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ABSTRACT 

Kojitriose [c~-~-Glcp-(l~2)-cr-~-Glcp(1~2)-~~lcp], kojitetraose, and koji- 
pentaose have been synthesised by silver perchlorate-promoted Koenigs-Knorr type 
condensations, using 3,4,6-tri-O-acetyl-2-0-ally&P-D-glucopyranosyl chloride and 
hepta-0-acetyl-@-kojibiosyl chloride as the key intermediates. The synthesis of 
cr-D-Gkp-( l-+2)-a-D-Glcp-( l-+3)-D-Glcp is also described. 

INTRODUCTION 

Oligosaccharides having (l-2)-a-D-glucosidic linkages have rarely been 
found in Nature. The isolation of kojibiose (2-0-a-D-glucopyranosyl-D-glucopyra- 
nose, 1) and kojitriose [O-a-D-glucopyranosyl-(l~2)-O-a-D-glucopyranosyl- 
(l-+2)-D-glucopyranose, 21 from natural products has been reviewedls2. Kojihexa- 
ose has been isolated’ as an extracellular oligosaccharide from Rhizobium juponi- 
cum strain 561. Evidence has also been presented3 that 2, kojitetraose (3), and 
kojipentaose (4) occur as non-reducing cr-D-glucopyranosyl cr-D-glucosides in small 
quantities in the cyclic (l-+2)-/3-D-glucan preparation from Rhizobium meliloti J 
7017. However, no systematic approach to the synthesis of a homologous series of 
lower koji-oligosaccharides has been reported. The disaccharide 1 has been synthe- 
sised as the a-octa-acetate 34 (1.5-47%) by condensation of 1,3,4,6-tetra-O-acetyl-a- 
D-glucopyranose (6) with 2,3,4,6-tetra-0-acetyl-a-D-glucopyranosyl bromide4*‘, 
3,4,6-tri-O-acetyI-2-0-nitro-fl-D-glucopyranosyl chloride6, or 3,4,6-tri-O-acetyl-2- 
O-benzyl-/3-D-glucopyranosyl chloride’. Recently, an improved synthesis of 34 
(62-69%) by reaction of 6 with 2,3,4,6-tetra-O-benzyl-a-u-glucopyranosyl chloride 
or an imidate has been developed’. The trisaccharide 2 has been prepared9 (21%) by 
a non-specific route from 6 and hepta-O-acetyl-a-kojibiosyl bromide (37). 

We now report the first syntheses of 3 and 4 as well as an improved prepar- 
ation of 2. Also described is the synthesis of 0-a-D-glucopyranosyl-(1-+2)-0-a-D- 
glucopyranosyl-(l-3)-o-glucopyranose (S), corresponding to the outer trisacchar- 
ide unit of the lipid-linked oligosaccharide chain which is involved in the biosynthe- 
sis of asparagine-linked glycopeptides”. 

*To whom enquries should be addressed. 
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RESULTS AND DISCUSSION 

2-O-Allyl-3,4,6-tri-0-benzyl-D-glucopyranose” (9), in which the 2-O-ally1 
group should serve as a non-participant in 1,2-cis-glycoside synthesis’2, was con- 

sidered first as a suitable intermediate for a stepwise synthesis of 2, 3, and 4. As the 
previous” synthesis of 9, starting from 3-0-benzyl-D-glucose, was multi-stage and 

gave a low yield (17%), we sought an alternative synthesis of 9. Reaction of the 
easily accessible’3 methyl 3,4,6-tri-0-benzyl-c-D-glucopyranoside (7) with ally1 
bromide and sodium hydride in N,N-dimethylformamide’4 and hydrolysis of the 
productr3*” 8 with dilute acid gave 9 (67% from 7), whose physical properties agreed 
with those reported”. However, the derived I-p-nitrobenzoate 10 (70%) had physi- 

cal constants (m.p. 130”, [(Y], + 63”) that were very different from those (m.p. 88”, 
[cx], -12.4’) reported . I1 The n.m.r. signal of H-l of 10 in CDC13 was a doublet 
having a small coupling constant (6 6.61, J I,2 3.3 Hz) consistent with the CY 
configuration at C-l, suggesting that the previous compound” was the correspon- 

ding P anomer 11 on the basis of its optical rotation. 
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6 7 R = Rz= H,R1= OMe 12 R = H,R’ = Br.R< = pil!yI 

., R = H,R’= OMe,R’= Ally, 13 R = H,R’ = CI.R’= Ally: 

0 R ,R’= H.OH;R*= Ally, 1. R zz OC(McJ=NMe,R’= H,Rz=Allyl 

,oR = H,R’= ONBr.RZ = Ally, 1, R = H,d = Br,d = AC 

1, R = ONBz,R’= H,R’= Ally, 16 R zz OBrl;R1= R’= rl 

NBz = COC,H,NO, (~1 
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Compound 10 was converted into the corresponding a-bromide 12 with 
hydrogen bromide-dichloromethane and into the a-chloride 13 with oxalyl chlori- 
de-dichloromethane in the presence of a catalytic amount of NJV-dimethylforma- 
mide16. Treatment of 13 with N-methylacetamide, silver oxide, di-isopropylethy- 
lamine, and molecular sieve in benzene” gave the imidate 14. Condensation of ben- 
zyl3,4,6-tri-O-benzyl-P-n-glucopyranoside (16) [prepared (78%) by reaction of 2-0- 
acetyl3,4,6-tri-0-benzyl-cY-D-glucopyranosyl bromide’s (15) with benzyl alcohol in 
benzene-ether in the presence of silver carbonate, followed by 0-deacetylation] with 
12, 13, or 14 was then examined. 

