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ABSTRACT

1,3,4,6-Tetra-O-acetyl-2-alkoxycarbonylamino-2-deoxy-g-D-glucopyranoses and 3,4,6-tri-O-ace-
tyl-2-alkoxycarbonylamino-2-deoxy-a-D-glucopyranosyl bromides have been used as donors in glycosyla-
tion reactions with model alcohols. B-Glycosides were obtained in good yields and with a high degree of
1,2-trans stereoselectivity. An oxazolidinone was formed as the main product from the reaction of some of
the glucopyranosyl bromides with alcohols of low reactivity, but the formation of all products could be
interpreted by a strong participation of the alkoxycarbonylamino group.

INTRODUCTION

Oligosaccharides of 2-amino-2-deoxy-D-glucose have great biological signifi-
cance. The glycans of glycoproteins, such as human milk oligosaccharides, contain
many f-D-GlcNAc-(1—n)-D-Man linkages together with pS-D-GlcNAc-(1—-4)-D-
GlcNAc residues'. Blood-group substances possess f-pD-GlcNAc-(1-3) and -(1 - 6)-D-
Gal linkages®. In antigenic polysaccharides, the f-D-GIcNAc residue is often encoun-
tered in Gram-positive and Gram-negative bacteria®. Lipid A from lipopolysaccharides
also comprises f-D-GIcNR-(1 —6)-D-GIcNR derivatives® (R = fatty acid).

Due to this wide biological occurrence and the potential biomedical applications
(diagnosis, vaccines) of synthetic oligosaccharides, there has been much research on
new methods of synthesis in the past ten years.

The oxazoline procedure>® and more recent developments’® are restricted mostly
to reactive aglycons, but their main advantage is the formation of pure N-acetylated
p-glycosides.

The phthalimido procedure®, in which bromide is the leaving group and silver
triflate—collidine is the promoter, is of general use and S-glycosides are formed with a
high degree of stereoselectivity and in high yields with most aglycons. A disadvantage of
this method is the need for dephthaloylation and reacetylation after the glycosylation
step’. This sequence cannot be applied to alkali-labile oligosaccharides.
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The last ten years have seen improvements in the above procedures. A new
method for the preparation of oxazolines has been developed'’, but the glycosylation
step has remained unchanged'.

The phthalimido method has been improved in both the glycosylation and
dephthaloylation steps. In the glycosylation step, better yields can be obtained using
leaving groups and promoters different from those originally used’. Anomeric -
acetates can be used as the leaving group with various Lewis acids as promoters; for
example, activation of the aglycon by tributylstannylation and stannic chloride' or
trimethylsilyl trifluoromethanesulfonate’® as promoter. Other groups have employed
trimethylsilyl trifluoromethanesulfonate as promoter with a f-acetylated donor and
without activation of the aglycon’*"’. Boron trifluoride etherate has been used as a
promoter for donors bearing a f-trichloroacetamidate leaving group'® in the synthesis
of oligosaccharides of glycoproteins'’, oligosaccharides with blood-group activity'®,
glycosphingolipids®, and a glycan-undecasaccharide®. The most recent improvement
in the synthesis of 2-amino-2-deoxy-f-p-glucosides having an N-phthaloyl substituent
was achieved by the use of methyl (or ethyl) f-thioglycosides with various promoters,
e.g., methyl triflate”, dimethyl(methylthio)sulfonium triflate’*, alkylsulfenyl triflate®,
phenylselenenyl triflate®, and nitrosyl tetrafluoroborate?*,

Although many improvements have been reported in the glycosylation step of the
phthalimido procedure, few changes have been described” for the removal of the
N-substituent.

New approaches have emerged which are based on the use of other participating
N-substituents. The N-allyloxycarbonyl group gave satisfactory results with simple
alcohols or monosaccharides™, and selective deprotection can be achieved by reaction
with Pd(0) complexes. This procedure has been extended to polyhydric alcohols® and
bacterial oligosaccharides®. Recently, the acylvinyl group has been introduced® in
reactions with simple alcohols. Similarly, cycloadducts of azodicarboxylates with gly-
cals have been proposed™ for -glycosylation.

With a view to generalize the N-allyloxycarbonyl procedure, we have been
interested in other N-alkoxycarbonyl substituents for §-glycosylation with 2-amino-2-
deoxy-D-glucose.

Heyns et al.* reported that the reaction of 3,4,6-tri-O-acetyl-2-benzyloxycarbo-
nylamino-2-deoxy-a-p-glucopyranosy! bromide with benzyl 2-acetamido-4,6-0-ben-
zylidene-2-deoxy-a-D-glucopyranoside promoted by mercury(II) cyanide gave an ox-
azolidinone derivative with migration of the benzyl group to the aglycon. Condensa-
tions of several alcohols with 3,4,6-tri-O-acetyl-2-alkoxycarbonylamino-2-deoxy-a-D-
glucopyranosy! chloride (ethyl, benzyl, and chloroethyl) promoted by silver saits gave
p-glycosides in moderate yields (42-46%) despite the use of a large excess of alcohol.
Moderate yields were also obtained in the reaction of 3,4,6-tri-O-acetyl-2-deoxy-2-0-ni-
trobenzyloxycarbonylamino-a-D-glucopyranosyl chloride with methanol®*’. An encou-
raging result for such glycosylations was that of the reaction between 3,4,6-tri-O-acetyl-
2-deoxy-2-(2,2,2-trichloroethoxycarbonylamino)-a-D-glucopyranosyl bromide and al-
lyl 2-acetamido-3-0-benzoyl-4-O-benzyl-2-deoxy-f-D-glucopyranoside, which gave a
(1-+6)-p-linked disaccharide derivative in good yield™®.
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RESULTS AND DISCUSSION

