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The Oshima�Nozaki (Et2AlI) condensation of isolevoglucosenone (4) with 2,6-anhydro-3,4,5,7-tetra-O-
benzyl-�-glycero-�-gulo-heptose (5) gave an enone 6 that was converted with high stereoselectivity to 3-C-
[(1R)-2,6-anhydro-�-glycero-�-gulo-heptitol-1-C-yl]-2,3-dideoxy-�-arabino-hexose (1; 1 : 1 mixture of �- and �-
�-pyranose), and to 3-C-[(1R)-2,6-anhydro-�-glycero-�-gulo-heptitol-1-C-yl]-2,3-dideoxy-�-lyxo-hexose (2 ;
2.7 : 1.4 :1.0 :1.4 mixture of �-�-furanose, �-�-furanose, �-�-pyranose, and �-�-pyranose). TheOshima�Nozaki
(Et2AlI) condensation of levoglucosenone (17) with aldehyde 5 gave an enone 18 that was converted with high
stereoselectivity to 3-C-[(1R)-2,6-anhydro-�-glycero-�-gulo-heptitol-1-C-yl]-3,4-dideoxy-�-�-arabino-hexopyr-
anose (3 ; single anomer).

Introduction. ± Carbohydrates regulate the sociology of cells and play a crucial role
in the construction of multicellular organs and organisms [1]. Glycoproteins and
glycolipids found at the surface of cells are the words and the phrases cells use to
communicate with each other, and with viruses and bacteria [2]. With a growing
understanding of the precise function that cell-surface carbohydrates play in disorders
such as inflammation, viral and bacterial infections, to cancer, numerous carbohydrate
analogs have now been developed and have entered into clinical studies [3].
Disaccharide mimetics such as C-linked disaccharides and oligosaccharides containing
them offer the advantage of being resistant to acidic and enzymatic hydrolysis [4] [5].
They are potential inhibitors of glycosidases and glycosyltransferases [6]. In this report,
we apply our convergent synthetic method for the construction of C(1� 3)-linked
disaccharides [7] to the preparation of yet unknown �-C-glucopyranosides in which a
hydroxymethano linker connects �-�-glucopyranose to C(3) of 2-deoxy-�-arabino-
hexose (see 1), 2-deoxy-�-lyxo-hexose (see 2), and 4-deoxy-�-arabino-hexose (see 3).

The oligosaccharide components of the glycolipid-type antigens isolated from
Mycobacterium smegmatis contain the �-�-Glcp-(1� 3)-�-�-Glcp moiety [8]. This
motif, for which 1 is a mimetic, is also found in the glucan fragment responsible for
triggering the defense of the soybean to infections by the mould Phytophthora
megasperma [9]. The lipopolysaccharide O-antigens of Actinobacillus pleuropneuma-
nia serotype 8 contains the �-�-Glcp-(1� 3)-�-�-Galf motif [10] for which 2� is a
mimetic1)2).

A deoxy-carba-disaccharide differs in two respects from the original disaccharide. It
is known that deoxysaccharides play a dominant role in many important intercellular
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1) For rare examples of C-glycosides of deoxyhexoses, see [11].
2) For the syntheses of (1� 3)-disaccharides containing deoxyhexoses, see [12]. The �-�-Glcp-(1� 3)-1,5-

anhydro-2-deoxy-�-arabino-hexitol is an inhibitor of Golgi membrane endo-�-�-mannosidase [13].



adhesive reactions [14]. As a range of extremely interesting biological activities
expressed by deoxysaccharides [15], we performed the synthesis of analogs of this class
of saccharides.