Glucosylation of 16 with 12 in 1,2-dichloroethane-N,N-dimethylformamide 
in the presence of tetraethylammonium bromide” and molecular sieve gave benzyl 
2-0-(2-O-a~lyl-3,4,6-tri-O-benzyl-cr-n-glucopyranosyl)-3,4,6-tri-O-benzyl-~-o-glu- 
copyranoside (17,8O) after column chromatography. In the “C-n.m.r. spectrum of 
17, the signal for C-l’ appeared at 95.5 p.p.m., indicatingm the configuration at 
C-l’ to be 01. Removal of the ally1 group from 17 with palladium chloride-sodium 
acetate2’ in aqueous acetic acid afforded the crystalline disaccharide derivative 18 
having HO-2’ unsubstituted. 
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Reaction of 16 with 13 in ether in the presence of silver perchlorate’ and 
molecular sieve” gave 82% of a mixture of 17 and the /3-( l-+2)-linked isomer 19 in 
the ratio 3.8:1, as indicated by 13C-n.m.r. spectroscopy which showed the signals for 
C-l’ of 17 and 19 at 95.5 and 100.7 p.p.m., respectively. However, difficulties were 
encountered in the fractionation of the mixture by column chromatography, because 
17 and 19 have similar chromatographic mobilities. Compounds 17 and 19 were 
isolated in yields of 32 and 6%, respectively, after two further fractionations of the 
mixture by column chromatography. 0-Deallylation of 19, as for 17, afforded the 
crystalline disaccharide derivative 20 having HO-2’ unsubstituted. 

Compound 16 was treated with 14 in benzene in the presence of toluene-p-sul- 
fonic acid” to give a 4: 1 mixture (67%) of 17 and 19 after column chromatography. 
Two fractionations of the mixture by column chromatography afforded 17 (29%) 
and 19 (3%). 
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In view of the low isolated yield of 17, this route was abandoned and an 
alternative approach to 2, 3 and 4 was investigated. Removal of the benzylidene 
group of methyl 2-0-allyl-4,6-O-benzylidene-cY-o-glucopyranoside’s (21) with 
aqueous acetic acid afforded crystalline methyl 2-0-ally&ar-D-glucopyranoside (22). 
Hydrolysis of 22 with dilute acid gave crystalline 2-O-allyl-o-glucopyranose (23, 
810/o), which was acetylated to afford, 1,3,4,6-tetra-0-acetyl-2-O-allyl-D-glucopyra- 
nose (24). Treatment of 24 with hydrogen bromide in acetic acid and dichlorometha- 
ne gave the o-bromide 25 which, with tetraethylammonium chloridez3 in acetonitri- 
le, gave the fl-chloride 26. Glucosylation of 16 with 26 in ether in the presence of 
silver perchlorate and molecular sieve gave benzyl2-O-(3,4,6-tri-0-acetyl-2-O-allyl- 
ar-D-glucopyranosyl)-3,4,6-tri-O-benzyl-P-o-gucopyranoside (27, 75%). The a con- 
figuration at C-l’ in 27 was apparentaa from the ‘3C-n.m.r. signal for C-l’ at 95.0 
p.p.m. 0-Deacetylation of 27, benzylation I4 of the crystalline product 28 (-*17), 
and then deallylation2’ gave 18, identical with the compound obtained by way of the 
reaction of 16 with 12. Condensation of 18 with 26 in ether-1,2-dimethoxyethane= 
in the presence of silver perchlorate and molecular sieve gave the trisaccharide 
derivative 29 (710), the 13C-n.m.r. spectrum of which contained signals for C-l’ and 
C-l” at 93.0 and 92.7 p.p.m. 0-Deacetylation of 29 (+30), benzylation (+31), and 
O-deallylation 21 afforded the trisaccharide derivative 32 having HO-2” unsubsti- 
tuted. 

In an attempt to obtain 32 more conveniently, an alternative route to 31 was 
explored. Coupling of 6 with 26 in ether-1,2-dimethoxyethane in the presence of 
silver perchlorate and molecular sieve afforded crystalline 1,3,4,6-tetra-0-acetyl-2- 
O-(3,4,6-tri-O-aCetyl-2-O-~lyl-a-D-glUCOpyranOSyl)-~-D-glUCOpyranOSe (33, 71%). 
0-Deallylation21 of 33, followed by acetylation, gave known4 34 (82%). Compound 
33 was transformedz3, via a-bromide 35, into the P-chloride 36, which was condensed 
with 16 to provide the trisaccharide derivative 39 (68% based on la), the i3C-n.m.r. 
spectrum of which showed the signals for C-l’ and C-l” at 96.2 and 93.8 p.p.m. 
0-Deacetylation of 39 then afforded 40. However, attempts to benzylate 40 under 
the conditions14 that were satisfactorily employed for the benzylation of 28 were 
unsuccessful; a mixture of partially benzylated derivatives was obtained, and re- 
covery and re-benzylation of the products did not result in the formation of 31. 

