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ABSTRACT 

The title compounds were obtained by condensation of D-glucono-. mgalac- 

tono-, or I.-glycero-D-glrrco-heptono-1,5-lactones with methyl 2,3-di-O-(trimcthyl- 
silyl)-a-D-mannopyranosides having various substituents on C-4 and C-6, in the 
presence of trimethylsilyl trifluoromcthanesulfonate as the catalyst. IZxcept for a 6- 
acetoxyl group on a lactone component and a (tert~butyldiphenylsiloxy) group, the 
usual C-substituentn, such as benzyloxy, allyloxy. azido, acyloxy, (methyl- 

thio)methoxy, and methoxy, did not prevent occurrence of this condensation. 

INTRODUCTION 

In the preceding paper’, a new method for the synthesis of D-giuco- 
pyranosylidene acetals by the use of the trimethylsilyl trifluoromethancsulfonate as 
the catalyst was described, and it was shown that the reaction was accompanied by 
a side reaction when the D-gkcono-1,5-lactone derivative had an acetyl group on 
O-6. 

The new method has now been extended to preparation of the title com- 
pounds, and the effect, on the reaction, of various substituents on the lactone and 
diol component has been examined. 

RESULTS AND DISCUSSION 

Preparation of luctone components. ~ As the lactone components, 6-(ben- 
zyloxycarbonyl)amino- (16) and h-azido-2,3,4-tri-O-benzyl-h-deoxy-D-glucono- 
1.5-lactonc (17). 4-azido-2,3-di-0-bcnzyl-4-deoxy-D-glucono-1,5-lactonr (18) and 
its 6-acetate (19). 6-azido-2,3.4-tri-O-benzyl-6-deoxy-l,-galactono-l,5-lactone (20) 
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The reaction of 29 with the laclone components 14-22 gave the orthoesters 
3540 and 4648. respectively, as summarized in Table II. The ratio of the two 
isomers in the products was estimated from the intensities of the signals of the or- 
thoester carbon atom in the ‘3C-n.m.r. spectra when the compounds were insepar- 
able. In the case of 48, the two isomers could be separated as O-deacetylated com- 
pounds (49a,b> by treatment with methanolic ammonia. In the case of 19, having 
a 6-Gacetyl group, the yield of the product (40) was again lower, as observed with 
15, and the O-deacetylated product (39) was produced us a by-product; the acetyl 
group may have been removed as trimethylsilyl acetate”. Interestingly. compound 
18, having a free hydroxyl group at C-6 gave a rather better yield than 19. The 7-0- 
acetyl group in 22 showed no important effect on this condensation. 

From the yields given in Table II, the order of substituents on D-gIucono-1.5” 
&tone favorable to formation of orthoesters is N, 2 0% = NH2 > OH * OAc 
for suhstitucnts at C-6, and N, > OBn for those at C-4, and tht: n-galactorto-I ,5- 
lactone derivative 20 gave a better yield than the corresponding o-glucono-I,5-lac- 
tone derivative (17). The result for 22 indicates that the new method will be applic- 
able for the synthesis of such natural products asI destomycin B. 

The results of similar reactions of 14 witb various methyl 1,2-di-O-(trimethyI- 
silyl)-~-I~-mannopyran~ides (3%34) are summarized in Table III. Two isomeric 
products (41 and 42) from 30 and 31 could not be separated, but, they were success- 
fully separated after conversion into the same compound (45) by deacyiation with 
methanolic ammonia. The condensation product (43) from 32 could be separated 
by Rash column-chromatography. It is characteristic that the reaction of 14 with 
33 gave only one isomer. The reaction of 14 with 34 gave a complex mixture of 
products, indicating that the ~-z~~r-hutyldiphenyIsily1 group is not a suitabie pro- 
tecting-group. probably due to gradual removal by the catalyst used. As expeetcd 
from the mechanism already described’, acgl groups on a 12-dioi component 
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hexane-acetone); yield, 3.42 g (55.9%); m.p. 88.5-8Y.7”, [LT]~ +10.9” (c 1.08); 
~,“,“x’ 1700 and 1555 cm-’ (urethan); ‘H-n.m.r. (C,D,): 6 7.c7.4 (m, 20 H, 4 Ph), 
5. IO (s, 2 H, CO,CH,Ph), 4.36-5.04 (m, 6 H. 3 CH,Ph), 4.50 (d, J,,, 3.3 Hz, H-l), 
4.16 (dd, Jz.3 9.2, J3/, 9.0 Hz, H-3), 3.39 (dd, H-2), 3.32 (dd, J4,5 9.2 Hz, H-4), 3.3- 
3.8 (m, 3 H, H-5,6), and 3.03 (s, 3 H, OMe). 

