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ABSTRACT 

Hydrogenolysis of benzyl penta-U-benzyl4’,6’-O-benzylidene-j3-ceIiobioside 
(4), -maltoside (5}, and -alIoIactoside (16) with LiAlH,-AlCl, gave only the cor- 
responding derivatives having HO-G’ free, in yields of 55, 78, and 90%, respectively. 
The main product of the hydrogenolysis of benzyl penta-~-benzy~-4~,6f-O-b~~yliderle- 
/.&lactoside (6) also had HO-6’ free, but the isomer having HO-4’ free was also isolated. 
The role of the C-l substituent in the galactose moiety in the direction of benzylidene 
ring-cleavage is discussed. 

iNTRODUCTiON 

For the synthesis of 6-deoxyhexosyl-hexoses or (glycosyluronic acid)-hexoses, 
protected disaccharides (stable under the conditions of hydride reduction and oxida- 
tion) having HO-6’ free were required. Such compounds were obtained by using the 
method for stereoselective benzylidene rin,- = cleavage, observed for some 2,3-di-O- 
benzyl- and 3-U-benzyl-4,6-0-benzylidenehexopyranosides”2. 

RESULTS AND DISCUSSION 

Benzyl 4’,6’-O-benzylidene-&ceIIobioside3 (I), -maItoside3 (I?), and -factoside 
(3), when treated with benzyl chloride in the presence of powdered potassium hydroxi- 
de, gave the benzylated derivatives 4, 5, and 6, respectively. 

With an equimolar amount of the LiAIHS--AICI, reagentI_‘, benzyl2,3,6,2’,3’- 
penta-0-benzyl-4’,6’-O-benzylidene-()-cellobioside (4) a2d the maltoside analogue 
(5) each gave only one product, namely, a hexa-U-benzyl derivative (7 and S). 

However, under similar conditions, the lactoside derivative 6 gave two isomeric 
hexa-U-benzyl compounds 9 and 10 in the ratio 83:t7. This ratio corresponds to the 
proportion of 4- (84%) and 6-O-benzyl- (16%) derivatives obtained” on hydrogeno- 
lysis of phenyl 2,3-di-0-benzyI-4,6-O-benzylidene-P-D-galactopjrranoside, but differs 
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from the ratio (95:5) observed on ring-cleavage of benzyl 2,3-di-0-benzyi-4,6-0- 
benzylidene-j?-D-ga!actopyranoside. The higher proportion of the 6-0-benzyl com- 
pound (10) in the hydrogenolysis of 6 indicates that the direction of benzylidene ring- 

cleavage of galactoside derivatives is determined by both the steric bulk of the O-3 
substituent and the character of the aglycon group. For benzyl 2,3-di-0-benzyM,6- 
G-benzyIidene+D-galactopyranoside, the aglycon moiety, because of free rotation 
around the -CH2 group, hinders the attack of the reagent at H04. There is no such 
steric hindrance in 6 and phenyl 2,3-di-O-ben.zyl-4,6-O-benzylidene-/I-D-galacto- 

pyranoside. This view is supported by the fact that hydrogenolysis of benzyl 2,3,4- 

tri- 0-benzyl-6- 0-(2,3-di- O-benzyl-4,6- 0-benzylidene-P-D-galactopyranosyl)-&D- 

glucopyranoside (15) (allolactoside derivative) gave only one product (I@ as indicated 
by t.1.c. Compound 15 was synthesized as follows. Reaction of benzyl 2,3,4&-i-O- 
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(97:3). N.m.r. data: S 7.65-7.05 (m, 35 H, aromatic protons), 5.48 (s, 1 H, PhCH), 
and 5.35-2.88 (m, 26 H, benzyl, anomeric, and skeleton protons). 

