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By condensation of 1,2:3,4-di-O-isopropylidene-a-D-galactose with
2,3,4,6-tetra-O-acetyl-a-D-galactopyranosyl bromide in acetonitrile in the
presence of Hg(CN), 1,2:3,4-di-O-isopropylidene-6-0-(2,3,4,6-tetra-O-
-acetyl-#-D-galactopyranosyl)-a-D-galactopyranose has been prepared. This
derivative on deacetylation and removal of the protecting groups afforded
6-0-f-D-galactopyranosyl-D-galactopyranose. Glycosidation of per-O-
-acetyl-6-O-f-D-galactobiose in acetonitrile in the presence of Hg(CN),
gave a mixture of methyl 2,3,4-tri-O-acetyl-6-0-(2,3,4,6-tetra-O-acetyl-
-f-D-galactopyranosyl)-f- and -a-D-galactopyranosides. When using Ag,CO;
and iodine in dichloromethane, only the f-anomer was formed. After
deacetylation methyl 6-O-f-D-galactopyranosyl-fD-galactopyranoside and
methyl 6-O-B-D-galactopyranosyl-a-D-galactopyranoside were obtained.

ITocpenctBoM koHmeHcauuu 1,2:3,4-mu-O-H30NpONMWIHAEH-Q-D-Tajlak-
TO3HI ¢ 2,3,4,6-TeTpa-0-aneTUiI-o-D-rajJakTONMHPaHO3UIOPOMHIIOM B alle-
ToHuTpmie B mnpucyrctBun Hg(CN), Ovia monyyena 1,2:3,4-nu-O-
-M30NmponuIHaeH-6-0-(2,3,4,6-teTpa-0-aueTHi- f-D-ralak TOMHPAHO3UII)-
-@-D-TaJlaKTONUpaHo3a. M3 3Toro mpou3BOAHOrO MOCJE AealeTHIMpPOBa-
HAS W y[OAJeHWs 3allUTHBIX Tpynn Obula moisyueHa 6-O-f-D-ranaxro-
NMpaHO3WI-D-TajlakTonupano3a. I'nuko3upanus mnep-0O-aneTuwn-6-0-F-D-
-rajjakTo6uo3sl B aneroHuTpmwie B mnpucyrctsun Hg(CN), npusena
K obpa3oBaHMiO cMecH MeTHI-2,3,4-Tpu-0O-aneTnin-6-0-(2,3,4,6-Tetpa-
-O-aneTun-f-D-raJakTONHpaHo3uil)-f u -a-D-ranakronupano3unos. [Ipn
ucnons3oBanun Ag,CO; ¥ Hoda B XJIODHCTOM MeTHJIeHe oOpa3oBsIBajICS
ToNbKO f-aHoMep. Ilocne meameTHnIMpoBaHHS ObLUIM MOJYYEHBI METHII-
-6-0--D-ralakTONUPaHO3MI-F-D-TaJIJaKTONUPAHO3UA H MeETHI-6-0-F-D-
-raJIakTONMMPaHO3UJI-Q-D-TaJIAKTONMPAHO3H .

Thus far, only few authors [1—4] have dealt with chemical synthesis of
methyl glycosides of 6-O-D-galactobiose. In some cases [1, 2] this synthesis
represented only an intermediate step in syntheses of higher oligomers. Sriva-
stava [1] by treatment of methyl 2-O-benzoyl-3,4-di-O-benzyl-f-D-galactoside
with  1-O-tosyl-2-O-benzoyl-3,4-di-O-benzyl-6-0O-acetyl-a-D-galactopyranose
and subsequent modifications obtained methyl 6-O-B-D-galactopyranosyl-f-
-D-galactopyranoside as an intermediate in the preparation of methyl glycoside
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of 6-0O-p-p-galactotriose. Gorin [3] used methyl 2,3,4-tri-O-benzyl-3-p-galac-
topyranoside and 2,3,4,6-tetra-O-acetyl-a-D-galactopyranosyl bromide as the
starting compounds to prepare methyl 6-O-f-D-galactopyranosyl-f-D-galacto-
pyranoside. Kovd¢ [4] in the preparation of methyl 6-O-a- and -f-D-galactopyra-
nosyl-f-D-galactopyranosides made use of the condensation reaction of methyl
2,3,4-tri- O -acetyl- -D-galactopyranoside with 2,3,4,6-tetra-O-acetyl-a-D-
-galactopyranosyl bromide in the presence of Hg(CN), and HgBr,.