AnaL. Calc. for &Hj9N07: C, 72.34; H, 6.58; N, 2.34. Found: C, 72.23; H, 
6.57; N, 2.05. 

I-O-Acetyl-6-(benzyfoxycarbonyC)acetamidu-2,3,4-tri-O-benzyl-6-deony-a,~- 

D-gfucopyranose (2). - To a solution of 1 (3.21 g. 5.36 mmol) in chloroform (4.3 
mL) and acetic anhydride (6.7 mL) was added, dropwine, cow. sulfuric acid (0.3 
mL) at 0” with stirring. The mixture was kept for 3 h at room temperature, poured 
into im-water, made neutral with sodium hydrogencarbonate, and then extracted 
with chloroform. The extract was washed with water, dried, and evaporated, to 
give syrupy 2, which was purified on a column of silica gel (3:7 ether-hexane); yield 
3.33 g (93.0%; LY:~ = 5: 1); [a],, +47.6” (c 1.74); Vale’ 1745 (ester) and 1700 cm-’ 
(urethan); ‘H-n.m.r. (C,D,J: LY anomer, 6 7.0-7.4 (m, 20 H, 4 Ph), 6.35 (d, -I,., 3.3 
Hz, H-l), 4.28-5.12 (m, 8 H, 4 CH,Ph), 3.99 (t, J2,3 = J3,4 9.2 Hz, H-3), 3.44 (dd, 
H-2), 3.25 (t, J4,5 9.2 Hz, H-4), 3.4-4.0 (m, 3 H, H-5,6), 2.35 (s, 3 H, NAc), and 
1.60 (s, 3 H, AC); p anomer, 6 7.s7.4 (m, 20 H, 4 Ph), 5.60 (d, J,., 8.0 Hz, H-l), 

3.2-5.1 (m, 14 H, H-2,3,4,5,6 and 4 CH,Ph). 2.42 (s, 3 H, NAc), and 1.55 (s, 3 H, 
AC). 

Anal. Calc. for C,,H,,NO,: C, 70.15; H, 6.19; N, 2.10. Found: C, 70.34; H, 
6.23; N, 2.11. 

2,~~,4-Tri-O-benzyl-6-(benzyloxycarbonyl)amino-6-de~xy-~,~-D-g~ucopyr~- 
no.w (3). -To a solution of 2 (3.10 g, 4.64 mmol) in methanol (70 mL) was added 

0.1~ methanolic sodium methoxide (4 mL). The mixture was kept for 1.5 h at room 
temperature, passed lhrough a column of Dowex 50-W X-8 (H+) resin (10 mL), 
and the effluent evaporated to give syrupy 3, which was purified on a column of 
silica gel (30:15:4 benzene-hexane-acetone); yield 1.77 g (65.2%, a:/3 = 3O:l); 

[al L> + 12.3” (c 1.09); v:g 1710 and 1520 cm-’ (urethan); ‘H-n.m.r. (C,D,) of u 

anomer: 6 7.0-7.4 (m, 20 H, 4 Ph), 5.08 (s, 2 H, CO,CH,Ph), 4.k5.1 (m, 6 H, 3 
CHZPh). 4.75 (d, J, ,l 4.0 Hz, H-l), 4.15 (1. Jz,J = Jq,s 9 S Hz, H-3). and 3.3-42 (m, 
5 H. H-2,4,5,6). 

Anal. Calc. for CT5H1,N07: C, 72.02; H, 6.39; N, 2.40. Found: C, 71.73; H, 
6.39; N, 2.40. 

