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SYNTHESIS OF DERIVATIVES OF 2-AMINO-2-DEOXY-4-O-(e- AND g-b-
GALACTOPYRANOSYL)-D-GLUCOSE*

NiIkoLAY E. NIFANT’EV, LEON V. BACKINOWSKY, AND NIKOLAY K. KOCHETKOV
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ABSTRACT

Galactosylation of methyl 6-O-acetyl-3-O-benzoyl-2-deoxy-2-phthalimido-3-
p-glucopyranoside (5) and its trityl ether 9 with 2,3,4,6-tetra-O-benzoyl-a-D-galac-
topyranosyl bromide (8), 1-O-acetyl-2,3,4,6-tetra-O-benzoyl-3-p-galactopyranose
(13), 3,4,6-tri-O-benzoyl-1,2-O-(a-p-tolythiobenzylidene)-a-D-galactopyranose (11),
and 3,4,6-tri-O-benzoyl-1,2-O-(a-cyanobenzylidene)-a-D-galactopyranose (12) gave
1,2-cis- and 1,2-trans-linked disaccharide derivatives in ratios ranging from 3.8:1 to
1:8.5 depending on the conditions of glycosylation. A practical synthesis of the
target lactosamine derivative 2 was achieved by the reaction of 5 and 8 in nitro-
methane in the presence of silver triflate.

INTRODUCTION

The synthesis of a tetrasaccharide 1,2-O-(1-cyanoethylidene) derivative 1 tri-
tylated at O-6", which is a precursor for the preparation of the capsular polysaccha-
ride of Streptococcus pneumoniae type 14, required the use of the specifically
protected methyl 2-amino-2-deoxylactoside (lactosamine) derivative 2. Access to 2
could involve either starting from lactosamine or attachment of the benzoylated
galactose residue to O-4 of methyl 6-O-acetyl-3-O-benzoyl-2-deoxy-2-phthalimido-
3-D-glucopyranoside (5). Lactosamine is expensive and its synthesis' = followed by
conversion into 2 would require more stages than the second approach which was
thus preferred. We now report on the glycosylation of 5 and its trityl ether 9 in
connection with the preparation of 2.

* Dedicated to Professor Hans Paulsen.

0008-6215/88/$ 03.50 © 1988 Elsevier Science Publishers B.V.
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TABLE IIl

3C-N.M.R. DATA FOR COMPOUNDS 2, 10, 14, 17, aND 18 (CDCl;; 8, p.p.m.; J, Hz)

Compound  Residue® C-1 c-2 Cc-3 Cc4 (o) C-6 OCH; Jciw:

2 R 99.2 549 71.4 769 729 62.0 57.0 158.7
N 101.2  70.2 7.9 67.6 71.4 60.9 158.7
10 R 98.7 55.1 7.6 747 727 6317 570 162.8
N 97.2 683 67.9 688 679 61.9° 172.0
14 R 98.9 549 71.6  70.3 73.7 68.8 56.6 161.1
N 101.8 70.0 71.8 684 71.8  62.2 161.1
17 R 98.9 55.2 74.8  74.1 72.8 615 56.9
N 96.8 66.8 67.6 68.0 674 63.3
18 R 99.2  55.0 7.7 773 729 60.1 57.0
N 100.9 69.5 71.1 66.5 70.7 62.4

?R, “reducing” end; N, “‘non-reducing” end. ?Assignments may be interchanged. Other signals:
C=0, 164.9-170.7; aromatic, 123.0-134.2; CH,CO, 20.4-20.9 p.p.m.

RESULTS AND DISCUSSION

Benzylidenation of the known*> methyl 2-deoxy-2-phthalimido-8-p-glucopyra-
noside (3) followed by benzoylation and deacetalation afforded the diol 4 in 76%
overall yield. The selective acetylation of 4 gave mainly the 6-acetate § (86%), which
could easily be separated from the 4-acetate 6 (3%) and 4,6-diacetate 7 (10%) by
crystallisation and column chromatography. The 'H-n.m.r. data for 4-7 were in
accord with their structures (see Table I).

