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Cross-aldolization of 3-O-benzyl-N-(benzyloxycarbonyl)-2,6,7-trideoxy-2,6-imino-4,5-O-isopropyl-
idene-â-D-glycero-L-mannoheptose ((-)-12, derived from D-glycero-D-gulo-heptono-1,4-lactone in eight
steps) with (+)-(1R,4S,5S,6S)- and (-)-(1S,4R,5R,6R)-6-chloro-5-(phenylseleno)-7-oxabicyclo-
[2.2.1]heptan-2-one (obtained in one step from the “naked sugars” (-)- and (+)-7-oxabicyclo[2.2.1]hept-
5-en-2-one) were highly stereoselective (lithium enolates, like modes), giving aldols (-)-14 and (+)-
16, respectively. Stereoselective methods were developed for the conversion of (-)-14 into methyl
3-deoxy-3-C-[(1′R)-2′,6′,7′-trideoxy-2′,6′-imino-â-D-glycero-L-manno-heptitol-1′-yl]-R- and -â-D-altro-
furanoside ((+)-1R,â). The aza-C-disaccharide 1R prefers a anti conformation (bonds C(2′)-C(3′)
and C(1′)-C(3) are antiperiplanar) for the â-D-galactoside moiety (3JH,H coupling constants, NOEs).
Aldol (+)-16 was converted stereoselectively into 3-deoxy-3-C-[(1′S)-2′,6′,7′-trideoxy-2′,6′-iminio-â-
D-glycero-L-manno-heptitol-1′-yl]-â-D-galactose trifluoroacetate.

Glycosidases are key enzymes in the biosynthesis and
processing of glycoproteins, which are macromolecules
involved in recognition (cell-cell, host-pathogen interac-
tions) and control of biological mechanisms and struc-
tures.1 Inhibition of glycosidases2 may be useful for the
treatment of diseases such as diabetes, cancer, viral and
bacterial infections, and inflammation.3 Polyhydroxypi-
peridines, pyrrolidines (azasugars), and azepanes are
promising inhibitors;4 unfortunately, they often inhibit
more than one enzyme in vivo. It is believed that
selectivity would be increased if the azasugar would
include not only the steric and charge information of the
glycosyl moiety which is liberated during the glycosidase-
catalyzed hydrolysis but also that of the aglycon which
it is attached to. Such inhibitors could be dideoxyimi-
noalditols linked to other sugars through nonhydrolyz-
able links such as in the aza-C-disaccharides. These
disaccharides mimics could also be candidates as haptens
for the generation of catalytic antibodies.5 A first ex-
ample (1,5-dideoxy-1,5-imino-D-mannitol linked at C(6)
of D-galactose through a CH2 unit) has been prepared by

Johnson and co-workers6 applying the Suzuki reaction.
Other examples of “linear” aza-C-disaccharides were
prepared recently by Martin et al.7 In preliminary
communications8,9 we reported the synthesis of the first
examples of “branched” aza-C-disaccharides in which
trihydroxypiperidines are C-linked at position C(3) of
hexoses.10,11 We describe here the details of our synthe-
ses of two aza-C-disaccharides in which 1,5,6-trideoxy-
1,5-imino-â-D-galactose is linked at C(3) of methyl D-al-
trofuranosides (1R, 1â) for one case, and at C(3) of
D-galactose for the second case, through a hydroxymeth-
ylene bridge. The aza-C-disaccharide 2 mimics the
cancer marker or antigen T (Thomsen-Friedenreich)
which has the structure â-D-Gal-O(1f3)-R-D-GalNAc-O-
Ser(Thr).5,12 A study by high-field NMR shows that an
anti conformation (C(1′)-C(3) and C(2′)-C(3′) bonds are
antiperiplanar) is preferred for 1-R for pH 4.4 to 9.8. The
pKa values of the conjugate acids of 1R and 1â have also
been determined.

Synthesis of Aza-C-â(1f3)-galactosides of Altro-
furanosides. The commercially available D-glycero-D-
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gulo-heptono-1,4-lactone ((-)-3) (two steps from D-glu-
cose) is converted into a 1:13 (80%)13 or 1:10 (73%)14
mixture of the bis-acetonides (-)-4 and (-)-5 on treat-
ment in acetone with H2SO4 (20 °C) and ZnCl2/H3PO4 (20
°C), respectively. Although (-)-4 and (-)-5 can be readily
separated and (-)-5 reequilibrated into a mixture of (-)-4
and (-)-5, we searched for conditions under which a
larger proportion of (-)-4, our starting material, could
be obtained. This was indeed the case when the acetal-
ization was carried at 150 °C in acetone in the presence
of p-toluenesulfonic acid and CaSO4. After 1.5 h a 2:3
mixture of (-)-4 and (-)-5 was formed (63% yield, 76%
conversion). Conversion of (-)-4 into the corresponding
azide (-)-7 was achieved through SN2 displacement of
the intermediate triflate 6. Addition of MeLi in Et2O/
THF gave (+)-8, the hydrogenation of which gave the
corresponding primary amine which equilibrated with
the corresponding imine resulting from intramolecular
addition of the ulose moiety. Hydrogenation of the latter
gave (+)-9 selectively (58% based on (-)-4).15 Benzylation
of (+)-9 afforded (-)-10 (79%). Protection with benzyl
chloroformate provided (+)-11 (97%). Treatment of (+)-
11 with 8:1 AcOH/H2O and NaIO4 led to selective
hydrolysis of the 7,8-O-isopropylidene group and oxida-
tive cleavage into aldehyde (-)-12 (94%).
Cross-aldolization of aldehyde (-)-12 with the lithium

enolate of the bicyclic ketone (+)-1316 in THF at -95 °C
led to a mixture of aldols (-)-14 and (+)-15 isolated in
45 and 26% yield, respectively (92% of conversion of (-)-
12). Aldol (+)-15 arises from the debenzylation of (-)-
14 as its proportion grew with the time of reaction. We
have no good explanation to offer for this unexpected
selective debenzylation. Perhaps the lithium aldolate
generates mixed aggregates with the excess of (Me3Si)2NLi
which displaces the benzyl ether. Under the same
conditions, the lithium enolate of (-)-1316 reacted with
aldehyde (-)-12 to give a single aldol (+)-16 (70%, 82%
conversion).17 Under similar conditions, the lithium
enolate of racemic ketone (()-13 reacted with aldehyde
(-)-12 to give (-)-14 (30%), (+)-15 (6%), and (+)-16 (35%)
after separation and purification by flash column chro-
matography on silica gel. The structures of (-)-14 and
(+)-16 were established in the following way. Reduction
of ketone (-)-14 with NaBH4 in THF/MeOH provided the
endo alcohol (+)-17 (3J(H-C(3′),H-C(4′)) ) 5.8 Hz18) in
88% yield. Treatment of (+)-17with (t-Bu)2Si(OSO2CF3)2
and 2,6-lutidine gave the cyclic silyl acetal (+)-18, the
1H NMR spectrum of which showed typical vicinal
coupling constants 3J(H-C(4),H-C(4a)) ) 11.1 Hz, 3J(H-
C(8),H-C(8a)) ) 4.6 Hz, 3J(H-C(4a),H-C(5)) = 0 Hz.
Similarly, aldol (+)-16 was converted into diol (-)-19
(96%) and silyl acetal 20, the 1H NMR spectrum of which

was difficult to analyze because of signal overlappings
(mixtures of rotamers resulting from the benzyl carbam-
ate). We thus treated 20 with m-chloroperbenzoic acid
(mCPBA) in CH2Cl2; this furnished (+)-21 (74%), the 1H
NMR spectrum of which displayed typical vicinal cou-
pling constants 3J(H-C(4),H-C(4a)) ) 10.8 Hz, 3J(H-
C(8),H-C(8a)) ) 4.4 Hz, 3J(H-C(4a),H-C(5) = 0 Hz,
consistent only with an exo-anti aldol (+)-16, as for aldol
(-)-14. NOEs measured between protons Hexo-C(8a) and
H-C(4) confirmed structures (+)-18 and (+)-21.
For steric reasons only the exo face of the bicyclic

lithium enolates of (+)-13 and (-)-13 can react with the
aldehyde moiety of (-)-12. Both cross-aldolizations fol-
lowed Zimmerman-Traxler models19 (chair transition
states) or Evans models20 (boat transition states; steric
repulsion minimization leads to the like mode21 of addi-
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tion, Figure 1) giving anti aldols. Contrary to R-methyl
aldehydes22 that lead to anti aldols with good double
diastereoselectivity only with one of the two enantiomeric
7-oxanorbornanone lithium enolates (matched pair when
the Felkin-Anh addition is compatible with the likemode
of addition23), aldehyde (-)-12 behaves as if the two
R-substituents were of the same size.
Acylation of diol (+)-17 with Ac2O/pyridine/DMAP

provided the diacetate (-)-22. Oxidative elimination of
the phenylseleno group with mCPBA led to (-)-23 (90%,
based on (+)-17). Double hydroxylation of the chloro-
alkene (-)-23 (Me3NO, OsO4, NaHCO3) followed by
acetylation (as above) gave the R-acetoxy ketone 24, an
unstable compound that was directly treated with mCPBA/
NaHCO3 to generate uronolactone (-)-25 (67%). Metha-
nolysis of (-)-25 under acidic conditions (MeOH, SOCl2)
furnished a 5:1 mixture of the R- and â-furanoside (+)-
26. No trace of the corresponding methyl pyranoside
could be seen in the 1H NMR spectrum of the crude
reaction mixture. Reduction of (+)-26 with LiAlH4 or
with DIBAH in THF, followed by acetylation (Ac2O/
pyridine/DMAP), led to untractable mixtures. Finally we
found that the reduction of (+)-26 with LiBH4/THF,
followed by acetylation and hydrogenolysis, provided a
5:1 R/â-mixture of the semiprotected aza-C-disaccharide
(+)-27 (72%). Transalcoholysis of (+)-27 with MeOH/
NH3, followed by chromatography on an ion-exchange
column, delivered a 5:1 mixture of 1R and 1â ((+)-1R,â).

