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2-Nitrogalactal derivative 1 afforded 2-deoxy-2-nitrogalacto-
pyranosides on treatment with phenol and substituted deriv-
atives under base catalysis. Transformation of the nitro group
into the amino and the acetamido groups and O-deprotection
could readily be performed, thus providing aryl 2-acetamido-
2-deoxygalactopyranosides 5 and 6 in high yields and with

Introduction

The low nucleophilicity of phenols has often been the
cause of low yields in acid-promoted glycosidation reac-
tions.[1] Because of the occurrence of quite a variety of aryl
glycosides in nature,[2] the base-catalysed addition of phen-
ols (i.e., the addition of more nucleophilic phenolates[3]) to
2-nitrogalactal was now investigated. This fundamentally
new approach to glycoside bond formation, as outlined in
Scheme 1, was shown to be a convenient method for the
highly stereoselective syntheses of α- and β-O-glycosides
with alcohols and also sugars as O-nucleophiles,[4] of β-nu-
cleosides with heterocyclic bases as nucleophiles,[5] and of β-

Scheme 1. Base-catalysed addition of nucleophiles to 2-nitroglycals

C-glycosides with CH-acidic compounds as nucleophiles.[6]

This method was also successfully extended to the syn-
thesis of important GalNAcα(1-O)-Ser and GalNAcα(1-O)-
Thr building blocks required for mucin O-glycopeptide
synthesis.[7�9] If phenolates would also act as nucleophiles,
aryl glycosides would then become readily available. Be-
cause of the frequent occurrence of O-glycosyl tyrosine con-
stituents in nature [particularly Glcα(1-O)Tyr and Galβ(1-
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good stereoselectivities. The same reaction sequence could
also be successfully applied to N-Boc-protected tyrosine
methyl ester, to afford the O-galactopyranonsyl tyrosine de-
rivative 10.
( Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2003)

O)Tyr],[10�13] it was also of interest to investigate tyrosine
addition.

Results and Discussion

3,4,6-Tri-O-benzyl-2-nitro--galactal (Scheme 2, 1), read-
ily available through nitration of the corresponding galac-
tal,[4] was treated with phenol in toluene as solvent in the
presence of a catalytic amount of potassium tert-butoxide,
thus affording a 13:1 ratio of α-anomer 2aα and β-anomer
2bβ in 92% yield.

The two compounds could be separated and structurally
assigned by their NMR data (2aα: 3J1,2 � 4.1, 2J2,3 �
10.7 Hz; 2bβ: 3J1,2 � 8.1, 3J2,3 � 10.6 Hz). The kinetically
and thermodynamically preferred α-attack of phenolate and
the thermodynamically preferred protonation from the β-
side prevailed in this reaction, and so two new stereogenic
centres were generated with high stereocontrol. Under the
same conditions, o-cresol and resorcin monomethyl ether
afforded α-anomers 2bα and 2cα, respectively; the corre-
sponding β-anomers were not detected. With p-cresol, α-
anomer 2dα (84%) was also preferentially found, with only
8% of the β-anomer 2dβ being isolated. Thus, as expected
from previous investigations on O-nucleophiles,[4,7�9] ad-
dition of phenolates gave mainly α-anomers in high yields.
Reduction of the 2-nitro group in 2aα�2dα with hydrogen
in the presence of platinised Raney nickel T4[14] as catalyst
afforded amino derivatives 3a�d in high yields, and these,
on acetylation with acetic anhydride in pyridine, furnished
aryl glycosides of N-acetylgalactosamine 4a�d. Finally, hy-
drogenolytic O-debenzylation (� 5a-d) and then O-acety-
lation under standard conditions provided the desired tar-
get molecules 6a�d in high yields.

The excellent reactivity of phenols with 2-nitrogalactal 1
was reason also to investigate tyrosine addition. To this end,
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Scheme 2. Synthesis of phenyl 2-acetylamino-2-deoxy--galactopy-
ranosides: (a) toluene, tBuOK; (b) Ra-Ni T4-Pt, H2, EtOH; (c)
Ac2O, Pyr; (d) Pd/C, H2, MeOH, HOAc; (e) Ac2O, Pyr

commercially available N-Boc-protected tyrosine methyl es-
ter was selected (Scheme 3).

Scheme 3. Synthesis of O-(2-acetylamino-2-deoxy-α--galactopyr-
anosyl)tyrosine derivatives: (a) toluene, tBuOK; (b) Ra-Ni, T4-Pt,
EtOH; (c) Ac2O, Pyr; (d) Pd/C, H2, MeOH, HOAc, Ac2O, Pyr; (e)
TFA, CH2Cl2, Ac2O, Pyr

Treatment under the conditions described above afforded
practically only the α-anomers 7α (80% yield), with only 2%
of the corresponding β-anomer 7β being found. The two
compounds could be separated and structurally assigned
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(1H NMR: 7α: δ � 5.84, 3J1,2 � 4.1 Hz; 7β: δ � 5.27,
3J1,2 � 8.0 Hz). In addition, no racemisation of the tyrosine
moiety was observed. Selective reduction of the nitro group
in 7α with platinised Raney nickel[14] afforded 2-amino de-
rivative 8, which on acetylation gave acetylamino derivative
9. Hydrogenolytic O-debenzylation and then O-acetylation
gave the desired O-acetyl-N-Boc-protected O-(α--galactos-
yl)tyrosine 10. Acid-catalysed removal of the Boc protecting
group with trifluoroacetic acid (TFA) in dichloromethane
did not affect the glycosidic bond; ensuing N-acetylation
furnished N,O-diacetyl derivative 11 in high yield.

In conclusion, base-catalysed addition of phenol and
phenol derivatives to 2-nitrogalactal derivative 1 afforded
mainly α-adducts with galacto configurations, two stereo-
genic centres thus being generated with high stereocontrol.
Transformation of the adducts into the corresponding gal-
actosamine target molecules could be readily performed
with high yields.

Experimental Section

General Remarks: Solvents were removed under reduced pressure
while the water bath temperature was maintained below 40 °C.
Chromatography was performed on silica gel for flash chromatog-
raphy (40 µm; J. T. Baker) at 3 bar pressure. For thin layer chroma-
tography, TLC plastic sheets (60 F254 silica gel) were used and the
compounds were viewed by illumination under UV light at 253 nm
and by treatment with 5% (NH4)2MoO4, 0.1% Ce(SO4)2 in 10%
H2SO4 and heating to 160 °C. Optical rotations were measured at
25 °C with a Perkin�Elmer 241/MS polarimeter at the sodium D
line. NMR: Bruker AC-250 Cryospec, Bruker DR-600; TMS or the
solvent residual peak were used as internal standard. 3JC,4 coup-
lings were observed in gradient-selected heteronuclear multi-bond
correlations (HMBC). MALDI-MS: Kratos Kompact Maldi 1; 2,5-
dihydroxybenzoic acid was used as matrix. FAB-MS: Finnigan
MAT 312/AMD-5000, 790 eV, 70 °C. Calculated yields are based
on consumed starting material where its recovery is stated.

Phenyl 3,4,6-Tri-O-benzyl-2-deoxy-2-nitro-α-D-galactopyranoside
(2aα) and Its β-Anomer 2aβ: tBuOK (200 µL of a 1  solution in
THF) was added to a solution of nitrogalactal 1 (1.00 g,
2.16 mmol) and phenol (0.41 g, 4.33 mmol) in toluene (30 mL), and
the solution was stirred at room temp. for 30 min. The reaction
mixture was quenched with acetic acid (200 µL) and concentrated.
The crude product was purified by flash chromatography on silica
gel, eluting with toluene/ethyl acetate (98:2), to give 2aα (1.03 g,
86%) as a white foam and 2aβ (72 mg, 6%) as a colourless oil.

