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1. Synthesis of 6-N-Benzoyl-5'-methylene-2',3'-O-isopropylidene adenosine 

(8): experimental procedures and characterization of compounds S2, S3, S4, 

7 and 8 

 

In the synthesis of the protected 5’-methyleneadenosine 8, the aldehyde 7 is an important 

intermediate (Main text, Fig. 2; supplementary material, Scheme S1). It was obtained by an 

adaptation of the methods of Ranganathan et al. and Eppacher et al. (Scheme S1).1a,b 

Protection of the 6-amino group is necessary, otherwise the yield of the following metathesis 

would be largely affected.2 The parent nucleoside 6-N-benzoyl-24,34-O-

isopropylideneadenosine S2 was prepared from commercial acetonide S1 via a one-pot 

reaction.3 Oxidation of alcohol S2 was achieved by treatment with DMSO and N,N’-

dicyclohexylcarbodiimide in the presence of dichloroacetic acid. The resulting crude aldehyde 

cannot be purified by silica gel chromatography, as it readily epimerises at C-4’ or eliminates 

the acetonide function yielding 3’,4’-unsaturated aldehyde upon attempted flash 

chromatography.4 The crude aldehyde was therefore protected with N,N’-

diphenylethylenediamine, and the resulting aminal S3 was recrystallized from ethanol. In 

order to obtain the quite sensitive aldehyde 7, the imidazolidine S3 must be carefully purified. 

In some cases a quick flash chromatography was required before recrystallisation. It is worth 

to mention that the aminal S3 may also epimerize at C-4’ after prolonged or repeated flash 

chromatography on silica gel. Treatment of the aminal S3 with Dowex 50 (H+) resin in 

aqueous THF at room temperature regenerated the aldehyde as a pure and stable hydrate S4. 

Prolonged stirring with the resin can lead to the appearance of the 2’,3’-O-deprotected 



product. After careful washing with water and predrying under vacuum, the aldehyde hydrate 

S4 was dehydrated by azeotropic distillation with benzene using a Dean-Stark trap to afford 

free aldehyde 7. Care should also be taken since the cyclonucleoside S5, a less polar, benzene 

insoluble product, can be easily obtained upon prolonged distillation. 

 

NMR spectra of adenosine 5'-aldehyde hydrate S4 and free aldehyde 7 were obtained using 

(2H6)DMSO as solvent and with (2H5)DMSO (δ = 2.50 ppm) as internal standard for 1H-NMR 

and (2H6)DMSO (δ = 39.52 ppm) for 13C-NMR. 

 

 

 

Scheme S1. Synthesis of 6-N-Benzoyl-2',3'-O-isopropylideneadenosine-5'-aldehyde 11. 

i) TMSCl, Py; ii) BzCL, Py; iii) NH4OH, 94% (3 steps); iv) DCC, Cl2CHCO2H, DMSO, than 

(CO2H), H2O, MeOH; v) (PhNHCH2)2, MeOH, 59% (2 steps); vi) Dowex-50 H+, THF, H2O, 

64%; vii) benzene/reflux, 75 %; viii) Ph3PCH3Br, n-BuLi, THF, -40°C, 75%. 

 



6-N-benzoyl-2',3'-O-isopropylideneadenosine (S2). To 2',3'-O-isopropylideneadenosine S1 

(1.4 g, 4.7 mmol) in freshly distilled pyridine (35 mL) is added TMSCl (4.7 mL, 37 mmol) 

and the mixture was stirred at ambient temperature overnight. After adding benzoyl chloride 

(1.1 mL, 9.3 mmol) at 0 °C, the mixture was allowed to warm up to room temperature and 

stirred for two additional hours. The reaction was stopped by adding water (10 mL) at 0 °C 

with stirring. After stirring 5 min at 0 °C and another 5 min at room temperature, 30% 

aqueous ammonia (20 mL) is added. After stirring an additional 30 min the mixture is 

partitioned between equal volumes (40 mL) of DCM and phosphate buffer (pH = 7). The 

organic phase was washed with water (3 ×10 mL), dried with anhydrous Na2SO4 and 

evaporated to dryness. The crude compound was purified by FCC (DCM/ MeOH 100:3, 

100:4, 100:4.5) to yield crystalline product S2 (1.8 g, 94%). 