Glycosylation of 16,18, and 32 with hepta-0-acetyl-gkojibiosyl chloride (38), 
prepared” from 34 via 37, in ether-1,Zdimethoxyethane in the presence of silver 
perchlorate and molecular sieve gave the tri- (41), tetra- (42), and penta-saccharide 
derivative 43 in yields of 70, 59, and 39%, respectively. O-Deacetylation of 41, 42, 
and 43, followed by catalytic hydrogenolysis in acetic acid over Pd/C, furnished 2 
(ref. 9), 3, and 4, in yields of 84, 73, and 66%, respectively. The sequence 
16+38+41+2, giving 2 in 59% yield (based on 16) is clearly superior to the 
synthesis’ from 6 and 37. Compounds 3 and 4 were homogeneous by h.p.1.c. 
Reduction of 3 and 4 with sodium borohydride afforded kojitetraitol (44) and 
kojipentaitol (45), respectively. In the 13C-n.m.r. spectrum of 3, seven signals for 
four anomeric carbon atoms appeared at 98.9,98.4,96.4,96.1,95.4,94.9, and 91.8 
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p.p.m_, whereas, in that of 44, three signals for the anomeric carbon atoms appeared 
at 98.6,96.9, and 96.6 p.p.m., in accord” with the (Y configuration at each anomeric 
carbon atom in 3. The 13C-n.m.r. spectrum of 4 contained seven signals for five 
anomeric carbon atoms at 99.2, 97.6, 96.4, 96.1, 94.9, 93.3, and 91.4 p.p.m., 
whereas that of 45 contained three signals for the anomeric carbon atoms at 98.1, 
97.2, and 95.4 (2C) p.p.m., supporting” the CY configuration at each anomeric centre 

in 4. 
Glycosylation of benzyl 2,4,6-tri-O-benzyl-a-D-glucopyranoside” (46) with 

38, as above, gave the trisaccharide derivative 47 (72%) which, on successive 
0-deacetylation and hydrogenolysis, furnished 5. The ‘“C-n.m.r. spectrum of 5 
contained signals for C-l/3 and C-lar at 99.0 and 94.0 p.p.m., respectively, and a 
signal for C-l’ and C-l” at 98.6 p.p.m. 

BlIocn, 
CH(;OH 

.,n= 0 

an= 1 

43°C 2 

46 

EXPERIMENTAL 

Genera/. - Melting points were determined with a Yanagimoto micro 
melting-point apparatus and are uncorrected. Optical rotations were determined with 
an Applied Electronic automatic polarimeter Model MP-IT. N.m.r. spectra (‘H, 90 
MHz; 13C, 22.6 MHz) were recorded with a Hitachi R-90H spectrometer for 
solutions in CDC13 (internal Me., Si) or D30 (internal sodium 4,4-dimethyl-4-sila- 
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pentanoate-d,). H.p.1.c. was performed with a JASCO trirotar V provided with a 
RID-300 detector (JASCO) and a column of Finepac Sil NH2 (10 pm, 250 x 4.6 mm 
i.d, JASCO). Elementary analyses were not obtained for syrupy products, but they 
were shown to be pure by c~omato~aphy and n.m,r. spectroscopy. Organic solu- 
tions were dried over ~hy~ous sodium sulfate or rna~~iurn sulfate. Solutions 
were concentrated at a temperature < 50’ under diminished pressure. T.1.c. was 
performed on Silica Gel 60 (No. 7734, Merck) with detection by charring with 
sulfuric acid. Column chromatography was performed on Silica Gel 60 (No. 9385, 
Merck). The following solvent systems (v/v) were used: hexane-ethyl acetate (I, 4: 1; 
2, 2:1,3, 1:l; 4, 2~3) and chlorofo~-meth~ol(5, 5:l). 

Methyl 2-O-allyi-3,4,6-tri-0-hen@-a-D-glucopyranoside (8). - A solution of 
7 (18.4 g) in N,N-dimethylformamide (250 ml) was stirred with sodium hydride 
(3.8 g; 50% mineral oil) for 1 h at room temperature and then cooled to 0”. Ally1 
bromide (6.5 mL) was added dropwise and the mixture was stirred for 3 h at room 
temperature. Methanol was then added to decompose the excess of hydride, most of 
the solvent was evaporated, and a solution of the residue in dichloromethane was 
washed successively with water, dilute hydrochloric acid, and water, dried, and 
concentrated. Purification of the product by column chromatography (solvent I) 
gave 8 (18.5 g, 93%), [o(]g +44.5” (c 1.2, chloroform); lit.t5 +44.2’ (c 1.59, 
chloroform. 

2-O-A~~~-3,4,6tri-O-be~~-D-g~~copyranose (9). - M Hydrochloric acid (100 

mL) was added dropwise with stirring to a boiling solution of 8 (24.2 g) in acetic acid 
(400 mL) during 30 min. The mixture was further stirred for 2 h at 100°, then 
cooled, and concentrated to one-fifth of the original volume. The resulting white 
solid was collected by filtration, washed with cold water, and dissolved in dichloro- 
methane. The solution was washed successively with water, aqueous sodium hydro- 
gencarbonate, and water, dried, and concentrated. The residue was recrystallised 
twice from methanol to give 9 (16.9 g, 72%), m.p. 134-136”, [cY]~ +28” (c 1.8, 
chloroform); lit.” m.p. 137-139”, [a]D +25.7” (c 0.9, chloroform). 

2-0-AIlyl-3,4,6-tn’-O-ben?yl-l-O-p-nitrobenzoyl-cY-D_ (10). - 

~-Nitrobenzoyl chloride (1.9 g) was added at 0” to a stirred solution of 9 (3.3 g) in 
di~hloromethane (20 mL) and pyridine (1.1 mL), and the mixture was kept overnight 
at room temperature. Water (2 mL) was added, and the solution was stirred for 1 h, 
washed successively with dilute hydrochloric acid, aqueous sodium hydrogencarbo- 
nate, and water, dried, and concentrated. Recrystallisation of the residue from 
ethanol afforded 10 (3.0 g, 70%), m.p. 128-130”, [orlg +63O (c 2.4, chloroform); 
lit.” m.p. 86-88”, [u]E, -12.4” (c 1, chloroform). ‘H-N.m.r. data (CDCl$: 6.61 (d, 
1 H, Jt.2 3.3 Hz, H-l) and 6.09-5.66 (m, 1 H, -CH=) 

Anal. Calc. for C3rHJ7N09: C, 69.47; H, 5.83; N, 2.19. Found: C, 69.32; H, 
5.90; N, 2.24. 