Qualitative conformational analysis of methyl
3-deoxy-3-[(1′R)-2′,6′,8′-trideoxy-2′,6′-imino-â-D-glyc-

ero-L-manno-heptitol-1′-yl]-R-D-altrofuranoside. The
600 MHz 1H NMR spectrum of the mixture of (+)-1R,â
taken in 1:1 CD3OD/D2O at pH 5.7 suggested an anti
conformation B (Figure 2A) for the aza-C-galactoside 1R
for the following reasons. A coupling constant of 1.3 Hz
was measured between the anomeric proton H-C(2′) and
H-C(1′) of the hydroxymethylene link. This excludes
conformation C (Figure 2A) which features antiperipla-
nar protons H-C(2′) and H-C(1′). Since no NOE (2D
NOESY spectrum) could be detected between protons Me-
C(6′) of the 6-deoxygalactonojirimycin moiety and protons
H-C(2), H-C(4) of the altrofuranoside unit, the gauche
conformation A (Figure 2A) can be rejected. This con-
formation is expected to be destabilized due to steric
repulsive effects between the two sugar moieties. A
coupling constant of 10.1 Hz was measured between
protons H-C(1′) of the link and H-C(3) of the aglycon. It
is consistent only with an antiperiplanar arrangement
for these two protons as shown in Figure 2B.
The other coupling constants (Figure 3) and the 2D

NOESY spectrum of 1R were consistent with the average
conformation shown (Figures 2 and, 3). For numerous
C-disaccharides with a CH2 link, anti conformations of
type B have been reported.24 Data for C-lactose and
derivatives with a CH(OH) link have shown that gauche
conformations may be more populated than the corre-
sponding anti conformations.25
Further discussion of our data for 1R must await data

for the corresponding O-disaccharide that are not avail-
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Figure 1. Representations of possible like mode of cross-
aldolizations.

Figure 2. Representations of possible conformers for 1r: (A)
Newman projections along C(2′)-C(1′); (B) along C(3)-C(1′).
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able yet, as well as quantitative J and NOE analyses.
As it has been shown for C-lactose and derivatives,25 the
conformational population of a C-disaccharide may de-
pend on solvent and temperature. In order to test for
an eventual temperature effect, we measured the 1H
NMR (600 MHz) spectrum of 1R at 11, 25, 39, and 60 °C
(pH 5.7, 1:1 CD3OD/D2O). No change could be detected
for the vicinal coupling constants. We also tested for an
eventual pH dependence of the conformation of 1R and
measured its 1H NMR spectrum at pH ) 4.4, 5.7, 8.0,
9.0, and 9.8 at 40 °C (1:1 CD3OD/D2O, addition of AcOH
or NaOH diluted in 1:1 CD3OD/D2O). Expect for some
changes in the chemical shifts, the largest effect being
observed for proton H-C(2′), as expected (δH ) 3.20 ppm
at pH 4.4, 2.47 ppm at pH 9.8), no change of the vicinal
coupling constants were observed, except for 3J(H-C(2),
H-C(3)) of the altrofuranoside unit which varied from 1.3
Hz at pH <5.7 to 3 Hz at pH >8.0. Apart from a possible
change in the population of the conformations of the
furanoside ring, the average conformation around the
aza-C-glycosidic link and around the C-link and the
aglycon was not affected by the pH.
By measuring the chemical shifts of the methyl groups

of the 6-deoxygalactopyranoside moieties of 1R and 1â
as a function of pH (titration curves) we evaluated the
pKa of the conjugate acid 1RH+ and 1âH+ to be 7.7 and
7.4, respectively, at 40 °C in 1:1 CD3OD/D2O.
Synthesis of an aza-C-â-galactoside (1f3) of Ga-

lactose. Oxidative elimination of the PhSe group of (-)-
19 (mCPBA, CH2Cl2) afforded (+)-28 (95%). Its diol
moiety was then protected as MOM ethers to obtain (+)-
29 (95%). Double hydroxylation of the chloroalkene (+)-
29 (Me3NO, OsO4, NaHCO3, THF) led to an unstable
R-hydroxy ketone 30 which was esterified without puri-
fication with 4-BrC6H4SO2Cl (Et3N/CH2Cl2) into brosylate
(-)-31 (84%). Baeyer-Villiger oxidation of (-)-31 fur-
nished uronolactone (+)-32, the methanolysis of which
(MeOH/DMF, anhydrous K2CO3) gave a 10:1 mixture of
(-)-34 (66%) and (+)-35 (6%). The latter compound

arises probably from the K2CO3-induced epimerization
of (-)-34. The formation of (-)-34 can be interpreted in
terms of a SNi process that follows the MeOH addition
onto the uronolactone and liberalization of the intermedi-
ate R-furanose 33.26

Reduction of (-)-34 with LiBH4 in THF afforded (+)-
36 (82%). Debenzylation (H2/Pd/C, THF, H2O) of (+)-36
gave (+)-37 (97%). Treatment (+)-37with HCl in various
media gave untractable mixtures of compounds, some of
them resulting from aromatization through water elimi-
nation (formation of pyridine from the piperidine moiety).
Finally smooth deprotection of (+)-37 was achieved
through acidic hydrolysis with CF3COOH in 1:8 H2O/THF
at 37 °C (15 h). This led to a 68:32 mixtures of the
galactopyranoses 2R + 2â (R:â, 2:3) and galactofuranoses
38R + 38â (R:â, 1:2), the structures of these aza-C-
disaccharides being confirmed by NMRmethods (1H, 13C,
COSY-DQF, XHCOR, DEPT) for solutions in MeOH. All
the structures given for the other compounds described
above were consistent with their spectral data and
elemental analyses (see Experimental Section) as well
as with their modes of formation.27
Although the related (+)-3,7,8-trideoxy-3,7-imino-D-

threo-L-galacto-octitol derived from (+)-11 was found to
be a competitive inhibitor of â-glucosidases from almonds
and from Caldocellum saccharolyticum, the more com-
plicated aza-C-galactosides (+)-1R,â and 2R,â showed no
significant (IC50 >10 mM) inhibition of these enzymes,
nor did they inhibit the following commercially available
glycosidases: R-glucosidases form yeast and rice, â-xy-
losidase from Aspergillus niger, R-L-fucosidase form
bovine epididymis, â-mannosidase from Helix pomatia
and R-mannosidases from beans and from almonds. As
expected, the aza-C-disaccharides (+)-1R,â and 2R,â

(26) Kraehenbuehl, K.; Vogel, P. Tetrahedron Lett. 1995, 36, 8595.
(27) Conformational analysis of 2R,â and 31R,â could not be carried

out because of too many overlapping proton signals in the 600 MHz
1H NMR spectrum of this mixture.

(28) Gasparini, F.; Vogel, P. J. Org. Chem. 1990, 55, 2451.

Figure 3. (A) Vicinal 3J(H,H) coupling constants (Hz) mea-
sured for 1r; (B) three-dimensional representation of the
average conformation of 1r with indication of the major NOE’s
(by 600 MHz NOESY).
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might be inhibitors of glycosidases that cleave specifically
â-galactoside-O(1f3) links, what the above enzymes are
not specialized for, apparently. Work will be initiated to
search for such enzymes and for biological systems
capable to interact with our aza-C-disaccharides.

Conclusion

The syntheses of branched, long-chain carbohydrates
containing 13 carbon centers, a 1,5,6-trideoxy-1,5-imino-
D-galactitol moiety â-C-linked to various hexoses has been
possible through stereoselective (like mode) aldol con-
densations of a protected 3,4,5-trihydroxy-6-methylpip-
eridine-2-carbaldehyde with the lithium enolates of
(+)-(1R,4S,5S,6S)- and (-)-(1S,4R,5R,6R)-6-chloro-5-
(phenylseleno)-7-oxabicyclo[2.2.1]heptan-2-one. Stereo-
selective transformations of the aldols so-obtained led to
two “branched” aza-C-disaccharides. In the first case,
6-deoxy-D-galactonojirimycin is â-linked at position C(3)
of methyl R- and â-altrofuranoside (1) through a hy-
droxymethylene bridge. In the second case, 6-deoxy-D-
galactonojirimycin is â-linked at position C(3) of D-ga-
lactose, through a hydroxymethylene group. The latter
aza-C-disaccharide resembles somehow the tumor specific
carbohydrate antigen D-Galâ(1f3) GalNAc (Thomsen-
Friedenreich antigen (T)).29 Conjugates with peptides
will be tested as potential “anticancer vaccine”.30

Experimental Section

General Remarks. See refs 23, 28. None of the proce-
dures were optimized. Flash column chromatography (FC)
was performed onMerck silica gel (230-400 mesh). Thin layer
chromatography (TLC) was carried out on silica gel (Merck
aluminum foils). 1H NMR signal assignments were confirmed
by double irradiation experiments and, when required, by 2-D-
NOESY and COSY spectra. J values are given in hertz. 600
MHz 1H NMR spectra were recorded on a Bruker AMX-600
FT spectrometer.
Methyl 3-Deoxy-3-[(1′R)-2′,6′,7′-trideoxy-2′,6′-imino-â-

D-glycero-L-manno-heptitol-1′-yl]-R- and â--D-altrofura-
noside ((+)-1R,â). Aqueous NH3 (50%, 1 mL) was added to a
stirred solution of (+)-27 (12 mg, 0.02 mmol) in MeOH (2 mL).
After 2 h of stirring, the solvent was evaporated. The residue
was taken up in MeOH (0.2 mL) and 2 N HCl (0.5 mL) and
deposited on a Dowex 50W X8 column (H+ form, 3 g, 200-400
mesh) and washed first with H2O, then with MeOH, and
finally with 5% aqueous NH3 to provide (+)-1R,â (7 mg, 95%)
as a 5:1 mixture of R- and â-anomer which precipitated from
MeOH/Et2O: mp 208-210 °C dec; [R]25D ) +1.3, [R]25577 )
+1.8, [R]25546 ) +2.2, [R]25435 ) +3.4, [R]25405 ) +4.0 (c ) 0.7,
MeOH); IR (KBr) ν 3135, 2010, 1765, 1410 cm-1; 1H NMR (600
MHz, CD3OD/D2O, pH 5.7) δ 4.80 (br s, HC(1)), 4.36 (d, 3J(2,3)
) 1.3, HC(2)), 4.28 (dd, 3J(1′,3) ) 10.1, 3J(1′,2′) ) 1.5, HC(1′)),
4.04 (d, 3J(2′,3′) ) 10.2, 3J(3′,4′) ) 9.8, HC(3′)), 4.00 (ddd,
3J(4′,5′) ) 2.8, 3J(5′,6′) ) 0.8, HC(5′)), 3.92 (dd, 3J(4,5) ) 8.4,
3J(3,4) ) 5.3, HC(4)), 3.88 (dd, 2J ) 11.8, 3J ) 2.6) & 3.73 (dd,
11.8, 5.0, H2C(6)), 3.77 (ddd, 8.4, 5.0, 2.6, HC(5)), 3.69 (dd, 9.5,
2.8, HC(4′)), 3.54 (qd, 6.7, 0.8, HC(6′)), 3.20 (dd, 10.2, 1.5,
HC(2′)), 2.40 (ddd, 10.1, 5.3, 1.3, HC(3)), 1.43 (d, 6.7, Me-C(6′));
13C-NMR (100.61 MHz, CDCl3, 50 °C) δ 110.9 (d, C(1)), 79.3,
79.0, 76.3, 75.3, 71.2, 67.0, 66.7 (7d), 64.4 (t, C(6)), 62.2, 56.1,

