
Carbohydrate Research, 108 (1982) 221-228 
Elsevier Scientific Publishing Company, Amsterdam - Printed in The Netherlands 

SYNTHESIS AND CHROMATOGRAPHIC PROPERTIES OF ISOMERIC 
0-j?-D-GALACTOPY RANOSYL-D-GALACTOSES, AND OF DIASTEREO- 
ISOMERS OF 3,4-O- AND 4,6-O-( l-CARBOXY ETHY LLDENE)-D-GALACTOSE 

Josh D. FONTANA,JOS~ H. DUARTE, MARCELLO IAcohimT, 
Depar:amento de Bioquimica, Universidade Federal do Parand, Ctxitiba (Brazil) 

AND PHILIP A.J. GORIN 

Prairie Regional Laboratory, h’ational Research Council, Saskatoon, Saskatchewan S7N 0 W9 
(Canada) 

(Received August Zlst, 1981; accepted for publication, November 2nd, 1981) 

ABSTRACT 

Partial hydrolysis of /I-D-galactopyranans and D-galactose-containing poIy- 
saccharides having pyruvic acetal groups gives isomeric G-&D-galactopyranosyl-D- 
galactoses and 0-( 1-carboxyethylidene)-D-galactoses, respectively. Their chromato- 
graphic properties in various systems were investigated as an aid in identification. 
The best method was a combination of silica gel t.l.c., which separates the 3,4- and 
4,6-O-( 1-carboxyethylidene) derivatives, and paper electrophoresis in borate buffer, 
which resolves the 2-O-, 3-U-, 4-O-, and 6-O-linked galactobioses after removal of 
the 0-(1-carboxyethylidene) derivatives_ 2-O- and 4-O-&D-Galactopyranosyl-D- 
galactoses were synthesized, as well as the 4 diastereoisomeric 3,4- and 4,6-0-(1- 
carboxyethylidene)-D-gaIactoses. 

iNTRODUCTION 

Structural studies on /I-D-galactopyranans and D-galactose-containing poly- 
saccharides are facilitated by identification of the disaccharides formed on partial 
hydrolysis_ Such investigations are often preceded by chromatographic examination 
which can give an indication of the chemical structure, and, thus, the chromato- 
graphic properties of 2-, 3-, 4-, and 6-O-j?-D-galactopyranosyl-D-galactose were 
determined_ The O-3 and -6 isomers were readily available, but it was necessary to 
synthesize 2-O-/3-D-gaIactopyranosyl-D-galactose, and also the O-4 isomer, which 
was not available in our laboratory_ 

RESULTSANDDISCUSSION 

Benzyl 3,4,6-tri-0-benzyl-a&D-galactopyranoside (2) was prepared by treat- 
ment of 3,4,6-tri-0-benzyl-1,2-O-(l-ethoxyethylidene)-a-D-galactopyranose1 with 
benzyl alcohol containing p-toluenesulfonic acid. 2,3,4,6-Tetra-O-acetyl-a-D-galacto- 
pyranosyl bromide (1) was condensed with benzyl 3,4,6-tri-0-benzyl-a,#&D-galacto- 
pyranoside (2) in dichloromethane solution, in the presence of silver carbonate and 
a 3 A molecular sieve. The reaction mixture was successively deacetylated and de- 
benzylated, and the resulting 2-0-P-D-galactopyranosyl-D-galactose purified by 
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cellulose column-chromatography and crystallized as the Z-D anomer (3) Another 
condensation was carried out between 1 and benzy! 2,3,6-tri-O-benzyl-/3-D-galacto- 

pyranoside (I), prepared by selective mono-0-benzylation of benzyl 2,3-di-O- 

benzyl-/I-D-galactopyranoside’. This yielded, after an identical series of steps, 4-O-p- 