Results and Discussion. ± The Oshima�Nozaki coupling of enones and aldehydes
with Me2AlSPh allowed generation of C(1� 3)-linked disaccharides in a few synthetic
steps with high stereoselectivity [7]. Unfortunately, the method is not general yet, and
the yield strongly depends on the nature of the aldehyde. Attempts to perform the
coupling reaction of known 4 with 5, promoted by Me2AlSPh and followed by in situ
reduction resulted in only poor yields (ca. 10 ± 20%) of desired sulfide 7. A new route
involving a 1,4-addition of thiophenol to enone 6 was thus developed. In a precedent
report [7], we had applied the Oshima-Nozaki condensation [16] to isolevoglucos-
enone (4) and �-glucopyranose-derived carbaldehyde 5 to generate enone 6 in 80%
yield. In the meantime, we have attempted to hydrogenate its alkene moiety but did not
find conditions for stereoselective reactions. However, the addition of thiophenol in the
presence of Et3N gave a single adduct that was not isolated but treated directly with
Me4N[B(OAc)3H] in MeCN/AcOH [17] to give 7 in 50% yield. Treatment of sulfide 7
with Raney-Ni in THF gave 8. As the methanolysis of the anhydro-arabino-hexose
moiety of 8 was unsuccessful, we exchanged the benzyl protective groups for acetates
by hydrogenolysis (H2,Pd(OH)2/C,MeOH) followed by peracetylation (Ac2O/pyri-
dine, N,N-dimethylpyridin-4-amine (DMAP) as catalyst). This produced 9 in 56%
yield that was reacted with Ac2O and CF3COOH to furnish a mixture of anomeric
pyranose peracetate 10. Ammonolysis in MeOH provided pure C-disaccharide 1 in
76% yield (Scheme 1).

1H-NMR Spectra of the new compounds 7 ± 10 were consistent with the structures
proposed. A confirmation for the �-arabino configuration of the 2-deoxyhexopyranose
moiety of 1 was given by the spectral data collected for acetonide 11 obtained by
reaction of 8 with 2,2-dimethoxypropane and acetone in the presence of p-
toluenesulfonic acid. The 13C-NMR chemical shift of the two Me groups of acetonide
11 (�(C) 20.1 and 30.1) confirmed a chair conformation of the 1,3-dioxane moiety with
1�,4-syn disubstitution [18] (see Fig. 1).
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The 2D-NOESY 1H-NMR spectrum of 11 showed cross-peaks for signal pairs at �(H) 4.31/4.01 (H�C(4)/
H�C(1�)), 4.31/2.04 (H�C(4)/H�C(2)), 4.31/1.46 (H�C(4)/Meax of the acetonide), 4.01/2.04 (H�C(1�)/
Hax�C(2)), 4.01/1.46 (H�C(1�)/Meax), 3.23/1.97 (H�C(2�)/Heq�C(2)), and 2.09/1.97 (H�C(3)/Heq�C(2)).
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Fig. 1. Conformation of acetonide 11
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Scheme 1
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Furthermore, the following coupling constants between vicinal protons were measured 3J(H�C(3),
Hax�C(2))� 12.8 Hz (trans), 3J(H�C(3),H�C(4))� 10.8 Hz (trans), 3J(H�C(1�),H�C(3))� 10.3 Hz (trans),
3J(Heq�C(2),H�C(3))� 7.0 Hz, and 3J(H�C(1�),H�C(2�))� 2.0 Hz confirming the structure and conforma-
tion represented in Fig. 1.

The 600-MHz 1H-NMR (CD3OD, 25�) spectrum of 1 showed a 1 :1 mixture of �-
and �-�-pyranose and less than 3% of the corresponding furanoses. The coupling
constants between vicinal protons as well as the 2D-NOESY 1H-NMR spectra of these
C-disaccharides were consistent with nearly 1 :1 equilibria of the conformers 1A and 1B
represented in Fig. 2 that can be inscribed in a diamond lattice [19].

