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Abshnct: Both a- and P-D,L-ribo-carbahex-2-ulofuranose have been synthesized in racemic 
form starting from norbornen-a-one. In the course of the synthesis the reaction of sulfur ylides with 
a-alkoxyketones took an unexpected stereochemical pathway. 

INTRODUCTION 

Carbocyclic analogues of carbohydrates’~ and nucleosides3~4~s have recently attracted 

considerable interest. Due to the absence of the acetal moiety these compounds lack sensitivity to 

hydrolysis which is of importance regarding their properties against biological systems. As part of our 

ongoing studies of syntheses in this field6v7 we present results on the preparation of a- and 

p-carbapsicofuranose. 

RESULTS AND DISCUSSION 

Starting from (*)-norbornen-Z-ones (1). a Baeyer-Villiger reaction with hydrogen peroxide’ in a 

biphasic system (aqueous sodium hydroxide/diethyl ether) was performed. Excess of base was smoothly 

neutralized with gaseous carbon dioxide, which proved to be essential to achieve good yields, and the 

resulting carboxylate was reacted with iodomethane in DMP. Subsequent 0-acetylation, 

cisdihydroxylation with OsOJN-methylmorpholine-N-oxide (NMNO)lo and protection of the diol led 

to ribs-hexofuramuonate 4. This compound serves as a versatile intermediate for the synthesis of both 

carbocyclic nucleosides7 and carbasugars 6. Side chain degradation, which is required to obtain the 

desired carbapsicofuranose structure, was performed by the following sequence: 
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5068 C.MARSCHNER etal. 

After LiAlH, reduction of intermediate 4 to give diol5 the primary hydroxyl group was transformed 

selectively’ l into the bromide 6. Reaction of 6 according to Sharpless’ procedure12 with 

2-nitmphenylselenocyanate gave a selenide which was oxidized in situ with hydrogen peroxide to yield 

olefm 7. Treatment of the latter with OsO~aIO, l3 followed by NaBH, reduction afforded diol 8. 

Tritylation of the primary hydroxy group and subsequent PDC oxidation14 gave ketone 1Oa which is the 

central intermediate for the present study. 
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Reaction caaditkm: i a) H20~NaOWH20/ether/OT, b) 

ii a) OQ,#W4NO/acetone/r.t., b) 2,2diietboxypmpane/TceOH/r.t.; 

CH3J,‘Dh4P/r.t., c) Ac20/pydiiDMAP/CH2C12/r.t~ 

iii LiilH&tber/OT-wt.; iv Brdph3P/Et3N/CH2CL#.t.; 

v a) 2-nitropbeaylsele~~H~F~.t., b) H202lTHPlr.t.; vi a) 0sQ/lWO~H20/ether/r.t., b) NaBH+dtatd/r.t.; vii trityl 

chloride/pyridiiDMAP gr,N-aimetbylaminopyridine)/CHZCY.t.; viii PDC/CH2C12/r.t. 

Scheme 1 

From our synthesis of a-D-ribocarbahexofuranose6 we knew that ketone 1Oa is attacked in a 

stereoselective manner by sodium borohydride. This led us to believe that nucleophilic attack with other 

nucleophiles could also be fairly selective. Epoxidation of ketone 1Oa by means of 

dimethylsulfoxonium methylide15 gave single product lla. Surprisingly, the structure of the isolated 

epoxide was found to be the result of sulfur ylide attack from the more hindered “lower” a-side. The 

stereochemistry was confirmed by chemical means as follows: Treatment of lla with sodium acetate in 

DMF gave a mixture of 12 and 13. The formation of 13 may be a consequence of traces of water 

present and the drastic @MF, reflux) reaction conditions required. Use of the more nucleophilic cesium 

acetate allows milder reaction conditions to be used and this resulted in the sole formation of 12. 

Confirmation of the structure of 13 was provided by the independent synthesis of this compound from 

olefm 14. Ketone 1Oa was converted to 14 using Tebbe’s xeagentm or the more convenient 
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dimethy1titanocene”. Wrrig methodology could not be successfully used for the syntheGs of 14. 

Treatment of 14 with OsO4/NMNO in acetone gave a compound which was identical accordhq to 

spectroscopic data with compound 13 resulting from the opening of epoxide 11. To obtain additional 

information we epoxidized 14 with dimethyldioxiranel* and MCPBA (m-chl~ ic acid). This 

afforded a compound spectroscopically identical to 11. These results support the assumption that ketone 

1Oa has been attacked by the sulfur ylide from the more hindered side. 

14 

Rcpetbn condtttons: i NaW((CH,),SOyDMSO~F/r.t.; ii NaOAJDMFl14OT or CkOAc/DMF/8(rC; 

iii C~Ti(CH,)$oluem/~7WG iv CkO~NMNO/acetocle/r.t.; v oxone~/aceton~l8-n~aH~~H~~CH~Cl~.t. or 

MCPB~reflux. 

