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1,2-Anhydro-3,4,6-tri-O-benzyl-/3-D-altropyranose (11) and 1,2-anhydro-3,4,6-tri-O- 
benzyl-ot-D-allopyranose (21) are useful monomers for stereoregular polymerization to 
aflbrd ot-(I -~ 2)-linked o°aitropyranan o1" /3-(I ~ 2'l-linked D-allopyranan, which are 
valuable model compounds tbr immunological research [I], and may serve as glycosyl 
donors in the stereospecific synthesis of oligosaccharides [2] and other biomedical 
products [3]. According to the literature [4], altrose and allose derivatives occur 
frequently as components of bioactive natural products. For example. Epipodophyllo- 
toxin altrosides were used as antitumor agents to increase the mean survival time of 
mice inoculated with P388 k, ukaemia cells by 220% [5]. it was also reported that some 
oligosaccharides containing, altropyranose could be used as wound healing agents [6], 
and some aryl /3-D-allopyranosides were observed in the leaves of a higher plant 
(Protea rubropilosa) used in glycosidase-specificity studies [7]. These results have 
caused us to study the synthesis of the title anhydro sugars via an intramolecular SN2 
reaction [8] of a C-2 alkoxide with a C-! bearing a leaving group, or an inverse ring 
closure [9] reaction of a C-I aikoxide with a C-2 attached to a leaving group. Thus, 
methyl 4,6°O-benzylidene-ot-D-altropyranoside (1) was prepared from D-glucose [10], 
and selective 2-O-allylation of l [11] gave methyl 2-O.allyl-4,6.0-benzylidene-a-D- 
altropyranoside (2) in satisfactory yield (78.7%). The structure of 2 was established from 
its ~H NMR spectrum by single frequency decoupling and further confirmed by the 
preparation of its derivatives (3,4). Carefully controlled acid-catalyzed debenzylidena- 
tion of 2 furnished methyl 2-O-allyl-a-o-altropyranoside (5), and benzylation of 5 
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afforded methyl 2-O-ailyl-3,4,6-tri-O-benzyl-a-D-altropyranoside (6) in moderate yield. 
Hydrolysis (6--* 7) followed by deallylation of 7 with PdCI, afforded 3,4,6-tri-O-ben- 
zyl-D-altropyranose (8) as a syrup. An alternative preparation of 8 (i.e., benzylation of 2 
at C-3 followed by debenzylidenation, then benzylation at C-4 and C-6) was not 
successful as decomposition occurred at the debenzylidenation stage. Acetylation of 8 
with acetic anhydride in pyridine gave 1,2-di-O-acetyi-3,4,6-tri-O-benzyl-o:-o-altro- 
pyranose (9) quantitatively, and treatment of 9 with dry hydrogen chloride in diethyl 
ether furnished the key intermediate, 2-O-acetyl-3,4,6-tri-O-benzyl-ot-o-altropyranosyl 
chloride (10). On treatment with potassium tert-butoxide in oxolane, 10 was converted 
to the target compound, 1,2-anhydro-3,4,6-tri-O-benzyl-fl-D-altropyranose (11) which 
was identified by TLC and 1H NMR spectroscopy. The up-field signal at t~ 3,40 
(./tt. i. H.2 = JH-.'. tl..~ = 4.0 Hz) is characteristic of the 1,2-epoxide ring [8,9]. Since 11 was 
not stable, it was not possible to obtain a satisfactory elemental analysis. Further 
identification was carried out by methanolysis of 11 in absolute MeOH in the absence of 
a promoter at room temperature, giving the i,2-trans linked product, methyl 3,4,6-tri- 
O-benzyl-a-D-altropyranoside (12), in a quantitative yield. 

O o / , = - . . ~ o  RI~ 

R ~ R= 4bR=H R l- P.,tJ R = R 3 11 
1H H 4 o R = A t  5 OKe ~ A l l  K 
2All  H 6 OMe ~ A1Z  Bn 
3 All Ac 7 OK, K A,11 BI~, 