54.8, 54.5 (4d), 21.5 (q, OCCH3); 15.3 (q, C(7′)); CI-MS (NH3)
m/z 355 (3), 354 (7), 322 (20), 292 (20), 278 (15), 250 (25), 160
(26), 146 (81), 123 (47), 109 (88), 97 (80), 81 (100); CI-MS
(electrospray) 354.7 (100); for C14H27O9N (353.16).
3-Deoxy-3-[(1′S)-2′,6′,7′-trideoxy-2′,6′-iminio-â-D-glycero-

L-manno-heptitol-1′-yl]-â-D-galactose Trifluoroacetate and
Isomers ((-)-2r,â,38r,â). A solution of (+)-37 (24 mg, 0.06
mmol) in trifluoroacetic acid/H2O 8:2 (3 mL) was stirred at 37
°C for 15 h. Evaporation led to 23.4 mg (98%) of a mixture of
2R,â and 38R,â: a slightly yellow oil; [R]25D ) -4.1, [R]25577 )
-6.2, [R]25546 ) -7.0 (c ) 1.2, MeOH); IR (film) ν 3425, 2925,
1685, 1435, 1210, 1135, 945, 840, 805, 725 cm-1; 1H NMR (600
MHz, CD3OD) of 2R (signal attributions for 2R in the mixture
relies, when possible, upon 2D spectra (COSY, HMQC, DEPT))
δ 5.28 (d, 0.2 H, 3J ) 4.4, HC(1), â-Galf), 5.26 (d, 0.1 H, 3J )
4.5, HC(1), R-Galf), 5.23 (d, 0.4 H, 3J ) 4.5, HC(1), â-Galp),
5.21 (d, 0.3 H, 3J ) 4.5, HC(1), R-Galp), 4.63-4.55 (m, 1.2 H),
4.52-4.43 (m, 1.5 H), 4.38-4.30 (m, 1.8 H, HC(2), Galf), 4.26-
4.16 (m, 1.5 H, HC(2), Galp, HC(4′)), 4.10-3.85 (m, 6.8 H),
3.77-3.53 (m, 4.8 H), 3.51-3.38 (m, 1.9 H, H-C(6′)), 3.31-
3.22 (m, 1.3 H), 2.80-2.62 (m, 1.5 H, H-C(2′), H-C(3)), 1.48-
1.40 (m, 3 H, H3-C(7′)); 13C-NMR (150.92 MHz, CD3OD) of 2â
and 2R (â-Galp), δ 161.0 (s, CF3COO), 117.3 (q, CF3COO), 96.6
(d, C(1)), 80.8 (d, C(4′)), 75.5, 72.8, 71.8, 70.5, 67.5, 65.3 (6d,
C(2), C(4), C(5), C(1′), C(3′), C(5′)), 64.3 (t, C(6)), 64.2, 56.9,
48.8 (3d, C(6′), C(2′), C(3)), 15.1 (q, C(7′)), (R-Galp), δ 161.2 (s,
CF3COO), 117.3 (q, CF3COO), 96.6 (d, C(1)), 81.8 (d, C(4′)),
78.8, 75.5, 74.4, 71.7, 70.4, 67.4 (6d, C(2), C(4), C(5), C(1′), C(3′),
C(5′)), 64.8 (d, C(6′)), 64.2 (t, C(6)), 56.6, 43.8 (2d, C(2′), C(3)),
15.1 (q, C(7′)); CI-MS (electrospray) 339 (100), 322 (33); CI-
MS (NH3) m/z 341 (1), 340 (1), 322 (5), 285 (8), 267 (7), 175
(8), 146 (26), 137 (39), 123 (100), 115 (25), 95 (60), 80 (44).
Anal. Calc for C13H25O9N‚CF3COOH (339.34 + 113.99): C,
39.72; H, 5.78. Found: C, 39.84; H, 5.84.
2,3:6,7-Di-O-isopropylidene-D-glycero-D-gulo-heptono-

1,4-lactone ((-)-4) and 3,5:6,7-Di-O-isopropylidene-D-
glycero-D-gulo-heptono-1,4-lactone ((-)-5). D-glycero-D-
gulo-Heptono-1,4-lactone ((-)-3, Aldrich) (8 g, 38.4 mmol),
p-toluenesulfonic acid (0.2 g, 1.05 mmol), and CaSO4 (1 g, 7.64
mmol) were stirred in acetone (80 mL) in an autoclave at 150
°C. After 1.5 h the mixture was neutralized with Na2CO3 and
then filtered. Silica gel (40 g) was added and the suspension
carefully evaporated in vacuo. FC (silica gel (400 g), EtOAc/
petroleum ether 3: 2, then EtOAc) yielded 2.78 g (25%) of (-)-
4, 4.22 g (38%) of (-)-5, and 1.03 g (13%) of starting material
((-)-3). Recycling of (-)-5 and (-)-3. The same procedure
as above was used starting with D-glycero-D-gulo-heptono-1,4-
lactone ((-)-3) (1 g, 5.0 mmol) and (-)-5 (4.2 g, 14.6 mmol),
yielding 1.0 g (18%) of (-)-4, 2.1 g (37%) of (-)-5 and 0.3 g
(7%) of (-)-3. All spectral and physical data of (-)-4 and (-)-5
were identical to those published.13,14

4-O-Benzyl-3,7,8-trideoxy-3,7-imino-1,2:5,6-di-O-isopro-
pylidene-D-threo-L-galacto-octitol ((-)-10). Heptono-1,4-
lactone (-)-4 was converted into 3,7,8-trideoxy-3,7-imino-1,2:
5,6-di-O-isopropylidene-D-threo-L-galacto-octitol (+)-9 as already
described.15 NaH, 55% in oil (302.4 mg, 6.93 mmol), benzyl
bromide (0.85 mL, 6.93 mmol), and tetrabutylammonium
iodide (60 mg, 0.17 mmol) were added successively to a stirred
solution of (+)-9 (995 mg, 3.46 mmol) in THF (10 mL). After
15 h of stirring, the mixture was poured into aqueous
saturated NaHCO3 solution (100 mL) and the aqueous layer
was extracted with EtOAc (50 mL, 4 times). The combined
organic extracts were dried (MgSO4), the solvent was evapo-
rated, and the residue was purified by FC (silica gel (20 g),
EtOAc/petroleum ether, 1:4): 1.03 g (79%) of (-)-10, colorless
oil; [R]25D ) -1.9 (c ) 1.5, CHCl3); 1H NMR (400 MHz, CDCl3)
δ 7.36-7.26 (d, m), 4.93, 4.57 (2d, 2J ) 11.4), 4.24 (ddd, 3J )
7.9, 6.2, 5.2), 4.12 (dd, 3J ) 6.9, 5.4), 4.05 (dd, 3J ) 5.4, 2.6),
3.97 (dd, 2J ) 8.1, 3J ) 6.2), 3.89 (dd, 2J ) 8.1, 3J ) 7.9), 3.41
(dd, 3J ) 10.0, 6.9), 3.03 (dd, 3J ) 6.7, 2.6), 2.44 (dd, 3J ) 10.0,
5.2), 1.55, 1.42, 1.40, 1.34 (4s), 1.28 (d, 3J ) 6.7).
4-O-Benzyl-N-(benzyloxycarbonyl)-3,7,8-trideoxy-3,7-

imino-1,2:5,6-di-O-isopropylidene-D-threo-L-galacto-octi-
tol ((+)-11). Method A (from (-)-10). NaHCO3 (400 mg,
4.80 mmol) and benzyl chloroformate (0.48 mL, 3.28 mmol)

(29) Springer, G. F. Science 1984, 224, 1198. MacLean, G. D.,
Longenecker, B. L. Semin. Cancer Biol. 1991, 2, 443. Samuel, J.;
Nouaim, A. A.; MacLean, G. D.; Suresh, M. R.; Longenecker, B. M.
Cancer Res. 1990, 250, 4801. Zhuang, D.; Yousef, S.; Dennis, J. W.
Cancer Biochem. Biophys. 1991, 12, 185. Rabinovich, N. R.; McInnes,
P.; Klein, D. L.; Hall, P. F. Science 1994, 265, 1401.

