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ABSTRACT 

Condensation OF tetra-U-acetyk-D-glucopyranosyl bromide withpnitrophenyl 

4,6-O-benzylidene-/?-D-glucopyranoside followed by appropriate deblocking reactions 
gives rise to an approximately equimolar mixture of p-nitrophenyl @,ophoroside 
and pnitrophenyi Plaminarabioside. The two glycosides are readiIy separated and 
isolated in pure form by cellulose-column chromatography. 

lNTRODUCl-ION 

Our interest in carbohydrate-protein conjugates as model substrates for inves- 
tigating the interaction of phytohemagglutinins’*2 and for studying the immuno- 
genicity of carbohydrates3 prompted us to prepare the /3-sophorosyl and /?-laminara- 
biosyl-p-azophenyl-protein conjugates. Carbohydrate-protein conjugates are gener- 
ally prepared by the diazo couphng of p-aminophenyl glycosides to tyrosyl, histidyl, 
and lysyl side chains of a protein carrier4. p-Nitrophenyl glycosides, precursors for the 
synthesis of p-aminophenyl glycosides, are generahy prepared by the method of 
Hererich’ or that of Koenigs and Knorr6. Since sophorose and laminarabiose are 
relatively rare oligosaccharides, the general methods for the preparation of the 
p-nitrophenyl glycosides of these oligosaccharides were found unsuitable. This 
communication describes a facile, simultaneous preparation of the p-nitrophenyl 
/Qlycosides of sophorose and kminarabiose. 

Melting points were determined on a Fisher-Johns melting-point apparatus 
and are uncorrected. All evaporations were conducted in vucuo at 35-40” with a 
rotary evaporator. Silica gel (type G) for t.1.c. was purchased from Brinkmann 
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Instruments; components were detected by spraying with 50% (v/v) ethanol-sulfuric 
acid followed by charring in an oven at 120”. Paper chromatography was carried out 
on Whatman No. 1 paper with butanone-water azeotrope as the solvent system. 
Localization of p-nitrophenyl glycosides was accomplished by examination of paper 
chromatograms under ultraviolet light. 

p-Nitrophenyl 4,6-O-benzylidene-/?-D-glucopyranoside. - To a solution of 
p-nitrophenyl j?-D-glucopyranoside (10 g, 33.2 mmoles) in formic acid (50 ml) was 
added benzaldehyde’ (60 ml). The reaction mixture was stirred vigorously for 5.5 tin 
and was immediately neutralized with 30% aqueous potassium carbonate. Petroleum 
ether @.p. 30-60”, 2 1) was added and the product that separated at the interface 
was filtered, and washed throughly with petroleum ether and subsequently with 
water. The product (10.8 g, 88.5%), was recrystallized from 95% ethanol; m.p. 
l&I-lS5”, [c&5 -46.2”(c 1.0, acetone). Lit.’ m.p. 184-lSY,[a]~ -44.9”(c 2,acetone). 

p-NitrophenyZ4,6-O-benzyZidene-2-0~2,3,4,6-tetra-0_a- 
B-D_slucopyrano.side. - To a mixture of p-nitropheny! 4,6-O-benzylidene-&D-gluco- 
pyranoside (10 g, 25.2 mmoles), Drierite (15 g), and silver carbonate (15 g) in dichloro- 
methane (150 ml, dried over molecular sieve), which had been stirred for 0.5 h, was 
added tetra-0-acetyl-cz-D-glucopyranosyl bromide (13.4 g, 32.7 mmoles) and iodine 
(1.7 g). The reaction mixture, protected from light, was shaken on a Burrell Wrist- 
Action Shaker at room temperature. The progress of the reaction was followed by 
testing for ionizable bromide and by t.1.c. (solvent: benzene-methanol, 9:1, v/v). 
After 28 h no further ionizable bromide was detectable, and the reaction mixture 
was atered through a thin layer of Norite and concentrated to a syrup. Purscation 
of p-nitrophenyl 4,6-O-be~lidene-2-0-C2,3,4,6-tetra-O-acetyl-~-D-giucopyranosyl)- 
fl-D-@ucopyranoside (henceforth called sophorose adduct) by crystallization proved 
to be difficult inasmuch as the sophorose adduot had a strong tendency to co-crystal- 
lize with p-nitrophenyl 4,6- O-benzylidene-P-D-glucopyranoside. However a small 
amount of sophorose adduct (760 mg) was obtained as fine needles by dissolving 
the reaction mixture in hot ethanol and adding water until the first sign of turbidity. 
Crystallization ensued at room temperature, and the crystals that formed within 
5 min were filtered immediately. The process was repeated (2 or 3 times) until the 
product could be shown to be chromatographically homogeneous; yield 760 mg, 
m-p. 170-171”. 