Anal. Calc. for CeI He20, 1: C, 75.44; H, 6.43. Found: C, 75.08; H, 6.31. 
BetI& 2,3,6,2’,3’,4’-hesa-0-ben=yl-P-/actosi~~ (9) arlci benzyl 2,3,6,2’,3’,6’- 

he_~~l-0-benzy~-~-lactosi~/e (10). - Hydrogenolysis of 6, as described for 7, gave two 
compounds (RF 0.21 and 0.35, benzene-methanol, 95.5:l.j). Crystallization of the 
former from ethanol yielded 9 (3.55 g, 71%), m-p. 109-l 1 l”, [& - 14’ (L’ 1.29). 
N-m-r. data: 6 7.55-7.15 (m, 35 H, aromatic protons), 5.15-4.05 (m, 15 H, benzyl 
and anomeric protons), 4.05-3.50 (m, 13 H, skeleton protonsj, and 2.10 (t, 1 H, 

J 7.5 Hz, OH). 
Anal. Calc. for C6,H6401 ,: C, 75.28; H, 6.63. Found: C, 75.53; H, 6.48. 
The residue obtained after crystallisation was purified by short-column chro- 

matography (benzene-methanol, 97:3) to give syrupy 10 (0.71 g, 14.4%), [aID +4” 
(c 0.55). 

Anal. Calc. for C, L Hh401 ,: C, 75.28; H, 6.63. Found: C, 74.93: H, 6.53. 
Beilzyl 2,3,6,2’,3’,#‘-f;e~a-O-be~~~yI-6’-O-)n (19). - Compound 

9 (550 mg) was methylated, as described above for 17, to yield syrupy 19 (500 mg, 
90%) which crystallized on storage at room temperature, m-p. 75-76”: [& -9” 
(c O-43), R, 0.78 (97:3). N.m.r. data: S 7.40-6.90 ( m, 3.5 H, aromatic protons), and 
5.00-3.10 [m, 31 H, benzyl, anomeric, and skeleton protons, and OMe (S 3.29)]. 

Bemy1 2,3,6,2’,3’,6’-hesa-O-ben=yi-4’-O-~~zethyl-~-lactoside (20). - Methyla- 
tion of 10 (186 mg) in the usual manner gave syrupy 20 (150 mg, 79.59/o), [& -5’ 

(c 0.4), RF 0.75 (97:3). N.m.r. data: S 7.70-6.90 (m, 35 H, aromatic protons) ar,d 
5.10-3.00 [m, 31 H, benzyl, anomeric, and skeleton protons, and OMe (S 3.14)]. 

Anal. Calc. for C62H660, ,: C, 75.43; H, 6.74. Found: 2, 75.59: H, 6.61. 
Bet@ 2,3,J-tri-O-benzyI-6-0-(2,3,4,6-tetra-O-acet_~l-~-D-gaiactopyranosy1)-~- 

D-glucopyranoside (13). - A solution of Hg(CN)2 (1.32 g) and 2.7 g of benzyl 2,3,4- 
tri-0-benzyl-P-D-glucopyranoside (11) in 150 ml of dry benzene-nitromethane (1: 1) 
was concentrated at atmospheric pressure to 40 ml, and 2.16 g of 2,3,4,6-tetra-O- 
acetyl-a-D-,oalactopyranosyl bromide (12) were added. After stirring for 2 h at 45”, 
the mixture was cooled, filtered, and concentrated. A solution of the residue in chloro- 
form was filtered, washed successively with 5% aqueous KI (3 x 50 ml) and water 
(3 x 50 ml), dried, and concentrated. Crystallization of the residue from ethanol 
(85 ml) gave 13 (4.2 g, 96-S%), m-p. 172-174’, I=],, -20.5” (c O-97), RF 0.70 (97:3). 

Anal. Calc. for C48H540,5: C, 66.18; H, 6.22. Found: C, 66.25; H, 6.44. 
Bet& 2,3,4-tri-0-hen syl-6-0-(4,6-O-benzylide~ze-B_D-galactopyra,l)-~-D- 

ghtcopyranosidc (14). - To a solution of 13 (2.4 g) in methanol (100 ml), 0.5 ml of 
0.1 hi methanolic NaOMe was added. After 24 h, the solution was neutralized with 
acetic acid and concentrated, and benzene (3 x 20 ml) was distilled from the residue. 
The residue was shaken benzaldehyde (20 ml) and ZnCl, (2 g) for 12 h and then 
poured onto ice-water (50 ml). The precipitate was washed with hexane (3 x 30 ml), 

