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ABSTRACT

A facile synthesis of p-nitrophenyl 2-acetamido-2-deoxy-4-0-f-D-galactopyra-
nosyl-S-pD-glucopyranoside was accomplished by saponification of the product ob-
tained by reaction of 2-acetamido-3,6-di-O-acetyl-2-deoxy-4-0-(2,3,4,6-tetra-O-acetyl-
f-D-galactopyranosy!)-a-D-glucopyranosyl chloride and Amberlyst A-26 p-nitro-
phenoxide. The reaction of p-nitrophenyl 2,3-O0-isopropylidene-a-pD-mannopyranoside
(7) with the easily accessible 2-methyl-[4,6-di-O-acetyl-2-deoxy-3-0-(2,3,4,6-tetra-O-
acetyl-B-p-galactopyranosyl)-a-D-glucopyrano |-[ 2,1-d ]-2-oxazoline proceeded readi-
ly, to give the protected trisaccharide derivative which, on deacetonation, followed by
O-deacetylation, produced one of the title trisaccharides, namely, p-nitrophenyl
6-0-(2-acetamido-~2-deoxy-3-0-8-D-galactopyranosyl-g-p-glucopyranosyl) - « - D -man-
nopyranoside. Synthesis of the other trisaccharide, p-nitrophenyl 6-O-(2-acetamido-
2-deoxy-4-0O-f-D-galactopyranosyl-f-D-glucopyranosyl)- « -D-mannopyranoside was
accomplished by a similar reaction-sequence when the corresponding 2-methyl-[ 3,6~
di-O-acetyl-2-deoxy-4-0-(2,3,4,6-tetra-0-acetyl- -b-galactopyranosyl) - o.-D - glucopy-
rano |-[2,1-d]-2-oxazoline (19) reacted with 7. Preparation of oxazoline 19 was
achieved via acetolysis of methyl 2-acetamido-2-deoxy-4-0-B-p-galactopyranosyl-«-D-
glucopyranoside. The structures assigned to the final saccharides were supported by
"H- and "*C-n.m.r.-spectral data.

INTRODUCTION

For the past few years, we have engaged in the synthesis of aryl saccharides,
because these synthetic derivatives can be further employed for modification of
enzyme assay-procedures for certain glycosidases and glycosyltransferases. For
example, the synthetic disaccharide p-nitrophenyl 2-0-a-L-fucopyranosyl-f-b-galacto-

*Synthetic Studies in Carbohydrates, Part XXIX. For Part XXVIII, see ref. 1.
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pyranoside’® has been successfully employed in a rapid assay procedure for o-(1—2)-1 -
fucosidase. Similarly, with the aid of e-nitrophenyl 2-(-z-t-tfucopyranosyl-fi-p-
galactopyranoside®, we were able to develop a convenrent assay-method for 2-(1 —2)-
-Tucosyltransferase in human serum. The availability? of the synthene disaccharides
p-nitrophenyl  2-acetamido-2-deoxy-3-0-f-n-galactopyranasyl- fi- p-glucopr ranoside
(2). p-nitrophenyl Z-acetamido-2-deoxy-+4-0-fi-D-galactopyranosyl-f-n-glucopyrano-
stde (8), and p-nitrophenyl  2-acetamido-2-deoxy-6-0-fi-nD-galactopyranosyl-f-n-
glucopyranoside (6) provided a rapid method for linkage-speciticity studies of exo-
p-D-galactosidase’. We now describe a facile synthesis of disaccharide 5. and also a
comparison of its '*C-n.m.r, spectrum with those of the analogs 2 and 6.

Our interest in the svnthesis of § and the trisaccharides T and 22 was icreased
because these compounds may be further employed for the identitication of the
enzymic product obtained by the reaction of p-galactosyltranslerases and therr
corresponding acceptors. We had observed” that p-niropheny! 2-acetamido-2-
deoxy-f-n-glucopyranoside may be used as an acceptor for the fi-(1-~4-p-galactosyI-
transferase present m human serum, yielding disaccharide 5. Serum p-galactosyl-
transferase has been found to be elevated in various types of cancer® . including
cancer of the ovary’ ", However, discrepant data had been reported®” with fetuin
as the acceptor for this enzyme in the sera of ovarnian cancer paticnts, These con-
flicting results indicated the need for appropriate aceeptors for specific assay-methods
for human p-galactosyltransferase. As mentioned in a recent publicution'', we have
successfully accomplished the synthesis of p-nitrophenyl 6-0-(2-acetamido-2-deoxy-
p-v-glucopyranosyl)-z-D-mannopyranoside. a  possible acceptor for  fi-tl—3)-D-
galactosyltransferase. Thus, the availability of trisaccharide 22 as 2 reference com-
pound should facilitate the assay procedure for this enzyme.