Benzyl3,4,6-tri-O-be?zq&S-D-glucopyrmoside (16). - A mixture of benzyl 
alcohol (10 mL), silver carbonate (15 g), and Drierite (20 g) in ether-~nzene (l:l, 
130 mL) was stirred at room temperature for 3 h in the dark with exclusion of 
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moisture, and a solution of 15 (19.5 g) in ether (50 mL) was added dropwise during 2 
h. The mixture was stirred overnight at room temperature, and insoluble material 
was collected on a layer of Celite and washed with benzene. The combined filtrate 
and washings were concentrated, the remaining benzyl alcohol was removed by 

repeated co-evaporation with water, and the residue was dissolved in dichloro- 
methane. The solution was washed with water, dried, and concentrated. A solution 
of the residue in methanol (200 mL) containing M sodium methoxide (5 mL) was 
kept at room temperature for 6 h, neutralised with Amberlite IR-120 (H”) resin, 
filtered, and concentrated. The resulting solid was recrystallised thrice from ethanol 
to give 16 (15.7 g, 78%), m.p. 87-W’, [~]g - 25” (c 1.2, chloroform). 13C-N.m.r. 

data (CDC13): 6 101.5 (C-l). 
Anal. Calc. for C34H3606: C, 75.53; H, 6.71. Found: C, 75.67; H, 6,76. 

Ben& 2-O-(2-O-a/Cyf-3,4,6-tri-0-benzyi-cr- and -&mghcopyranosy&3,4,6- 
tri-0-bemy/-B-D-ghcopyranoside (17 and 19). - (a) To a solution of 10 (2.10 g) in 
dichloromethane (5 mL) was added a saturated (at 0’) solution of hydrogen bromide 

in dichloromethane (40 mL). After 5 min at room temperature, the precipitated 
p-nitrobenzoic acid was removed by filtration, and the filtrate was concentrated to 
give 2-O-allyl-3,4,6-tri-0-benzyl-a-n-glucopyranosyl bromide (12) as a syrup (1.71 

g, 94%), [oylg + 106” (c 1.3, dichloromethane). ‘H-N.m.r. data (CDC13): 6 6.55 (d, 1 
H, J1,2 3.5 Hz, H-l) and 6.14-5.71 (m, 1 H, -CH=). 

A solution of 16 (0.75 g, 1.4 mmol) and 12 (1.53 g, 2.8 mmol) in 1,2-dichloro- 
ethane (10 mL) and iV,N-dimethylformamide (2 mL) was stirred with tetraethyl- 
ammonium bromide (0.58 g) and molecular sieve Type 4A (2 g) at room temperature 

for 6 days. Insoluble material was collected on a layer of Celite and washed with 
dichloromethane, and the combined filtrate and washings were washed with water, 
dried, and concentrated. Column chromatography (solvent I) of the residual oil 
gave 17, isolated as a syrup (0.11 g, 8%), [cx]~ + 30” (c 1.6, chloroform); t.1.c. 
(solvent I): RF 0.22. 13C-N.m.r. data (CDC13): 6 134.5 and 117.3 (CH=CH& 102.8 
(C-l), and 95.5 (C-l’). 

(b) A solution of oxalyl chloride (1.3 mL) in dichloromethane (5 mL) was 
added dropwise at 0” to a solution of 9 (2.51 g) in dichloromethane (20 mL) 
containing N,iV-dimethylformamide (0.1 mL). The mixture was kept at room 
temperature for 1 h and then concentrated. A solution of the residue in hexane-ethyl 

acetate (1 :l, 20 mL) was filtered through a layer of silica gel (5 g), and the layer was 
washed with hexane-ethyl acetate (l:l, 15 mL). The combined filtrate and washings 
were concentrated to give 2-O-allyl-3,4,6-tri-0-benzyl-a-n-glucopyranosyl chloride 
(13) as a syrup (2.39 g, 92%), [cx]~ + 86” (c 2.2, dichloromethane). N.m.r. data 
(CDC13): ‘H, 6 6.19 (d, I H, J1,2 3.7 Hz, H-l) and 6.10-5.72 (m, 1 H, -CH=); 13C, 

6 134.0 and 118.0 (CH=CH;?) and 93.5 (C-l). 

A mixture of 16 (1.46 g, 2.7 mmol), silver perchlorate (0.92 g, 4.4 mmol), and 
powdered molecular sieve Type 4A (5 g) in ether (50 mL) was stirred at room 
temperature for 2 h with exclusion of moisture and light, and then cooled to -10”. A 
solution of 13 (2.06 g, 4 mmol) in ether (20 mL) was added dropwise during 30 min, 
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and the mixture was allowed to attain 0” gradually and then stirred at 0” for 1 h. 
Insoluble material was collected on a pad of Celite and washed with ether, and the 
combined filtrate and washings were washed successively with water, aqueous so- 
dium hydrogencarbonate, and water, dried, and concentrated. The residue was 
subjected to column chromatography (solvent Z), to give a disaccharide fraction 
[2.25 g, 82%; 13C-n.m.r. data (CDC13): 6 100.7 (C-l’ in 19) and 95.5 (C-l’ in 17) in 
the ratio 3.8:1]. Column chromatography (twice) of this fraction afforded 17 (0.88 
g, 32Oh) and 19 as a syrup (0.16 g, 6%). 

Compound 19 had [a]g -5” (c 1.7, chloroform); t.1.c. (solvent I): R, 0.24. 
13C-N.m.r. data (CDC13): 6 135.0 and 116.1 (CH=CH2), 102.2 (C-l), and 100.6 
(C-l’). 