In seeking to generalize the N-allyloxycarbonyl procedure, the glycosylation of
simple alcohols was studied first. For model studies of the Koenigs—Knorr reaction,
Garegg et al.” used only the primary alcohols mono-, di- and trichloroethanol. We have
used 2-propanol and cyclohexanol (pK, 16.0), zert-butyl alcohol (pK, 18.0), and trichlo-
roethanol (pKX, 12.5) to exemplify secondary alcohols, tertiary hindered alcohols, and
low nucleophilicity.

Of the carbamates of 2-amino-2-deoxy-D-glucose tested, the methyl and ethyl
carbamates were used only as model compounds since N-deprotection requires drastic
conditions. Allyl, benzyl, trichloroethyl, 4-nitrobenzyl, and terf-butyl carbamates were
used because of their potential for selective removal variously by Pd(0) complexes®,
hydrogenolysis*, metallic reduction®, electrolysis®, or acid*.

The glycosyl donors 1,3,4,6-tetra-O-acetyl-2-alkoxycarbonylamino-2-deoxy-§-
D-glucopyranoses (2-8) and 3,4,6-tri-O-acetyl-2-alkoxycarbonylamino-2-deoxy-a-D-
glucopyranosyl bromides (9-14) were used.

The common precursor of 2-14 was 1*° which, after treatment with acid and
condensation with the appropriate chloroformate in the presence of sodium hydro-
gencarbonate, gave 2-8 in good yields (50-70%). Treatment of 2-8 conventionally with
hydrobromic acid gave 9-14 almost quantitatively, except for 8 which underwent some
hydrolysis.
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TABLEI

Reactions of glucosyl donors 2-14 with alcohols”

Starting material

2 3 4 5 6 7 8
Alcohol
(R'OH) Reaction product

15 16 17 18 19 20 21
2-Propanol a 76 88 95 59 55 53 58 (3%)°
Cyclohexanol b 46 65 83 60 40 56 55(34)
tert-Butyl alcohol ¢ 32 31 32 15 20 28 59 (36)
Trichloroethanol d 57 44 69 34 34 56

Starting material

9 10 11 12 13 14
Alcohol
(ROH) Reaction product

15 16 17 18 19 20
2-Propanol a 68 66 76 (5) 72 (28) 58 63 (2)
Cyclohexanol b 72 61 70 (10) 81 (10) 64 71 (2)
tert-Butyl alcohol c 74 64 55(29) 45 (28) 53 47 (3)
Trichloroethanol d 13 14 9 (68) 2 (68) 2 1(47)

“Reactions involved 1 equiv. of the alcohols under the conditions noted in the text. * Yields (%) are given for
products purified by column chromatography. ¢ Values in parentheses represent the amount (%) of 22.

The carbamates 2-8 were used in glycosylation reactions under the conditions
reported®® (dichloromethane, — 35°, stoichiometric amounts of alcohol and trimethylsi-
lyl trifluoromethanesulfonate as promoter). The expected f-glycosides 15a—20d were
obtained as major compounds (Table I), the only exception being 8. The glycosyl
bromides 9-14 were reacted with stoichiometric amounts of alcohols and mercury(II)
cyanide as promoter in dichloromethane at room temperature. The f-glycosides
15a-20d were obtained usually as major products together with the oxazolidinone 22
previously reported®. The *C-n.m.r. spectra of the donors 2-8 and of the products of
glycosylation are reported in Table I1.

The results in Table I accord with the conclusions drawn from studies of the
N-allyloxycarbonyl glycosylation procedure®. The formation of 15-20 and 22 reflects
participation of the N-alkoxycarbonyl group in the glycosylation step (Scheme 1).

Starting from 2-7, displacement of the anomeric group, promoted by the Lewis
acid, is assisted by the N-alkoxycarbonyl group and yields the intermediate alkoxyoxa-
zolinium ion I. Starting from 9-14, the oxocarbenium ion 11, obtained by the heavy-
metal-salt-promoted cleavage of the carbon—halogen bond, can rearrange into I by
participation of the N-substituent. Nucleophilic attack on the cyclic intermediate I can
occur via pathways a—¢ (Scheme 1). As noted™ for 4 and 11, pathway a gives rise to
B-glycosides by reaction with alcohols, products from pathway b are not observed, and
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TABLE II

BC-N.m.1. spectra of f-acetylated glycosyl donors and of S-glycosides (spectra recorded for solutions in
CD,COCD,, unless otherwise stated)”

