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ABSTRACT 

Condensation of 2,3,4,6-tetra-0-acetyl-n-D-glucopyranosyl bromide (1) with 
benzyl2.3.6-tri-O-benzyl-P-D-glucopyranoside (6) in 1: 1 benzene nitromethane in 
the presence of mercuric cyanide gave, in 86% yield after O-deacetylation followed 
by column chromatography, benzyl 2,3.6-tri-0-benzyl-@-cellobioside. which was 
catalytically hydrogenolyzed to afford cellobiosc. In a similar way, methyl u-cel- 
lobioside. cellotriose, methyl u- and p-cellotriosides, cellotctraose, lactose, and 
methyl cu-lactoside were synthesized with high stereospecificity and in good yield by 
the coupling reaction, using methyl 2,3,6-tri-O-benzyl-a- and -,&D-gluco- 

pyranosidc, 6, and bcnzyl 2,3,6 ,2’,3’ ,6’-hcxa-O-benzyl-P-czllobiuside as the 
glycosyl acceptors, and 1, 2,3,4,6-letra-0-acetyl-a-o-galactopyranosyl bromide, 
and hepta-O-acetyl-a-cellobiosyl bromide as the glycosyl donors. 

INTRODUCTTON 

The practical, chemical synthesis of cellobiose (13) and lactose (31) has prin- 
cipally been hampered. by the low reactivity towards glycosylation of the equato- 
rially disposed, HO-4 group in D-glucopyranose derivatives in the ‘C, conforma- 
tion, and partly by some difficulty in obtaining a suitably substituted D-gluco- 

pyranose derivative having only HO-4 unsubstituted. The disaccharide 13 has been 
synthesized in low yields (1 .Y-10%) by condensation of 2,3,4,6-tetra-0.acetyl-a-n- 
glucopyranosyl bromide (I) with I ,h-anhydro-B-D-glucopyranose’ or I ,2,3,6-tetra- 
O-acetyl-P-D-glucopyranose2. and in 35% yield’ from epicellobiose octaacetate by 
a series of reactions involving Inversion of the contiguratlon at C-2. 

The disaccharide 31 had been prepared4 in 27% yield by rearrangement of 
epilactose octancetate. Curtis and Jones’ and Shapiro et al.” used 2.3:_5,6-di-0- 

isopropylidene-D-glucose diethyl acetal and 2.3-di-U-acetyl-1.6-anhydro-/3-D- 
glucopyranose, respectively. to circumvent the low reactivity of HO-4 of D-gluco- 

pyranose derivatives in the ‘C, conformation. and. by coupling with 2.3,4.6-tetra- 
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Methyl 3.i.h-tri-n-bentyl-u- (3) and -P-D-glucopyrano5ide (4) were pre- 
pared according to the procedure of C&-egg et al. I’.’ ’ using sodium cyanohorohyd- 
ride~hydrot:hloric acid. Similarly. treatment of benzyl 2.3-dl-O-benzyl-J,b-O-ben- 
rylidene-p-u-~lucopyr3noiidc’ ’ Ii (5) with sodium cyan~~t~~~rnl~ydri~i~-t~~~ir~~~~hi~~ri~ 
ac~tl ill osolane (tetrahydroturan) gave ;L mixture that wa fl-actionatcd h> 
chromatography on :I column of silica gel. to afford hrnwl ?.i.h-” (61 :ind 2.3.A 
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tri-0-benzyl-fi-D-glucopyranoside’s (7) in 85 and 6% yield, respectively. Reductive 
removal of the benzylidene group of benzyl 2,3,6,2’,3’-penta-O-benzyl-4’,6’-0- 
benzylidene-pcellobioside’” (8) with sodium cyanoborohydride-hydrochloric acid 
gave, after column chromatography, benzyl 2,3,6,2’,3’,6’- (9) and 2,3,6,2’,3’,4’- 
hexa-O-hen~yl-/kellobioside’h (10) in 86 and 5% yield, respectively. Methyla- 
tion” of 9, followed by hydrogenolysis, hydrolysis, reduction with sodium 
borohydride, and acetylation, produced a 1: 1 mixture of the peracetates of 4-0- 
methyl-D-glucitol and n-glucitol (g.l.c.), confirming the structure of 9. 