~-O-Acetyl-6-nzido-2,3,4-tri-O-benzyl-6-deoxy-u.P-o-glucopyranose (4). - 

Acetolysis of methyl 6-azido-2,3.4-tri-O-benzyl-6-deoxy-cu-D-glucopyranoside 
(24.8 g, 50.7 mmol) with acetic anhydride (5OmL) and cow. sulfuric acid (0.5 mL), 
as described for 2, gave syrupy 4 (u:p = 1O:l) in 94.6% yield; [alo +77.7” (c 
10.9); V,“$’ 2110 (azide) and 1750 cm-’ (ester); ‘H-n.m.r.: 01 anomer, 6 7.3-7.5 
(m, 15 H, 3 Ph), 4.65-5.16 (m, 6 H, 3 CH,Ph). 6.47 (d, J,,* 4.0 Hz, H-l), 3.H.O 
(m, H-S), 3.Y6 (t, Jz,s = J3,4 9.8 Hz, H-3). 3.66 (dd, H-2), 3.3-3.7 (m, 3 H, H- 
4,5,6), and 2.12 (s, 3 H, AC); p anomer, 6 7.3-7.5 (m, 15 H, 3 Ph), 4.39-5.02 (m, 
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with water, dried, and evaporated to give syrupy 16 (412 mg, 55.9%). 
4-Azido-2,3-di-O-benzyl-4-deoxy-o-glucono-l,5-laclone (18) was obtained, 

by similar oxidation of 4-azido-2,3-di-O-benzyl-4-deoxy-cu,P-o-glucopyranose1’ 
(1.62 g, 4.20 mmol), in 65.8% yield (1.06 g); [a]o +92” (c 0.81); Y,$:” 3400 (OH), 
2100 (azide), and 1755 cm~’ (lactone). 

Anal. Calc. for C,H2,N,0,: C, 62.65; H, 5.52; N, 10.96. Found: C, 62.92: 
H, 5.48; N, 10.69. 

(iii) Dimethyl sulfoxide oxidation. A solution of 6-azido-2,3.4-tri-0-benzyl-6- 
deoxy-a&o-glucopyranose’ (268 mg, 0.56 mmol) in dimethyl sulfoxide (3.5 mL) 
and acetic anhydride (2.3 mL) was stirred for 17 h at room temperature, and 
poured into a solution of saturated sodium hydrogencarbonate. The mixture was 
extracted with chloroform, and the extract was washed with water, dried, and 
evaporated, to give 17 and the corresponding (methylthio)methyl glycoside in 54.7 
(146 mg) and 16.9% (51 mg) yield (a:@ = 2: l), respectively. 

(Methylthio)methyl 6-azido-2,3.4-tri-O-benzyl-h-deoxy-a,~-u-glucopyrano- 
side had [a],, +29.3” (c 1.91); v,$F’ZI IOcm-’ (azide). 

Anal. Calc. for C,,H,,N,OsS: C, 65.03; H, 6.21; N, 7.85; S, 5.99. Found: C, 
65.37;H,6.09;N,7.30;&5.86. 

Methyl 2,3,4-tn’-O-benzyl-6-O-(methylsulfonyl)-~-D-galactopyranoside (6). 

-To a solution of methyl 2,3,4-tri-O-benzyl-c-D-galactopyranoside6 (4.0 g. 8.62 
mmol) in dry pyridine (15 mL) was added, dropwise, methanesulfonyl chloride (1 
mL) with stirring at 0”. The mixture was stirred for 5 h at room temperature, and 
then the usual processing gave crude 6 (4.7 g), which was purified on a column of 
silica gel (9: 1 hexanc-ethyl acetate); [ a D +18.6” (c 1.02); ‘H-n.m.r. (C,D,): fi ] 
7.0-7.4 (m. 15 H, 3 Ph), 4.22-4.95 (m, 6 H, 3 CH,Ph), 4.64 (d. J1.2 3.7 Hz, H-l), 
4.28 (dd, J5,6 7.6, J6,6, 10.2 Hz, H-6), 4.09 (dd, _& 10.0 Hz, H-2), 4.01 (dd, I,,,. 

