylene cyanol), and the hydrolysis products fractionated by high voltage electrophoresis through 

15% (w/v) polyacrylamide gels containing 7 M urea. Products were visualized by autoradiography 

and/or phosphor-imaging and quantified using Quantity One software (Bio-Rad). 

For Kinetic analysis, RNase H activity of the HIV-1 RT was estimated using the substrate at 200 

nM and 400 nM in presence of increasing concentrations of compound 15e. The assays are performed as 

described above. Dixon plot analysis is performed as described in Figure 2 legend. 

DNA-synthesis was measured on 40 nt DNA template annealed to a 5' end-labeled 22 nt DNA 

primer as described previously.28 Reactions were initiated in the presence or absence of the compounds 

by adding 10 nM enzyme to a mixture containing 50 nM template/primer, 200 μM dNTPs, 10 mM Tris-

HCl (pH 8.0), 80 mM NaCl, and 6 mM MgCl2, and terminated after 10 min by adding an equal volume 

of a formamide-based gel-loading buffer at 37˚C. Reaction products were fractionated by high-voltage 

electrophoresis through 10% (w/v) polyacrylamide gels containing 7 M urea in Tris/borate/EDTA 

buffer. After drying, gels were subjected to autoradiography and/or phosphorimaging analysis using a 

Molecular Imager FX phosphorimager (BioRad, Hercules, CA).  



Supplementary Material (ESI) for Organic & Biomolecular Chemistry 
This journal is (c) The Royal Society of Chemistry 2010  

S12

The compounds did not show any inhibition against the polymerase activity. The results of the 

polymerase assay are presented in Figure S1. Lanes 1-6 represent the polymerase activity in the presence 

of the compounds 15a-f, respectively. In comparison to the wild type enzyme (lane w), the polymerase 

activity was not affected in the presence of these compounds 15a-f (lanes 1-6).  

 

Figure S1. DNA polymerase activity of HIV-1 RT in presence of compounds 15a-e. Lane w represents 

no inhibitor, lane 1 (15a), lane 2 (15b), lane 3 (15c), lane 4 (15d), lane 5 (15e), and lane 6 (15f), at 1 

mM concentrations. The radiolabeled primer is marked as P, whereas the fully extended product is 

marked as P+18. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

6. 1H NMR, 13C NMR, and 31P NMR spectra of nucleoside α,β-methylene-β-triphosphates 15a-f. 

w 
P+18 

1   2    3   4    5   6 

P 



Supplementary Material (ESI) for Organic & Biomolecular Chemistry 
This journal is (c) The Royal Society of Chemistry 2010  

S13

N

NN

N

NH2

O

OH OH

NH

N

O

O

N3

O

NH

N

O

O

F

O

N

N

NH2

O

OH

O

N

NN

N

OH

O

OH OHOH

P
O

O
P

P

O
HO
HO

HO
HO

O

NH

N

O

O

O

O P
O

O
P

P

O
HO
HO

HO
HO

O

O
P

O

O
P

P

O
HO
HO

HO
HO

O

O

P
O

O
P

P

O
HO
HO

HO
HO

O

O
P

O

O
P

P

O
HO
HO

HO
HO

O

O P
O

O
P

P

O
HO
HO

HO
HO

O

O

15a 15b 15c

15d 15e 15f
 



Supplementary Material (ESI) for Organic & Biomolecular Chemistry 
This journal is (c) The Royal Society of Chemistry 2010  

S14



Supplementary Material (ESI) for Organic & Biomolecular Chemistry 
This journal is (c) The Royal Society of Chemistry 2010  

S15



Supplementary Material (ESI) for Organic & Biomolecular Chemistry 
This journal is (c) The Royal Society of Chemistry 2010  

S16



Supplementary Material (ESI) for Organic & Biomolecular Chemistry 
This journal is (c) The Royal Society of Chemistry 2010  

S17



Supplementary Material (ESI) for Organic & Biomolecular Chemistry 
This journal is (c) The Royal Society of Chemistry 2010  

S18



Supplementary Material (ESI) for Organic & Biomolecular Chemistry 
This journal is (c) The Royal Society of Chemistry 2010  

S19



Supplementary Material (ESI) for Organic & Biomolecular Chemistry 
This journal is (c) The Royal Society of Chemistry 2010  

S20



Supplementary Material (ESI) for Organic & Biomolecular Chemistry 
This journal is (c) The Royal Society of Chemistry 2010  

S21



Supplementary Material (ESI) for Organic & Biomolecular Chemistry 
This journal is (c) The Royal Society of Chemistry 2010  

S22

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [200 200]
  /PageSize [595.276 841.890]
>> setpagedevice