Scheme 2 

In order to synthesize an epoxide resulting from carbanion attack from the “upper” p-side we 

used bmmomethyllithium’9, a reagent which is also known to epoxidize ketones. 1Oa reacted with 

BrCHzLi at -80°C to yield epoxide 15 which is different in both chromatographic and spectroscopic 

(see NMR: Tables 1 and 2) respects to epoxide lla. 
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For further investigations on the unexpected stereochemical outcome of the sulfur ylide reaction 

we performed additional experiments. In order to exclude a possible influence of the trityl group we 

changed the protecting group to give acetate lob and repeated the reaction. Again the same outcome 

(llb) was observed. Also we reacted 1Oa and lob with dimethylsulfonium methyl&, in place of 

dimethylsulfoxonium methyl&, which has been reported to exert different ste~~&mical 

preferences15. Nonetheless, the same products ($la,llb) were formed. 

For a possible mechanistic interpretation of the steric course observed the isopmpylidene moiety 

adjacent to the carbonyl group might be taken into consideration. Reaction of diazomethane with 

a-alkoxyketones is known to proceed from the sterically more hindered side20 due to electmstatic 

attraction of the positively charged part of the reagent by the neighbouring oxygen atom. A few 

example~t ate reported in the literature which suggest that, similar to diatimethane. sulfur ylides also 

exhibit the same behaviour. 

In order to con&m this assumption we investigated the reaction behaviour of a number of 

carbohydrates possessing the a-alkoxyketo moiety=. According to this study we conclude that cyclic 

ketones possessing an axial a-alkoxy neighbouring group are attacked by both dimethylsulfoxonium 

methyl& and dimethylsulfonium methyl& from the side of the alkoxy sub&intent. 

In a recently published paperr on the synthesis of protected carbapsicofuranoses a sulfur ylide 

was treated with ketone 17, comparable in structure with substrate 1Oa of the present study, to give 

compounds 18 and 19 (drawn in Scheme 4 as published). This outcome differs from our observations 

with ketone 1Oa. Interestingly, comparison of the tH- and 13C-NMR data of compounds lla, llb, and 

15 with 18 and 19 (see Tables 1 and 2) shows that lla and llb am in almost perfect agreement with 18 

and 19 while 15 is significantly different. This makes us believe that the effect observed by us also took 

place in the described synthesis but was not realized. 

Compound 6 la 5 lb lla 2.81 

llb 2.84 

;:;;: ;z; p:*0 

15 2.59 2.70 5.4 Hz 0 0 

p&lP&“q$ 

18 2.86 3.00 4.5 Hz K 
0 0 
IK X 

19 2.84 2.97 4.5 Hz 17 18 19 

Table 1. Comparision of ‘H-NMR data Scheme 4 

Compound 

lla 

llb 
15 
18 
19 

47.76 65.91 82.90 184.58 44.85 
47.63 65.73 82.77 184.88 43.81 
54.60 63.68 80.47 182.54 42.30 
47.41 65.02 8 1.59 184.30 48.43 
47.41 65.64 84.68 { 85.55 44.25 

Table 2: Comparison of 13C-NMR data 

65* 

32.17 
31.90 
30.91 
32.64 
35.62 
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In addition to the pro&&d forms we also were interested in the synthesis of the free 

carbasugars. Epoxide 15 was treated with cesium acetate to give ring opened pmduct 16. Deprotectlon 

of compounds 12 and 16 pmceeded smoothly with acidic ion exchange resin (Amberlite@ IR-120) in a 

mixture ace&&rile/water. For the convenience of chmmatographic purification the crude products 

were peracetylated (20.21) and subsequently deacetylated with sodium methoxide (22,223). 

12 R’ - CH20Ac; R2 - OH 

16 R’ - OH; R2 - CH20Ac 

20a R’ - CH20Ac; R” - OH 

20b R’ - CH20Ac; R2 - OAc 

21a R’ - OH; R2 - CH2OAc 

21 b R’ - OAc; R2 - CH20Ac 

22 R’ - CH20H; R2 - OH 

23 R’ - OH; R2 - CH20H 

Reactbn conditions: i a) Amberlite@ IR-12WCH$N/H20/5OT, b) Ac2O/pyridiine/DMAP/CH2Cl2; ii CH30H/CH30N&.t. 

Scheme 5 

EXPERIMENTAL PART 

General: Melting points were determined on a Tottoli (B&hi) apparatus and are uncorrected. For 

nomenclature the molecules have been treated as carbohydrate derivatives, where the furanose ring 

oxygen atom is formally replaced by CH, 24. This additional C-Atom is numbered 4a, or 5a. Only one 

enantiomer is drawn. NMR spectra were recorded on a Bruker WH-90 or a Bruker MSL 300 

spectrometer, chemical shifts are given in ppm from tetramethylsilane. Column chromatography was 

performed on silica gel 60 (0.040-0.063 mm, Merck). Extractive workup implies washing with 1M HCl 

and saturated aqueous sodium hydrogencarbonate solution. 

