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ABSTRACT 

Representative 2,ddideoxy sugars, L-cladinose (l), L-mycarose (2), L-oleandrose (3), L-olivose (4), 
and all of their C-3 epimers, 2,6-dideoxy-3-C-methyl-3-O-methyl-L-arabino-hexopyranose (26), 2,6-dide- 
oxy-3-C-methyl+urubino-hexopyranose (L-olivomycose) (27), 2,6-dideoxy-3-O-methyl-L-ribo-hexopyra- 
nose (L-cymarose) (32), and 2,6-dideoxy-L-ribo-hexopyranose (L-digitoxose) (33) have been stereospecificai- 
ly synthesized through a highly stereoselective addition of a nucleophilic reagent to the C-3 carbonyl groups 
of methyl 2,6-anhydro-4-0-benzl-2-thio-cl-L-u~~in~-hexopymnosid-3-ulo~ (11) or methyl 2,6anhy- 
dro-4-O-benzyl-2-thio-B-L-arobino-hexopyranosid-3-u~o~ (12) possessing 2,6-anhydro-2-thio structures. 
Anomers 11 and 12 were both prepared in stereocontrolled fashion by treatment of a common intermediate, 
methyl 2,6-anhydro-4-0-benzyl-3-O-tetrahydropyr~yl-2-t~o-~-L-altropymnoside (8) with Lewis acids in 
methanol followed by oxidation. 

INTRODUCTION 

Numerous 2,6-dideoxy sugars as the glycosidic components of useful antibiotics 
have been discovered during the past three decades’. Recently, as the mechanisms of 
action of biologically active natural products have been elucidated more precisely, the 

glycons as well as the aglycons of these natural products have received considerable 
attention from the biological standpoint. In connection with projects aimed at devel- 
opment of methodology for stereocontrolled synthesis of natural products, we have 
recently reported a highly stereoselective and powerful glycosylation method for 2,6- 
dideoxy sugars by use of 2,6-anhydro-2-thio sugars’. Further, in extended studies, we 
have investigated the efficient use of 2,6-anhydro-2-thio sugars for stereocontrolled 
synthesis of 2,6-dideoxy sugars, especially, 2,6-dideoxy-3-C-branched carbohydrates”. 
We describe here full details of the latter work, which has resulted in syntheses of 
L-cladinose4 (l), L-mycarose’ (2), L-oleandro& (3), r_-olivose’ (4), and all of their C-3 
epimers, the novel sugar 26, L-olivomycose’ (27), L-cymarose9 (32) and L-digitoxose” 
(33) by using a highly stereocontrolled addition of a nucleophilic reagent to a carbonyl 
function at C-3 of a 2,6-anhydro-2-thio sugar as the key step. 

* To whom correspondence should be addressed. 

0008-6215/91/%03.50 @ 1991 - Elsevier Science Publishers B.V. All rights reserved. 



174 K. TOSHIMA et al. 

P 

0 Me**” 
.dOMe 

- Hoi9-- 
Me 

OH 

26 

6H 6H 

32 33 

RESULTS AND DISCUSSION 

The approach began with the conversion of methyl a+glucopyranoside into 
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compound 5 according to the literature “J’ No purifications were required in these 5 . 
steps, and 5 was obtained in good overall yield (58%) even on the large scale. Treatment 
of 5 with 3.0 equiv. of 3,4-dihydro-2H-pyran in the presence of catalytic amounts of 
IO-dl-camphorsulfonic acid and 4A molecular sieves in dichloromethane for 2 h at 0 
gave 6 in 97% yield. Basic hydrolysis of 6 with 3.0 equiv. of methanolic sodium 
methoxide for 3 h at 25” led to formation of a 2,6-anhydro-2-thio bridge with deprotec- 
tion of benzoyl groups, affording 7 in 98% yield. Standard benzylation of 7 (2.0 equiv. of 
benzyl bromide and 2.0 equiv. of sodium hydride in iV,N-dimethylformamide for 3 h at 
25”) produced 8 in 98% yield. 

Treatment of 8 with catalytic amounts of several Lewis acids or methanolic 
hydrogen chloride caused loss of the THP group with or without reformation of the 
methyl glycoside. When 8 was treated with 0.2 equiv. of BF,*Et,O in methanol for 0.5 h 
at 0”, the deprotected c1 anomer 9 was obtained exclusively in 97% yield. On the other 
hand, treatment with 0.2 equiv. of trimethylsilyl triflate in methanol for 1.5 hat 40”, gave 
mainly the thermodynamically more-stable@ anomer 10, in 65% yield, along with 19% 
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of the a anomer. However, treatment of 8 with trimethylsilyl triflate above 40” generated 
considerable amounts of an unidentified by-product. Thus, both anomers 9 and 10 
could be synthesized in highly stereocontrolled fashion. The combination of the config- 
uration of the anomeric position and the 2,6-anhydro-2-thio structure predictably 
played a crucial role for the highly stereocontrolled addition of nucleophilic reagents to 
the carbonyl function at C-3 of compounds 11 and 12, as described next. The 3-hydroxy 
products 9 and 10 were each oxidized by periodinane under the Dess-Martin condi- 
tion? to give the ketones 11 and 12 in 97 and 99% yields, respectively. 

Bn 
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At this stage, we examined several nucleophilic additions to the carbonyl func- 
tions of 11 and 12. The addition of Grignard reagent (MeMgBr) to the a anomer 11 at 
various temperatures gave mainly the a-methyl-p-hydroxy product 13, whereas treat- 
ment of 11 with methyllithium ‘at 0” caused considerable decomposition of 11. Highly 
stereocontrolled addition was best effected by treatment of 11 with 4.0 equiv. of 
methylmagnesium bromide in ether for 1.5 h at - 75” + - 25” and afforded 13 in 85% 
yield along with 9% of its C-3 epimer 14. In dramatic contrast, the addition of 
methylmagnesium bromide or methyllithium to the h anomer 12 generated exclusively 
the C-3 epimer, the p-methyl-a-hydroxy product 15, in both instances. The best ster- 
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eocontrolled addition was observed by treatment of 12 with 3.0 equiv. of methyllithium 
in ether for 0.5 h at -98” and afforded 15 in 92% yield together with 7% of its C-3 

epimer 16. At this stage, the configurations at C-3 of 13 and 15 were ascertained by the 
observation of a nuclear Overhauser effect of H-4 upon irradiation at the C-3-Me 
resonance frequency (see Experimental section). Thus, both C-3-Me epimers could be 
synthesized in good overall yields with high stereocontrol. Furthermore, the addition of 

hydride anion from diisobutylaluminum hydride (DIBAL) to 11 and 12 showed similar 
behavior. The addition of 3.0 equiv. of DIBAL to the c1 anomer 11 in toluene for 1 h at 
- 78” gave stereospecifically the p-hydroxy product 9 in 97% yield. Treatment of the j? 
anomer 12 with 2.0 equiv. of DIBAL in toluene at - 78” produced predominantly the 
a-hydroxy product 17 in 85% yield, together with 5% of its C-3 epimer 10. The structure 
of 17 was also confirmed by n.0.e. experiments (see Experimental section). The results 
strongly suggest the following mechanism for these reactions. In 12, the repulsive 
electronic interaction between the sulfur atom and the nucleophile approaching the C-3 
position strongly impedes the reaction. Consequently, the nucleophilic species attacks 
predominantly the a-face of the carbonyl function of 12 to avoid this disfavored 
interactions. On the other hand, in structure 11, because the 1,3-diaxial interaction 
between the nucleophe and the OMe group at C-I overcomes the repulsive participation 
by sulfur, p-attack of the reagent was favored. The effects of different nucleophiles are 
under current study in detail. 
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At the next stage, compounds 13,15,9, and 17 were 0-methylated (2.0 equiv. of 
methyl iodide and 2.0 equiv. of sodium hydride in N,N-dimethylformamide for 30 min, 

25”) to afford 18 (98%), 19 (91%), 20 (94%), and 21(99%) respectively, and these were 

subjected to simultaneous desulfurization and Odebenzylation by hydrogenolysis 21 in 
the presence of Raney-Ni (W4) in ethanol-1,4-dioxane at 40” to give the desired 
2,6-dideoxy compounds 22 (refs, 24 4a-d, 4f), 23,24 (refs. 9a, 9e-g, 9i, 91), and 25 (refs. 