Treatment of 5 at 60-70° with 2 mol of 2,3,4,6-tetra-O-benzoyl-a-D-galacto-
pyranosyl bromide (benzobromogalactose, 8) under Helferich conditions [acetoni-
trile-mercuric cyanide (2 mol)-mercuric bromide (catalytic amount)] gave a mixture
of the anomeric disaccharide derivatives 2 and 10 in which the latter (1,2-cis-linked)
markedly preponderated (Table II, run 1). No disaccharide derivatives were formed
on attempted reaction at room temperature.

The structures of 2 and 10 were established on the basis of 'H- and *C-n.m.r.
data (Tables I and III). Thus, in particular, the low-field shift of the signal for C-4 in
the spectra of 2 (6 76.9) and 10 (6 74.7) shows the galactosylation site to be O-4. The
Ju.1 u-z and Jc.;- y.1- values for 2 (7.8 and 158.7 Hz) and 10 (3.7 and 172.0 Hz)
establish the # and o configurations, respectively.

The reactions of 5 and 8 in the presence of silver triflate and in various sol-
vents (Table II, runs 2-5) showed that increase in the polarity of the solvent (toluene
—dichloromethane — nitromethane, runs 2-4) favoured the formation of the 1,2-
trans-linked derivative 2, whereas the result with acetonitrile (run 5) shows this
dependence to be complex and ambiguous.

The reaction of 2-amino-2-deoxy-D-glucose derivatives with 2-O-acylgalacto-
syl halides to give a (1—4) linkage has a low efficiency when O-6 and especially O-3
in the acceptor bear acyl substituents®, whereas, with alkyl substituents (e.g. allyl,
benzyl, or methyl), the efficiency and stereoselectivity are high’'*. The lack of
stereoselectivity of glycosylation in combination with high total yield of disaccha-
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ride derivatives has been observed with 3,4,6-tri-O-benzyl-2-O-p-nitrobenzoyl-c-D-
galactopyranosyl bromide as the donor'*. Replacement of the alcohol 5 by its trityl
ether 9 did not solve this problem since, although the reaction of 9 with 8 increased
the total yield of 2 and 10, the stereoselectivity was not improved (Table 11, run 6).
The trityl ether 9 was prepared by treatment of § with triphenylmethylium perchlor-
ate in the presence of 2,4,6-trimethylpyridine'®. That the trityl group was located at
0O-4 was proved by regeneration of 5 upon treatment of 9 with aqueous trifluoro-
acetic acid; the 'H-n.m.r. spectrum of 9 was not informative.

1,2-Thio-orthoesters and 1,2-O-cyanoalkylidene derivatives have been used
for stereospecific 1,2-trans-glycosylation'¢'8, although loss of stereospecificity with
these reagents is also documented!”"!*?°, When 9 reacted with the 1,2-thio-ortho-
ester 11 and the 1,2-O-(a-cyanobenzylidene) derivative 12 (Table 11, runs 7-9), the
stereoselectivity of glycosylation was higher than with 8 but the yields of 2 and 10
were unsatisfactory. This result is in accord with the low efficiency of glycosylation
of a 4-O-tritylated 2-acetamido-2-deoxy-D-glucose derivative with galactose 1,2-
thio-orthoester'®, The 4-O-glycosylation of 2-amino-2-deoxy-p-glucose derivatives
with galactose 1,2-orthoesters?!>?> is non-stereospecific. The use of triphenyl-
methylium tetrafluoroborate as a catalyst (run 9) instead of perchlorate (run 8)
favours 1,2-trans-stereoselectivity of glycosylation which is consistent with earlier
observations?.

