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In this paper, a glycosylation-based approach towards novel
aminoglycoside analogues is presented. Three different
cyclitol building blocks were condensed with different thio-
glycosides to give, after removal of the protective groups,

Introduction

Aminoglycosides, pseudo-oligosaccharide derivatives
having several amine groups, are important lead com-
pounds in the development of therapeutics for the treat-
ment of infectious diseases. Members of this class of com-
pounds, such as streptomycin and kanamycin, are widely
used as antibiotics in combating bacterial infections. The
mechanism of action relies on the capability of binding to
the A-site of the bacterial ribosome. Recently, it has been
found that aminoglycosides can also bind to several viral
RNA structures including hepatitis delta virus ribozyme,[1]

HIV trans-activating region[2] and HIV rev responsive ele-
ment[3] These findings have spurred new research activities
aimed at the generation of aminoglycoside derivatives with
improved binding capabilities[4]

A common strategy for the synthesis of aminoglycoside
analogues comprises the derivatisation of natural aminogly-
cosides, or their substructures. Recent efforts in this direc-
tion are the manipulation of the pseudo-disaccharides
neamine[5�9] (2) and paromamine[10,11] (3; Figure 1). Fol-
lowing this strategy, large numbers of compounds can read-
ily be prepared. However, the stereochemistry and posi-
tioning of the amine functionalities appended to the
pseudo-disaccharide core remain largely unaltered. More
structural and functional diversity can be achieved when
starting from the aminocyclitol core, the common structural
entity found in most natural aminoglycosides. For instance,
glycosylation of 2-deoxystreptamine (1)[12,13] and 2,5-dide-
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several neamine-type analogs varying in the positioning and
the stereochemistry of the amino functions.
( Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2004)

Figure 1. 2-Deoxystreptamine (1), neamine (2) and paromamine (3)

oxystreptamine[14] with a variety of (di)aminoglycosides was
reported to give non-natural analogues of neamine and
kanamycin, respectively.

Our strategy towards new aminoglycoside analogues is
based on the premise that maximum structural diversity can
be achieved through de novo synthesis of a set of carbo-
cyclic cores, followed by glycosylation with a variety of ami-
noglycoside donors. We present here the synthesis of a set
of structurally and functionally diverse neamine analogues
from three (diamino)cyclitols and four (di)aminopyranos-
ides.

Results and Discussion

We selected the suitably protected thioglycosides 4, 5, 8,
and 11 (Scheme 1), having one or two azides as masked
amino functions, for ensuing attachment to the carbocyclic
cores. Phenyl thioglycosides 4 and 5 were obtained follow-
ing published procedures (Scheme 1).[12] Thioglycoside 8
was readily prepared from the known[15] phenyl 2,3-di-O-
benzyl-1-thio-β--galactopyranoside (6) by mesylation of
the free hydroxy groups and subsequent nucleophilic substi-
tution of the di-mesylate 7 using an excess of sodium azide
at 80 °C. Deacetylation of phenyl 2,4,6-tri-O-acetyl-3-azido-
1-thio-β--glucopyranoside (9)[12] and subsequent selective
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Scheme 1. Reagents and conditions: i. MsCl (2.5 equiv.), pyridine,
90%. ii. NaN3 (4 equiv.), DMF, 80 °C, 78%. iii. a. KOtBu (0.1
equiv.), MeOH. b. TsCl (1.1 equiv.), pyridine, 67%. iv. a. NaN3
(3.0 equiv.), DMF, 80 °C. b. NaH (2.1 equiv.), BnBr (2.1 equiv.),
DMF, 93%

tosylation yielded compound 10, which was transformed
into donor 11 by nucleophilic displacement of the tosylate
by the azide ion, followed by benzylation of the remaining
free hydroxy groups.

The synthesis of (diamino)cyclitol cores 13, 14 and 16
(Scheme 2) was accomplished following well-established lit-
erature procedures. Briefly, cyclitol acceptor 13 was ob-
tained from known methyl 5-deoxy-5-iodo-2,3-isopro-
pylidene-β--ribofuranoside (12) after a one-pot
Vasella�Barbier reaction followed by ring-closing metath-
esis (RCM).[16] Partially protected diaminocyclitol 14 and
its enantiomer 16 were prepared in six steps from -ribofur-

Scheme 2. Synthesis of acceptors
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anoside (12) and the isomeric -lyxoside 15, respectively,
following the protocol previously reported by us.[17]

Having the donor and acceptor moieties in hand, we set
out to examine their condensations to give neamine-type
pseudo-disaccharides (Scheme 3). NIS/TfOH-promoted
glycosylation of cyclitol 13 with donor thioglycosides 4, 5,
8, and 11 in diethyl ether at room temperature proceeded
smoothly to give fully protected pseudo-disaccharides
17�20, respectively, with high α-selectivity (Table 1). Glyco-
sylation of 13 with donors 8 and 11 resulted in a higher α-
selectivity (entries 3 and 4) than those with the donors 4
and 5 (entries 1 and 2). The α-anomers in entries 1, 3 and
4 were readily isolated in pure form after silica gel column
chromatography. Unfortunately, separation of the α/β-mix-
ture of dimer 18 was unsuccessful (entry 2). Moreover, re-
moval of the isopropylidene protecting group in 18 did not
result in the isolation of the individual anomers. Attempts
to increase the α-selectivity of the glycosylation by decreas-
ing the reaction temperature were unsuccessful because of
the insolubility of the starting materials in diethyl ether at
lower temperatures. Execution of the condensation in di-
chloromethane/diethyl ether mixtures did not have a ben-
eficial effect in terms of yield or α-selectivity.

Due to the insolubility of the diaminocyclitols 14 and 16
in pure diethyl ether, glycosylations of the these two com-
pounds had to be performed in dichloromethane/diethyl

Scheme 3. Reagents and conditions: i. Donor (1.2 equiv.), NIS (1.2
equiv.), TfOH (0.1 equiv.). ii. K2OsO4·2H2O (0.5 mol %), NMO
(2.2 equiv.), acetone/H2O (2.5:1, v/v) 24: 99%, 25: 88%
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Table 1. Glycosylations of cyclitols 13, 14 and 16

Acceptor Donor Dimer T [°C] DCM/Et2O R1 R2 R3 Yield [%] α/β[a]Entry

1 13 4 17 room temp. 0:1 N3 OBn OBn 77 5.0:1
2 13 5 18 room temp. 0:1 OBn OBn N3 78 4.3:1[b]

3 13 8 19 room temp. 0:1 N3 N3 OBn 80 6.6:1
4 13 11 20 room temp. 0:1 N3 OBn N3 81 6.9:1
5 16 4 21 room temp. 1:9 N3 OBn OBn 77 1.4:1[b]

6 14 4 22 room temp. 1:11 N3 OBn OBn 92 2.0:1
7 14 4 22 �60 � �20 2:5 N3 OBn OBn 84 3.3:1
8 14 5 23 �60 � �20 2:5 N3 N3 OBn 77 5.0:1

[a] Ratios were determined by NMR spectroscopy. [b] Anomers could not be separated by column chromatography.

ether mixtures (Scheme 3). At room temperature, the
stereoselectivity of the condensation of 4 with 16 turned out
to be low (entry 5; α/β � 1.4:1), affording 21 as an insepar-
able mixture of anomers. Unfortunately, after dihydroxyl-
ation of the double bond in 21, separation of the anomers
could also not be achieved.

