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2-Acetamido-2-deoxy-b-D-mannopyranose (1) was glycosylated by the Fischer method
using an acidic ion-exchange resin as the catalyst to give a-methyl glycoside 2. Selective
pivaloylations of methyl 2-acetamido-2-deoxy-a-D-mannopyranoside (2) have been
studied under various reaction conditions. Two partially pivaloylated products were
submitted to additional acetylations. All structures were established by NMR spec-
troscopy. Structure of the methyl 2-acetamido-2-deoxy-3,6-di-O-pivaloyl-a-D-mannopyr-
anoside (4) was determined by X-ray analysis.
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INTRODUCTION

In our previous reports we described the synthesis[1–3] of several series of
pivaloylated and acetylated monosaccharides, and the structures of some of
them[4,5] were determined by crystal structure analysis. Some of those
compounds showed to be good substrates for esterases present in rabbit[6]

and guinea pig[7] sera. We also observed that in several cases the pivaloyl
group, which was generally regarded as not prone to acyl migrations, under-
goes such migrations in neutral reaction conditions.[8] It was also proven that
such migrations proceed by a mechanism involving an orthoacid intermediate,
which was in the case of some pivaloylated galactopyranosides stable
enough to be isolated and characterized.[8] In continuation of this work we
synthesized a series of pivaloylated and acetylated derivatives of 2-aceta-
mido-2-deoxy-D-mannopyranose (ManNAc), the physiologic importance of
which has been recognized and is under constant investigation. ManNAc is
known to be an essential component of N-acetylneuraminic acid, which is
the parent compound of a family of sialic acids.[9] It is also a frequently
occurring glycosyl residue in capsular polysaccharides and lipopolysacchar-
ides of bacteria[10,11] and microorganisms.[12] The b-ManNAc units in some
saccharides have potent implications in the virulence and pathogenicity of
some bacteria.[10] These and several other examples of obvious physiologic
activity of compounds containing ManNAc are the main reasons why the syn-
thesis of its derivatives still remains a great challenge in carbohydrate
chemistry.

RESULTS AND DISCUSSION

Preparation of Acylated Derivatives of 2-Acetamido-2-
deoxy-b-D-mannopyranose
Glycosylation of 2-acetamido-2-deoxy-b-D-mannopyranose (1) by the

Fischer method using an acidic ion-exchange resin (Dowex 50 Hþ)[13] as a
catalyst resulted in the formation of methyl 2-acetamido-2-deoxy-a-D-manno-
pyranoside (2, 46%).

Three pivaloylated derivatives were prepared by esterification of 2 with
different equivalents of pivaloyl chloride in pyridine (Table 1). Acetylation of
two partially pivaloylated compounds was achieved by using an excess of
acetic anhydride-pyridine mixture.

Thus, pivaloylation of 2 with eight molar equivalents of pivaloyl chloride
for 48 h resulted in the formation of methyl 2-acetamido-2-deoxy-3,4,6-tri-O-
pivaloyl-a-D-mannopyranoside (5, 56%).
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Treatment of 2 with two molar equivalents of pivaloyl chloride for 2 h
produced two partially pivaloylated compounds: methyl 2-acetamido-2-deoxy-
6-O-pivaloyl-a-D-mannopyranoside (3, 14%) and methyl 2-acetamido-2-deoxy-
3,6-di-O-pivaloyl-a-D-mannopyranoside (4, 43%).

The order of reactivity of hydroxyl groups was established and found to be
6-OH . 3-OH . 4-OH. It is in accord with the order of reactivity of hydroxyl
groups previously assigned in acylations of methyl a-D-mannopyranoside.[2]

Acetylation of 3 and 4 produced the expected acetates 6 and 7 in high yields.
The structures of all prepared compounds were established by NMR spec-

troscopy and the data presented are in accord with those previously reported
for other acylated N-acetylmannosamine derivatives.[14] However, anomeric
assignment in the mannopyranose series using 1H NMR spectroscopy is
difficult since both anomers have similar coupling constants (J1,2 �1–2 Hz)
and in the 13C spectrum the C-1s of N-acetylmannosamine are almost coinci-
dental.[14–16] Therefore, crystal structure analysis was crucial for the exact
determination of the anomeric configuration of acylated derivatives of
N-acetylmannosamine.

X-Ray Structure of 4
PLATON[17] plot of 4 is given in Figure 1. All significant bond distances and

bond angles are listed in Table 2. An analysis of the C22C bond lengths within
the pyranose ring shows that the bond lengths are in the range 1.501 to 1.532
Å. The anomeric C1-O1 bond is slightly shorter than the endocyclic C1-O5 and
C5-O5 bonds. Analysis of the Cremer-Pople puckering parameters[18]

Table 1: Acylated methyl 2-
acetamido-2-deoxy-a-D-
mannopyranosides.