4aAll Bn 8 OKtK H 8=  
9 0Ac K Aa Bn 
10 Cl  K &a Bn 
1 . 2 0 K e  K E Bn 

R I R = R 21 

13R=Ac 15 H,OH H 1 9 R = H  
14. R=Bn 16 H,OA¢ Ac 20 R=A¢ 

17 H CI Ac 
18 H F Ac 
22 OMe H H 
23 OMe H A¢ 



E Duet  al. / Carbohydrate Research 282 ~ 1996J 315-323 317 

The synthesis of 1,2-anhydro-3,4,6-tri-O-benzyi-ot-D-allopyranose (21) was accom- 
plished by inverse ring closme. The synthesis of 21 was first attempted via the route 
used for the synthesis of 1,2-anhydro altrose 11 (i.e., by all intramolecular S N 2 reaction 
of an C-2 alkoxide with a C-1 beating a leaving group). Thus, 3,4,6-tri-O-acetyl-1,2-O- 
(R-ethylidene)-ot-D-aUopyranose (13) containing a trace amount of the S isomer was 
prepared from D-glucose by reported methods [12,13]. Benzylation of 13 with benzyl 
chloride and KOH in toluene under reflux gave 3,4,6-tri-O-benzyl-1,2-O-(R-ethylidene)- 
ot-D-allopyranose (14) whose hydrolysis with M sulfuric acid in dioxane afforded 
3,4,6-tri-O-benzyI-D-allopyranose (15). Subsequent acetylation of 15 with acetic anhy- 
dride in pyridine gave the diacetate 16 as an a, g mixture, with the g anomer 
predominating. Quantitative conversion of 16 to 2-O-acetyl-3,4,6-tri-O-benzyl-a-D- 
allopyranosyl chloride (17) was readily achieved by treating 16 with dry hydrogen 
chloride in diethyl ether. To prepare the g-halide suitable for the intramolecular SN2 
reaction, fluorination of 17 with silver fluoride in CH.~CN-benzene (2:5) was conducted 
[8]. However, the fluorination gave the a-linked fluoride (18) as the sole product in a 
satisfactory yield, as indicated from its ~I-I NMR spectrum showing H-I at ~ 5.64 (dd, 
Ju-~.n-a 6.0, Jn.I,F 54.8 Hz), which is similar to the values observed for a-fluorides (for 
2-O-acetyl-3,4,6-tri-O-benzyl-a-o-galactopyranosyl [8b] and 2-O-acetyl-3,4-di-O-ben- 
zyl-6-deoxy-ot-o-glucopyranosyl [8c] fluoride, the chemical shifts of H-1 were ~5 5.73 
and 5.54, while those of H- I of/3 anomers were ~5 5.12 and 5.17, respectively). Further 
evidence for its ot configuration was provided by the resistance of 18 to ring closure 
under normal ring closure conditions used for glycopyranosyi E-fluorides [8b,8c]. Since 
this synthesis of the necessary precursor g-fluoride was unsuccessful, our attention 
turned to the inverse ring closure [9]. Thus, 3,4,6-tri-O-benzylq)-altropyranose (8) was 
tosylated with TsCI, 5e,~, aq NaOH and Bu4NltSO. ~ in CH.,CI 2 (phase transfer condi- 
tions), or with TsCI in pyridine containing K~CO~ (powder, I equiv) and 4odimethyl- 
aminopyridine (0.1 equiv). 3.4,6-Tri-O-benzyl-2-Oop-toluenesullbnyl-t~-I~-altropyranose 
(19) wits the sole product (65~ ,. former method: 53ch, latter method). In hoth cases, the 
tmreacted starting material was recovered and could be reused. The structure of 19 was 
confirmed via the acetylated derivative 20 (only the ot anomer was oblained). Ring 
closure of 19 with potassium tert-butoxide in dry oxolane gave the sole product, 
1,2-anhydro-3,4,6-tri.O-benzyl-a-|)-allopyranose (21), which was identified by TLC and 
t H NMR spectroscopy. As observed for 11, the J l-I NMR spectrum of 21 gave a 
characteristic peak at 6 3.30 (JH-~.H-: 2.8, Jtl-".tl-3 3.4 Hz). Quantitative methanolysis. 
giving methyl 3,4,6-tri-O-benzyl-g-o-allopyranoside (22), further confirmed the struc- 
ture of 21. The structure of 22 was verified by acetylation, since the acetylated 
compound 23 gave a clearer ~H NM?, spectrum than 22. 

I. Experimental 

General methods and materials.--See ref. [8a]. 
Methyl 2-O-allyl-4,6-O-benzylidene-o~-D-altropyranosMe (2).--To a solution of' 

methyl 4,6-O-benzylidene-a-D-altropyranoside [10] (1, 2.03 g, 7.22 mnlol) in 
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dichloromethane (15 mL) was added tetrabutylammonium iodide (0.2 g, 5.41 mmol), 
5% aq sodium hydroxide (6 mL), and allyl bromide (l mL, 11.7 mmol). The mixture 
was stirred at room temperature for about 20 h, then diluted with dichloromethane (25 
mL) and washed with water (3 × l0 mL). The organic layer was dried (Na2SO 4) and 
concentrated to a syrup that was purified by column chromatography with 2: l petroleum 
ether-EtOAc to give 2 as a syrup (1,83 g, 78.7%): [o~] a + 19.4 ° (c 0.6, CHCl3); ~H 
NMR: 8 7.58-7.35 (m, 5 H, Phil),  6.00-5.89 (m, I H, CH 2 =CH-), 5.65 (s, ! H, 
PhCH), 5.40-5.25 (m, 2 H, J 17.1, 1.5, i0.3 Hz, CH: =CH-), 4.74 (s, l H, H-l), 4.31 
(dd, I H. J.~.6 5.0, J6,6' 10.3 Hz, H-6), 4.20-4.15 (m, 2 H, H-2,5), 4.13-4.08 (m, 2 H, 
CH z =CH-CH2),  3.95 (dd, l H, J3.4 2.7, J4,5 9.8 Hz, H-4), 3.85 (t, I H, J.~,6, 10.3, J6,6' 
!0.3 Hz, H-6'), 3.66 (dd, ! H, J:..~ !.4, J 3 : 2 . 7  Hz, H-3), 3.49 (s, 3 H, OCH3). Anal. 
Calcd for CI7H2,O6: C, 63.35; H, 6.83. Found: C, 63.63; H, 6.82. 