6d) in 85, 85, 82, and 78% yields respectively. Finally, acid hydrolyses of the methyl 
glycosides of 22,23 and 25 (0.6~ WC1 for 24 h) proceeded smoothly to give L-cladinose 
(l), the new C-3 epimer 26 of L-cladinose, L-oleandrose (3), and the C-3 epimer 27 of 

L-oleandrose in 89,98, 73, and 76% yields respectively. 

18: R = Me 13: R = Me 1% R = Me 15: R = Me 
20: R=H 9: R=H 21: R=H 17: R = H 

El,, Rmey-Ni W4) 

22: 
R 

= Me 28: R = Me 23: R=Me 29: R = Me 
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L-Mycarose (2), the C-3 epimer 32 of L-mycarose, L-olivose (4), and the C-3 

epimer (33) of L-olivose were obtained in 8 1,63,74, and 65% overall yields, respectively, 
by direct hydrogenolyses of 13,15,9 and 17, followed by acid hydrolyses of the resulting 
products, 28 (refs. 4&l, 5a), 29,30 (refs. log-i, IOk, lOr), and 31 (refs. 7d-e, 7m). 

In conclusion, de nouo highly stereocontrolled syntheses of 2,6-dideoxy sugars, 
including the 2,6-dideoxy-3-C-branched sugars L-cladinose (1) L-mycarose (2) L- 

oleandrose (3) L-olivose (4), and all of their C-3 epimers, 2,6-dideoxy-3-C-methyl-3-0- 

methyl-L-arabino-hexopyranose (26), L-olivomycose (27), L-cymarose (32), and L-digi- 
toxose (33) were achieved by effective assistance of the combination of 2,6-anhydro-2- 
thio structures and the configurations at the anomeric position. 

EXPERIMENTAL 

General methods. - Melting points were determined on a Yanaco MP-S3 micro 

hot-stage and are uncorrected. Optical rotations were measured on a Jasco DIP-360 
photoelectric polarimeter in CHCl, at 25” unless otherwise noted. 1.r. spectra were 

recorded with a Bio-Rad Digilab FTS-65 spectrometer and ‘H-n.m.r. spectra with 
either a Jeol GSX270 or a Jeol GSX400 spectrometer in CDCl, using Me,Si as the 
internal standard unless otherwise noted. Silica-gel t.1.c. and column chromatography 

were performed on Merck TLC 60F-254 and Merck Kieselgel 60, respectively. Air- 
and/or moisture-sensitive reactions were carried out under an atmosphere of argon with 
oven-dried glassware. In general, organic solvents were purified and dried by the 

appropriate procedure, and evaporation and concentration were carried out under 
diminished pressure below 30”, unless otherwise noted. 

Methyt 2-S-benzoyZ-4-O-benzoyI-6-bromo-2,6-dideoxy-3-O-tetra-hydropyranyl- 

a-L-altropyrunoside (6). - To a stirring suspension of 5 (ref. 12, 5.19 g, 10.8 mmol), 
3,4-dihydro-2Wpyran (2.95 mL, 32.3 mmol) and 4 A molecular sieves (16.2 g) in dry 
CH,Cl, (162 ml) was added IO-dl-camphorsulfonic acid (1.5Og, 6.5 mmol) under ice- 

cooling. After being stirred for 1.5 h under ice-cooling, the mixture was made neutral 
with E&N and then the resulting mixture was filtered to remove the molecular sieves. 
The filtrate was washed with saturated aqueous NaCl(60 mL), dried over Na,SO,, and 

concentrated to a crude syrup. The syrup was chromatographed on silica gel (610g) 
with 5: 1 hexane-EtOAc to afford 6 (5.91 g, 97%) as a white foam; RF 0.29 and 0.31 (5:l 
hexane_EtOAc); ‘H-n.m.r. (270 MHz) faster product on t.1.c.: 6 1.25-l .9 (6 H, m, H-2, 
3, and 4 of THP), 3.23 (1 H, ddd, J11.6, 4.2, and 4.2Hz, H-5 of THP), 3.47 (3H, s, 
OMe), 3.57 (1 H, dd, J11.0 and 7.2Hz, H-6), 3.68 (1 H, dd, J11.0 and 2.4Hz, H-6’), 
4.154.3 (1 H, m, H-5’ of THP), 4.33 (1 H, d, J3.6Hz, H-2), 4.39 (1 H, dd, J3.6 and 
3.6Hz,H-3),4.68(1H,ddd,J10.0,7.2and2.4Hz,H-5),4.87(1H,brs,H-1),5.08(1H, 
brdd,H-1ofTHP),5.28(1H,dd,J10.0and3.6Hz,H-4),and7.~8.2(10H,Ph x 2);s 
lowerproductont.l.c.:61.2~1.9(6H,m,H-2,3,and4ofTHP),3.52(3H,s,OMe),3.54 
(1H,dd,J11.0and7.6Hz,H-6),3.64(1H,dd,J11.0and2.4Hz,H-6’),4.1~.25(2H, 
m,H-5andH-5’ofTHP),4.31(1H,dd,J3.8Hz,H-3),4.42(1H,dd,J3.8and1.0Hz, 
H-2), 4.63 (1 H, ddd, J9.9, 7.6 and 2.4Hz, H-5) 4.69 (1 H, dd, J3.2 and 3.2Hz, H-l of 
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THP),4.88(1H,brs,H-l),5.24(1H,dd,J9.9and3.8Hz,H-4),and7.4-8.1(10H,Ph 
x 2). 

Methyl 2,6-anhydro-3-0-tetrahydropyrunyl-2-th~o-a-~-ultropyrunosi~ (7). - To 
an ice-cold stirring solution of 6 (5.71 g, 10.1 mmol) in dry MeOH (114 mL) was added 
5~ NaOMe in MeOH (6.06 mL, 30.3 mmol). After being stirred for 3 h at 25” , the 
mixture was made neutral with solid CO,. The resulting mixture was extracted with 
CHCl, (40 mL x 3) and the extracts were washed with saturated aqueous NaCl(50 mL), 
dried over Na,SO,, and concentrated to a crude syrup. The syrup was chromatographed 
on silica gel (140 g) with 2: 1 hexane-EtOAc to afford 7 (2.72 g, 98%) as a colorless syrup. 
R, 0.27 and 0.28 (2:l hexane-EtOAc); ‘H-n.m.r. (270 MHz) faster product on t.1.c.: 6 
1.5-1.95(6H,m,H-2,3,and4ofTHP),2.61(1H,dd,J11.8and0.8Hz,H-6),2.92(1H, 
brdd,H-2),3.00(1H,dd,J11.8and5.9Hz,H-6’),3.49(3H,s,OMe),3.45-3.46(1H,m, 
H-5ofTHP), 3.73(1 H,d, J10.2Hz,OH), 3.93.95(2H,m,H-4andH-SofTHP),4.38 
(1H,ddd,J5.9,2.4and0.8Hz,H-5),4.43(1H,ddd,J8.0,0.8and0.8Hz,H-3),4.78(1 
H, dd, J4.4 and 3.0 Hz, H-l of THP), 5.03 (1 H, dd, J2.8 and 0.8 Hz, H-l); slower 
productont.l.c.:61.5-1.95(6H,m,H-2,3,and4ofTHP),2.63(1H,dd,J11.4and1.6 
Hz,H-6),2.85(1 H,dd, J2.0and l.SHz,H-2),3.02(1 H,dd,J11.4and4.8Hz,H-6’) 
3.45(3H,s,OMe),3.45-3.6(1H,m,H-5ofTHP),3.79(1H,d,J8.0Hz,OH),3.P-4.05 
(2 H, m, H-4 and H-5’ of THP), 4.34 (1 H, ddd, J 4.8,2.4 and 1.6 Hz, H-5), 4.39 (1 H, 
ddd,J7.9,1.8and1.8Hz,H-3),4.81(1H,dd,J4.2and3.4Hz,H-lofTHP),and5.07(1 
H, dd, J 2.0 and 1.8 Hz, H-l). 