R1 R2 R3

2 H H H
3 H H Piv
4 Piv H Piv
5 Piv Piv Piv
6 Ac Ac Piv
7 Piv Ac Piv
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Q ¼ 0.572(6) Å, Q ¼ 5.8(7)8, and w ¼ 292(6)8 showed that the molecular confor-
mation of the pyranosyl ring is a distorted 4C1. The torsion angle C5-O5-C1-O1
of 65.2(7)8 indicates the a-configuration of the anomeric centre.

In the crystal structure the molecules are connected by two intermolecular
hydrogen bonds N1-H...O10[-1/2þ x, 3/2-y, -z] and O4-H...O8[-1/2þ x, 3/2-y,
-z] of 2.970(6) Å and 2.816(8) Å, respectively (Fig. 2, Table 3).

Crystallographic data (excluding structure factors) for 4 have been deposi-
ted with the Cambridge Crystallographic Data Centre as supplementary pub-
lication number CCDC-299469. Copy of the data can be obtained, free of

Table 2: Selected bond lengths and bond angles (estimated
standard deviations in parentheses).

Bonds Length (Å) Bonds Angles (8)

O1-C1 1.350(8) C1-O5-C5 112.8(5)
O3-C3 1.431(8) O1-C1-C2 110.4(5)
O4-C4 1.444(8) C1-C2-C3 110.3(5)
O5-C1 1.429(7) C1-C2-N1 109.3(5)
O5-C5 1.442(8) C2-C3-O3 111.1(5)
N1-C2 1.433(8) C2-C3-C4 111.8(5)
C1-C2 1.532(9) O3-C3-C4 105.0(4)
C2-C3 1.527(9) C3-C4-C5 108.5(5)
C3-C4 1.501(8) O4-C4-C5 108.8(5)
C4-C5 1.515(9) O5-C5-C6 106.5(5)
C5-C6 1.503(9) C4-C5-C6 110.3(5)

O5-C5-C4 109.3(5)
O6-C6-C5 107.9(5)
O8-C8-N1 122.8(7)
O8-C8-C9 120.3(7)

Figure 1: An ORTEP plot of 4 with the atom labeling scheme. Ellipsoids are drawn at the 10%
probability level.
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charge, on application to CCDC, 12 Union Road, Cambridge CB2 1EZ, UK; fax:
þ44-(0)1223/336-033 or e-mail: deposit@ccdc.cam.ac.uk

EXPERIMENTAL

General Methods
All solvents were reagent grade and distilled before use. 2-Acetamido-2-

deoxy-b-D-mannopyranose was purchased from Sigma. Column chromato-
graphy was performed on silica gel (Merck) and TLC on Merck silica gel
(60 F 254) plates (0.25 mm) with solvent A, CH3CNH2O (5:1); solvent B,
EtOAc-C6H6-EtOH (2:2:1); and solvent C, EtOAc-C6H6 (2:1). Visualization

Figure 2: Hydrogen bonding in 4.
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was effected by charring with H2SO4. Melting points were determined with a
Büchi B-40 apparatus and are uncorrected. 1H and 13C NMR spectra (300 MHz,
D2O and CDCl3, internal Me4Si) were recorded with a Bruker AV300 spec-
trometer. Optical rotations (in degrees) were measured using Optical Activity
AA-10 Automatic Polarimeter at �208C using H2O and CHCl3 as solvents.

Synthesis of Mannosamine Derivatives

Methyl 2-acetamido-2-deoxy-a-D-mannopyranoside (2). 2-Aceta-
mido-2-deoxy-b-D-mannopyranose (1, 200 mg, 0.9 mmol) was dissolved in
anhydrous methanol (5 mL). Dry Dowex 50 (Hþ) (0.25 g) was added and the
reaction mixture stirred under reflux for 3 h. The ion-exchange resin was
filtered off and rinsed with MeOH and the solvent was evaporated under
reduced pressure. Column chromatography (solvent A) of the residue gave
methyl 2-acetamido-2-deoxy-a-D-mannopyranoside 2 (114 mg, 46%);
[a]Dþ 50.58 (c 1.0, H2O), lit.[13]

þ508 (c 0.9, H2O); Rf � 0.45 (solvent A); 1H
NMR (D2O): 1.86 (s, 3H, NAc), 3.21 (s, 3H, OMe), 3.41–3.47 (m, 2H, H-4,
H-6a), 3.63–3.70 (m, 2H, H-5, H-6b), 3.78 (dd, 1H, J ¼ 9.15 Hz, J ¼ 4.77 Hz,
H-3), 4.15 (d, 1H, J ¼ 4.37 Hz, H-2), 4.51 (s, 1H, H-1); 13C NMR (D2O): 22.75
(CH3CO, NAc), 53.30 (CH3O), 55.59 (C-2), 61.24 (C-6), 67.53, 69.91, 73.00
(C-3, C-4, C-5), 100.71 (C-1), 175.55 (C55O, Ac).