Galactosylation of the alcohol § with 1-O-acetyl-2,3,4,6-tetra-O-benzoyl-3-D-
galactopyranose (13) in the presence of trimethylsilyl triflate (run 10) was also
studied in view of a synthesis of a lactosamine derivative using g-D-galactopyranose
penta-acetate?*. Interaction of 5 with 13 afforded, in addition to the (1—4)-linked
disaccharide derivatives 2 and 10, the (1—6)-linked allo-lactosamine derivative 14,
the yield of which exceeded those of 2 and 10 combined. The formation of 14 is
probably due to 6—~4 acetyl migration. The O-trimethylsilyl derivative 15 was also
isolated, and its structure determined from the 'H-n.m.r. data (Table I) and the
regeneration of 5 on acid hydrolysis. The structure of 14 was indicated by the 'H-
and *C-n.m.r. data (Tables I and III). In particular, the low-field position of the
signal of C-6 (8 68.8) shows that galactosylation had occurred at O-6 and the
Ju1 2 and Jo yr 1 values (8.0 and 161.1 Hz, respectively) indicated the bond to
be 8.

Thus, the galactosylation of the alcohol 5 and its trityl ether 9 with mono- and
bi-cyclic glycosylating agents lacks stereospecificity and, in some reactions, the
1,2-cis-linked disaccharide 10 was the preponderant product. Relatively high 1,2-
trans-selectivity was observed with the glycosyl donors 13 and 12 (in the presence of
triphenylmethylium tetrafluoroborate), but the yields of the target disaccharide
derivative 2 were low. Under the conditions of run 4 (Table II), 2 was formed with
highest efficiency and they were chosen for its preparation. The 5-mmolar-scale
galactosylation of § gave 2 and 10 in yields of 44 and 40%, respectively.

Although runs 1, 2, and 5 (Table II) were unsatisfactory for the synthesis of 2,
the conditions employed (especially those of run 2) may be suitable for the prepara-
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CH,0B2 CH 0Bz OCH, CHOAc
820 o, OAc Bz0 9 o OMe o OMe
oBz 0Bz 0Bz 0Bz
AcO Me,Sio
OBz OBz NPhth NPhth
13 14 15
CHR0AC CH,0AC CHy0AC CH,0Ac CH,0Ac
A
<o o AcO o o OMe AcO o o OMe
OAc QAc OBz OAc OBz
Br ] o
OAc QAc NPhth 0Ac NPhth
16 17 18

tion of 4-O-(a-D-galactopyranosyl) derivatives of 2-amino-2-deoxy-p-glucose.

The alcohol 5 was reacted with 2,3,4,6-tetra-O-acetyl-a-D-galactopyranosyl
bromide (acetobromogalactose, 16) in order to compare the reactivities of 8 and 16,
the former being reported? to be the more efficient galactosylating agent. Conden-
sation of 16 with 5 under the conditions of run 4 (Table II) gave, after acetylation,
the disaccharide derivatives 17 and 18 in yields of 20 and 32.5%, respectively, and
the diacetate 7 (39%) was also isolated. The 'H- and *C-n.m.r. data of 17 and 18
accord with the structures assigned. Thus, benzobromogalactose is a more effective
galactosylating agent than acetobromogalactose, but the 1,2-frans-selectivity of the
latter in the reaction with alcohol 5§ was higher.