Compound 2aα: TLC (toluene/ethyl acetate, 95:5) Rf � 0.50. [α]D �

�90.5 (c � 0.18, CHCl3). 1H NMR (250 MHz, CDCl3): δ �

3.54�3.69 (m, 2 H, 6-H, 6�-H), 4.12 (d, 3J4,3 � 2.9 Hz, 1 H, 4-H),
4.23 (dd, 3J5,6 � 6.7, 3J5,6� � 6.6 Hz, 1 H, 5-H), 4.35 (d, 2J �

11.6 Hz, 1 H, CHHPh), 4.42 (d, 2J � 11.7 Hz, 1 H, CHHPh), 4.48
(d, 2J � 11.1 Hz, 1 H, CHHPh), 4.67 (dd, 3J3,4 � 3.0, 3J3,2 �

10.6 Hz, 1 H, 3-H), 4.77 (d, 2J � 11.5 Hz, 1 H, CHHPh), 4.80 (d,
2J � 11.5 Hz, 1 H, CHHPh), 4.90 (d, 2J � 11.2 Hz, 1 H, CHHPh),
5.18 (dd, 3J2,1 � 4.2, 3J2,3 � 10.7 Hz, 1 H, 2-H), 5.93 (d, 3J1,2 �

4.1 Hz, 1 H, 1-H), 6.99�7.41 (m, 20 H, Ar-H) ppm. 13C NMR
(62.8 MHz, CDCl3): δ � 68.2 (C-6), 70.4 (C-5), 73.7 (C-4,
CHHPh), 73.5 (CHHPh), 75.1 (CHHPh), 75.2 (C-3), 84.1 (C-2),
96.0 (C-1), 115.3, 117.4, 123.5, 127.8, 127.9, 128.1, 128.38, 128.42,
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128.5, 129.6, 137.3, 137.7, 137.9, 156.2 (C-Ar) ppm. MS (MALDI):
calcd. 555 � 23 [Na] � 578; found 578 [M � Na]�. C33H33NO7

(555.6): calcd. C 71.34, H 5.99, N 2.52; found C 71.59, H 6.15,
N 2.47.

Compound 2aβ: TLC (toluene/ethyl acetate, 95:5) Rf � 0.45. [α]D �

�10.5 (c � 0.58, CHCl3). 1H NMR (250 MHz, CDCl3): δ � 3.61
(m, 2 H, 6-H, 6�-H), 3.74 (dd, 3J5,6 � 6.4, 3J5,6� � 6.5 Hz, 1 H, 5-
H), 4.00 (d, 3J4,3 � 2.5 Hz, 1 H, 4-H), 4.12 (dd, 3J3,4 � 2.5, 3J3,2 �

10.6 Hz, 1 H, 3-H), 4.36�4.47 (m, 3 H, 3 CHHPh), 4.54 (d, 2J �

11.4 Hz, 1 H, CHHPh), 4.62 (d, 2J � 11.6 Hz, 1 H, CHHPh), 4.86
(d, 2J � 11.4 Hz, 1 H, CHHPh), 5.10 (dd, 3J2,1 � 8.2, 3J2,3 �

10.6 Hz, 1 H, 2-H), 5.27 (d, 3J1,2 � 8.1 Hz, 1 H, 1-H), 6.93�7.35
(m, 20 H, Ar-H) ppm. MS (MALDI): calcd. 555 � 23 [Na] � 578;
found 578 [M � Na]�. C33H33NO7 (555.6): calcd. C 71.34, H 5.99,
N 2.52; found C 71.25, H 5.99, N 2.52.

2-Methylphenyl 3,4,6-Tri-O-benzyl-2-deoxy-2-nitro-α-D-galactopyr-
anoside (2bα): This compound was prepared from o-cresol (468 µL,
4.33 mmol) in the manner described for 2aα; the product was chro-
matographed on silica gel (toluene/ethyl acetate, 98:2) to give 1.01 g
(82%) of 2bα as a colourless oil. TLC (toluene/ethyl acetate, 95:5)
Rf � 0.48. [α]D � �98.4 (c � 0.25, CHCl3). 1H NMR (250 MHz,
CDCl3): δ � 2.15 (s, 3 H, CH3), 3.52�3.67 (m, 2 H, 6-H, 6�-H),
4.11 (d, 3J4,3 � 2.7 Hz, 1 H, 4-H), 4.17 (dd, 3J5,6 � 6.8, 3J5,6� �

6.6 Hz, 1 H, 5-H), 4.39 (d, 2J � 11.6 Hz, 1 H, CHHPh), 4.43 (d,
2J � 11.7 Hz, 1 H, CHHPh), 4.52 (d, 2J � 11.1 Hz, 1 H, CHHPh),
4.68 (dd, 3J3,4 � 3.0, 3J3,2 � 10.7 Hz, 1 H, 3-H), 4.79 (d, 2J �

11.6 Hz, 1 H, CHHPh), 4.80 (d, 2J � 11.5 Hz, 1 H, CHHPh), 4.90
(d, 2J � 11.1 Hz, 1 H, CHHPh), 5.16 (dd, 3J2,1 � 4.1, 3J2,3 �

10.7 Hz, 1 H, 2-H), 5.92 (d, 3J1,2 � 4.1 Hz, 1 H, 1-H), 6.92�7.37
(m, 19 H, Ar-H) ppm. 13C NMR (62.8 MHz, CDCl3): δ � 15.4
(CH3), 67.6 (C-6), 69.8 (C-5), 72.6 (C-4, CHHPh), 72.7 (CHHPh),
73.0 (CHHPh), 74.7 (C-3), 83.7 (C-2), 95.1 (C-1), 114.3, 122.5,
126.5, 127.1, 127.27, 127.34, 127.4, 127.56, 127.62, 127.7, 127.87,
127.90, 128.0, 130.5, 136.7, 137.1, 137.4, 153.7 (C-Ar) ppm. MS
(MALDI): calcd. 569 � 23 [Na] � 592; found 592 [M � Na]�.
C34H35NO7 (569.6): calcd. C 71.69, H 6.19, N 2.46; found C 71.08,
H 6.51, N 2.27.

3-Methoxyphenyl 3,4,6-Tri-O-benzyl-2-deoxy-2-nitro-α-D-galacto-
pyranoside (2cα): This compound was prepared from 3-meth-
oxyphenol (468 µL, 4.33 mmol) in the manner described for 2aα;
the product was chromatographed on silica gel (toluene/ethyl acet-
ate, 98:2) to give 1.16 g of 2cα as a colourless oil. TLC (toluene/
ethyl acetate, 95:5) Rf � 0.52. [α]D � �60.7 (c � 0.15, CHCl3). 1H
NMR (250 MHz, CDCl3): δ � 3.51�3.65 (m, 2 H, 6-H, 6�-H), 3.71
(s, 3 H, OCH3), 4.10 (d, 3J4,3 � 2.3 Hz, 1 H, 4-H), 4.19 (dd, 3J5,6 �

6.7, 3J5,6� � 6.5 Hz, 1 H, 5-H), 4.37 (d, 2J � 11.7 Hz, 1 H,
CHHPh), 4.45 (d, 2J � 11.7 Hz, 1 H, CHHPh), 4.50 (d, 2J �

11.2 Hz, 1 H, CHHPh), 4.65 (dd, 3J3,4 � 2.9, 3J3,2 � 10.7 Hz, 1 H,
3-H), 4.79 (d, 2J � 10.7 Hz, 1 H, CHHPh), 4.83 (d, 2J � 11.3 Hz,
1 H, CHHPh), 4.89 (d, 2J � 11.2 Hz, 1 H, CHHPh), 5.14 (dd,
3J2,1 � 4.1, 3J2,3 � 10.6 Hz, 1 H, 2-H), 5.90 (d, 3J1,2 � 4.1 Hz, 1
H, 1-H), 6.56�7.36 (m, 19 H, Ar-H) ppm. 13C NMR (62.8 MHz,
CDCl3): δ � 55.3 (OCH3), 68.2 (C-6), 70.4 (C-5), 73.2 (C-4,
CHHPh), 73.5 (CHHPh), 75.1 (CHHPh), 75.2 (C-3), 84.1 (C-2),
95.9 (C-1), 103.5, 109.3, 109.4, 127.8, 127.9, 128.1, 128.2, 128.40,
128.42, 128.5, 130.0, 137.3, 137.6, 137.9, 157.3 (C-Ar) ppm. MS
(MALDI): calcd. 585 � 23 [Na] � 608; found 608 [M � Na]�.
C34H35NO8 (585.6): calcd. C 69.73, H 6.02, N 2.39; found C 69.73,
H 5.87, N 2.52.