When the addition of thiophenol to enone 6 was followed by reduction with NaBH4

in MeOH instead of Me4N[B(OAc)3H], the �-galacto derivative 12 was formed in 82%
yield, instead of the �-gluco system 7 (Scheme 2). Subsequent desulfurization with
Raney-Ni in THF provided pure 13 in 85 yield. Exchange of the benzyl protective
groups for acetates was realized in 83% yield applying the Birch conditions (Na/
NH3,THF) and then by peracetylation under standard conditions that gave 14. Acid-
catalyzed acetolysis of the 1,6-anhydro moiety of 14 yielded a peracetate 15 that was
methanolyzed with NH3/MeOH to furnish a 2.7 :1.4 :1.0 : 1.4 mixture of �-�-furanose
2��, �-�-furanose 2��, �-�-pyranose 2�, and �-�-pyranose 2�. The �-galacto config-
uration of 12 was confirmed by the NMR data (2D-NOESY1H-NMR, 3J(H,H)) of its
acetonide 16 obtained in the usual way (Fig. 3). Conformational analysis of the C-
disaccharides 2 and 2� could not be carried out because of spectral complexities
(mixture of four compounds).

When applied to aldehyde 5 and levoglucosenone (17), the Oshima�Nozaki
condensation induced with Et2AlI in CH2Cl2 at �95� gave a single product 18 (30%)
together with recovered aldehyde 5 (20%) and levoglucosenone (40%) (Scheme 3). No
better conversion rate could be reached without concurrent decomposition on changing
temperature and reaction time. This demonstrates that levoglucosenone 17 is much less
reactive than isolevoglucosenone (4) in Oshima�Nozaki-type condensations. The
(1�R) configuration of the alcoholic moiety of 18 will be established below. It is the
same as that found for the product of the Oshima�Nozaki condensation of

Fig. 2. Major conformers of 1� and 1�
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isolevoglucosenone, as expected for aldol reactions involving a closed-transition state
(Zimmermann�Traxlermodel [20]). In the latter case, the face syn with respect to the
oxa bridge (�-face of the pyranose) is preferred by the aldehyde. We assign this
preference to a steric factor, i.e., the attack of the enolate onto its �-face that would lead
to (1�S) configuration is impeded because of the C�H of the C(6) center as already
noticed in similar reactions [21].
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Scheme 2

Fig. 3. Conformation of acetonide 16



Addition of thiophenol to 18 catalyzed by Et3N gave an unstable adduct, which was
reduced in situ with diisobutylaluminium hydride to give diol 19 in 74% yield.
Desulfurization of 19 with Raney-Ni in THF provided 20 in 72% yield, the relative
configuration of which (�-arabino) was established by the NMR (2D-NOESY
1H-NMR, 3J(H,H), 13C-NMR) data of acetonide 24 obtained in the usual way, see
below. Hydrogenolysis of 20 gave polyol 21 that was peracetylated to 22 (83%,
overall). Treatment of 22 with triethylsilyl trifluoromethanesulfonate in acetic
anhydride produced a mixture of anomeric pyranose peracetates 23, the ammonolysis
of which in MeOH liberated C-disaccharide 3.

The 1H-NMR spectrum of 24 showed for H�C(3) three relatively large coupling constants 3J(2,3)� 9.1,
3J(3,4ax)� 12.3, and 3J(3,1�)� 10.2 Hz, establishing that the corresponding pairs of vicinal protons adopt anti-
periplanar or nearly anti-periplanar relationships. This is consistent only with a chair conformation for the 1,3-
dioxane moiety, what is confirmed by the 13C-NMR chemical shifts of the Me groups of the acetonide (�(C) 30.0
and 20.3). The 1,6-anhydrohexose moiety must adopt a chair conformation for its tetrahydropyran ring trans-
annulated with the dioxane ring (3J(2,3)� 9.1 Hz). This defines the structure shown in Scheme 3 for 24. It was
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confirmed by the observation of cross-peaks in the 2D-NOESY 1H-NMR spectrum for the proton pairs at �(H)
1.46/4.03 (Meax/H�C(1�)), 1.46/3.73 (Meax/H�C(2)). The vicinity of the H�C(3) proton to the Hendo�C(6)
proton was also confirmed by the 2D-NOESY 1H-NMR spectrum.