EXPERIMENTAL

Melting points were determined with a Kofler apparatus and optical rotations,
for solutions in chloroform, with a A1-EPN (U.S.S.R.) automatic polarimeter at 20
+2°. N.m.r. spectra were recorded with a Bruker WM-250 instrument for solutions
in CDCl, (internal Me,Si). Nitromethane was distilled from urea at 100 mmHg, then
from P,0s5 (twice), and finally from CaH,. Dichloromethane was washed with conc.
H,SO, and water, dried with CaCl,, and distilled from CaH,. Toluene was dried
with CaCl, and distilled from Na. Acetonitrile was distilled from P,Os and then
from CaH,. Freshly distilled solvents were used in all experiments. 2,4,6-Trimethyl-
pyridine was distilled from KOH and then from CaH,. Tetramethylurea was distilled
and stored over molecular sieves 3A. Triphenylmethylium perchlorate and tetra-
fluoroborate were synthesised as described?® and futher purified?” when used as
catalysts for glycosylation. Silver triflate was prepared as described®. Column
chromatography was performed on Silica Gel L 40/100 um (C.S.S.R.), using a
benzene-cthyl acetate gradient. Kieselgel 60 (Merck) was used for t.l.c. with ethyl
acetate-toluene mixtures (A, 1:10; B, 1:4; C, 1:2; D, 1:1) and E, 1:4 acetone-
benzene, and with detection by charring with sulphuric acid.
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Methyl 3-O-benzoyl-2-deoxy-2-phthalimido-3-p-glucopyranoside (4). — To a
solution of methyl 2-deoxy-2-phthalimido-13-D-glucopyranoside“"5 3; 4.5 g, 13.9
mmol) in acetonitrile (20 mL) were added benzaldehyde dimethyl acetal (13 mL,
~70 mmol) and TsOH-H,0 (~ 20 mg). The mixture was kept for 17 h at 20°, and
then pyridine (6 mL) was added followed by benzoyl chloride (5.8 mL), dropwise
with cooling. The mixture was stored for ~3 h at 20°, MeOH (5 mL) was then
added, the mixture was concentrated to dryness, and toluene was distilled repeatedly
from the residue in vacuo. A solution of the residue in aqueous 90% trifluoroacetic
acid (20 mL) was kept for ~1 h at room temperature, then poured into ice-water
(200 mL), and extracted with CHCI; (150 mL plus 2 X 50 mL). The combined
extracts were washed with aqueous NaHCOQ; and water, filtered, and concentrated.
The residue was crystallised from chloroform-hexane and purified by column
chromatography (CHCl3-MeOH, 93:7) to give 4 (4.5 g, 76%), m.p. 168-169° (from
chloroform-hexane), [a]p +112° (¢ 0.9), R; 0.15 (solvent D).

Anal. Calc. for C,5H;NOg: C, 61.82; H, 4.95; N, 3.28. Found: C, 62.03; H,
5.24; N, 3.34.

Methyl 6-O-acetyl-3-O-benzoyl-2-deoxy-2-phthalimido-8-D-glucopyranoside
(5). — To a stirred solution of 4 (1.4 g, 3.3 mmol) and pyridine (0.8 mL) in dry
chloroform (10 mL) was added a solution of acetyl chloride (0.225 mL, 3.6 mmol) in
dry chloroform (5 mL) dropwise during 1 h at 20°. Stirring was continued for 20
min, the solution was concentrated, and toluene was evaporated from the residue,
which was then crystallised from chloroform-hexane to give 5. Column chromato-
graphy of the mother liquor (benzene-acetone) gave the diacetate 7, more 5, and the
4-acetate 6.

Compound 5 (1.33 g, 86%) had m.p. 181-184° (from chloroform-hexane),
[elp +99° (¢ 0.7), R; 0.42 (solvent C) and 0.47 (solvent E).

Anal. Cale, for C,4,H,3NOg: C, 61.40; H, 4.94; N, 2.98. Found: C, 61.31; H,
4.57; N, 3.11.

Methyl 4-0O-acetyl-3-O-benzoyl-2-deoxy-2-phthalimido-3-p-glucopyrano-
side (6; 50 mg, 3%) was amorphous and had [x]p +122° (c 0.55), R; 0.24 (solvent
E).

Anal. Found: C, 61.44; H, 5.10; N, 2.80.

Methyl 4,6-di-O-acetyl-3-O-benzoyl-2-deoxy-2-phthalimido-8-p-glucopyrano-
side (7; 0.17 g, 10%) was amorphous and had [c]p + 105° (¢ 1.05), R 0.64 (solvent
E).