dried, and crystallized from ethyl acetate to give 14 (1.65 g, 76%), m.p. 200-202”: 
[& -23” (c 0.61): R, 0.64 (9:l). 
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Anal. Calc. for C,, HS 00, , : C, 74.38; H, 6.37. Found: C, 70.62; H, 6.39. 
BcnzyZ 2,3,4-rri-O-ben~y~-6-0-(2,3-di-O-bentyl-4,6-O-be~rzyZidene-~-D-galacro- 

pl.ranosyl)-8-D-g~~c~~~~~~~~~~~e (15). - Treatment of 14 (1.1 g) with benzyl chloride 

(IO ml) and powdered KOH (I g) at 100-105’ for 6 h, followed by crystallization of 
the product from 2:l acetone-ethanol (60 ml), gave 15 (1 .I5 g, 94.2%), m-p. 19O- 
192”, [cT]D +4” (c 1 .I l), RF 0.8 (97:3). 

Anal. Calc. for C,, H,,O 1 1: C, 75.44; H, 6.43. Found: C, 75.62; H, 6.47. 

Benzyi 2,3,4-tri-O-benz~vl-6-0-(2,3,4-tri-0-ben~~vf-~-D-ga~actop~~ranos~~~)-~-~- 
glucopyranoside (16). - Compound 15 (0.8 g) was hydrogenolyzed as described 

above for 7. Crystallization of the product from cyclohexane (15 ml) gave 16 (0.72 g, 
90%), m-p. 14%150°, [Q]~ -29 (c O-71), R, 0.75 (97:3). 

Anal. Calc. for C6, HG50 i , : C, 75.28; H, 6.63. Found: C, 75.40; H, 6.86. 
Berlzyi 2,3,4-tri-O-ben~y~-6-0-(2,3,4-tri-0-b~Fz~~~/-6-O-met~~y~-~-D-go~ucto- 

pyranosyl)-/I-D-ghcopyranoside (21). - Methylation of 16 (150 mg) was carried out 
as described above for 17. Crystallization of the product from cyclohexane (7 ml) 

yielded 21 (130 mg, !35.5%), m-p. 141-142”, [or]* -5” (c 0.4), R, 0.65 (97:3). N.m.r. 
data: 6 7.44-6.95 (m, 35 H, aromatic protons) and 5.05-3.10 [m, 31 H, benzyl, 
anomeric, and skeleton protons, and OMe (S 3.26)]. 

Anal. Calc. for &HG60r ,: C, 75.43; H, 6.73. Found: C, 75.11; H, 6.51. 
Ben@ 2,3,6,2’,3’-penta-0-benzy@-lackside (22). - A mixture of 6 (3 g) in 

acetic acid (70 ml) and ethanol (40 ml) was heated at 80”. After 5 h, t.1.c. indicated 
the absence of starting materiai. The reaction mixture was diluted with chloroform, 

washed till neutral, and concentrated, and the residue was recrystallized from ethanol 
to give 22 (2.35 g, 86.4%), m-p. 146-147”, [a], + 13” (c 0.67, acetone), R, 0.46 (97:3). 

Anal. Calc. for CS4H5 ,O, 1 : C, 73.44; H, 6.62. Found: C, 72.98; H, 6.53. s 
Benzy;’ 2,3,6,2’,3’-penta-O-ben~y~-4’,6’-di-O-metJryl-8-Iactoside (23j. - Com- 

pound 22 (I .5 g) was methylated in the usual manner and the product was crystallized 
from ethanol to give 23 (1.25 g, 81.2%), m-p. lOO-lOI”, [aID +7” (c 1.09, acetone), 
R, 0.78 (97:3). N.m.r. data: 6 7.50-6.85 (m, 30 H, aromatic protons) and 5.05-3.05 
[m, 32 H, benzyl, anomeric, and skeleton protons, and OMe (S 3.58 and 3.23)]. 

Anal. Calc. for C,,H,,O, ,: C, 73.82; H, 6.85. Found: C, 74.08; H, 6.58. 
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