(+5s-Methyl4-acetoxycyclopent-2+nyl acetate (3) 

A two phase system consisting of 20 g (185 mmol) of (+)-no&omen-2-one (1) in 100 ml diethyl 

ether and 11.5 g (580 mmol) of NaOH in 80 ml water was cooled to -5Y! and under vigorous stirring 80 

ml (787 mmol) of H202 (30%) were added maintaining the reaction temperature below 5°C. Stirring 

was continued for 120 min at ambient temperature followed by separation of the layers. The aqueous 

phase was extracted twice with diethyl ether to remove organic peroxides and subsequently treated with 

(CAUTION !) a catalytic amount of MnO, to destroy excess H20,. After filtration over a Celite@ pad 

the solution was neutralized with gaseous CO, to pH 8 and evaporated (0.5 mbar, bath temperature 

below 4O“C) to dryness. The resulting salt was dissolved in 100 ml of DMF, reacted with 44 ml (706 

mmol) of CH,I and vigorously stirred for 16 h. The brown solution was evaporated, dissolved in 100 ml 

of water and extracted with 3 portions (50 ml) of CH,Cl, The combined organic layers were dried over 
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Na,SO, and molecular sieve (4A) and reacted with 20 ml (212 mmol) of acetic anhydride. 25 ml (320 

mmol) of pyridine and a catalytical amount of DMAP (N,Ndimethylaminopyridine). After completion 

of the reaction excess acetic anhydride was removed by reaction with 10 ml of methanol and extractive 

workup gave a solution of 3 and as a minor by-product a rearranged lactoruGs. Chromatographic 

purification (hexane/ethyl acetate 2:l v/v) afforded 23.5 g (118 mmol, 64%) of 3 as a colorless oil 

which was distilled in VQCUO, bp (0.1 mm) 85°C. ‘H-NMR: (3OOMHz) b 1.34, dt, 14.3Hz, 4.2Hz, lH, 

1.90, s, 3H, 2.39, m, 2H, 2.47, dt, 14.4H2, 7.1Hz, lH, 2.95, m, 1H; 3.57, s, 3H, 5.50, m, lH, 5.72, d, 

2.OHz, 1H; 5.91, d, 2.OHz, 1H. 13C-~ (23.OMHz) 5 21.2, 36.4, 40.4(2C), 51.5, 79.4, 130.3. 139.4, 

170.6, 172.6. Anal. cakd for CteHt404: C 60.59; H 7.12%. Found: C 60.43; H 7.22%. 

Methyl 1-0-acetyl-S-deoxy-2S_Oisopropplidene-P_ (4) 

16.0 g (80.7 mmol) of 3 were dissolved in 100 ml of acetone, treated with 22.5 g (192 mmol) of 

NMNO and 50 mg of 0~0,. Stirring for 16 h was followed by addition of 0.5 g of NaHSO,, filtration 

and evaporation to dryness. The residue was dissolved in 50 ml of 0.5M H,SO,, saturated with sodium 

chloride and extracted with 5 portions (50 ml each) of dichloromethane. The combined extracts were 

evaporated to give 18.3 g (78.8 mmol) of the anticipated diol as a dark, highly viscous oil which was 

dissolved in 100 ml of 2.2-dimethoxypropane. Treatment with 0.5 g of TosOH for 60 min was followed 

by addition of 1 g of NaHCO,. Filtration, evaporation and chromatographic purification (hexane/ethyl 

acetate 21 v/v) afforded 15.3 g (56.2 mmol, 71.6%) of 4 as a colorless oil which crystallized on storage 

at -3O“C. mp 39-41“C. ‘H-NMR: (3OOMHz) lj 1.22, s, 3H, 1.40, s. 3H, 1.54, d, 14.5Hz, lH, 2.01, s, 3H, 

2.38, m, 3H; 2.56, t, 7.2Hz, 1H; 3.65. s, 3H; 4.42, d, 5.9Hz, IH, 4.49, d, 5.9Hz, 1H; 4.99, dd, 2.2Hz, 

5.2Hz, 1H. 13C-NMR: (23.OMHz) 6 21.0. 24.2, 26.6, 34.0, 37.7, 41.1, 51.5, 79.7, 84.7, 84.9, 111.0, 

169.8, 172.5. And. calcd for C,,H2cOs: C 64.98; H 8.39%. Found C 64.50; H 8.49%. 

5-Deoxy-2gOisopropylidene-p-D1_n’boearb (5) 

10.0 g (36.7 mmol) of 4 in 60 ml diethyl ether were added at 0°C drop by drop to a stitred 

suspension of 3.0 g of L.iAIHd in diethyl ether. The reaction mixture was stirred at room tempetature for 

15 min. refluxed for additional 15 min and the ice cold solution was quenched (CAUTION !) with 12 

ml saturated aq. MgSO, solution. After filtration the solution was dried over Na,SO, and evaporated 

affording 7.2 g (35.6 mmol, 97.0%) of 5 as a colorless oil, which crystallized on storage. An analytical 

sample was crystallized from pentane/diethyl ether 1: 1 v/v, mp 5859°C. ‘H-NMR: (3OOMHz) 6 1.28, s, 

3H; 1.43, s, 3H; 1.53, td, 6.OHz, 12.8Hz. 1.69, m, 2H; 2.09, ddt. 2.8Hz. 7.2Hz, 10.5Hz, lH, 2.21, td, 

6.6Hz, 12.OHz, IH, 2.89, bs, 1H; 3.38. bs, lH, 3.70, t, 5.7Hz, 2H, 4.13, t, 2.8Hz, lH, 4.38, m, 2H. 

t3C-NMR: (23.OMHz) 6 24.7, 27.0. 36.4, 37.6, 41.8, 61.3, 77.3, 85.6, 87.5, 111.5. And. calcd for 

C,&sO,: C 59.39; H 8.97%. Found: C 59.03; H 9.11%. 