Methyl 3-O-acetyl-2-O-allyl-4.6-O-benzylidene-o~-D-ahropyram~side (3).mAcetyla- 
lion of 2 (100 rag, 0.27 mmol) with pyridine (2 mL) and acetic anhydride (I.2 mL) at 
room temperature for 4 h gave compound 3 in quantitative yield as a syrup; [ a ]  o +4.2 ° 
(c i.9, CHCI0; IH NMR: 6 7.50-7.31 (m, 5 H, Phil) ,  6.05-5.80 (m, l H, 
CH: =CH-), 5.60 (s, l H, PhCH), 5.44-5.20 (m, 3 H, CH., =CH-, H-3), 4.65 (s, ! H, 
H-l), 4.40-4.00 (m, 5 H, H-2,4,5, and CH: =CH-CH.,),  3.85-3.70 (m, 2 H, H-6,6'), 
3.41 (s, 3 H, OCH~), 2.11 (s, 3 H, COCH3). Anal. Calcd for C1~H240./: C, 62.64; H, 
6.59. Found: C, 62.72; H, 6.38. 

Methyl 4,6-di-O-acetyl-2-O-aily/-3-O-benzyl-a.o-ahropyranoside (4e).~Benzylation 
[8] of compound 2 (!.5 g, 4.7 retool) with benzyi bromide (0.9 mL, 6.7 retool) and 
sodium hydride (80%, 500 rag, 16.7 retool) gave methyl 2-O-allyl-3oO-benzyl-4,6-O. 
benzylidene-a-|~-altropyranoside (4a. 1.74 g). Debenzylidenation of 4a (I.0 g) with 80% 
aq acetic acid furnished methyl 2-0-allyl-3-O-benzyl=aq~-altropyranoside (4b) in a low 
yield (0.39 g, 50~). Aeetylation ot' 4b with pyridine and acetic anhydride gave 4e as a 
syrup: [tt]i~ -3.1 ° (c 0.2, CHCI~); I H NMR: ~t 7.40~7.28 (m, 5 H, Ph H), 5.95=5.78 
(m. I H, CH, ~C H=), 5.30-5,17 (m. 2 H, C H~ =CH-), 5.09 (dd, I H, J~,~ 2,3, ,1~.~ 7.9 
Hz, Ho4), 4.68 (d, I H, Jl.~ 1.5 Hz, H=I), 4,62, 4.56 (2 d, 2 H, J 9.9 Hz, PhCH,), 
4,,34=4,08 (m, 3 H, H°2,3,5), 4,06=4.00 (m, 2 H, CH: =CH=CH=~), 3.92~3.85 (m, 2 H, 
H=6,6'), 3.40 is, 3 H, OCH~), 2,03, 2.01 (2 s, 6 H, COCH~). 

Methyl 2,0=all3t-t~-t)-a/tropyranoside (5) .~To a solution of 2 ( 1.8 g, 5.59 retool) in 
acetone (2 mL) was added 80% aq acetic acid (10 mL). The mixture was stirred under 
reflux for about 4 h. TLC (l : l  petroleum ether-EtOAc) indicated that the starting 
material had disappeared, MeOH:H,O:Et~N (12:5:3, 8 mL) was added, and the mixture 
was stirred under ~flux tbr another 30 rain. Concentration and purification of the 
product by column chromatography (l : l  petroleum ether-EtOAe) gave $ as a syrup 
(I.04 g, 79.5%): [ot]t ~ +2,4 ° (c 0.6, CHCI~); IH NMR: 6 6.00-5.80 (m, I H, 
CH, =CH-), 5.40=5.20 (m, 2 H, CH~=CH-), 4.75 (s, i i1, H~I), 4,15-3.65 (m, 8 H, 
H-2,3,4,5,6,6' and CH: =CH=CH,), 3.45 (s, 3 H, OCH~), 2.90=2.75 (bs, 3 H, OH). 
Anal, Calcd tbr CIoHI,~O~,: C, 5128: H, 7.69. Found: C, 50.96: H, 7.70. 