RESULTS AND DISCUSSJON

Recently, a number of syntheses of 2-acetamido-2-deoxy-4-0-f-p-galacto-
pyranosyl-D-glucose (N-acetyllactosamine)} have been reported from different labora-
tories'> " !'* It has become apparent that N-acetyllactosamine can now be readily
obtained from the commercially available 3-0-f-p-galactopyvranosyl-p-arabinosc
under the modified reaction-conditions recently reported by Alais and Veyrigres'™.
However, we observed that, using this preparative procedwie. chromatographic
separation of the final product is essential for its absolute purification The crystalline
N-acetyllactosamine'* was converted into 2-acetamido-3.0-di-O-ucety - 2-deovy—-0-
(2.3.4,0-tetra-O-acetyl-f-p-galactopyranosyvl)-z-np-glucopyranosyl  chlornde  (3)  as
described by Kaifu and Osawa'”.

Among the various methods'®-!'” described for the preparation of p-nitrophenyl
glycosides, the use of resin-bound p-nitrophenoxide’ ™ was preferred in the present
investigations. Thus, treatment of sugar halide 3 with Amberfyst A-26 y-nitrophenox-
ide'” in 2-propanol and dichloromethane gave 4. which was purilied by chromato-
graphy on a column of silica gel. On saponification’®. compound 4 afforded amorph-
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ous 5 in 85 yield. As described later, the structure of disaccharide 8, along with
those of its analogs 2 and 6, were confirmed by '*C-n.m.r. spectroscopy.

In a recent publication!® on the synthesis of f-D-GlcNAc-(1 - 6)-a-D-Man-1-
OCH,NO,-p, 2-methyl-(3,4,6-tri-O-acetyl-1,2-dideoxy-«-p-glucopyrano)-[2,1-d]-2-
oxazoline reacted with p-nitrophenyl 2,3-O-isopropylidene-o-D-mannopyranoside
(7); we have already described the reasons for preferring a 4,6-diol for the synthesis
of 6-O-substituted glycosides. In the present studies, a similar strategy was applied
for the synthesis of the title trisaccharides. Thus, treatment of diol 7 with oxazoline!®
8 gave the trisaccharide derivative 9 which, without purification, was treated with 65 %
acetic acid, to give amorphous 10 in an overall yield of 22%,. Its '3C-n.m.r. spectrum
clearly exhibited the signals for three anomeric carbon atoms at & 99.01 (C-1),
99.78 (C-1"), and 100.83 (C-1”). O-Deacetylation'® of 10 provided trisaccharide 11;
its 'H- and **C-n.m.r. spectra confirmed the structure assigned.

Effective use of acetolysis of methyl 2-acetamido-2-deoxy-D-glucopyranoside
derivatives has been made in the preparation of certain oxazolines, particularly the
3-O-substituted disaccharide oxazolines!®. For the preparation of oxazoline 19, we
aimed at its preparation via acetolysis. For this purpose, a facile method for preparing
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methyl 2-acetamido-3.6-di-O-benzyl-2-deoxy-z-pD-glucopyranoside (15) i two steps
from methyl 2-acctamido-4,6-0-benzylidene-2-deoxy-x-n-glucopyranoside’ * (12} was
developed. Thus. benzylation of 12 with benzyl chloride in N, N-dimethylformamide
in the presence of powdered potassium hydroxide produced 13, which, on selective
ring-opening of the benzylidene group m the presence of sodium cyanoborohydride
and HCl-ether®?, afforded 15 in 81°, yield: its 'H- and "*C-n.m.r spectra confirmed
the structure assigned. Reaction of 18 with 2.3 4.6-tetra-O-ucety |- x-nD-galactopyrano-
syl bromide in benzene in the presence of mercuric cyamde”™ gave 16. which, on
O-deacetylatron followed by hydrogenolysis, produced methyl 2-acetamido-2-
deoxy-4-0-f-p-galactopyranosyl-y-pD-glucopyranoside (£8) in X0, vield The nter-
sugar linkage in 18 was supported by its "H-n.m.r. spectrum, which showed a doublet
at 6 4.85 (J 6 Hz, H-1"). Exposure of 18 to an acetolysis misture of acetie anhydride,
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TABLE II

EFFECTS OF 5-D-GALACTOSYLATION ON CHEMICAL SHIFT

Compound  p-Galactopyranosyl Position on  Shielding effect at Shielding effects at carbon

group B-D-GlcNAc  position of substitution  atoms adjacent to position
residuc (p.p.m.) of substitution (p.p.m.)
2 B- 0-3 C-3 (- 10.10) C-2(—1.33)
C-4(—1.87)
5 s- 0-4 C-4 (410.38) C-3(—2.03)
C-5(-2.13)

6 - 0-6 C-6 (+8.55) C-5(-2.34)

acetic acid, and sulfuric acid gave a mixture of components which, on chromato-
graphy on a column of silica gel, afforded the expected oxazoline 19*, identical with
an authentic sample prepared from chloride 3 by the method of Kaifu and Osawal®.
As already mentioned, N-acetyllactosamine is now readily obtainable, and we con-
sider that preparation of oxazoline 19, starting from N-acetyllactosamine, is practical.