Condensation of 4 and 14 proceeded in higher yield and
slightly higher selectivity to give 22 (entry 6; α/β � 2:1), the
individual anomers of which could be readily separated by
column chromatography. The stereoselectivity proved to be
more pronounced when the glycosylation was performed at
lower temperature (entry 7). Finally, pseudo-disaccharide
23 was obtained (entry 8) in reasonable yield and good α-
selectivity. Dihydroxylation of the double bonds in dimers
22 and 23 proceeded stereoselectively to furnish protected
pseudo-disaccharides 24 and 25 (Scheme 3).

As the next research objective, the deprotection of the
anomerically pure neamine analogues 17, 19, 20, 24 and 25
was studied. Acidic removal of the isopropylidene group of
the α-anomers of 17, 19 and 20 (82�88%), and subsequent
removal of the benzyl protective groups employing Birch
reduction conditions (sodium in liquid ammonia, 52�67%),
furnished the projected unprotected aminoglycoside anal-
ogs 26�28, respectively (Scheme 4). Deprotection of the
nitrosulfonyl groups in 24 and 25 was effected by reaction
with thiophenol and N,N-diisopropyl-N-ethylamine (di-
pea).[18] Removal of both N- and O-benzyl protective
groups was accomplished using 10% Pd on charcoal and
atmospheric hydrogen pressure, to give unprotected dimers
29 and 30 in 68% and 42% yield, respectively (Scheme 4).[19]

All unprotected neamine analogues were readily purified by
chromatography on Amberlite CG-50.

Conclusion

By varying both the carbohydrate donor and the cyclitol
acceptor, a structurally diverse set of neamine analogs was
synthesized. Glycosylation of cyclitol 13, which lacks amino
functions, resulted in neamine analogs with a reduced num-
ber of amino groups. Glycosylation of diaminocyclohexene
derivative 14, followed by dihydroxylation, provided novel
neamine-type analogs that are stereochemically distinct
from the natural ones. Altogether, the results presented in
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Scheme 4. Reagents and conditions: i. HOAc/H2O 8:2, reflux,
80�88% ii. Na (s), NH3 (l), THF, �40 °C, 52�67%. iii. PhSH,
dipea, DMF; 48�53% iv. H2/ Pd-C, 0.1  HCl; H2O/EtOH, 1:1;
29: 68% 30: 42%

this paper illustrate the versatility of glycosylation of cycli-
tols in the synthesis of aminoglycoside analogs.

Experimental Section

General Remarks: 1H and 13C NMR spectra were recorded with a
Bruker AC-200 (200 MHz, 50.1 MHz, respectively), a Bruker
DPX-300 (300 MHz and 75.1 MHz, respectively) or a Bruker AV-
400 (400 MHz, 100 MHz respectively). Chemical shifts (δ) are given
in ppm relative to tetramethylsilane (δ � 0.0 ppm) or CDCl3 (δ �

77.0 ppm) as an internal standard. Optical rotations were deter-
mined at 20 °C using a Propol automatic polarimeter. Mass spec-
trometry was performed on a PE/SCIEX API 165. IR spectra were
recorded on a Shimadzu FTIR-8300. IR data are reported in cm�1.

Column chromatography was performed on silica gel 60 (230�400
mesh, Fluka). TLC analysis was conducted on TLC plastic sheets
60 F254 (Merck) with detection by UV absorption (254 nm) where
applicable and/or by spraying with 20% H2SO4 in EtOH or a solu-
tion of molybdate (ammonium molybdate 25 g/L) and ceric am-
monium sulfate (10 g/L in 10% aq. H2SO4) followed by charring at
about 150 °C.
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Acetic acid (Baker, p.a.) and ethyl acetate (extra pure, Riedel-de
Haën) were used as received. For glycosylations, diethyl ether (extra
pure, Riedel-de Haën) was freshly distilled from LiAlH4 and DCM
(Biosolve) was distilled from P2O5. Tetrahydrofuran (Baker p.a.)
was freshly distilled from LiAlH4. 1,2-Dichloroethane (Baker, p.a.),
N,N-dimethylformamide (Baker, p.a.), pyridine (Baker, p.a.) and
toluene (Baker, p.a.) were stored over 4-Å molecular sieves. Meth-
anol (Biosolve, HPLC grade) was stored over molecular sieves (3
Å).

Ammonium hydroxide (25%, Baker, p.a.), ammonia (Air products),
benzyl bromide (Fluka), diisopropyl ethyl amine (Biosolve), hydro-
gen (Air products), N-iodosuccinimide (Fluka), magnesium sulfate
(BUFA), methanesulfonyl chloride (Merck), 10% palladium on ac-
tivated charcoal (Aldrich), potassium tert-butoxide (Aldrich), so-
dium (Acros), sodium azide (Merck), sodium hydride (60% disper-
sion in mineral oil, Acros), tetrabutylammonium trifluoromethane-
sulfonate (Fluka), thiophenol (Acros) and p-toluenesulfonyl chlo-
ride (Merck) were used without purification. Amberlite IR-120
(Fluka) was rinsed with methanol before use. Amberlite CG-50
(Fluka) was converted into its NH4

�-form before use. Trifluorome-
thanesulfonic acid (Acros) was distilled and stored under argon.

General Procedure for NIS/TfOH-Promoted Glycosylation: Gener-
ally, glycosylations were performed on a 0.5�2 mmol scale. Ac-
ceptor (1 equiv.) and donor (1.2 equiv.), dried by coevaporation of
water with 1,2-dichloroethane, were dissolved in Et2O or Et2O/
DCM. Molecular sieves (3 Å) were added and the mixture was
stirred for 15 min under argon. NIS (1.2 equiv.) and TfOH (0.1
equiv.) were then added, after which the mixture turned red. When
TLC analysis indicated complete consumption of the acceptor or
that the reaction did not proceed any further, the reaction mixture
was diluted with EtOAc, washed with 1  NaS2O3 and sat.
NaHCO3. The aqueous layers were extracted with EtOAc. The
combined organic layers were washed with brine, dried (MgSO4)
and concentrated under reduced pressure. Purification by silica col-
umn chromatography afforded the protected pseudodisaccharide.