Anal. CaIc. for C,,H,,NO,,-HzO: C, 53.7; H, 5.29; N, 1.9. Found: C, 53.6; 
H, 5.69; N, 1.51. 

p-Nitrophenyl ~-~-(~,~,$,6-tetra-~-acetyZ-~-D-gZ~co~yr~o~y~-~-D-gZ~copyrQno~- 
ide. - ‘Ile sophorose adduct (100 mg) was dissolved in 50% aqueous acetic acid 
(5 ml) and refluxed for 20 min. Acetic acid and benzaldehyde were removed by 
repeated evaporation under diminished pressure with frequent additions of water. 
The white crystalline solid that formed was recrystallized from 95% ethanol; yield 
40 mg (46%), m-p. 207-208”. 

Anal. Calc. for C26H39N017: C, 49.5; H, 5.24; N, 2.2. Found: C, 49.29; 
H, 5.33; N: 2.09. 
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p-Nizrophenyl #?-sophoroside and p-nitrophenyl jl-laminarabioside.-Tk reaction 
was effected as described earlier and the reaction mixture was filtered through 
Charcoal-Celite and concentrated to a syrup. No attempt was made to crystallize 
the sophorose adduct at this stage. The syrup was dried in vacua for 8-10 h at 40” 

in a vacuum oven (yield 21 g) and dissolved in anhydrous methanol (50 ml). Sodium 
methoxide in methanol (l%, 1 ml) was added, and the mixture was kept for 90 min 
at room temperature. The reaction mixture was neutralized (acetic acid) and concen- 
trated to a syrup. The deacetylated product was debenzylidenated by dissolving it 
in 50% aqueous acetic acid (100 ml) and refluxing the solution for 30 min. Acetic 
acid and benzaldehyde were removed by repeated evaporation in the presence of 
water, and the reaction product was concentrated to a syrup. The syrup was dissolved 
in water (100 ml) and extracted with chloroform; the chloroform layer was discarded. 
Cations were removed from the aqueous phase by treatment with Amberlite IK-120 
(HC) resin and the water was removed by evaporation to afford a thick syrup (10.2 g) 
(p-nitrophenyl jMaminarabioside andp-nitrophenyl &sophoroside may be co-crystal- 
lized at this stage from aqueous ethanol). Paper-chromatographic examination 
(butanone-water azeotrope) showed the presence of p-nitrophenyl P-D-glucopyranos- 
ide (Rf 0.47), p-nitrophenyl j?-laminarabioside (Rp 0.16), p-nitrophenyl fi-sophoroside 
(RF 0.1 l), and glucose (at the origin). The p-nitrophenyl glycosides were readily 
detected by examination of the chromatogram under ultraviolet light; D-glucose 
was visualized by an alkaline silver nitrate spray. 

Separation of p-nitrophenyl/3-sophoroside and p-nitrophenyl jHaminarabioside 
by chromatography on cellulose. - The deblocked reaction mixture (0.5 g) was 
applied to a cellulose powder (Whatman cellulose powder, standard grade) column 
(48 cm x 1 cm), and the column was developed with butanone-water azeotrope at a 
flow-rate of 20 ml per h. Fractions (5 ml) were collected and monitored for the 

presence of carbohydrate by paper cb.romatography_ The following components were 

identifled: p-nitrophenyl fl-D-glucopyranoside (fractions lO-29), p-nitrophenyl 
/3-laminarabioside (fractions 35-56), p-nitrophenyl fl-laminarabioside and p-nitro- 
phenyl j3-sophoroside (fractions 58-62),p-nitrophenyl fi-sophoroside (fractions 63-80). 

p-NitrophenyI j34zminarabioside. -Fractions (35-X$ which contained p-nitro- 
phenyl fi-laminarabioside (RF 0.16), were pooled and concentrated to afford a crystal- 
line mass. Recrystallization from 90% ethanol gave the pure product (105 mg), 
m-p. 235-236”, [a]h5 -87” (c 0.5, water). 

Anal. Calc. for C,sH,sNO,,: C, 46.7; H, 5.41; N, 3.02. Found: C, 46.7; 
H, 5.53; N, 3.13. 

The compound was characterized as p-nitrophenyl /?-laminarabioside on the 
basis of the following experiments: partial acid hydrolysis (0.33N H,S04 for 30 min 

at 100’) gave products migrating with mobilities corresponding to laminarabiose, 

p-nitrophenyl 8-sglucopyranoside, D-glucose, p-nitrophenol, and unhydrolyzed pro- 

duct. Treatment with almond emulsin gave glucose, p-nitrophenol, and a trace of 
p-nitrophenyl P-D-glucopyranoside. 

p-NitrophenyZ/3-sophoroside. - Tubes (63-80), containing the slower-moving 
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component (RF 0.1 1), were combined and concentrated to yield a crystalline product. 
The compound was recrystallized from 90% aqueous ethanol giving the pure sub- 
stance (87 mg), m.p. 261-262”, [c&~ -67.9” (c 1, water). 