Condensation of oxazoline 19 with diol 7 in 1,2-dichloroethane in the presence
of p-toluenesulfonic acid gave the 6-O-substituted derivative 20 in 539, yield. O-
Deisopropylidenation, followed by saponification, produced the title trisaccharide 22
in 77% yield; its structurc was confirmed by 'H- and '3C-n.m.r. spectroscopy.

Recently, Vernon and co-workers?? reported the '*C-n.m.r. spectra of the 6-
aminohexyl glycosides of all of the positional isomers of O-f-p-galactopyranosylated
2-acetamido-2-deoxy-f-D-glucopyranose. Availability of the synthetic p-nitrophenyl
disaccharides 2, 5, and 6 prompted us to examine their '3C-n.m.r. spectra in detail,
as it is obvious that such studies of these reference compounds will further aid in
determining the structures of oligosaccharides in which a f-p-galactopyranosyl
group is linked to a 2-acetamido-2-deoxy-D-glucose residue; our results on these
13C-n.m.r. spectra are summarized in Tables I and II. Tt was observed that the chemi-
cal shifts of all of the carbon atoms of the f-D-galactopyranosyl group remain almost
constant for disaccharides 2, 5, and 6. It is well established??® that alkylation of a
hydroxyl group causes a 7-10-p.p.m., downfield shift in the resonance of a carbon
atom originally bearing a hydroxy! group, and inspection of Tables I and II shows
that this holds here. Thus, C-3 of 2, C-4 of 5, and C-6 of 6 showed downfield shifts
of 10.1, 10.38, and 8.55 p.p.m., respectively, relative to that** of the parent glycoside
1. In the 3C-n.m.r. spectra of disaccharides 2, 5, and 6, the C-1 signal was observed
at 98 +0.5 p.p.m., and this value is appreciably lower than that reported by Vernon
and co-workers?? for the corresponding 6-aminohexyl glycosides, indicating the
effect of the p-nitrophenyl group on the signal of the anomeric carbon atom.

It is also well established®® that the carbon atoms of the hydroxymethyl group

*In different experiments, the yield varied from 40 to 70,.



264 S. 8. RANA, J. 1. BARLOW, K. L. MATTA

TABLE I

13C-N.M.R. CHEMICAL SHIFTS"

Atoms Compound
11 22

C-] 98.63 98.60
C-2 7112 7112
C-3 69.31 69.3]
C-4 67.34 67.36
-5 73 31 73.28
-6 70.3% 70 37
-1 101.75 101.93
C-2 5521 55.80
C-3 83.34 73.28
Cc-4 69.58 79.52
C-5 76.06 75.50
-6 61.65 60.98
C--0 17511 175.01
CHa 232 23.07
C-1 104 27 103.71
27 THAR TET3
C-3" 73.31 73.28
-4 69 31 69.31
C-5" 76.13 76.10
C-6" 61 80 61.78

“In p.p.m. downfield from Me;St (cxternal) at 25.2 MHz, in D.O.

of aldohexopyranoses exhibit their signals in the region of 60-63 p.p.m. from Me,Si
{external) with D,0O as the solvent, and this region is gencrally free from signals
from other types of carbon atoms that occur in carbohydrate structures. Thus, it
could be anticipated that structures 11 and 22 would give signals for two carbon
atoms in this region, the substitution having caused a deshielding of 7-10 p.p.m.
Inspection of Table ITI shows that this occurs. Thus, the absence of a signal for C-6
at 60-63 p.p.m., and the presence of the C-6 signal at 70.38 p.p.m. in the spectrum
of 11 and 70.37 p.p.m. in the spectrum of 22, confirm the position of the new glycosidic
linkage in trisaccharides 11 and 22. respectively. The complete absence of a C-6 signal
i the region of 60-63 p.p.m. n the spectrum of 11 and 22 also confirmed that
glycosylation had occurred only at the 6-hydroxyl group of acetal 7 i both. The
C-1" resonance at 6 101.75 in the "*C-n.m.r. spectrum of 11, and at 5 {01.93 v the
spectrum of 22. further supported the ff-p configuration for both trisaccharides.
The '*C-n.m.r. spectra of partially benzylated derivatives of methyl 2-acet-
amido-2-deoxy-2-p-glucopyranoside are summarized in Table IY. The pronounced,
downfield shift of 8.81 p.p.m. cxhibited by C-6 on benzylation, and the upfield shift