Analytical data match those described in the literature.3 

1H NMR (300MHz, CDCl3): δ/ppm = 9.37 (1H, br., -NH) 8.74 (1H, s, 2-H), 8.10 (1H, s, 8-H), 

8.03-8.00 (2H, m, arom. H), 7.62-7.47 (3H, m, arom. H), 5.96 (1H, d, J = 4.6 Hz, 1'-H), 5.21 

(1H, dd, J = 5.9, 4.6 Hz, 2'-H), 5.09 (1H, dd, J = 5.9, 1.3 Hz), 4.52 (1H, m, 4'-H), 3.96 (1H, 

dd, J = 12.6, 1.7 Hz, 5'b-H), 3.79 (1H, dd, J = 12.6, 2.2 Hz, 5'a-H), 1.63 and 1.37 (3H, s, 

Me2C). 

13C NMR (75MHz, CDCl3): δ/ppm = 164.7 (C=O), 152.2 (2-C), 150.5 (6-C), 150.3 (4-C), 

142.5 (8-C), 133.4, 132.9, 128.8, 128.0, 124.2 (5-C), 114.2 (Me2C), 94.0 (1'-C), 86.3 (4'-C), 

83.2 (2'-C), 81.5 (3'-C), 63.2 (5'-C), 27.5 (Me2C), 25.2 (Me2C). 

MS (ESI): m/z = 434 [M+Na+]. 

 

6-N-Benzoyl-5'-deoxy-2',3'-O-isopropylidene-5',5'-(N,N'-

diphenylethylenediamino)adenosine (S3). To a solution of 6-N-benzoyl-2',3'-O-

isopropylideneadenosine S2 (1.8 g, 4.38 mmol) and N,N'-dicyclohexylcarbodiimide (2.7 g, 

13.1 mmol) in dry DMSO (14 mL) was added dropwise dichloroacetic acid (0.18 mL, 2.2 

mmol) in DMSO (1.5 mL) at 0 °C. After stirring for 2.5 h at ambient temperature, a solution 

of oxalic acid dihydrate (1.1 g, 8.8 mmol) in methanol (4.5 mL) was added slowly. The 

mixture was then stirred for another 30 min and filtered after. The crystalline residue of 

dicyclohexylurea was washed with ice-cold methanol. N,N'-Diphenylethylenediamine (975 

mg, 4.6 mmol) was added to the combined filtrate and washings and the resulting solution 

was stirred at room temperature overnight. The mixture was diluted with EtOAc after being 

concentrated under vacuum, and washed with water three times. After evaporating all the 

solvent, the crude compound was purified by FCC (DCM/MeOH, 100:1.5). Proper fractions 



were collected, concentrated and then recrystallized in EtOH to give N,N'-

diphenylimidazolidine S3 as light brown crystals (2.0 g, 76%). 

Analytical data match those described in the literature.1b 

1H NMR (300MHz, CDCl3): δ/ppm = 9.19 (1H, br. s, -NH), 8.73 (1H, s, 2-H), 8.04-8.02 (2H, 

m, arom. H) 7.81 (1H, s, 8-H), 7.63-7.50 (3H, m, arom. H), 7.23-7.14 (4H, m, arom. H), 6.82-

6.70 (6H, m, arom. H), 6.17 (1H, d, J = 2.2 Hz, 1'-H), 5.75 (1H, d, J = 2.6 Hz, 5'-H), 5.21 

(1H, dd, J = 6.2, 4.6 Hz, 3'-H), 5.17 (1H, dd, J= 6.2, 2.2 Hz, 2'-H), 4.63 (1H, dd, J = 4.6, 2.6 

Hz, 4'-H), 3.74-3.57 (4H, m, CH2CH2), 1.49 AND 1.33 (6H, 2s, Me2C). 

13C NMR (75MHz, CDCl3): δ/ppm = 164.6 (C=O), 152.8 (2-C), 151.2 (6-C), 149.5 (4-C), 

146.4, 141.6 (8-C), 133.6, 132.7, 129.3, 129.1, 128.8, 127.9, 122.9 (5-C), 118.3, 118.2, 115.0, 

113.5, 113.4, 88.4 (1'-C), 86.9 (4'-C), 83.7 (2'-C), 80.1 (3'-C), 73.3 (5'-C), 58.3, 47.7, 46.8, 

27.3, 25.7.   