Methyl, 2-O-ailvl=, ,¢.4,6-tri-O-benzvl,t~-D-altropvranosMe. ~ (6) .~To a solution of 5 ( 1.0 
g, 4,27 retool) in anhydrous oxolane (15 mL) was added, with vigorous stirring in an 
ice-cold water bath, sodium hydride (80%, 1.25 g, 41.7 retool) and benzyl bromide (2.4 
g, 14 retool), The mixtut~ was stirred and reflux tot" 8 h, at which time TLC (3:1 
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petroleum ether-EtOAc) indicated that the reaction was complete. The mixture was 
directly subjected to steam distillation to remove the excess benzyl bromide and 
by-product dibenzyl ether, and then extracted with dichloromethane. The organic layer 
was concentrated to a syrup that was purified by column chromatography with 4:1 
petroleum ether-EtOAc to give 6 (I.86 g, 86.4%) as a syrup; [t~] D +2.7 ° (c 4.8, 
CHCl3); IH NMR: 6 7.40-7.11 (m, 15 H, Phil) ,  5.89-5.70 (m, 1 H, CH2=CH-),  
5.20-5.05 (m, 2 H, CH 2 =CH-), 4.70 (s, 1 H, H-l), 4.68, 4.45 (2 d, 2 H, J 10.5 Hz, 
PhCH2), 4.46, 4.59 (2 d, 2 H, J 10.9 Hz, PhCH2), 4.54, 4.49 (2 d, 2 H, J I 1.2 Hz, 
PhCH2), 4.30-4.21 (m, 1 H, H-5), 4.00--3.90 (m, 2 H, CH 2 =CH-CH2),  3.85-3.60 
(m, 5 H, H-2,3,4,6,6'), 3.40 (s, 3 H, OCH3). Anal. Calcd for C31H3606: C, 73.81; H, 
7.14. Found: C, 73.79; H, 7.18. 

2-O.Allyl-3,4.6-tri.O-benzyi-D-ahropyranose (7).--To a solution of 6 (I.8 g, 3.57 
mmol) in 60% aq acetic acid (15 mL) was added I N hydrochloric acid (5 mL), and the 
mixture was stirred at 95 °C for 8 h, at the end of which time TLC (2:i petroleum 
ether-EtOAc) indicated that the starring material had disappeared. The mixture was 
carefully neutralized with powdered sodium bicarbonate, concentrated and partitioned 
between water and dichloromethane. The organic layer was dried over sodium sulfate 
and concentrated. Purification of the residue by column chromatography with 2:! 
petroleum ether-EtOAc as solvent furnished syrupy 7 (I.32 g, 75.4%); [o~] D + 2.2 ° (c 
0.5, CHCI3); IH NMR: 6 7.40-7.20 (m, 15 H, Phil) ,  5.83-5.68 (m, 1 H, CH~ =CH-), 
5.20-5.03 (m, 2 H, CHa =CH-), 4.82-4.42 (m, 7 H, H-I, 3 PhCH2), 4.00-3.84 (m, 3 
H, CH:, =CH-CH,.., H-3), 3.82-3.75 (m, 4 H, H-2,4,5,6). 3.64-3.59 (m, 1 H, H-6'). 
Anal. Calcd for C3oH34Ot~: C, 73.47; H, 6.94. Found: C, 73.14; H, 7.22. 

3.4.6-Tri.O-benzyl-o-altropyranose (8) and 1.2-di-O-aceO'I.3,4,6-tri-O-benzyl-a-D- 
alm~pyram~se (9) .~To a solution of 7 (520 mg, 1.06 mmal) in aahydrous methanol (I 5 
mL) was added palladium cilloride (20 mg, 0. !1 mmol). The mixture was stirred at room 
temperature for 4 h. Filtration and concentration of the filtrate gave a residue that was 
purified by column chr,~,matography with 2:1 petroleum ether~EtOAc as the solvent 
furnishing syrupy 8 (4,:t0 rag, 92. 1%); [ te ]D + 4.8° (c 1.9, CHCI~). Acelylation of 8 (510 
rag, I. 13 retool) with pyridine (5 mL) and acetic anhydride (3 mL) at t'oom temperature 
tbr 5 h gave compound 9 in quantitative yield as a syrup; [a ]  n + 1.2 ° (c 1.2, CHCI~); 
II-i NMR: ~ 7,40-LI0 (m, 15 H, Phil) ,  6.18 (d, I H, JLa 1.2 Hz, H-I), 5.20 (dd, I H, 
JL2 1.2, J-,,.~ 2.4 Hz, H-2), 4.70-4.40 (m, 6 H, 3 PhCH.,), 4.25-4.15 (m, ~ H, H-5), 
3.90-3.70 (m, 4 H, H-3,4,6,6'), 2.15, 2.05 (2 s, 6 H, COCH3). Anal. Calcd for 
C31H34Os: C, 69.66; H, 6.37. Found: C, 69.53; H, 6.36. 