Compound C-1 C-2 C-3 C-4 C-5 C-6 R R
2 93.07 55.71 73.28°  69.27 73.14%  62.51 52.29
15a 100.61 57.12 73.68° 70.06 72.72¢  63.04 52.01 72.24%, 23,65,
22.17
15b 100.40 57.12 73.61°  70.11 7222 63.03 52.03 77.57, 5CH,
15¢ 96.56 57.37 73.51>  70.33 71.98%  63.27 52.02 76.37, 28.49
15d 102.34 S56.61 73.08° 69.72 72.64°  62.64 52.08 97.37, 81.01
3 93.11 55.58 73.32%  69.24 73.15°  62.51 61.16, 14.86
16a 100.61 56.97 73.67°  70.06 7220°  63.03 60.83,14.98  72.72*, 23.68, 22.2
16b 100.37 56.98 73.61°  70.09 72.18  63.01 60.8, 14.99 7741, 5 CH,
16¢ 96.54 57.23 73.50*  70.31 71.94%  63.25 60.77, 15.03 76.33, 28.77
16d 102.33 56.45 73.13*  69.69 72.62°  62.63 60.93, 1495 97.37,80.98
4 92.88 55.50 73.13*  69.08 7298  62.37 133.99, 116.83,
65.54
17a 100.29 56.81 73.45* 69.84 71.96° 62.85 134.12, 116.66, 72.53%, 23.59,
65.27 22.17
17b 100.24 56.96 73.59*  70.01 72.12% 6296 134.42,116.87, 77.52,5CH,
65.42
17¢ 96.48 57.22 73.50*  70.24 71.92%  63.22 134.49,116.90, 76.36, 28.78
65.37
17d 102.13  56.39 72.99°  69.60 72.50*  62.56 134.26, 117.06, 97.24, 80.89
65.57
5 93.11 55.71 73.31*  69.26 73.19*  62.50 5 Ph, 66.71
18a° 98.52 55.34 71.68" 68.16 70.44° 6142 5 Ph, 65.64 76.44, 19.71, 19.59
18b° 99.27 56.39 7230 69.22 71.47°  62.42 5 Ph, 66.67 77.77, 5 CH,
18¢° 9549 56.59 72.32  69.46 71.23*  62.70 S Ph, 66.64 76.31, 28.32
18d 102.27 56.62 73.21*  69.71 72.70°  62.67 5 Ph, 66.64 97.37, 81.01
6 92.72 55.67 73.09° 69.13 72.92°  62.35 96.67, 74.61
19a 100.26 57.07 73.36°  69.92 72.70°  62.90 96.88, 74.60 71.17%, 23.61,
22.17
19b 9998 57.05 73.29°  69.90 72.100 6284 96.83, 74.60 71.61, 5 CH,
19¢ 96.55 57.42 73.48%  70.29 72.09° 63.27 96.55, 74.76 76.61, 28.86
19d 102.03 56.74 73.04°  69.63 72700  62.60 96.81, 74.86 96.81, 80.97
7 9298 55.86 73.21 69.21 73.21 62.48 4 Ph, 65.49
20a° 99.23 56.70 72.75*  69.00 71.68° 62.37 4 Ph, 65.29 71.68%, 23.29,
21.87
20b° 98.99 56.69 72.04* 68,99 71.64°  62.33 4 Ph, 65.28 77.87,5 CH,
20¢° 95.25 56.86 7198 69.27 71.40" 62.63 4 Ph, 65.22 76.51, 28.37
20d° 101.49 56.13 72.08° 68.60 71.60° 6195 4 Ph, 65.43 96.29, 80.54
8 93.30 55.25 7347  69.35 73.24° 62.58 79.42, 28.40

“ The spectra contain additional signals corresponding to the acetyl (CH,CO) group and a differentiated CO
signal (6 156.2 +1.2) for the carbamate function. * Attributions on the same line could be interchanged.
© Spectra recorded for solutions in CDCl,.
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Scheme 1. Mechanism of the glycosylation reactions.

pathway c leads to the oxazolidinone 22 after elimination of the carbamate alkyl group
R. The reactivity of 8 is different from that of 2-7, because of instability of the
N-substituent during glycosylation, and will be discussed separately.

Except for 8, the formation of 22 was observed only when 9-14 were used as
donors. Compound 22 could have resulted from the transcarbamoylation of the reduc-
ing sugar (e.g., 23 or 24, Scheme 1) formed by hydrolysis of the glycosyl bromide.
However, 23 and 24, prepared by selective hydrolysis* of 4 and 8, did not react in the
presence of mercury(I1) cyanide. Therefore, 22 is formed by pathway cin Scheme 1. This
reaction was observed mainly during glycosylation of alcohols of low nucleophilicity
and with carbamates bearing alkyl groups which can accommodate a positive charge
(allyl, benzyl, p-nitrobenzyl). Even with alcohols of higher molecular weight, the
aglycon was never recovered in the etherified form as reported by Paulsen et al.®®,
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showing that the cleavage of the alkyl group was not due to a nucleophilic attack by the
acceptor alcohol. Furthermore, the nature of the by-products of the reaction and the
acceleration of the rate of formation of the oxazolidinone by the addition of tetra-
ethylammonium bromide demonstrated that bromide ion, formed by anomeric dis-
placement, was the probable driving force.