These results can be interpreted in terms of the formation of intermediate 25 upon
the addition of PhSH to enone 18 (Scheme 4). The substituent at C(3) resides in a
thermodynamically preferred equatorial position. The carbonyl moiety of 25 is then
reduced at its less sterically hindered face, the exo face of the bicyclo[3.2.1]octane
system.

The 600 MHz 1H-NMR spectrum (CD3OD, 25�) of the C-disaccharide 3 is not
consistent with a chair pyranose moiety at the reductive end but with a major twist-boat
conformer (see Fig. 4). Its �-�-pyranose form was established by the 2D-NOESY
1H-NMR spectrum.

The coupling constants between vicinal protons 3J(3,4ax)� 10.7 and 3J(4ax,5)� 3.3 Hz on one hand and
3J(3,4eq)� 4.1 and 3J(2,3)� 4.4 Hz on the other hand are consistent with a twist-boat conformer for the �-
arabinohexose moiety of 3 (Fig. 4). The relatively large 3J(1�,3) (�10.0 Hz) and the small 3J(1�,2�) (�0 Hz)
suggest the major rotamer shown in Fig. 4). The �-�-pyranose form of 3 was confirmed by the lack of cross-
peaks in the 2D-NOESY for H�C(1) (s at �(H) 6.12) with Hax�C(4) (�(H) 1.83) and H�C(5) (�(H) 3.76).

Conclusions. ± Three new C(1� 3)-linked disaccharides that connect �-�-
glucopyranose and 2-deoxy- and 4-deoxyhexoses through a hydroxymethano linker
were prepared via the Oshima�Nozaki condensation of 2,6-anhydro-3,4,5,7-tetra-O-
benzyl-�-glycero-�-gulo-heptose (5) [22] to isolevoglucosenone (4) and to levoglucos-
enone (17). In both condensations the (1�R)-hydroxymethano linker was obtained
exclusively. This observation opens the possibility to construct C(1� 3)-disaccharides

Scheme 4

O
O

O

R

H

PhS O

O O

R

SPh

H

H

Et3N reduction
19

25' 25

��������	 
�����	 ��	 ± Vol. 86 (2003) 367

O

OH

HO H

OH

OH

H
O

HO

OH

HO

OH

H
H

H
H

H

Hax

4

~0Hz

10.7Hz ~0Hz

10Hz

1

Fig. 4. Probably the most abundant conformer of C-disaccharide 3



with monosubstituted methano linkers (e.g., CH(F), CH(NH2)) with predictable
configuration and high stereoselectivity.
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Experimental Part

General. See [23].
3-C-[(1R)-2,6-Anhydro-�-glycero-�-gulo-heptitol-1-C-yl]-2,3-dideoxy-�-arabino-hexopyranose (1) . A