Anal. Calc. for C,sH,sNO o C, 61.06; H, 4.93; N, 2.74. Found: C, 61.20; H,
5.02; N, 2.96.

The 'H-n.m.r. data for 5-7 are listed in Table I.

Methyl 6-O-acetyl-3-O-benzoyl-2-deoxy-4-O-trityl-2-phthalimido-B3-p-gluco-
pyranoside (9). — To a stirred solution of 5 (0.94 g, 2 mmol) and 2,4,6-trimethyl-
pyridine (0.58 mL, 4 mmol) in dry dichloromethane (20 mL) was added triphenyl-
methylium perchlorate (0.82 g, 2.4 mmol) portionwise during 1 h. The solution was
stirred for 17 h, treated with 3:1 pyridine-methanol (1 mL), diluted with chloroform
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(70 mL), washed with water (3 x 30 mL), and concentrated. Column chromato-
graphy of the residue gave 9 (1.40 g, 99%; 81% after crystallisation from ether-
hexane), m.p. 195-196.5°, [a]p +223° (¢ 1.8), R¢ 0.46 (solvent B).

Anal. Calc. for C43H3;NOg: C, 72.56; H, 5.24; N, 1.97. Found: C, 72.64; H,
5.43; N, 1.91.

The 'H-n.m.r. data are listed in Table I.

3,4,6-Tri-O-benzoyl-1,2-O-(a-p-tolylthiobenzylidene)-a-D-galactopyranose
(11). — Following the general procedure for the preparation of sugar 1,2-thio-
orthoesters?®, a solution of benzobromogalactose 8 (3.30 g, 5.0 mmol) in nitro-
methane (5 mL) was heated with p-toluenethiol (0.59 g, 4.8 mmol) and 2,4,6-tri-
methylpyridine (1.2 mL, 7.5 mmol) for 30 min at 60-70°. Conventional work-up
then gave amorphous 11 (2.32 g, 69%), [a]p + 54° (c 1.15), R, 0.79 (ether-benzene,
1:13).

Anal. Calc. for C41H340,S: C, 70.07; H, 4.88; S, 4.56. Found: C, 69.61; H,
4.98; S, 4.55.

3,4,6-Tri-O-benzoyl-1,2-0O-(a-cyanobenzylidene)-a-D-galactopyranose (12). —
Using the conditions for the preparation of sugar 1,2-O-cyanoalkylidene deriva-
tives®, a solution of 8 (3.30 g, 5.0 mmol) in acetonitrile (10 mL) was stirred with
tetrabutylammonium bromide (0.75 g, 2.5 mmol) for 0.5 h at room temperature.
Finely ground, dry sodium cyanide (1.23 g, 25 mmol) was then added and stirring
was continued for 17 h. Conventional work-up gave amorphous 12 (0.90 g, 30%),
[alp +87° (¢ 0.7), Ry 0.50 ¢ethyl acetate-heptane, 1:2) and 0.63 (ethyl acetate-
benzene, 1:8).

Anal. Calc. for C3sH»NOg: C, 69.42; H, 4.49; N, 2.31. Found: C, 69.44; H,
4.51; N, 2.38.

1-O-Acetyl-2,3,4, 6-tetra-O-benzoyl-3-p-galactopyranose (13). — Following
the procedure for the preparation of glycosyl acetates*’**, a solution of 8 (0.66 g,
1.0 mmol) in glacial acetic acid (10 mL) was stirred with mercuric acetate (0.64 g, 2.0
mmol) until dissolution was complete and then left overnight at 20°. The solution
was diluted with chloroform (50 mL), washed with saturated aqueous potassium
bromide (2 X 30 mL) and water, filtered, and concentrated, and the residue was
dried in vacuo to give amorphous 13 (0.62 g, 97%), [alp +133° (c 0.55), R; 0.54
(solvent A). 'H-n.m.r. data: & 8.15-7.20 (m, 20 H, 4 Ph), 6.11 (d, 1 H, J, > 8.2 Hz,
H-1), 6.05 (dd, 1 H, J5 4 3.4, /4 5 0.8 Hz, H-4), 5.93 (dd, 1 H, J; 3 10.3 Hz, H-2), 5.68
(dd, 1 H, H-3), 4.65(dd, 1 H, J56 5.2, Jo& 9.9 Hz, H-6), 4.48 (ddd, | H, J5 ¢ 6.0
Hz, H-5), 4.43 (dd, 1 H, H-6'), 2.11 (s, 3 H, AcO).