Pathway b in Scheme 1 was not observed with 2-8 or 9-14. This result differs from
the observations made during glycosylations with 2-O-alkoxycarbonyl donors where
the orthocarbonates could be isolated in good yields*, and accords with the difference
of reactivities between 2-0- and 2-N-acetylated donors.

The f-glycosides 15-20 were obtained generally in reasonable yields starting from
both 9-14 or 2-7 but, as reported®, were usually better from the latter (except with
tert-butyl alcohol). The acidic conditions created by the use of trimethylsilyl triflate
could explain the moderate yields [obtained from 2-7 with terz-butyl alcohol], since
both the alcohol and the corresponding glycosides are acid labile. The appropriate
choice of a donor allowed the glycosylation of all of the model alcohols as well as the
mono- or oligo-saccharides which were studied in more detail with 4 and 113324
Therefore, the glycosyl bromides 9-14 are suitable for the glycosylation of secondary
and tertiary alcohols, but fail with acidic alcohols of low nucleophilicity, whereas the
fB-acetates 2-7 can glycosylate the latter alcohols but fail with acid-labile alcohols.

As noted above, the N-tert-butoxycarbonyl derivative of 2-amino-2-deoxy-D-
glucose reacts in a way which is different from that of the other members of the series.
Due to its acid lability, it was impossible to prepare the corresponding glycosyl bromide
because of hydrolysis of the N-substituent. Reactions of less aggressive chlorinating
agents (e.g. the Vilsmeier reagent®®) on 24, obtained by regioselective hydrolysis of 8, led
to mixtures of glycosyl chloride and oxazolidinone 22 which were difficult to purify.
Attempts to use 8 as a donor in glycosylation reactions were also characterized by the
cleavage of the N-substituent, and the main compounds recovered were the amine 21
and 22 (Table I). The unique formation of 22 from a f-acetylated derivative could be due
to removal of one of the tert-butyl protons from the intermediate I (Scheme 1) to form
isobutylene together with 22.

The main advantage of all the above glycosylations is the high degree of ster-
eoselectivity. The a-glycosides that could have resulted from an attack of the alcohol on
the intermediate II were not detected. This finding indicates a strong participation of the
N-substituent, leading to the exclusive attack on the ion I. The better delocalization of
the positive charge in I, compared with the corresponding oxazolinium ions, is probably
the main contribution to the lowering of the free energy of formation. The role of this
delocalization can be quantified by comparison with results reported in the literature.
Thus, the enthalpy of formation of trioxocarbenium ions from orthocarbonates was
calculated to be 63 kcal.mol~' lower than that of dioxocarbenium from orthoesters®.
Therefore, the high reactivies and 1,2-trans stereoselectivities of the N-alkoxycarbonyl
derivatives of 2-amino-2-deoxy-D-glucose probably can be explained in terms of partici-
pation of these N-substituents, which represent a compromise between the very largely
delocalized phthaloyl, and the much less delocalized oxazolinium, intermediates.
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The use of N-alkoxycarbonyl derivatives of 2-amino-2-deoxy-D-glucose for gly-
cosylation complements the oxazoline and phthalimido procedures. The starting mate-
rials are easy to prepare and to handle; §-glycosides are obtained with a high ster-
eoselectivity and in good yields, and the N-substituent can be removed selectively under
various conditions depending on its nature.

Application of the method in the synthesis of oligosaccharides is being studied.

EXPERIMENTAL

Melting points were determined on a Biichi apparatus and are uncorrected.
Optical rotations were measured at 21° with a Perkin—Elmer 241 polarimeter in a 1-dm
cell. The 'H- (300 MHz) and “C-n.m.r. (75.5 MHz) spectra (internal Me,Si) were
recorded with a Bruker AM 300 spectrometer. Elemental analyses were performed at
the Laboratoire Central d’Analyses du CNRS (Solaize, France). Column chromato-
graphy was performed on Silica Gel 60 Merck (230-400 mesh).

Synthesis of 1,3 ,4,6-tetra-O-acetyi-2-alkoxycarbonylamino-2-deoxy-f-D-glucopy-
ranoses (2-7). — Compound 1 (ref. 45) (56 g, 120 mmol) was dissolved in refluxing
acetone (300 mL). After the addition of 5.5M hydrochloric acid (24.7 mL, 132 mmol), the
amine hydrochloride precipitated immediately. The mixture was cooled to room tem-
perature, and the product was filtered off, washed with ether, and dried. A solution of
the hydrochloride (36.8 g, 94 mmol) in water (900 mL) was treated with sodium
hydrogencarbonate (16.0 g, 188 mmol). After 10 min, the alkyl chloroformate (103
mmol) and chloroform (500 mL) were added and the mixture was stirred for 1 h at room
temperature. The aqueous layer was extracted with chloroform twice, and the combined
chloroform solutions were washed with water, dried (CaCl,), and concentrated to
dryness. The residue was triturated twice with ether before recrystallization from ether
or ether—ethyl acetate. The following compounds were prepared in this manner. The
BC-n.m.r. data are recorded in Table II.

