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Note

The Koenigs—Knorr reaction of benzyl 4,6-O-benzylidene-f-D-galactopyrano-
side with 2,3,4,6-tetra-O-acetyl-a-D-galactopyranosyl bromide

KEN'IcH1 TAKEO*. MEICHIAKI KirasIMA, AND TOsHIYA FURATSU
Department of Agricultural Chemisrry, Kyvoro Prefectural University, Shimogamo. Kyore 606 ( Japan)
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In continuation of our studies'”* on the relative reactivity of HO-2 and -3
in 4,6-0-benzylidene-p-glucopyranosides towards D-glucosylation 1n reactions of the
Koenigs-Knorr type, we report here the determination of the ratio of 2- to 3-0-
substitution in benzyl 4.6-0-benzylidene-f-bp-galactopyranoside® (1) towards 2,3.4,6-
tetra-O-acetyl-z-p-galactopyranosyl bromide (5), in a silver carbonate-promoted.
Koenigs—Knorr reaction, by careful isolation of the disaccharide derivatives formed.
After this work had been completed, Gorin® reported that the ratio of 2- to 3-0-
substitution in methyl 4.6-0-benzylidenc-fi-D-galactopyranoside (2) towards 5 in a
similar, silver carbonate-assisted reaction is ~2:3. as determined from the "*C-n.m.r.
spectrum of a mixture of the (1-2)- and (I -3)-ff-p-linked disaccharide derivatives.
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Because 1 is sparingly soluble in the solvents that are commonly used in the
Koenigs—Knorr condensation’, 1,1,2,2-tetrachloroethanc® was used as the solvent.
Treatment of 1 with 1.3 mol. equiv. of 5 in 1,1,2,2-tetrachlorocthane at 307, in the
presence of silver carbonate and Drierite, gave a mixture that was shown by tl.c.
to contain two disaccharide derivatives and unreacted 1. in addition to three mono-
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saccharide derivatives derived** from 5. The mixture was fractionated on a pre-
packed column of silica gel. The first fraction eluted from the column afforded a
mixture of two monosaccharide derivatives.

The second fraction eluted from the column gave a mixture of a mono- and a
di-saccharide derivative. The mixture was acetylated, to facilitate isolation of the
disaccharide derivative, and the resulting mixture of products was chromatographed
on a column of silica gel to give, in 28 9 yield, benzyl 2-O-acetyl-4,6-O-benzylidene-
3-0-(2,3,4,6-tetra-O-acetyl-p-D-galactopyranosyl)-f-p-galactopyranoside (6) in crys-
talline form. The structure of 6 was established on the basis of the following observa-
tions. O-Deacetylation of 6 with methanolic sodium methoxide gave crystalline
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benzyl 4,6-0O-benzylidene-3-0-p-D-galactopyranosyl-f-D-galactopyranoside (7). Re-
moval of the benzylidene group of 7 with hot, aqueous acetic acid afforded crystalline
benzyl 3-O-f-D-galactopyranosyl-f-D-galactopyranoside (11), which was hydro-
genolyzed to provide the known®~!! 12. In view of the wide range of values of the
m.p. and optical rotation reported® ~!! for 12, compound 12 was successively methyl-
ated'?, the product hydrolyzed, the sugars reduced with sodium borohydride, and
the alditols acetylated, to give a 1:1 mixture of the peracetates of 2,4,6-tri~ and
2,3,4,6-tetra-O-methyl-D-galactitol (g.l.c.), thus confirming the structure of 12.