mixture of 10 (102 mg, 0.15 mmol) and sat. NH3 soln. in MeOH (5 ml) was stirred at 20� for 5.5 h. Solvent
evaporation afforded 1 and acetamide (by 1H-NMR). Chromatography (silica gel, CHCl3/MeOH 1 :1) gave
39 mg (76%) of 1, �/�-�-anomers 1 : 1. Hygroscopic white solid. [�]25589 ��6.0, [�]25546 ��13, [�]25435 ��21,
[�]25405 ��23 (c� 0.27, MeOH). UV (MeCN): 192 (500). IR (KBr): 3265, 2930, 1645, 1430, 1100, 905, 595.
1H-NMR (600 MHz, CD3OD): �-�-anomer: 5.27 (br. d, 3J� 2.7, H�C(1)); 3.96 (dd, 3J(1�,3)� 7.4, 3J(1�,2�)� 1.0,
H�C(1�)); 3.83 (m, H�C(5)); 3.59 (dd, 3J(4,5)� 9.7, 3J(3,4)� 9.7, H�C(4)); 3.31 (dd, 3J(2�,3�)� 9.2, 3J(1�,2�)�
1.0, H�C(2�)); 2.36 (dddd, 3J(2ax,3)� 13.2, 3J(3,4)� 9.7, 3J(1�,3))� 7.4, 3J(2eq,3)� 4.1, H�C(3)); 1.80
(ddd, 2J� 13.2, 3J(2eq,3)� 4.1, 3J(1,2eq)� 1.0, Heq�C(2)); 1.55 (ddd, 2J� 13.2, 3J(2ax,3)� 13.2, 3J(1,2ax)� 3.5,
Hax�C(2)); �-�-anomer: 4.84 (dd, 3J(1,2ax)� 9.5, 3J(1,2eq)� 2.0, H�C(1)); 4.01 (dd, 3J(1�,3)� 7.3, 3J(1�,2�)�
1.0, H�C(1�)); 3.49 (dd, 3J(4,5)� 9.6, 3J(3,4)� 9.6, H�C(4)); 3.37 (m, H�C(5)); 3.33 (dd, 3J(2�,3�)� 9.2,
3J(1�,2�)� 1.9, H�C(2�)); 2.06 (dddd, 3J(2ax,3)� 12.9, 3J(3,4)� 9.6, 3J(1�,3)� 7.3, 3J(2eq,3)� 4.1, H�C(3)); 1.90
(ddd, 2J� 12.9, 3J(2eq,3)� 4.1, 3J(1,2eq)� 2.0, Heq�C(2)); 1.35 (ddd, 2J� 12.9, 3J(2ax,3)� 12.9, 3J(1,2ax)� 9.5,
Hax�C(2)) ; other signals : 3.90 ± 3.70 (m, 8 H, CH2-(6) (�- and �-�)), CH2-(7�) (�- and �-�)); 3.55
(2dd, 3J(3�,4�)� 9.2, 3J(2�,3�)� 9.2, 2 H, H�C(3�) (�- and �-�)); 3.43 ± 3.39 (m, 4 H, H�C(4�) (�- and �-�),
H�C(5�) (�- and �-�)); 3.28 (m, 2 H, H�C(6�) (�- and �-�)). 13C-NMR (150.9 MHz, CD3OD): �-�-anomer:
91.7 (d, J� 168, C(1)); 79.8 (d, J� 143, C(4�)); 74.3 (d, J� 139, C(1�)); 73.6 (d, J� 146, C(5)); 71.3 (d, J� 143,
C(4)); 70.9 (d, J� 143, C(5�)); 70.6 (d, J� 144, C(3�)); 39.4 (d, J� 132, C(3)); 33.3 (t, J� 127, C(2)); �-�-
anomer: 96.5 (d, J� 158, C(1)); 80.5 (d, J� 143, C(5)); 79.8 (d, J� 143, C(4�)); 73.8 (d, J� 141, C(1�)); 70.9
(2d, J� 143, J� 143, C(4), C(5�)); 70.6 (d, J� 144, C(3�)); 44.0 (d, J� 130, C(3)); 35.4 (t, J� 130, C(2)); other
signals: 81.5, 81.4 (2d, J� 147, J� 147, C(6�) (�- and �-�)); 79.3, 79.2 (2d, J� 139, J� 139, C(2�) (�- and �-�));
63.0, 62.9, 62.4, 62.4 (4t, J� 142 ± 143, C(6) (�- and �-�), C(7�) (�- and �-�)). CI-MS (NH3): 323 (3, [M� 17]�),
273 (8), 137 (20), 87 (100). Electrospray-MS (pos.; MeCN/H2O/AcOH 50 :50 : 1): 358.3 (100, [M�H2O]�),
364.3 (70, [M�Na�H]�), 373.3 (40, [M�MeOH�H]�).