Preparation of methyl 6-O-f-D-galactopyranosyl-D-galactopyranoside by
using 1,2:3,4-di-O-isopropylidene-a-D-galactopyranose (/) as the nucleophile in
the presence of Hg(CN), has not been described yet. Though Lee [5] in prepara-
tion of the disaccharide used 7 in toluene—acetonitrile (¢, (volume ratio) = 1: 1)
in the presence of Hg(CN),, the result was only a mixture of 1,2:3,4-di-O-
-isopropylidene-6-0-(2,3,4,6-tetra-O-acetyl-f-D-galactopyranosyl)-a-D-galacto-
pyranose (III) and the respective @-analogue in the mass ratio of 7:3. The
individual anomers were not separated from the mixture.

In the framework of study of composition, structure, and biosynthesis of
plant polymers, model compounds, methyl 6-O-f4-bp-galactopyranosyl-a- and
-p-D-galactopyranosides have been prepared. The compound I was used as the
nucleophile which by the reaction with 2,3,4,6-tetra-O-acetyl-a-D-galacto-
pyranosyl bromide (/) in acetonitrile in the presence of Hg(CN), gave the
B-anomer (II1), the structure of which was confirmed by >C NMR spectro-
scopy. After deacetylation and subsequent deisopropylidenation of II1 6-O-f-D-
-galactopyranosyl-D-galactopyranose (V) was obtained. Its acetylation afforded
per-O-acetyl 6-O-p-D-galactopyranosyl-pD-galactopyranose (V1) which was con-
verted to 2,3,4-tri-O-acetyl-6-0-(2,3,4,6-tetra-O-acetyl-f-D-galactopyranosyl)-
-a-D-galactopyranosyl bromide (VII). Glycosidation of VII in acetonitrile in the
presence of Hg(CN),, followed by deacetylation, resulted in methyl 6-O-f-p-
-galactopyranosyl-f-D-galactopyranoside (/X) and methyl 6-O-B-D-galac-
topyranosyl-a-D-galactopyranoside (X7) in the mass ratio of 1.2:1. When
Ag,CO, with iodine was used as the catalyst, only the glycoside IX was ob-
tained.

Ry R, R? R} R? R}
I H O—iPr—O O—iPr—O OH
I H Br OAc OAc OAc OAc
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Experimental

Melting points were determined on a Kofler stage. Optical rotation was measured
with a Perkin—Elmer 141 apparatus at 20°C and A = 585nm. Preparative column
chromatography was performed on Silica gel L 100/250 (Lachema, Brno) and on a
mixture of Celite—charcoal (mass ratio = 1: 1). Thin-layer chromatography was carried
out on Silufol sheets (Kavalier) by using the elution systems A4: benzene—acetone
(p.=5:1), B: benzene—acetone (¢, =2:1), and C: ethyl methyl ketone—water
(. = 90: 8). Paper chromatography was performed on Whatman No. 1 paper in the
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system D: ethyl acetate—pyridine—water (¢, = 8:2: 1) with subsequent detection with
anilinium hydrogen phthalate or the solution of potassi ,)ermanganate in potassium
carbonate—potassium periodate (¢, = 1:4). 7 hin-layer siieets were detected with 20 %
aqueous solution of ammonium sulfate and heating until lasting intensity of the spots.
Further, Dowex 50W x 8 (0.075—0.15 mm) ion exchanger in H* form was used. The
compound IV was dried in the Abderhalden apparatus over P,O; prior to optical rotation
measurement. The compound X7 was dried in a similar way.

BC NMR spectra were measured with a Bruker AM 300 spectrometer in CDCl,
(compounds /, II1, IV, VI, VIII, and X; internal standard TMS) and in D,O (compounds
V, IX, and XI, internal standard methanol, §(TMS) = 50.15 ppm).