The third fraction eluted from the column gave, in 209 yield, benzyl 4,6-0-
benzylidene-2-0-(2,3,4,6-tetra-O-acetyl-f-D-galactopyranosyl)- f-p-galactopyranoside
(8) as an amorphous powder, and its structure was determined as follows. Compound
8 was converted by acetylation with acetic anhydride-pyridine into the 3,2’,3",4',6'-
penta-O-acetyl-4,6-O-benzylidene derivative 9. Liptak and Nanasi'® described, with-
out experimental details, the preparation of 9 by sequential saponification and

**T ].c. examination of the mixture obtained by treatment of 5 in 1,1,2,2-tetrachloroethane with
silver carbonate and Drierite, under conditions identical (except for reaction time) with those for the
reaction of 1 with 5, showed the presence of these three derivatives. The compounds were neither
isolated nor characterized.
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acetylation of the disaccharide derivative obtained by coupling benzyl 3-O-benzoyl-
4,6-0-benzylidene-f-p-galactopyranoside ™ (3) with 5 in 1:1 benzene-nitromethane
in the presence of mercuric cyanide, and reported m.p. 123-124 and [x], +8.7
for 9. In our hands, however, 9 was obtained in two crystalline forms; one consisted
of needles having a double m.p. between 120 and 194°. and the otiter. of prisms
having a sharp m.p. at 193-194 . The optical rotation value ([ 2], +14.7 ) of our
sample was slightly different from that described’?. O-Deacetylation of 8 gave crys-
talline  benzyl 4.6-O-benzylidene-2-0-p-p-galactopyranosyl-f-n-galactopyranoside
(10), which was debenzylidenated to afford crystalline benzyl 2-0-f-p-galactopyrano-
syl-g-p-galactopyranoside (13). Hydrogenolysis of 13 gave the hnown'® 14, whose
m.p. agreced with that described'”, but it showed a mutarotation 1in water that
differed somewhat from that reported '
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In order to investigate the discrepancy observed for the physical constants
of 9. and to establish unambiguously the structure of 14, the svnthesis of 9, according
to the route described'®, as well as methylation studics of 14, were undertaken.
Condensation of 3 with 1.5 mol. equiv. of § in |:1 benzene—nitromethane at 50°
in the presence of mercuric cyanide. followed by O-deacylation, gave a mixture from
which 10 was directly isolated in 70° yield in crystalline form. the physical constants
being in good agreement with those of the compound prepared carlier from reaction
of 1 with 5, followed by O-deacetylation. Acetylation of 10 furnished crystalline 9
having the double m.p. and optical rotation values identical with those of the sample
obtained earlier by reaction of 1 with 5, and subsequent acetylation. Methylation'?
of 14, followed by hydrolysis, reduction with sodium borohydride. and acetyvlation.
produced a I:1 mixture of the peracetates of 3.4.6-tri- and 2,3.4.6-tetra-O-methyl-
p-galactitol (g.l.c.), which proved the structure of 14.

The fourth fraction eluted from the column was unchanged 1.

Thus, it was shown that («) no product due to migration of the benzylidene
acetal group, as encountered with the reaction between 2.3.4,6-tetra-0O-acetyl-x-D-
glucopyranosyl bromide and benzyl'® or methyl 4,6-O-benzylidene-f-p-gluco-
pyranoside®. occurs in the reaction of 1 with 5. and (4) on the basis of the yields
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of the reaction products, the ratio of 2- to 3-O-substitution in 1 on silver carbonate-
promoted reaction with 5 is 1:1.4. Recently, compound 14 was obtained!® in low
yield by condensation of methyl 4,6-0-benzylidene-x-D-galactopyranoside (4) with
5, followed by acetolysis and O-deacetylation, but the isolation required a tedious,
chromatographic separation. The reaction sequence 3 + 5—-10—-13-14, giving 14
in an overall yield of 55% (based on 3), appears to be practical for the preparation
of 14, as 3 is readily prepared'*!” from 1 in high yield (89-95%), and no step
needs purification of the products by column chromatography.

EXPERIMENTAL

General methods. — Unless stated otherwise, the general experimental condi-
tions were the same as those described previously'®. Retention times are given
relative to that of [,5-di-O-acetyl-2,3,4,6-tetra-O-methyl-D-galactitol as unity. The
following solvent systems (v/v) were used: (/) 2:1, (2) 1:1, and (3) 1:2 ethyl acetate—
benzene.