1,3,4,6-Tetra-0O-acetyl-2-deoxy-2-methoxycarbonylamino-f-D-glucopyranose
(2,65%), m.p. 146-148°, [a], + 16° (¢ 4.1, chloroform); lit.* m.p. 148-149°, [a], +21.4°.
'H-N.m.r. data (CDCl,): 6 5.6 (d, 1 H, J,, 8.0 Hz, H-1).

1,3,4,6-Tetra-0O-acetyl-2-deoxy-2-ethoxycarbonylamino-§-D-glucopyranose (3,
61%), m.p. 144-145°, [a], + 16° (¢ 3.2, chioroform); lit.”® m.p. 144-145°, [a], + 16.1°.
'H-N.m.r. data (CDCL,): 5.8 (d, 1 H, J,, 8.0 Hz, H-1).

1,3,4,6-Tetra—0-acetyl-2—aillyloxycarbonylamino-2-deoxy-,B-D-glucopyranose “,
69%), m.p. 130-132°, {a], +16° (¢ 1.2, chloroform); lit.** m.p. 109-110°, [a], +25.9°.

1,3,4,6-Tetra-O-acetyl-2-benzyloxycarbonylamino-2-deoxy-f-D-glucopyranose
(5, 55%), m.p. 150-151°, [a], + 17° (¢ 2.8, chloroform); lit.> m.p. 150-151°, [a], +21.5°.
'H-N.m.r. data (CDCL,): 6 5.8 (d, 1 H, J,, 8.0 Hz, H-1).

1,3,4,6-Tetra-0-acetyl-2-deoxy-2-(2,2,2-trichloroethoxycarbonylamino)-f-D-
glucopyranose (6, 48%),122-123°, [a], +15° (¢ 3.2, chloroform). 'H-N.m.r. data
(CDCL,): 65.9(d, 1 H, J , 8.0 Hz, H-1).

Anal. Calc. for C,H,,CI,NO,: C, 39.06; H, 4.24; Cl, 20.35; N, 2.68. Found: C,
39.01; H, 4.00; Cl, 20.49; N, 2.52.
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1,3,4,6-Tetra-0O-acetyl-2-deoxy-2-(4-nitrobenzyloxycarbonylamino)-#-D-gluco-
pyranose (7, 48%), m.p. 139-140°, [a], +21° (¢ 2.9, chloroform). 'H-N.m.r. data
(CDCly): 65.8(d, 1H, J,,8.1 Hz, H-1).

Anal. Cale for C,,H,N,0,;: C, 50.19; H, 4.98; N, 5.32. Found: C, 50.39; H, 5.01;
N, 5.52.

1,3 ,4,6-Tetra-O-acetyi-2-deoxy-2-( 1,1-dimethylethoxycarbonylamino ) -f-D-glu-
copyranose (8). — The free amine 21 was extracted before treatment with di-tert-butyl
dicarbonate (1.2 equiv.) in refluxing tetrahydrofuran for 6 h. The mixture was concen-
trated, and the residue was crystallised from ether to give 8 (72%), m.p. 185-187°, [a],
+15° (¢ 1, chloroform). '"H-N.m.r. data (CDCl,): 6 5.8 p.p.m.(d, 1 H, J,, 8.8 Hz, H-1).

Anal. Calc. for C,;H,()NO,: C, 51.00; H, 6.53; N, 3.13. Found: C, 50.89; H, 6.49;
N, 3.01.

Synthesis of 3,4,6-tri-O-acetyl-2-alkoxycarbonylamino-2-deoxy-a-p-glucopyrano-
syl bromides (9—14). — A solution of 1,3,4,6-tetra-O-acetyl-2-alkoxycarbonylamino-2-
deoxy-f-p-glucopyranose (10 mmol) in acetic acid (20 mL) was treated at room
temperature with 3 equiv. of hydrobromic acid (33% w/v in acetic acid) for 2-3 h. The
mixture was then poured into ice-water and extracted with chloroform, and the extract
was neutralized with cold, dilute aqueous sodium carbonate, washed with water, dried
(CaCl,), and concentrated to give the crude bromides 9-14 (72-91%) as chroma-
tographically homogeneous products each of which had a characteristic resonance for
H-1atd 6.7 £0.5(J,,3.5 +£0.1 Hz). Due to their low stability, 9-14 were used without
further purification.

Glucosylation reactions. — (a) From the f-acetates 2-8. A solution of the glycosyl
donor (1 mmol) and the alcohol (1 mmol) in dichloromethane (10 mL) was flushed with
dry nitrogen and cooled to — 35°. Trimethylsilyl trifluoromethanesulfonate was then
added through a syringe, and the mixture was stirred at —35° overnight, and then
neutralized at —35° with triethylamine (2 mmol). When the temperature had reached
0°, the mixture was washed with dilute aqueous sodium hydrogencarbonate and then
water, dried (CaCl,), and concentrated. The residue was eluted from a column of silica
gel with ethyl acetate-hexane (1:1). The yields are recorded in Table 1.