And. Calc. for C,eHzsNO,,: C, 46.7; H, 5.41; N, 3.02. Found: C, 46.53; 
H, 5.65; N, 2.85. 

The product was identical by m.p., mixed m.p., and specific rotation with a 
sample of p-nitrophenyl &sophoroside prepared by condensing hepta-O-acetyl- 
sophorosyl bromide and p-nitrophenol. Partial acid hydrolysis (0.33N H2S04 for 
30 mm at 100’) gave products migrating with sophorose (neither the reference nor 
the sample reacted with triphenyltetrazolium chloride reagent ‘), D-glucose, p-nitro- 
phenol, pnitrophenyl B-D_glucopyranoside, and the unhydrolyzed product. Treatment 
with almond em&in gave D-ghCOSt2 and p-nitrophenol. 

p-Aminoghenyl fl-sophoroside. - p-Aminophenyl fi-sophoroside was prepared 
by catalytic hydrogenation of p-nitrophenyl j3-sophoroside. Platinum oxide (100 mg) 
was added to a solution of p-nitrophenyl fl-sophoroside (500 mg) in 50% aqueous 
methanol (150 ml). Th e reduction was conducted at atmospheric pressure for 1 h. 
The catalyst was Gltered and washed, and the titrate was concentrated to a syrup 
under diminished pressure. The syrup was dissolved in a minimum quantity of water, 
abs. ethanol was added, and crystallization was allowed to proceed in the cold; 
yield, 380 mg; m.p. 211-212”. 

Anal. Calc. for ClBH2,NOll: C, 47.9, H, 6.45; N, 3.1. Found: C, 47.66; 
H, 6.63; N, 2.87. 

Determination of the ratio of p-nitrophenyl b-sophoroside to p-nitrophenyl 
/3-iaminarabioside. - Unfractionated, deblocked reaction mixture (1 mg) was applied 
to Whatman No. 1 paper, and the chromatogram was developed with butanone- 
water azeotrope. The regions corresponding to p-nitrophenyl fisophoroside and 
p-nitrophenyl Q-laminarabioside were excised and equilibrated with 10 ml of water. 
Sugar concentrations were determined by the phenol-sulfuric acid procedure”, 
employing p-nitrophenyl p-sophoroside and p-nitropheny1 fl-laminambioside as 
standards. The ratio of p-nitrophenyl fl-laminarabioside to p-nitrophenylp-sophoros- 
ide was found to be 1:l. 

DISCUSSION 

Although sophorose occurs in Nature (pods of Sophora japonica”) and as 
residues in a (1 +2)-j3-D-g1ucan’2, it is more readily prepared by chemical syn- 
thesis’ “T’ ‘. Laminarabiose, also a rare saccharide, has been prepared by the partial 
acid hydrolysis of laminaran’6 and by the Koenigs-Knorr condensation of tetra- 
O-acetyl-a-D-glucopyranosyl bromide with 4,6-U-ben@dene-1,2-O-isopropylidene- 
D-glucose , ” l,2,4,6-tetra-U-acetyl-j?-D-glucose18, or 5,6-di-O-acetyl-1.2~O-isopropyl- 
idene-D-glucoselg, with subsequent removal of protecting groups. 

A comparative study of the protecting groups available for the synthesis of 
sophorose was recently reported by Koeppen”. This author claimed that the Hel- 
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ferich and Zirner procedure14, of condensing 1,3,4,6-tetra-O-acetyl-a-D-ghxo- 
pyranose with tetra-O-acetyl-a-D-glucopyranosyl bromide in the presence of a 
suitable catalyst, is the method of choice despite the lower yields, because of the 
advantage of producing a peracetylated glycosyl halide as an intermediate, useful 
for the synthesis of glycosides. As shown herein, the Freudenbergzl*” procedure 
is quite versatile inasmuch as use of the preformed glucoside obviates a further 
condensation step in the synthesis of the p-nitrophenyl glycoside of sophorose. 
Furthermore the method has the advantage of yielding at the same time the p-nitro- 
phenyl glycoside of iaminarabiose. 

In a previous report l 3 on the synthesis of sophorose from the condensation 
of tetra-O-acetyl-a-D-glucopyranosyl bromide with methyl 4,6-O-benzylidene-a-D- 
glucopyranoside, no mention was made concerning the possibility that laminarabiose 
was also formed. However, when the corresponding benzyl glucoside was employed 
as one of the reactants, laminarabiose as well as a trisaccharide [3,6-di-O-(8-D-gluco- 
pyranosyl)-D-glucopyranose] was formed . l5 In the present synthesis we have shown 
that equivalent amounts of p-nitrophenyl laminarabioside and sophoroside are 
formed, and it is quite probable that the aglycon moiety has a directive influence in 
affording the equimolar mixture of these two glycosides. 
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