(c) A mixture of 13 (1.98 g), N-methylacetamide (0.4 mL), silver oxide (2.0 g), 
di-isopropylethylamine (1.22 mL), and molecular sieve me 4A (3 g) in benzene (60 
mL) was stirred overnight at room temperature. Insoluble material was removed by 
passing the mixture through a short column of neutral aluminium oxide, and the 
column was then eluted with benzene containing 0.1% of triethylamine to give 
2-0-al~yl-3,4,6-tri-O-benzyl-l-O-(N-methylacet~idoyl)-~-~-glucop~anose (14) as 
a syrup (1.76 g, 83%), [& +17” (c 1.6, chloroform). 13C-N.m.r. data (CDCIJ): 6 
159.5 (C=N), 135.0 and 116.5 (CH=CH& 93.7 (C-l), 35.9 (IV-CH3), and 14.5 

(C-~3). 

A solution of 14 (1.60 g, 2.9 mmol) and 16 (1.05 g, 1.9 mmol) in benzene (40 
mL) was stirred under dry nitrogen at room temperature for 5 days in the presence 
of anhydrous toluene-p-sulfonic acid (0.25 g) and molecular sieve Type 4A (1 g). The 
mixture was filtered and the filtrate was washed successively with aqueous sodium 
hydrogencarbonate and water, dried, and concentrated. Column chromatography 
(solvent I) of the product gave a mixture (1.32 g, 67%) of 17 and 19 in the ratio 4: 1 
(from the 13C-n.m.r. spectrum). Column chromatography (twice) of this fraction 
afforded 17 (0.57 g, 29O/0) and 19 (60 mg, 3%). 

BenzyI 3,4,6-tri-O-benZyl-2-0-(3,4,6-tri-O-ben~l-~-D-glucopyranosy~-~-D- 
glucopyranoside (18). - A mixture of 17 (0.86 g), palladium chloride (0.17 g), and 
sodium acetate (0.5 g) in acetic acid-water (20:1, 4 mL) was stirred overnight at 
room temperature. Insoluble material was collected on a Celite pad and washed with 
methanol, and the combined filtrate and washings were concentrated. A solution of 
the residue in dichloromethane was washed with water, dried, and concentrated. 
Column chromatography (solvent 2) of the residue gave 18 (0.71 g, 86O), m.p. 
120-120.5” (from ethanol), [II]~ +40” (c 1, chloroform). 13C-N.m.r. data (CDCl3): 
6 101.6 (C-l) and 98.8 (C-l’). 

Anal MC. for C61Ha011: C, 75.29; H, 6.63. Found: C, 75.36; H, 6.69. 
Ben@ 3,4,6-tri-O-benZyl-2-O-(3,4,6-tri-O-benZyl-~-D-glucopyranOsY~-~-D- 

glucopyranoside (19). - A mixture of 18 (90 mg), palladium chloride (20 mg), and 
sodium acetate (30 mg) in acetic acid-water (20:1, 1 mL) was stirred overnight at 
room temperature, and then processed as described for 18. Column chromatography 
(solvent 2) of the product afforded 19 (76 mg, 810), m.p. 147-148’ (from ethanol), 
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k& -15” (c 0.4, chloroform). %-N.m.r. data (CDC13): 6 104.1 (C-l’) and 101.7 

(C- 1). 
Anal. Calc. for C6rHCi4011: C, 75.29; H, 6.63. Found: C, 75.40; H, 6.70. 
Methyl 2-Q-allyi-a-D-glucopyranoside (22). - A solution of 21 (25.5 g) in 

acetic acid (120 mL) was heated to 100*, water (80 mL) was added in small portions, 
and the mixture was stirred for 15 min and then concentrated; the last traces of the 

solvents were removed by repeated co-evaporation of toluene. The residue was 
recrystahised from chloroform-hexane to give 22 (17.0 g, 92%), m.p. 129-131 O, 
[cx]~ + 140” (c 1.6, methanol). 

Anal. Calc. for CIoHr806: C, 51.27; H, 7.75. Found: C, 51.20; H, 7.86. 
2-o-A /f’y/-D-glucoflyrffnose (23). - A solution of 22 {15.3 g) in M sulfuric acid 

(250 mL) was stirred at 100’ for 16 h, then cooled, neutralised with barium 
carbonate, filtered, and concentrated. CoIumn chromatography (solvent 5) of the 
product gave 23 (11.7 g, Sl%), m.p. 130-145”, [cY]~ 449 (2 min)-++58° (24 h, 
constant; c 1.2, water). 

Anal. Calc for CPHr606: C, 49.09; H, 7.32. Found; C, 50.15; H, 7.40. 
1,3,4,6- Tetra-O-acetyl-2-O-ally/-D-glucopyrunose (24). - Conventional 

acetylation of 23 (11.5 g) with acetic anhydride-pyridine (1: I9 100 mL) gave amor- 
phous 24 (19.2 g, 95%), [l~]g + 39” (c 2, chIoroform). ‘?C-N.m.r. data (CDCl& b 
170.3-168.5 (C=O) 134.0 and 117.2 (CH=CH2 for @ anomer), 135.7 and 117.9 

(CH=CHz for Q anomer), 93.6 (C-l@), 89.3 (C-la), and 20.9, 20.7, 20.6, and 20.55 

COc+H3). 