(b) From the glucopyranosy!l bromides 9-14. — The glucosyl donor (1 mmol) and
mercury(II) cyanide (1 mmol) were dried together overnight, then dissolved in dichloro-
methane (15 mL). The alcohol (1 mmol) was then introduced through a syringe, the
mixture was stirred at room temperature, and the reaction was monitored by t.l.c. until
the starting material had disappeared (5-20 h). The mixture was filtered through Celite,
the filter pad was washed with chloroform, and the combined filtrate and washings were
washed with dilute aqueous potassium iodide and water, dried (CaCl,), and concentrat-
ed. The residue was eluted from a column of silica gel with ethyl acetate—hexane (1:1).
The yields are recorded in Table I and the *C-n.m.r. data in Table II. The following
compounds were prepared by these methods.

1-Methylethyl 3,4,6-tri-O-acetyl-2-deoxy-2-methoxycarbonylamino-#-p-gluco-
pyranoside (15a), m.p. 171-172°, [a], +0.3° (¢ 3.2, chloroform).
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Anal. Calc. for C;H,NO,: C, 50.37; H, 6.71; N, 3.46. Found: C, 49.96; H, 6.35;
N, 3.42.

Cyclohexy! 3,4,6-tri-O-acetyl-2-deoxy-2-methoxycarbonylamino-g-p-glucopy-
ranoside (15b), m.p. 169-170°, [a], —3.7° (c 3.9, chloroform).

Anal. Calc. for C,,H, NO,,: C, 53.93; H, 7.01; N, 3.14. Found: C, 53.86; H, 6.96;
N, 3.20. ,

1,1-Dimethylethyl 3,4,6-tri-O-acetyl-2-deoxy-2-methoxycarbonylamino-f-D-
glucopyranoside (15¢), m.p. 163-164°, [a], +11° (¢ 2.5, chloroform).

Anal. Calc. for C,;H,NO,,: C, 51.55; H, 6.97; N, 3.34. Found: C, 51.06; H, 6.78;
N, 3.23.

2,2,2-Trichloroethyl 3,4,6-tri-O-acetyl-2-deoxy-2-methoxycarbonylamino--p-
glucopyranoside (15d), m.p. 184-185°, [a}, —3.9° (¢ 2.5, chloroform).

Anal. Calc. for C,(H,,CI,NO,,: C, 38.85; H, 4.48; Cl, 21.50; N, 2.83. Found: C,
39.10; H, 4.61; Cl, 21.09; N, 2.99.

1-Methylethyl 3,4,6-tri-O-acetyl-2-deoxy-2-ethoxycarbonylamino-#-p-glucopy-
ranoside (16a), m.p. 157-159°, [a], +2.1° (c 3.5, chloroform).

Anal. Calc. for C,;H,,NO,,: C, 51.55; H, 6.97; N, 3.34. Found: C, 51.18; H, 6.99;
N, 3.26.

Cyclohexyl 3,4,6-tri-O-acetyl-2-deoxy-2-ethoxycarbonylamino-$-D-glucopyra-
noside (16b), m.p. 144-145°, [a], —3.3° (c 2.8, chloroform).

Anal. Calc. for C,)H,;NO: C, 54.89; H, 7.24; N, 3.05. Found: C, 54.67; H, 7.27,
N, 2,99,

1,1-Dimethylethyl 3,4,6-tri-O-acetyl-2-deoxy- 2—ethoxycarbonylammo-ﬂ-D-glu-
copyranoside (16¢), m.p. 169-170°, [a], + 12° (¢ 3.2, chloroform).

Anal. Calc. for C,;H; NO,;: C, 52.65; H, 7.21; N, 3.23. Found: C, 52.36; H, 7.27;
N, 3.17.

2,2,2-Trichloroethyl 3,4,6-tri-O-acetyl-2-deoxy-2-ethoxycarbonylamino-§-p-
glucopyranoside (16d), m.p. 142-143°, [a}, —2.6° (¢ 2.5, chloroform).

Anal. Calc. for C;H,,C1;NO,: C, 40.14; H, 4.76; Cl, 20.91; N, 2.75. Found: C,
39.87; H, 4.66; Cl, 20.69; N, 2.52,

1-Methylethyl 3,4,6-tri-O-acetyl-2-allyloxycarbonylamino-2-deoxy-S-D-gluco-
pyranoside® (17a), m.p. 148-149°, [a], +4.2° (c 1, chloroform).

Anal. Calc. for C ;H,,NO,,: C, 52.89; H, 6.78; N, 3.25. Found: C, 52.85; H, 6.75;
N, 3.21.

Cyclohexyl 3,4,6-tri-O-acetyl-2-allyloxycarbonylamino-2-deoxy-f-p-glucopyra-
noside (17b), m.p. 138-139°, [a], — 1.5° (¢ 3, chloroform),

Anal. Calc. for C,H;;NO,,: C, 56.04; H, 7.05; N, 2.97. Found: C, 56.25; H, 7.22;
N, 2.95.

1,1-Dimethylethyl 3,4,6-tri-O-acetyl-2-allyloxycarbonylamino-2-deoxy-$-D-glu-
copyranoside (17¢), m.p. 164-165°, [a], + 14° (¢ 3.9, chloroform).

Anal. Calc. for C,;H; NO,: C, 53.93; H, 7.01; N, 3.14. Found: C, 54.09; H, 6.91;
N, 3.19.