4.6 Hz, H-6’). 3.88 (dd, J3/, 2.8 Hz, H-3), 3.78 (ddd, J4.5 1.2 Hz, H-5), 3.55 (dd, 
H-4). 3.31 (s, 3 H, OMs), and 3.16 (s, 3 H, OMe). 

Anal. Calc. for C,,H,,O,S: C, 64.18; H, 6.32; S, 5.91. Found: C. 64.12; II, 
6.25; s, 6.02. 

Methyl 6-azido-2,3,4-tri-O-benzyl-6-deoxy-a-D-galactopyranoside (7). - A 
suspension of 6 (4.7 g) and sodium azide (790 mg, 12.2 mmol) in NJ-dimethylfor- 

mamide (35 mL) was heated for 20 h at 130”. poured into water, cooled, and ex- 

tracted with ethyl ether. The extract was washed with water. dried, and cvapo- 
rated. Separation of the products on a column of silica gel (9: 1 hexane-ethyl ace- 
tate) gave 7 (2.98 g, 70.7%) and methyl 3,6-anhydro-2.4-di-O-bcnzyl-a-~-galac- 
topyranoside (0.42 g, 13.7%). 

Compound 7: [(Y]~ +10.7” (c 2.11); ~2::’ 2100 cm-’ (azide); ‘H-n.m.r. 
(C&D,): fi 7.1-7.4 (m, 15 A, 3 Ph), 4.365.09 (m, 6 H, 3 CZZ,Ph), 4.73 (d, J,,z 3.8 
Hz, H-l), 4.18 (dd, .& 10.0 Hz, H-2), 3.92 (dd, .Z3,., 3.4 Hz, H-3), 3.3-3.7 (m. 3 
H, H-4,5,6), 3.24 (s, 3 H, OMe), and 2.74 (dd,.Z,,,, 2.8, Jh,b. 12.0 Hz, H-6’). 

Anal. Calc. for C2sH3,N305: C, 68.70; H, 6.38; N, 8.58. Found: C, 68.32; H, 
6.36; N, 8.54. 
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lath of 11 (0.63 g, 1.22 mmol) with methanolic sodium methoxide (0.2M. 0.3 mL), 
as described for 3. gave 12 in quantitative yield; [LY],, +20.2” (c 2.0); v,“$’ 2110 
cm-’ (aide). 

Anal. Calc. for CZ,H~~N~O~: C, 68.19; A. 6.15; N, 8.84. Found: C, 67.93; H, 
6.24; N. 8.59. 

6-Azido-2,3,4-tri-O-benzyl-6-deoxy-D-galnc~tono-I.5-lactone (20). - Oxida- 
tion of 10 (4.0 g. 8.4 mmol) with pyridinium chlorochromate (4.33 g), as described 
for 16, gave 20 in 86.1% yield (3.43 g): [a], + 110” (c 0.69); II:‘,“’ 2100 (azide) and 
1760 cm ’ (lactonc). 

Anal. Calc. for C2,HZ,N,0,: C, 68.48; H, 5.75; N, X.87. Found: C, 68.29; H, 
5.68; N, 8.92. 

4-Azido-2,3,6-tri-O-benzyl-4-deoxy-D-galactono-I,5-lactone (21). - Oxida- 
tion of 12 (5 16 mg, 1.09 mmol) with pyridinium chlorochromate (700 mg) gave 21 
in 76.7% yield (394 mg); [u]o t61.4” (c 3.6); v,!$$’ 21 IO (azide) and 1760 cm-’ 
(lactone). 

Anal. Calc. for t&H,,N,Os: C, 68.48; H, 5.75; N, 8.87. Found: C, 68.76; H, 
5.81; N, 8.61. 

7-O-Acetyl-2,3,4-tri-O-henzyl-6-(benzyloxyccrrbonyl)anino-6-deoxy-~-gly- 

cero-D-gluco-hrpfono-1,.5-factone (22). - Oxidation of 13 (0.90 g. 1.37 mmol) 
2,3,4-tri-0-benryl-6-(benzyluxycarbonyl)amino-6-deoxy-~-~~yc~~~~-D-g~~co-hepto- 
pyranose” (1.21 g, 2.0 mmol) with benzylemine (2.0 mL), as described for 5, gave 
13 in 79.9% yield (908 mg); [o]o +20.6” (c 1.65); vE:F’ 1730 and 1520 cm-r 
(urethan). 