The condensation reactions were performed in 1: 1 benzene-nitromethane in 

the presence of mercuric cyanide; the reaction temperature and time for each cou- 
pling reaction are specified in the Experimental section. When 2.5-3 molar propor- 
tions of the glycosyl donors, namely, 1, 2, and hepta-0-acetyl-a-cellobiosyl 
bromide (1 l), were used, the glycosyl acceptors 3, 4, 6, and 9 reacted almost com- 
pletely. Examination by t.1.c. of each reaction mixture showed the presence of a 
major product, invariably accompanied by traces of a marginally slower-migrating, 
unidentified product that could not be removed by column chromatography. 
Therefore, each reaction mixture was 0-deacetylated to facilitate separation of the 
major product, and the resulting mixture of the products was chromatographed on 
a column of silica gel. 

Condensation of 6 with 1, followed by 0-deacetylation, gave, after 
chromatographic fractionation, benzyl 2,3,6-tri-O-benzyl+cellobioside (12) in 
86% yield. Catalytic hydrogenolysis of 12 in acetic acid in the presence of pal- 
ladium-on-charcoal furnished, in 92% yield, compound 13, which was identified by 
comparison with an authentic specimen’“, obtained by the acetolysis of cellulose. 



. _ W!T vicld of 18. HydrogrnoIysis of 18 furnished. in iJO’ yield. compound lY_ 
whxh was characteri7rd hy compariaun with an authentic sample“ In the :Iltcr’ln- 
tivr: synthesis of 19. compound 9 wal allowed to rcxt with I, IO give. m XWG yield 
after O-deacetylation tollowcd hy column chromatogrilphy. hen+4 :.Z.h.Z’..3’.h’- 
hcxa-O-h~nryl-P-c~llotrioside (20). which. on hydrogenolysis. aifordcd IV. ISen- 
7yhdcnation of I8 gave rry\talline bcnzyl ‘,.~.h-tri-O-hcnzyl-J”.h”-O-hcn7?lidcnc- 
,&ccllotriosidc (26). whereas that 01 20 producetl cryst:lltinc ben7b I ?._1.6.Z’..;‘.h’- 
hex~~-U-hur~zyl--1”.(1”-0-ber~r~lidcnr-~~-ceIlotriosidc (27). which is .a u\cful intro- 
mediate for the chemical mcrcliticntion of HO-Z” and -3” in 19. 
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26R = I?‘= H 

27 H = BZ1.R’ = H 

Condensation of 3 with 11, followed by O-deacetylation and column 
chromatography, gave, in 77% yield, methyl 2.3,6-tri-0-benzyl-cr-cellotrioside 
(21). which was hydrogenolyzed to furnish 22 in crystalline form in 92% yield. 
Acetylation of 22 afforded methyl a-cellotrioside decaacetate (23) in crystalline 
form. Compound 23 had previously been obtained” as an amorphous solid by the 

anomerization of methyl P-cellotrioside decaacetate with titanium tetrachloride. 
Reaction of 4 with II, followed by 0-deacetylation and column chromatography, 
aftorded, in 80% yield, methyl 2,3.6-tri-0-ben~yl-p-cellotriosida (24). which was 
hydrogenoly7ed to furnish the known’ 25 in 93% yield. 

When compound 9 reacted with 11, benzyl 2,3,6,2’,3’,6’-hexa-O-benzyl-P- 
cellotetraoside (28) was obtained in 69% yield, after 0-deacetylation followed by 
column chromatography. Hydrogenolysis of 28 furmshed, in 84% yield, compound 
29, which was identified by comparison with an authentic specimcn’s. 