Condensation of benzyl 4,6-0O-benzylidene-f-pD-galactopyranoside (1) with 1.3
mol. equiv. of 2,3,4,6-tetra-O-acetyl-a-D-galactopyranosyl bromide (5). — Compound
1 (3.01 g, 8.4 mmol) was dissolved, by heating, in anhydrous 1,1,2,2-tetrachloro-
ethane (100 mL), and the solution was cooled to 30°. Dry silver carbonate (4 g) and
ground Drierite (15 g) were added, and the mixture was stirred for 2 h in the dark
with rigorous protection from moisture. Iodine (I g) and 5 (4.49 g, 10.9 mmol)
were added, and stirring was continued for 25 h at 30°, after which time, t.1.c. (solvent
1) showed the disappearance of 5 and the presence of six components, having Rg
values of 0.68, 0.63, 0.55, 0.51, 0.42 (8), and 0.25 (1), respectively. On the same t.l.c.
plate, the mixture obtained by stirring § (0.25 g) in 1,1,2,2-tetrachloroethane (5.6 mL)
in the presence of silver carbonate (0.22 g), Drierite (0.84 g), and iodine (56 mg)
for 2 h at 30° indicated the disappearance of 5 and the presence of the components
having Ry values of 0.68, 0.63, and 0.51. The reaction mixture was filtered through
a pad of Celite, and the inorganic solids were washed with chloroform. The filtrate
and washings were combined and evaporated, and the remaining solvent was co-
evaporated with water in vacuo at 80°. A solution of the resulting syrup in chloro-
form was washed successively with water, 5% sodium thiosulfate, and water, dried
(sodium sulfate), and evaporated to give a syrup which was fractionated on a pre-
packed column (47 x 700 mm) of silica gel. The first fraction, eluted from the column
with solvent 2, gave a mixture of the two monosaccharide derivatives having Ry
values of 0.68 and 0.63 in t.1.c. (solvent /).

The second fraction, eluted from the column with solvent 2, gave a mixture
of the disaccharide (Rg 0.55 in t.l.c.; solvent /} and monosaccharide (Rg 0.51 in
t.l.c.; solvent /) derivatives. The mixture was acetylated with 1:1 (v/v) acetic an-
hydride-pyridine (20 mL) overnight at room temperature, and isolation in the usual
way afforded a syrup which was chromatographed on a pre-packed column (38 x
520 mm) of silica gel. Elution with solvent 3 gave, first, a monosaccharide derivative
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{not collected). Subsequent elution with solvent 2 gave benzyl 2-O-acetyl-4.6-0-
benzylidene-3-0-(2,3.4.6-tetra-O-acetyl-ff-pD-galactopyranosyl)-f-p-galactopyranoside
(6) (1.72 g, 28°,): m.p. 114-116" (ether—petroieum cther). [x]3" 134 (¢ 1.5,
chloroform); n.m.r. data (chloroform-d); & 762-7.29 (m. 10 H. arom. H), 550
(s. I H, benzylic-H), 2.13. 2.05. 2.02, 2.00, and 1.96 (s. cach 3 H. 3 OAc¢).

Anal. Cale. for C3 H -0, CO589.17: H. 579, Found- €, 59.29: H. 5.85.

The third fraction, cluted from the column with solvent /. gave benzyl 4.6-0-
benzylidene-2-0-(2.3,4.6-tetra-O-acctyl-f3-p-galactopyranosyl)-fi-p-galactopyranoside
(8) as an amorphous powder (1.16 ¢, 20°,): [#]3° - 17.0 (- 1.5, chloroform):
n.m.r. data (chlorororm-d): ¢ 7.57-7.10 (m, ]() H. arom. H}. 553 (s, | H. benzylic-
H). 2.58 (d, 1 H. J 6.0 Hz, disappeared on deuteration, HO-3). 2,11, 2.00, 1.92, and
1.90 (s, cach 3 H. 4 OAc).