TABLE IV

13C-N.M.R. CHEMICAL SHIFTS® (25.2 MHZ)

Compound GleNAc residue Gal group
C-1 C-2 C-3 Cc4 Cc-5 C-6 C=0 CHj OMe C-I’ c-2 Cc-3 c-¢4 C-5 C-6"

Methyl 2- 98.6 54.25 71.9 70.40 72.20 61.40 55.60

acetamido-

2-deoxy-a-

p-gluco-

pyranoside?

14 98.04 52.18 79.86 70.13 73.42 60.51 169.00 2247 54.11

15 98.05 52.15 79.85 70.25 71.40 69.32 168.93 2245 54.18

17 97.81 51.97 76.32 77.77 70.14 67.43 168.94 22.41 54.21 103.16 71.03 73.34 68.05 7496 59.70
18 98.51 54.03 70.49 79.51 71.13 60.78 175.00 22,73 56.01 103.62 71.76  73.32 69.34 76.12 61.80

aSolvent Me2SO-ds, except for D20 for 18. The reference standard (Me,Si) was internal for solutions in Me2SO-ds, and external for solutions in D20.
bFrom ref. 26.
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(2.02 p.p.m.) of C-5, contirmed the position of substitution i 15, The introduction
of the fi-p-galactopyranosyl group at O-4 of 15 caused a deshielding of the inter-
sugar C-4 by 7.32 p.p.m. In the " C-n.mur. spectrum of disaccharide 18. the site of
substitution was readily dentified by the occurrence of a 9.1-p.p m. downfield-shitt
of the C-4 signal, in comparison to that of methyi 2-acetamido-2-deoxy-7-n-gluco-
pyranoside?®. The C-1 resonance at & 103.62 in the ''C-n mur spectium of 18
supported the f-b configuration. In the benzylated methyl ghycovdes 14, 15, and 17,
the x-methoxyl carbon atom resonates at ~ 54 pop.m.. whereas. in fully deblocked
disaccharide 18, it resonates at ~ 356 p.p.m.

FXPERIMENTAL

General methods. - - Melting points were determined with o Fisher--Johns
apparatus and arc uncorrected. Optical rotations were measured with a Perkin-
Elmer 241 polarimeter at room temperature. Ascending t.l.c. was conducted on plates
coated with a 0.25-mm layer of silica gel 60 PF-254 (E. Merck. Darmstadt. Germany ):
the components were tocated by exposure to u.v. light. or by spraying the plate with
5, sulfuric acid mn ethanol and heating. Elemental analyses were performed by
Robertson Laboratory, Florham Park, New Jersey. U.S AL Nonui. spectra were
recorded with Varian EM-390 and XL-100 instruments: 'H-n.m.r. spectra (100 MH/)
and “C-n.m.r. spectra {25.2 MHz) were determined by the Fourjer-transform (F.t.)
mode; the positions of the peaks are expressed in o from the signal for tetramethyl-
silane.

p-Nitrophenyl 2-accramido-2-deoxy-3-O-f-D-galactopyranos yl-fi-p-glucopyrano-
side (2). — Disaccharide 2 was prepared from p-nitrophenyl 2-acctamido-2-deoxy-
f-D-glucopyranoside (1) as described by Matta and Barlow™: 'H-n.m.r. {Me,SO-d,, ):
d 183 (s, 3 H, NAc), 542 (d, I H, J; > 8 Hz, H-1). 724 and 824 (2 m. 2« 2 H.
aromatic), and 7.92 (d, 1 H, Sy, .- 8 Hz. NH).

p-Nutropheny! 2-acetamido-3,6-di-O-aceivl-2-deor v-4-0O-( 2. 3.4, 6-terra-O-acety I
f-D-gulactopyranosyl)-f3-D-clucopy ranoside (4. - A solution of chloride 3 (500 mg)
in 2-propanol (10 mL) and dichloromethane (2 mL) was stirred at room temperature
in the presence of Amberlyst A-26 p-nitrophenoxide (1.0 g). After 24 h, morc resin
(1.0 g) was added, and sturmg was continued tor 2 days more. The suspension was
filtered, and the filtrate evaporated to dryness. The residue was purtficd by chromato-
graphy on a column of siica gel, eluting first with chioroform. and then with 191
(v/v) chloroform--acctone {to remove unreacted chloride). and finally with 9:1 (v v)
chloroform-acetone, giving 4 1 a yield of 819, (on the basis of chloride recovered ):
m.p. 155-156 (from acctone-hexane), [«]p  36.7 (¢ L3 chloroform): tlc.
(3:1 chloroform-acctone): R, .5; "H-n.m.r. data (CDCly). & 2.0-2 2 (cluster of
singlets, 21 H, 6 Ac + | NAc), 6.2 (d. I H. Jy 2 9 Hz H-Th and 7.1 and 8.2 (2 m,
2 » 2 H. aromatic).