Reactron of 6 with 2. followed by O-deacetylntion and column chromatog- 
raphy. gave. in 84% yield. benzyl ?..l.~tri-O-bcnzyl-P-lactclside (30). which. on 

hytlrogenolysis. provided 31 in 92Ci. yield. Coupling of 3 with 2. lollowcd by 0 
dcacctylution and column chromatography. garc. in Xb’/r, yield. methyl ?.3.h-tri-O- 
benzyl-a-luctoside (32). which was dehenxylatctl IO atford 33 HI OYr yield. Corn-- 
pound 33 had previously been preparcdg’ by methannlysrs of &lacto~yl N.N-di- 
methyldilhiocarhamatc. 

EXPERIMENTAL 

General mcthad.v. .-‘- Unless stated otherwise. the general experimental con- 
ditians werr the same as those described previously’3. Rctcntion times are given 
relative to that of 1 .1.3.1.S.h-hexa-O-acetyl-r,-glucitol as unity. The following hol- 
vent systems (v/v) were used: (I) 2: I hexane-ethyl acetate. (3) r): I bcmene-.cthyl 
accIi+te. (.S) 9: I benzcnc-ethanol. and (4) 4: 1 chlc~roform~-n~rthanl,l. 

J3rnc_vl ~,3.6-lrr-O-be~~~~/-~-D-.~l~icf~/~.~r~~t~~~.~i~~e (6) crnd be?,r:_vJ ?..q,J-fri-O- 
be~l:.~I-ILJ-~-gl~rc~~p?~~ar~~~~~i~~ (7). ‘1’0 a stirred mtxture of 5 (X.0 g). sc)dium 
cyanoborohydridr (25 g). nnd molecular sieves 3A (20 g) in anhydrous oxolanc 
(330 mL). cooled to 0”. was added dropwtse diethyl cthcr s:ituratctl with hydrogen 
chloride until the cvolulion of gas ceased. After I h. 1.1.~. (holvcnt I) shuwed that 
the rcitction \*irs complctc. The mixture was processed a~ described sarlicr’: Ii. 
and the resulting mixture was fractionated on a column of silica gel wrth solvent I. 

The first Frilclion gave 6 (IX.8 g. 8Yk): m.p_ 6-I-W (hrxanc-ether). [u]i;” -43.1” 
(c 1.8. chloroform): lit.” m-p. hr~4>7~ (ethanol-water). [H]$’ -4? (S 1.07. chloro- 
form). 

T’he second fraction afforded 7 (1.35 g, 6%); m.p. ll)S-IOh (hcxune-ethcr). 
Ir~]t?’ -9.1” (c 1.5. chloroform): lit.” m.p. I0&l()S” (ethanol-water). [crJ$ --UC (L 
0.9. chloroform). 
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g~ucopyranouy~)-p-D-gfucopyranoside (10). -Compound 8 (11.0 g) was treated, in 
oxolane (180 mL) containing sodium cyanoborohydride (15 g) and molecular sieves 
3A (10 g), with disthyl ether saturated with hydrogen chloride, as just described. 
to give a mixture which was chromatographed on a column of silica gel with solvent 
2. The initial fraction gave 9 (9.5 g, 86%): m-p. 82-83” (hcxane); [a]&” -7.5” (c 
1.3, chloroform). 

Anal. Calc. forChlHWOI1: C, 75.29; H, 6.63. Found: C, 75.57; H, 6.49. 
Successive methylation” of a portion of 9, hydrogenolysis in acetic acid in 

the presence of 10% palladium-on-charcoal, hydrolysis with O.SM sulfuric acid for 
6 h at loo”, neutralization with barium carbonate, reduction with sodium borohyd- 
ride. and acetylation, gave compounds that had the retention times of the perace- 
tates of 4-O-methyl-D-ghtcitoi (TO.85. SO%) and D-ghCitOl (T l.UO,SO%). 