Methyl 2-acetamido-2-deoxy-3,4,6-tri-O-pivaloyl-a-D-mannopyrano-
side (5). To a solution of 2 (100 mg, 0.425 mmol) in dry pyridine (1 mL)
pivaloyl chloride (0.42 mL; 3.4 mmol) was added. The mixture was stirred at
ambient temperature for 48 h and the reaction stopped by the addition of
96% EtOH. Water was added and the mixture of solvents evaporated under
reduced pressure. The remaining traces of water were removed by codistilla-
tion with toluene. Column chromatography (solvent B) of the residue gave as
a main product crystalline methyl 2-acetamido-2-deoxy-3,4,6-tri-O-pivaloyl-
a-D-mannopyranoside 5 (120 mg, 56%); mp 180–1838C (from diisopropyl
ether); [a]Dþ 50.3 (c 0.875, CHCl3); Rf � 0.76 (solvent B); 1H NMR (CDCl3):
1.12 (s, 9H, 3-OPiv), 1.17 (s, 9H, 4-OPiv), 1.25 (s, 9H, 6-OPiv), 2.01 (s, 3H,
NAc), 3.40 (s, 3H, OMe), 4.00 (m, 1H, H-5), 4.1–4.2 (m, 2H, H-6a, H-6b), 4.65

Table 3: Hydrogen bonding in 4 (Å, 8).

D-H...A d(D-H) d(H...A) d(D...A) ,(DHA)

N1-H1...O10i 0.86 2.12 2.970(6) 168
O4-H4...O8ii 0.82 2.09 2.816(8) 147

Symmetry transformations used to generate equivalent atoms:
i ¼ 21/2þ x, 3/2 2 y, 2z.
ii¼ 21/2þ x, 3/2 2 y, 2z.

V. Petrović et al.690



(m, 1H, H-1), 4.68 (dd, 1H, J ¼ 4.48 Hz, J ¼ 1.60 Hz, H-2), 5.14 (t, 1H,
J ¼ 10.19 Hz, H-4), 5.33 (dd, 1H, J ¼ 10.28 Hz, J ¼ 4.30 Hz, H-3), 5.68
(d, 1H, J ¼ 9.57 Hz, NH); 13C NMR (CDCl3): 23.13 (CH3CO, NAc), 26.90 (3
(CH3)3CCO, 3-, 4- and 6-OPiv), 38.68 (3 (CH3)3CCO, 3-, 4- and 6-OPiv), 49.95
(CH3O), 55.17 (C-2), 62.05 (C-6), 65.26, 68.23, 68.73 (C-3, C-4, C-5), 100.09
(C-1), 169.48 (C55O, Ac), 176.83, 177.00, 177.70 (3 C55O, Piv). Anal. Calcd.
for C24H41NO9: C, 59.12; H, 8.48; N, 2.87. Found: C, 59.63; H, 8.56; N, 3.01.

Methyl 2-acetamido-2-deoxy-6-O-pivaloyl-a-D-mannopyranoside (3)

and methyl 2-acetamido-2-deoxy-3,6-di-O-pivaloyl-a-D-mannopyrano-
side (4). Pivaloylation of 2 (300 mg, 1.275 mmol) with pivaloyl chloride
(0.315 mL, 2.55 mmol) in dry pyridine (3 mL) for 2 h was as described in prep-
aration of 5, followed by column chromatography (solvent B) of the product,
gave first 3,6-dipivalate 4 (219 mg, 43%); mp 63–658C (from ethyl acetate/