2.0.Acetyl-3,4,6-tri-O-benzyl-ot-D-aitropyranosyi chloride (10).--A solutior~ of 9 (50 
mg, 0.09 mmol) in dry diethyl ether (10 mL) was saturated at 0 °C with hydrogen 
chloride gas under a nitrogen atmosphere. The solution was kept at room temperature in 
a sealed bottle for 2 h, at the end of which time TLC (3:1 petroleum ether-EtOAc) 
indicated that the reaction was complete. The solution was concentrated under reduced 
pressure to a syrupy residue which was dissolved in dichloromethane (I mL) and 
concentrated. This procedure was repeated several times to remove the hydrogen 
chloride. Purification o1" the product by colomn chromatography (3:1 petroleum ether- 
EtOAc) gave 10 as a syrup (43 rag, 90%); [a]D + 121 ° (c 2.1, CHCI3); lH NMR: 
7.40-7.10 (m, 15 H, Phil),  6.01 (bs, 1 H, H-l), 5.34 (d, I H, .L,.3 2.9 Hz, H-2), 4.86, 
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4.61 (2 d, 2 H, J 12.2 Hz. PhCH~), 4.67, 4.53 (2 d, 2 H, J 12.2 Hz, PhCH_,), 4.40, 
4.39 (2 d, 2 H, J 11.0 Hz, PhCH,), 3.95-3.70 (m, 5 H, H-3,4,5,6,6'), 2.05 (s, 3 H, 
COCH0. Anal. Calcd for C,,~H~ICIO6: C, 68,17; H, 6.07. Found: C, 68.00; H, 6.03. 

1.2-Anhyd~v-3,4,6-tri-O-benzyl-~-D-altropyranose ( l l ) . - -To  a solution of 10 (40 
rag, 0.078 retool) in dry oxolane was added potassium tert-butoxide (12 rag, 0. ! retool), 
and the mixture was stirred at room temperature for 45 rain, at the end of which time 
TLC (3:! petroleum ether-EtOAc) indicated that the starting material had disappeared. 
The mixture was concentrated to dryness, and the residue was repeatedly extracted with 
3:i petroleum ether-EtOAc. Concentration of the combined extracts yielded 11 as a 
syrup (31.5 rag, 93%); IH NMR: 6 7.45-7.15 (m, 15 H, Phil) ,  4.82-4.44 (m, 7 H, 
H-I, 3 PhCH.,), 4.30-4.26 (m, ! H), 4,00-3.92 (m, ! H), 3.88-3.82 (m, I H), 
3.80-3.72 (m, ! H), 3.68 (m. ! H), 3.40 it, I H, Ji,2 = J,,,~ = 4,0 Hz, H-2). 

Methyl 3.4.6-tri-O-benzyl-a-D-altropyranoside (12),--Compound 11 (20 mg, 0,046 
mmol) was dissolved in anhyd methanol (2 mL) and kept lbr I h at room temperature. 
TLC (3:! petroleum ether-EtOAc) indicated that the reaction was complete. The 
solution was concentrated to afford 12 quantitatively as a syrup; [ot] D +2.1 ° (c 0.6, 
CHCI~); IH NMR: 6 7.36-7.24 (m, 15 H, Phil) ,  4.62 (d, I H, Ji.,, 3.7 Hz, H-I), 4.61, 
4.46 (2 d, 2 H, .! 10.9 Hz, PhCH,), 4.60, 4.58 (2 d, 2 H, J 11.7 Hz, PhCH,), 4.53, 
4.51 (2 d, 2 H, J I1.1 Hz, PhCHa), 4.24-4.20 (dd, I H, J2.3 2.6, J a..; 3.1 Hz, H-3), 
4.01-3.99 (dd, ! H, Jj.., 3.7, J,~ 2.6 Hz, H-2), 3.90-3.78 (m, I H, H-5), 3.76 (dd, I H, 
J~.~ 3.1, J~,s 7.0 Hz. H-4), 3.66-3.62 (m, 2 H, H-6,6'), 3.42 (s, 3 H, OCH,0. Anal. 
Calcd tbr C,~H ~()~,: C. 72,41: H. 6.90. Found: C, 72.05; H, 7.08. 