p-Nitropheny! 2-acetamido-2-deoxy-4-O-f-D-galactopyranosyi-fi-n-glucopyrano-
side (8). -— A suspension of compound 4 (200 mg) in dry methanol {10 mL) was
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stirred overnight in the presence of a catalytic amount of the macroreticular'®
Amberlyst A-26 (OH™). The disaccharide that was precipitated was redissolved by
the addition of a few drops of water. The resin was filtered off, and the filtrate was
evaporated to give amorphous 5 (115 mg, 85%); [«]p —4.2° (¢ 0.5, Me,SO); t.lc.
(13:6:1 chloroform-methanol-water): Ry 0.76; 'H-n.m.r. data (Me,SO-d,): § 1.82
(s, 3 H NAc), 524 (d, 1 H, J, , 8 Hz, H-1), 7.2 and 8.2 (2 m, 2 x 2 H, aromatic),
and 7.92 (d, 1 H, Jyy,, 8 Hz, NH).

Anal. Calc. for C,oH,gN,0,5 - H,0: C, 4597; H, 5.78; N, 5.36. Found:
C, 45.77; H, 5.86; N, 5.31.

p-Nitrophenyl 2-acetamido-2-deoxy-6-O-f-D-galactopyranosyl-§-bD-glucopyrano-
side (6). — Disaccharide 6 was prepared from 1 as described by Matta and Barlow?;
'H-n.m.r. data (Me,SO-ds): & 1.83 (s, 3 H, NAc), 4.18 (d, 1 H, J;. ;. 7 Hz, H-1"),
5.10(d, 1 H, J, , 8 Hz, H-1), 7.3 and 8.3 2 m, 2 x 2 H, aromatic), and 7.88 (d, 1 H,
Jxn.2 8 Hz, NH).

p-Nitrophenyl 6-O-[ 2-acetamido-4,6-di-O-acetyl-2-deoxy-3-0-(2,3,4,6-tetra-O-
acetyl-p-D-galactopyranosyl)-B-D-glucopyranosyl - 2, 3-O-isopropylidene-x - D-mannopy-
ranoside (9). — A solution of oxazoline 8 (902 mg, 1.5 mmol) and 7 (341 mg, | mmol)
in a 0.0IM solution of p-toluenesulfonic acid in 1,2-dichloroethane (10 mL) was
stirred at 65°, and the reaction was monitored by t.l.c. After 12 h, the acid was
neutralized with a few drops of pyridine, and the solution was evaporated to a dark-
brown residue which was dissolved in chloroform (100 mL), and the solution washed
twice with water (2 x 25 mL), dried, and evaporated. The solid residue was used as
such for the next reaction.

p-Nitrophenyl 6-O-[ 2-acetamido-4,6-di-O-acetyl-2-deoxy-3-0-(2,3,4,6-tetra-O-
acetyl-p-pD-galactopyranosyl)-§-p-glucopyranosyl -a-D-mannopyranoside  (10). — A
mixture of 9 (1.0 g) with 659 acetic acid (50 mL) was stirred for 1.5 h at 65°, cooled,
and evaporated. Several additions and evaporations of toluene gave a solid mass
which was purified by chromatography on a column of silica gel, with elution with
9:1 (v/v) chloroform~ethanol, to give amorphous 10 (200 mg) in an overall yield
of 22%; [«]p +41.2° (¢ 1.3, dichloromethane); '"H-n.m.r. data (Me,SO-d,): 6 1.83,
1.87, 1.97, 2.0, and 2.07 (cluster of singlets, 21 H, 6 Ac + 1 NAc), 543 (d, 1 H,
Ji,2 ~1 Hz, H-1), 7.23 and 8.23 (2m, 2 x 2 H, aromatic), and 7.73 (d, 1 H, Jyg 2
9 Hz, NH); *C-n.m.r. (Me,SO-d): § 20.21, 20.28 (OCOCH,), 22.77 (NHCOCH,),
53.72 (C-2"), 60.93 (C-6"), 61.82 (C-6"), 77.72 (C-3"), 99.01 (C-1), 99.78 (C-1'),
100.83 (C-1"), and 168.76-169.74 (C=0).