Anal. Calc. for C36H3904y: C, 67.71; H, 4.74. Found: C, 67.36; H, 4.85.

Synthesis of methyl 6-O-acetyl-3-O-benzoyl-2-deoxy-2-phthalimido-4-0-(2,3,
4,6-tetra-O-benzoyl-a- (2) and -3-D-galactopyranosyl)-B-p-glucopyranoside (10). —
The results are summarised in Table II. Column chromatography was used to isolate
the products, which were identified by 'H-n.m.r. spectroscopy.

(@) Run 1. To a solution of 5 (0.25 g, 0.53 mmol), mercuric cyanide (0.25 g, 1.0
mmol), and mercuric bromide (30 mg) in dry acetonitrile (4 mL) was added a
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solution of 8 (0.66 g, 1.0 mmol) in dry acetonitrile (10 mL). The mixture was heated
for 5 h at 60-70°, left overnight at 20°, then diluted with chloroform (70 mL), and
worked-up as described above for the preparation of 13, to give 10 (230 mg, 42%), 2
(60 mg, 11%), and 5 (100 mg, 40%).

Compound 2 was amorphous and had [a]p +70° (¢ 0.5), R; 0.40 (solvent B).

Anal. Calc. for CsgHsoNO g: C, 66.47; H, 4.77; N, 1.34. Found: C, 66.14; H,
4.77; N, 1.30.

Compound 10 was amorphous and had [«]p +121° (¢ 0.4}, R; 0.48 (solvent
B).

Anal. Found: C, 66.81; H, 4.55; N, 1.53.

The n.m.r. data for 2 and 10 are listed in Tables I and III.

(b) Runs 2-5, A solution of 5 (235 mg, 0.5 mmol), silver triflate (257 mg, 1.0
mmol), and tetramethylurea (90 L, ~ 1 mmol) in the solvent specified (10 mL in run
2 and 5 mL in the others) was stirred, with protection from light, at —25 to —30°
and a solution of 8 (660 mg, 1.0 mmol) in the appropriate solvent (5 mL) was added
dropwise during 1 h. Stirring was continued for 1 h at this temperature and then for
1-2 h at 20°. The mixture was diluted with chloroform (80 mL), filtered, washed
with aqueous 5% sodium thiosulphate (2° X 50 mL) and water (2 X 50 mL), and
then concentrated, and the residue was chromatographed.

Galactosylation of 5 (5.0 mmol) under the conditions of the run 4 gave 44% of
2 and 40% of 10.

(¢) Run 6. The glycosylation of 9 (355 mg, 0.5 mmol) was performed as des-
cribed above but with the omission of the tetramethylurea.

(d) Run 7. Using the conditions of glycosylation with sugar 1,2-thio-ortho-
esters’®, to a stirred solution of 9 (355 mg, 0.5 mmol) and triphenylmethylium per-
chlorate (17 mg, 0.05 mmol) in dry dichloromethane (5 mL) was added dropwise a
solution of 11 (351 mg, 0.3 mmol) in dichloromethane at such a rate as to retain the
yellow colour of the mixture. The mixture was stirred for 20 min and then treated
with aqueous 90% trifluoroacetic acid (3 mL) for 15-20 min. The solution was
poured into water (200 mL) and extracted with chloroform (3 X 30 mL), the com-
bined extracts were washed with water (200 mL), saturated aqueous sodium hydro-
gencarbonate (50 mL), and water, and concentrated, and the residue was chromato-
graphed.