4-Methylphenyl 3,4,6-Tri-O-benzyl-2-deoxy-2-nitro-α-D-galactopyr-
anoside (2dα) and Its β-Anomer 2dβ: This compound was prepared
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from o-cresol (468 µL, 4.33 mmol) in the manner described for 2aα;
the product was chromatographed on silica gel (toluene/ethyl acet-
ate, 98:2) to give 1.03 g (84%) of 2dα as a white foam and 0.10 g
(8%) of 2dβ as a white foam.

Compound 2dα: TLC (toluene/ethyl acetate, 95:5) Rf � 0.60. [α]D �

�94.5 (c � 0.11, CHCl3). 1H NMR (250 MHz, CDCl3): δ � 2.29
(s, 3 H, CH3), 3.55�3.67 (m, 2 H, 6-H, 6�-H), 4.11 (d, 3J4,3 �

2.7 Hz, 1 H, 4-H), 4.23 (dd, 3J5,6 � 6.7, 3J5,6� � 6.6 Hz, 1 H, 5-H),
4.40 (d, 2J � 11.7 Hz, 1 H, CHHPh), 4.45 (d, 2J � 11.7 Hz, 1 H,
CHHPh), 4.52 (d, 2J � 11.1 Hz, 1 H, CHHPh), 4.65 (dd, 3J3,4 �

3.0, 3J3,2 � 10.7 Hz, 1 H, 3-H), 4.80 (d, 2J � 11.8 Hz, 1 H,
CHHPh), 4.85 (d, 2J � 11.8 Hz, 1 H, CHHPh), 4.90 (d, 2J �

11.2 Hz, 1 H, CHHPh), 5.15 (dd, 3J2,1 � 4.1, 3J2,3 � 10.6 Hz, 1 H,
2-H), 5.86 (d, 3J1,2 � 4.1 Hz, 1 H, 1-H), 6.89�7.34 (m, 19 H, Ar-
H) ppm. 13C NMR (62.8 MHz, CDCl3): δ � 20.1 (CH3), 67.7 (C-
6), 69.9 (C-5), 72.7 (C-4), 72.8 (CHHPh), 73.0 (CHHPh), 74.68
(CHHPh), 74.71 (C-3), 83.7 (C-2), 95.8 (C-1), 116.9, 127.3, 127.4,
127.6, 127.7, 127.88, 127.92, 128.0, 129.6, 132.5, 136.8, 137.2,
137.5, 153.6 (C-Ar) ppm. MS (MALDI): calcd. 569 � 23 [Na] �

592; found 592 [M � Na]�. C34H35NO7 (569.6): calcd. C 71.69, H
6.19, N 2.46; found C 71.43, H 5.96, N 2.59.

Compound 2dβ: TLC (toluene/ethyl acetate, 95:5) Rf � 0.55. [α]D �

�8.9 (c � 0.18, CHCl3). 1H NMR (250 MHz, CDCl3): δ � 2.19
(s, 3 H, CH3), 3.58 (m, 2 H, 6-H, 6�-H), 3.65 (dd, 3J5,6 � 5.7,
3J5,6� � 5.8 Hz, 1 H, 5-H), 3.96 (d, 3J4,3 � 2.7 Hz, 1 H, 4-H), 4.07
(dd, 3J3,4 � 2.7, 3J3,2 � 10.5 Hz, 1 H, 3-H), 4.37 (m, 3 H, CHHPh),
4.50 (d, 2J � 11.4 Hz, 1 H, CHHPh), 4.56 (d, 2J � 11.6 Hz, 1 H,
CHHPh), 4.84 (d, 2J � 11.4 Hz, 1 H, CHHPh), 5.04 (dd, 3J2,1 �

7.9, 3J2,3 � 10.4 Hz, 1 H, 2-H), 5.20 (d, 3J1,2 � 7.8 Hz, 1 H, 1-H),
6.78�7.31 (m, 19 H, Ar-H) ppm. MS (MALDI): calcd. 569 � 23
[Na] � 592; found 592 [M � Na]�. C34H35NO7 (569.6): calcd. C
71.69, H 6.19, N 2.46; found C 71.37, H 6.00, N 2.48.

Phenyl 2-Amino-3,4,6-tri-O-benzyl-2-deoxy-2-nitro-α-D-galactopyr-
anoside (3a): Compound 2aα (0.50 g, 0.90 mmol) was dissolved in
ethanol (15 mL) and transferred to a hydrogenation vessel. Platin-
ised Raney nickel T4 catalyst was freshly prepared as described
in ref.[14], and the material obtained from 2.70 g of Raney nickel/
aluminium alloy was suspended in ethanol (15 mL). From a homo-
geneous suspension of this catalyst, 15 mL was added to the reac-
tion vessel and the suspension was shaken under H2 for 48 h at
ambient temp. and pressure. The catalyst was filtered off and the
solvent was evaporated. The residue was purified by column chro-
matography (CH2Cl2/MeOH, 95:5) to furnish 3a (0.37 g, 78%) as
a colourless oil. TLC (CH2Cl2/MeOH, 95:5) Rf � 0.30. [α]D �

�91.7 (c � 0.30, CHCl3). 1H NMR (250 MHz, CDCl3): δ �

3.45�3.56 (m, 3 H, 6-H, 6�-H, 2-H), 3.65�3.74 (m, 2 H, 4-H, 5-
H), 4.08 (m, 3 H, NH2, 3-H), 4.37 (d, 2J � 11.5 Hz, 1 H, CHHPh),
4.44 (d, 2J � 11.7 Hz, 1 H, CHHPh), 4.56 (d, 2J � 11.6 Hz, 1 H,
CHHPh), 4.60 (d, 2J � 11.4 Hz, 1 H, CHHPh), 4.80 (d, 2J �

11.6 Hz, 1 H, CHHPh), 4.90 (d, 2J � 11.4 Hz, 1 H, CHHPh), 5.57
(d, 3J1,2 � 3.6 Hz, 1 H, 1-H), 6.97�7.42 (m, 20 H, Ar-H) ppm. MS
(MALDI): calcd. 525 � 23 [Na] � 548; found 548 [M � Na]�.
C33H35NO5 (525.6): calcd. C 75.40, H 6.71, N 2.66; found C 74.91,
H 6.80, N 2.62.