(30) See, e.g.: MacLean, G. D.; Reddish, M.; Koganty, R. R.; Wong,
T.; Gaudhi, S.; Smolenski, M.; Samuel, J.; Nabholtz, J. M.; Longe-
necker, B. M. Cancer Immunol. Immunother. 1993, 36, 215. See also:
Hanessian, S.; Qiu, D.; Prabhanjan, H.; Reddy, G. V.; Lou, B. Can. J.
Chem.1996, 74, 1738.
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were added to a stirred solution of (-)-10 (1.03 g, 2.73 mmol)
in 50% aqueous EtOH (16.2 mL). After 2 h of stirring at 20
°C, the mixture was poured into aqueous saturated NaHCO3

(100 mL) and the aqueous layer was extracted with EtOAc
(50 mL, four times). The combined organic extracts were dried
(MgSO4), and the solvent was evaporated. The residue was
purified by FC (silica gel (20 g), EtOAc/petroleum ether, 1:6):
1.35 g (97%) of (+)-11, colorless oil.
Method B, fromN-(Benzyloxycarbonyl)-3,7,8-trideoxy-

3,7-imino-1,2:5,6-di-O-isopropylidene-D-threo-L-galacto-
octitol (A). NaH, 55% in oil (47 mg, 0.95 mmol), benzyl
bromide (0.12 mL, 0.93 mmol), and tetrabutylammonium
iodide (6 mg, 0.02 mmol) were added successively to a stirred
solution of A (124 mg, 0.94 mmol) in THF (2.5 mL). After 15
h of stirring at 20 °C, the mixture was poured into aqueous
saturated NaHCO3 solution (15 mL), and the aqueous layer
was extracted with EtOAc (30 mL, four times). The combined
organic extracts were dried (MgSO4), and the solvent was
evaporated. The residue was purified by FC (silica gel (20 g),
EtOAc/ petroleum ether 1:6): 145 mg (97%) of (+)-11, colorless
oil; [R]25D ) +50 (c ) 0.9, CHCl3); 1H NMR (400 MHz, CDCl3)
δ 7.36-7.28 (m), 5.12 (s), 4.87, 4.63 (2d, 2J ) 7.4), 4.78 (qd, 3J
) 7.4, 7.4), 4.40-4.33 (m), 4.20 (dd, 3J ) 8.2, 6.7), 4.08 (dd, 2J
) 8.7, 3J ) 4.5), 4.03 (dd, 2J ) 8.7, 3J ) 6.8), 3.90 (dd, 3J )
8.7, 8.2), 3.47 (dd, 3J ) 8.7, 8.7), 1.56, 1.53, 1.36, 1.33 (4s),
1.28 (d, 3J ) 7.4).
N-(Benzyloxycarbonyl)-3,7,8-trideoxy-3,7-imino-1,2:

5,6-di-O-isopropylidene-D-threo-L-galacto-octitol (A).NaH-
CO3 (58 mg, 0.69 mmol) and benzyl chloroformate (0.07 mL,
0.47 mmol) were added to a stirred solution of (-)-915 (113 mg,
0.394 mmol) in 50% aqueous EtOH (2 mL). After 2 h of
stirring at 20 °C for 2 h, the mixture was poured into aqueous
saturated NaHCO3 (10 mL), and the aqueous layer was
extracted with EtOAc (5 mL, five times). The combined
organic extracts were dried (MgSO4), and the solvent was
evaporated. The residue was purified by FC (silica gel (8 g),
EtOAc/petroleum ether, 1:2): 124 mg (75%) of A, colorless oil;
[R]25D ) +78.3 (c ) 0.9, CHCl3); 1H NMR (400 MHz, CDCl3) δ
7.39-7.30 (m), 5.14 (s), 4.52-4.44 (m), 4.39 (dd, 3J ) 8.1, 7.8),
4.23 (ddd, 3J ) 9.7, 8.3, 3.0), 4.03 (dd, 3J ) 8.3, 8.1), 3.98 (dd,
3J ) 9.7, 4.5), 3.93 (dd, 2J ) 8.7, 6.0), 3.62 (dd, 2J ) 8.7, 3J )
8.7), 3.00 (d, 3J ) 3.0), 1.50, 1.37, 1.35, 1.35 (4s), 1.24 (d, 3J )
7.4).
3-O-Benzyl-N-(benzyloxycarbonyl)-2,6,7-trideoxy-2,6-

imino-4,5-O-isopropylidene-â-D-glycero-L-manno-hep-
tose ((-)-12). Method A. Amixture of (+)-11 (203 mg, 0.397
mmol) and NaIO4 (102 mg, 0.477 mmol) in acetic acid/water
8:1 (4.15 mL) was allowed to stand at 20 °C overnight. The
mixture was poured into aqueous saturated NaHCO3 solution
(20 mL), and the aqueous layer was extracted with CH2Cl2
(20 mL, four times). The combined organic extracts were dried
(MgSO4), the solvent was evaporated, and the residue was
purified by FC (silica gel (15 g), EtOAc/petroleum ether, 1:4):
167 mg (94%) of (-)-12, colorless oil; [R]25D ) -2.7 (c ) 1.4,
CHCl3); 1H NMR (400 MHz, CDCl3) δ 9.68 (s), 7.36-7.30 (m),
5.14 (s), 4.78, 4.61 (2d, 2J ) 11.5), 4.52 (qd, 3J ) 7.0, 6.9), 4.49
(d, 3J ) 7.9), 4.39 (dd, 3J ) 8.0, 6.9), 4.30 (dd, 3J ) 7.9, 5.7),
4.05 (dd, 3J ) 8.0, 5.7), 1.55, 1.36 (2s), 1.27 (d, 3J ) 7.0).
Method B. An aqueous solution of NaIO4 (105 mg, 0.49

mmol in 1 mL of H2O) was added to a stirred solution of B
(see below) (115 mg, 0.244 mmol) in THF (2 mL). After 15
min at 20 °C, the mixture was diluted with CH2Cl2 (15 mL)
and washed twice with brine. The aqueous layer was ex-
tracted with CH2Cl2 (5 mL, twice), and the combined organic
extracts were dried (MgSO4). The solvent was evaporated, and
the residue was purified by FC (silica gel (15 g), EtOAc/
petroleum ether, 1:4): 95 mg (89%) of (-)-12, a colorless oil.
(+)-4-O-Benzyl-N-(benzyloxycarbonyl)-3,7,8-trideoxy-

3,7-imino-5,6-O-isopropylidene-D-threo-L-galacto-octi-
tol (B). Dowex 50W-X8 (633 mg) was added to a solution of
(+)-11 (422 mg, 0.83 mmol) in 90% aqueous MeOH (6 mL).
After being stirred at 20 °C overnight, the mixture was filtered,
and the solvent was evaporated with toluene (15 mL, twice).
FC (silica gel (15 g), EtOAc/petroleum ether, 1:4) of the residue
permitted the recovery of 228 mg of starting material (conver-
sion 46%), together with 154 mg (40%) ofB, colorless oil: [R]25D

) +34.4 (c ) 1.2, CHCl3); 1H NMR (400 MHz, CDCl3, 50 °C) δ
7.37-7.30 (m), 5.16, 5.13 (2d, 2J ) 12.3), 4.85, 4.60 (2d, 2J )
11.5), 4.67 (dq, 3J ) 7.1, 7.1), 4.35 (dd, 3J ) 8.3, 7.1), 4.24 (dd,
3J ) 8.3, 6.1), 4.11 (dd, 3J ) 7.9, 6.4), 3.93 (dd, 3J ) 7.9, 6.1),
3.93-3.90 (m), 3.65-3.63, 3.59-3.57 (2m), 2.62 (br s), 2.55 (d,
3J ) 6.9), 1.55, 1.36 (2s), 1.27 (d, 3J ) 7.1).
(1R,3R,4S,5S,6S)-3-exo-[(1′R)-3′-O-Benzyl-N-(benzylox-

ycarbonyl)-2′,6′,7′-trideoxy-2′,6′-imino-4′,5′-O-isopro-
pylidene-â-D-glycero-L-manno-heptitol-1′-yl]-6-endo-chlo-
ro-5-exo-(phenylseleno)-7-oxabicyclo[2.2.1]heptan-2-
one ((-)-14) and (1R,3R,4S,5S,6S)-3-exo-[(1′R)-N-(Benzyl-
oxycarbonyl)-2′,6′,7′-trideoxy-2′,6′-imino-4′,5′-O-isopro-
pylidene-â-D-glycero-L-manno-heptitol-1′-yl]-6-endo-chlo-
ro-5-exo-(phenylseleno)-7-oxabicyclo[2.2.1]heptan-2-
one ((+)-15). A 1.6 M solution of BuLi in hexane (1.61 mL,
2.5 mmol) was added to a stirred solution of HMDS (0.37 mL,
1.76 mmol) at -10 °C in anhydrous THF (3.5 mL). After 20
min of stirring at -5 °C, the mixture was cooled to -78 °C,
and a solution of ketone (+)-1316a (463 mg, 1.53 mmol) in
anhydrous THF (3.5 mL) was added dropwise over a period of
30 min. At the end of the addition, the mixture was left at
-78 °C for 20 min and then cooled to -95 °C. Aldehyde (-)-
12 (739 mg, 1.68 mmol) in anhydrous THF (1.2 mL) was added
dropwise, and the mixture was maintained at -95 °C for 5.5
h and then poured into a 10% solution of AcOH in THF (40
mL) previously cooled to -95 °C. After being warmed to -10
°C, the mixture was quenched with a saturated aqueous
solution of NaHCO3 and extracted with CH2Cl2 (50 mL, four
times). The resulting organic phases were dried (MgSO4), and
the solvent was evaporated. FC (silica gel, 100 g, CH2Cl2/
petroleum ether/Et2O, 1:5:1) afforded 90 mg of the starting
ketone (19%), 60 mg of the starting aldehyde (-)-12 (8%), 505
mg of (-)-14 (45%), and 260 mg (26%) of (+)-15 both as white
crystals.
Data for (-)-14: mp 138.5-140 °C (Et2O/petroleum ether);

[R]25D ) -7.5 (c ) 1.0, CHCl3); 1H NMR (400 MHz, CDCl3, 50
°C) δ 7.72-7.48, 7.34-7.26 (2m), 5.24, 5.16 (2d, 2J ) 12.4),
4.96 (br s), 4.88, 4.63 (2d, 2J ) 11.5), 4.69 (dq, 3J ) 7.3, 7.3),
4.42 (dd, 3J ) 5.7, 1.0), 4.34 (ddd, 3J ) 5.7, 2.8, 4J ) 1.0), 4.27
(dd, 3J ) 7.2, 6.8), 4.20 (dd, 3J ) 7.3, 6.8), 4.16-4.05 (m), 3.40
(d, 3J ) 2.8), 3.15 (br s), 2.29 (d, 3J ) 9.3), 1.52, 1.34 (2s), 1.07
(d, 3J ) 7.3).
Data for (+)-15: mp 195-196 °C (Et2O); [R]25D ) +35.0 (c