3.4 6-Tt'i-O-henryl-l.2-O4R-ethylidem,)-a.I)-allopyram~se ( 1 4 ) . ~ T o  a solution of 
3,4,6-trioOoacetylo 1,2oO-( R-ethylidene)-o~-I)-allopyranose (13) [14] (3.8 g, 11.4 mmol) in 
toluene (30 mL) was added, with vigorous stirring, finely powdered potassium hydrox- 
ide (12 g). The nfixture was boiled under reflux, and benzyl chloride (18 g, 142 ulmol) 
was added dropwise over a 15 mit) period. The mixture was stirred ~uld boiled under 
reflux tot 2 h, at the end of which time TLC (3:1 petroleum cther=EtOAc) indic|tied that 
the reaction was complete. The mixture was directly subjected to steam distillation to 
remove the excess benzyl chloride and the by-product dibenzyl ether, and then extracted 
with dichlom~methane. The organic layer was concentrated to a syrup that was purified 
by column chromatography with 4:1 petroleum ether-EtOAc as the eluent to give 14 
(4.9 g. 90ek): [~]l~ - 3 1 ° ( c  I,i, CHCI~); IH NMR: ~ 7.42-7.20 (m, 15 H, Phil) ,  5.49 
(d, I H, Jr.-, 4.(1 Hz, H-I), 5,07 (q, i H, J 4.9 Hz, CHCH~), 4.88, 4.45 (2 d, 2 Ho J 
10,6 Hz, PhCH,), 4,78, 4,66 (2 d, 2 H, ,! 11.7 Hz, PhCH,), 4.42, 4.34 (2 d, 2 H, 3 
12,0 Hz, PhCH,), 4.28-4,22 (m, I H, H-3), 4.06-3,92 (m, 2 H, ,l~., 4.0 Hz, H-2, H-5), 
3.68 (dd. 1 H, J~,~ 2.3, Ja,5 7.8 Hz, H-4), 3.48 (dd, I H, J~,~, 2.1, d~,s,' 10.6 Hz, H-6), 
3,32 (dd, I H. J~,~,. 3,7, J~,,f,, 10,6 Hz, H-6), 1,52 (d, 3 H, ,! 4.9 Hz, CHCH0, Anal. 
Calcd li~r C:,~H ~:0~,: C, 73.10, H, 6,72, Found: C, 73.28; 14, 6.67. 

¢46 ~' L , ' , ,  , -Tri-O-! t ~,~vl-t)~allopvramPs~ (15) and 1.2-di-O-acetyl-3.4,6-tri-O-henzyI-D- 
alhq~yram~se (16) ,~To a solution of 14 (2.8 g, 5.88 mntol) in dioxane (42 mL) was 
added 1 M sulfuric acid (8 mL), and the mixture was boiled under reflux with stirring 
tk~r 6 h, at the end of which time TLC (2:1 petroleum ether-EtOAc) indicated that the 
reaction was complete. The mixture was carefully neutralized with powdered sodium 
bicarbonate, concentrated, and partitioned between water and dichioromethane. The 
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PhC H_,), 4.28 (t, 1 H, 
H, J3,4 2.7, J4.5 9.8 
COCH3). Anal. Calcd 
6.30. 

organic layer was dried over sodium sulfate and concentrated. Purification of the residue 
by column chromatography with 2:1 petroleum ether-EtOAc as the eluent furnished 
syrupy 15 (2.14 g, 81%7 as an o~,/3 mixture in a ratio of 3:2; [t~] D - 2 6  ° (c 0.9. 
CHCI3); IH NMR: ,~ 7.40-7.20 (m, 15 H, Phil) ,  5.01 (d, 0.6 H, JL,~ 3.1 Hz, H-l o~), 
4.99-4.42 (m, 6.4 H, 3 PhCH 2, JL2 8.9 Hz, H-lfl) ,  4.22-4.01 (m, 2 H, H-2,3), 
3.90-3.58 (m, 4 H, H-4,5,6,6'). 

Acetylation of 15 (I g, 2.22 mmol) with pyridine (5 mL) and acetic anhydride (3 mL) 
at room temperature for 4 h gave compound 16 in a quantitative yield as a syrup 
consisting of ce and fl anomers in a ratio of 1:8, [t~] D +87 ° (mixture, c i.1, CHCl3). 
For the /3 anomer, 1H NMR: 8 7.35-7.20 (m, 15 H, Phil),  6.08 (d, ! H, JI.2 9.6 Hz, 
H-I), 4.77, 4.59 (2 d, 2 H, J 11.7 Hz, PhCH2), 4.72 (dd, I H, Jl,~. 9.6, J,...~ 2.7 Hz, 
H-2), 4.64, 4.47 (2 d, 2 H, J 10.9 Hz, PhCH.,), 4.57, 4.45 (2 d, 2 H, J 11.4 Hz, 

J2,3 = J3.4 = 2.7 Hz, H-3), 4.23-4.13 (m, 1 H, H-5), 3.77 (dd, I 
Hz, H-4), 3.76-3.70 (m, 2 H, H-6,6'), 2.05, 1.98 (2 s, 6 H, 
for C31H3408 (mixture): C, 69.66; H, 6.37. Found: C, 69.57; H, 