Anal. Calc. for C,,H,O,S: C, 52.16; H, 7.29. Found: C, 51.84; H, 7.03. 
Methyl 2,6-unhydro-4-0-benzyl-3-0-tetruhydropyrunyl-2-thio-a-~-ultropyrunosi- 

de (8). - To an ice-cold stirring solution of 7 (2.10 g, 7.6 mmol) in dry DMF (42.0 ml) 
was added NaH (364 mg, 15.2 mmol) portionwise. The mixture was stirred for 1 h at 0” 
and then benzyl bromide (1.81 mL, 15.2 mmol) was added dropwise. After being stirred 
at 25” for 1 h, EtOH (1.8 1 mL) was added to the mixture and then the resulting mixture 
was poured into ice-water (100 mL). The mixture was extracted with Et,0 (30 mL x 3) 
and the extracts were washed with saturated aqueous NaCl(40 mL), dried over Na,SO,, 
and concentrated to a crude syrup, which was chromatographed on silica gel (150 g) 
with 3: 1 hexane_EtOAc to afford 8 (2.25 g, 98%) as a colorless syrup, R, 0.49 and 0.50 
(3:l hexane-EtOAc); ‘H-n.m.r. (270 MHz): 6 1.45-1.95 (6 H, m, H-2,3, and 4 of THP), 
2.52(1H,dd,J11.8and1.8Hz,H-6),2.98(1H,dd,J2.4and1.6Hz,H-2),3.04(1H,dd, 
Jll.Sand4.0Hz,H-6’) 3.45-3.55(1 H,m. H-5ofTHP), 3.49(3H,s,OMe),3.71 (1 H, 
dd,J8.4and1.8Hz,H-4),3.9~.1(1H,m,H-5’ofTHP),4.33(1H,ddd,J8.4,2.4and 
1.6 Hz, H-3), 4.39 (1 H, dd, J4.0, 1.8 and 1.8 Hz, H-5), 464.7 (1 H, m, H-l ofTHP), 
4.63 and4.72 (each 1 H, ABq, J 12.0 Hz, CH,Ph), 5.18 (1 H, dd, J 1.6 and 1.6 Hz, H-l), 
and 7.257.45 (5 H, Ph). 

Anal. Calc. for C,,H,,O,S: C, 62.27; H, 7.15. Found: C, 62.28; H, 7.17. 
Methyl 2,6-unhydro-4-0-benzyl-2-thio-a-L-ultropyrunoside (9). - Compound 8 

(101 mg, 0.276 mmol) was dissolved in dry MeOH (2.0 mL) and BF,*Et,O @L, 0.0553 
mmol) was added to the solution under ice-cooling. After being stirred for 0.5 h, at O”, 
the mixture was made neutral with E&N and then concentrated. The residue was 
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chromatographed on silica gel (8 g) with 3: 1 hexane+EtOAc to afford 9 (75.6 mg, 97%) 
as colorless crystals; m.p. 46.5-47.0” (hexant+EtOAc), [a]n - 110” (c 0.89); R, 0.50 (3: 1 

hexane-EtOAc); ‘H-n.m.r. (270 MHz): 6 2.52 (lH, dd, J 11.8 and 1.6 Hz, H-6), 2.86 (1 
H, dd, J2.2 and 2.2 Hz, H-2), 2.97 (1 H, dd, J 11.8 and 5.0 Hz, H-6’), 3.45 (3 H, s, OMe), 
3.68 (1 H, dd, J8.4 and 1.9 Hz, H-4), 3.96 (1 H, d, J 12.0 Hz, OH), 4.28 (1 H, dddd, J 
12.0,8.4,2.2,and 1.8Hz,H-3),4.37(1 H,ddd, J5.0,1.9and 1.6Hz,H-5),4.64and4.89 
(each 1 H, ABq, J 12.2 Hz, CH,Ph), and 5.15 (1 H, dd, J2.2 and 1.8 Hz, H-l). 

Anal. Calc. for C,,H,,O,S: C, 59.55; H, 6.43. Found: C, 59.72; H, 6.36. 
Methyl 2,6-anhydro-4-0-benzyl-2-thio-~-L-altropyranoside (10) and its anomer 9. 

- Compound 8 (168 mg, 0.458 mmol) was dissolved in dry MeOH (3.4 mL) and 
Me,SiOTf (0.018 mL, 0.0965 mmol) was added to the solution. After being stirred for 
1.5 h at 40”, the mixture was made neutral with Et,N and then concentrated. The residue 

was chromatographed on silica gel (8 g) with 3:l hexane_EtOAc to afford 10 (84.0 mg, 
65%) as colorless crystals and 9 (24.5 mg, 19%). Compound 10 had m.p. 85.5-86.0” 

(hexane-EtOAc); [a&, + 17” (c 0.79); R, 0.40 (2: 1 hexane-EtOAc); ‘H-n.m.r. (270 MHz) 
S2.50(1H,ddd,J11.8,3.6,and0.3Hz,H-6),3.04(1H,ddd,J3.8,3,6and0.3Hz,H-2), 

3.27 (1 H, dd, J 11.8 and 3.2 Hz, H-6’), 3.53 (3 H, s, OMe), 3.61 (1 H, d, J3.9 Hz, H-4), 
3.85 (1 H, d, J7.8 Hz, OH), 4.23 (1 H, dd, J3.6 and 3.2 Hz, H-5), 4.43 (1 H, ddd, J7.8, 
3.9, and 3.8 Hz, H-3), 4.71 (2 H, s, CH,Ph), and 5.16 (1 H, d, J3.6 Hz, H-l). 

Anal. Calc. for C,,H,,O,S: C, 59.55; H, 46.3. Found: C, 59.62; H, 6.45. 
Methyl 2,6-anhydro-4-0-benzyl-2-thio-a-L-arabino-hexopyranosid-3-ulose (11). 