MS (ESI): m/z = 604 [M+H+] . 

 

6-N-Benzoyl-9-(2,3-O-isopropylidene-β-D-ribo-pentodialdo-1,5-furanosyl)adenine 

hydrate (S4). Dowex 50 (H+) resin (3 g) was added to a solution of S3 (2.8 g 4.6 mmol) 

dissolved in THF/H2O 1:1 (240 mL) and stirred for 4 h at room temperature. The resin was 

removed by filtration and washed with THF (5×10 mL). The combined filtrates were 

concentrated to ca. ½ of the volume and the resulting white, amorphous solid was removed, 

washed with water, and dried in vacuo to afford S4 (1.3 g, 67%) as a stable hydrate. 

Analytical data match those described in the literature.1b 

1H NMR (300MHz, DMSO-D6): δ/ppm = 11.21 (1H, br. s, -NH), 8.76 (1H, s, 2-H), 8.64 (1H, 

s, 8-H), 8.06-8.03 (2H, m, arom. H), 7.68-7.53 (3H, m, arom. H), 6.32 (1H, d, J = 5.8 Hz, -

OH), 6.27 (1H, d, J = 2.6 Hz, 1'-H), 6.20 (1H, d, J = 6.1Hz, -OH), 5.37(1H, dd, J = 2.7, 6.1 

Hz, 2'-H), 5.07 (1H, dd, J = 1.7, 6.1 Hz, 3'-H) 4.85 (1H, ddd, J = 4.9, 5.7, 6.1 Hz, 5'-H), 4.08 

(1H, dd, J = 1.7, 4.8 Hz, 4'-H), 1.56 & 1.35 (6H, 2s, Me2C) 

MS (ES): m/z = 450 [M+Na+]. 

 

6-N-Benzoyl-2',3'-O-isopropylideneadenosine-5'-aldehyde (7). A suspension of hydrated 

aldehyde S4 (1.3 g, 3.1 mmol) in benzene (75 mL) was heated under reflux for 2 h using a 

Dean-Stark condenser and evaporated. The residue was dried in vacuo to afford aldehyde 7 

(1.1 g, 85%) and cyclonucleoside S5 (190 mg, 15%) as an inseparable mixture. 

Aldehyde 7 has been described in the literature,1a,b as well as the cyclonucleoside S5.1b 



1H NMR (300MHz, DMSO-D6): δ/ppm = 11.24 (1H, br. s, -NH), 9.33 (1H, s, CHO), 8.63 

(1H, s, 2-H), 8.60 (1H, s, 8-H), 8.06-8.03 (2H, m, arom. H) 7.68-7.53 (3H, m, arom. H), 6.58 

(1H, s, 1'-H), 5.51 (1H, dd, J = 1.7, 6.0 Hz, 3'-H), 5.43 (1H, d, J = 6.0 Hz, 2'-H), 4.8 (1H, d, J 

= 1.6 Hz, 4'-H), 1.55 & 1.37 (6H, 2s, Me2C). 

MS (ES): m/z = 432 [M+Na+]. 

 

6-N-Benzoyl-5'-methylene-2',3'-O-isopropylidene adenosine (8). To a stirred suspension of 

methyltriphenylphosphonium bromide (1.8 g, 5 mmol) in dry THF (80 mL) under argon was 

added a solution of t-BuLi in THF (3.1 mL, 2.1 mmol) at –40 °C. The bright yellow solution 

was warmed up to 0 °C and stirred for another 1 h before cooled to –40 °C again. The mixture 

of aldehyde 7 (Scheme 2) and cyclonucleoside S2 (Supplementary material and Scheme S1) 

(880 mg, 85/15, mol/mol) in anhydrous THF (40 mL) was added slowly and stirring 

continued at –40 °C for 2 h and overnight at 0 °C. Saturated NH4Cl/H2O (60 mL) was added. 

The layers were separated. The aqueous layer was extracted with EtOAc. The two organic 

fractions were combined and washed with NaHCO3/H2O and brine. After drying over 

anhydrous NaSO4, the residue was concentrated in vacuo and purified by flash column 

chromatography (CH2Cl2/MeOH, 100:4) to give terminal olefin 8 as a colourless foam (588 

mg, 67%). 