Anal. Calc. for C3sHJ,NOLI: C, 69.60; H, 6.30; N. 2.14. Found: C, 69.51; H, 
6.22; N, 2.21. 

7-0-Acetyl-2,3,4-tri-O-benzyl-h-(benzyloxycarbonyl)amino-6-deoxy-L-gly- 
cero-D-yluco-heptono-1,5-lactonr (22). -Oxidation of 13 (0.90 g, I.37 mmot) with 
pyridinium chlorochromate (0.85 g), as described for 16, gave 22 in 84.8% 
yield (761 mg); [‘~]o +54.7” (c 0.77); u,“,“,” 1750 (lactone and ester), 1720 and 1520 

cm-’ (urethon). 
Anal. Calc. for C3,H,,N09: C, 69.82; H, 6.01; N, 2.14. Found: C, 69.89; H, 

6.05; N, 2.02. 
Methyl 4,6-di-O-ai~yl-2,3-O-isopropylidene-a-D-mannopyrunoside (23). - 

To a suspension of methyl 2,3-0-isopropylidene-u-o-mannopyranoside (1.53 g, 6.5 
mmol) and sodium hydride (50%; 1.0 g, 21 mmol) in anhydrous N,N-dimethylfor- 
mamide (20 mL) was added ally1 bromide (2.40 g) dropwise. The mixture was stir- 
red for 4 h at room temperature, poured into ice- water, and extracted with chlorn- 
form. The usual processing of the extract, and purification of the product by flash 
column-chromatography on silica gel (7: 1 hexaneethyl acetate) gave pure 23 as a 
syrup in 99.8% yield (2.05 g); [a],, +108” (c 1.6); ‘H-n.m.r.: 6 5.76.1 (m, 2 H, 2 
-CH=). 4.95-5.3 (m, 4 H, 2 =CH,), 4.92 (s, H-l), 3.4-4.4 (m, 10 H, H-2,3,4,5,6 
and 2 OCH2), 3.38 (s, 3 H, OMe), and 1.52 and 1.35 (each s, 6 H, 2 CMe). 

Anal. Calc. for C,,Hz60,: C, 6 1.13; H, 8.34. Found: C, 60.94; H, X.50. 
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Methyl 2,_~-C)-isf~prop~liclcrrc-~, 6-dr-O-/(rrrfthyit~iir~~rrr~fh~l/-cu-u-nIlrnrlupynr- 

noside (24). ~ 7‘0 a solution of methyl ?,3-O-isopropylidene-~u-u-man- 
nopyranoside (l.Y9 g. X.5 mmol) in anhydrous dmwlhyl sulfoxide (2.5 mL) was 
added a mixture of acetic anhydride (17 mL) and acetic acid (3 ml.). with stirring. 
The solution was kept for 46 h at room temperature. ponrod into saturated sodium 
hydrogencarhonatc. stirred overnight. and extracted with chloroform. I he usual 
processing of the extract, and purification of thr product hy flash column- 
chromatography on silica gel (20: 1 hcxanc~thyl acetate). gave 24 as a syrup ( 1.57 
g) in 52.1r+ yield: [all-, +l 16” (c 5.2): ‘H-n.m.r.: 8 3..Y-S.l (ABq, 7 H. OCH_S), 
-1.90 (s. 11-l). 3.78 (5. 2 H. OCH,S). 3.&J 4 (m. 6 H. H-2.3.1.5.6). 3.33 (4. 3 H. 
OMe). 2.20 and 2.1X (each s, 6 H, 2 SMe). and L.55 and 1.34 (each s. h H, 2 C‘Me). 

Ancrl. Calc. for c‘,.&~~,O,S,: C’, 47.44: f1. 7.39; S. 1X.09 Found: <-‘, 47.23; H. 
7.16; S. 17.85. 