- To a stirred solution 9 (75.9 mg, 0.268 mmol) in dry CH,Cl, (3.0 mL) was added 
Dess-Martin periodinane13 (454 mg, 1.07 mmol). After being stirred for 2 h at 25”, the 

mixture was diluted with ether (3.0 mL) and a mixture (3.0 mL) of 7: 1 saturated aqueous 
Na,S,O,-saturated aqueous NaHCO,. The resulting mixture was extracted with ether 
(3 mL x 3) and extracts were washed with saturated aqueous NaHCO, (5 mL) and 

saturated aqueous NaCl(5 mL), dried over Na,SO,, and concentrated to a crude syrup, 
which was chromatographed on silica gel (4 g), with 1O:l hexane_EtOAc to afford 11 
(72.8 mg, 97%) as a pale-yellow syrup. [&, + 89.6” (c 0.79); R, 0.47 (10: 1 toluene- 

EtOAc); pCHC133 1741 cm-‘; ‘H-n.m.r. (270 MHz) 6 2.68 (1 H, dd, J 11.6 and 2.0 Hz, max 
H-6),3.16(1 H,d, J2.2Hz,H-2),3.17(1 H,dd, J11.6and4.0Hz,H-6’),3.47(3H,s. 
OMe), 3.80 (1 H, d, J 1.8 Hz, H-4),4.56 (1 H, ddd, J4.0,2.0 and 1.8 Hz, H-5), 4.82 and 
4.97 (each lH, ABq, J 12.2 Hz, CH,Ph), and 5.24 (1 H, d, J2.2 Hz, H-l). 

Anal. Calc. for C,,H,,O,S: C, 59.98; H, 5.75. Found: C, 59.89; H, 5.80. 
Methyl 2,6-anhydro-4-0-benzy1-2-thio-~-L-arabino-hexopyranosid-3-ulose (12). 

- By the procedure described in the preparation of 11, compound 10 (7.1 mg, 0.273 

mol) was oxidized by Dess-Martin periodinane (463 mg, 1.09mmol) to give 12 (72.8 mg, 
97%) as a pale-yellow syrup, [a], + 198” (c 0.72); R, 0.45 (1O:l toluene-EtOAc); 

CHC’3 1738 cm-‘; ‘H-n.m.r. (270 MHz): 6 2.73 (1 H, dd, J 11.6 and 3.0 Hz, H-6), 3.32 
~~,d,J2.8Hz,H-2),3.41(1H,dd,J11.6and2.4Hz,H-6’),3.57(1H,s,OMe),4.15(1 
H,d,J1.0Hz,H-4),4.46(1H,ddd,J3.0,2.4and1.0Hz,H-5),4.85and5.01(each1H, 
ABq, J 12.2 Hz, CH,Ph), and 5.22 (1 H, d, J2.8 Hz, H-l). 

Anal. Calc. for C,,H,,O,S: C, 59.98; H, 5.75. Found: C, 59.75; H, 5.79. 
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Methyl 2,6-anhydro-4-0-benzyl-3-C-methyl-2-thio-a-L-altropyranoside (13) and 
its C-3 epimer 14. - To a stirred solution of 11(125 mg, 0.446 mmol) in dry ether (2.5 
mL) was added 3.0~ MeMgBr in ether (0.595 mL, 1.78 mmol) at -78” and then the 
mixture was gradually warmed to - 25” over 1.5 h with stirring. To the mixture was 
added saturated aqueous NH&l (5 mL) and the resulting mixture was extracted with 
ether (3 mL x 3). The extracts were washed with saturated aqueous NaCl(4 mL), dried 
over Na,SO,, and concentrated to a crude syrup, which was chromatographed on silica 
gel (13 g) with IO:1 toluene-EtOAc to afford 13 (112 mg, 85%) and its C-3 epimer 14 
(11.8 mg, 9%) as pale-yellow syrups. Compound 13 had [aIn - 101” (c 0.99); R, 0.47 
(10: 1 toluene_EtOAc); ‘H-n.m.r. (270 MHz): 6 1.54 (3 H, d, JO.8 Hz, C3-Me), 2.49 (1 H, 
dd,J11.6and 1.6Hz,H-6),2.60(1 H,d, J2.0Hz,H-2),2.94(1 H,dd, J11.6and4.8Hz, 
H-6),3.19(1 H,d, J1.6Hz,H-4),3.49(3H,s,OMe),4.33(1 H,ddd, J4.8, 1.6and 1.6 
Hz,H-5),4.50and4.95(each1H,ABq,J12.2Hz,CH,Ph),4.65(1H,d,J0.8Hz,OH), 
and 5.22 (1 H, d, J2.0 Hz, H-l). 

Irradiation at the C-3-Me resonance frequency caused n.0.e. of H-2 (8%) and 
H-4 (10%). 

Anal. Calc. for C,,H,,O,S: C, 60.78; H, 6.80. Found: C, 60.88; H, 6.71. 
Compound 14 had [aJD - 30.5” (c 1.09); RF 0.44 (10: 1 toluene_EtOAc); ‘H-n.m.r. 

(270MHz):61.58(3H,s,C3-Me),2.62(1H,dd,J11.6and2.2Hz,H-6),2.68(1H,d,J 
0.8 Hz, H-2), 3.03 (1 H, dd, J 11.6 and 3.8 Hz, H-6’), 3.32 (1 H, s, H-4), 3.46 (3 H, s, 
OMe), 3.61(1 H,brs,OH),4.29(1 H, brdd,H-5),4.64and4.74(each 1 H,ABq, 512.2 
Hz, CH,Ph), and 5.29 (1 H, d, J 0.8 Hz, H-l). 

Anal. Calc. for C,,H,,O,S: C, 60.78; H, 6.80. Found: C, 60.56; H, 6.62. 
Methyl 2,6-anhydro-4-0-benzyl-3-C-methyl-2-thio-~-L-mannopyranoside (15) and 

its C-3 epimer 16. - To a stirred solution of 12 106 mg, 0.378 mmol) in dry ether (2.12 
mL) was added 1 .O~M MeLi in ether (0.986 mL, 1.06 mmol) at - 98”. After being stirred 
at same temperature for 0.5 h, saturated aqueous NH&I (5 mL) was added to the 
mixture which was then extracted with ether (3 mL x 3). The extracts were washed with 
saturated aqueous NaCl(4 mL), dried over Na,SO,, and concentrated to a crude syrup, 
which was chromatographed on silica gel (5.6 g) with 3: 1 hexane-acetone to afford 15 
(103mg, 92%) as a colorless syrup and its C-3 epimer 16 (8.0mg, 7.1%) as crystals. 
Compound 15 had [a], +50.2” (c 0.71): 4 0.31 (3:l hexane-acetone); ‘H-n.m.r. 
(270MHz):61.52(3H,d,J0.8Hz,C3-Me),2.59(1H,ddd,J11.6,3.2and1.0Hz,H-6), 
2.79(1 H,dd, J3.6and l.OHz,H-2),3.26(1 H,dd, J11.6and2.4Hz,H-6’),3.54(1 H,s, 
H-4),3.72(1H,d,J0.8Hz,OH),4.19(1H,dd,J3.2and2.4Hz,H-5),4.63and4.73 
(each 1 H,ABq, J12.2Hz,CH,Ph),andcuasedn.O.e. ofH-1(17%)andH-2(12%)5.05 
(1 H, d, J 3.6Hz, H-l). Irradiation at the C-3-Me resonance frequency n.0.e. of H-l 
(17%) and H-2 (12%). 