2-Methylphenyl 2-Amino-3,4,6-tri-O-benzyl-2-deoxy-2-nitro-α-D-ga-
lactopyranoside (3b): This compound was prepared from 2bα
(512 mg, 0.90 mmol) in the manner described for 3a; the product
was chromatographed on silica gel (CH2Cl2/MeOH, 95:5) to give
442 mg (82%) of 3b as a pale yellow oil. TLC (CH2Cl2/MeOH,
95:5) Rf � 0.38. [α]D � �117.3 (c � 0.33, CHCl3). 1H NMR
(250 MHz, CDCl3): δ � 2.17 (s, 3 H, CH3), 3.46�3.57 (m, 3 H, 6-
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H, 6�-H, 2-H), 3.67�3.74 (m, 2 H, 4-H, 5-H), 4.05�4.12 (m, 3 H,
NH2, 3-H), 4.40 (d, 2J � 11.6 Hz, 1 H, CHHPh), 4.45 (d, 2J �

11.6 Hz, 1 H, CHHPh), 4.55 (d, 2J � 11.7 Hz, 1 H, CHHPh), 4.64
(d, 2J � 11.5 Hz, 1 H, CHHPh), 4.83 (d, 2J � 11.7 Hz, 1 H,
CHHPh), 4.93 (d, 2J � 11.4 Hz, 1 H, CHHPh), 5.60 (d, 3J1,2 �

3.4 Hz, 1 H, 1-H), 6.90�7.43 (m, 19 H, Ar-H) ppm. MS (MALDI):
calcd. 539 � 23 [Na] � 562; found 562 [M � Na]�. C34H37NO5

(539.7): calcd. C 75.67, H 6.91, N 2.60; found C 75.28, H 7.05,
N 2.60.

3-Methylphenyl 2-Amino-3,4,6-tri-O-benzyl-2-deoxy-2-nitro-α-D-ga-
lactopyranoside (3c): This compound was prepared from 2cα
(526 mg, 0.90 mmol) in the manner described for 3a; the product
was chromatographed on silica gel (CH2Cl2/MeOH, 95:5) to give
400 mg (80%) of 3c as a pale yellow foam. TLC (CH2Cl2/MeOH,
95:5) Rf � 0.40. [α]D � �121.3 (c � 0.15, CHCl3). 1H NMR
(250 MHz, CDCl3): δ � 3.44�3.55 (m, 3 H, 6-H, 6�-H, 2-H),
3.64�3.70 (m, 2 H, 4-H, 5-H), 3.72 (s, 3 H, OCH3), 4.07 (m, 3 H,
NH2, 3-H), 4.38 (d, 2J � 11.6 Hz, 1 H, CHHPh), 4.45 (d, 2J �

11.6 Hz, 1 H, CHHPh), 4.53 (d, 2J � 11.7 Hz, 1 H, CHHPh), 4.59
(d, 2J � 11.4 Hz, 1 H, CHHPh), 4.80 (d, 2J � 11.6 Hz, 1 H,
CHHPh), 4.90 (d, 2J � 11.4 Hz, 1 H, CHHPh), 5.55 (d, 3J1,2 �

3.6 Hz, 1 H, 1-H), 6.57�7.38 (m, 19 H, Ar-H) ppm. MS (MALDI):
calcd. 555 � 23 [Na] � 578; found 578 [M � Na]�. C34H37NO6

(555.7): calcd. C 73.49, H 6.71, N 2.52; found C 73.19, H 6.73,
N 2.42.

4-Methylphenyl 2-Amino-3,4,6-tri-O-benzyl-2-deoxy-α-D-galacto-
pyranoside (3d): This compound was prepared from 2dα (512 mg,
0.90 mmol) in the manner described for 3a; the product was chrom-
atographed on silica gel (CH2Cl2/MeOH, 95:5) to give 407 mg
(84%) of 3d as a white foam. TLC (CH2Cl2/MeOH, 95:5) Rf �

0.30. [α]D � �138.5 (c � 0.13, CHCl3). 1H NMR (250 MHz,
CDCl3): δ � 2.27 (s, 3 H, CH3), 3.43�3.56 (m, 3 H, 6-H, 6�-H, 2-
H), 3.67�3.73 (m, 2 H, 4-H, 5-H), 4.08 (m, 3 H, NH2, 3-H), 4.37
(d, 2J � 11.6 Hz, 1 H, CHHPh), 4.44 (d, 2J � 11.6 Hz, 1 H,
CHHPh), 4.55 (d, 2J � 11.6 Hz, 1 H, CHHPh), 4.60 (d, 2J �

11.4 Hz, 1 H, CHHPh), 4.80 (d, 2J � 11.6 Hz, 1 H, CHHPh), 4.90
(d, 2J � 11.4 Hz, 1 H, CHHPh), 5.51 (d, 3J1,2 � 3.6 Hz, 1 H, 1-
H), 6.93�7.40 (m, 19 H, Ar-H) ppm. MS (MALDI): calcd. 539 �

23 [Na] � 562; found 562 [M � Na]�. C34H37NO5 (539.7): calcd.
C 75.67, H 6.91, N 2.60; found C 75.81, H 6.83, N 2.36.

Phenyl 2-Acetylamino-3,4,6-tri-O-benzyl-2-deoxy-α-D-galactopyr-
anoside (4a): Compound 3a (252 mg, 0.48 mmol) was treated with
pyridine/acetic anhydride (6:4, 10 mL) and the mixture was stirred
at room temp. for 12 h. All volatiles were evaporated under reduced
pressure and the product was purified by flash chromatography
(CH2Cl2/MeOH, 98:2) to give 4a (262 mg, 96%) as a colourless oil.
TLC (CH2Cl2/MeOH, 95:5) Rf � 0.60. [α]D � �127.7 (c � 0.13,
CHCl3). 1H NMR (250 MHz, CDCl3): δ � 1.91 (s, 3 H, Ac), 3.52
(dd, 3J6,5 � 5.5, 3J6,6� � 9.2 Hz, 1 H, 6-H), 3.67 (dd, 3J6�,5 � 7.6,
3J6�,6 � 9.1 Hz, 1 H, 6�-H), 3.84 (dd, 3J3,4 � 2.4, 3J3,2 � 11.1 Hz,
1 H, 3-H), 4.05 (dd, 3J5,6 � 6.7, 3J5,6� � 6.8 Hz, 1 H, 5-H), 4.10
(m, 1 H, 4-H), 4.37 (d, 2J � 11.6 Hz, 1 H, CHHPh), 4.42 (d, 2J �

11.5 Hz, 1 H, CHHPh), 4.50 (d, 2J � 12.3 Hz, 1 H, CHHPh), 4.62
(d, 2J � 12.5 Hz, 1 H, CHHPh), 4.80 (d, 2J � 12.3 Hz, 1 H,
CHHPh), 4.85 (m, 1 H, 2-H), 5.00 (d, 2J � 11.4 Hz, 1 H, CHHPh),
5.35 (d, 3JNH,2 � 8.8 Hz, 1 H, NH), 5.60 (d, 3J1,2 � 3.6 Hz, 1 H,
1-H), 6.96�7.39 (m, 20 H, Ar-H) ppm. MS (MALDI): calcd. 567
� 23 [Na] � 590; found 590 [M � Na]�. C35H37NO6 (567.7): calcd.
C 74.05, H 6.57, N 2.47; found C 73.67, H 6.64, N 2.55.