Methyl 4,(i-di-O-(tert-hut~ldiphrny~s~l~f)-~,.T-O-isopr~~~r.li~rn~-a-~-manno- 
pyrcmo.Gdr (25). - ‘To a solution of methyl 2.3.O-isopropylidene-n-D-man- 
nopyranoside (I .43 g, 6.1 mmol) and imidazolc (1.2s g, 18.4 mmol) in anhydrous 
N.N-dimerhylfcrrvnalnide (IO mL) wasadded rerr-butylchlort)diphrnylsilane (A.7 g). 
and the mixture wa< stirred fox- I2 h at room tzmpcralurz. The usual prowssing of 
the mixture. and purification of the product by flash column~chromatography on 
silica gel (20: I hexane-ethyl acetate), gave pure 25 as a syrup (4.07 g) in 90.7% 
yield; [nln - lX.7”(c2.1J:‘H-n.m.r.:67.1~7.6(m.20H.3Ph).1.8h(~,~I-l),J.2h 
(t. Jz.2 = J3,_i 6.4 Hz. H-3). 4.10 (d, H-2). 3.7-4.0 and 3.3-3.5 (m. 4 H. H-4.5.6). 
3.49 (s. 3 1-I. Ome). and 1.75. 1.115. and U.Y8 (each s. 18 H. 6 CMe). 

Anul. Calc. for C&H.&,&: C. 70.94; H. 7.66. Found: C. 7U.Yh; II. 7.511. 
0- Deiso~propyliderlatioll of rrw~lryl 2.3.O-rsopro~~_vlidene-a-il-lllurrnop\run#- 

side derrvafrve.s (Z-%25). - Kcaction was generally prrformrd as follows. A soln- 
tion of the 2,3-O-isopmpylidene derivative (3 mmol) in 3: I acetic acid-water (40 

mL) was stil red at 40”. Aftcl the Icactinn wa iulrrplrlc. thr dcclic aricl dlld wnlcl 
were rrmoved hy arcotropic evaporation with toluaw. and the residual syrup was 
purified on a column of Gllca gel with IA) 1: I or (53) 3: I hexanr+cthvl acctatc. 

Methyl 4,6-di-O-rtllyl-u-I>-mannopyr~n~~side (26): 9X. 1% yield (solvent ,A); 

lain 1-69.2” (c 2.3). 
Anal. Calc. for C,,H,,O,: C. 56.92; H, 8.08. Found: C. 56.93; H. X.UY. 
Methyl 4.6-di-O-[(methyltl~io)methyl]-n-n-mann~~pyr~nos~~ie (27): 76.0%, 

yield (solvent A): [a],> t36.7” (c I .Y). 
Anal. Calc. for C, ,HzzO&: C. 42.02; 11, 7.05; S. 20.3Y). Found: C. 41.65; H. 

7.14; S. 20.54. 

Methyl 4.6-di-O-(terf-butyldiphcnylsilyl)-Lu-D-mannopyrano~ide (28): x~.zc;- 
yield (solvent I?); [c?]~ + 17.7’ (c 2.6). 

Anal. Calc. for C3q,IX5,,0,Sil: C. 69.X1; H, 7.51. Found: C. h9.56; H. 7.69. 
Preparalion of 2,3-di-0-(trimef~ryl.rilyi) derivatibv.5 (_3&34) The 2.3-di- 

(trimethylsilyl) ethers werr generally prepared as follows. To a solution of the 
methyl a-D-mannopyranoside derivative (3.0 mmol) and hexamethvldisilazane 
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(7.X-8.0 mm&) in dichloromethane (10 mL) was added triAuoroat;etic acid (2 
drops) at O”, with stirring, and the mixture W’ZIS stirred overnight at room tempera- 
ture. After the reaction was complete, the mixture was evaporated. The residual 
syrup was se.parated by flash column-chromatography on silica gel with 10--20~1 
hexane-ethyl acetate. 