1H NMR (300MHz, CDCl3): δ/ppm = 8.78 (1H, s, 2-H), 8.08 (1H, s, 8-H), 8.02-8.7.99 (2H, 

m, arom. H), 7.60-7.46 (3H, m, arom. H), 6.17 (1H, d, J = 2.0 Hz, 1'-H), 5.88 (1H, ddd, J = 

17.2, 10.5, 6.8 Hz, 5'-H), 5.54 (1H, dd, J = 6.2, 2.0 Hz, 2'-H), 5.24 (1H, ddd as dt, J = 17.2, 

1.3 Hz, 6'-Ha), 5.13 (1H, ddd as apparent dt, J = 10.5, 1.1 Hz, 6'-Hb), 5.01 (1H, dd, J = 6.2, 3.3 

Hz, 3'-H), 4.71 (1H, dd, J = 6.8, 3.3 Hz, 4'-H), 1.62 & 1.40 (6H, 2s, Me2C). 

13C NMR (75MHz, CDCl3): δ/ppm = 164.7, 152.6, 151.3, 149.7, 142.2, 134.7, 133.5, 132.7, 

128.8, 127.8, 123.5, 118.4, 114.5, 90.7, 88.4, 84.4, 84.2, 27.0, 25.3. 

MS (ESI): m/z = 408 [M+H] +. 

 

 

 

 

 

 

 

 



2. Structure of the bisdeuteriated isotopomer of adenosylhopane (2-D): 

NMR-data interpretation 

 

The structure of protected bisdeuteriated (31,32-2H2)adenosylhopane 2-D was confirmed by 

comparing its 1H- and 13C-NMR spectra recorded in (2H5)pyridine with those of the 

corresponding natural abundance adenosylhopane derivative 2. Four diastereoisomers can be 

potentially obtained from the diimide syn-reduction of alkene (Z) and (E). Given that diimide 

reacts faster with the protected (E)-adenosylhopene 12, which is the dominant isomer, the two 

major products resulting from syn-addition of deuteriated diimide are acetonide protected 

(30R,31R-2H2)- and (30S,31S-2H2)adenosylhopane 2-Da and 2-Db. The (30R,31S-2H2)- and 

(30S,31R-2H2)adenosylhopane diastereomers 2-Dc and 2-Dd are also generated from the 

reduction of protected (Z)-adenosylhopene by diimide (Scheme S2). 

 

 

 

 

 

Scheme S2. Stereochemistry of (30,31-2H2)adenosylhopane 2-D. 

 



 

 

Scheme S3. Multiplicities of the signals of protons 31a and 31b 

of (30,31-2H2)adenosylhopane 2-D. 



For natural abundance adenosylhopane 2, the two protons at C-31 (31-Ha and 31-Hb) are 

diastereotopic and magnetically non-equivalent. They are respectively observed as multiplets 

at 2.13 and 1.96 ppm. After diimide reduction, the observed multiplicities are simplified, 

showing two major compounds, arising from the syn-reduction of the (E) alkene on both 

sides, and minor diasteroisomers as smaller multiplets. Compounds 2-Da and 2-Db have the 

following 1H NMR pattern: one compound has a 31-Ha proton at 2.11 ppm as a doublet of 

doublet (J31a,32 = 8.3 Hz and J30,31a = 4.6 Hz) and no signal for 31-Hb due to the presence of a 

deuterium, and the other compound has no signal for 31-Ha but a pseudo triplet at 1.93 ppm 

(J30,31b = J31b,32 = 5.0 Hz) for its 31-Hb (Scheme S3). On the one hand, absence of a Jgem (~11-

12 Hz) indicates that there is only one deuterium at C-31. On the other hand, the presence of 

the Jgauche (4.6 and 5.0 Hz) coupling constant result from the gauche relative positions of 30-H 

and 31-H. Signals of remaining protons at C-30 were hidden under a large multiplet and not 

attributed. The signals of the minor isotopomers (30R,31R-2H2)- and (30S,31S-

2H2)adenosylhopane derived from the reduction of the (Z)-isomer are too weak and 

multiplicities were not clearly visible. 

 

The only partial deuteriation and the occurrence of four bisdeuteriated diastereomers 

prevented a detailed interpretation of the 13C-NMR spectrum. The disappearance of the two 

singlets for carbon atoms C-30 and C-31 pointed out the presence of a deuterium on each of 

these positions. Rough + shifts were, however, found from edited HSQC spectrum, –430 

ppb and –410 ppb for the C-30 and C-31 signals respectively. C-31, C-22 and C-32 were 

characterized by a complex signal pattern due to the presence of deuterium at C-30 and/or C-

31, and  and  shift values could not be determined. 