2-O-Acen.,l-3.4,6-n'i-O-benzyl-ot-D-allopyranosyl chloride (17).--The same chlorina- 
tion and purification conditions (9 --', 10) were used and compound 17 was obtained as a 
syrup (249 mg, 87% starting frorn 300 mg of 16); [oe] D + 153 ° (c 1.3, CHCI3); ~H 
NMR: 8 7.40-7.20 (m, 15 H, Phil) ,  6.19 (d, 1 H, Ji.., 4.7 Hz, H-I), 4.90-4.86 (m, 1 
H, H-2), 4.80 (t, 2 H, J 10.0 Hz, PhCH2), 4.63-4.42 (in, 5 H, H-3, 2 PhCH.~), 
4.17-4.10 (m, 2 H, H-4,5), 3.90-3.60 (m, 2 H, H-6,6'), 2.05 (s, 3 H, COCH~). Anal. 
Calcd tbr C,,,~H3~CIO¢,: C, 68.17; H, 6.07. Found: C, 67.83; H, 6.17. 

2-O.Acetyl-3,4,6.tri.O-benzyl-o~-o-al/opyranosylfhtoride (18).--To a solution of 17 
(350 rng, 0.69 retool) in 2:5 acetonitrile-benzene (10 mL) was added silver fluoride 
(200 rag, 1.6 retool). The mixture was stirred vigorously for 16 h in the dark at room 
temperature, centrifuged, and the filter cake was washed repeatedly with 
dichloromethane. The supernutant liquor and combined washings were concentrated. 
Purification of the syrup by column chromatography (3:i petroleum ether~EtOAc) 
yielded 18 as a syrup (287 mg, 85%); [ a ]  D +58.10 (t' 0.9, CHCI~); IH NMR: 
7.45-7.20 (m, 15 H, Phil),  5.64 (dd, I H, ,ll.l: 54.8, ,I1:, 6.0 Hz, H-i), 4.79, 4.50 (2 d, 
2 H, J 11,7 Hz, PhCH~), 4.75-4.70 (rn, 1 H, H-2), 4.65-4.53 (m, 5 H, H-3, 2 PhCH2), 
4.30-4.21 (m, 2 H, H-4,5), 3.78-3.75 (m, 2 H, H-6,6'), 2.09 (s, 3 H, COCH~). Anal. 
Calcd for C29Ha~FO6: C, 70.59; H, 6.28. Found: C, 70.45; H, 6.23. 

3,4.6.Tri-O-benzyl-2-O-p-toluenesu!fonyl-a-D-aitropyranose (19) .~To a solution of 
8 (431 mg, 0.96 retool) in pyridine (5 mL) was added TsCI (450 rag, 2.4 retool), 
4-dimethylaminopyridine (DMAP, 12.2 rag, 0. ! retool), and powdered K :CO~ (I 38 mg, 
! mmol). The mixture was stirred at room temperature for 24 h, poured into ice-co!d 
water, and extracted with dichloromethane (30 mL). The organic layer was washed with 
cold water (30 mL) and I N HCI (3 × 20 mL), and dried over Na,SO 4. The solution 
was concentrated and the resulting residue was purified by column chromatography (3:1 
petroleum ether-EtOAc) to give 19 (306 rag, 53%) as a syrup; [ a ]  o +68 ° (c 0.1); ~H 
NMR: t~ 7.8 i (d, 2 H, 3 7.8 Hz, Ph H of Ts), 7.38-7.12 (m, 17 H, Ph H), 5.51 (d, i H, 
Ji.,, 1.6 Hz, H-I), 4.76, 4.65 (2 × 2 d, 4 H, J 12.5 Hz, 2 PhCH2), 4.69 (dd, I H, J~.: 
1.6, Ja.3 6.0 Hz, H-2), 4.56-4.52 (m, ! H, H-3), 4.45 (s, 2 H, PhCH2), 3.74-3.68 (m, 2 
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H, H-5, H-6), 3.64-3.60 (m, 1 H, H-4), 3.56 (dd, 1 H, J5.6 I, J6,6 o 9.4 Hz, H-6'). Anal. 
Calcd for C.~4H.~6OsS. 0.5H~O: C, 66.56; H, 6.04. Found: C, 66.50: H, 6.13. 