Anal. Cale. for C;4HsoN,0,, - H,0: C, 48.72; H, 5.60; N, 2.99. Found:
C, 48.87; H, 5.37; N, 2.87.

p-Nitrophenyl 6-O-(2-acetamido-2-deoxy-3-O-f-D-galactopyranosyl-p-p-gluco-
pyranosyl)-a-D-mannopyranoside (11). — O-Deacetylation of compound 10 (150 mg)
as described for 5 gave amorphous 11 (80 mg, 73%); [«]p +37.1° (c 0.5, water);
tlc. [11:9:2 (v/v) chloroform-methanol-water]: Ry 0.65; 'H-n.m.r. data (D,0):
4246 (s, 3 H, NAc),6.17(d, l H, J; , 2Hz, H-1), and 7.70 and 8.70 (2 m, 2 x 2 H,
aromatic).
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Anal. Calc. for C, H34N,O, -2 H,0: C, 44.44: H. 6.03; N. 3.99. Found:
C. 44.59; H, 5.98; N, 3.79.

Methyl 2-acetamido-3-O-benzyl-4.6-O-benzylidene-2-deox) - y-0-glucopyranoside
(13). — To a mixturc of mcthyl 2-acetamido-4,6-0O-benzylidenc-2-deory-2-n-gluco-
pyranoside (12; 10 g). N.N-dimethylformamide (250 mL), and powdcred potassium
hydroxide (10 g) was added benzyl chloride (15 mL) dropwise, with vigorous stirring.
durmg 15 min at 70~75 . The reaction was continued for 2 h, and the mixture was
cooled. and poured into ice-water (4 L) with stirring The solid thus produced was
collected by filtration, washed several times with cold water. and recrystalhized from
chloroform-hexane, to gwve pure 13 1n 537 yield (6.8 g); m.p. 228 230, [x],
+53.7 (¢ 0.9, N N-dimcthylformamide); vRP 3280 (NH). 1643 (Amide T). 1550
(Amide IT), 1500, 740, and 695 cm ™ ' (Ph).

Anal. Cale. for C, H,-NO,: C. 66.81: H. 6.58: N, 338 Found: C. 67.0
H., 6.81; N, 3.25.

Methvl 2-aceramido-3-O-benzyl-2-deoxy-a-p-glucopyranoside (14). — A mixture
of 13 (6.0 g) and 80° acctic acid (300 mL) was stirred for 1 h at 100", cooled. and
evaporated. Several additions and evaporations of water. and then of toluene, gave
a solid mass that was recrystallized from acetone-hexane. to afford 14 (3.5 g. 74" 1:
m.p. 181-182 | [«], +103.4° (¢ 0.8, methanol)y: viP7 3300 (OH ). 1640 (Anude 1),
1545 (Amide 1), 1500. 740, and 700 cm ™' (Ph): "H-n.m.r. data (Me,SO-d,). & 1.83
(s. 3 H, NAc), 3.3 (s, 3 H, OMe), 5.23 (d. | H, J 6 Hz, D,0O-cxchangeable, OH-4).
7.3 (m, 5 H, aromatic), and 3.0 (d. | H. J ., 9 Hz, NH).

Anal. Cale. for C,; H,;NO.: C. 59.06: H, 7.12: N. 4 30. Found: C. 58.82:
H, 7.23; N, 4.10.

Methyl 2-acetamido-3.6-di-O-benzyi-2-deoxy-x-D-glucopyranoside (18). — A
solution of 13 (0.858 g. 2 mmol) and sodium cyanoborohydride (1.131 g, I¥ mmol)
in dry oxolane (30 mL ) containing 3A molecular sieves (3 g) was cooled to 07, and
hydrogen chloride in diethyl ether was added until the solution was acidic (pH paper).
After 3 h at 0 , when t.lc. indicated complete reaction, the mixture was poured into
ice—water, and the product was extracted with dichloromethane The extract was
successively washed with saturated, aqueous sodium hydrogencarbonate and water,
dried (magnesium sulfate), and evaporated 1 vacuo. atfording a solid that was purified
by chromatography on a column of silica gel, with elution with 3:1 (v.v) chloroform
acetone. to give 15 (700 mg, 81.2° ) nup. 144 145 (from acctone-cther hexane),
[x]p +85.9° (¢ 1.1. chloroform); t.he. in 5: 1 chloroform -acetone. R, 0.53: 'H-n.m.r.
data (Me,SO-d,); ¢ 1.83 (s, 3 H, NAc), 3.3 (5. 3 H. OMe), 535 (d. | H. J 6 He,
D,0O-exchangeable. OH-4). 7.3 (m. [0 H. aromatic). and 7.95 (d. 1 H. J .. 9 Hz,
NH).