Anal. Calc. for C,,H,,O,S: C, 60.78; H, 6.80. Found: C, 60.80; H, 6.84. 
Compound 16 had m.p. 102.5-103.0” (hexane-EtOAc, needles); [a], + 53.9” (c 

0.52);& 0.22 (3:l hexaneacetone); ‘H-n.m.r. (270MHz): 6 1.58 (3 H, s, C-3-Me), 2.50 
(1H,dd,J11.6and3.6Hz,H-6),2.77(1H,dd,J3.6Hz,H-2),3.25(1H,dd,J11.6and 
2.4Hz,H-6’),3.47(1H,s,H-4),3.54(1 H,s,OMe),3.63(1H,s,OH),4.21(1 H,dd, J3.6 



182 K. TOSHIMA et d. 

and 2.4 Hz, H-5), 4.67 and 4.74 (each 1 H, ABq, J 12.0 Hz, CH,Ph), and 5.28 (1 H, d, J 

3.6 Hz, H-l). 

Methyl 2,6-anhydro-#-O-benzyl-2-thio-a-L-altropyranoside (9) from 11. - To a 
stirred solution of 11 (112 mg, 0,40 mmol) in dry toluene (1.12 mL) was added 1.02~ 
diisobutyl aluminum hydride in toluene (1.18 mL, 1.20mmol) at - 78”. After being 
stirred for 1 h at -78”, saturated aqueous NH&l (2mL) was added to the mixture, 
which was then extracted with CHCl, (1 mL x 3). The extracts were washed with 
saturated aqueous NaCl(4 mL), dried over Na,SO,, and concentrated to a crude syrup, 
which was chromatographed on silica gel (13 g) with 3: 1 hexane-EtOAc to alford 9 
(110 mg, 97%) as the only isolated product. 

Methyl 2,6-anhydro-#-O-benzyl-2-thio-J?-L-mannopyranosi& (17) and its C-3 
epimer 10. - To a stirred solution of 12 (139 mg, 0.496 mmol) in dry toluene (1.39 mL) 
was added 1.02~ diisobutyl aluminum hydride in toluene (0.97 mL, 0.992 mrnol) at 
- 78”. The mixture was stirred for 20 min at - 78”, and then saturated aqueous NH,Cl 
(2 mL) was added. The mixture was extracted with CHCl, (1 mL x 3) and the extracts 
were washed with saturated aqueous NaCl(4 mL), dried over Na,SO,, and concentrat- 
ed to a crude syrup, which was chromatographed on silica gel (13 g) with 3: 1 hexane- 
EtOAc to afford 17 (1 19mg, 85%) and 10 (7.0mg, 5.0%) as colorless syrups. Com- 
pound 17 had [a], I- 50.5” (c 0.38); RF 0.38 (3: 1 toluene-EtOAc); ‘H-n.m.r. (270 MHz): 6 
2.59(lH,dd,j12.0and3.0Hz,H-6),2.98(1H,dd,J2.4and3.0Hz,H-2),3.0l(lH,d,J 
ll.8Hz,OH),3.28(lH,dd,~l2.0and3.2Hz,H-6’),3.47(lH,d, J2.4Hz,H-4),3.56 
(3H, s, OMe), 4.10 (lH, ddd, J 11.8, 2.4 and 2.4Hz, H-3), 4.19 (lH, dd, J3.2 and 
3.0Hz, H-5), 4.68 and 4.77 (each 1 H, ABq, J 12.0Hz, CH,Ph), 5.01 (1 H, d, J2.4Hz, 
H-l), and 7.25-7.45 (5 H, Ph). 

Irradiation at the H-l resonance frequency caused n.0.e. of H-2 (12%) and H-3 

(16%). 
Anal. Calc. for C,,H,,O,S: C, 59.55; H, 6.43. Found: C, 59.58; H, 6.27. 
0-Methylation of 2,6-anhydro-3-hydroxy-2-thio compounds, 13, 15, 9, and 17: 

General procedure. - To an ice-cold stirred solution of the 2,6-anhydro-3-hydroxy-2- 
thio compound (0.1 mmol) in dry DMF (0.5 mL) was added NaH (0.2 mmol) portion- 
wise. The mixture was stirred for 20 min at 0” and then Me1 (0.2mmol) was added 
dropwise and, after stirring for 15 min at 25”, the mixture was poured into ice-water. 
The resulting mixture was extracted with Et,0 and the extracts were washed with 
saturated aqueous NaCl, dried over NazSO,, and concentrated to the crude products, 
which were purified by column chromatography. The following 2,6-anhydro-3-G 
methyl-Zthio sugars were prepared according to this method. 

Methyl 2,6-anhydro-4-0-benzyl-3-C-methyl-3-O-methyl-2-thio-a-~-aZtropyrano- 
side (18): Compound 13 (1.21 g, 4.08 mmol) gave 18 (1.24 g, 98%) as a colorless syrup. 
[a], - 128” (c 0.84); 4 0.25 (3:l toluene-EtOAc); ‘H-n.m.r. (270MHz): 6 1;55 (3 H, s, 
Me),2.52(lH,dd,Jll.6and2.4Hz,H-6),2.78(lH,s,H-2),3.04(lH,dd,Jll.6and 
3_6Hz, H-6’), 3.30 (1 H, s, H-4), 3.34 (3 H, s, OMe), 3.51 (3 H, s, OMe), 4.32 (1 H, dd, J 
3.6 and 2.4 Hz, H-5), 4.64 and 4.82 (each 1 H, ABq, J 12.8Hz, CH,Ph), 5.24 (1 H, s, 
H-l), and 7.25-7.45 (5 H, Ph). 



2,6-ANHYDRO-2-TH.IO SUGARS 183 

Anal. Calc. for C,,H,,O,S: C, 61.91; H, 7.14. Found: C, 61.65; H, 6.88. 
Methyl 2,6-anhydro-4-0-benzyl-3-C-methyl-3-O-methyl-2-thio-~-~-mannopyran- 

oside (19): Compound 15 (2.62 g, 8.84 mmol) gave 19 (2.48 g, 91 OXI) as colorless crystals, 
m.p. 80.5-81 .o” (hexdne); [a], + 68.8” (c 0.59); R, 0.33 (5: 1 toluene-acetone); ‘H-n.m.r. 
(270MHz):61.51(3H,s,Me),2.66(1H,dd,J11.8and3.2Hz,H-6),2.99(1H,d,J3.2 
Hz, H-2), 3.26 (1 H, dd, J 11.8 and 3.2 Hz, H-6’), 3.28 (3 H, s, OMe), 3.55 (3 H, s, OMe), 
3.70(1H,s,H-4),4.21(1H,dd,J3.2and3.2Hz,H-5),4.61and4.67(each1H,ABq,J 
12.2Hz, CH,Ph), 4.95 (1 H, d, J3.2Hz, H-l), and 7.257.45 (5H, Ph). 

Anal. Calc. for C,,H,,O,S: C, 61.91; H, 7.14. Found: C, 62.13; H, 6.95. 
Methyl 2,6-anhydro-4-0-benzyl-3-O-methyl-2-thio-a-L-a~trophyranosi~ (20): 

Compound 9 (29.2 mg, 0.103 mmol) gave 20 (28.8 mg, 94%) as colorless crystals, m.p. 
53.5-54.5” (hexane, needles); [a], -95.2” (c 1.00); R, 0.22 (2:l hexane-EtOAc); ‘H- 
n.m.r. (270MHz): 6 2.49 (1 H, dd, J 12.0 and 2.0Hz, H-6), 2.95 (1 H, dd, J 1.8 and 
1.8Hz,H-2),3.01(1H,dd,J12.0and4.0Hz,H-6’),3.50(6H,s,OMe x 2),3.72(1H, 
dd,J8.4and1.6Hz,H-4),3.96(1H,ddd,J8.4, 1.8,and0.6Hz,H-3),4.38(1H,ddd,J 
4.0,2.0,and1.6Hz,H-5),4.69and4.81(each1H,ABq,J12.6Hz,CH,Ph),5.16(1H,br 
s, H-l), and 7.25-7.45 (5 H, Ph). 