(e) Runs 8 and 9. Glycosylation of 9 (284 mg, 0.4 mmol) with 12 (242 mg, 0.4
mmol) was performed in dichloromethane (2 mL) for 17 h at room temperature in
the presence of triphenylmethylium perchlorate (14 mg, 0.04 mmol; run 8) or tetra-
fluoroborate (12 mg, 0.04 mmol; run 9), using the vacuum technique'”. The catalyst
was destroyed by addition of 3:1 methanol-pyridine (0.2 mL). No 12 or 9 was then
detected in the reaction mixtures. The products 2, 10, and 5 were isolated by column
chromatography. :

() Run 10. A mixture of 5 (120 mg, 0.25 mmol), 13 (160 mg, 0.25 mmol), and
molecular sieves 4A in dry dichloromethane (5 mL) was stirred under argon at 20°,
trimethylsilyl triflate (20 uL, ~ 0.1 mmol) was added with a syringe, and stirring was
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continued overnight. T.l.c. then revealed 5-10% of products. More (20 pL) pro-
moter was added and the mixture was stirred for 40 h. The reaction mixture then
contained (t.l.c.) 2, 5, 10, 14, and 15. Addition of triethylamine (0.2 mL) converted
5 into 15. The mixture was diluted with chloroform (50 mL), filtered, washed with
water, and concentrated. Column chromatography then gave 2, 10, methyl 6-O-
acetyl-3- O-benzoyl-2-deoxy-2-phthalimido-4- O-trimethylsilyl - 3-p-glucopyrano-
side [15; 42 mg, 31%; R, 0.55 (solvent B) and 0.31 (solvent A)], and methyl
4-0-acetyl-3-O-benzoyl-2-deoxy-2-phthalimido-6-0-(2,3,4,6-tetra-O-benzoyl-8-p-
galactopyranosyl)-3-p-glucopyranoside (14; 76 mg, 29%), foam, [a]p +106° (c
2.5), R, 0.55 (solvent B) and 0.29 (solvent A).

Anal. Calc. for CssHoNO5: C, 66.47; H, 4.71; N, 1.34, Found: C, 65.96; H,
5.17; N, 1.30.

Compound 15 was treated with aqueous 90% trifluoroacetic acid (2 mL) for
20 min (the reaction was monitored by t.l.c.), and the solution was diluted with
chloroform (30 mL), washed with water (2 x 30 mL), and concentrated to give 5
(~25 mg).

Methyl 6-O-acetyl-3-0-benzoyl-2-deoxy-2-phthalimido-4-0-(2,3,4,6-tetra-
O-acetyl-a- (17) and -B-D-galactopyranosyl)-3-p-glucopyranoside (18). — Glyco-
sylation of 5 (235 mg, 0.5 mmol) with acetobromogalactose 16 (420 mg, 1.0 mmol)
was carried out under the conditions of run 4. In order to facilitate chromatographic
separation, the worked-up reaction mixture was treated with acetic anhydride (2
mL) in pyridine (2 mL) for 17 h at 20°. Methanol (2 mL) was added and, after 15
min, the mixture was concentrated. Toluene (3 X 5 mL) was then evaporated from
the residue which was chromatographed to give 7 (80 mg, 39%), 17 (80 mg, 20%),
and 18 (130 mg, 32.5%).

Compound 17 was amorphous and had [a]p +218° (¢ 0.1), R; 0.5 (solvent D).

Anal. Calc. for C3gHy NOyg: C, 57.07; H, 5.17; N, 1.75. Found: C, 57.18; H,
5.25; N, 1.84.

Compound 18 had m.p. 236-237° (from chloroform-hexane), [a]lp +61.8° (¢
0.45), R: 0.40 (solvent D).

Anal. Found: C, 56.94; H, 5.40; N, 1.75.
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