) 0.5, CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.61-7.58, 7.37-
7.28 (2m), 4.80 (br s), 4.76, 4.55 (2d, 2J ) 11.6), 4.41 (dd, 3J )
7.4, 3.8), 4.35 (d, 3J ) 5.7), 4.33 (dd, 3J ) 5.7, 2.6), 4.26 (dd, 3J
) 6.0, 6.0), 4.12 (dd, 3J ) 6.0, 2.8), 3.84 (dd, 3J ) 7.4, 7.4),
3.63 (dq, 3J ) 7.1, 2.8), 3.47 (d, 3J ) 2.6), 2.64 (d, 3J ) 3.8),
1.66 (d, 3J ) 7.1), 1.51, 1.38 (2s).
(1S,3S,4R,5R,6R)-3-exo-[(1′S)-3′-O-Benzyl-N-(benzylox-

ycarbonyl)-2′,6′,7′-trideoxy-2′,6′-imino-4′,5′-O-isopro-
pylidene-â-D-glycero-L-manno-heptitol-1′-yl]-6-endo-chlo-
ro-5-exo-(phenylseleno)-7-oxabicyclo[2.2.1]heptan-2-
one ((+)-16). A 1.6 M solution of BuLi in hexane (0.41 mL,
0.66 mmol) was added to a stirred solution of HMDS (0.22 mL,
0.72 mmol) at -10 °C in anhydrous THF (1.5 mL). After 20
min of stirring at -5 °C, the mixture was cooled to -78 °C
and a solution of racemic ketone (()-1316a (199 mg, 0.66 mmol)
in anhydrous THF (1.5 mL) was added dropwise over a period
of 30 min. At the end of the addition, the mixture was left at
-78 °C for 20 min and then cooled to -95 °C. The aldehyde
(-)-12 (278 mg, 0.63 mmol) in anhydrous THF (0.4 mL) was
added dropwise, and the mixture was maintained at -95 °C
for 3.5 h and then poured into a 10% solution of AcOH in THF
(35 mL) previously cooled to -78 °C. After being warmed to
-10 °C, the mixture was quenched with a saturated aqueous
solution of NaHCO3 and extracted with CH2Cl2 (30 mL, four
times). The combined organic phases were dried (MgSO4), and
the solvent was evaporated. FC (silica gel, 40 g, CH2Cl2/
petroleum ether/Et2O, 1:5:1) afforded 53 mg of the starting
ketone (()-13 (27%), 120 mg of (+)-16 (35%) as a colorless oil,
148 mg (30%) of (-)-14 as white crystals, 50 mg (18%) of (-)-
12 and 25 mg (6%) of (+)-15 as white crystals.
Data for (+)-16: [R]25D ) +27.4 (c ) 0.5, CHCl3); 1H NMR

(400 MHz, CDCl3, 50 °C) δ 7.39-7.25 (m), 5.16, 5.12 (2s, 2J )
14.5), 4.88 (br s), 4.89, 4.69 (2d, 2J ) 10.8), 4.68 (dq, 3J ) 7.3,
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7.3), 4.47 (dd, 3J ) 9.0, 7.2), 4.40 (br d, 3J ) 5.7), 4.38 (dd, 3J
) 8.2, 7.3), 4.24 (dd, 3J ) 8.2, 7.2), 4.21 (ddd, 3J ) 5.7, 2.7, 4J
) 1.0), 4.18 (br d, 3J ) 9.8), 3.85 (dd, 3J ) 9.0, 1.7), 3.35 (br s),
3.05 (d, 3J ) 2.7), 2.71 (d, 3J ) 9.8), 1.54, 1.38 (2s), 1.23 (d, 3J
) 7.3).
(1R,2S,3S,4S,5S,6S)-3-exo-[(1′R)-3′-O-Benzyl-N-(ben-

zyloxycarbonyl)-2′,6′,7′-trideoxy-2′,6′-imino-4′,5′-O-iso-
propylidene-â-D-glycero-L-manno-heptitol-1′-yl]-6-endo-
chloro-5-exo-(phenylseleno)-7-oxabicyclo[2.2.1]heptan-2-
endo-ol ((+)-17). NaBH4 (30 mg, 0.78 mmol) was added to a
stirred solution of (-)-14 (197 mg, 0.27 mmol) in THF/MeOH,
1:1 (8 mL), cooled to 0 °C. After 0.5 h of stirring, the mixture
was neutralized with a saturated aqueous solution of NH4Cl
and extracted with CH2Cl2 (20 mL, four times). The combined
organic extracts were dried (MgSO4) and the solvents evapo-
rated. Purification of the residue by FC (silica gel, 15 g,
EtOAc/petroleum ether, 1:1) afforded 174 mg (88%) of (+)-17
as a colorless oil: [R]25D ) +17.3 (c ) 0.6, CHCl3); 1H NMR
(400 MHz, CDCl3, 50 °C) δ 7.65-7.26 (m), 5.09, 5.05 (2d, 2J )
11.3), 4.77, 4.62 (2d, 2J ) 11.6), 4.60 (dq, 3J ) 7.4, 7.2), 4.51
(br s), 4.37 (m), 4.31 (dd, 3J ) 8.3, 7.4), 4.22 (dd, 3J ) 8.3, 5.8),
4.12 (dd, 3J ) 7.7, 5.4), 3.97 (dd, 3J ) 7.7, 5.8), 3.86 (br dd, 3J
) 6.2, 5.4), 3.41 (br s), 2.65, 1.98 (2 br s), 1.89 (br dd, 3J ) 6.2,
4,4), 1.41, 1.34 (2s), 1.27 (d, 3J ) 7.2).
(4R,4aR,5S,6S,7S,8R,8aS)-[(1′R)-2′-O-Benzyl-N-(ben-

zyloxycarbonyl)-1′,5′,6′-trideoxy-1′,5′-imino-3′,4′-O-iso-
propylidene-â-D-galacto-hexitol-1′-yl]-2,2-di-tert-butyl-7-
chloro-4a,5,6,7,8,8a-hexahydro-6-(phenylseleno)-5,8-epoxy-
4H-1,3-dioxa-2-silanaphthalene ((+)-18). 2,6-Lutidine (0.009
mL, 0.07 mmol) and di-tert-butylsilyl ditriflate (0.001 mL,
0.028 mmol) were added to a stirred solution of (+)-17 (17 mg,
0.023 mmol) in anhydrous CHCl3 (1 mL). After 14 h of stirring
at 50 °C, the mixture was neutralized with ice cold aqueous 1
M solution of HCl and extracted with CH2Cl2 (5 mL, four
times). The combined organic extracts were dried (MgSO4)
and the solvents evaporated. Purification of the residue by
FC (silica gel, 8 g, EtOAc/petroleum ether, 1:4) afforded 5 mg
(25%) of (+)-18 as a colorless oil: [R]25D ) +6.2 (c ) 0.4, CHCl3);
1H NMR (400 MHz, CDCl3) δ 7.70-7.20 (m), 5.02, 4.94 (2d, 2J
) 12.3), 4.74, 4.59 (2d, 2J ) 11.6), 4.58-4.50 (m), 4.51-4.45
(m), 4.35 (dd, 3J ) 4.6, 4.6), 4.27 (dd, 3J ) 8.0, 5.1), 4.22 (dd,
3J ) 4.6, 0.3), 4.21 (dd, 3J ) 8.0, 6.2), 3.97 (br d, 3J ) 6.9),
3.79 (m), 3.58 (dd, 3J ) 11.1, 3.1), 3.28 (br s), 1.91 (dd, 3J )
11.1, 1.0), 1.52, 1.35 (2s), 1.20 (d, 3J ) 7.0), 1.01, 0.93 (2s).
(1S,2R,3R,4R,5R,6R)-3-exo-[(1′S)-3′-O-Benzyl-N-(ben-

zyloxycarbonyl)-2′,6′,7′-trideoxy-2′,6′-imino-4′,5′-O-iso-
propylidene-â-D-glycero-L-manno-heptitol-1′-yl]-6-endo-
chloro-5-exo-(phenyseleno)-7-oxabicyclo[2.2.1]heptan-2-
endo-ol ((-)-19). NaBH4 (45 mg, 1.17 mmol) was added to a
stirred solution of (+)-16 (300 mg, 0.42 mmol) in THF/MeOH
1:1 (10 mL) cooled to 0 °C. After 0.5 h of stirring, the mixture
was neutralized with an aqueous saturated solution of NH4Cl
and extracted with CH2Cl2 (30 mL, four times). The combined
organic extracts were dried (MgSO4), and the solvents were
evaporated. Purification of the residue by FC (silica gel, 15
g, EtOAc/petroleum ether, 1:1) afforded 300 mg (96%) of (-)-
19: colorless oil; mp 170-171 °C (Et2O); [R]25D ) -15.5 (c )
0.6, CHCl3); 1H NMR (400 MHz, CDCl3, 50 °C) δ 7.53-7.26
(m), 5.13 (s), 4.66, 4.58 (2d, 2J ) 11.3), 4.48-4.42 (m), 4.39-
4.36 (m), 4.31-4.11 (m), 3.38 (d, 3J ) 3.7), 2.50 (br s), 2.07
(dd, 3J ) 6.1, 4.7), 1.50, 1.33 (2s), 1.30 (d, 3J ) 6.6).
(4S,4aR,5R,8S,8aR)-[(1′S)-2′-O-Benzyl-N-(benzyloxy-

carbonyl)-1′,5′,6′-trideoxy-1′,5′-imino-3′,4′-O-isopropyl-
idene-â-D-galacto-hexitol-1′-yl]-2,2-di-tert-butyl-7-chloro-
4a,5,8,9-tetrahydro-5,8-epoxy-4H-1,3-dioxa-2-silanaph-
thalene ((+)-21). 2,6-Lutidine (0.024 mL, 0.21 mmol) and di-
tert-butylsilyl ditriflate (0.029 mL, 0.084 mmol) were added
to a stirred solution of (-)-19 (52 mg, 0.07 mmol) in anhydrous
CH2Cl2. After 20 h of stirring at 20 °C, the mixture was
neutralized with ice cold aqueous 1 M solution of HCl and
extracted with CH2Cl2 (10 mL, four times). The combined
organic extracts were dried (MgSO4), and the solvents were
evaporated. Purification of the residue by FC (silica gel, 8 g,
EtOAc/petroleum ether, 1:4) afforded 55 mg (89%) of a mixture
of rotamers 20 as colorless oil. A solution of 85% mCPBA (12
mg, 0.06 mmol) in anhydrous CH2Cl2 (1.2 mL) was added

dropwise to the stirred solution of 20 (50 mg, 0.056 mmol) in
anhydrous CH2Cl2 (3 mL) cooled to -78 °C. After 3 h of
stirring at -78 °C, the mixture was allowed to warm up to 20
°C over 10 h. CH2Cl2 (5 mL) was added, and the solution was
washed with a saturated aqueous solution of NaHCO3 (10 mL).
The aqueous phase was extracted with CH2Cl2 (10 mL, four
times). The combined organic phases were washed with brine
(15 mL) and dried (MgSO4). After solvent evaporation in
vacuo, the residue was purified by FC (silica gel, 15 g, EtOAc/
petroleum ether, 1:4), yielding 28 mg (74%) of (+)-21 as a foam
(66% based on (-)-19): [R]25D ) +12.8 (c ) 0.3, CHCl3); 1H
NMR (400 MHz, CDCl3) δ 7.37-7.24 (m), 5.58 (br s), 5.17, 5.10
(2d, 2J ) 12.2), 4.76, 4.45 (2d, 2J ) 10.4), 4.76 (br s), 4.57 (d,
3J ) 4.4), 4.55 (dd, 3J ) 4.4, 1.2), 4.49 (dq, 3J ) 7.3, 7.1), 4.36
(dd, 3J ) 8.3, 7.1), 4.31 (dd, 3J ) 8.3, 4.1), 4.33-4.24 (m), 4.15
(dd, 3J ) 10.8, 5.5), 1.82 (br d, 3J ) 10.8), 1.52, 1.35 (2s), 1.26
(d, 3J ) 7.1), 1.04, 0.99 (2s).
(1R,2S,3S,4S,5S,6S)-3-exo-[(1′R)-1′-O-Acetyl-3′-O-benzyl-