D-galactopyranosyl-D-galactose (5). 
Other partial-hydrolysis products have been formed from D-galactose-con- 

taining polysaccharides, in addition to D-galactobioses, 3,4-O- and 4,6-O-(l-carboxy- 
ethylidene)-D-galactose being obtained from polysaccharides containing the O- 
carboxyethyiidene residue3- ‘. Of the two (R) and (5) 4,6-O isomers 9 and 14, the 
diastereo isomer 9 was available as a partial-hydrolysis product of the polysaccharides 

of Corytebacteriutn insidiosutn7-8 and agar*. The other isomer 14, along with 9, 

was synthesized as follows: Benzyl 2,3-di-0-acetyl-4,6-O-benzylidene-/3-D-galacto- 

pyranoside (6) obtained by acetylation of benzyl 4,6-0-benzylidene-/3-D-galacto- 
pyranoside’. was treated with acetoxyacetone containing a trace of sulfuric acid, 
to replace the 4,6-0-benzylidene with a 4,6-0-acetoxyisopropylidene group. On de- 

acetylation of the product, a diastereoisomeric mixture of benzyl 4,6-O-hydroxy- 
isopropylidene-fl-D-galactopyranosides (7 and 8) was formed. This was fractionated 
on a column of sihcic acid to give syrupy 8, followed by the crystalline isomer 7. The 
structures were assigned on the basis of the ‘H-chemical shifts of the Me acetal 
groups 9_ The isomers 7 and 8 were each successively oxidized with oxygen in the 
presence of platinum and the resultin g 0-( I-carboxyethylidene) derivatives treated 
with diazomethane iz ZIve the 0-( I-methoxycarbony:ethylidene) derivatives 10 and 
11, respectively. Alkaline hydrolysis with cold, aqueous barium hydroxide was followed 
by conversion of the barium salts into the free acids. These were debenzylated by 
reduction in the presence of palladium to give the 4.6-O-(l-carboxyethylidene)-D- 
galactoses 9 and 14. 

The 3,4-0-(l-carboxyethylidene)~o-galactoses 13 and 16 were prepared, in 
quantities sufficient for chromatographic examination, by partial acid-hydrolysis 
of the methyl 3,4-O-(: -carboxyethylidene)-P-D-,oaIactopyranosides 12 and 15, 
respectively’ O-l ’ _ 

Chromatography of the galactobioses in the presence of borate buffer seemed 

a promising approach, since Lindberg and Swan” separated the 3-0, 4-0, and 6-O 
isomers of 0-$-D-galactopyranosyl-D-galactose. which had mobilities relative to 

glucose (MGlc) of 0.69, 0.50, and 0.83, respectively_ As the authors were also able to 
separate the 2-O-, 3-O-, 4-O-, and 6-O-methyl derivatives of D-galactose, it was 
expected that 2-0-p-D-galactopyranosyl-D-galactose would be distinguishable from 
the other three isomers on paper electrophoretograms. Accordingly, in an aqueous 
solution of 50m%f sodium tetraborate adjusted to pH 10.0, the galactobioses, the 
4,6-O-( l-carboxyethylidene)-~galactoses 9 and 14, and the 3,4-O-( l-carboxyethyli- 
dene)-o-galactoses 13 and 16 could easily be separated from each other (see Table I). 
Using pyridine-acetic acid-water, which buffered the solution at pH 5.3, Somme’3 
found that the mobilities of the 3,P (13) and 4,6-isomer (9) were almost identicai. 

A better separation of these compounds was obtained by use of 2% aqueous ammo- 
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TABLE I 

c.-HRo>~.~-~~&,PH,c WXIOBII_~IX~ OF z-o-. 3-o-, &0-, :\K:D 6-O-/?-D-GALACTOPYRAXOSKL-D-GALACTOSE 

.AsD DL%STEREOISOMERS OF 3,4-o- ASD 4,6-o-(I-CARBOXYETHYLlDExE)-D-GALAnOsE, RELAmVE TO 

THOSE OF D-GALACTOSE 
-. __ ___.._ --.~- ._-.- _~ -- .-~- ~--__--- --. --- -- 

Compormd Chromarographic method _~___.. __.._--_-.. 
T.l.c. on silica Paper Paper 
gel G-60R chromatograplt_v electrophores,+’ 