 

 

 

3. NMR, MS and HRMS spectra  



1H-NMR spectrum (C2HCl3, 300 MHz) of compound S2 

 



 

13C-NMR spectrum (C2HCl3, 75 MHz) of compound S2 

 



1H-NMR spectrum (C2H Cl3, 300 MHz) of compound S3 

 



13C-NMR spectrum (C2HCl3, 75 MHz) of compound S3 
 

 



1H-NMR spectrum (2H6)DMSO, 300 MHz) of compound S4 

 



1H-NMR spectrum (C2HCl3, 300 MHz) of compound 7 

 



 

1H-NMR spectrum (C2HCl3, 300 MHz) of compound 8 

 



13C-NMR spectrum (C2HCl3, 75 MHz) of compound 8 

 



1H-NMR spectrum (C2HCl3, 300 MHz) of compound 10 

 



13C-NMR spectrum (C2HCl3, 75 MHz) of compound 10 

 

 



EI-MS (direct inlet, positive mode 70 eV) of compound 10 

 

 



1H-NMR spectrum (C2HCl3, 300 MHz) of compound 11  

 



13C-NMR spectrum (C2HCl3, 75 MHz) of compound 11 

 



HRMS of compound 11 



1H-NMR spectrum (C2HCl3, 300 MHz) of compound 15 

 



1H-NMR spectrum (C2HCl3, 300 MHz) of compound 12  

 



13C-NMR spectrum (C2HCl3, 75 MHz) of compound 12 

 



HRMS of compound 12 

 



1H-NMR spectrum (C2HCl3, 300 MHz) of compound 13 

 



13C-NMR spectrum (C2HCl3, 75 MHz) of compound 12 

 



HRMS of compound 13 

 



1H-NMR spectrum (C2HCl3, 600 MHz) of compound 13D 

 



13C-NMR spectrum (C2HCl3, 150 MHz) of compound 13D 



2D-NMR spectrum HSQC 1H/13C (C2HCl3, 600 MHz) of compound 13D 

 



 



2D-NMR spectrum HMBC 1H/13C (C2HCl3, 600 MHz) of compound 13D 

 



HRMS of compound 13-D 

 



1H-NMR spectrum ((2H5)pyridine, 600 MHz) of compound 2 



13C-NMR spectrum ((2H5)pyridine, 150 MHz) of compound 2 

 



2D-NMR spectrum COSY 1H/1H ((2H5)pyridine, 600 MHz) of compound 2 

 



2D-NMR spectrum HSQC 1H/13C ((2H5)pyridine, 600 MHz) of compound 2 

 



2D-NMR spectrum HMBC 1H/13C ((2H5)pyridine, 600 MHz) of compound 2 

 



2D-NMR spectrum ROESY 1H/1H ((2H5)pyridine, 600 MHz) of compound 2 

 

 



HRMS of compound 2 

 

 



1H-NMR spectrum ((2H5)pyridine, 600 MHz) of compound 2-D 

 



13C-NMR spectrum ((2H5)pyridine, 150 MHz) of compound 2D 

 



2D-NMR spectrum COSY 1H/1H ((2H5)pyridine, 600 MHz) of compound 2D 

 



2D-NMR spectrum HSQC 1H/13C ((2H5)pyridine, 600 MHz) of compound 2D 

 



2D-NMR spectrum HMBC 1H/13C ((2H5)pyridine, 600 MHz) of compound 2D 

 



HRMS of compound 2-D 

 



1H-NMR spectrum (C2HCl3, 300 MHz) of compound 14b 

 



1H-NMR spectrum (C2HCl3, 300 MHz) of compound 14c 

 

 

 



4. EI-MS (direct inlet, positive mode 70 eV) of bacteriohopanetetrol tetraacetate 

 

Natural abundance reference 

 

 



Incubation of (2H2)adenosylhopane: conditions A 

 



 Incubation of (2H2)adenosylhopane: conditions B 

 



Incubation of (2H2)adenosylhopane: conditions C 

 



Incubation of (2H2)adenosylhopane: conditions D 
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