Anal. Calc. for C17H24010: C, 52.85; H, 6.23. Found: C, 52.75; H, 6.29. 
Ben& 3,4,6-tri-O-benzyl-2-O-(3,4,6-tri-O-acety/-2-O-u/Zy~-~-D-gZ~copyra- 

nosy&P-D-glucopyranoside (27). - A saturated (at 0”) solution of hydrogen bromi- 
de in acetic acid (15 mL) was added at 0” to a solution of 24 (3.0 g) in dichlorome- 
thane (13 mL). The mixture was kept at 0” for 30 min, then diluted with dichlorome- 
thane, washed successively with ice-water, aqueous sodium hydrogencarbonate, and 
water, dried, and concentrated to give 3,4,6-tri-0-acetyl-2-0-allyl-cr-D-glucopyra- 
nosy1 bromide (25) as a syrup (3.0 g, 94%), [a]:: + 159” (c 1.2, dichloromethane). 
‘H-N.m.r. data ( CIX&) 6 6.51 (d, 1 H, JI,z 3.7 Hz, H-l), 6.03-5.66 (m, 1 H, 
-CH=), and 2.07, 2.05, and 2.04 (3 s, each 3 H, 3 OAc). 

A mixture of 25 (2.81 g) in acetonitrile (30 mL) was stirred with tetraethylam- 
monium chloride (2.83 g) at room temperature until the optical rotation reached a 
minimum (- 18 min). The mixture was poured into benzene which was washed with 
water, dried, and concentrated to give 3,4,6-tri-O-acetyl-2-O-allyl-P-D-glucopyrano- 
syl chloride (26) as a syrup (2.20 g, 88%), [a]: + 83” (c 1.2, benzene). ’ H-N.m.r. 
data (C6DB): 6 4.94 (d, I H, J,,2 8.4 Hz, H-l). 

A mixture of 16 (1.96 g, 3.6 mmol), silver perchlorate (1.26 g, 6.1 mmol), and 
powdered molecular sieve Type 4A (5 g) in ether (70 mL) was stirred at room 
temperature for 2 h, and then cooled to -LO*. A solution of 26 (2.0 g, 5.5 mmol) in 
ether (20 mL) was added dropwise during 20 min, and the mixture was processed as 
described for the reaction of 16 with 13. Column chromatography (solvent 2) of the 
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product gave amorphous 27 (2.36 g, 75%), [a]:: + 48” (c 1.5, chloroform). N.m.r. 
data (CDC13): ‘H, S 5.63 (d, 1 H, Jr,2 3.7 Hz, H-l) and 1.99 (s, 9 H, 3 OAc); 13C, 6 
170.1, 169.6 and 169.2 (3 C=O), 137.7 and 117.3 (CH=CH& 102.4 (C-l), 95.0 
(C-l’), and 20.7, 20.6, and 20.4 (3 C0CH3). 

Anal. Calc for C49HSB014: C, 67.73; H, 6.50. Found; C, 67.81; H, 6.61. 
&?IIZy/ 2-0-(2-0-af~&-~-D-giUCOpyrUn~~yl)-3,4,6-tri-O-be~~l-~-D-gl~COpyrQ- 

nuside (28). - 0-Deacetylation of 27 (2.15 g), as described for the preparation of 
16, afforded 28 (1.73 g, 94%), m.p. 128-130” (from ethanol), [(Y]: + 59” (c 0.9, 
chloroform). 

Anal. Calc for C43HS0011: C, 69.52; H, 6.78. Found: C, 69.59; H, 6.71. 
Compound 28 (2.52 g) was treated with sodium hydride (1 .O g; 50% mineral 

oil) and benzyl bromide (3 mL) in N,N-dimethylformamide (30 mL), as described 
for 7. Column chromatography (solvent I) of the product gave 17 (3.16 g, 92%), 
[o# + 29.5’ (c 1 .l, chloroform). 

A mixture of 17 (3.05 g), palladium chloride (0.59 g), and sodium acetate (1.5 
g) in acetic acid-water (20:1, 15 mL) was stirred overnight at room temperature, and 
then processed as described previously, to give 18 (2.58 g, 88*/,X m.p. and mixture 
m.p. 120-121*, [cY]~ + 39” (c 0.8, chloroform). 

Ben& 0 - (3,4,6 - trj - 0 - acetyl- 2- 0 - aZlyI - a - D-glucopyranosyf) - (142) - 0 - 
3,4,6-tri-O-benZyl-ar-D-glucopyrunosyl)-(1-*2)-3,4,6-tri-O-benZyl-~-D-giucopyra~o- 
side (29). - A mixture of 18 (1.48 g, 1.4 mmol), silver perchlorate (0.53 g, 2.6 
mmol), and powdered molecular sieve Type 4A (3 g) in ether (25 mL) and 1,2-dime- 
thoxyethane (12 mL) was treated with a solution of 26 (0.84 g, 2.3 mmol) in ether (10 
mL), as described for the preparation of 27. Column chromatography (solvent 2) of 
the product gave amorphous 29 (1.39 g, 71°h), [cY]~ + 62.5O (c I. 1, chloroform). 
13C-N.m.r. data (CD(&): 6 170.3, 169.6, and 169.5 (3 C=O), 134.4 and 116.7 
(CH=CH2), 101.9 (C-l), 93.0 and 92.7 (C-l’,l”), and 20.8, 20.7, and 20.5 (3 
COcHd. 

Anal. Calc for C76H&4019: C, 70.14; H, 6.51, Found: C, 70.32; H, 6.65. 
Benqyl 0-(3,#,6-tri-O-benZyi-~-D-gfucopyranosy~-(~42)-0-(3,4,6-tri-O- 

ben~l-ff-D-g~UC~pyra~~y~-(l~2~-3,4,6-tri-O-ben~f-~-D-glUCO~yranoside (32). - 
Compound 29 (1.25 g) was O-deacetylated, as described for the preparation of 16, 
to give benzyl O-(2-O-ahyk-D-gkopyranosyl)-( 1~2)-0-(3,4,6-tri-O-beazyl-cr-D- 
glucopyranosyl)-( 142)-3,4,6-tri-O-benzyl-@-D-glucopyranoside (SO), isolated as a 
syrup (1.08 g, 96%), [& + 53” (c 1, chloroform). 