.___--_. .__..~~ _-_ 
O-p-o-Galactopyranosyl-D-galactose 

z-o- (3) 0.30 0.37 0.M 
3-o- (5) 0.30 0.33 0.73 
4-o- 0.47 0.41 0.49 
6-0- 0.30 0.24 0.86 

0-t l-CarboxyethylidenekD-gslactose 
(R)-3,4-o- (13) I.21 1.93 1.21 
(S)-3,00- (16) I.36 1.90 1.24 
(Rb4&-O- (9) 1.0s 1.52 0.88 
(.%4.6-O- (13) 1.11 1.54 0.84 

- ~._.~ 
“In 13 : 3 : 1 :4 (vi’v) acetate-acetic acid-formic acid-water. *In 50mx sodium tetraborate adjusted 
to pH 10.0. Under these conditions, p-Eromophenol Blue marker had MG~I 0.95 and D-glucose 1.13. 

nkn carbonaze (pH - 9). Relative to p-Bromophenol Blue, the 3,4 isomers 13 and 16 
had :lf,,, values of I-32 and 1.46, respectively_ Although the Mea, values of the 

4,6 stereoisomers 9 and 14 differed (0.90 and 0.88, respectively). the difference was 
insufficient to resolve a mixture into two spots. The separation in the presence of 

ammonium carbonate is superior, however, to that in the borate system in two 
respects: the silver nitrate and p-anisidine-trichloroacetic acid reagents are much 
more sensitive following removal of the ammonium carbonate buffer by heating the 
paper, and the 0-(I-carboxyethylidene) are completely separated from the neutral 
D-galactose derivatives_ 

VSell-defined separations of the 3,4-O- and 4.6-O-( 1 -carboxyethylidene) deriv- 

atives of D-galactose were obtained by t.1.c. on silica gel G-60 with three successive 
chromatographic runs (followed by drying) in ethyl acetate-acetic acid-formic 
acid-water_ The compounds were detected as yellow-brown spots with thep-anisidine- 

trichloroacetic acid reagent* (see Table I). Under the same conditions, the galacto- 
bioses were not well separated (see Table I)_ 

Chromatography on paper in ethyl acetate-acetic acid-formic acid-water, 
separated the 3,4- (13) from the 4,6-isomer (9), the former having a mobility 1.6 times 
that of the latter13. However, with a solvent containing ethyl acetate, acetic acid, and 

water, the following mobilities, compared with that of D-galactose, were obtained 

for the $4 diastereoisomers 13 (1.94) and 16 (l-90), and for the4,6 diastereoisomers 
9 ( 153) and 14 (1.54). Thus, the 3,4 diastereoisomers were distinguishable from the 
4,6 diastereoisomers, but the diastereoisomers themselves were barely resolved. 
Under the same conditions, the D-galactobiose isomers could be resolved with some 

*The 3,4 diastereoisomers 13 and 16 appeared as the only yellow-brown spots, as the only other 
components of the partial hydrolyzate were the parent methyl glycosides 12 and 15. 
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difficu!ty, having mobilities, compared to that of D-galactose, of 0.37 (3, 2-O), 0.33 
(5, 3-O), 0.41 (4-O), and 0.24 (6-O) (Table I). 

Gas-liquid chromatography of the acetates of derived galactobiitols, using 

Dexsil 300 as the liquid phase at 190”, did not appear to be a promising approach 
as only a partial resolution was obtained. The 2-O and 6-O derivatives had retention 

times of 10.0 min and 15.2 min, respectively, and could be separated from the 3-O 

and 4-O isomers, which cochromatographed with a retention time of 14.2 min. 
In summary, it would appear that the best approach for detection of isomeric 

0-P-D-galactopyranosyl-D-galactoses and 3,4-O- and 4,6-O-( I -carboxyethylidene)-D- 
galactoses, in a partial hydrolyzate, is a combination of t.1.c. on silica gel G-60 and 
paper electrophoresis in borate buffer. Although t.1.c. does not separate the D- 

galactobioses, the 4 isomeric 0-( I-carboxyethylidene) derivatives are well resolved. 