M: thy1 4,6-di-O-acetyl-2,3-di-O-(trimethylsilyl)-n-n)-mannopyran~sid~~ 
(30): 91.8% yield; [cy]n -C-31.5” (c 3.6); ‘H-n,m.r.: 8 5.28 (t, J3,3 = Jb s 9.8 Hz, H- 
4), 4.57 (d, J1,2 2.0 Hz, H-l), 4.22 (dd, .&, 5.3, J6,6’ 12.0 Hz, H-6), 4.08 (dd, Js,+ 
3.4 Hz, H-V), 3.7-4.1 (m, 3 W, H-2,3,5), 3.37 (s, 3 H, QMe), 2.04 and 2.06 (each 
s, 6 H, 2 Ac), and 0.12 (s, 18 I-I, 6 SiMe). 

Atznl. Calc. for C,~I&,OsSi~: C, 48.31; FE, 8.11, Found: C, 48.36; H, 8.07. 
Methyl 4,6-di-U-benzoyl-2,3-di-Q-(trimt=thylsilyl)-a-D-n~annopyranoside 

(31): 98.6% yield; [urlp +31.1” (c 3.0); ‘E-Gn.m.r.: csi 8.0-8.2 and 7.4-7.6 (m, 10 H, 
2 Ph), 5.72 ft, J_ , 3 4 = ,I475 10.0 HZ, H-4), 4.67 (d, J1,7_ 2.2 HE, M-l), 4.56 (dd, Js,& 3.6, 
J ti,G’ 11.8 Hz, H-6), 4.39 (dd, .&,f 5.0 Hz, H-r;‘), 3.92 (t, .& 2.2 Hz, H-2), 4.W.3 
(m, 2 H, H-3,5), 3.45 (s, 3 H, OMe), and 0.16 (s, 18 H, 6 SiMe). 

And. Calc. for C2’7H3s0sSiZ: C, 59.31; H, 7.01. Found: C, 59.35; H, 6.93, 
Methyl 4,6-di-0-allyl-2,3-di-O-(trimethyl;sie (32): 

98.2% yield; [Lyb “r55.4” (c ‘1.7); ‘H-n.m.r.: 6 5.7-6.2 (m, 2 H, 2 CH=), 5.1-5.5 
(m, 4 H, 2 =CH,), 4.57 (d. J 1,2 2.0 Hz, H-l), 3.6-4.4 (m, 10 H, H-2,3,4,5,6 and 
2 CH&I), 3.45 (s, 3 I-I, OMe), and 0.18 (s, 18 H, 6 SiMe). 

Anal. Calc. for G1qH3806SiZ: C, 54.50; H, 9.15, Found: C, 54.70; H, 9.14. 
Methyl 4,4-di-O-~(methylthi~)melhyl~-2,3-di-O-(trimethylsilyl)-cr-D-manno- 

pyranoside (33): 72.5% yield; [alu +82.5” (c 1.7); ‘H-n,m.r.: 6 4.79 and 4.84 (m, 
4 H, 2 OCH2S), 4.57 (d, J1,2 2.0 Hz, H-l), 3.6-4.1. (m, 6 H, H-2,3,4,5,6), 3.39 (s, 
3 H, 0Me), 2.18 and 2.25 (each s, 6 H, 2 SMe), and 0.12 and 0.15 (each s, 18 H. 
6 SiMe). 

Anal. Calc. for C1?H3&&Si2: C, 44.511; H, X.35; S, 13.YX. f;ouncf: C, 44.68; 
H, 8.17; S, 13.66. 

Methyl 4,6-di-f)-(~~rt-butyldiphcnylsilyl)-2,3-di-Q-(trimethylsityl)-cr-D-m~n- 
nopyranoside (34): 96.9% yield; [tr]n -t-32.0” (c 1.8); ‘H-n.m.r.: 6 7.5-8.0 (III, 20 
H, 4 Ph), 4.71 (d, J,,, 2.0 Hz, H-l), 3.&-4.3 (m, 6 H, H-2,3,4,5,6), 3.66 (s, 3 MT, 
OMe), 1.16 and 1.21 (each s, 18 H, 6 CMe), and 0.17 and 0.37 (each s, 18 H, 6 
SiMe) . 