3-C-[(1R)-2,6-Anhydro-�-glycero-�-gulo-heptitol-1-C-yl]-2,3-dideoxy-�-lyxo-hexose (2). As described for
1, with 15 (58 mg, 0.09 mmol) and sat. NH3 soln. in MeOH (4 ml) (for 5 h): 21 mg (73%) of 2, 2.7 : 4 : 1 :1.4
mixture of �-�-furanose 2��, �-�-furanose 2��, �-�-pyranose 2�, and �-�-puranose 2�. White solid. M.p. 45 ± 49�.
[�]25589 ��1.6, [�]25546 ��3.7, [�]25435 ��4.8, [�]25405 ��6.9 (c� 0.19, MeOH). UV (MeCN): 194 (930). IR (KBr):
3385, 2930, 1655, 1420, 1090, 1025, 910. 1H-NMR (400 MHz, CD3OD): 2�� : 5.41 (d, 3J(1,2�)� 4.8, H�C(1)); 4.33
(dd, 3J(3,4)� 6.9, 3J(4,5)� 1.5, H�C(4)); 2.90 (dddd, 3J(2�,3)� 10.5, 3J(1�,3)� 8.5, 3J(2�,3)� 8.0, 3J(3,4)� 6.9,
H�C(3)); 1.96 (dd, 2J� 12.6, 3J(2�,3)� 8.0, H��C(2)); 1.78 (ddd, 2J� 12.6, 3J(2�,3)� 10.5, 3J(1,2�)� 4.8,
H��C(2)); 2�� : 5.47 (dd, 3J(1,2�)� 5.1, 3J(1,2�)� 2.6, H�C(1)); 4.36 (dd, 3J(3,4)� 6.4, 3J(4,5)� 1.7, H�C(4));
2.70 (dddd, 3J(2�,3)� 10.0, 3J(1�,3)� 8.1, 3J(3,4)� 6.4, 3J(2�,3)� 5.7, H�C(3)); 2.26 (ddd, 2J� 13.2, 3J(2�,3)�
10.0, 3J(1,2�)� 5.1, H��C(2)) ; 1.63 (ddd, 2J� 13.2, 3J(2�,3)� 5.7, 3J(1,2�)� 2.6, H��C(2)); 2�� : 5.31
(d, 3J(1,2�)� 3.2, H�C(1)); 2.33 (m, H�C(3)); 1.74 (ddd, 2J� 12.9, 3J(2�,3)� 12.8, 3J(1,2�)� 3.2, H��C(2));
1.50 (dd, 2J� 12.9, 3J(2�,3)� 4.9, H��C(2)); 2�� : 4.79 (dd, 3J(1,2�)� 9.5, 3J(1,2�)� 2.3, H�C(1)); 2.06
(m, H�C(3)); 1.61 (m, 2J� 12.8, H��C(2)); 1.45 (ddd, 2J� 12.8, 3J(2�,3)� 12.7, 3J(1,2�)� 9.5, H��C(2));
other signals: 4.08 ± 3.16 (m,H�C(4) except for 2�� and 2��, H�C(5), CH2(6), H�C(1�), H�C(2�), H�C(3�),
H�C(4�), H�C(5�), H�C(6�), CH2(7�)). 13C-NMR (100.6 MHz, CD3OD): 2�� : 98.5 (d, J� 170, C(1)); 84.7
(d, J� 146, C(4)); 41.7 (d, J� 134, C(3)); 38.8 (t, J� 131, C(2)); 2�� : 99.5 (d, J� 171, C(1)); 82.0 (d, J� 146,
C(4)); 43.1 (d, J� 130, C(3)); 38.8 (t, J� 131, C(2)); 2� : 92.1 (d, J� 167, C(1)); 37.5 (d, J� 128, C(3)); 28.4
(t, J� 128, C(2)); 2� : 97.1 (d, J� 160, C(1)); 43.0 (d, J� 130, C(3)); 31.1 (t, J� 126, C(2)); other signals: 81.4,
81.3, 81.2, 81.0, 80.2, 79.9, 79.8, 79.8, 79.1, 79.1, 74.4, 73.8, 73.0, 72.8, 72.7, 71.0, 70.8, 70.8, 70.6, 69.4, 69.1, 65.3, 64.7
(30 d, CH); 65.4, 65.2, 63.6, 63.3, 62.5, 62.4, 62.3, 62.2 (8t, CH2). Electrospray-MS (pos.; MeCN/H2O/AcOH
50 :50 : 1): 358.3 (50, [M� 18]�), 363.3 (100, [M�Na]�).