2-Methylphenyl 2-Acetylamino-3,4,6-tri-O-benzyl-2-deoxy-α-D-ga-
lactopyranoside (4b): This compound was prepared from 3b
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(259 mg, 0.48 mmol) in the manner described for 4a; the product
was chromatographed on silica gel (CH2Cl2/MeOH, 98:2) to give
256 mg (92%) of 4b as a white solid; m.p. 153�155 °C. TLC
(CH2Cl2/MeOH, 95:5) Rf � 0.58. [α]D � �94.3 (c � 0.28, CHCl3).
1H NMR (250 MHz, CDCl3): δ � 1.86 (s, 3 H, Ac), 2.06 (s, 3 H,
CH3), 3.53 (dd, 3J6,5 � 5.5, 3J6,6� � 9.1 Hz, 1 H, 6-H), 3.66�3.74
(m, 1 H, 6�-H), 3.86 (dd, 3J3,4 � 2.4, 3J3,2 � 11.2 Hz, 1 H, 3-H),
4.00 (m, 1 H, 5-H), 4.13 (br. s, 1 H, 4-H), 4.35�4.53 (m, 3 H,
CHHPh), 4.67 (d, 2J � 11.6 Hz, 1 H, CHHPh), 4.81 (d, 2J �

12.2 Hz, 1 H, CHHPh), 4.93 (m, 1 H, 2-H), 5.00 (d, 2J � 11.4 Hz,
1 H, CHHPh), 5.10 (d, 3JNH,2 � 8.4 Hz, 1 H, NH), 5.61 (d, 3J1,2 �

3.4 Hz, 1 H, 1-H), 6.88�7.40 (m, 19 H, Ar-H) ppm. MS (MALDI):
calcd. 581 � 23 [Na] � 604; found 604 [M � Na]�. C36H39NO6

(581.7): calcd. C 74.33, H 6.76, N 2.41; found C 73.89, H 7.01,
N 2.44.

3-Methoxyphenyl 2-Acetylamino-3,4,6-tri-O-benzyl-2-deoxy-α-D-
galactopyranoside (4c): This compound was prepared from 3c
(266 mg, 0.48 mmol) in the manner described for 4a; the product
was chromatographed on silica gel (petroleum ether/ethyl acetate,
80:20) to give 269 mg (94%) of 4c as a white foam. TLC (petroleum
ether/ethyl acetate, 50:50) Rf � 0.50. [α]D � �92.9 (c � 0.14,
CHCl3). 1H NMR (250 MHz, CDCl3): δ � 1.92 (s, 3 H, Ac),
3.51�3.72 (m, 2 H, 6-H, 6�-H), 3.74 (s, 3 H, OCH3), 3.86 (dd,
3J3,4 � 2.5, 3J3,2 � 11.0 Hz, 1 H, 3-H), 4.04�4.13 (m, 2 H, 5-H, 4-
H), 4.37 (d, 2J � 11.5 Hz, 1 H, CHHPh), 4.45 (d, 2J � 11.5 Hz, 1
H, CHHPh), 4.50 (d, 2J � 12.3 Hz, 1 H, CHHPh), 4.62 (d, 2J �

11.6 Hz, 1 H, CHHPh), 4.80 (d, 2J � 12.1 Hz, 1 H, CHHPh), 4.86
(m, 1 H, 2-H), 5.01 (d, 2J � 11.5 Hz, 1 H, CHHPh), 5.41 (d,
3JNH,2 � 8.7 Hz, 1 H, NH), 5.62 (d, 3J1,2 � 3.5 Hz, 1 H, 1-H),
6.56�7.40 (m, 19 H, Ar-H) ppm. 13C NMR (62.8 MHz, CDCl3):
δ � 23.3 (Ac), 49.0 (C-2), 55.2 (OCH3), 68.7 (C-6), 70.5 (C-5), 71.4
(C-4), 72.5 (CHHPh), 73.4 (CHHPh), 74.6 (CHHPh), 77.0 (C-3),
96.9 (C-1), 103.1, 108.1, 109.0, 127.6, 127.66, 127.73, 127.8, 128.0,
128.16, 128.23, 128.3, 128.5, 129.9, 137.8, 138.0, 138.4, 160.7 (C-
Ar), 169.8 (Ac) ppm. MS (MALDI): calcd. 597 � 23 [Na] � 620;
found 620 [M � Na]�. C36H39NO7 (597.7): calcd. C 72.34, H 6.58,
N 2.34; found C 72.08, H 6.70, N 2.49.

4-Methylphenyl 2-Acetylamino-3,4,6-tri-O-benzyl-2-deoxy-α-D-ga-
lactopyranoside (4d): This compound was prepared from 3d
(259 mg, 0.48 mmol) in the manner described for 4a; the product
was chromatographed on silica gel (petroleum ether/ethyl acetate,
80:20) to give 260 mg (93%) of 4d as a white foam. TLC (petroleum
ether/ethyl acetate, 50:50) Rf � 0.48. [α]D � �117.5 (c � 0.16,
CHCl3). 1H NMR (250 MHz, CDCl3): δ � 1.93 (s, 3 H, Ac), 2.31
(s, 3 H, CH3), 3.52 (dd, 3J6,5 � 5.5, 3J6,6� � 9.2 Hz, 1 H, 6-H), 3.68
(dd, 3J6�,5 � 7.1, 3J6�,6 � 9.2 Hz, 1 H, 6�-H), 3.83 (dd, 3J3,4 � 2.4,
3J3,2 � 11.2 Hz, 1 H, 3-H), 4.10 (m, 2 H, 5-H, 4-H),), 4.40 (d, 2J �

11.6 Hz, 1 H, CHHPh), 4.42 (d, 2J � 11.6 Hz, 1 H, CHHPh), 4.52
(d, 2J � 12.2 Hz, 1 H, CHHPh), 4.62 (d, 2J � 11.6 Hz, 1 H,
CHHPh), 4.78 (d, 2J � 12.1 Hz, 1 H, CHHPh), 4.92 (m, 1 H, 2-
H), 5.00 (d, 2J � 11.5 Hz, 1 H, CHHPh), 5.38 (d, 3JNH,2 � 8.6 Hz,
1 H, NH), 5.58 (d, 3J1,2 � 3.6 Hz, 1 H, 1-H), 6.90�7.40 (m, 19 H,
Ar-H) ppm. 13C NMR (62.8 MHz, CDCl3): δ � 20.5 (CH3), 23.4
(Ac), 49.0 (C-2), 68.7 (C-6), 70.4 (C-5), 71.4 (C-4), 72.6 (CHHPh),
73.4 (2 � CHHPh), 74.6 (C-3), 97.1 (C-1), 116.8, 127.5, 127.7,
127.8, 127.9, 128.1, 128.2, 128.3, 128.5, 130.0, 132.0, 137.9, 138.1,
138.5, 154.5 (C-Ar), 169.8 (Ac) ppm. MS (MALDI): calcd. 581 �

23 [Na] � 604; found 604 [M � Na]�. C36H39NO6 (581.7): calcd.
C 74.33, H 6.76, N 2.41; found C 74.53, H 6.55, N 2.54.

Phenyl 2-Acetamido-3,4,6-tri-O-acetyl-2-deoxy-α-D-galactopyrano-
side (6a): Compound 4a (0.20 g, 0.35 mmol) was dissolved in meth-
anol/acetic acid (9:1; 10 mL), and Pd/C (0.126 g, 10% Pd) was sus-
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pended in the solution. This mixture was stirred under H2 for 3 h.
After complete disappearance of the starting material (TLC:
CH2Cl2/MeOH, 90:10), the catalyst was filtered off and all solvents
were removed to afford phenyl 2-acetamido-2-deoxy-α--galactop-
yranoside (5a) as a white solid, which was used in the next step
without purification. Compound 5a was treated with pyridine/
acetic acid (2:1, 10 mL) and the mixture was stirred at room temp.
for 12 h. All volatiles were evaporated and the product was purified
by column chromatography on silica gel with CH2Cl2/MeOH (98:2)
to give 6a (127 mg, 86%) as a white foam. TLC (CH2Cl2/MeOH,
95:5) Rf � 0.25. [α]D � �139.2 (c � 0.50, CHCl3). 1H NMR
(250 MHz, CDCl3): δ � 1.87, 1.94, 1.99, 2.13 (4s, 12 H, 4 � Ac),
3.97 (dd, 3J6,5 � 7.3, 3J6,6� � 11.3 Hz, 1 H, 6-H), 4.06 (dd, 3J6�,5 �

5.8, 3J6�,6 � 11.2 Hz, 1 H, 6�-H), 4.25 (dd, 3J5,6 � 6.4, 3J5,6� �

6.7 Hz, 1 H, 5-H), 4.72 (ddd, 3J2,1 � 3.5, 3J2,NH � 9.5, 3J2,3 �

13.1 Hz, 1 H, 2-H), 5.33�5.40 (m, 2 H, 3-H, 4-H,), 5.56 (d, 3J1,2 �

3.6 Hz, 1 H, 1-H), 6.00 (d, 3JNH,2 � 9.4 Hz, 1 H, NH), 7.00�7.05
(m, 3 H, Ar-H), 7.24�7.30 (m, 2 H, Ar-H) ppm. 13C NMR
(62.8 MHz, CDCl3): δ � 20.4, 20.5, 20.6, 23.1 (4 � Ac), 47.8 (C-
2), 60.2 (C-6), 61.6 (C-5), 67.1 (C-4), 67.4 (C-3), 96.4 (C-1), 116.7,
123.0, 129.6, 156.0 (C-Ar), 170.1, 170.8 (4 � Ac) ppm. MS
(MALDI): calcd. 423 � 23 [Na] � 446; found 446 [M � Na]�.
C20H25NO9 (423.4): calcd. C 56.73, H 5.95, N 3.31; found C 56.64,
H 5.45, N 3.25.

2-Methylphenyl 2-Acetamido-3,4,6-tri-O-acetyl-2-deoxy-α-D-galac-
topyranoside (6b): This compound was prepared from 4b (203 mg,
0.35 mmol) in the manner described for 6a; the product was chrom-
atographed on silica gel (CH2Cl2/MeOH, 98:2) to give 142 mg
(93%) of 6b as a colourless oil. TLC (CH2Cl2/MeOH, 95:5) Rf �

0.40. [α]D � �68.4 (c � 0.50, CHCl3). 1H NMR (250 MHz,
CDCl3): δ � 1.92, 1.95, 2.03, 2.17 (4s, 12 H, 4 � Ac), 2.26 (s, 3 H,
CH3), 4.03 (dd, 3J6,5 � 7.2, 3J6,6� � 11.2 Hz, 1 H, 6-H), 4.12 (dd,
3J6�,5 � 5.9, 3J6�,6 � 11.3 Hz, 1 H, 6�-H), 4.26 (dd, 3J5,6 � 6.2,
3J5,6� � 5.8 Hz, 1 H, 5-H), 4.74 (ddd, 3J2,1 � 3.5, 3J2,NH � 9.5,
3J2,3 � 13.1 Hz, 1 H, 2-H), 5.39 (dd, 3J3,4 � 3.3, 3J3,2 � 11.3 Hz,
1 H, 3-H), 5.45 (dd, 3J4,5 � 1.1, 3J4,3 � 3.2 Hz, 1 H, 4-H), 5.59 (d,
3J1,2 � 3.6 Hz, 1 H, 1-H), 5.70 (d, 3JNH,2 � 9.4 Hz, 1 H, NH),
6.93�7.24 (m, 4 H, Ar-H) ppm. MS (MALDI): calcd. 437 � 23
[Na] � 460; found 460 [M � Na]�. C21H27NO9 (437.4): calcd. C
57.66, H 6.22, N 3.20; found C 57.69, H 5.58, N 2.94.

2-Methoxyphenyl 2-Acetamido-3,4,6-tri-O-acetyl-2-deoxy-α-D-ga-
lactopyranoside (6c): This compound was prepared from 4c
(209 mg, 0.35 mmol) in the manner described for 6a; the product
was chromatographed on silica gel (CH2Cl2/MeOH, 98:2) to give
140 mg (88%) of 6c as a colourless oil. TLC (CH2Cl2/MeOH, 95:5)
Rf � 0.43. [α]D � �127.5 (c � 0.32, CHCl3). 1H NMR (250 MHz,
CDCl3): δ � 1.89, 1.94, 1.99, 2.14 (4s, 12 H, 4 � Ac), 3.75 (s, 3 H,
OCH3), 3.98�4.07 (m, 2 H, 6-H, 6�-H), 4.24 (dd, 3J5,6 � 6.4,
3J5,6� � 6.5 Hz, 1 H, 5-H), 4.72 (ddd, 3J2,1 � 3.5, 3J2,NH � 9.5,
3J2,3 � 13.1 Hz, 1 H, 2-H), 5.31�5.39 (m, 2 H, 3-H, 4-H), 5.53 (d,
3J1,2 � 3.5 Hz, 1 H, 1-H), 5.90 (d, 3JNH,2 � 9.5 Hz, 1 H, NH),
6.56�7.24 (m, 4 H, Ar-H) ppm. 13C NMR (62.8 MHz, CDCl3):
δ � 20.4, 20.6, 20.7, 23.2 (4 � Ac), 47.8 (C-2), 55.3 (OCH3), 61.7
(C-6), 67.2 (C-5), 67.5 (C-4), 68.2 (C-3), 96.5 (C-1), 103.3, 108.5,
108.8, 130.1, 157.2, 160.8 (C-Ar), 170.1, 170.21, 170.21, 170.1 (4 �

Ac) ppm. MS (MALDI): calcd. 453 � 23 [Na] � 476; found 476
[M � Na]�. C21H27NO10 (453.4): calcd. C 55.62, H 6.00, N 3.09;
found C 55.14, H 6.39, N 2.76.

4-Methylphenyl 2-Acetamido-3,4,6-tri-O-acetyl-2-deoxy-α-D-galac-
topyranoside (6d): This compound was prepared from 4d (203 mg,
0.35 mmol) in the manner described for 6a; the product was chrom-
atographed on silica gel (CH2Cl2/MeOH, 98:2) to give 150 mg
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(98%) of 6d as a yellow oil. TLC (CH2Cl2/MeOH, 95:5) Rf � 0.38.
[α]D � �125.7 (c � 0.35, CHCl3). 1H NMR (250 MHz, CDCl3):
δ � 1.91, 1.95, 2.01, 2.16 (4s, 12 H, 4 � Ac), 2.28 (s, 3 H, CH3),
4.00 (dd, 3J6,5 � 7.2, 3J6,6� � 11.3 Hz, 1 H, 6-H), 4.10 (dd, 3J6�,5 �

6.0, 3J6�,6 � 11.2 Hz, 1 H, 6�-H), 4.27 (dd, 3J5,6 � 6.4, 3J5,6� �

6.7 Hz, 1 H, 5-H), 4.72 (ddd, 3J2,1 � 3.6, 3J2,NH � 9.6, 3J2,3 �

11.3 Hz, 1 H, 2-H), 5.37 (dd, 3J3,4 � 3.3, 3J3,2 � 11.2 Hz, 1 H, 3-
H), 5.42 (d, 3J4,3 � 3.4 Hz, 1 H, 4-H), 5.52 (d, 3J1,2 � 3.6 Hz, 1 H,
1-H), 5.73 (d, 3JNH,2 � 9.6 Hz, 1 H, NH), 6.93, 7.24 (2d, J �

8.7 Hz, 4 H, Ar-H) ppm. 13C NMR (62.8 MHz, CDCl3): δ � 20.5,
20.67, 20.73 (4 � Ac), 23.3 (CH3), 48.0 (C-2), 61.7 (C-6), 67.3 (C-
5), 67.5 (C-4), 68.3 (C-3), 96.7 (C-1), 116.6, 130.1, 132.6, 153.9 (C-
Ar), 170.1, 170.3, 171.0 (4 � Ac) ppm. MS (MALDI): calcd. 437
� 23 [Na] � 460; found 460 [M � Na]�. C21H27NO9 (437.4): calcd.
C 57.66, H 6.22, N 3.20; found C 57.69, H 6.06, N 3.05.