ethanol); [a]Dþ 458 (c 1.0, CHCl3); Rf � 0.72 (solvent B); 1H NMR (CDCl3): 1.19
(s, 9H, 3-OPiv), 1.25 (s, 9H, 6-OPiv), 1.99 (s, 3H, NAc), 3.38 (s, 3H, OMe), 3.59
(t, 1H, J ¼ 9.92 Hz, H-4), 3.85–3.90 (m, 1H, H-5), 4.4 (m, 2H, H-6a, H-6b),
4.57–4.63 (m, 2H, H-1, H-2), 5.15 (dd, 1H, J ¼ 9.88 Hz, J ¼ 4.36 Hz, H-3), 5.77
(d, 1H, J ¼ 9.71 Hz, NH); 13C NMR (CDCl3): 23.07 (CH3CO, NAc), 26.85, 27.09
(2 (CH3)3CCO, 3- and 6-OPiv), 38.81 (2 (CH3)3CCO, 3- and 6-OPiv), 49.93
(CH3O), 54.91 (C-2), 63.20 (C-6), 66.75, 70.38, 71.89 (C-3, C-4, C-5), 100.01
(C-1), 169.55 (C55O, Ac), 178.72 (2 C55O, Piv). Anal. Calcd. for C19H33NO8: C,
56.56; H, 8.24; N, 3.47. Found: C, 56.57; H, 8.34; N, 3.56.

Eluted next was crystalline 6-monopivalate 3 (55 mg, 14%); mp 48–508C
(from ethyl acetate/ethanol); [a]Dþ 55.88 (c 0.985, CHCl3); Rf � 0.4
(solvent B); 1H NMR (CDCl3): 1.24 (s, 9H, 6-OPiv), 2.03 (s, 3H, NAc), 3.37
(s, 3H, OMe), 3.51 (t, 1H, J ¼ 9.7 Hz, H-4), 3.8 (m, 1H, H-5), 4.01–4.06 (dd,
1H, J ¼ 9.43 Hz, J ¼ 4.43 Hz, H-3), 4.36–4.37 (m, 3H, H-2, H-6a, H-6b), 4.65
(s, 1H, H-1), 6.33 (d, 1H, J ¼ 8.35 Hz, NH); 13C NMR (CDCl3): 23.02
(CH3CO, NAc), 27.09 ((CH3)3CCO, 6-OPiv), 38.78 ((CH3)3CCO, 6-OPiv),
52.81 (CH3O), 54.83 (C-2), 63.52 (C-6), 68.01, 70.06, 70.13 (C-3, C-4, C-5),
99.79 (C-1), 172.11 (C55O, Ac), 178.66 (C55O, Piv). Anal. Calcd. for
C14H25NO7: C, 52.65; H, 7.89; N, 4.39. Found: C, 52.25; H, 7.48; N, 4.02.

Methyl 2-acetamido-2-deoxy-3,4-di-O-acetyl-6-O-pivaloyl-a-D-manno-

pyranoside (6). Conventional acetylation of 3 (30 mg, 0.094 mmol) with
Ac2O-pyridine, followed by column chromatography (solvents B and C), gave
3,4-diacetate 6 (25 mg, 66%); [a]Dþ 358 (c 1.0 CHCl3); Rf � 0.6 (solvent B),
0.28 (solvent C); 1H NMR (CDCl3): 1.26 (s, 9H, 6-OPiv), 1.99 (s, 3H, NAc), 2.03
(s, 3H, 3-OAc), 2.06 (s, 3H, 4-OAc), 3.40 (s, 3H, OMe), 3.95–4.00 (m, 1H, H-5),
4.16–4.21 (m, 2H, H-6a, H-6b), 4.59–4.64 (m, 1H, H-2), 4.65 (s, 1H, H-1), 5.10
(t, 1H, J ¼ 10.13 Hz, H-4), 5.32 (dd, 1H, J ¼ 10.12 Hz, J ¼ 4.30 Hz, H-3), 5.64
(d, 1H, J ¼ 8.98 Hz, NH); 13C NMR (CDCl3): 20.65 (2 CH3CO, 3- and 4-OAc),
23.19 (CH3CO, NAc), 27.05 ((CH3)3CCO, 6-OPiv), 38.76 ((CH3)3CCO, 6-OPiv),
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50.05 (CH3O), 55.16 (C-2), 62.18 (C-6), 65.83, 68.12, 69.07 (C-3, C-4, C-5), 99.82
(C-1), 169.75 (3 C55O, Ac), 177.75 (C55O, Piv). Anal. Calcd. for C18H29NO9: C,
53.59; H, 7.25; N, 3.47. Found: C, 54.01; H, 7.51; N, 3.45.