Anal. Cale. for Cy4Hy 0,50 C, 59.30: H, 5.85. Found: C. 39.39: H. 5.77.

The fourth fraction eluted from the column with methanol gave unchanged 1
(1.39 g).

Benzyl 4,6-O-benzyvlidene-3-O-f-D-galactopyranosyl-f-v-galactopyrasoside (7).
— A solution of 6 (3.67 g) in anhydrous methanol (80 mL) was treated with methano-
lic M sodium methoxide (1 mL). The solution was kept for 2 h at room temperature.
made neutral with Amberlite IR-120 (H*) ion-cxchange resin. and the resin filtered
off and washed with methanol. The filtrate and washings were combined. and evapor-
ated to give a crystalline mass which was recrystallized from ethancol. to afford 7
(248 g, 95" ) m.p. 2632647 [«]3° +5.7" (¢ 1.4 N N-dimethylformamide): n.nur.
data (dimethy! sulfoxide-d, ): & 5.38 (s, | H. benzylic-H ).

Anal. Calc. for C, H;,0,,: C, 59.99: H, 6.20. Found: C, 60.10; H. 6.14.

Benzyl 3-O-fi-p-galuctopyranosvi-fi-n-galactopyranoside (11). - - A solution of
7 (2.0 g) in acetic acid (20 mL) was heated at 100, and water (13 mL) was added
in small portions during 15 min. After heating for 20 min at 100" . the sclvents were
removed by repeated codistillation with toluene, to grve a solid which was recrystal-
lized from ethanol. to afford 11 (1 54 g 93° ) nup. 162-163 _ [7]27 42 (¢ L&
water).

Anal. Cale. for C4H,40,,: C, 52.77; H, 6.53. Found: C. 52.69; H, 6.63.

3-O-f-D-Galuctopyranosyi-p-galactose (12). — A solution of 1T (0.81 g) in
acetic acid (10 mL) was hydrogenolyzed in the presence of 10°, palladium-on-
charcoal (0.3 g) at room temperature and pressure for 4 h. The catalyst was filtered
off and washed with methanol, and the filtrate and washings were combined and
evaporated. The residue wus reerystallized from methanol, to give 12 (0.57 g, 86°,)
m.p. 198-200 . [«]3! +74.0 (2 min)— +62.7" (2 h, constant. ¢ f.6. water): fit.®
m.p. 163-170° (aqueous mecthanol-I-butanol), [x], +73 (2 min)-»+60 (2 h,
constant; ¢ 2.0, water): m.p.” 200 (aqueous methanol). [#]25 +54 @ m.p.! " 165 .
[2]5* +84 (153 min)— + 64 (4 h. constant; ¢ 0.8, water): m.p '’ 1539-162 (aqueous
cthanol), [x]2* +64 (¢ 1.0. water).

Methylation'? of a portion of 12. followed by hvdrolysis with 0.5u sulturic
acid for 5 h at 100 , neutralization with barium carbonate. reduction with sodium
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borohydride, acetylation, and gl.c. of the resulting products, gave peaks corre-
sponding to the peracetates of 2,3,4,6-tetra-O-methyl-D-galactitol (7" 1.00, 50%,) and
2,4,6-tri-O-methyl-p-galactitol (7" 1.83, 50%;).

Benzyl 3-O-acetyl-4,6-O-benzylidene-2-0-(2,3,4,6-tetra-O-acetyl-p-D-galactopy-
ranosyl)-f-D-galactopyranoside (9). — A solution of 8 (0.66 g) in 1:1 (v/v) acetic
anhydride—pyridine (7 mL) was kept overnight at room temperature. The solvents
were removed by codistillation with toluene to give a white solid, which was re-
crystallized from ethanol to afford 9 as needles (0.65 g, 93%;); m.p. 120-130° (broad),
transformed into fine prisms, m.p. 193-194°, [«]2% +14.7° (¢ 1.9, chloroform);
n.m.r. data: (chloroform-d): 6 7.55-7.25 (m, 10 H, arom. H), 5.50 (s, 1 H, benzylic-H),
2.13(s,6 H,20Ac), 1.97 (s 3H, OAc), and 1.95 (s, 6 H, 2 OAc); lit.'> m.p. 123-124°,
[a¢]p +8.7°. On some occasions, 9 crystallized from the same solvent as large prisms
having m.p. 193-194°. Efforts to obtain each crystalline form by seeding failed, and
9 usually crystallized as needles.