Anal. Calc. for C,,H,,O,S: C, 60.79; H, 6.80. Found: C, 61.09; H, 6.59. 
Methyl 2,6-anhydro-4-0-benzyl-2-thio-8-L-mannopyranoside (21): Compound 17 

(47.6mg, 0.169 mmol) gave 21(49.9 mg, 99%) as a colorless syrup. [a], +82.6” (c 0.53); 
R, 0.32 (2:l hexane_EtOAc); ‘H-n.m.r. (270 MHz): 6 2.64 (1 H, dd, J 12.0 and 3.6 Hz, 
H-6), 3.07 (1 H, br s, H-2), 3.29 (1 H, dd, J 12.0 and 3.2Hz, H-6’), 3.44 (3H, s, OMe), 
3.56(3H,s,OMe),3.6~3.75(2H,m,H-3and4),4.21(1H,dd,J3.6and3.2Hz,H-5), 
4.62 and 4.66 (each 1 H, ABq, J 12.0 Hz, CH,Ph), 4.94 (1 H, d, J 3.4Hz, H-l), and 
7.25-7.45 (5 H, Ph). 

Anal. Calc. for C,,H,O,S: C, 60.78; H, 6.80. Found: C, 60.54; H, 6.79. 
Hydrogenolysis with 0-debenzylation of 2,6-anhydro-4-0-benzyl-2-thio com- 

pounds, l&19,20,21,13,15,9, and 17: Generalprocedure. -The 2,6-anhydro-2-thio-4- 
0-benzyl-2-thio compound (0.1 mmol) was dissolved in 4: 1 EtOH-1 ,Cdioxane 
(l.OmL) and a catalytic amount of Raney-Ni (W4) was added. The mixture was 
vigorously stirred at 40” for l-2 h under H,. After filtration, the catalyst was washed 
with MeOH and the combined filtrate and washings were concentrated to give the crude 
products, which were purified by column chromatography or/and distillation under 
diminished pressure. The following 2,6-dideoxy-4-O-hydroxy sugars were prepared 
according to this method. 

Methyl 2,6-dideoxy-3-C-methyl-3-O-methyl-a-L-~bo-hexopyranosi~ (22): Com- 
pound 18 (1.44 g, 4.64 mmol) gave 22 (0.74 g, 85%) as a colorless syrup, [a], - 139” (c 
0.32, H,O); the optical rotations of methyl a-cladinoside in refs. 4c and 4d are un- 
fortunately incorrect! These are originally compared with the data in ref. 4a. However, 
in ref. 4a, the stereochemistry of the anomeric position of methyl cladinoside was not 
discussed, and we confirmed that the methyl cladinoside obtained from erythromycin A 
according to the ref. 4a, was a mixture of both anomers (a$ = 1:4.9) by ‘H-n.m.r. 
analysis. R, 0.51 (2:l hexane-acetone); ‘H-n.m.r. (270 MHz): 6 1.22 (3 H, s, C-3-Me), 
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1.28(3H,d,J6.4Hz,H-6),1.53(1H,dd,J15.2and4.4Hz,H-2),2.27(1H,d,J15.2Hz, 

H-2’),2.32(1H,d,J11.0Hz,OH),3.02(1H,dd,J11.0and9.8Hz,H-4),3.26(3H,s, 

OMe), 3.32(3H, s, OMe), 3.85 (3H, dq, J9.8 and6.4Hz, H-5),and4.60 (lH, d, J 
4.4 Hz, H-l). 

Anal. Calc. for C,H,,O,: C, 56.82; H, 9.54. Found: C, 57.20; H, 9.20. 

Methyl 2,6-dideoxy-3-C-methyl-3-O-methyl_B-L-arabino-hexopyranoside (23): 

Compound 19 (0.96g, 3.09mmol) gave 23 (0.5Og, 85%) as colorless crystals; m.p. 

82.0-83.0” (EtOAc-hexane, needles) [lit,6d, m.p. 7980”]; R, 0.19 (3:l hexane acetone); 

[a], + 89.9” (c 0.75, EtOH) [lit,6d, [a], -82” (EtOH) for the D enantiomer]; ‘H-n.m.r. 

(270MHz):61.25(3H,s,C-3-Me),1.35(3H,d,J6.2Hz,H-6),1.63(1H,dd,J12.4and 

10.0 Hz, H-2), 2.05 (1 H, dd, J 12.4 and 2.1 Hz, H-2’), 2.08 (1 H, d, J2.0Hz, OH), 3.22 

(3H,s,OMe),3.31(1 H,dd,J9.6and2.0Hz,H-4),3.43(1H,dd,J9.6and6.2Hz,H-5), 

3.49 (1 H, s, OMe), and 4.41 (1 H, d, J 10.0 and 2.1 Hz, H-l). 

Anal. Calc. for C,H,,O,: C, 56.82; H, 9.54. Found: C, 56.54; H, 9.32. 

Methyl 2,6-dideoxy-3-0-methyl-a-L-ribo-hexopyranoside (24): Compound 20 

(0572g, 1.93 mmol) gave 24 (0.278 g, 82%) as colorless crystals, m.p. 40-41” [lit,*, m.p. 

4&43”]; R, 0.33 (1:l toluene-EtOAc); [a], -219” (c 0.29, MeOH) [lit,“, +214” (c 0.7, 

MeOH) for the D enantiomer]; ‘H-n.m.r. (270 MHz): 6 1.28 (3 H, d, J6.2 Hz, H-6), 1.74 

(1H,ddd,J15.0,4.4,and4.0Hz,H-2),2.27(1H,ddd,J15.0,3.9,and1.0Hz,H-2’),2.51 

(1H,d,J10.0Hz,OH),3.24(1H,ddd,J10.0,10.0,and4.0Hz,H-4),3.34(3H,s.OMe), 

3.43 (3 H, s. OMe), 3.59 (1 H, ddd, J4.0,4.0 and 3.9Hz, H-3), 3.85 (1 H, dq, J 10.0 and 

6.0Hz, H-5), and 4.64 (1 H, dd, J4.4 and l.OHz, H-l). 

Anal. Calc. for CBH,604: C, 54.53; H, 9.15. Found: C, 54.62; H, 9.29. 

Methyl 2,6-dideoxy-3-O-mefhyi-@arabino-hexopyranoside (25): Compound 21 

(1.45 g, 4.67mmol) gave 25 (0.693 g, 78%) as a colorless syrup, [a], +46.8” (c 0.57, 
EtOH); R, 0.2 1 (2: 1 hexaneacetone); ‘-H-n.m.r. (270MHz): 6 1.36 (3H, d, J 5.9Hz, 

H-6), 1.41 (1 H, ddd, J 10.4, 10.4 and lO.OHz, H-2), 2.34 (1 H, ddd, J 10.4,4.0and 2.0 

Hz, H-2’), 2.49 (1 H, d, J 1.6Hz, OH), 3.1-3.4 (3H, H-3,4 and 5) 3.39 (3 Hz, s, OMe), 

3.50 (3 H, s, OMe), and 4.38 (1 H, dd, J 10.0 and 2.0 Hz, H-l). 

Anal. Calc. for C,H,,O,: C, 54.53; H, 9.15. Found: C, 54.55; H, 8.84. 

Methyl 2,6-dideoxy-3-C-methyl-a-L-ribo-hexopyranoside (28): Compound 13 

(75.5mg, 0.255mmol) gave 28 (36.3mg, 81%) as colorless crystals, m.p. 60.5-61.0” 

(needles) [lit,5a, m.p. 60.561”]; [a], - 134” (c 0.39) [lit,ja, [a],, - 141” (c CHCl,]; R, 0.25 

(3:2 hexane-EtOAc); ‘H-n.m.r. (270 MHz): S 1.23 (3 H, s, Me), 1.33 (3 H, d, J 6.0 Hz, 

H-6) 1.81 (lH,dd, J14.4and4.0Hz,H-2),2.04(1 H,dd, J14.4and0.8Hz,H-2’),2.21 

(1H,d,J11.0Hz,OH),2.97(1H,dd,J11.0and10.0Hz,H-4),3.37(3H,s,OMe),3.59 

(lH,dq,JlO.Oand6.0Hz,H-5),3.84(1 H,s,OH),and4.76(1H,dd, J4.0and0.8Hz, 

H-l). 