1,2 : 3,4-Di-O-isopropylidene-a-D-galactopyranose (/) was prepared by the modified
procedure reported in [6, 7] and purified by column chromatography: [a](o=
=10.0g dm™?, pyridine) = — 71.0°; "C NMR, &/ppm: 96.3 (C-1), 70.8 (C-2), 70.6
(C-3), 68.2 (C-4), 71.6 (C-5), 62.2 (C-6), 109.5, 108.7 (C-quart.), 26.0, 25.9, 24.9, 24.3
(C-isoprop.).

The compound VII was prepared by treatment of VI, dissolved in dry dichloro-
methane, with HBr in glacial acetic acid for 15 min.

1,2:3,4-Di-O-isopropylidene-6-O-( 2,3 4,6-tetra-O-acetyl--D-galactopyranosyl ) -
-a-D-galactopyranose (I1I)

Into the mixture of 7 (2g; 7.68 mmol) in acetonitrile (15cm?), Hg(CN), (2g), and
Drierite (7 g), agitated for 2h under exclusion of moisture, 2,3,4,6-tetra-O-acetyl-a-D-
-galactopyranosyl bromide (II) (3.2g; 7.78 mmol) in acetonitrile (15cm’) was added.
After 2 h stirring the mixture was filtered and the filter cake was washed with chloroform.
The chloroform solution was washed with 30 % aqueous solution of KI (2 x 100cm?),
water (3 x 200cm®), saturated aqueous solution of sodium hydrogen carbonate
(2 x 100cm®), water (3 x 200cm?), and dried with anhydrous sodium sulfate. Separation
on silica gel column by using the system A4 and subsequent crystallization from ethanol
with addition of water gave III (R; = 0.33, system A). Yield =3.5g (77.3 %), m.p. =
= 54—55°C, [a](0 = 4.6 gdm >, carbon tetrachloride) = —43.5° - C NMR, §&/ppm:
96.1 (C-1), 101.9 (C-1%), 70.8 (C-2), 69.6 (C-2"), 70.6 (C-3), 70.5 (C-3"), 68.6 (C-4), 67.8
(C-4), 71.3 (C-5), 70.6 (C-5"), 67.0 (C-6), 61.2 (C-6'), 20.7, 20.6 (CH;-isoprop.), 109.3,
108.6 (C-quart.), 26.0, 25.9, 24.3 (CH;-acetyls).

For C)H350,5 (M, = 590.57) w;(calc.): 52.88 % C, 6.49 % H; w;(found): 52.80 % C,
6.51 % H. (Ref. [8] gives [a](585 nm, acetylene tetrachloride) = —44.7°, m.p. = 101—
102°C.)

1,2:3,4-Di-O-isopropylidene-6-O-( p-D-galactopyranosyl ) -a-D-
-galactopyranose (1V)

The compound JII (3.5 g; 5.88 mmol), dissolved in anhydrous methanol (50 cm®), was
deacetylated with freshly prepared 1M methanolic solution of sodium methoxide
(10cm’®) for 24 h (R; = 0.25, system B). After deionization with Dowex cation exchanger
and separation on silica gel by using the system C the colpurless sirupy compound /V was
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obtained. Yield =22g (89.5%), [al(¢=15.6gdm™?, chloroform)= —53.9°.'3C
NMR, 6/ppm: 96.3 (C-1), 103.9 (C-1), 71.1 (C-2), 71.3 (C-2’), 70.6 (C-3), 73.4 (C-3"),
68.9 (C-4), 69.1 (C-4'), 70.4 (C-5), 74.4 (C-5), 67.8 (C-6), 61.6 (C-6"), 26.0, 24.4
(CH;-isoprop.), 109.5, 108.9 (C-quart.).

For C;gH,0,, (M, = 421.42) w;(calc.): 51.30 % C, 6.94 % H; w; (found): 51.25% C,
6.86 % H.