Anal. Calc. tor C, H,,NO,: C. 66.49; H. 7.04: N. 3.37. Found: C. 66.27,
H., 7.24; N, 3,43,

Methyl  2-acetamido-3.,6-di-O-henzyvi-2-deoxyv-4-0-(2, 3, 4.6-1etra-O-acetyvi-ff-v -
galactopyranosyi)-a-v-glucopyranoside (16). - A solution of the alcohol 15(2.493 g.
6 mmol) and mercuric cyanide (1.52 g, 6 mmol) in dry benzene (60 mL) was boiled
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under a nitrogen atmosphere until 30 mL of the solvent had distilled. A solution of
2,3,4,6-tetra-O-acetyl-a-p-galactopyranosyl bromide (2.47 g, 6 mmol) in dry benzene
(30 mL) was rapidly added, and the mixture was refluxed for 30 h, a further addition
of the bromide (1.24 g, 3 mmol) in dry benzene (30 mL) being made after 6 h. The
mixture was cooled to room temperature, diluted with benzene, successively washed
with 10 %, aqueous potassium iodide solution and water, dried (MgSQO,), and evapor-
ated to dryness, to give a solid residue which was used as such for the next reaction.
Methyl 2-acetamido- 3,6-di-O-benzyl-2-deoxy-4-O-B-D-galactopyranosyl-a-D-glu-
copyranoside (17). — A molar solution of sodium methoxide in methanol (4 mL)
was added to a solution of compound 16 (4 g) in dry methanol (40 mL), and the
mixture was kept overnight at room temperature, made neutral with acetic acid,
and evaporated; this was followed by a few additions and evaporations of dry toluene.
The solid mass was purified by chromatography on a column of silica gel, with elution
with 9:1 (v/v) chloroform-methanol, to afford amorphous 17 in 619, yield (from
15): [o]p +70.6° (c 1.3, Me,SO); 'H-n.m.r. data (Me,SO-d;): & 1.83 (s, 3 H,
NAc), 3.3 (s, 3 H, OMe), 7.3 (m, 10 H, aromatic), and 8.0 (d, 1 H, Jyu, 9 Hz, NH).
Methyl 2-acetamido- 2 - deoxy-4-O--D-galactopyranosyl - o- 0 - glucopyranoside
(18). — A solution of 17 (2 g) in glacial acetic acid (100 mL) was hydrogenolyzed
with hydrogen in the presence of 10%, Pd-C for 2 days. The suspension was filtered,
and the filtrate evaporated to dryness. The residue was purified by chromatography
on a column of silica gel, with elution with 65:35:8 (v/v) chloroform-methanol-
water, to give 18 in 809 vyield (1.1 g); m.p. 264-265° (methanol), [o], +98.4°
(¢ 0.9, Me,S0); 'H-n.m.r. (D,0): 6 2.42 (s, 3 H, NAc), 3.76 (s, 3 H, OMe), 4.85
(d, 1 H, J;. , 6 Hz, H-1"), and 5.63 (1 H, H-1); for *C-n.m.r. data, see Table IV.
Anal. Cale. for C{sH,;NO,,: C, 45.33; H, 6.85; N, 3.53. Found: C, 45.05;
H, 7.05; N, 3.68.
2-Methyl-[ 3,6-di-O-acetyl-2-deoxy-4-O-(2,3,4,6-tetra-O-acetyl- f-D-galactopy-
ranosyl)-a-D-glucopyrano) |- 2,1-d - 2-oxazoline (19). — A solution of compound 18
(200 mg) in a mixture of acetic anhydride (2.15 mL), acetic acid (1.4 mL), and sulfuric
acid (25 uL) was stirred for 2 days at room temperature. It was then diluted with
cold dichloromethane (100 mL), washed successively with ice-cold, saturated sodium
hydrogencarbonate solution and ice-cold water (2 x 10 mL), dried (anhydrous
sodium sulfate), and evaporated to give a solid material, t.l.c. of which in 10:10:1
(v/v) chloroform-ether-methanol showed two minor impurities. The product was
purified by chromatography on a column of silica gel, with elution with 10:10:1
{(v/v) chloroform—ether—-methanol, to afford amorphous 19 (170 mg, 55%); [¢]b
+35.9° (¢ 1, chloroform) {lit."* [a]p +17° (¢ 1.1, chloroform)}; vK2 1750 (Ac)
and 1675 cm™! (C=N); 'H-n.m.r. data (CDCl;): 6 1.97-2.17 (cluster of singlets,
21 H, 6 Ac + 1 Me of oxazoline) and 5.87 (d, 1 H, J 7.5 Hz, H-1).
p-Nitrophenyl 6-O-[ 2-acetamido-3,6-di-O-acetyl-2-deoxy-4-0-(2,3,4,6-tetra-O-
acetyl-f-D-galactopyranosyl)-B-p-glucopyranosyl}- 2, 3-O-isopropylidene- u- D-mannopy-
ranoside (20). — A solution of oxazoline 19 (1.44 g, 2.4 mmol) and 7 (682 mg, 2
mmol) in 0.0IM p-toluenesulfonic acid in dichloromethane (25 mL) was stirred at
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80 . and the reaction was monitored by t.l.c. Even after 4 days. t.he. still showed
some starting material. More p-toluenesulfonic acid (20 mg) was added. and stirring
was continued for a further 3 days. The mixture was cooled, made neutral with a few
drops of pyridine, and evaporated; the residuc was applied to a column of sitica gel
Elution with 5:1 (v;v) chloroform-acetone gave pure compound 20 (1 02 g, 537 ),
amorphous; [v], +187 (¢ [.2. chloroform): t.l.c. (3.2 chloroform-acetone): R,
0.48: "H-n.m.r. (Me,SO-d/,): & 1.3 and 1.4 (s cach. 2 x 3 H, sopropylidene methyls),
1.72 (s, 3 H, NAc). 1.87, 1.92, 1.99, 2.03 and 2.07 (cluster of singlets. 18 H. 6 Ac).
S83(d, I H.J,, 1.5 H7, H-1). 7.25 and 8.2 (2 m. 2 < 2 H, aromatic). and 7 67
(d. | H, Jyyu.. 9 Hz. NH).