Anal. Calc. for C,H,,O,: C, 54.53: H, 9.15. Found: C, 54.32; H, 9.17. 

Methyl 2,6-dideoxy-3-C-methyi-~-L-arabino-hexopyranoside (29): Compound 15 

(92.0mg, 0.31 mmol) gave 29 (43.1 mg, 78%) as colorless stystals, m.p. 99.5-100.0” 

(ether-hexane, needles); [a],, +45.6” (c 1.00, EtOH); RF 0.32 (1:l tolueneacetone); 

‘H-n.m.r.(270MHz):S1.30(3H,s,Me),1.34(3H,d,J6.0Hz,H-6),1.55-1.65(1H,br. 
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OH), 1.71 (lH,dd, J12.4and9.8Hz,H-2), 1.8-1.9(1H,br,OH),2.02(1H,dd,J12.4 

and2.1Hz,H-2’),3.25(1H,d,J9.6Hz,H-4),3.37(1H,dq,J9.6and6.0Hz,H-5),and 

4.44(1 H, dd, J9.8 and 2.1 Hz, H-l). 
Anal. Calc. for C,H,,O,: C, 54.53; H, 9.15. Found: C, 54.51; H, 8.91. 

Methyl 2,6-dideoxy-a-L-rib-hexopyrunosirie (30): Compound 9 (19.6mg, 
0.069 mmol) gave 30 (9.04 mg, 80%) as a colorless syrup; [a], - 173” (c 1.06) [lit.‘Oh, [a], 
- 174” (c 1 .O, CHCI,)]; R, 0.25 (3: 1 tolueneacetone); ‘H-n.m.r. (270 MHz): 6 1.34 (3 H, 
d,J6.0Hz,H-6),1.92(1H,ddd,J14.8,3.2,and3.1Hz,H-2),2.18(1H,ddd,J14.8,3.2, 

and 1_2Hz,H-2’),2_52(1H,d, JlO.OHz,OH),3.14(1 H,ddd,JlO.O, lO.O,and3.2Hz, 
H-4),3.38(3H,s,OMe),3.41 (lH,d,JlO.OHz,OH),3.71 (lH,dq,JlO.Oand6.0Hz, 

H-5),3.94(1H,dddd,J10.0,3.2,3.2,and3.1Hz,H-3),and4.79(1H,dd,J3.2and1.2 
Hz, H-l). 

Anal. Calc. for C,H,,O,: C, 51.84; H, 8.70. Found: C, 51.88; H, 8.67. 

Methyl 2,6-dedeoxy-#?-L-arabino-hexopyranoside (31): Compound 17 (43.1 mg, 
0.153 mmol) gave 31 (21.7 mg, 88%) as colorless crystals; m.p. 87S87.5” (EtOAc- 
hexane, needles) [lit,‘d, m-p. 84” EtOAc-hexane, needles)]; [a], + 73.2” (c 1.03, EtOH) 

[lit,7d, - 85” (c EtOH) for the D enantiomer]; R, 0.25 (1: 1 tolueneacetone); ‘H-n.m.r. 
(270MHz):61.36(3H,d, J6.0Hz,H-6) 1.60(1H,ddd,J12.4,12.4,and lO.OHz,H-2), 
2.23(1H,ddd,J12.4,5.4and2.0Hz,H-2’),2.35-2.6(2H,br.OH x 2),3.10(lH,dd,J 
9.2Hz, H-4), 3.29 (1 H, dq, J9.2 and 6.OHz, H-5), 3.50 (3 H, s, OMe), 3.61 (1 H, ddd, J 
12.4, 9.2 and 5.4Hz, H-3), 4.42 (1 H, dd, J 10.0 and 2.0Hz, H-l). 

Anal. Calc. for C,H,,O,: C, 5 1.80; H, 8.70. Found: C, 52.04; H, 8.39. 

Hydrolysis of methyl 2,6_dideoxyglycosides, 22, 23, 24, 25, 28, 29, 30, and 31: 
General procedure. - The methyl 2,6-dideoxyglycoside (0.1 mmol) was dissolved in 
0.6~ HCl(1 mL) and kept for 24 h at 26”. The mixture was made neutral with Amberlite 

IRA-400 (OH-) resin and filtered. The filtrate was concentrated to give the crude 
products, which were purified by column chromatography or/and distilation under 
diminished pressure. The following free sugars were prepared according to this method. 

2,6-Dideoxy-3-C-methyl-3-O-methyl-L-ribo-hexopyranose (L-cladinose) (1): 
Compound 22 (100 mg, 0.568 mmol) gave 1 (82.1 mg, 89%) as a colorless syrup; 
[a],-22.8’ (c 2.49, H,O, equil.) [lit.&, [a], -23” (~2.6, H,O)]; R, 0.67 and 0.56 (1:l 

tolueneacetone); ‘H-n.m.r. (270 MHz): a anomer of 1: 6 1.30 (3 H, s, C-3-Me), 1.3 1 
(3H, d, J6.0Hz, H-6), 1.60 (1 H, dd, J14.8 and 4.0Hz, H-2), 2.05 (1 H, d, Jll.OHz, 
OH),2.24(1H,dd,J14.8and1.6Hz,H-2’),3.04(1H,dd,J11.0and 10.8Hz,H-4),3.37 
(3H, s, OMe), 3.92 (1 H, dq, J10.8 and 6.0Hz, H-5), 4.83 (1 H, d, J10.8Hz, OH), and 
5.07(1H,ddd,J10.8,4.0and1.6Hz,H-l);~anomerof1:S1.25(3H,s,C-3-Me),1.30 
(3H, d, J6.0Hz, H-6), 1.34 (1 H, dd, J14.2 and 9.8Hz, H-2), 2.11 (lH, d, Jll.OHz, 
OH),2.33(1H,dd,J14.2and1.9Hz,H-2’),2.98(1H,dd,J11.0and9.0Hz,H-4),3.25 
(3H,s,OMe),3.32(1H,d,J6.0Hz,OH),3.67(1H,dq,J9.0and6.0Hz,H-5),and4.92 
(1 H, ddd, J9.8, 1.9 and 6_0Hz, H-l). 

2,6-Dideoxy-3-C-methyl-3-O-methyl-L-arabino-hexopyranose (26): Compound 

23 (45.0 mg, 0.237 mmol) gave 26 (40.8 mg, 98%) as acolorless syrup; [a], - 9.5” (~0.40, 
H,O, equil.); R, 0.28 and 0.20 (1:lO benzene-ether); ‘H-n.m.r. (270MHz, CDCl, + 
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D,O, mixture of the pyranose anomers and the furanose anomers): 6 3.23 (s, OMe), 3.24 

(s, OMe), 3.29 (s, OMe), 3.37 (s, OMe), 4.86 (dd, J8.0 and 2.0Hz), 4.90 (dd, J6.6 and 
1.9 Hz), 5.35 (dd, J4.4 and 0.4 Hz), and 5.58 (dd, J7.6 and 2.0 Hz), (other peaks were 
very complicated), 

Anal. Calc. for CBH1604: C, 54.53; H, 9.15. Found: C, 54.46; H, 8.81. 