On the other hand, paper electrophoresis resolves the four D-galactobioses as a group, 
and a mixture of the 4 isomeric 0-( I-carboxyethylidene) derivatives as a group. 
Unfortunately, 6-O-fi-D-galactop~ranosyl-D-galactose has the same ~\fo,,, as 4,6-0- 
(I-carboxyethylidene)-o-galactose (9), and, thus, the method is only satisfactory for 
detection of D-palactobioses following removal of pyruvic acid acetal derivatives with 
ion-exchange resin. 

EXPERIMENTAL 

Thin-ia)-tr chromatograpJ~_~. - This separation was carried out on “DC- 

Alufolien Kieselgel G-60” (E. Merck, Darmstadt, Germany) in 12 : 3 : 1 :4 (v/v) 
ethyl acetate-acetic acid-formic acid-water. The solvent was allowed to move a 

distance of 4.5 cm, and the plate then dried. Following this, the procedure was 
repeated twice, the solvent bein, = allov;ed to move successive distances of 9.0 and 
18.0 cm. p-Anisidine-trichloroacetic acid was used to detect reducing sugars, and 
50% aqueous sulfuric acid was used as a general carbohydrate spray. 

Paper chromatograp/y. - Whatman No 1 paper was used with 3: 1 : 1 (v/v) 

ethyl acetate-acetic acid-water as solvent. Spray: p-anisidine-trichloroacetic acid. 

Paper electrophoresis. _ Electrophoretograms were run on Whatman No 1 
paper in 50m&r sodium tetraborate, adjusted to pH 10.0 with aqueous sodium 

hydroxide, at 25”, with carbon tetrachloride as coolant. The paper (1s cm wide) was 

subjected to - 1 kV;‘the current being 30-35 mA. During the course of the run, the 
uniformity of development across the paper was checked with a tracking dye, p- 
Bromophenol Blue (Rc;=, 0.95). Sugars were detected by the silver nitrate-sodium 
hydroxide dip method, with two successive dips in silver nitratc in acetone CO.1 mL 

of a saturated solution in dry acetone (25 mL)], and then 3% sodium hydroxide in 

ethanol_ p-Anisidine-trichloroacetic acid was also used as spray reagent. 
Other electrophoretograms were obtained by use of a buffer of 2% aqueous 

ammonium carbonate (PI-I -9) Prior to development, the papers were heated for 
10 min at 100” to remove ammonium carbonate_ The p-anisidine-trichloroacetic 

acid reagent was most sensitive when the spots were observed under U.V. light. 

Gas-liquid chromatography. - This was performed on D-galactobiitol nona- 
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acetates, prepared by sodium borohydride reduction of D-galactobioses, followed by 
treatment Lvith 1 : I (viv) acetic anhydride-pyridine for 6 h at 100”. The acetates were 

chromatographed on a 1.2-m column of 3 1’6 Dessil 300 (Analabs Inc., North Haven, 
CT 06473. L_!_S.A_) on Chromosorb W (SO-100 mesh) at 190”. 

B~IIZJ’I 3,4,6-tri-0-benz_v/-cr./i-D-ga~actopw-a~?oside (2). - 3,4,6-Tri-O-benzyl- 
1.2-O-( I-ethosyethylidene)-z-D-galactopyranose, prepared as described previously* 
from X3.4.6-tetra-0-acetyl-r-D-galactopyranosyl bromide (1) (2.5 g), was converted 
into an anomeric mixture of benzyl glycosides by treatment with benzyl alcohol 

(30 mL) containing 1 :I of p-toluenesulfonic acid for 1 h at 50”. Following deacetyla- 
tion and evaporation, the product was chromatographed on a column of silicic acid 
(eluent: 1 I 1. v/s. chloroform-Skellysolve 8) to give syrupy 2 (1.20 S), [z]: -I- 1 o (c 
0.7. ethanol): ‘3C-n.m.r. (CDCl,) (P-D-anomer): S 102.2 (C-l) and 82.2 (C-3); 
(I-D anomer): 9S.3 (C-l) and SO.0 (C-3): C-i signal ratio of Y to /? anomer 1 : 3.5. 