Anal. Calc. for C34H,,0,44: C, 59.17; H, 5.79. Found: C, 59.10; H, 5.74.

Benzyl 4,6-O-benzylidene-2-O-p-D-galactopyranosyl-B-D-galactopyranoside (10).
— (a) O-Deacetylation of 8 (1.05 g), as described for the preparation of 7, gave 10
(0.74 g, 94%); m.p. 262-263° (ethanol), [«]2° —5.9° (¢ 1.0, N,N-dimethylformamide);
n.m.r. data (dimethyl sulfoxide-d;): 6 5.60 (s, 1 H, benzylic-H).

Anal. Cale. for C,¢H;,0,,: C, 59.99; H, 6.20. Found: C, 60.10; H, 6.26.

(b) A solution of 3 (1.88 g, 4.1 mmol) in 1:1 benzene—nitromethane (80 mL)
was concentrated until 30 mL of the solvent mixture had distilled, and the mixture
was then cooled to 50°. Mercuric cyanide (1.03 g, 4.1 mmol) and 5 (1.67 g, 4.1 mmol)
were added, and the mixture was stirred for 8 h at 50°. Further additions of mercuric
cyanide (0.51 g, 2 mmol) and 5 (0.83 g, 2 mmol) were made, and stirring was con-
tinued for another 10 h. The mixture was evaporated to dryness, and the residue was
dissolved in chloroform. The solution was washed successively with water, aqueous
potassium bromide, aqueous sodium hydrogencarbonate, and water, dried (magne-
sium sulfate), and evaporated. A solution of the residual syrup in dry methanol
(50 mL) was treated with M sodium methoxide, and the mixture was processed as
described for the preparation of 7. The resulting residue was recrystallized twice
from ethanol, to give 10 (1.48 g, 70%); m.p. and mixed m.p. 262-263°, [«]2? —5.8°
(¢ 1.0, N,N-dimethylformamide); the n.m.r. spectrum was identical with that of the
compound obtained in a.

Acetylation of 10 (0.44 g), as described earlier, afforded 9 as needles (0.57 g,
929%); double m.p. 120-130° and 193-194° (ethanol), [«]3* +14.8° (¢ 1.5, chloro-
form).

Benzyl 2-O-p-p-galactopyranosyl-f-D-galactopyranoside (13). — Treatment of
10 (1.18 g) in acetic acid (12 mL) with water (4 mL) at 100°, as described for 7,
gave 13 (0.90 g, 92%); m.p. 189-190° (ethanol), [a]2* —1.3° (c 1.5, water).

Anal. Calc. for C;4H,50,,: C, 52.77; H, 6.53. Found: C, 52.71; H, 6.61.

2-0-B-p-Galactopyranosyl-p-galactose (14). — Compound 13 (0.50 g) was
hydrogenolyzed, as described for 11, to give 14 (0.34 g, 85%,); m.p. 193-194° (metha-
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nol). [«]2? +71.9° (2 min)~ +56.1° (2 h. constant: ¢ 1.6, water): lit."* m.p. 195-196°
(ethanol-water), [«]}* +86.4 (extrapolated)— +63" (¢ 1.4, water).

Successive methylation'? of a portion of 14, hydrolysis, reduction with sodium
borohydride, and acetylation, gave compounds that had the retention times of the
peracetates of 2,3.4.6-tetra-O-methyl-D-galactitol (77 1.00, 50",) and 3.4.6-tri-0-
methyl-p-galactitol (77 2.00. 50°,).
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