6-0-pB-D-Galactopyranosyl-p-galactopyranose (V)

Deisopropylidenation of IV (1.2 g) with Dowex in methanol (100 cm’) at 45°C and
subsequent neutralization with sodium hydrogen carbonate resulted in 0.76 g (77.9 %) of
the compound V, which on crystallization from methanol afforded white crystals with
m.p. = 110—111°C, [al(0 = 6.6gdm™>, water) = +32.4°. (Ref. [9] gives m.p. =
= 110—148°C, [a](585nm, o = 22.0 g dm 3, water) = + 29°, Ref. [10] gives [@](585 nm,
0=10.0gdm™’, water) = +32°) "C NMR, &/ppm: 93.6 (C,1), 97.7 (Cg1), 104.3
(C-1), 70.5 (C.-2), 73.1 (Cz2), 72.0 (C-2), 70.6 (C,-3), 73.9 (Cg3), 73.9 (C-3'), 69.6
(Cs4), 70.1 (Cg4), 69.9 (C-4), 72.0 (C,-5), 76.4 (Cg5), 76.4 (C-5'), 70.6 (C,-6), 70.3
(Cg6), 62.2 (C-6").

For C|,H,,0,, (M, = 342.29) w, (calc.): 42.11 % C, 6.48 % H; w, (found): 41.75 % C,
6.56 % H.

1,2,3,4-Tetra-O-acetyl-6-0-( 2,3,4,6-tetra-O-acetyl-f-D-galactopyranosyl ) -
-D-galactopyranose (VI)

The compound V (0.76 g) was acetylated with the mixture of pyridine—acetic anhy-
dride (¢, = 1:1) (50cm®) for 24h. After usual treatment the sirupy compound VI
(R; = 0.23, system A) was obtained. The yield after crystallization from the solution of
ethanol-water was 1.2g (79.3%), m.p. = 85—86°C, [a](o=9.0gdm™>, chloro-
form) = +12.1°.°C NMR, §/ppm: 92.16 (C,1), 89.44 (Cs1), 100.30 (C-1"), 67.01
(C;2), 67.47 (Cg2), 67.80 (C-2), 67.01 (C,-3), 70.85 (Cg3), 70.85 (C-3"), 65.55 (C,4),
66.44 (Cg4), 67.01 (C-4"), 68.24 (C,-5), 70.85 (C45), 72.83 (C-5"), 67.01 (C, #6), 61.22
(C-6"). :

For CyH;330,5 (M, = 678.59) wi(calc.): 49.56 % C, 5.65 % H; w;(found): 49.48 % C,
5.60 % H.

Methyl 2,3 ,4-tri-O-acetyl-6-0O-( 2,3 ,4,6-tetra-O-acetyl--n-
-galactopyranosyl)--pD-galactopyranoside (VIII)

The mixture of Ag,CO; (0.5 g), Drierite (1 g), and iodine (0.8 g) in anhydrous metha-
nol (20 cm®) was stirred for 2 h in the dark under exclusion of moisture. The compound
VII (0.35g; 0.5mmol) in dry dichloromethane (5cm®) was added. After 19h another
portions of Ag,CO; (0.5g), Drierite (1 g), iodine (0.8 g), and the second portion of VII
(0.37 g; 0.53 mmol) were added. After 24 h the mixture was filtered on Celite and the solid
was washed with dichloromethane. The supernatant and the washings were combined
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and concentrated. The chloroform solution of the reaction mixture was extracted with
water (3 x 200 cm’), solution of sodium thiosulfate (3 x 100cm?®), water (3 x 200cm’),
and dried with anhydrous sodium sulfate. Separation on the silica gel column by using
the system B afforded 0.43 g (64.1 %) of the compound VIII which crystallized from the
solution of ethanol—water and had m.p. = 81—82°C, [a](¢ = 10.4gdm >, chloro-
form) = —4.1°. (Ref. [4] gives [@](585nm, o = 12.0 g dm 3, chloroform) = — 13.7°.) '*)C
NMR, §/ppm: 100.74 (C-1), 102.08 (C-1"), 68.55 (C-2), 68.85 (C-2"), 70.75 (C-3), 70.86
(C-3"), 66.90 (C-4,4"), 71.01 (C-5), 72.25 (C-5"), 67.61 (C-6), 61.18 (C-6"), 57.05 (OMe).