6-Bromo-5,6-dideoxy-2,3-O-isopropylidene-~-DGn’bo-earbahexof~anose (6) 

A solution of 22.0 g (84.0 mmol) of Ph,P in 500 ml of CH,Cl, was titrated with Br, to yellow 

followed by addition of 14 ml of Et,N. 14.0 g (69.2 mmol) of 5, dissolved in 250 ml CHrCl,, were 

added (exothermic reaction) and stirred for 15 min. After extractive workup the solution was 

evaporated, the residue treated with diethyl ether, filtrated from the precipitated Ph,PO, evaporated and 
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subjected to chnmatographic purification (hexane/ethyl acetate! 2:l v/v) yielding 16.Og (60.0 mmol, 

87.0%) of 6 as a w1or1es.s oil. ‘H-NMFC (9OMHz) 1.39, s, 3H, 1.45, 5 3H, 1.50, m, 1I-Q 1.92-2.14, m, 

2H, 2.28, t, 2I-Q 2.44, bs, DzO-exchangable, lH, 3.45, t, 2H, 4.20, m, lH, 4.39, AB-system, 2H. 

13C-~ (23.OMI-k) 24.7, 27.1, 31.8. 35.8, 37.1, 43.5, 77.9, 85.4, 87.6, b 111.6. Anal. calcd for 

C1eH17Br03: C 45.30; H 6.46%. Found: C 45.17; H 6.57%. 

To a solution of 6.0 g (26.4 mmol) of 2-nitrophenylselenocyanate in 100 ml ethanol were added 

at 0°C 1.2g of NaBH,, stined for 15 min and allowed to warm up to room temperature. 6.6 g (24.9 

mmol) of 6 dissolved in 50 ml ethanol were dropped to the brown solution and stirred for 16 h. The 

reaction was quenched with 100 ml of 0.2M HCl and extracted with 3 portions (100 ml) of CH&. 

After washing with aq. sat. NaHCO, solution the solution was evapomted to yield the crude selenide as 

an orange oil which was dissolved in 250 ml of THF and after addition of 24 ml of HZOZ (30%) stirred 

for 16 h at mom temperature. Excess H,O, was destroyed by addition of a catalytic amount of MnO, 

and after filtration the solution was extracted with 2 portions of CH$l, (100 ml each), washed with aq. 

sat. NaHCO, solution, dried over Na,SO, and evaporated. ‘Ihe residue was purified by column 

chromatography (hexane/ethyl acetate 2: 1 v/v) and 3.01 g (20.2 mmol, 8 1.1%) of 6 were obtained as an 

orange oil. ‘H-NMR: (9OMHz) 6 1.32, s. 3H, 1.46, s. 3H, 1.66, dt. lH, 2.29, dt, lH, 2.69, m, lH, 2.90, 

bs, DzO-exchangable, 1H; 4.20, dt, lH, 4.48, AB-system, 2H, 5.04, dt, 1.2Hz, 8.7Hz, IH; 5.13, t, 

1.2Hz, lH, 5.96, m, 1H. 13C-NMR: (23.OMHz) ij 24.7, 27.0, 38.0, 48.5, 77.7, 85.2, 87.5, 111.5, 115.0, 

140.4. Ad. calcd for C1,,H1603: C 65.19; H 8.75%. Found: C 64.79; H 8.92%. 

2,3-O-Isopropylidene+-DLcarbaribofuranose (8) 

To a two phase system of 4.5 g (24.5 mmol) of 7 in 20 ml of diethyl ether and 20 ml of water, 

11.5 g (53.8 mmol) of NaIO, and 40 mg of 0~0, were added and vigorously &red for 16 h. The 

etheric layer was separated, dried over Na$O, and subjected to LiAlH, reduction as described above 

for 5. The reaction yielded 3.95 g (21.2 mmol. 86.8%) of dio18 as a colorless oil, which crystallized on 

storage, mp 47-48°C ‘H-NMR: (3OOMHz) 6 1.22, s, 3H, 1.36, s, 3H, 1.50, d, 14.1Hz, lH, 1.35, m, 2H, 

3.46, dd, 2.6Hz, 10.2Hz. lH, 3.74, dd, 3.2Hz, 10.2H2, 2H (1H D,O-exchangable); 4.07, d, 4.7H2, 1H; 

4.34, d, 5.7H2, 1H; 4.60, d, 5.7Hz, 1H. 13C-NMR: (754MHz) 6 24.2, 26.9, 35.6, 47.4,64.3, 76.8, 84.7, 

88.3. 110.4. Anal. calcd for C!,H,,O,: C 57.43; H 8.57%. Found: C 57.18; H 8.71%. 

2,3-O-Isopropylidene-5-0-trityl+DL+arbaribofurauose (9) 

A solution of 188 mg (1.0 mmol) of 8,348 mg (1.25 mmol) of trityl chloride, 0.1 ml of pyxidine 

and 5 mg of DMAP in 5 ml CH,Cl, was stirred for 4 h. Extractive workup and chromatographic 

purification (hexane/ethyl acetate 3:1 v/v) gave 339 mg ( 78.8 mmol. 78.8%) of 9 as a white foam. 