N-(benzyloxycarbonyl)-2′,6′,7′-trideoxy-2′,6′-imino-4′,5′-O-
isopropylidene-â-D-glycero-L-manno-heptitol-1′-yl]-6-endo-
chloro-5-exo-(phenylseleno)-7-oxabicyclo[2.2.1]hept-2-
endo-yl Acetate ((-)-22). A solution of (+)-17 (167 mg, 0.225
mmol) in a 3:2 mixture of pyridine/Ac2O (5 mL) was stirred
overnight with DMAP (2 mg). After evaporation of the
solvents, FC of the residue (silica gel, 15 g, EtOAc/petroleum
ether, 1:6) afforded 184 mg (99%) of (-)-22 as a colorless oil:
[R]25D ) -8.8 (c ) 1.3, CHCl3); 1H NMR (400 MHz, CDCl3, 50
°C) δ 7.62-7.26 (m), 5.51 (dd, 3J ) 6.0, 5.8), 5.08 (s), 5.08 (m),
4.77 (dd, 3J ) 4.4, 4.4), 4.70, 4.53 (2d, 2J ) 11.5), 4.57 (s), 4.53
(m), 4.36 (m), 4.26 (dd, 3J ) 7.2, 7.0), 4.20 (dd, 3J ) 8.2, 5.4),
4.18 (m), 3.79 (dd, 3J ) 7.2, 5.4), 3.28 (br s), 2.51 (d, 3J ) 5.8,
4.7), 1.98, 1.92 (2s), 1.38, 1.32 (2s), 1.20 (d, 3J ) 7.1).
(1R,2S,3S,4S)-3-exo-[(1′R)-1′-O-Acetyl-3′-O-benzyl-N-

(benzyloxycarbonyl)-2′,6′,7′-trideoxy-4′,5′-O-isopropyl-
idene-2′,6′-imino-â-D-glycero-L-manno-heptitol-1′-yl]-6-
chloro-7-oxabicyclo[2.2.1]hept-5-en-2-endo-yl Acetate
((-)-23). A solution of 85% mCPBA (42.3 mg, 0.21 mmol) in
anhydrous CH2Cl2 (1 mL) was added dropwise in 30 min to a
stirred solution of (+)-22 (164 mg, 0.20 mmol) in anhydrous
CH2Cl2 (2 mL) cooled to -78 °C. After 3 h of stirring at -78
°C, the mixture was allowed to warm up to 20 °C in 10 h.
CH2Cl2 (10 mL) was added, and the solution was washed with
a saturated aqueous solution of NaHCO3 (10 mL). The
aqueous phase was extracted with CH2Cl2 (15 mL, four times),
and the combined organic extracts were dried (MgSO4). After
solvent evaporation in vacuo the residue was purified by FC
(silica gel, 15 g, EtOAc/petroleum ether, 1:4), yielding 119 mg
(90%) of (-)-23, colorless oil; [R]25D ) -61 (c ) 0.7, CHCl3); 1H
NMR (400 MHz, CDCl3, 50 °C) δ 7.38-7.27 (m), 5.93 (br s),
5.57 (dd, 3J ) 6.5, 5.2), 5.20 (br s), 5.18, 5.15 (2d, 2J ) 12.3),
4.95 (br s), 4.87 (d, 3J ) 4.3), 4.75, 4.56 (2d, 2J ) 10.9), 4.68
(dq, 3J ) 7.3, 7.3), 4.35-4.32 (m), 4.32 (dd, 3J ) 8.1, 7.3), 4.23
(dd, 3J ) 8.3, 6.2), 3.78 (dd, 3J ) 8.1, 6.2), 2.13-2.20 (m), 2.00
(2s), 1.54, 1.35 (2s), 1.22 (d, 3J ) 7.3).
(1R,2S,3R,4S,5S)-3-exo-[(1′R)-1′-O-Acetyl-3′-O-benzyl-N-

(benzyloxycarbonyl)-2′,6′,7′-trideoxy-2′,6′-imino-4′,5′-O-
isopropylidene-â-D-glycero-L-manno-heptitol-1′-yl]-6-oxo-
7-oxabicyclo[2.2.1]heptane-2-endo,5-exo-diyl Diacetate
(24). Me3NO (23 mg, 0.2 mmol) in THF/H2O, 5:1 (0.6 mL),
was added dropwise to a stirred solution of (-)-23 (45 mg, 0.07
mmol) in THF/H2O, 5:1 (0.6 mL), NaHCO3 (30 mg, 0.4 mmol),
and 0.1 M solution of OsO4 in CCl4 (0.05 mL). After 2.5 h of
stirring at 20 °C, EtOAc (10 mL) was added and the solution
was washed with a saturated aqueous solution of NaHSO3 (10
mL, three times) and then with brine (10 mL, twice). The
combined aqueous phases were extracted with EtOAc (10 mL,
three times), and the combined organic phases were dried
(MgSO4). After solvent evaporation in vacuo at 20 °C, the
residue was dissolved in anhydrous pyridine (1 mL) and Ac2O
(0.8 mL), and DMAP (5 mg) was added. After 15 h of stirring
at 20 °C for 15 h the solvents were removed in vacuo.
Filtration through Florisil (5 g) eluting with EtOAc/petroleum
ether, 1:4, afforded, after evaporation in vacuo at 20 °C, a very
instable oil which was used without further purification. An
analytical sample of 24 was purified by FC (Florisil, 5 g,
EtOAc/petroleum ether, 1:4): 1H NMR (400 MHz, CDCl3, 50
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°C) δ 7.40-7.26 (m), 5.58 (dd, 3J ) 6.3, 3.5), 5.24 (br s), 5.18,
5.13 (2d, 2J ) 12.2), 4.82-4.64 (m), 4.77, 4.56 (2d, 2J ) 11.1),
4.72 (br s), 4.62 (dq, 3J ) 7.3, 6.9), 4.50 (br d, 3J ) 5.6), 4.33
(dd, 3J ) 7.2, 6.9), 4.27 (dd, 3J ) 7.2, 6.0), 4.24 (dd, 3J ) 7.7,
6.0), 3.80 (dd, 3J ) 7.7, 6.3), 2.57 (dd, 3J ) 5.4, 3.5), 2.12, 1.94,
1.91 (3s), 1.55, 1.35 (2s), 1.18 (d, 3J ) 7.3).
(1S,4S,5S,6R,7S)-6-exo-[(1′R)-1′-O-Acetyl-3′-O-benzyl-N-

(benzyloxycarbonyl)-2′,6′,7′-trideoxy-2′,6′-imino-4′,5′-O-
isopropylidene-â-D-glycero-L-manno-heptitol-1′-yl]-3-oxo-
2,8-dioxabicyclo[3.2.1]octane-4-exo,7-endo-diyl Diacetate
((-)-25). NaHCO3 (10 mg, 0.16 mmol) and a solution of 85%
mCPBA (17.5 mg, 0.07) in anhydrous CH2Cl2 (0.3 mL) were
added successively to the crude product 24 obtained above
dissolved in anhydrous CH2Cl2 (2 mL). After 14 h of stirring
at 25 °C, CH2Cl2 (5 mL) was added and the mixture washed
with a saturated aqueous solution of NaHCO3 (5 mL, twice)
and then brine (5 mL, twice). The combined aqueous phases
were extracted with CH2Cl2 (15 mL, 3 times). The combined
organic extracts were dried (MgSO4), and the solvents were
evaporated in vacuo, giving a residue which was purified by
FC (silica gel, 8 g, EtOAc/petroleum ether, 1:2) yielding 34 mg
(67%) of (-)-25 as a colorless oil: [R]25D ) -55 (c ) 0.3, CHCl3);
1H NMR (400 MHz, CDCl3, 50 °C) δ 7.40-7.27 (m), 5.99 (br
s), 5.55 (dd, 3J ) 6.0, 5.8), 5.18, 5.12 (2d, 2J ) 12.2), 5.17-
5.12 (2m), 4.76, 4.55 (2d, 2J ) 11.1), 4.61-4.53 (2m), 4.33 (dd,
3J ) 7.2, 5.8), 4.24 (2dd, 3J ) 7.8, 5.8), 3.83 (dd, 3J ) 7.8, 5.8),
2.71 (ddd, 3J ) 5.4, 4.0, 5J ) 1.4), 2.12, 2.00, 1.91 (3s), 1.54,
1.35 (2s), 1.19 (d, 3J ) 7.2).
Methyl {Methyl 2,5-di-O-acetyl-3-deoxy-3-C-[(1′R)-1′,4′,5′-

tri-O-acetyl-3′-O-benzyl-N-(benzyloxycarbonyl)-2′,6′,7′-
trideoxy-2′,6′-imino-â-D-glycero-L-manno-heptitol-1′-yl]-
r- and -â-D-altrofuranosid}uronate ((+)-26). Freshly
distilled SOCl2 (0.01 mL, 0.153 mmol) was added dropwise to
a stirred solution of (-)-25 (8 mg, 0.01 mmol) in anhydrous
MeOH (0.5 mL) cooled to 0 °C. After 28 h of stirring, the
solvent was evaporated in vacuo. The residue was dissolved
in pyridine (0.5 mL) and Ac2O (0.3 mL), and DMAP (3 mg)
was added. After 14 h of stirring at 20 °C, the solvents were
removed, the residue was taken up with toluene, and the
solvent was evaporated (three times). Purification of the
residue by FC (silica gel, 8 g, EtOAc/petroleum ether, 1:4, then
CH2Cl2/petroleum ether/MeOH, 4:4:1) afforded 6 mg (73%) of
a 5:1 mixture of R- and â-anomer (+)-26: colorless oil; [R]25D
) +32.6 (c ) 0.5, CHCl3); 1H NMR (400 MHz, CDCl3, 50 °C) δ
7.53-7.28 (m), 5.52 (d, 3J ) 3.2), 5.46 (dd, 3J ) 6.8, 2.2), 5.36
(d, 2J ) 11.4), 5.27 (d, 3J ) 2.4), 5.20-5.00 (2m), 4.85 (br s),
4.75, 4.70, 4.68 (3d, 2J ) 10.7, 11.4, 10.7), 4.48 (dq, 3J ) 6.9,
6.8), 4.30 (br d, 3J ) 8.5), 3.86 (br d, 3J ) 5.3), 3.80 (s), 3.49
(s), 2.94 (dd, 3J ) 8.5, 3.2), 2.36, 2.12, 2.01 (3s), 1.79, 1.64 (2s),
1.01 (d, 3J ) 6.9).
Methyl 2,5,6-Tri-O-acetyl-3-deoxy-3-C-[(1′R)-1′,4′,5′-tri-