r6wlivc.s (37-54 and 46-48). - These compounds were generally synthesized as fol- 
lows. To a solution OT an aldono-1,5-lactone (1.0 mmol) and a methyl 2,3-di-O- 
(trimethylsilyl)-cY-n-mannopyranoside (1.3-I .5 mmol) in anhydrous di- 
chforomethanc (2-3 mL) was added trimethylsilyl tri~uor~nl~thanesulf~nate 
(0.05-0.1 mmol) in dichloromethane at O”, and the mixture was kept for 2-4 days 
at room temperature. After the reaction was complete, the mixture was diluted 
with chloroform. The usual proce.ssing uf the reaction mixture, and purification of 
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idene)-1Y-D-mannopyranoside (41): reaction of 14 with 30 for 4 days gave a mixture 
(41) of two isomers as a syrup that could not be separated. 

Anal. Calc. for C4SH,,0,,: C, 67.65; H, 6.31. Found: C, 67.36; H, 6.24. 
Methyl 4,6-di-O-benzoyl-2,3-0-(2.3,4.6-tetra-O-benzyI-o-glucopyranosyl- 

idene)-a~n~mannopyranoside (42): reaction of 14 with 31 for 4 days gave a mixture 
(42) of two isomers as a syrup that could not be separated. 

And. Calc. for C,,H,,0,3: C, 71.57; H, 5.90. Found: C, 71.46; H, 5.93. 
Methyl 4,6-di-O-allyl-2,3-0-(2,3.4,6-tetra-O-benzyl-D-glucopyranosyl- 

idene)-a-D-mannopyranoside (43): reaction of 14 with 32 for 3 days. and separa- 
tion of the product mixture with 15: 1 hexane+thyl acetate, gave 43a and43b. 

Anal. Calc. forC4,Hs40,,: C,71.01;H,6.85. Found:C,70.75;H,6.91. 
Methyl 2,3-0-(2,3,4,6-tetra-O-benzyl-D-glucopyranosylidene)-4,6-di-O- 

[(methylthio)methyl]-a-D-mannopyranoside (44): reaction of 14 with 33 for 4 days, 
and purification of the product with 9: 1 hexane+zthyl acetate (flash column), gave 
one isomer (44). 

And. Calc. for C,,H,,0,,S2: C. 64.72; H, 6.52; S, 7.68. Found: C, 64.77; H, 
6.31; S, 7.57. 

Deacylution of 40, 42, and 48. - The reaction was generally performed as 
follows. A solution of 40, 42, or 4.8 (0.6 mmol) in anhydrous methanolic ammonia 
(1:l methanol-saturated methanolic ammonia) was kept at room temperature. 
After the reaction was complete, the mixture was evaporated, to give a syrupy 
product (39, 45, or 49) which was purified on a column of silica gel with hexane- 
ether or hexane-ethyl acetate. The physical data for the pure isomers are sum- 
marized in Tables II and III. 

The reaction of 40 for 4 h gave 39 (93.4%). which was separated as already 

described for 39. 
Methyl 2,3-0-(2,3,4,6-tetra-O-benzyl-D-glucopyranosylidenc)-~-D-manno- 

pyranoside (45): the reaction of 42, and separation of the product by preparative 
t.1.c. with 1:2 hexane+thyl acetate, gave 45a (30.3%) and 45b (65.2%). 

Anal. Calc. for C41H4h0,,: C. 68.89; H, 6.49. Found for 4.5~1: C. 69.01; H, 
6.60; and for 45b: C, 68.77; H. 6.66. 

Methyl 4,6-di-0-benzyl-2,3-0-[2,3,4-tri-O-benzyl-6-(~nzyloxycarbonyl)- 
amino-6-deoxy-L-Rlycero-D-Rluco-heptopyranosylidene]-u-o-mannopyranoside 
(49): the reaction of 48 for 6 h, and separation of the product with 83: 17 hexane- 

ethyl acetate, gave 49a (46.3%) and 49b (45.1%). 
Artal. Calc. for t&H,,NO,?: C, 70.7 I ; H, 6.35; N, 1.45. Found for 49a: C, 

70.72; H, 6.46; N, 1.34; and for49b: C, 70.52; H, 6.30; N, 1.30. 
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