‘H-NMR: (3OOMHz) 6 1.31, s, 3H, 1.45, s, 3H, 1.68, bs, lH, 2.34, m, lH, 2.38, bs, 1H; 2.91, bs, lH, 

3.21, dd. 4.7Hz, 9.3Hz. IH; 3.40. dd, 4.7Hz. 9.3Hz, 1H; 4.13, s. 1H; 4.44, d, 5.8Hz, 1H; 4.57, d, 5.8Hz, 

lH, 7.30, m, 9H, 7.43, m, 6H. ‘3C-NMFk (75.4MHz) 6 24.61, 27.05. 35.73, 45.96, 65.61, 76.84,77.70, 

83.57, 88.08, 110.88, 127.44, 128.14, 129.03, 144.16. And. calcd for C,,H,,O,: C 78.11; H 7.02%. 

Found: C 78.20; H 6.92%. 
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376 mg (2.0 mmol) of 8 were ttitylated analogously as described above for 9 using 760 mg (2.8 

mmol) of trityl chloride, 0.4 ml of pyridine and 10 mg of DMAP in 10 ml CH&l, for 16 h. The reaction 

solution was treated with 1.5 g (4.0 mmol) of PDC and stirred vigorously for further 16 h. After 

filttation over a silica pad and extractive workup, chromatographic puritication (hexane/ethyl acetate 

4:l v/v) afforded 609 mg (1.44 mmol. 77%) of 10s as colorless crystals, mp 171-172°C lH-NMRz 

(3OOMHz) Li 1.32, s, 3H; 1.44, s, 3H; 2.24, d, 18.4Hx, 1H; 2.54, d, 9.4H2, 1H; 2.80, dd, 9.4H2, 18.4Hz. 

lH, 3.30, m, AB-system, 2H, 4.40, d, 5.3H2, lH, 4.44. d, 5.3Hz, lH, 7.30, m, 15H. 13C-NMRz 

(75.4MHz) 6 24.97, 27.09, 37.89 (ZxC), 65.17, 79.33, 81.70, 88.17, 111.68, 127.50, 128.04, 129.09, 

143.71,213.67. Anal. calcd for C2sH2s0,t: C 78.48; H 6.59%. Found: C 78.02; H 6.67%. 

1$-Anhy~3,4-O-isopropylidenebo_trit ranose (lla) 

a) Conversion of 1Oa with sulfur ylidesz 

A solution of 38 mg (1.26 mmol) of NaH (80% suspension in mineral oil) in 1 ml DMSO was 

treated with 277 mg (1.26 mmol) of trimethylsulfoxonium iodide and stirred for 30 min. 360 mg (0.84 

mmol) of 1Oa in 1 ml THF were added and stirring was continued for 60 min. The reaction mixture was 

partitioned between water and CT-i&l,, the organic layer was evaporated and subjected to 

chtomatographic puritication (hexane/ethyl acetate 9: 1 v/v) affording 320 mg (0.72 nunol, 86.1 I) of 

lla as white foam. 

30 mg of 1Oa were also reacted in the same way as described above with trimethylsulfonium 

iodide affording 23 mg of lla. ‘H-NMFk (3OOMHz) 5 1.29, s, 3H, 1.41, d, 12.3Hz, lH, 1.50, s, 3H, 

2.56, m, 2H; 2.81, d, 4.5Hz, 1H; 2.94, d, 4.5Hz, 1H; 3.18, m, 2H; 4.04, d, 5.7Hz, 1H; 4.59, d, 5.7Hz, 

1H; 7.30, m, 9H; 7.49, m, 6H. 13C-NMR: (75.4MHz) 6 24.61, 26.84, 32.17, 44.85, 47.76.64.27, 65.91, 

82.90, 84.58, 87.07, 110.81, 127.25, 128.03, 129.03, 144.36. And. calcd for QH3c04: C 78.71; H 

6.83%. Found C 78.92; H 6.69%. 

b) Epoxidation of olefin 14: 

A solution of 80 mg (0.189 mmol) of 14 in a mixtum of 1 ml CHrCl, 1 ml acetone and 1 ml 

water was treated with 100 mg of NaHCO, and 5 mg 18ctown-6 and stirred in an ice bath while 0.78 

ml (0.23 mmol) of a solution of Oxone@ (2KHSO+HS04~K,S0,, 0.29M) in water were added. After 

30 min the reaction was allowed to warm up to room temperature and stirred for further 16 h. Treatment 

with 3 ml aqueous Na,S,O, solution (lo%), 3 ml of aqueous saturated NaHCO, solution, followed by 

extraction with 3 portions CH$l, (5 ml each) and evaporation yielded 61 mg (0.14 mmol, 72.9%) of 

11s. 