Compound 30 (1 .O g) was treated with sodium hydride (0.25 g; 50% mineral 
oil) and benzyl bromide (0.8 mL) in N,N-dimethylformamide (10 mL), as described 
for 7, followed by column chromatography (solvent I) of the product, to give benzyl 
0-(2-0-allyl-3,4,6-tri-O-benzyl-a-D-glucop~anosyl)-(l~2)-O-(3,4,6-tri-O-be~yl- 
cr-D-glucopyranosyl)-( l-+2)-3,4,6-tri-O-benzyl-B-D-glucopyranoside (31), isolated as 
a syrup (1.07 g, 87O/o), [c@ +57’ (c 1.6, chloroform). ‘3C-N.m.r. data (CDC13): 6 
134.9 and 116.4 (CH=CH2), 101.5 (C-l), and 93.0 and 92.4 (C-l’,l”). 

Treatment of 31 (0.98 g) with palladium chloride (0.14 g) and sodium acetate 
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with 13, followed by column chromatography (solvent 3) gave amorphous 39 (0.70 
g, 68O/0), [cr]: +98” (c 1.2, chloroform). 13C-N.m.r. data (CDCld: 6 170.2-169.4 
(C=O), 134.3 and 117.2 (CH=CH& 102.5 (C-l), 96.2 and 93.8 (C-l’,l”), and 
20.7-20.4 (COCH3). 

Anal. Calc. for C~IH~ZO~~: C, 63.31; H, 6.32. Found: C, 63.48; H, 6.42. 
0-Deacetylation of 39 (0.65 g), as described for the preparation of 16, gave 

benzyl 0-(2-O-allyl-ar-o-glucopyranosyl)-(l~2)-O-~-o-glucop~anosyl-(l~2)- 
3,4,6-tri-O-benzyl-fl-D-glucopyranoside (40), isolated as a syrup (0.47 g, 93O/ox [a]g 
+ 61’ (c 1.7, methanol). Attempts to benzylate14 40 failed. 

&M_Y/ 0-(2,3,4,6-tetrQ-0-UCety~-cr-D-g~uCOpyranosyl)-(~~2)-O-(3,4,6-tfi-0- 

acetyl-cY-D-glucopyranosyl)-(l~2)-3,4,6-tri-O-benZyl-~-D-glucopyranoside (41). - 
The product obtained by treatment of a mixture of 16 (1.03 g, 1.9 mmol), silver 
perchlorate (0.74 g, 3.6 mmol), and powdered molecular sieve Type 4A (3 g) in ether 
(40 mL) with 38 (2.12 g, 3.2 mmol) in ether-1,Zdimethoxyethane (4~1, 30 mL), as 
described for the preparation of 39, was subjected to column chromatography 
(solvent 3) to give amorphous 41 (1.55 g, 700/o), [& +99” (c 1.5, chloroform). 
“C-N.m.r. data (CDC13): 6 170.2-169.2 (C=O), 102.6 (C-l), 93.1 and 92.1 
(C-l’,l”), and 20.9-20.0 (COCH,), 

Anal. Calc for CmH70023: C, 62.17; H, 6.09. Found: C, 62.31; H, 6.17. 
O-ar-D-Glucopyranosyl-(l-*2)-O-or-D-glucopyranosyl-(1~2)-D-glucopyranose 

(2). - A solution of 41 (1.40 g) in methanol (10 mL) and dichloromethane (3 mL) 
was treated with methanolic M sodium methoxide (0.5 mL) at room temperature, 
and then processed as described for the preparation of 16. A solution of the residue 
in acetic acid (30 mL) was hydrogenated in the presence of 10% Pd/C (1.0 g) at 
normal pressure overnight at room temperature. Insoluble material was collected on 
a Celite pad and washed with water, and the combined filtrate and washings were 
concentrated. The residue was crystallised from aqueous methanol to give 2 as the 
monohydrate (0.53 g, 84%), m.p. 228-230“ (dec.), [(Y]E + 151” (3 min)++ 156” 
(48 h, constant; c 1, water); lit.’ m.p. 228-230” (dec.), [a]:: + 150.2 (5 min)++ 
156.1” (48 h, constant; c 1.7, water). 

BenzyZyl 0-(2,3,4,6-tetra-O-acetyl-cr-D-glucopyranosyl)-(Z~2)-O-(3,4,6-tri-0- 
acetyl-cr-D-glucopyranosyr)-(~-*2)-O-(3,4,6-tri-O-ben~l-~-D-glucopyranosy~- 
(l-2)-3,4,6-tri-0-benzyl-/3-D-glucopyranoside (42). - The product obtained by 
treatment of a mixture of 18 (1.05 g, 1.1 mmol), silver perchlorate (0.42 g, 2 mmol), 
and powdered molecular sieve Type 4A (3 g) in ether-l ,Zdimethoxyethane (4:1,25 
mL) with 38 (1.20 g, 1.8 mmol) in ether-1,2-dimethoxyethane (4:1, 17 mL), as 
described for the preparation of 39, was subjected to column chromatography 
(solvent 3) to afford amorphous 42 (1.01 g, 59%), [c&’ + 86” (c 1.6, chloroform). 
13C-N.m.r. data (CDC13): 6 170.1-169.2 (C=O), 102.4 (C-l), 93.4, 91.0, and 89.5 
(C-l’, 1”‘), and 20.9-20.2 (COCH3). 