��������	 
�����	 ��	 ± Vol. 86 (2003)368



3-C-[(1R)-2,6-Anhydro-�-glycero-�-gulo-heptitol-1-C-yl]-3,4-dideoxy-�-�-arabino-hexopyranose (3). As
described for 1, with 23 (50 mg, 0.07 mmol) and sat. NH3 soln. in MeOH (5 ml) (for 4.5 h). Chromatography
(silica gel, CHCl3/MeOH 1.7 : 1) afforded 18 mg (71%) of 3, as a single anomer. Hygroscopic white solid. M.p.
43 ± 45�. [�]25589 ��33, [�]25546 ��44, [�]25435 ��72, [�]25405 ��84 (c� 0.14, MeOH). UV (MeCN): 197 (1300). IR
(KBr): 3390, 2930, 1655, 1535, 1430, 1090, 1010, 955. 1H-NMR (600 MHz, CD3OD): 5.12 (s, H�C(1)); 4.22
(d, 3J(1�,3)� 10.0, H�C(1�)) ; 4.07 (d, 3J(2,3)� 4.4, H�C(2)) ; 3.89 (d, 2J� 11.8, Ha�C(7�)) ; 3.76
(dddd, 3J(4�,5)� 9.4, 3J(5,6b)� 6.4, 3J(5,6a)� 4.6, 3J(4�,5� 3.3, H�C(5)); 3.69 (dd, 2J� 11.8, 3J(6�,7�b)� 5.1,
Hb�C(7�)); 3.58 (dd, 3J(3�,4�)� 9.3, 3J(2�,3�)� 9.3, H�C(3�)); 3.56 (dd, 2J� 11.2, 3J(5,6a)� 4.6, Ha�C(6)); 3.50
(dd, 2J� 11.2, 3J(5,6b)� 6.4, Hb�C(6)); 3.39, 3.35 (H�C(4�), H�C(5�)); 3.32 (m, H�C(6�)); 3.20 (d, 3J(2�,3�)�
9.3, H�C(2�)); 2.82 (dddd, 3J(3,4�)� 10.7, 3J(1�,3)� 10.0, 3J(2,3)� 4.4, 3J(3,4�)� 4.1, H�C(3)); 1.83 (ddd, 2J�
14.0, 3J(3,4�)� 10.7, 3J(4�,5)� 3.3, H��C(4)); 1.42 (ddd, 2J� 14.0, 3J(4�,5)� 9.4, 3J(3,4�)� 4.1, H��C(4)).
13C-NMR (100.6 MHz, CD3OD): 104.0 (d, J� 172, C(1)); 82.0 (d, J� 141, C(1�)); 81.6 (d, J� 142, C(6�)); 80.1
(d, J� 140, C(4�)); 78.0 (2d, J� 141, J� 141, C(2), C(2�)); 71.7 (d, J� 142, C(5)); 71.6 (d, J� 142, C(3�)); 71.5
(d, J� 142, C(5�)); 67.8 (t, J� 140, C(6)); 62.8 (t, J� 142, C(7�)); 37.5 (d, J� 129, C(3)); 29.6 (t, J� 125, C(4)).
Electrospray-MS (pos.; MeCN/H2O/AcOH 50 :50 : 1): 340.3 (100,M .�), 363.3 (12, [M�Na]�), 381.3 (12, [M�
MeCN]�), 404.3 (10, [M�MeCN�Na]�).