Conversion of 1Oa with MCPBA in refluxing benzene led to the same product. 
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150 mg (0.66 mmol) of lob were treated in the same way as described above for 1Oa and 

yielded after chromatography (hexane/ethyl acetate 3:l v/v) 140 mg (0.58 mmol, 88.0%) of llb as a 

colorless oil. ‘H-NMR: (3OOMHx) b 1.26, s. 3H; 1.47, m, 1H; 1.49, s, 3H; 2.09, s. 3H, 2.57, m, 2H; 

2.84, d, 4.4Hx, 1H; 2.98, d, 4.4Hx, 1H; 4.08. m, 2H; 4.21, d, 5.7Hx, 1H; 4.64, d, 5.7Hx, 1H. ‘3C-NMRz 

(754MHz) 6 21.14.24.41, 26.70, 31.91, 43.82.47.63.64.99.65.73, 82.77.84.88, 111.02, 171.12. Anal. 

calcd for Ct2Ht805: C 59.48; H 7.49%. Found: C 59.81; H 7.60%. 

(12) and 

a) A solution of 180 mg (0.41 mmol) of lla and 150 mg (1.83 mmol) of NaOAc in 2 ml of DMF 

was refluxed for 16 h, subjected to extractive workup and separated by chmmatography affording 36 

mg (0.08 mmol) of starting material 11s. 93 mg (0.19 mmol) of 12 and 50 mg (0.11 mmol) of 13. 

The use of CsOAc allowed the reduction of the reaction temperature to 90°C which resulted in 

complete conversion and the sole formation of 146 mg (0.29 mmol, 71.2%) of 12. Chromatogmphic 

purification was done with hexanelethyl acetate 2: 1 v/v. 

12: ‘H-NMRz (3OOMI-k) 5 1.32, s, 3H; 1.46, s, 3H; 1.55, d, 14.OHz; 2.11, s, 3H; 2.11, m, 1H; 

2.45, dd, 7.OH2, 14.6Hx, 1H; 2.80, s, lH, 3.32, AH-system, 2H, 4.21, 2xd, AH-system, 11.4Hz, 2H, 

4.29, d, 5.5Hx, 1H; 4.62, cl, 5.5Hz. 1H; 7.30, m, 9H; 7.48, d, 6H. ‘3C-NMRz (75.4MHz) b 21.69, 24.54, 

26.87, 36.37, 45.66, 65.35, 67.82, 81.43, 84.08, 86.44, 87.33, 110.84. 127.19, 127.93, 128.90, 143.97, 

171.25. Anal. calcd for C31H3406: C 74.08; H 6.82%. Found: C 73.82; H 6.93%. 

13: ‘H-NMR: (3OOMHz) 15 1.29, s. 3H, 1.46, s, 3H, 1.52. d, 14,3Hz, lH, 2.11, m, lH, 2.41, m, 

lH, 2.50, bs, lH, 3.28, m. lH, 3.39. m. lH, 2.47, bs, lH, 3.57, d, ll.lHx, lH, 3.81, d, ll.lHx, lH, 

4.34, d, 5.8Hx, lH, 4.62, d, 5.8Hz. lH, 7.31, m, 9H, 7.46, d, 6H. 13C-NMR: (75.4MHz) 5 24.44,26.78, 

36.41, 45.28, 65.44, 66.35, 82.22, 83.93, 87.47, 87.52, 111.04, 127.25, 127.99, 128.90, 143.81. Anal. 

calcd for t$9H3205: C 75.63; H 7.00%. Found C 75.23; H 7.08%. 

b) cis-dihydroxylation of olefin 14: 80 mg (0.19 mmol) of 14 were treated with 52 mg (0.38 

mmol) of NMNO and 5 mg of OsO, in 2 ml of acetone as described above for 4 affording after 

chromatography (hexane/ethyl acetate 2: 1 v/v) 41 mg (0.09 mmol, 47.1%) of 13 as a colorless oil. 

A solution of 100 mg (0.23 mmol) of 1Oa and 0.47 ml of dimethyhitanocene (IM solution in 

THF) in 5 ml toluene was protected from light and heated to 60°C for 16 h. The reaction mixture was 

evaporated to dryness, dissolved in 0.5 ml of toluene and subjected to chromatographic purification 

(hexane/ethyl acetate 9:l v/v) affording 81 mg (0.189 mmol, 81.0%) of 14 as an orange oil. A second 

chromatography of an analytical sample gave 14 as a colorless oil. ‘H-NMR: (3OOMHz) b 1.34, s, 3H, 

1.50, s, 3H, 2.22, d, 15.5Hz. lH, 2.48, dd, IH, 2.82, dd, 7.5Hz; 15.3Hx, lH, 2.98, AH-system, 2H, 4.42, 

d, 5.6Hx, 1H; 4.64, d, 5.6Hz. 1H; 5.10, s, 1H; 5.19, s, 1H; 7.29, m, 9H; 7.46, d, 6H. t3C-NMRz 

(75.4MHz) b 24.66, 26.90, 33.18. 33.63, 64.06. 81.86, 83.09, 87.27, 110.49, 113.01, 127.05, 127.86, 

128.83, 144.17, 149.76. Anal. calcd for tI.&H,03: C 81.66, H 7.99%. Found: C 81.34; H 7.20%. 
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A solution of 300 mg (0.7 mmol) of 1Oa and 0.49 ml (7.0 mmol) of CHzBrz in 5 ml THF was 

cooled to -80°C and 3.5 ml (5.6 mmol) of a solution of n-BuLi (1.6M in hexane) were slowly added. 