Methyl (2S)-2-tert-Butoxycarbonylamino-3-[4-(3,4,6-tri-O-benzyl-2-
deoxy-2-nitro-α-D-galactopyranosyloxy)phenyl]propionate (7α) and
Its β-Anomer 7β: This compound was prepared from N-tert-butoxy-
carbonyl--tyrosine methyl ester (590 mg, 2 mmol) in the manner
described for 2aα; the product was chromatographed on silica gel
(toluene/ethyl acetate, 90:10) to give 1.21 g (80%) of 7α as a colour-
less oil and 0.03 g (2%) of 7β as a white foam.

Compound 7α: TLC (toluene/ethyl acetate, 80:20) Rf � 0.60. [α]D �

�50.0 (c � 0.10, CHCl3). 1H NMR (250 MHz, CDCl3): δ � 1.39
(s, 9 H, CMe3), 3.00 (m, 2 H, 2m, 3a-H, 3b-H), 3.51�3.64 (m, 2
H, 6�-H, 6��-H), 3.67 (s, 3 H, OMe), 4.09 (d, 3J4�,3� � 2.5 Hz, 1 H,
4�-H), 4.17 (dd, 3J5�,6� � 6.7, 3J5�,6�� � 6.5 Hz, 1 H, 5�-H), 4.35 (d,
2J � 11.6 Hz, 1 H, CHHPh), 4.45 (d, 2J � 12.2 Hz, 1 H, CHHPh),
4.48 (d, 2J � 11.3 Hz, 1 H, CHHPh), 4.53 (m, 1 H, 2-H), 4.63 (dd,
3J3�,4� � 2.8, 3J3�,2� � 10.6 Hz, 1 H, 3�-H), 4.78 (d, 2J � 11.5 Hz, 1
H, CHHPh), 4.80 (d, 2J � 11.5 Hz, 1 H, CHHPh), 4.86 (d, 2J �

11.2 Hz, 1 H, CHHPh), 4.92 (d, 3JNH,2 � 8.2 Hz, 1 H, NHBoc),
5.10 (dd, 3J2�,1� � 4.2, 3J2�,3� � 10.7 Hz, 1 H, 2�-H), 5.84 (d, 3J1�,2� �

4.1 Hz, 1 H, 1�-H), 6.89�7.36 (m, 19 H, Ar-H) ppm. 13C NMR
(150.8 MHz, CDCl3): δ � 28.3 (CMe3), 37.5 (C-3), 52.2 (OMe),
54.4 (C-2), 68.0 (C-6�), 70.3 (C-5�), 73.0 (C-4�), 73.1 (CHHPh), 73.5
(CHHPh), 75.0 (CHHPh), 75.2 (C-3�), 80.1 (CMe3), 84.0 (C-2�),
96.0 (C-1�), 117.4, 127.8, 127.9, 128.15, 128.22, 128.38, 128.44,
128.5, 130.5, 131.1, 137.2, 137.6, 137.9, 155.0 (C-Ar), 155.2 (CO-
OMe), 172.2 (NHBoc) ppm. MS (MALDI): calcd. 756 � 23 [Na] �

779; found 779 [M � Na]�. C42H48N2O11 (756.8): calcd. C 66.65,
H 6.39, N 3.70; found C 66.86, H 6.60, N 3.38.

Compound 7β: TLC (toluene/ethyl acetate, 80:20) Rf � 0.52. [α]D �

�4.0 (c � 0.30, CHCl3). 1H NMR (250 MHz, CDCl3): δ � 1.40
(s, 9 H, CMe3), 3.00 (m, 2 H, 3a-H, 3b-H), 3.67 (m, 5 H, 6�-H, 6��-
H, OMe), 3.78 (dd, 3J5�,6� � 6.7, 3J5�,6�� � 6.5 Hz, 1 H, 5�-H), 4.04
(d, 3J4�,3� � 2.7 Hz, 1 H, 4�-H), 4.12 (dd, 3J3�,4� � 2.8, 3J3�,2� �

10.5 Hz, 1 H, 3�-H), 4.44�4.60 (m, 6 H, CHHPh, 2-H), 4.88 (d,
2J � 11.4 Hz, 1 H, CHHPh), 4.92 (d, 3JNH,2 � 8.2 Hz, 1 H,
NHBoc), 5.12 (dd, 3J2�,1� � 8.0, 3J2�,3� � 10.5 Hz, 1 H, 2�-H), 5.27
(d, 3J1�,2� � 8.0 Hz, 1 H, 1�-H), 6.87�7.32 (m, 19 H, Ar-H) ppm.
MS (MALDI): calcd. 756 � 23 [Na] � 779; found 779 [M � Na]�.
C42H48N2O11 (756.8): calcd. C 66.65, H 6.39, N 3.70; found C
66.92, H 6.60, N 3.23.

Methyl (2S)-3-[4-(2-Amino-3,4,6-tri-O-benzyl-2-deoxy-α-D-galacto-
pyranosyloxy)phenyl]-2-(tert-butoxycarbonylamino)propionate (8):
This compound was prepared from 7α (680 mg, 0.90 mmol) in the
manner described for 3a; the product was chromatographed on sil-
ica gel (CH2Cl2/MeOH, 95:5) to give 575 mg (88%) of 8 as a white
foam. TLC (CH2Cl2/MeOH, 95:5) Rf � 0.32. [α]D � �7.1 (c �

0.17, CHCl3). 1H NMR (250 MHz, CDCl3): δ � 1.39 (s, 9 H,



A. I. Khodair, G. A. Winterfeld, R. R. SchmidtFULL PAPER
CMe3), 2.98 (br. s, 2 H, 3a-H, 3b-H), 3.43�3.71 (m, 8 H, 6�-H, 6��-
H, 2�-H, 4�-H, 5�-H, OMe), 4.07 (s, 3 H, NH2, 3�-H), 4.38 (d, 2J �

11.4 Hz, 1 H, CHHPh), 4.53 (d, 2J � 11.5 Hz, 1 H, CHHPh), 4.58
(d, 2J � 11.5 Hz, 1 H, CHHPh), 4.75 (d, 2J � 11.6 Hz, 1 H,
CHHPh), 4.85 (d, 2J � 11.4 Hz, 1 H, CHHPh), 4.90 (d, 2J �

11.2 Hz, 1 H, CHHPh), 4.92 (m, 1 H, 2-H), 5.50 (d, 3J1�,2� �

3.4 Hz, 1 H, 1�-H), 6.70 (d, 3JNH,2 � 8.4 Hz, 1 H, NHBoc),
6.91�7.37 (m, 19 H, Ar-H) ppm. MS (MALDI): calcd. 726 � 23
[Na] � 749; found 749 [M � Na]�. C42H50N2O9 (726.8): calcd. C
69.40, H 6.93, N 3.85; found C 69.31, H 6.87, N 3.52.