l-O-Acet3"/-3,4.6-tri-O-benzyl-2-O-p-toluenesuifonyl-~-D-altropyranose (20 ) .~  
Acetylation of 19 (!00 mg, 0,17 mmoi) with pyridine (3 mL) and acetic anhydride (2 
mL) at room temperature for 4 h gave 20 in a quantitative yield as a syrup; [ o~ ]D - 8.6° 
(c 0,3); IH NMR: 6 7.69 (d, 2 H, J 8.0 Hz, Ph i l  of Ts), 7.40-7.10 (m, 17 H, Phi l ) ,  
6.00 (d, 1 H, J~.: 1.4 Hz, H-l), 4.64, 4.48 (2 d, 2 H, J 11,8 Hz, PhCHz), 4.60, 4.58 (2 
d, 2 H, J 11.8 Hz, PhCH2), 4.55 (dd, ! H, Ji.z 1.4, J2,3 4.6 Hz, H-2), 4.35 (s, 2 H, 
PhCH,), 4.16-4.10 (m, 1 H, H-5), 4.01 (dd, ! H, J:.3 4.6, J3,4 2.9 Hz, H-3), 3.86 (dd, 
! H. J~.a 2.9, J4..~ 9.2 Hz, H-4), 3.71-3.66 (m, 2 H, H-6,6'), 2.42 (s, 3 H, PhCH0, 1.82 
(s, 3 H, COCH~). Anal. Calcd for C.~,H.~sO,~S: C, 66.87; H, 5.88. Found: C, 66.91; H, 
5.80. 

1.2-Anhydro-3,4.6-tri-O-benzyl-oz-D-allopyranose (21).~Ring closure of 19 (130 mg, 
0.21 retool) under the same conditions used for the preparation of 11 from 10 yielded 21 
as a syrup (88 rag. 95%); ~H NMR: 8 7.40-7.15 (m, 15 H, Ph H), 5.00 (d, I H, Ji,_~ 2.8 
Hz. H-l), 4.80. 4.78 (2 d. 2 H, J !1.7 Hz, PhCH,), 4.60, 4.52 (2 d, 2 H, J 10.6 Hz, 
PhCH,). 4.59, 4.55 (2 d, 2 H, J 10.9 Hz, PhCH~), 3.95-3,90 (m, 2 H, H-3,5), 3.70 
(dd, ! H, J.~.4 3.0, J4.s 7.9 Hz. H-4), 3.65 (dd, I H, J5.6 2.5, J6,t; 9.9 Hz), 3.60 (dd, I H, 
J~.,, 5.1. J~,.~,. 9.9 Hz, H-6'), 3.30 (dd, ! H, Jl.~, 2.8, J,.,3 3.4 Hz, H-2). re~z: 432 (M +, 
6%), 385 (20%). 342 (20c/;,), 309 (20%), 253 (60%), 203 (34%), 91 (basic peak, off 
scale). 

Methyl 3.4.6°trioO.benzyi-flq)-alh~pyranoside (22) and methyl 2-O-acetyl-3.4.6-tri- 
Oohenzyto[~o|~oathq~yram~side (23),~Methanolysis of 21 under the same condition (11 

12) afforded 22 quantitatively as a syrup; [tr]~ -40.2 ° (c 0.5, CHCI~): ~H NMR: 
7,34=7.24 (m. 10 H. 2 PhoH), 4.68, 4,60 (2 d, 2 H, J 12.3 Hz, PhC H:), 4.63, 4.46 (2 d, 
2 H, J 12.3 H~., PhCH2), 4.12 (d, I H, ,1~.~ 7.3 Hz, H~I), 4,10 (dd, I H, ,!~,~ 2,2, J.%~. 
12.7 Itz, HoS). 3.95 (dd. I H..1~2 7.3. ,I~ 9. I Hz, H-2), 3,73~3.69 ira, I H, H-4), 3.56 
(s, 3 H. CH~O), 3,40 (dd, I H, ,I2.~ 9.1, ,1~,~ 2.2 Hz. Ho3), 3.31 (d, I H, J~,~. 12.7 Hz, 
Ho5'), Acetylation of 22 aflorded 23; [ o~]~ ~ 20 ~ (c 0.7); ~H NMR: 8 7.40~7.10 (m, 15 
H, Phil),  4.85, 4.63 (2 d, 2 H, J 10.9 Hz, PhCH2), 4.81 (d, I H, J~.~ 8.3 Hz, H-I), 
4.67 (dd, I H, J~,2 8.3. J:.~ 2,7 Hz, H-2), 4.60 (s, 2 H, PhCH2), 4.58, 4.56(2 d, 2 H, J 
12,1 He, PhCH,), 4,30 it, I H, J2.~- J~.., = 2.7 Hz, H-3), 4.10 (ddd, I H, J,~.,~ 9.5, Js,~, 
2.0, Js.~,, 4.5 Hz, H-5), 3.80 (dd, I H, J.~, 2.0, J~,,~,. 10.9 Hz, H-6), 3.70 (dd, I H, ,1~,¢,. 
4,5, J~,,~¢ 10.9 Hz, H-if), 3,68 (dd, ! H, J,~a 2,7, J~,5 9,5 Hz, H-4), 3.48 (s, 3 H, 
OCHa), 2,01 is, 3 H, COCH~), Anal, Calcd for C~H~,~OT: C, 71,15; H, 6,72. Found: 
C, 71,23: H, 6,70. 
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