For C;;H330,5 (M, = 650.58) wi(calc.): 49.85% C, 5.89 % H; w;(found): 49.91 % C,
5.79 % H.

Methyl 6-0-B-D-galactopyranosyl-p-pD-galactopyranoside (IX )

Deacetylation of VIII (0.43 g) in anhydrous methanol (25 cm®) with freshly prepared
1 M methanolic solution of sodium methoxide (5 cm®), deionization with Dowex, purifi-
cation on a short column of Celite—charcoal, and crystallization from methanol resulted
in IX. Yield = 0.2 g (84.0 %), m.p. = 218—220°C, [a](0 = 8.2g dm 3, water) = — 7.0°.
(Ref. [4] gives m.p. =218—219°C, [@](585nm, o= 12.5gdm™3 water) = —9.5°)
3C NMR, 6&/ppm: 104.97 (C-1), 104.44 (C-1), 72.00 (C-2), 71.91 (C-2"), 73.98 (C-3,3"),
70.14 (C-4), 69.95 (C-4"), 74.98 (C-5), 76.35 (C-5'), 69.81 (C-6), 62.25 (C-6), 58.53
(OMe). .

For C,3H,,0,, (M, = 356.32) wi(calc.): 43.82 % C, 6.79 % H; w;(found): 43.73 % C,
6.73% H.

Methyl 2,3 4-tri-O-acetyl-6-0-( 2,3 ,4,6-tetra-O-acetyl-p-p-
-galactopyranosyl) -B-(VIII) and -a-D-galactopyranoside (X)

2,3,4-Tri-O-acetyl-6-0-(2,3,4,6-tetra-O-acetyl- f-D-galactopyranosyl)-e-D-galactopy-
ranosyl bromide VII (0.31g; 0.44mmol) in acetonitrile (5cm’) was added into the
reaction mixture (anhydrous methanol (20 cm®), Hg(CN), (2 g), and Drierite (1 g) stirred
for 4h under exclusion of moisture) which was agitated for 20h at room tempera-
ture. The insoluble portion was filtered off and the supernatant was concentrated. The
sirup obtained was washed with 30 % aqueous solution of KI (3 x 100cm®), water
(3 x 200cm®), saturated solution of sodium hydrogen carbonate (3 x 100 cm®), water
(2 x 200cm’), and dried with anhydrous sodium sulfate. The sirup was separated on the
silica gel column by using the system A to give the compounds VIII (0.13 g; 45.2 %) of
R;=0.25 and X (0.11g; 38.3%) of R;=0.27, m.p. = 72—73°C, [a](¢ = 10.0gdm™>,
chloroform) = + 87°. *C NMR, §/ppm: 96.65 (C-1), 102.20 (C-1"), 67.82 (C-2,2), 67.48
(C-3), 71.09 (C-3’), 65.71 (C-4), 66.45 (C-4"), 68.80 (C-5), 71.46 (C-5"), 66.45 (C-6), 61.53
(C-6"), 57.03 (OMe).

For C,;H;;0,5 (M, = 650.58) w;(calc.): 49.85 % C, 5.89 % H; w;(found): 49.56 % C,
5.90% H.
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Methyl 6-O-p-D-galactopyranosyl-a-D-galactopyranoside (X1)

Deacetylation of X (0.11g) in anhydrous methanol (25cm?® with 1 M methanolic
solution of sodium methoxide (5cm®) and deionization with Dowex gave the compound
XI. Yield = 0.05g (84.8 %), [@](o = 10.0gdm ™3, water) = + 82.7°.)C NMR, §/ppm:
99.44 (C-1), 104.94 (C-1"), 69.48 (C-2), 71.96 (C-2"), 70.70 (C-3), 74.02 (C-3"), 70.48 (C-4),
69.95 (C-4'), 72.18 (C-5), 74.15 (C-5"), 67.44 (C-6), 62.42 (C-6"), 58.32 (OMe).

For C;;H,,0,, (M, = 356.32) w(calc.): 43.82 % C, 6.79 % H; w;(found): 43.71 % C,
6.83 % H.
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