2,6-Dideoxy-3-C-methyl-L-ribo-hexopyranose (L-mycarose) (2): Compound 28 
(IOOmg, 0.569mmol) gave 2 (92.3 mg, 100%) as colorless crystals; m.p. 128.Gl32.5” 
(CHCl,, needles) [lit.5”, m.p. 128-129”]; [a], - 28.8’ (cO.95, H,O, equilibrated) [lit.5”, [a], 

-3l’.l” (~4, H,O)]; R, 0.24 and 0.16 (I:4 benzeneEtOAc); ‘H-n.m.r. (270MHz, 
CD,OD,/3anomer):Sl.22(3H,s,Me), 1.23(3H,d, J6.2Hz,H-6), 1.48(lH,dd, J13.8 
and lO.OHz,H-2) l.gO(lH,dd, Jl3.8and2.2Hz,H-2’), 2.90(lH,s, J9.8Hz,H-4), 

3.67 (1 H, dq, J9.8 and 6.2Hz, H-5), and 5.01 (1 H, dd, JlO.0 and 2.2Hz, H-l). 
2,6-Dideoxy-3-C-methyl-L-arabino-hexopyranose (L-olivomycose) (27): Com- 

pound 29 (103 mg, 0.582mmol) gave 27 (71.6mg, 76%) as colorless crystals; m.p. 
109-I 11.5” (acetone, needles) [lit.8” ,m.p. 108-l 12” (acetone, needles)]; [a],-21.5” (~0.80, 

H,O, equilibrated) [lit.‘“, [a], + 20.7” (H,O) for the D enantiomer]; R, 0.24 (6: 1 CHCI,- 
MeoH); ‘H-n.m.r. (270 MHz, CD,OD, B anomer): cl 1.22 (3 H, s, Me), 1.25 (3 H, d, 
J6.0Hz,H-6) 1.60(lH,dd, J12.2and9.8Hz,H-2), 1.92(lH,dd, Jl2.2and2.2Hz, 

H-2’), 3.08 (1 H, d, J9.6 and 6.0Hz, H-5), and 4.77 (1 H, dd, J9.8 and 2.2Hz, H-l). 

2,6-Dideoxy-3-0-methyl-L-arabino-hexopyranose (L-oleandrose) (3): Com- 
pound 25 (200 mg, 1.14 mmol) gave 3 (134 mg, 73%) as colorless crystals; m.p. 58.S 
59.5” (ether-hexane, needles) [lit.ti, m.p. 59960” (ether-hexane, needles)]; [a], + 11.8” 

(c 0.88, H,O, equilibrated) [lit.&, [a], t 11.7” (c 1.5, H,O)]; R, 0.43 (1: 1 hexane-acetone); 
‘H-n.m.r. (270 MHz, CDCl,, 2: 1 mixture of CL and B anomers): 6 1.29 (2/3 x 3H, d, 

J6.2Hz, H-6-a), 1.35 (l/3 x 3H, J6.2Hz, H-6-/3), 1.4-1.6 (1 H, m, H-2a and /?), 2.31 
(2/3H, ddd, Jl3.0, 4.8 and 1.8Hz, H-2’cr), 2.43 (1/3H, ddd, J12.2, 4.4 and 2.0Hz, 
H-2’P),2.~2.65(lH,m,OH),2.7~2.8(2/3H,m,OH),3.l-3.65(ll/3H,m,H-3,4,OH 
and H-5/3), 3.41 (3 H, OMe), 3.93 (2/3 H, dq, J9.6 and 6.2Hz, H-5a), 4.82 (l/3 H, ddd, 
JlO.0, 6.2 and 2.0Hz, H-l/I), and 5.36 (2/3H, br dd, H-la). 

2,6-Dideoxy-3-O-ethyl-L-ribo-hexopyranose (L-cymarose) (32): Compound 24 

(109 mg, 0.62 01) gave 32 (8 1 .O ,g, 8 1%) as colorless crystals; m.p. 83-84” (ether-hexane, 
needles) [lit.9k, m.p. 84-85” (ether-hexane, needles)]; [a], - 51.5” (~0.33, H,O, equili- 
brated) [lit.9k, [crb - 51.2” (~2. I, H,O)]; R, 0.53 (I:9 EtOH-CH,Cl,); ‘H-n.m.r. (270 Hz, 

D,O, 1: 1 ixture of a and /3 anomers and smaller amounts of furanoses): S 1.20 (l/2 x 
3H, d, J6.2Hz, H-6aor8), 1.25 (l/2 x 3H, d, J6.2Hz, H-6a or/?), 1.59 (1/2H, ddd, 
J14.2, lO.O,and2.4Hz,H-28), 1.55-2.4(3/2H,m,H-2,2’aandHZP), 3.36(1/2 x 3H, 
s, a or p-OMe), 3.44 (l/2 x 3 H, s, a or /LOMe), 3.354.2 (3 H, m, H-3,4, and 5), 5.05 
(1/2H, dd, JlO.0 and 2.0Hz, H-IB), 5.60 (1/2H, br d, J5.2Hz. H-la). 

2,6-Dideoxy-L-arabino-hexopyranose (L-oliuose) (4): Compound 31 (184 mg, 
1.14mmol) gave 4 (154mg, 92%) as a colorless syrup; [a], -21.5” (~0.82, H,O, 
equilibrated) [lit.‘“, [aJo - 18.2” (c I, H,O)]; R, 0.19 (I:3 toluene-acetone); ‘H-n.m.r. 
(270 MHz, D,O, 2:3 mixture of a andb anomers): 6 1.27 (2/5 H x 3, d, J6.4 Hz, H-6a), 
1.30 (3/5H x 3, d, J6.4Hz, H-68), 1.52 (3/5H, ddd, J12.2, 12.2 and lO.OHz, H-28, 
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1.72(2/5H,ddd,J13.8,12.0,and4.0Hz,H-2cr),2.14(2/5H,ddd,J13.8,4.8and1.2Hz, 
H-2’ol),2.28(3/5H,ddd,J12.2,5.0,and2.0Hz,H-2’8),3.06(3/5H,dd,J9.6and9.6Hz, 
H-4B),3.11(2/5H,dd, J9.6and9.6Hz,H&),3.42(3/5H,dq, J9.6and6.4Hz,H-5/I), 
3.68(3/5H,ddd,J12.2,9.6,and5.0Hz,H-38),3.89(2/5H x 2,m,H-5aandH-3a),4.92 
(3/5H,dd, JlO.Oand2.0Hz, H-l/?), and 5.33 (2/5H, bid, J4.0Hz, H-la). 

2,6-Dideoxy-L-ribo-hexopyranose (L-digitoxose) (33): Compound 30 (75.3 mg, 
0.464mmol) gave 33 (50.8mg, 74%) as colorless crystals; m.p. 105-106” (acetone- 
ether) [lit.“‘, m.p. 105107”(acetone)]; [a], -48.1” (cO.79, H,O, equilibrated) [lit.“‘, [a], 
-47” (c 1.00, H,O)]; R, 0.19 (I:1 toluene-acetone); ‘H-n.m.r. (270MHz, Me,SO, j? 
anomer):& l.l0(3H,d, J6_2Hz,H-6), 1.46(1 H,ddd, J13.4,9.6,and2.7Hz,H-2), 1.79 
(1 H, ddd, J13.4, 3.5, and 2.1 Hz, H-2’), 2.96 (1 H, m, H-4), 3.59 (1 H, dq, J9.6 and 
6.2Hz, H-5), 3.82 (1 H, m, H-3), 4.46 (2H, m, OH x 2), 4.88 (1 H, ddd, J9.6,6.0, and 
2.1 Hz, H-l), and 6.21 (1 H, d, J6_0Hz, OH). 
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