The cooling bath was allowed to warm up to room temperature while stirring was continued for 16 h. 

After extractive workup chmmatographic purification (hexane/ethyl acetate 9: 1 v/v) gave 250 mg (0.56 

mmol, 80.7%) of 15 as a colorless oil. ‘H-NMRz (3OOMHx) 8 1.30, s, 3H, 1.48, d, 11.6Hx, lH, 1.54, s, 

3H; 2.52, m, 3H; 2.59, d, 5.4Hx, 1H; 2.70. d, 5.4Hz. 1H; 3.09, m, 2H; 4.15, d, 5.6Hz, 1H; 4.48, d, 

5.6Hx, 1H; 7.31, m, 9H; 7.47, m, 6H. r3C!-NMFk (75.4MHz) 8 24.64, 26.61,30.91, 42.30, 54.60,63.68, 

64.22, 80.47, 82.54, 87.07, 111.40, 127.37, 128.06, 128.90. 144.05. Anal. calcd for (&,H3004: C 78.71; 

H 6.83%. Found: C 78.92; H 6.88%. 

A solution of 200 mg (0.45 mmol) of 15 and 260 mg (1.36 mmol) of CsO& in 2 ml of DMF 

was heated to 90°C for 48 h. Extractive workup and chromatographic purification (hexane/ethyl acetate 

3:l v/v) yielded 152 mg (0.30 nunol, 66.9%) of 16 as a colorless oil. ‘H-NMB (3OOMHz) g 1.33, s, 3H, 

1.58. s, 3H, 1.64,dt. l.lHz, 13.7Hz, 1H; 2.12, s, 3H; 2.16, dd, 7.1Hx, 13.7Hx, 1H; 2.68,m, lH, 3.08, hs, 

1H; 3.12, dd, 6.5Hx, 8.9Hz, 1H; 3.23, dd, 5.8Hz, 8.9Hx, 1H; 3.99, d, 11.2Hx, 1H; 4.09, d, 11.2Hz. 1H; 

4.34, d, 7.6Hx, 4.41, dd, 5.OHx, 7.7Hx, lH, 7.28, m, 9H, 7.43, d, 6H. t3C-NMFk (75.4MHz) g 21.12, 

25.11, 26.71, 38.68, 43.67, 64.66, 68.79, 76.30, 82.19, 83.35, 86.75, 114.67, 127.25, 128.05, 128.99, 

144.33, 171.07. Anal. calcd for C,,H,O,: C 74.08; H 6.82%. Found C 73.79; H 6.88%. 

1,3,4,6-Tetra-O-acetyl-~-DL&~o~arbahex-2-ulofuranose (20a) and 1,2,3,4,6-Penta-O-acetyl- 

pDGribo<arbahex-2-ulofuranose (2Ob) 

A solution of 146 mg (0.29 mmol) of 12 in 2 ml of MeCN/H,O 1:l was treated with strong 

acidic ion exchange resin (Amherlite@ IR-120) and stirred at 5O’C for 60 min. After filtration and 

evaporation the crude product was treated with 0.5 ml of acetic anhydride, 1 ml of pyridine and a 

catalytic amount of DMAP. After stirring for 16 h tetraacetylated compound 2& and a minor 

by-product, pentaacetylated compound 2Ob, were formed. Chromatographic separation (hexane/ethyl 

acetate 1:l v/v) yielded 63 mg (0.18 mmol) of 2Oa and 16 mg (0.04 mmol) of 20b. 

2Oa: ‘H-NMR: (3OOMHz) 6 1.58, dd, 6.2Hz, 14.25Hz, 1H; 1.99, s, 3H; 2.04, s, 3H; 2.07, s, 6H; 

2.14, dd, ll.OHx, 14.25Hx, lH, 2.49-2.63. m, lH, 2.92, brs, lH, 4.00, d, 11.6Hz, lH, 4.07-4.20, 

AB-system 2dd, 6.3Hx, 11.05Hx. 6.5Hz, ll.O5Hz, 2H; 4.30, d, 11.6Hz, lH, 5.22, d, 4.3Hz, lH, 5.34, 

dd, 4.3Hx, 8.3Hz, 1H. 13C-NMk (75.4MHz) 5 20.83, 20.98, 34.96, 39.39, 65.63, 66.43, 74.84, 77.08, 

79.57, 169.79, 170.21, 171.06. Ad. calcd for Cl,Hz20,: C 52.02; H 6.40%. Found C 51.88; H 6.47%. 