2,2,2-Trichloroethyl 3,4,6-tri-O-acetyl-2-allyloxycarbonylamino-2-deoxy-$-D-
glucopyranoside (17d), m.p. 157-158°, [a], —9.6° (¢ 3.4, chloroform).
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Anal. Calc. for C,;H,,CLNO,: C, 41.52; H, 4.65; Cl, 20.42; N, 2.69. Found: C,
41.67; H, 4.62; Cl, 20.50; N, 2.73.

1-Methylethyl 3,4,6-tri-O-acetyl-2-benzyloxycarbonylamino-2-deoxy-f-p-glu-
copyranoside (18a), m.p. 154-155°, [a], + 3.0° (c 1.3, chloroform).

Anal. Calc. for C,;H,; NO,;: C, 57.37; H, 6.49; N, 2.91. Found: C, 57.38; H, 6.58;
N, 3.04.

Cyclohexyl 3,4,6-tri-O-acetyl-2-benzyloxycarbonylamino-2-deoxy-f-D-glucopy-
ranoside (18b), m.p. 171-172°, [a], +6.2° (¢ 0.8, chloroform).

Anal. Calc. for C,dH3,NO,: C, 59.88; H, 6.76; N, 2.69. Found: C, 59.93; H, 6.63;
N, 2.60.

1,1-Dimethylethyl 3,4,6-tri-O-acetyl-2-benzyloxycarbonylamino-2-deoxy-f-D-
glucopyranoside (18¢), m.p. 157-158°, [a}, + 15° (¢ 1.6, chloroform).

Anal. Calc. for C,,H;;NO,: C, 58.17; H, 6.71; N, 2.83. Found: C, 57.88; H, 6.73;
N, 2.85.

2,2,2-Trichloroethyl 3,4,6-tri-O-acetyl-2-benzyloxycarbonylamino-2-deoxy-$-D-
glucopyranoside (18d), m.p. 172-173°, [a], —3.0° (¢ 0.9, chloroform).

Anal. Calc. for C,gH,,CI,NO,: C, 46.29; H, 4.59; Cl, 18.63; N, 2.45. Found: C,
46.23; H, 4.58; Cl, 18.21; N, 2.43.

I-Methylethyl 3.4,6-tri-O-acetyl-2-deoxy-2-(2,2,2-trichloroethoxycarbonyl-
amino)-f-D-glucopyranoside (19a), m.p. 134-135°, [a], + 3.4° (¢ 1, chloroform).

Anal. Cale. for CzH,CI,NO,: C, 46.29; H, 4.59; Cl, 18.63; N, 2.45. Found: C,
46.23; H, 4.58; Cl, 18.21; N, 2.43.

Cyclohexyl 3,4,6-tri-O-acetyl-2-deoxy-2-(2,2,2-trichloroethoxycarbonylamino)-
p-D-glucopyranoside (19b), m.p. 136-137°, [a], ~0° (¢ 1.1, chloroform).

Anal. Calc. for C, H,,CI;NO,: C, 44.82; H, 5.37; Cl, 18.90; N, 2.49. Found: C,
45.10; H, 5.37; Cl, 18.82; N, 2.44.

1,1-Dimethylethyl 3,4,6-tri-O-acetyl-2-deoxy-2-(2,2,2-trichloroethoxycarbonyl-
amino)-f-p-glucopyranoside (19¢), m.p. 173-174°, [a], +8.7° (c 1.2, chloroform).

Anal. Calc. for C,;H,,CLLNO,;: C, 42.51; H, 5.26; Cl, 19.81; N, 2.61. Found: C,
42.93; H, 5.32; Cl, 19.85; N, 2.98.

2,2,2-Trichloroethyl 3,4,6-tri-O-acetyl-2-deoxy-2-(2,2,2-trichloroethoxycarbon-
ylamino)-f-D-glucopyranoside (19d), m.p. 134-135°, [a], —9.0° (c 1.1, chloroform).

Anal. Cale. for C;H,,CI(NO,,: C, 33.36; H, 3.46; Cl, 34.75; N, 2.29. Found: C,
33.75; H, 3.50; Cl, 34.35; N, 2.25.

1-Methylethyl 3,4,6-tri-O-acetyl-2-deoxy-2-(4-nitrobenzyloxycarbonylamino)-
B-D-glucopyranoside (20a), m.p. 187-188°, [a], +4.1° (¢ 0.7, chloroform).

Anal. Calc. for C,;H,()N,0,,: C, 52.47; H, 5.74; N, 5.32. Found: C, 52.49; H, 5.77;
N, 5.18.

Cyclohexyl 3,4,6-tri-O-acetyl-2-deoxy-2-(4-nitrobenzyloxycarbonylamino)-$-p-
glucopyranoside (20b), m.p. 179-180°, [a}, +2.0° (¢ 1.5, chloroform).

Anal. Calc. for C,3H,)N,0,,: C, 55.12; H, 6.05; N, 4.94. Found: C, 55.20; H, 5.96;
N, 4.85.
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1,1-Dimethylethyl 3,4,6-tri-O-acetyl-2-deoxy-2-(4-nitrobenzyloxycarbonyl-
amino)-g-D-glucopyranoside (20c), m.p. 171-172°, [a], + 15° (¢ 1.2, chloroform).

Anal. Calc. for C,,H;;N,0,,: C, 53.33; H, 5.97; N, 5.18. Found: C, 53.29; H, 5.96;
N, 5.06.