Aml. Calc. for C,,H,,O,: C. 75.53: H, 6.71. Found C, 75.35; I-I, 6.47. 
2-O-_!?-D-Ga~actopi’ranod-r-D-galactose (3). - An excess of 2,3,4,6-tetra-O- 

acetyl-r-D-galactopyranosyl bromide (1) (1 .O 3) was added in 5 equal portions over 
2 h to a shaken suspension of silver carbonate (2.0 g) and Baker 3 A molecular sieve 
is gj in dichloromethane (15 mL) containing benzyl 3,4,6-tri-O-benzyl-g&D- 
galactopyranoside (2) (0.55 g)_ Filtration followed by deacetylation with methanolic 
sodium methoxide gave materia! that was partitioned between ethyl acetate and 
water. The ethyl acetate layer was evaporated and the residue debenzylated in acetic 
acid with SO,:, palladium-on-charcoal in the presence of hydrogen. The product was 
chromatographed on a cellulose column (eluent: 4 : 1 v/v, acetone-water) providing 
2-O-D-D-gaIactopyranosyl-c-galactose (0.13 s), which crystallized as the cc-~ anomer 
(3) from methanol-ethanol, m-p. 164-167”, [~]g +66-+ + 50” (constant value; 
c 0.6, water): different from 1it.r~~ m-p. 192-194”, [x]F +86-+ t63”; ‘3C-n.m.r. 
(D,O, 70’): (major Z-D anomer) d 106-0s (C-l’), 93.50 (C-l), and 76.95 (C-2); 
(P-D anomer): 105.07 (C-l ‘), 96.84 (C-l), and 79.66 (C-2). 

Anal. Calc. for C,zH,,O,, : C, 42.10; H, 6.48. Found: C, 42.00; H, 6.43. 
Benz-d 2,3,6-tri-O-be/l~~.I-6_D-~.~l~cto~~rafzosi~e (4). - Benzyl 2,3-di-O-benzyl- 

/3-D-galactcpyranoside’ (1.45 Sj was monobenzylated, in NJ-dimethylformamide 
(4 mL) containing silver oxide (1.5 g), by the dropwise addition, over 1 h with shaking, 
of benzyl bromide (1.3 equiv.). After 18 h, the reaction mixture was diluted with 
dichloromethane, filtered, and the filtrate evaporated to a syrup. Examination by 
t.1.c. on silica gel (solvent: 33 : 1 v/v, chloroform-ethanol) showed 4 spots, the second 

fastest spot being the 2,3,6 isomer. which was present in the largest proportion. 
Silicic acid column chromatography (eluent: 1 : 1 v/v, chloroform-Skellysolve B) pro- 
vided 4 (0.99 g) as a syrup, [x]~ -So (c OS, ethanol); ‘3C-n.m.r. (CDCI,): b 138.7, 
138.20, 138.03, 137.6, 128.83, 12S.57, 128.45, 125.38, 128.24, 128.05, 127.94, 127.87 
127.50, 127.70, 102.7, SOS, 79.1, 75.3. 73.9, 73-4, 72.6, 71.0, 69.4, and 67.1. 