O-acetyl-2′,6′,7′-trideoxy-2′,6′-imino-â-D-glycero-L-manno-
heptitol-1′-yl]-r- and -â-D-altrofuranoside ((+)-27). LiBH4

(5 mg, 0.23 mmol) was added to a stirred solution of (+)-26
(25 mg, 0.03 mmol) in anhydrous THF (4 mL) at 0 °C, and the
temperature was allowed to reach 20 °C. After 4 h of stirring,
AcOEt (0.5 mL) was added, and the reaction was left for an
additional hour. Acetic acid (0.5 mL) followed 20 min later
by pyridine (3 mL), Ac2O (1 mL), and DMAP (5 mg) was added
to the mixture. After 14 h of stirring at 20 °C, the solvent
was removed and the residue filtered (silica gel, 8 g, EtOAc/
petroleum ether, 3:2). The residue was taken up in 70%
aqueous acetic acid (1 mL) and MeOH (1 mL) and was
hydrogenolyzed in the presence of 10% Pd on charcoal (5 mg).
After 24 h the mixture was filtered through Celite, and the
solvents were evaporated. Purification of the residue by FC
(silica gel, 8 g, CH2Cl2/MeOH 95:5) afforded 13 mg (72%) of a
5:1 mixture of R- and â-anomer (+)-27: colorless oil; [R]25D )
+61 (c ) 0.6, CHCl3); 1H NMR (400 MHz, CDCl3, 50 °C) δ 5.41
(ddd, 3J ) 8.9, 2.5, 2.0), 5.36 (dd, 3J ) 10.0, 2.5), 5.24 (dd, 3J
) 3.0, 1.2), 4.98 (s), 4.96 (dd, 3J ) 9.9, 3.0), 4.87 (s), 4.63 (dd,
2J ) 12.6, 3J ) 2.0), 4.17 (dd, 2J ) 12.6, 3J ) 8.9), 4.02 (dd, 3J
) 6.2, 2.5), 3.35 (dd, 3J ) 9.9, 8.0), 3.32 (s), 3.12 (br q, 3J )
6.7), 2.79 (br dd, 3J ) 10.0, 6.2), 2.70 (br d, 3J ) 8.0), 2.23,
2.18, 2.15, 2.11, 2.10, 2.05, 2.03 (6s), 1.01 (d, 3J ) 6.7).
(1S,2R,3R,4R)-3-exo-[(1′S)-3′-O-Benzyl-N-(benzyloxy-

carbonyl)-2′,6′,7′-trideoxy-2′,6′-imino-4′,5′-O-isopropyl-
idene-â-D-glycero-L-manno-heptitol-1′-yl]-6-chloro-7-
oxabicyclo[2.2.1]hept-5-en-2-endo-ol ((+)-28). A solution
of 85% mCPBA (61 mg, 0.3 mmol) in anhydrous CH2Cl2 (1.2
mL) was added dropwise to a stirred solution of (-)-19 (190
mg, 0.26 mmol) in anhydrous CH2Cl2 (5.4 mL) cooled to -78
°C over 30 min. After 3 h of stirring at -78 °C, the mixture
was allowed to warm up to 20 °C over 10 h. CH2Cl2 (15 mL)
was added, and the solution was washed with saturated
aqueous solution of NaHCO3 (20 mL). The aqueous phase was
extracted with CH2Cl2 (15 mL, four times). The combined
organic phases were washed with brine (15 mL) and dried
(MgSO4). After solvent evaporation in vacuo the residue was
purified by FC (silica gel, 15 g, EtOAc/petroleum ether, 1:1)
yielding 144 mg (95%) of (+)-28 as a foam: mp 76-79 °C; [R]25D
) +10 (c ) 1.7, CHCl3); 1H NMR (400 MHz, CDCl3, 50 °C) δ
7.34-7.25 (m), 6.35 (br s), 5.25, 5.10 (2d, 2J ) 12.3), 4.77 (d,
3J ) 1.7), 4.75 (d, 3J ) 4.6), 4.67-4.63 (m), 4.61, 4.57 (2d, 2J
) 11.5), 4.58-4.54 (m), 4.47 (br d, 3J ) 10.1), 4.41 (dd, 3J )
8.0, 6.2), 4.30 (dd, 3J ) 8.0, 2.0), 4.22 (dq, 3J ) 6.3, 6.2), 4.13
(dd, 3J ) 3.5, 2.0), 1.78 (dd, 3J ) 2.6, 2.5), 1.56, 1.36 (2s), 1.35
(d, 3J ) 6.3).
(1S,2R,3R,4R)-3-exo-[(1′S)-3′-O-Benzyl-N-(benzyloxy-

carbonyl)-2′,6′,7′-trideoxy-2′,6′-imino-4′,5′-O-isopro-
pylidene-1′-O-(methoxymethyl)-â-D-glycero-L-manno-hep-
titol-1′-yl]-6-chloro-2-endo-(methoxymethoxy)-7-oxa-
bicyclo[2.2.1]hept-5-ene ((+)-29). Methoxymethyl chloride
(2.5 mL, 33 mmol) was added to a stirred solution of (+)-28
(374 mg, 0.64 mmol) in anhydrous CH2Cl2 (5 mL) and
anhydrous diisopropylethylamine (5 mL) cooled to 0 °C. After
addition of tetrabutylammonium iodide (30 mg, 0.08 mmol),
the mixture was allowed to warm up to 20 °C in 18 h. MeOH
(2 mL) was added and the mixture stirred for an additional
hour. Then the mixture was diluted with CH2Cl2 (30 mL) and
poured into ice cold 1 M HCl (30 mL). The organic phase was
separated and the aqueous phase extracted with CH2Cl2 (30
mL, four times). The combined organic phases were dried
(MgSO4). After solvent evaporation in vacuo, the residue was
purified by FC (silica gel, 15 g, EtOAc/petroleum ether, 1:1),
yielding 144 mg (95%) of (+)-29 as a colorless oil: [R]25D )
+16 (c ) 1.5, CHCl3); 1H NMR (400 MHz, CDCl3, 50 °C) δ
7.41-7.28 (m), 5.61 (br s), 5.17, 5.13 (2d, 2J ) 12.2) 4.89, 4.52
(2d, 2J ) 10.8), 4.85 (br s), 4.79, 4.62 (2d, 2J ) 6.3), 4.72, 4.59
(2d, 2J ) 5.6), 4.70 (dq, 3J ) 7.4, 7.3), 4.67 (br d, 3J ) 4.6),
4.40-4.35 (m), 4.31 (dd, 3J ) 8.1), 4.25 (dd, 3J ) 8.1, 6.6), 4.02-
3.96 (m), 3.41, 3.34 (2s), 2.24 (dd, 3J ) 10.8, 2.3), 1.53, 1.36
(2s), 1.25 (d, 3J ) 7.3).
(1R,2R,4S,5R,6R)-6-exo-[(1′S)-3′-O-Benzyl-N-(benzylox-

ycarbonyl)-2′,6′,7′-trideoxy-2′,6′-imino-4′,5′-O-isopro-
pylidene-1′-O-(methoxymethyl)-â-D-glycero-L-manno-hep-
titol-1′-yl]-5-endo-(methoxymethoxy)-3-oxo-7-oxa-
bicyclo[2.2.1]heptan-2-endo-yl 4-Bromobenzenesulfonate
((-)-31). Me3NO (160 mg, 1.44 mmol) in a 5:1 mixture of THF/
H2O (1 mL) was added dropwise to a stirred solution of (+)-
29 (330 mg, 0.49 mmol) in 5:1 THF/H2O (9 mL) containing
NaHCO3 (216 mg, 2.57 mmol) and 0.1 M solution of OsO4 in
CCl4 (0.37 mL). After 2.5 h of stirring at 20 °C, EtOAc (20
mL) was added, and the solution was washed with a saturated
aqueous solution of NaHSO3 (20 mL, twice) and then with
brine (20 mL). The combined aqueous phases were extracted
with EtOAc (20 mL, 3 times), and the combined organic
extracts were dried (MgSO4). After solvent evaporation in
vacuo, the residue was dissolved in anhydrous CH2Cl2 (11.5
mL) at 0 °C, and then brosyl chloride (193 mg, 0.76 mmol)
and Et3N (0.215 mL, 1.55 mmol) were added. After 15 h of
stirring at 20 °C, the mixture was diluted with CH2Cl2 (30
mL) and poured over ice cold 1 M HCl (30 mL). The organic
phase was separated and the aqueous phase extracted with
CH2Cl2 (30 mL, four times). The combined organic phases
were dried (MgSO4). After solvent evaporation in vacuo the
residue was purified by FC (silica gel, 20 g, EtOAc/petroleum
ether, 1:3), yielding 367 mg (84%) of (-)-31 as a foam: mp
59-62 °C; [R]25D ) -20.4 (c ) 1.5, CHCl3); 1H NMR (400 MHz,
CDCl3, 50 °C) δ 7.56-7.32 (m), 5.17 (s), 4.89, 4.57 (2d, 2J )
10.8), 4.69-4.63 (m), 4.70, 4.58 (2d, 2J ) 5.9), 4.65, 4.44 (2d,
2J ) 6.6), 4.40 (dd, 3J ) 10.0, 6.1), 4.36-4.38 (m), 4.35-4.28
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(m), 4.09 (s), 3.87 (dd, 3J ) 10.9, 0.5), 3.50 (br d, 3J ) 10.0),
3.37, 3.14 (2s), 2.69 (br d, 3J ) 10.9), 1.54, 1.40 (2s), 1.22 (d,
3J ) 7.3).
(1R,4R,5R,6S,7R)-6-exo-[(1′S)-3′-O-Benzyl-N-(benzylox-