General Procedure for Isopropylidene Cleavage: A mixture of AcOH
and H2O (8:2, v/v) was added to the isopropylidene-containing
compound and the resulting mixture was heated to reflux. After
1�2 h, TLC analysis indicated complete conversion into a lower
running product. The reaction mixture was diluted with toluene
and the solvents evaporated to dryness under reduced pressure.
Traces of AcOH were removed by coevaporation with toluene, after
which the crude product was purified by silica column chromatog-
raphy.

General Procedure for Dihydroxylation: N-Methylmorpholine N-ox-
ide (NMO; 2.2 equiv.) and potassium osmate dihydrate (0.5 mol %)
were added to a solution of the olefin (1.0 equiv.; 0.1  in acetone/
water, 5:2, v/v). After TLC analysis indicated complete conversion
into a lower running product (ca. 48 h), excess NMO was quenched
with a solution of NaHSO3. The mixture was extracted three times
with EtOAc. The combined organic layers were washed with brine,
dried (MgSO4) and concentrated under reduced pressure. Purifi-
cation by silica column chromatography yielded the dihy-
droxylated compounds.

General Procedure for Birch Reductions: A solution of the protected
carbohydrate derivative in THF (1 mL) was added to a dark-blue
mixture of liquid ammonia (5�10 mL) and sodium (50�100 mg).
The temperature was maintained between �60 °C and �40 °C.
More sodium was added if the blue color disappeared. After
15�20 min the reaction was quenched with aqueous ammonium
formate and the mixture was allowed to warm to room tempera-
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ture, during which the ammonia evaporated. The reaction mixture
was concentrated under reduced pressure and purified on a column
loaded with Amberlite CG-50 (elution: 0 � 1.5  NH4OH for
carbohydrates containing up to two amino groups; 0 � 2.5 

NH4OH for products containing more than two amino groups).
Fractions were evaporated to dryness. Residues were dissolved in
water, acidified with aqueous HCl and lyophilized, giving the de-
protected saccharides as white or slightly yellow fluffy solids.

Phenyl 2,3-Di-O-benzyl-4,6-di-O-methylsulfonyl-1-thio-β-D-galacto-
pyranoside (7): A solution of diol 6 (9.43 g, 20.9 mmol) in pyridine
(100 mL) was treated with methylsulfonyl chloride (4.03 mL,
52.1 mmol, 2.5 equiv.) and stirred for 2 h. The excess of methylsul-
fonyl chloride was quenched with methanol and the reaction sol-
vents were evaporated to dryness. 1  HCl was added and the mix-
ture was extracted twice with EtOAc. The combined organic layers
were washed with sat. NaHCO3 and brine, dried over MgSO4, and
filtered. The solvent was evaporated under reduced pressure. The
residue was purified by flash column chromatography to yield di-
mesylate 7 (11.42 g, 18.8 mmol, 90%). 1H NMR (CDCl3,
200 MHz): δ � 7.56�7.25 (m, 15 H, Harom), 5.23 (d, J � 2.2 Hz,
1 H, H4), 4.88�4.62 (m, 5 H, H1, 2 � CH2 Bn), 4.45 (dd, J � 6.6,
J � 11.0 Hz, 1 H, C6�Ha), 4.29 (dd, J � 6.6, J � 11.0 Hz, 1 H,
C6�Hb), 3.92�3.85 (m, 1 H, H2), 3.72�3.59 (m, 2 H, H3, H5),
3.04 (s, 3 H, Ms), 3.01 (s, 3 H, Ms). 13C NMR (CDCl3, 50.1 MHz):
δ � 137.4, 136.6, 132.7 (Cq arom), 131.6, 128.8, 128.3, 128.2, 128.0,
127.7, 127.6 (CHarom), 87.2 (C1), 80.1, 76.0, 75.3, 73.6 (C2, C3, C4,
C5), 75.4, 72.9 (CH2 Bn), 67.1 (C6), 38.7, 37.0 (Ms). ESI-MS:
m/z � 631.3 [M � Na]�.

Phenyl 4,6-Diazido-2,3-di-O-benzyl-4,6-dideoxy-1-thio-β-D-glucopy-
ranoside (8): Sodium azide (4.9 g, 75 mmol, 4 equiv.) and a catalytic
amount of tetrabutylammonium triflate were added to a solution of
compound 7 (11.40 g, 18.7 mmol) in DMF (90 mL). The resulting
mixture was stirred overnight at 80 °C. TLC analysis indicated
complete conversion into a higher running product. The solvent
was then removed in vacuo. Water was added to the residue and
the mixture was extracted three times with EtOAc. The combined
organic layers were washed with brine and dried (MgSO4). After
evaporation of the solvent under reduced pressure, the residue was
purified by silica column chromatography to yield the title com-
pound 8 (7.34 g, 14.2 mmol, 78%). IR (neat): ν̃ � 3032, 2916, 2870,
2106, 1358, 1271, 1113, 1084, 1061, 1051, 1024. 1H NMR (CDCl3,
300 MHz): δ � 7.58�7.55 (m, 2 H, Harom), 7.42�7.25 (m, 15 H,
Harom), 4.94 (d, J � 10.3 Hz, 1 H, benzylic H), 4.90 (d, J � 10.6 Hz,
1 H, benzylic H), 4.82 (d, J � 10.6 Hz, 1 H, benzylic H), 4.72 (d,
J � 10.3 Hz, 1 H, benzylic H), 4.63 (d, J � 8.3 Hz, 1 H, H1),
3.62�3.41 (m, 5 H, H2, H3, H4, H6), 3.28 (ddd, J � 2.3, J � 5.4,
J � 9.5 Hz, 1 H, H5). 13C NMR (CDCl3, 50.1 MHz): δ � 137.8,
137.5 (Cq arom), 123.8, 129.1, 128.5, 128.2, 128.1, 126.4 (CHarom),
87.8, 84.7, 80.6, 77.1 (C1, C2, C3, C5), 75.7, 75.4 (CH2 Bn), 62.3
(C4), 51.8 (C6). ESI-MS: m/z � 525.2 [M � Na]�.