Anal. Calc. for C35H3606: C, 75.53; H, 6.71. Found: C, 75.71; H, 6.39. 
4-O-/.?-D-Ga/actopyranosyh-D-galactose (5)_ - This disaccharide was ob- 

tained by following a procedure similar to that described above for the preparation of 
3, except that 4 was used as acceptor. The final purification was carried out by 
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cellulose column-chromatography (eluent: 4: 1 v/v, acetone-water), and the re- 
sulting PO-P-D-Salactopyranosyl-D-galactose (52 mg) crystallized as the z-D anomer 
5 from methanol, m-p. 2i3-216”, [z];’ -i77-+ t60” (constant value: c 0.3, water): 

lit.” mp. 210-212”, [z]Z ;67”. 
Anal. Calc. for C,2H2,0,,: C, 42.10: H, 6.4s. Found C, 42.01; H, 6.33. 
Benq:! ~,3-di-O-acet~~~-4,6-O-be~z~~~~idef~e-/3-D-ga~artop~ramoside (6). - Benzyl 

4.6~O-benzylidene-B-D-galactopyranoside’ (5.0 g) was acetylated by heating for 1 h 
at 100’ a solution in acetic anhydride (10 mL) and pyridine (10 mL)_ The solution 

was evaporated and the residue crystallized twice from 2: 1 (v/v, ethancl-hesane) 

(yield, 5.8 S), m-p. lSS-189”, [ZIG’ + 57 0 (c 1.9, pyridine). 
An&. Calc. for CZsHz60s: C, 65.17; H, 5.92. Found: C, 65.27: H. 5.92. 
Bemy1 4,6-0-[(R)- and (S)-iz~dros~~isoprop~fidc/ze]-~-D-, (7 

and 8). - Benzyl 2,3-di-0-acetyl-3,6-O-benzylidene-8_~-galactopyranoside (2.5 g) 

was shaken in acetoxyacetone (20 mL) containin g sulfuric acid (0.01 mL) until 

dissolution was complete_ After being kept for a further 24 h, the solution was added 
to ice-cold, aqueous sodium hydrogencarbonate, and the mixture was extracted 

with ethyl acetate. Evaporation gave a syrup that was deacetylated with 0.1 XI sodium 

methoxide in methanol (40 mt) for 1 h. The solution was evaporated and the residue 
de-ionized with mixed ion-exchange resins. Examination of the product by t.1.c. 

on silica gel (solvent: 23 :2 v/v, chloroform-ethanol) gave two principal spots 

having RF 0.18 and 0.20 with a minor spot at RF 0.10 corresponding to benzyl P-D- 

galactopyranoside. The mixture was chromatographed on a column of silicic acid 
(eiuent: 25 : 1 v/v, chloroform-methanol) providing a syrupy material having R, 
0.20 (283 mg), corresponding to stereoisomer 8, [z]:’ -54” (c 0.5, water); 13C- 
n.m.r. (D,O): S 137.9, 129.89, 129.61, 102.4, 100.6, 72.8, 72.5, 71.5, 69.4, 68.9, 

67.6, 63.3, and 15.2. 
Anal. Calc. for C,,HZ20i: C, 58.88; H, 6.80. Found: C, 58.54; H, 6.93. 
The stereoisomer having R, 0.18 (256 mg) crystallized from ethyl acetate 

(yield 161 mg), m-p. 172”, [a]gs -44” (c 0.5, ethanol); ‘3C-n.m.r. (D,O); 6 137.9, 

129.89, 129.60, 102.4, 100.8, 72-S 72.4, 71.4, 69.7, 67.2, 63.6, 59.0, and 25.0. 
Anal. Calc. for C,,Hz,O,: C, 58.85; H, 6.80. Found: C, 58.93; H, 6.83. 

EenqI 4,6-O-[(R)- and (S)-(Z-methos~carbo~~~Iet~z~Iide~ze)]-~-D-galactop~ra- 

noside (10 and 11). - These compounds were prepared from 7 and 8, respectively, 

by successive oxidation with Adams’ platinic oxide catalyst providing the 0-( l- 
carboxyethylidene) derivatives_ Treatment with diazomethane Save the methyl esters 

10 and 11, respectively, which were purified by silicic acid column chromatography. 