Anal. Cale. for C;Hs,N,O,,: C, 51.35; H, 5.68: N, 2.92. Found: C, 51.15;
H, 5.77: N, 2,92,

p-Nutrophenyl 6-O-[ 2-acetamido-3.6-di-O-acetyl-2-deox v-4-0-( 2.3 4.6-re1ra-O-
acervl-fi-p-galactopy ranosyl)-fi-pD-glucopyranosyl |-y-v-mannopy ranoside (21). - The
isopropylidene group of compound 20 (750 mg) was removed as deseribed for the
preparation of 10, to give a solid residue which was purified by chromatography on
a column of silica gel, with clution with 9:1 (v,v) chloroform- methanol, to afford
21 in 63", yield (453 mg): m.p. 132 -133  (from acctone -cther), {7 |, +38.9 (¢ 1.1,
CH,Cl,); tle. (9:1 chloroform--methanol): R, 0.48: "H-n.m.r. data (Me,SO-d,):
O 1.77 (s, 3 H. NAc). 1,90, 195, 2.0, 2.05 and 2.1 (cluster of singlets. 18 H, 6 Ac),
45(dd. T H. J, 5 1.5/, 3 7.5 He  H-2), 545 (d, T H, /5 1.5 Hz  H-1), 7.23 and 823
(2m, 2 x 2 H.aromatic). and 7.67 (d. I H, Jg,;» 9 Hz. NH): HC-onmur data
(Me,S0-d,): & 20.2, 20.32. 20.51 (OCOCH,;). 22.6 (NHCOCH,;). S3.09 (C-2",
60.6 (C-6"), 62,15 (C-6"). 76.29 (C-4"). 9895 (C-1). 99 76 (C-1"), 10048 (C-1")
168.75, 169.14, 169.53, and 169.93 (C=0).

Anal. Cale. for C,sH(N,O, 0 C. 49.67: H. 5.49: N, 3.05, Found. C. 49.50.
H, 5.62; N, 3.04,

p-Nitropheny!  6-O-(2-acetamido-2-deoxy-4-O-fi-D-galuctopyranos - ff-D-gluc o-
pyranosyl)-o-D-mannopyranoside (22). -— O-Deacetylation of compound 21 (250 mg).
as described for 5. gave amorphous 22 (0.14 g. 77°,): [}, +41.6 (¢ I, water):
tle. (11:9:2 chloroform-methanol-water): R, 0.65: '"H-n.m.r (D,0): § 2.48 (s,
3 H, NAc), 6.17(d.  H. J, , 2 Hz, H-1), and 7.70 and 8.70 (2 m, 2 » 2 H. arematic).

Anal. Cale. for C, HixN,O - H,0: C, 45.61: H. 398 N. 409. Found:
C, 45.60; H. 5.83; N. 4.07.
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