Phenyl 3-Azido-3-deoxy-6-O-p-tolylsulfonyl-1-thio-β-D-glucopyrano-
side (10): Potassium tert-butoxide (20 mg, 0.18 mmol, 0.1 equiv.)
was added to a solution of phenyl 2,4,6-tri-O-acetyl-3-azido-3-de-
oxy-1-thio-β--glucopyranoside (764 mg, 1.81 mmol) in MeOH
(10 mL). After 1 h the reaction was quenched with Amberlite IR-
120 (H�-form). The mixture was filtered and concentrated under
reduced pressure. Traces of methanol and water were removed by
coevaporation with pyridine. The residue was dissolved in pyridine
(10 mL), cooled to 0 °C, and p-toluenesulfonyl chloride (380 mg,
1.99 mmol, 1.1 equiv.) was added. The reaction mixture was al-
lowed to warm to room temperature. After TLC analysis indicated
complete conversion into a higher running product, the reaction
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was quenched with a few drops of MeOH and concentrated under
reduced pressure. The residue was dissolved in EtOAc, washed with
1  HCl and a sat. NaHCO3 solution. The aqueous layers were
separately extracted with EtOAc. The combined organic layers
were dried (MgSO4) and concentrated under reduced pressure.
Flash column chromatography yielded the title compound (550 mg,
1.22 mmol, 67%). 1H NMR (CDCl3, 200 MHz): δ � 7.82 (m, 2 H,
Harom), 7.51�7.26 (m, 7 H, Harom), 4.47 (d, J � 9.7 Hz, 1 H, H1),
4.36�4.27 (m, 2 H, H6), 3.48�3.25 (m, 4 H, H2, H3, H4, H5),
2.45 (s, 3 H, Me Ts). 13C NMR (CDCl3, 50.1 MHz): δ � 144.9 (Cq

arom), 132.3 (CHarom), 132.0 (Cq arom), 131.8 (CHarom), 131.3 (Cq

arom), 129.7, 128.9, 128.7, 127.9, 127.7 (CHarom), 87.7 (C1), 77.2,
70.8, 69.6 (C2, C4, C5), 68.4 (C6), 67.8 (C3), 21.3 (Me Ts).

Phenyl 3,6-Diazido-2,4-di-O-benzyl-3,6-dideoxy-1-thio-β-D-glucopy-
ranoside (11): Sodium azide (240 mg, 3.7 mmol, 3 equiv.) was added
to a solution of compound 10 (550 mg, 1.22 mmol) in DMF
(5 mL). The mixture was stirred overnight at 70 °C after which the
solvent was removed in vacuo. The residue was dissolved in water
and extracted three times with EtOAc. The combined organic lay-
ers were washed with brine, dried (MgSO4) and concentrated under
reduced pressure. Traces of water were removed from the residue
by coevaporation with toluene. The residue was dissolved in DMF,
cooled to 0 °C and BnBr (0.31 mL, 2.6 mmol, 2.1 equiv.) and NaH
(105 mg, 2.6 mmol, 2.1 equiv.) were subsequently added. After
TLC indicated conversion into a higher running product, the reac-
tion mixture was concentrated in vacuo. Water was added to the
residue and the mixture was extracted three times with EtOAc. The
combined organic layers were washed with brine, dried (MgSO4)
and concentrated under reduced pressure. Silica column chroma-
tography gave donor 11 as a white solid (566 mg, 1.13 mmol, 93%).
IR (neat): ν̃ � 2922, 2855, 2093, 1070. 1H NMR (CDCl3,
200 MHz): δ � 7.59�7.24 (m, 15 H, Harom), 4.94 (d, J � 10.2 Hz,
1 H, benzylic H), 4.87 (d, J � 11.0 Hz, 1 H, benzylic H), 4.75 (d,
J � 10.2 Hz, 1 H, benzylic H), 4.64�4.50 (m, 2 H, H1, benzylic
H), 3.64�3.28 (m, 6 H, H2, H3, H4, H5, H6). 13C NMR (CDCl3,
50.1 MHz): δ � 136.5, 136.4 (Cq arom), 132.0, 128.3, 127.8, 127.7,
127.5, 126.9, 126.8 (CHarom), 87.0 (C1), 78.5, 77.5, 75.6 (C2, C4,
C5), 74.5, 74.0 (CH2 Bn), 96.6 (C3), 50.3 (C6). ESI-MS: m/z �

525.5 [M � Na]�.

1-O-(6-Azido-2,3,4-tri-O-benzyl-6-deoxy-α-D-glucopyranosyl)-
(1S,2S,3R)-2,3-O-isopropylidenecyclohex-4-ene-1,2,3-triol (17):
Yield: 483 mg (77%); α/β � 5.0:1. Spectroscopic data α-anomer: IR
(neat): ν̃ � 2988, 2918, 2862, 2098, 1068, 1026. [α]D � �64.4 (c �

1.0, CHCl3). 1H NMR (CDCl3, 400 MHz): δ � 7.37�7.22 (m, 15
H, Harom), 5.72�5.68 (m, 1 H, C�CH), 5.59�5.55 (m, 1 H, C�

CH), 5.01 (d, J � 10.9 Hz, 1 H, benzylic H), 4.94�4.91 (m, 2 H,
H1�, benzylic H), 4.82 (d, J � 10.9 Hz, 1 H, benzylic H), 4.76 (d,
J � 12.0 Hz, 1 H, benzylic H), 4.65 (d, J � 12.0 Hz, 1 H, benzylic
H), 4.61�4.58 (m, 2 H, H3, benzylic H), 4.52 (br. d, J � 5.3 Hz, 1
H, H2), 4.12�4.06 (m, 2 H, H3�, H5�), 3.75 (ddd, J � 2.0, J �

5.4, J � 10.5 Hz, 1 H, H1), 3.54 (dd, J � 3.7, J � 9.6 Hz, 1 H,
H2�), 3.51�3.46 (m, 2 H, H4�, C6��Ha), 3.38 (dd, J � 5.0, J �

13.1 Hz, 1 H, C6��Hb), 2.53�2.45 (m, 1 H, C6�Ha), 2.22 (dt, J �

5.4, J � 16.4 Hz, 1 H, C6�Hb), 1.40 (s, 3 H, CMe2), 1.38 (s, 3 H,
CMe2). 13C NMR (CDCl3, 100 MHz): δ � 138.6, 138.1, 137.8 (Cq

arom), 128.4, 128.3, 128.2, 127.9 127.8, 127.7, 127.4 (CHarom,
126.6, 125.9 (C4, C5), 109.8 (Cq isoprop), 96.8 (C1�), 81.4 (C3�),
80.1 (C2�), 78.2 (C4�), 75.5 (C1, C2), 75.4, 75.1, 72.8 (3 CH2 Bn),
74.5 (C3), 70.0 (C5�), 51.3 (C6�), 27.7, 27.0 (2 CMe2), 25.2 (C6).
ESI-MS: m/z � 645.6 [M � NH4]�, 650.4 [M � Na]�, 666.4 [M
� K]�.
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1-O-(3-Azido-2,4,6-tri-O-benzyl-3-deoxy-α/β-D-glucopyranosyl)-
(1S,2S,3R)-2,3-O-isopropylidenecyclohex-4-ene-1,2,3-triol (18):
Yield: 215 mg (78%); α/β � 4.3:1. Spectroscopic data α/β-mixture:
IR (neat): ν̃ � 2916, 2868, 2104, 1070, 1026. 1H NMR (CDCl3,
300 MHz): δ � 7.46�7.20 (m, Harom), 5.70�5.65 (m, C�CH), 5.53
(br. d, J � 10.1 Hz, C�CH), 4.88 (d, J � 3.6 Hz, H1α), 4.82�4.75
(m, 2 H, 2 � CHaHbPh), 4.63�4.42 (m, H2, H3, H1β, 1 �

CHaHbPh, 3 � CHaHbPh), 4.05�3.96 (m, H3�, H5�), 3.76�3.64
(m, H1, C6��Ha), 3.60�3.56 (m, C6��Hb), 3.51�3.41 (m, H4�),
3.39�3.34 (m, H2�), 2.49�2.39 (m, C6�Ha), 2.22 (m, C6�Hb).
1.35 (s, CMe2), 1.29 (s, CMe2). 13C NMR (CDCl3, 50.1 MHz): δ �

137.8, 137.5, (Cq arom), 128.3, 128.1, 127.9, 127.7, 127.6, 126.5,
125.9 (C4, C5, CHarom) 109.6 (Cq isoprop), 102.7 (C1β), 96.4 (C1α),
77.9, 76.2, 75.7, 75.3, 74.3 (C1, C2, C3, C2�, C4�), 74.7, 73.4, 72.8
(CH2 Bn), 69.8, 64.9 (C3�, C5�), 68.0 (6�), 27.6, 26.9 (CMe2), 25.2
(C6). ESI-MS: m/z � 650.5 [M � Na]�.

1-O-(4,6-Diazido-2,3-di-O-benzyl-4,6-dideoxy-α-D-glucopyranosyl)-
(1S,2S,3R)-2,3-O-isopropylidenecyclohex-4-ene-1,2,3-triol (19):
Yield: 542 mg (80%); α/β � 6.6:1. Spectroscopic data α-anomer:
[α]D � �131 (c � 1.0, CHCl3). IR (neat): ν̃ � 2986, 2922, 2868,
2100, 1072, 1024. 1H NMR (CDCl3, 400 MHz): δ � 7.39�7.19 (m,
10 H, Harom Bn), 5.70�5.67 (m, 1 H, C�CH), 5.57�5.55 (m, 1 H,
C�CH), 4.97�4.93 (m, 2 H, H1�, benzylic H), 4.78 (d, J �

10.5 Hz, 1 H, benzylic H), 4.71 (d, J � 12.0 Hz, 1 H, benzylic H),
4.60 (d, J � 12.0 Hz, 1 H, benzylic H), 4.57�4.55(m, 1 H, H3),
4.49 (br. d, J � 5.7 Hz, 1 H, H2), 3.96 (t, J � 9.5 Hz, 1 H, H3�),
3.90 (ddd, J � 2.4, J � 4.8, J � 10.5 Hz, 1 H, H5�), 3.70 (ddd,
J � 2.0, J � 5.4, J � 10.5 Hz, 1 H, H1), 3.53 (dd, J � 3.6, J �

9.4 Hz, 1 H, H2�), 3.48�3.43 (m, 2 H, H4�, C6��Ha), 3.39 (dd,
J � 4.9, J � 13.3 Hz, 1 H, C6��Hb), 2.51�2.44 (m, 1 H, C6�Ha),
2.21 (dt, J � 5.7, J � 16.5 Hz, 1 H, C6�Hb), 1.40 (s, 3 H, CMe2),
1.37 (s, 3 H, CMe2). 13C NMR (CDCl3, 100 MHz): δ � 137.9 (Cq

arom), 128.3, 128.1, 128.0, 127.7, 127.6 (CHarom), 126.5, 125.7 (C4,
C5), 97.0 (C1), 79.9 (C2�), 79.3 (C3�), 76.0 (C1), 75.32 (C2), 75.29,
72.6 (CH2 Bn), 74.3 (C3), 69.0 (C5�), 62.1 (C4�), 51.6 (C6�), 27.6,
26.9 (CMe2), 25.3 (C6). ESI-MS: m/z � 563.4 [M � H]�, 585.3 [M
� Na]�.

1-O-(3,6-Diazido-2,4-di-O-benzyl-3,6-dideoxy-α-D-glucopyranosyl)-
(1S,2S,3R)-2,3-O-isopropylidenecyclohex-4-ene-1,2,3-triol (20):
Yield: 232 mg (81%); α/β � 6.9:1. Spectroscopic data α-anomer:
[α]D � �74.4 (c � 1.0, CHCl3). IR (neat): ν̃ � 2988, 2901, 2098,
1066, 1026. 1H NMR (CDCl3, 400 MHz): δ � 7.40�7.28 (m, 10
H, Harom), 5.68 (ddd, J � 1.6, J � 6.0, J � 10.0 Hz, 1 H, C�CH),
5.57�5.54 (m, 1 H, C�CH), 4.92�4.89 (m, 2 H, H1, CHaHbPh),
4.77 (d, J � 12.1 Hz, 1 H, CHaHbPh), 4.62 (d, J � 12.1 Hz, 1 H,
CHaHbPh), 4.58�4.56 (m, 2 H, H3, CHaHbPh), 4.47 (br. d, J �

5.2 Hz, 1 H, H2), 4.07 (ddd, J � 2.6, J � 4.3, J � 9.8 Hz, 1 H,
H5�), 4.01 (t, J � 9.8 Hz, 1 H, H3�), 3.68 (ddd, J � 2.0, J � 5.4,
J � 10.5 Hz, 1 H, H1), 4.46 (dd, J � 2.5, J � 13.1 Hz, 1 H,
C6��Ha), 3.39�3.34 (m, 2 H, H2�, C6��Hb), 3.28 (t, J � 9.7 Hz,
1 H, H4�), 2.48�2.41 (m, 1 H, C6�Ha), 2.18 (dt, J � 5.7, J �

10.5 Hz, 1 H, C6�Hb), 1.37 (s, 3 H, CMe2), 1.35 (s, 3 H, CMe2).
13C NMR (CDCl3, 100 MHz): δ � 137.7, 137.3 (Cq arom), 128.5,
128.4, 128.3, 128.0, 127.9 (CHarom), 126.6, 125.9 (C4, C5), 109.9
(Cq isoprop), 96.2 (C1�), 78.2 (C2�), 76.8 (C4�), 75.9 (C1), 75.4
(C2), 75.0 (CH2 Bn), 74.5 (C3), 72.8 (CH2 Bn), 69.7 (C5�), 64.7
(C3�), 51.1 (C6�), 27.7, 27.1 (CMe2), 25.3 (C6). ESI-MS: m/z �

585.2 [M � Na]�.