The second fraction eluted from the column afforded 10 (0.6 g, 5%); m.p. 
94-95” (hexanc-thcr). [a]$” +6.6” (c 1.0, chloroform): lit.‘” m.p. 9698”. [a]D 
t7.5” (c 1.06. chloroform). 

&WY1 2,3,6-~ri-O-henzyl-4-O-~-D-glucupyranosyl-~-D-glucopyrano.side 
(12). - A solution of 6 (5.51 g, 10.2 mmol) in 1 :l (v/v) bcnzcne-nitromcthanc 
(280 mL) was concentrated until 110 mL of the solvent mixture had distilled, and 
the concentrate was then cooled to SO”. Compound 1 (4.19 g. 10.2 mmol) and mer- 
curic cyanide (2.51 g, 10.2 mmol) were added, and the mixture was stirred for 8 h 
at SO”. Further additions of 1 (6.29 g, IS.3 mmol) and mercuric cyanide (3.86 g, 
15.3 mmol) were made, and stirring was continued for another 16 h. The mixture 
was evaporated to dryness, and the residue was dissolved in chloroform. The solu- 
tion was washed successively with water, aqueous potassium iodide, aqueous 
sodium hydrogencarbonate, and water. dried (sodium sulfate), and evaporated. A 
solution of the residual syrup in anhydrous methanol (100 mL) was treated with M 

sodium methoxide (5 mL). The solution was kept for 2 h at room tcmperaturc, 
made neutral with aqueous acetic acid. and evaporated to a syrupy product, which 
was applied to a column of silica gel that had been packed by using benzene. Elu- 
tion of the column with solvent 3 gave 12 as an amorphous powder (6. I6 g, 86%); 

IalA” +10.4°(r0.X, chloroform). 
Anal. Calc. for C,,HJ,O, ,: C, 68.36; H, 6.60. Found: C, 6X.64: H, 6.43. 
4-~-~-D-GIuCnpyrano.~y~-~-D-~~l~COpyrU?lOSe (13). - A sohttion of 12 (2.15 

g) in acetic acid (40 mL) was hydrogenolyzed in the presence of 10% palladium-on- 
charcoal (1.5 g) at atmospheric pressure for 1 day at room temperature. The 
catalyst was filtered off through a Celite pad, and washed with boiling water (50 
mL). The filtrate and washings were combined, and evaporated to a syrup, which 
crystallized from aqueous ethanol. to give 13 (0.97 g. 92%); m.p. and mixed m.p. 
224225”. [a];” +l3.0 (3 min)-+ +34.0” (c 5.0, water); lit.” m.p. 225”, [cr]f? 
+14--t +34.6” (~8, water). 

Benzyl 2,3,6-tri-O-henzyI-4-O-(Z,S,4.6-tetra-O-acetyl-~-D-gi~~copyranosyl)- 

p-D-glucopyranoside (14). - A solution of 12 (0.49 g) in 1: 1 (v/v) acetic anhy- 
dride-pyridine (5 mL) was kept overnight at room temperature. The solvents were 
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nitromethane (75 mL) with 2 (5.53 g, 13.4 mmol) and mercuric cyanide (3.3’) g, 
13.4 mmol) for 24 h at 40”. followed by U-deacetylation, as described previously, 
was fractionated on a column of silica gel (that had been packed by using benzcnc) 
with solvent 3. to give 32 as an amorphous powder (2.90 g. 86%); [a]:” +38.5” (c 
4.6, chloroform). 

Artal. Calc. for C,,H,,O,,: C. 65.16; H, 6.76. Found: C, 65.29; H, 6.84. 
Me&yl ~-~-~-D-~U~UCto~yr~rroyl-rr-l~-g~~~~~yr~~~.~~~e (33). - Hydro- 

genolysis of 32 (2.0 g), as described previously. gave 33 (1.14 g. 92%); m.p. 18% 
189” (ethanol). [a]&” +121.2” (c 1.6. water); lit.“’ m.p. 18Y-190” (ethanol), [a]$ 
fll_T.l”(C 1.03. water). 
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