Methyl 2-acetamido-2-deoxy-4-O-acetyl-3,6-di-O-pivaloyl-a-D-manno-
pyranoside (7). Likewise, 4 (85 mg, 0.21 mmol) gave the 4-acetate 7 (65 mg,
69%); [a]Dþ 268 (c 1.0 CHCl3); Rf � 0.66 (solvent B), 0.51 (solvent C); 1H
NMR (CDCl3): 1.12 (s, 9H, 3-OPiv), 1.25 (s, 9H, 6-OPiv), 2.01 (s, 3H, NAc),
2.03 (s, 3H, 4-OAc), 3.40 (s, 3H, OMe), 3.98 (m, 1H, H-5), 4.13–4.18 (m, 2H,
H-6a, H-6b), 4.65 (s, 1H, H-1), 4.67–4.69 (m, 1H, H-2), 5.12 (t, 1H,
J ¼ 10.20 Hz, H-4), 5.33 (dd, 1H, J ¼ 10.22 Hz, J ¼ 4.37 Hz, H-3), 5.62
(d, 1H, J ¼ 9.17 Hz, NH); 13C NMR (CDCl3): 20.66 (CH3CO, 4-OAc), 23.29

Table 4: Experimental details.

Crystal data
Chemical formula C19H33NO8 C19H33NO8

Chemical formula
weight (Mr)

403.46 403.46

Crystal system,
space group

Orthorhombic, P212121 Orthorhombic, P212121

a, b, c (Å) 10.6415(13), 14.1310(15),
15.4169(17)

31.776(4), 14.064(2),
14.952(2)

Z 4 12
Temperature (K) 295 100
Dx (Mg m23) 1.156 1.201
Crystal form, color Prismatic, colorless Prismatic, colorless
Crystal size (mm) 0.45, 0.35, 0.15 0.5, 0.40, 0.21

Data collection
Diffractometer Xcalibur CCD Xcalibur CCD
Data collection

method
v scan v scan

No. of measured,
independent data

6709, 2501 13673, 10191

Criterion for
observed reflections

I . 2s(I) I . 2s(I)

Rint 0.026
umax (8) 27.5 27.0
Range of h, k, l 213! 9, 215! 13,

212! 20
230! 37, 217! 17,

218! 17

Refinement
Refinement on F2

R, wR, S 0.0836, 0.2837, 1.02
No. of reflections

and parameters
used in refinement

2501, 255

H-atom treatment Isotropic
Weighting scheme 1.02
Drmax, Drmin, (e Å23) 0.34, 20.25
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(CH3CO, NAc), 26.84, 27.16 (2 (CH3)3CCO, 3- and 6-OPiv), 38.74, 38.89
(2 (CH3)3CCO, 3- and 6-OPiv), 50.09 (CH3O), 55.27 (C-2), 62.40 (C-6), 65.98,
68.13, 69.95 (C-3, C-4, C-5), 100.14 (C-1), 169.60, 169.76 (2 C55O, Ac),
177.00, 177.94 (2 C55O, Piv). Anal. Calcd. for C21H35NO9: C, 56.62; H, 7.92;
N, 3.14. Found: C, 56.59; H, 7.68; N, 3.12.

X-Ray Structure Determination of 4

The X-ray diffraction data for compound 4 were collected on the Oxford Dif-
fraction Xcalibur 3 CCD diffractometer with monochromated Mo-Ka radiation
(l ¼ 0.71073 Å). The measured intensity data were reduced using the
CRYSALIS[19] software package. The molecular and crystal structure was
solved by direct methods implemented in the program SIR97[20] and refined
on F2 with anisotropic displacement parameters for all nonhydrogen atoms
(SHELXL97[21]). All hydrogen atoms were calculated and refined using the
riding model. Crystal data, experimental conditions, and final refinement
parameters are collected in Table 4. Since large anisotropic displacement para-
meters were observed for the 6-O-pivaloyl group, the data were also collected at
100 K. However, weak superstructure reflections at 100 K indicated tripling of
the unit cell along the a-axis (Table 4). Unfortunately the three-unit-cell super-
structure could be refined only to the R factor of 15.5%. Since the geometry is
poor, the low-temperature structure will not be discussed here. In order to find
the approximate temperature of this transition the temperature was lowered
by 10 K in the range 290 to 100 K and an oscillation frame was measured at
each temperature (Fig. 3). It was found that the transition is gradual and
begins approx. at 160 K. The intensity of the weak superstructure reflections
slowly increased as the temperature was lowered. We did not investigate

Figure 3: Partial oscillation frames along the a-axis showing temperature-induced
superstructure phase transition in 4.
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whether hysteresis occurs. Data were also collected at 200 K but with no
improvement in the final structure.
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[3] Tomić, S.; Petrović, V.; Matanović, M. Synthesis, intramolecular migrations and
enzymic hydrolysis of partially pivaloylated methyl a-D-mannopyranosides. Carbo-
hydr. Res. 2003, 338, 491–494.
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pivaloyl-b-D-xylopyranoside. Acta Cryst. 2004, E60, o378–o380.
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