ycarbonyl)-2′,6′,7′-trideoxy-2′,6′-imino-4′,5′-O-isopro-
pylidene-1′-O-(methoxymethyl)-â-D-glycero-L-manno-hep-
titol-1′-yl]-7-endo-(methoxymethoxy)-3-oxo-2,8-di-
oxabicyclo[3.2.1]octan-4-exo-yl 4-Bromobenzenesulfonate
((+)-32). NaHCO3 (30 mg, 0.96 mmol) and a solution of 95%
mCPBA (76 mg, 0.44 mmol) in anhydrous CH2Cl2 (1.5 mL)
were added successively to a solution of (-)-31 (355 mg, 0.399
mmol) in anhydrous CH2Cl2 (7.5 mL) at 0 °C. After 15 h of
stirring at 25 °C, further CH2Cl2 (15 mL) was added and the
mixture washed with an aqueous saturated solution of NaH-
CO3 (25 mL, twice) and brine (25 mL, twice). The combined
aqueous phases were extracted with CH2Cl2 (25 mL, three
times). The combined organic extracts were dried (MgSO4),
and the solvents were evaporated in vacuo, giving a residue
which was purified by FC (silica gel, 20 g, EtOAc/petroleum
ether, 1:2), yielding 345 mg (95%) of (+)-32 as a foam: mp
62-65 °C; [R]25D ) +34.7 (c ) 0.8, CHCl3); 1H NMR (400 MHz,
CDCl3, 50 °C) δ 7.63-7.27 (m), 5.75 (d, 3J ) 3.5), 5.24, 5.13
(2d, 2J ) 12.1), 4.85, 4.57 (2d, 2J ) 10.5), 4.88-4.83 (m), 4.74,
4.57 (2d, 2J ) 6.8), 4.73-4.68 (m), 4.70, 4.55 (2d, 2J ) 5.8),
4.42-4.37 (m), 4.36-4.28 (2m), 4.22 (dd, 3J ) 4.3, 3.5), 3.97
(br d, 3J ) 10.0), 3.65 (dd, 3J ) 9.8, 1.2), 3.43, 3.34 (2s), 2.77
(ddd, 3J ) 10.0, 4.3, 2.1), 1.55, 1.41 (2s), 1.22 (d, 3J ) 7.3).
Methyl 1,5-Anhydro-3-C-[(1′S)-3′-O-benzyl-N-(benzyl-

oxycarbonyl)-2′,6′,7′-trideoxy-2′,6′-imino-4′,5′-O-isopro-
pylidene-1′-O-(methoxymethyl)-â-D-glycero-L-manno-hep-
titol-1′-yl]-3-deoxy-2-O-(methoxymethyl)-r-D-galac-
tofuranuronate ((-)-34) and Methyl 1,5-Anhydro-3-C-
[(1′S)-3′-O-benzyl-N-(benzyloxycarbonyl)-2′,6′,7′-trideoxy-
2′,6′-imino-4′,5′-O-isopropylidene-1′-O-(methoxymethyl)-
â-D-glycero-L-manno-heptitol-1′-yl]-3-deoxy-2-O-(meth-
oxymethyl)-r-L-altrofuranuronate ((+)-35). K2CO3 (18.2
mg, 1.32 mmol) was flame-dried under an Ar atmosphere and
then dissolved in anhydrous DMF (0.25 mL). Successively a
solution of (+)-32 (40 mg, 0.44 mmol) in anhydrous DMF (0.4
mL) and anhydrous MeOH (0.2 mL) were added. After 2.5 h,
the mixture was evaporated in vacuo, taken up in with EtOAc
(5 mL), and washed with aqueous saturated NH4Cl solution
(10 mL). The aqueous phases were extracted with EtOAc (8
mL, three times), and the combined organic extracts were dried
(MgSO4). The solvent was evaporated in vacuo, giving a
residue which was purified by FC (silica gel, 8 g, EtOAc/
petroleum ether, 1:2), yielding first 2 mg of (+)-35 (6%) and
then 20 mg (66%) of (-)-34 as a foam.
Data for (-)-34: mp 52-54 °C; [R]25D ) -5.7 (c ) 1.9,

CHCl3); 1H NMR (400 MHz, CDCl3, 50 °C) δ 7.38-7.26 (m),
5.66 (d, 3J ) 2.3), 5.19, 5.15 (2d, 2J ) 12.2), 4.97 (br s), 4.91,
4.58 (2d, 2J ) 11.1), 4.74, 4.60 (2d, 2J ) 6.6), 4.66 (dq, 3J )
7.3, 7.0), 4.65, 4.54 (2d, 2J ) 5.9), 4.38 (dd, 3J ) 9.3, 6.4), 4.34
(dd, 3J ) 8.0, 6.4), 4.26 (dd, 3J ) 8.0, 7.0), 4.01 (dd, 3J ) 9.3,
2.1), 3.97 (br dd, 3J ) 2.9, 2.3), 3.91 (dd, 3J ) 10.7, 2.1), 3.29
(s), 3.41, 3.32 (2s), 2.34 (dd, 3J ) 10.7, 2.9), 1.53, 1.35 (2s),
1.24 (d, 3J ) 7.3).

Data for (+)-35: [R]25D ) +33.4 (c ) 0.8, CHCl3); 1H NMR
(400 MHz, CDCl3, 50 °C) δ 7.50-7.28 (m), 5.54 (d, 3J ) 2.4),
5.30-4.90 (m), 5.06 (br s), 4.63, 4.48 (2d, 2J ) 7.0), 4.60, 4.52
(2d, 2J ) 11.5), 4.56, 4.54 (2d, 2J ) 6.6), 4.46 (dq, 3J 7.6, 7.0),
4.24-4.16 (2m), 4.12-4.07 (2m), 3.92 (dd, 3J ) 2.8, 2.4), 3.69
(dd, 3J ) 8.7, 1.6), 3.60 (dd, 3J ) 10.0, 1.6), 3.29 (s), 3.15, 3.20
(2s), 2.33 (dd, 3J ) 8.7, 2.8), 1.23, 1.05 (2s), 0.94 (d, 3J ) 7.6).
1,5-Anhydro-3-C-[(1′S)-3′-O-benzyl-N-(benzyloxycarbo-

nyl)-2′,6′,7′-trideoxy-2′,6′-imino-4′,5′-O-isopropylidene-1′-
O-(methoxymethyl)-â-D-glycero-L-manno-heptitol-1′-yl]-
3-deoxy-2-O-(methoxymethyl)-r-D-galactofuranose ((+)-
36). LiBH4 (15 mg, 0.69 mmol) was added to a stirred solution
of (-)-34 (132 mg, 0.19 mmol) in anhydrous THF (5 mL). After
5 h of stirring, the mixture was cooled to -5 °C, neutralized
with a 1 N solution of HCl and extracted with CH2Cl2 (15 mL,
four times). The combined organic extracts were dried (Mg-
SO4), and the solvents were evaporated. Purification of the
residue by FC (silica gel, 15 g, EtOAc/petroleum ether, 3:2)
afforded 105 mg (82%) of (+)-36 as a foam: mp 49-54 °C;
[R]25D) +1.1 (c ) 0.9, CHCl3); 1H NMR (400 MHz, CDCl3, 50
°C) δ 7.42-7.26 (m), 5.50 (d, 3J ) 2.4), 5.19, 5.15 (2d, 2J )
12.4), 4.94, 4.53 (2d, 2J ) 10.8), 4.75, 4.61 (2d, 2J ) 6.5), 4.70
(dq, 3J ) 7.3, 6.4), 4.68, 4.55 (2d, 2J ) 5.9), 4.53 (br s), 4.38
(dd, 3J ) 9.6, 6.5), 4.35 (dd, 3J ) 8.1, 6.5), 4.25 (dd, 3J ) 8.1,
6.4), 4.01, 3.96 (2m), 3.92 (dd, 3J ) 10.7, 1.2), 3.41, 3.35 (2s),
3.30-3.17 (m), 2.21 (dd, 3J ) 10.7, 2.6), 1.53, 1.36 (2s), 1.23
(d, 3J ) 7.3).
1,5-Anhydro-3-deoxy-3-C-[(1′S)-2′,6′,7′-trideoxy-2′,6′-

imino-4′,5′-O-isopropylidene-1′-O-(methoxymethyl)-â-D-
glycero-L-manno-heptitol-1′-yl]-2-O-(methoxymethyl)-r-
D-galactofuranose ((+)-37). A solution of (+)-36 (36 mg, 0.08
mmol) and 10% Pd on charcoal (5 mg) in THF/H2O (10 mL)
was stirred at 20 °C under a H2 atmosphere for 24 h.
Filtration through Celite, evaporation, and FC (silica gel (8
g), CH2Cl2/MeOH, 9:1) yielded (+)-37 (36 mg, 97%) which
precipitated from Et2O/ petroleum ether, colorless crystals: mp
78-79 °C; [R]25D ) +54.2 (c ) 1.4, CHCl3); 1H NMR (400 MHz,
CD3OD) δ 5.48 (d, 3J ) 2.4), 4.84, 4.69 (2d, 2J ) 7.0), 4.82,
4.63 (2d, 2J ) 6.6), 4.58 (br s), 4.11 (dd, 3J ) 5.1, 2.7), 3.97
(dd, 3J ) 3.1, 2.4), 3.94 (dd, 3J ) 7.4, 5.1), 3.81 (dd, 3J ) 7.4,
5.5), 3.78 (dd, 3J ) 8.6, 3.2), 3.65 (dd, 3J ) 10.6, 7.4), 3.47,
3.39 (2s), 3.42-3.39 (m), 3.13 (dq, 3J ) 6.7, 2.7), 2.79 (dd, 3J )
10.6, 3.2), 2.33 (dd, 3J ) 8.6, 3.1), 1.54, 1.39 (2s), 1.28 (d, 3J )
6.7).
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