2,2,2-Trichloroethyl 3,4,6-tri-O-acetyl-2-deoxy-2-(4-nitrobenzyloxycarbonyli-
amino)-f-p-glucopyranoside (20d), m.p. 168-169°, [a], —8.2° (¢ 1.9, chloroform).

Anal. Calc. for C,,H,,CI,N,0,,: C, 42.91; H, 4.09; C1, 17.27; N, 4.55. Found: C,
43.19; H, 4.08; Cl, 16.97; N, 4.49.

1,3,4,6-Tetra-O-acetyi-2-amino-2-deoxy-f-p-glucopyranose (21). — Compound 1
was treated as described above for the synthesis of 2-7 but the mixture was extracted
with chloroform before addition of the chloroformate. After drying (CaCl,) and
concentration, the product was recrystallized from ethanol to give 21 (88%), m.p.
142-143°, [a], +28° (¢ 1, chloroform). '"H-N.m.r. data (CDCl,): 6 5.45(d, 1 H, J,, 8.6
Hz, H-1), 5.20-4.95(m, 2 H, H-3,4),4.33(dd, 1 H, J, 4 4.6, J; 12.4 Hz, H-6), 4.07 (dd, 1
H, J;¢ 2.3 Hz, H-6'), 3.84 (m, 1 H, J,5 9.6 Hz, H-5), 3.02 (m, 1 H, H-2).

Anal. Calc. for C,,H,NO,: C,48.41; H, 6.09; N, 4.03. Found: C,48.21; H,6.17; N,
3.96.

3.4,6-Tri-O-acetyl-2-amino-1,2-N,O-carbonyl-2-deoxy-a-D-glucopyranose  (22).
— This material, recovered as a compound of lower R, from the glycosylation mixtures
of donors 17 or 18 with trichloroethanol (yields in Table I), had m.p. 174-175°, [a],
+29° (¢ 1, chloroform); lit.* m.p. 170.5-171°, [a}, +23.7°. N.m.r. data; '"H (CDCl,), §
6.02(d,1H,J,,6.9Hz,H-1),5.10(dd, 1 H, J,,3.4,J,,3.2Hz,H-3),495(m, 1 H, J, 8.7,
J,;1.1Hz,H-4),4.86(dd, 1H,J,,5.1,J, 12.2Hz, H-6),4.21(dd, 1 H, J, 3.6 Hz, H-6"),
4.19 (m, 1 H, J,y 1.1 Hz, H-2), 4.06 (m, 1 H, H-5); "C (CD,COCD;), é 157.24
(NHCOO), 96.15 (C-1), 70.80, 68.89, 68.19 (C-3,4,5), 63.96 (C-6), 52.92 (C-2).

3,4,6-Tri-O-acetyl-2-allyloxycarbonylamino-2-deoxy-a-D-glucopyranose (23). —
To a solution of 4 (17.95 g, 41.6 mmol) in the minimum amount of N,N-dimethylforma-
mide at 50° was added hydrazine acetate (4.59 g, 49.9 mmol), and the mixture was kept
at 50° until dissolution was complete. After 10 min at room temperature, the mixture
was diluted with ethyl acetate (150 mL), washed with brine, dried, and concentrated to
dryness. Column chromatography (ethyl acetate—hexane, 2:1) of the residue and recrys-
tallization from ether gave 23 (71%), m.p. 122-123°, [a}, +37° (c 3.3, chloroform).
'H-N.m.r. data (CD,COCD): 6 5.30 (dd, 1 H, J,,=J;,= 9.5Hz,H-3),5.21(d, 1 H, J,,
3.2Hz,H-1),4.89(dd, 1 H, J, 9.4 Hz, H-4), 4.30-3.95 (m, 3 H, H-5,6,6"), 3.90 (m, | H,
H-2).

Anal. Calc. for C,(H,,NO,;: C, 49.36; H, 5.95; N, 3.60. Found: C, 48.98; H, 5.95;
N, 3.63.

3,4,6-Tri-O-acetyl-2-deoxy-2-( 1,1-dimethylethoxycarbonylamino )-D-glucopyra-
nose (24). — Obtained from 8, as an gf-mixture, as described for 23, 24 (82%, af-ratio
10:1) was a syrup. N.m.r. data (CD,COCD,): 'H, § 5.24 (dd, 1 H, J,,=J,, = 9.5 Hz,
H-3),5.21(d, 1 H, J,, 3.0 Hz, H-1a), 5.01 (dd, 1 H, J, 5 9.5 Hz, H-4), 4.25-4.00 (m, 3 H,
H-5,6,6'), 3.86 (m, 1 H, H-2); ¥C, & 157.92, 156.43 (NHCOO), 96.60 (C-15), 92.49
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(C-1a),79.44, 79.12[C(CH,),}, 74.10(C-3p), 72.29, 72.07 (C-5), 69.97, 69.71 (C-4), 68.05
(C-3a), 63.16 (C-6), 57.76, 54.54 (C-2).

Anal. Cale. for C;H,,NO,,: C, 51.7%; H, 6.52; N, 3.35. Found: C, 51.51; H, 6.29;
N, 3.14.
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