This procedure has been previously described for the conversion of methyl 3,4-O- 
hydroxyisopropylidene$-D-fucopyranosides into 0-( 1 -methoxycarbonylethylidene) 

derivatives’“‘L’. 
The 4,6-O-[(R)-hydroxyisopropylidene] derivative 7 (15 1 mg) was converted 

into syrupy benzyl 4,6-O-C(R)-( l-methoxycarbonylethylidene)]-~-D-galactopyrano- 

side (10) (48 mg), [z]? -25’ (c 0.8, ethanol); ‘3C-n.m.r. (CDCI,): S 137.1, 125.53, 

128.17, 128.02, 101.5, 101.4. 72.7, 71.5, 70.9, 68.6, 67.2, 64.2, 52.7, and 20.9. 
AJr&. Calc. for C,,HZ20S: C, 57.62; H, 6.22; Found: C, 57.91; H, 6.33. 
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The 4,6-U-C(S)-hydroxyisopropylidene] derivative 8 (134 mg) gave syrupy 
benzyl 4,6-O-C(R)-( l-methoxycarbonyIethylidene)]-~-D-gaIactopyranoside (f 1) (35 

mg), [r]z -23” (c 0.7, ethanol); ‘3C-n.m.r_ (CDCI,): 6 137.1, 128.55, 128.15, 
128_02, 101.7, 74-5, 70.9, 66.4, 63.5, 65.0, 52.7, and 15.8. 

Anal. Calc. for Cr7HZ208: C. 57-62: H, 6-22. Found: C, 57.34; l-l, 6.51. 
4,6-0-[(R)- and (S)-(I-Car&os_vet/z~.Gderze)]-x&D-gahctose (9 and 14). - 

Benzyl 4,6-U-c(R)-( l-methoxycarbonylethylidene)]-~-Dgalactopyranoside (10) was 

treated overnight with aqueous barium hydroxide. Excess alkali was neutralized with 

carbon dioxide, the suspension fiitered, and the filtrate treated with Amberhte LR-120 

(H + ) cation-exchange resin. The resulting solntion, containing benzyl 4,6-0-[(R)- 

( l-carboxyethylidene)]~/l-D-salactopyranoside, was evaporated and the residue de- 

benzylated in acetic acid with 5 % palladium-on-charcoal in the presence of hydrogen_ 

The product was chromatographed on a cehulose column (etuent: 3 : 1 : I v/v 

ethyl acetate-acetic acid-water), to provide 9, [a];’ +42” (c 0.2, water); ‘3C-n.m.r. 

(D,O): d 100.2, 97.2, 93-S 73.0, 72.6, 72.4. 69.1, 65.7, 66.8, 66.3, 66.4, 63.7, 62.9, 

and 26.1: ‘H-n.m.r. (D,O): S 1.9s. 

An&. Calc. for C,H,,Os: C, 43.20; H, 5.64. Found: C, 42.82; H, 5.33. 

Benzyl4,6-0-[(S)-( l-meti~oxycarbonylethylidene)]-~-~-,oalactopyranoside (11) 
was converted, in a similar way, into 14, [CL]:' + 53" (c O-2, water); ‘3C-n.m.r. 

(DIO): S 99-3, 97.1, 93.9, 72.6, 72.4, 70.8, 70.3. 69.1, 68.6, 67.2, 66.8, 64.2, 63.3, 

and 17.6: ‘H-n.m.r_ (DzO): S 2.12. 

,&irl_ Calc. for C,H,,Q,: C, 43.20; H, 5.64. Found: C, 42.91; H, 5.94. 

3,4-0-[(R)- and (S)-(I-Curbox_vetlzyle)]-Q-D-galactoe (13 and 16). - 

Methyl 3,4-0-c(R)-( 1-carboxyethylidene)]-p-D-Salactopyranosider’*i i (12) (10 mg) 

was partially hydrolyzed with 05x1 sulfuric acid (0.5 mL) for 1 h at 70”. The solution 

was neutralized (BaCO,), the suspension filtered, and the supernatant solution tre..ted 

with Amberlite IR-120 (Hi) cation-exchange resin, and the solution lyophilized. 

The other stereoisomer 12' was partiahy hydrolyzed under simitar conditions to give 

a product containing the stereoisomer 16. 
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