2Ob: ‘H-NMRz (3OOMHz) 5 2.03, s, 3H; 2.04, s, 3H; 2.06, s, 3H; 2.07, s, 3H; 2.09, s, 3H; 

2.13-2.33, AB-system 2dd, 10.3Hx, 15.4Hz, 8.3Hx, 15.4H.q 2H, 2.53-2.66, m, lH, 4.01-4.14, 

AB-system 2dd, 5.6Hz, 11.4Hx, 5.9Hz, 11.4Hx, 2H, 4.43, d, 12.3Hz, 1H; 4.76, d, 12.2Hz, 1H; 5.24, dd, 

4.4Hx, 8.8Hz, 1H; 5.48, d, 4.4Hx, 1H. t3C-NMR: (75.4MHz) B 20.83, 20.96,22.18,32.82, 39.58, 62.10, 

64.69,73.62, 75.46, 87.46, 169.26. 170.01, 170.12, 170.57, 170.95. Anal. calcd for C17H2401c: C 52.58; 

H 6.23%. Found: C 52.33; H 6.29%. 
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l,3,4,~Tetra-O-acetyl-u-DL-ribo-carbahex-2-ulofuranose (21s) and 1,2,3,4,~Penta-O-acetyl- 

aDL-ribocarbabex-2-ulofuranose (21b) 

135 mg (0.27 mmol) of 16 were treated and purified as described above for 20 and yielded 67 

mg (0.20 mmol) of 21a and 12 mg (0.03 mmol) of 21b. 

21a: *H-NMR: (3OOMHz) 6 1.55. dd, 9.8Hz, 14.1Hz, lH, 2.07, s, 3H, 2.08, dd, 9.1Hz, 14.1Hz. 

lH, 2.09, s, 6H, 2.12, s, 3H, 2.62, bts, 3H, 2.73, m, lH, 4.08, AH-system 2d, 11.65Hz, 2H, 4.13, d, 

5.45Hz, 2H; 5.08, d, 6.6Hz, 1H; 5.15, dd, 5.6Hz, 6.6Hz. 13C-NMR: (75.4MHz) 6 20.73, 20.92, 20.98, 

34.63, 41.13, 64.69, 67.42, 73.51, 73.71, 78.47, 169.59, 170.09, 170.75, 170.99. Anal. calcd for 

Ct5H2209: C 52.02; H 6.40%. Found C 51.90, H 6.49%. 

21b: ‘H-NMR: (3OOMHz) b 1.88. dd, 8.9Hz, 14.8Hz, 1H; 2.04, s, 3H; 2.06, s, 3H,2.09. s, 3H; 

2.10, s, 3H, 2.12, s, 3H, 2.48, dd, 10.4Hz, 14.8Hz, lH, 2.69, m, lH, 4.08. dd, 5.1Hz, 11.2Hz, lH, 4.13, 

dd, 4.6Hz, 11.3Hz, 1H; 4.41, d, 11.9Hz, 1H; 4.54, d, 11.9Hz, 1H; 5.12, dd, 4.9Hz, 8.3Hz, 1H; 5.49, d, 

4.9Hz, 1H. 13C-NMR: (75.4MHz) 5 20.62, 20.72,20.79,21.53,33.38,39.33,63.85,63.94,72.48,73.49, 

84.28, 169.34, 169.76, 170.02, 170.81. Anal. calcd for CI,,HIeO: C 52.58; H 6.23%. Found C 52.30; 

H 6.27%. 

p-DL-ribo-Carbahex-2-ulofuranose (22) 

A solution of 63 mg (0.18 mmol) of 2Oa in 2 ml of methanol was treated with a catalytic amount 

of NaOMe and stirred for 120 min. After neutralization with weakly acidic ion exchange resin 

(Amberlite@ IRC-84) the solution was evaporated to give 32 mg (0.18 mmol, 98%) of 22, as colorless 

oil. TLC indicated complete conversion of substrate 2Ob, affording the anticipated compound 22. 

‘H-NMR: (CD,OD) (3OOMHz) 6 1.40, dd, 5.OHz, 13.OHz, IH; 2.10, dd, 10.5Hz, 13.OHz, IH, 2.15, m, 

1H; 3.56, d, 11.6Hz, 1H; 3.69, dd, 6.6Hz, 10.4Hz. 1H; 3.72, d, 11.7Hz, 1H; 3.74, d, 10.4Hz, 1H; 3.79, d, 

4.5Hz, 1H; 4.08, dd, 4.5Hz. 7.1Hz, IH. 13C-NMR: (CD30D) (75.4MHz) ij 36.16, 46.44, 65.80, 66.72, 

76.03,79.65,82.25. Anal. calcd for C,Ht405: C 47.19, H 7.92%. Found: C 46.92; H 8.01%. 

a-DL-ribo_Carbahex-2-ulofuranose (23) 

67 mg (0.20 mmol) of 21a were treated in the same way as shown above for 2Oa and yielded 33 

mg (0.19 mmol, 95%) of 23, a colorless oil, likewise 21b showed the same conversion to 23. ‘H-NMR: 

(CD,OD) (3OOMHz) 5 1.51, dd. 9.5Hz, 14.OHz, 1H; 1.84, dd, 8.9Hz. 14.OHz, 1H; 2.92, m, 1H; 3.44 and 

3.51, 2xd AH-system, ll.lHz, 2H, 3.56, dd, 6.2Hz, 10.8Hz, lH, 3.63, dd, 5.385 10.7Hz, lH, 3.80, m, 

2H. 13C-NMR: (CD,OD) (75.4MHz) B 35.62. 47.11. 64.70, 67.42, 74.56, 75.44, 80.78. Anal. calcd for 

C,H140S: C 47.19; H 7.92%. Found: C 46.97; H 7.98%. 
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