Anal, Calc. for C8,Hg802s: C, 65.25; H, 6.21. Found: C, 65.39; H, 6.33. 
O-cr-D-Glucopyran~yl-(l~2)-O-ar-D-glucopyranosyl-(l~2)-O-~-D-glucopy- 

ranosyl-( l-2)-D-glucopyranose (3). - Compound 42 (0.88 g) was sequentially 
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deacetylated and hydrogenolysed as described for 41, and the residue was eluted 
from a column of Biogel P-2 (100-200 mesh) with water to give amorphous 3 (0.27 
g, 73%; homogeneous by h.p.l.c.), [cx]~ + 160.5” (c 1.3, water). 

Anal. Calc. for C24H42021: C, 43.24; H. 6.35. Found: C, 43.12; H, 6.48. 
Compound 3 (9 1 mg) was reduced with sodium borohydride (7 mg) in water (1 

mL) overnight at room temperature. The solution was treated with Amberlite 
JR-120 (H ‘) resin to decompose the excess of the hydride, the resin was filtered off 

and washed with methanol, and the combined filtrate and washings were concentra- 
ted. Repeated evaporation of methanol from the residue gave O-cr-o-glucopyrano- 
syl-(l-r2)-O-a-~-glucopyranosyl-(l-*2)-O-~-o-glucopyranosyl-(l~2)-~-glucitol 
(44) as a syrup (85 mg. 93%), [oJ]~ + 147” (c 0.5, water). 

Bemy/ 0-(2,3,4,6-fetra-O-acetyl-cY-D-glucopyranosyl)-(1--*2)-O-(3,4.6-rri-O- 
acetyl-cu-D-ghcopyranosyl)-(l-*2)-0-(3,4,6- tri-O- benzyl-cu-D-glucopyranosyl)- 
(Zj2)-0-(3,4,6-tri-O-benzyl-cr-D-glucopyranosyl)-(Ij2)-3,4,6-tri-O-ben~r-~-D- 
glucopyranoside (43). - The product obtained by treatment of a mixture of 32 (0.71 
g, 0.5 mmol), silver perchlorate (0.25 g, 0.1 mmol), and powdered molecular sieve 
Type 4A (1 g) in ether (15 mL) with 38 (0.66 g, 0.1 mmol) in ether-1,2-dimethoxy- 
ethane (4;1, 10 mL), as described for the preparation of 39, was subjected to column 

chromatography (solvent 4) to give amorphous 43 (0.40 g, 39%), [a]g + 91” (c 0.8, 
chloroform). 13C-N.m.r. data (CDCl& 6 170.0-169.1 (C=O), 103.1 (C-l), 93.1, 
91.0, 90.1, and 89.2 (C-l’,l”,l”‘,l”“), and 20.9-20.2 (COCHJ). 

Anal. Calc. for C114H126033: C, 67.74; H, 6.27. Found: C, 67.79; H, 6.41. 
O-cY-D-~/ucopyranosy/-(~~2)-O-~-D-g/ucopyranosyf-(~~2)-O-cu-D-g~ucopy- 

ranosyl-(i-t2)-O-cr-D-giucopyranosyi-(I~2)-D-gfucopyranose (4). - O-Deacetyl- 
ation of 43 (350 mg) and hydrogcnolysis, as described for 41, followed by purifica- 
tion of the product, as described for 3, gave amorphous 4 (95 mg, 66%), homoge- 

neous by h.p.l.c., [a!]: + 167” (~0.5, water). 
Anal. Calc. for C30H52026: C, 43.38; H, 6.32. Found: C, 43.60; H, 6.49. 

Reduction of 4 (40 mg) with sodium borohydride, as described for 3, gave 
0-cY-D-glucopyranosyl-( 1~2)-O-ar-~-glucopyranosyl-(1--t2)-O-cr-~-gIucopyranosyl- 
(1+2)-0-a-D-glucopyranosyl-( l-+2)-D-glucitol (45), isolated as a syrup (36 mg, 
90%), [(~]g + 155” (c 0.3, water). 

Bentyl 0-(2,3,4,6-tetra-O-acetyf-~-D-g/ucopyranosy~-(i~2)-~-(3,4,6-tri-O- 
acetyl-a-D-giucopyranosyl)-(l-+3)-2,4,6- tri-O- benzyi-fi-D-glucopyranoside (47). 
- The product obtained by treatment of a mixture of 46 (0.84 g, 1.6 mmol), silver 
perchlorate (0.60 g, 2.9 mmol), and powdered molecular sieve Type 4A (3g) in ether 
(30 mL) with 38 (1.73 g, 2.6 mmol) in ether-1,2-dimethoxyethane (4:1, 25 mL), as 
described for the preparation of 39, was subjected to column chromatography 
(solvent 3) to give amorphous 47 (1.29 g, 72%), [(Y]E + 92” (c 1, chloroform). 
“C-N.m.r. data (CDC13): 6 170.2-169.2 (C=O), 102.1 (C-l), 96.8 and 95.6 
(C-I’,l”), and 20.9-20.6 (COCH3). 

Anal. Calc. for C60H70023: C, 62.17; H, 6.09. Found: C, 62.30; H, 6.18. 
O-a-D-~~ucopyranosy~-(~~2)-O-(;u-D-giucopyranosy~-(~~~)-D-g~ucopyrano- 
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se (5). - ODeacetylation of 47 (0.95 g) and hydrogenolysis, as described for 41, 
followed by purification of the product, as described for 3, gave amorphous 5 (0.35 
g, 85%), [&! + 159’ (c 1.2, water). 

Anal. Calc for C1sH32016: C, 42.86; H, 6.39. Found: C, 42.71; H, 6.50. 
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