(1R,4R,6S)-1-(6-Azido-2,3,4-tri-O-benzyl-6-deoxy-α-D-gluco-
pyranosyl)4,6-bis[benzyl(o-nitrophenylsulfonyl)amino]cyclohex-2-
enol (22): Yield: 1.88 g (84%), α/β � 3.3:1. Off-white foam. Spectro-
scopic data for α-anomer: [α]D20 � �22 (c � 0.5, CHCl3). IR (neat):
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ν̃ � 3030, 2970, 2922, 2102, 1740, 1541, 1365, 1354, 1229, 1217,
1159, 1072. 1H NMR (CDCl3, 400 MHz): δ � 8.03�8.01 (m, 1 H,
Harom), 7.66�6.94 (m, 28 H, Harom), 6.87�6.83 (m, 2 H, Harom),
6.54 (d, J � 7.3 Hz, 1 H, Harom), 6.01 (ddd, J � 2.5, J � 5.1, J �

10.0 Hz, 1 H, C�CH), 5.57 (d, J � 10.2 Hz, 1 H, C�CH), 5.09
(d, J � 3.4 Hz, 1 H, H1�), 4.97�4.93 (m, 2 H, 2 � benzylic H),
4.92�4.84 (m, 2 H, 1 benzylic H, H4), 4.80�4.74 (m, 2 H, 3 �

benzylic H), 4.62�4.58 (m, 2 H, 2 � benzylic H), 4.44�4.38 (m, 2
H, 2 � benzylic H), 4.11�4.07 (m, 2 H, H1, H6), 3.83 (t, J �

9.3 Hz, 1 H, H3�), 3.74, (ddd, J � 2.5, J � 5.1, J � 9.8 Hz, 1 H,
H5�), 3.56 (dd, J � 3.3, J � 9.9 Hz, 1 H, H2�), 3.48 (t, J � 9.3 Hz,
1 H, H4�), 3.33 (dd, J � 2.5, J � 13.0 Hz), 1 H, C6�-Ha) 3.25 (dd,
J � 5.2, J � 13.0 Hz, 1 H, C6��Hb), 2.12�2.04 (m, 1 H, C5�Ha),
1.96�1.92 (m, 1 H, C5�Hb). 13C NMR (CDCl3, 100 MHz): δ �

147.6, 147.0, 138.2, 137.9, 137.6, 136.5, 134.8, 133.8 (Cq arom),
133.4, 132.7, 131.3, 129.0, 127.3, 126.9, 124.2, 123.6 (CHarom, C2,
C3), 99.3 (C1�), 81.0, 80.1, 78.6, 77.9 (C1, C2�, C3�, C4�), 75.4,
75.3, 73.6 (CH2 OBn), 70.8 (C5�), 56.9, 56.0 (C4, C6), 51.4, 49.9,
49.0 (C6�, CH2 NBn), 28.7 (C5). ESI-MS: m/z � 1158.7 [M �

Na]�.

(1R,4R,6S)-1-(4,6-Diazido-2,3-di-O-benzyl-4,6-dideoxy-α-D-
glucopyranosyl)-4,6-bis[benzyl(o-nitrophenylsulfonyl)amino]cyclo-
hex-2-enol (23): Yield: 1.65 g (77%), α/β � 5.0:1. Off-white foam.
Spectroscopic data for α-anomer: [α]D20 � �8.4 (c � 0.5, CHCl3).
IR (neat): ν̃ � 3030, 2970, 2924, 2876, 2104, 1740, 1541, 1366,
1350, 1157. 1H NMR (CDCl3, 400 MHz): δ � 8.04 (d, J � 8.6 Hz,
1 H, Harom), 7.68�7.10 (m, 24 H, Harom), 6.98 (t, J � 7.3 Hz, 1 H,
Harom), 6.87 (t, J � 7.6 Hz, 1 H, Harom), 6.57 (d, J � 7.4 Hz, 1 H,
Harom), 5.98 (ddd, J � 2.4, J � 5.0, J � 10.0 Hz, 1 H, C�CH),
5.61 (d, J � 10.2 Hz, 1 H, C�CH), 5.11 (d, J � 3.2 Hz, 1 H, H1�),
4.96�4.84 (m, 3 H, 2 � benzylic H, H4), 4.81�4.74 (m, 3 H, 3 �

benzylic H), 4.59 (d, J � 16.3 Hz, 1 H, 1 benzylic H NBn),
4.44�4.35 (m, 2 H, 2 � benzylic H NBn), 4.12�4.09 (m, 2 H, H1,
H6), 3.73 (t, J � 9.3 Hz, 1 H, H3�), 3.60�3.46 (m, 3 H, H2�, H4�,
H5�), 3.39 (dd, J � 2.2, J � 13.1 Hz, 1 H, C6��Ha), 3.33 (dd, J �

4.9, J � 13.1 Hz, 1 H, C6��Hb), 2.35�1.98 (m, 2 H, H5). 13C
NMR (CDCl3, 100 MHz): δ � 147.6, 147.0, 137.63, 137.56, 137.4,
126.4, 134.8 (Cq arom), 133.7, 133.5, 132.7, 131.7, 131.2, 131.1,
130.7, 127.6, 127.0, 124.3, 123.7 (CHarom, C2, C3), 99.4 (C1�), 80.0
(C2�), 78.8 (C3�), 78.2 (C1), 75.4, 73.6 (CH2 OBn), 69.9 (C5�), 62.7
(C4�), 57.0 (C4), 56.0 (C6), 51.8 (C6�), 49.9, 49.1 (CH2 NBn),
28.8 (C5).

1-D-(1,4,6/2,3)-1-(6-Azido-2,3,4-tri-O-benzyl-6-deoxy-α-D-gluco-
pyranosyl)-4,6-bis[benzyl(o-nitrophenylsulfonyl)amino]cyclo-
hexane-1,2,3-triol (24):[20] Yield: 1.15 g (99%). Off-white foam.
[α]D20 � �33 (c � 0.5, CHCl3). IR (neat): ν̃ � 3020, 2901, 2102,
1740, 1541, 1350, 1161, 1070. 1H NMR (CDCl3, 400 MHz): δ �

8.17�8.14 (m, 1 H, Harom), 7.74�6.89 (m, 31 H, Harom), 6.78 (d,
J � 7.4 Hz, 1 H, Harom), 5.02 (d, J � 10.9 Hz, 1 H, benzylic H),
4.96 (d, J � 11.0 Hz, 1 H, benzylic H), 4.90�4.77 (m, 5 H, 4
benzylic H, H1�), 4.59 (d, J � 11.0 Hz, 1 H, benzylic H), 4.56�4.50
(m, 2 H, 2 benzylic H), 4.44�4.40 (m, 2 H, 1 benzylic H, H6),
4.14�4.07 (m, 2 H, H2, H4), 3.80 (br. s, 1 H, H1), 3.74�3.69 (m,
1 H, H3�), 3.57 (br. s, 1 H, H3), 3.53 (dd, J � 3.6, J � 10.0 Hz, 1
H, H2�), 3.43�3.37 (m, 2 H, H4�, H5�), 3.31 (br. d, J � 12.9 Hz,
1 H, H6�a), 3.21 (dd, J � 5.3, J � 13.0 Hz, 1 H, H6�b), 2.56 (br. s,
2 H, OH), 1.77�1.68 (m, 1 H, H5a), 1.63�1.60 (m, 1 H, H5b). 13C
NMR (CDCl3, 100 MHz): δ � 147.6, 147.2, 138.0, 137.7, 137.3,
134.4 (Cq arom), 133.8, 133.0 (CHarom), 132.7 (Cq arom), 132.3,
131.9, 131.4, 127.0, 124.4, 123.9 (CHarom), 100.2 (C1�), 85.4 (C1),
81.0 (C3�), 79.5 (C2�), 78.2 (C4�), 75.5 (2 CH2 OBn), 73.9 (CH2

OBn), 71.8 (C5�), 70.4 (C2), 67.6 (C3), 56.9 (C4), 53.3 (C6), 51.3
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(C6�), 49.7, 48.4 (NBn), 29.4 (C5). ESI-MS: m/z � 1195.6 [M �

Na]�.

1-D-(1,4,6/2,3)-1-(4,6-Diazido-2,3-di-O-benzyl-4,6-dideoxy-α-D-
glucopyranosyl)-4,6-bis[benzyl(o-nitrophenylsulfonyl)amino]cyclo-
hexane-1,2,3-triol (25): Yield: 903 mg (88%). Off-white foam.
[α]D20 � �4.4 (c � 0.5, CHCl3). IR (neat): ν̃ � 3026, 2970, 2104,
1738, 1541, 1365, 1352, 1161, 1088, 1013. 1H NMR (CDCl3,
400 MHz): δ � 8.14�8.12 (m, 1 H, Harom), 7.74�6.98 (m, 25 H,
Harom), 6.78 (d, J � 7.3 Hz, 2 H, Harom), 4.97 (d, J � 10.7 Hz, 1
H, benzylic H), 4.91 (d, J � 3.1 Hz, 1 H, H1�), 4.87�4.81 (m, 3
H, benzylic H), 4.75 (d, J � 11.8 Hz, 1 H, benzylic H), 4.54�4.44
(m, 4 H, H6, 3 benzylic H), 4.19�4.17 (m, 1 H, H4), 4.06 (br. s, 1
H, H2), 3.82 (br. s, 1 H, H1), 3.61�3.53 (m, 3 H, H2�, H3, H3�),
3.42�3.37 (m, 2 H, H4�, C6��Ha), 3.32�3.26 (m, 2 H, H5�,
C6��Hb), 2.92 (br. s, 1 H, OH) 2.69 (d, J � 5.2 Hz, 1 H, OH),
1.74�1.68 (m, 2 H, H5). 13C NMR (CDCl3, 100 MHz): δ � 147.5,
147.1, 137.4, 137.23, 137.18, 137.0 (CHarom), 133.9, 133.0 (CHarom),
132.6 (CHarom), 132.2, 131.6, 131.4, 131.2, 128.9, 128.0, 127.1,
124.4, 123.8 (CHarom), 100.0 (C1�), 85.8 (C1), 79.4 (C2�), 78.8
(C3�), 75.4, 73.7 (CH2 OBn), 70.8 (C5�), 70.3 (C2), 67.6 (C3), 62.4
(C4�), 56.9 (C4), 53.4 (C6), 51.7 (C6�), 49.7, 48.5 (CH2 NBn), 29.8
(C5). ESI-MS: m/z � 1128.6 [M � Na]�.

1-O-(6-Amino-6-deoxy-α-D-glucopyranosyl)-(1S,2S,3R)-cyclohex-4-
ene-1,2,3-triol (26): Yield: 26 mg (52%). 1H NMR (D2O, 400 MHz):
δ � 5.87�5.82 (m, 1 H, C�CH), 5.64 (br. d, J � 10.1 Hz, 1 H,
C�CH), 5.17 (d, J � 3.8 Hz, 1 H, H1�), 4.43 (br. s, 1 H, H3),
4.20�4.19 (m, 1 H, H2), 4.10�4.02 (m, 2 H, H1, H5�), 3.82 (t, J �

9.5 Hz, 1 H, H3�), 3.63 (dd, J � 3.9, J � 9.8 Hz, 1 H, H2�), 3.49
(dd, J � 2.9, J � 13.3 Hz, 1 H, C6��Ha), 3.40 (t, J � 9.5 Hz, 1
H, H4�), 3.22 (dd, J � 8.5, J � 13.3 Hz, 1 H, C6��Hb), 1054�2.47
(m, 1 H, C6�Ha), 2.32�2.24 (m, 1 H, C6�Hb). 13C NMR (CDCl3,
100 MHz): δ � 127.8, 127.0 (C4, C5), 97.0 (C1�), 75.2, 73.4, 72.2,
71.9, 71.2, 68.7, 68.6 (C2�, C3�, C4�, C5�, C1, C2, C3), 41.3 (C6�),
26.6 (C6). HRMS: found [M � H]� 292.1367 ppm; C12H22NO7

�

requires 292.1390.

1-O-(4,6-Diamino-4,6-dideoxy-α-D-glucopyranosyl)-(1S,2S,3R)-
cyclohex-4-ene-1,2,3-triol (27): Yield: 44 mg (67%). 1H NMR (D2O,
400 MHz): δ � 5.88�5.83 (m, 1 H, C�CH), 5.69�5.65 (m, 1 H,
C�CH), 5.27 (d, J � 3.7 Hz, 1 H, H1�), 4.49�4.41 (m, 2 H, H3,
H5�), 4.20�4.19 (m, 1 H, H2), 4.15�4.11 (m, 1 H, H1), 4.03 (t,
J � 9.9 Hz, 1 H, H3�), 3.74 (dd, J � 3.7, J � 9.8 Hz), 1 H, H2�3.56
(dd, J � 2.9, J � 13.4 Hz, 1 H, C6��Ha), 3.34�3.26 (m, 2 H,
H4�, C6��Hb), 2.56�2.48 (m, 1 H, C6�Ha), 2.35�2.28 (m, 1 H,
C6�Hb). 13C NMR (CDCl3, 100 MHz): δ � 127.7, 127.0 (C4, C5),
96.9 (C1�), 74.5, 71.9, 71.0, 69.2, 68.3, 65.6 (C2�, C3�, C5�, C1, C2,
C3), 54.3 (C4�), 40.9 (C6�), 26.9 (C6). HRMS: found [M � H]�

291.1539 ppm; C12H23N2O6
� requires 291.1556.