Methyl O-(2-Acetamido-3,4,6-tri-O-benzyl-2-deoxy-α-D-galacto-
pyranosyl)-N-tert-butoxycarbonyl)-L-tyrosinate (9): This compound
was prepared from 8 (348 mg, 0.48 mmol) in the manner described
for 4a; the product was chromatographed on silica gel (petroleum
ether/ethyl acetate, 80:20) to give 320 mg (87%) of 9 as a white
foam. TLC (petroleum ether/ethyl acetate, 60:40) Rf � 0.25. [α]D �

�59.6 (c � 0.25, CHCl3). 1H NMR (250 MHz, CDCl3): δ � 1.40
(s, 9 H, CMe3), 1.90 (s, 3 H, Ac), 2.98 (m, 2 H, 3a-H, 3b-H), 3.49
(dd, 3J6�,5� � 5.6, 3J6�,6�� � 9.1 Hz, 6�-H), 3.62 (m, 1 H, 6��-H), 3.68
(s, 3 H, OMe), 3.80 (dd, 3J3�,4� � 2.5, 3J3�,2� � 11.1 Hz, 1 H, 3�-H),
3.98�4.09 (m, 2 H, 5�-H, 4�-H), 4.36 (d, 2J � 11.6 Hz, 1 H,
CHHPh), 4.38 (d, 2J � 1106 Hz, 1 H, CHHPh), 4.54 (d, 2J �

12.2 Hz, 1 H, CHHPh), 4.57 (d, 2J � 11.6 Hz, 1 H, CHHPh), 4.63
(m, 1 H, 2-H), 4.76 (d, 2J � 12.2 Hz, 1 H, CHHPh), 4.85 (m, 2 H,
2�-H, NHBoc), 4.95 (d, 2J � 11.4 Hz, 1 H, CHHPh), 5.26 (d,
3JNH,2� � 8.7 Hz, 1 H, NHAc), 5.55 (d, 3J1�,2� � 3.6 Hz, 1 H, 1�-
H), 6.85�7.38 (m, 19 H, Ar-H) ppm. 13C NMR (62.8 MHz,
CDCl3): δ � 23.3 (Ac), 28.2 (CMe3), 37.4 (C-3), 49.0 (C-2�), 52.1
(OMe), 54.4 (C-2), 68.5 (C-6�), 70.4 (C-5�), 71.3 (C-4�), 72.4
(CHHPh), 73.4 (CHHPh), 74.5 (CHHPh), 76.7 (C-3�), 79.8
(CMe3), 96.9 (C-1�), 116.9, 127.5, 127.7, 127.9, 128.0, 128.2, 128.3,
128.5, 130.1, 130.3, 137.8, 138.0, 138.4, 155.0 (C-Ar), 155.7 (CO-
OMe), 169.8 (Ac), 172.2 (NHBoc) ppm. MS (MALDI): calcd. 769
� 23 [Na] � 792; found 792 [M � Na]�. C44H52N2O10 (768.9):
calcd. C 68.73, H 6.82, N 3.64; found C 68.79, H 6.85, N 3.40.

Methyl O-(2-Acetamido-3,4,6-tri-O-acetyl-2-deoxy-α-D-galacto-
pyranosyl)-N-tert-butoxycarbonyl)-L-tyrosinate (10): This com-
pound was prepared from 9 (269 mg, 0.35 mmol) in the manner
described for 6a; the product was chromatographed on silica gel
(CH2Cl2/MeOH, 98:2) to give 179 mg (82%) of 10 as a colourless
oil. TLC (CH2Cl2/MeOH, 95:5) Rf � 0.30. [α]D � �56.2 (c � 0.16,
CHCl3). 1H NMR (250 MHz, CDCl3): δ � 1.38 (s, 9 H, CMe3),
1.91, 1.94, 2.00, 2.15 (4s, 3 H, 4 � Ac), 3.01 (m, 2 H, 3a-H, 3b-H),
3.69 (s, 3 H, OMe), 3.99 (dd, 3J6�,5� � 6.8, 3J6�,6�� � 11.2 Hz, 1 H,
6�-H), 4.08 (dd, 3J6��,5� � 6.1, 3J6��,6� � 11.3 Hz, 1 H, 6��-H), 4.24
(dd, 3J5�,6� � 6.8, 3J5�,6�� � 6.8 Hz, 1 H, 5�-H), 4.51 (dd, 3J2,3 � 6.0,
3J2,NH � 8.2 Hz, 1 H, 2-H), 4.72 (ddd, 3J2�,1� � 3.6, 3J2�,NH � 9.6,
3J2�,3� � 11.1 Hz, 1 H, 2�-H), 4.96 (d, 3JNH,2 � 8.2 Hz, 1 H,
NHBoc), 5.36 (dd, 3J3�,4� � 3.3, 3J3�,2� � 11.2 Hz, 1 H, 3�-H), 5.40
(dd, 3J4�,5� � 1.0, 3J4�,3� � 3.3 Hz, 1 H, 4�-H), 5.53 (d, 3J1�,2� �

3.5 Hz, 1 H, 1�-H), 5.78 (d, 3JNH,2� � 9.5 Hz, 1 H, NHAc), 6.94,
7.00 (2d, J � 8.7 Hz, 4 H, Ar-H) ppm. 13C NMR (62.8 MHz,
CDCl3): δ � 20.5, 20.7, 23.2 (4 � Ac), 28.2 (CMe3), 37.4 (C-3),
47.9 (C-2�), 52.2 (OMe), 54.4 (C-2), 61.6 (C-6�), 67.1 (C-5�), 67.5
(C-4�), 68.1 (C-3�), 80.0 (CMe3), 96.5 (C-1�), 116.6, 130.5, 130.7,
155.1 (C-Ar), 170.1, 170.2, 171.0, 172.2, 172.7 (5 � CO) ppm. MS
(MALDI): calcd. 624 � 23 [Na] � 647; found 647 [M � Na]�.
C29H40N2O13 (624.6): calcd. C 55.76, H 6.45, N 4.48; found C
55.49, H 6.72, N 4.89.
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Methyl O-(2-Acetamido-3,4,6-tri-O-acetyl-2-deoxy-α-D-galactopyr-
anosyl)-N-acetyl-L-tyrosinate (11): Compound 10 (12.50 mg,
0.02 mmol) was dissolved in trifluoroacetic acid/CH2Cl2 (1:1,
2 mL) and the solution was stirred at room temp. for 12 h. All
solvents were then evaporated, and the residue was treated with
pyridine/acetic anhydride (2:1, 3 mL) and stirred at room temp. for
12 h. All volatiles were evaporated and the product was purified by
column chromatography (CH2Cl2/MeOH, 98:2) to give 10 mg
(88%) of 11 as a pale yellow foam. TLC (CH2Cl2/MeOH, 95:5)
Rf � 0.20. [α]D � �50.0 (c � 0.10, CHCl3). 1H NMR (250 MHz,
CDCl3): δ � 1.92, 1.96, 1.98, 2.01, 2.16 (5s, 3 H, 5 � Ac), 3.06 (m, 2
H, 3a-H, 3b-H), 3.72 (s, 3 H, OMe), 4.01 (dd, 3J6�,5� � 7.0, 3J6�,6�� �

11.3 Hz, 1 H, 6�-H), 4.08 (dd, 3J6��,5� � 6.0, 3J6��,6� � 11.2 Hz, 1 H,
6��-H), 4.23 (dd, 3J5�,6� � 7.0, 3J5�,6�� � 6.0 Hz, 1 H, 5�-H), 4.72
(ddd, 3J2�,1� � 3.6, 3J2�,NH � 9.4, 3J2�,3� � 13.2 Hz, 1 H, 2�-H), 4.84
(dd, 3J2,3 � 5.1, 3J2,NH � 8.5 Hz, 1 H, 2-H), 5.33�5.41 (m, 2 H,
3�-H, 4�-H), 5.54 (d, 3J1�,2� � 3.6 Hz, 1 H, 1�-H), 5.80 (d, 3JNH,2� �

9.4 Hz, 1 H, NHAc), 5.98 (d, 3JNH,2 � 8.6 Hz, 1 H, NHAc), 6.96,
6.98 (2d, J � 8.9 Hz, 4 H, Ar-H) ppm. MS (MALDI): calcd. 566
� 23 [Na] � 587; found 589 [M � Na]�. C26H34N2O12 (566.6):
calcd. C 55.12, H 6.05, N 4.94; found C 55.10, H 5.75, N 4.71.
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