1-O-(3,6-Diamino-3,6-dideoxy-α-D-glucopyranosyl)-(1S,2S,3R)-
cyclohex-4-ene-1,2,3-triol (28): Yield: 24 mg (57%). 1H NMR (D2O,
400 MHz): δ � 5.87�5.82 (m, 1 H, C�CH), 5.65 (br. d, J �

10.1 Hz, 1 H, C�CH), 4.45 (br. s, 1 H, H3), 4.23�4.22 (m, 1 H,
H2), 4.16�4.10 (m, 2 H, H1, H5�), 3.91 (dd, J � 3.7, J � 10.7 Hz,
1 H, H2�), 3.67 (t, J � 9.8 Hz, 1 H, H4�), 3.59�3.52 (m, 2 H, H3�,
C6��Ha), 3.23 (dd, J � 9.1, J � 13.3 Hz, 1 H, C6��Hb), 2.57�2.50
(m, 1 H, C6�Ha), 2.33�2.26 (m, 1 H, C6�Hb). 13C NMR (CDCl3,
100 MHz): δ � 127.8, 126.9 (C4, C5), 95.7 (C1�), 74.2, 71.1, 68.8,
68.63, 68.59, 68.5 (C2�, C4�, C5�, C1, C2, C3), 55.8 (C3�), 41.0
(C6�), 26.6 (C6). HRMS: found [M � H]� 291.1561 ppm;
C12H23N2O6

� requires 291.1556.

1-D-(1,4,6/2,3)-1-(6-Amino-6-deoxy-α-D-glucopyranosyl)-4,6-
diaminocyclohexane-1,2,3-triol (29): A solution of compound 24
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(0.50 g, 0.428 mmol), thiophenol (0.26 mL, 2.57 mmol, 6 equiv.)
and dipea (0.37 mL, 2.14 mmol, 5 equiv.) in DMF (4 mL) was
stirred for 72 h. TLC analysis showed complete conversion into a
lower running product and the reaction mixture was concentrated
in vacuo. Silica gel column chromatography (elution: 50% toluene
in EtOAc � 10% MeOH in EtOAc containing 1% Et3N) afforded
the dimer without nitrobenzenesulfonyl groups (222 mg,
0.28 mmol, 65%). A mixture of the partially protected dimer
(49 mg, 0.061 mmol) and 10% palladium on activated charcoal
(25 mg) in EtOH/0.2  aqueous HCl (ca. 1:1, v/v) was stirred under
1 atm hydrogen pressure for 72 h. The reaction mixture was filtered
and the solvents evaporated to dryness. The resulting residue was
purified on a column loaded with Amberlite CG-50 (elution: 0 �
2.5  NH4OH). Product-containing fractions were evaporated to
dryness. The residue was redissolved in water, acidified with aque-
ous HCl and lyophilized, giving the hydrochloride salt of the title
compound as a white solid (19 mg, 0.041 mmol, 68%). 1H NMR
(D2O, 400 MHz): δ � 5.24 (d, J � 3.6 Hz, 1 H, H1�), 4.30�4.27
(m, 2 H, H2, H1 or H3), 4.01�3.90 (m, 3 H, H5�, H1 or H3, H4
or H6), 3.81 (dd, J � 8.8, J � 9.9 Hz, 1 H, H3�), 3.75 (dd, J �

3.6 Hz), J � 9.9 Hz, 1 H, H2�), 3.64�3.58 (m, 1 H, H4 or H6),
3.52�3.45 (m, 2 H, H4�, C6��Ha), 3.32 (dd, J � 7.0, J � 13.5 Hz,
1 H, C6��Hb), 2.41�2.35 (m, 1 H, C5�Ha), 2.13 (q, J � 12.5 Hz,
1 H, C5�Hb). 13C NMR (CDCl3, 100 MHz): δ � 105.0 (C1�), 82.6,
75.2, 74.2, 73.6, 72.9, 72.2, 71.2 (C2�, C3�, C4�, C5�, C1, C2, C3),
51.3, 50.1 (C4, C6), 43.3 (C6�), 29.9 (C5). HRMS: found [M � H]�

324.1777 ppm; C12H26N3O7
� requires 324.1771.

1-D-(1,4,6/2,3)-1-(4,6-Diamino-4,6-dideoxy-α-D-glucopyranosyl)-
4,6-diaminocyclohexane-1,2,3-triol (30): A solution of compound 25
(0.45 g, 0.408 mmol), thiophenol (0.25 mL, 2.45 mmol, 6 equiv.)
and dipea (0.36 mL, 2.04 mmol, 5 equiv.) in DMF (4 mL) was
stirred for 72 h. The reaction mixture was concentrated in vacuo
and the residue was purified by silica column chromatography (elu-
tion: 50% toluene in EtOAc � 5% MeOH in EtOAc containing
1% Et3N) afforded the dimer without nitrobenzenesulfonyl groups
(196 mg, 0.27 mmol, 66%). 10% Palladium on activated charcoal
was added to a solution of the partially protected dimer (21 mg,
0.029 mmol) in 0.2  HCl (aq.)/EtOH (2 mL, ca. 1:1 v/v). The mix-
ture was stirred under 1 atm hydrogen pressure for 72 h. After fil-
tration and concentration under reduced pressure, the residue was
purified on a column loaded with Amberlite CG-50 (elution: 0 � 4
 NH4OH). Fractions with product were collected and the solvents
evaporated to dryness. The residue was redissolved in water, acidi-
fied with 1  HCl and lyophilized yielding the hydrochloride salt
of the title compound (6 mg, 0.012 mmol, 42%) as a white solid.
1H NMR (D2O, 400 MHz): δ � 5.25 (d, J � 3.8 Hz, 1 H, H1�),
4.29�4.17 (m, 3 H, H5�, H2, H1 or H3), 3.96�3.89 (m, 2 H, H3�,
H1 or H3), 3.87�3.82 (m, 1 H, H4 or H6), 3.75 (dd, J � 3.8 Hz,
J � 9.7 Hz, 1 H, H2�), 3.56�3.47 (m, 2 H, C6�-Ha, H4 or H6),
3.31�3.23 (m, 2 H, H4�, C6��Hb), 2.30�2.26 (m, 1 H, C5�Ha),
2.03 (q, J � 12.5 Hz, 1 H, C5�Hb). 13C NMR (CDCl3, 100 MHz):
δ � 102.6 (C1�), 80.7, 71.9, 70.5, 69.0, 68.9, 66.8 (C2�, C3�, C5�,
C1, C2, C3), 53.4 (C4�), 48.9, 47.9 (C4, C6), 40.6 (C6�), 27.6 (C5).
HRMS: found [M � H]� 323.1928 ppm; C12H27N4O6

� requires
323.1931.
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