1,6-Anhydro-3-C-[(1R)-2,6-anhydro-3,4,5,7-tetra-O-benzyl-�-glycero-�-gulo-heptitol-1-C-yl]-2,3-dideoxy-
2-(phenylthio)-�-�-glucopyranose (7). To a soln. of 6 [8] (1.49 g, 2.20 mmol) and thiophenol (240 �l, 2.34 mmol)
in CH2Cl2 (6 ml) cooled to 0� was added Et3N (62 �l, 0.44 mmol). The mixture was stirred at 0� for 90 min. To a
soln. of tetramethylammonium triacetoxyborohydride [16] (4.72 g, 17.9 mmol) in anh. MeCN (10 ml) was added
AcOH (10 ml), and the mixture was stirred at 20� for 1 h. The latter was cooled to �40�, and the previous
mixture (containing the thiophenol adduct) was added via a cannula. After stirring at 20� for 5 h, the reaction
was quenched with 0.5� aq. sodium potassium tartrate (20 ml), the mixture diluted with CH2Cl2 (25 ml) and
washed with sat. aq. NaHCO3 soln. (25 ml). The aq. layer was extracted with CH2Cl2 (3� 20 ml), the combined
org. phase dried (MgSO4) and evaporated, and the residue submitted to FC (silica gel, light petroleum ether/
AcOEt 3 :2): 860 mg (50%) of 7. White solid. M.p. 141 ± 143�. [�]25589 ��6.3, [�]25546 ��8.1, [�]25435 ��18, [�]25405 �
�21 (c� 0.23, CHCl3). UV (MeCN): 252 (9600), 212 (25200). IR (KBr): 3505, 3030, 2900, 1580, 1455, 1360,
1125, 1065, 990, 895, 735, 700. 1H-NMR (400 MHz, CDCl3): 7.42 ± 7.13 (m, 25 arom. H); 5.60 (s, H�C(1)); 4.92 ±
4.40 (m, 8 H, OCH2Ph); 4.39 (d, 3J(5,6exo)� 4.3, H�C(5)); 4.07 (d, 3J(1�,3)� 6.3, H�C(1�)); 3.88 (d, 3J(3,4)�
3.9, H�C(4)); 3.70 ± 3.66 (m, CH2(6)); 3.63 ± 3.59 (m, H�C(3�), H�C(4�)); 3.50 (dd, 2J� 10.2, 3J(6�,7�a)� 2.1,
Ha�C(7�)); 3.46 (dd, 2J� 10.2, 3J(6�,7�b)� 5.4, Hb�C(7�)); 3.45 (dd, 3J(5�,6�)� 9.3, 3J(4�,5�)� 9.3, H�C(5�)); 3.16
(ddd, 3J(5�,6�)� 9.3, 3J(6�,7�b)� 5.4, 3J(6�,7�a)� 2.1, H�C(6�)) ; 3.09 (d, 3J(2�,3�)� 9.3, H�C(2�)) ; 2.94
(d, 3J(2,3)� 6.0, H�C(2)) ; 1.92 (ddd, 3J(1�,3)� 6.3, 3J(2,3)� 6.0, 3J(3,4)� 3.9, H�C(3)) . 13C-NMR
(100.6 MHz, CDCl3): 138.4, 137.8, 137.5, 137.4, 133.9 (5s, 5 arom. C); 131.9 ± 127.4 (25d, arom. C); 102.9
(d, J� 176, C(1)); 87.1 (d, J� 139, C(4�)); 78.7 (d, J� 138, C(2�)); 78.2, 78.1, 78.0 (3d, C(5), C(5�), C(6�)); 77.3
(d, C(3�)); 75.6 (t, J� 143, OCH2Ph); 75.4 (t, J� 143, OCH2Ph); 75.0 (t, J� 144, OCH2Ph); 73.5 (t, J� 142,
OCH2Ph); 69.0 (t, J� 143, C(7�)); 68.2 (d, J� 144, C(4)); 67.7 (d, J� 145, C(1�)); 66.0 (t, J� 151, C(6)); 48.6
(d, J� 144, C(2)); 45.7 (d, J� 133, C(3)). CI-MS (NH3): 791 (2, M .�), 731 (1), 647 (47), 441 (15), 191 (14), 91
(100). Anal. calc. for C47H50O9S (790.97): C 71.37, H 6.37; found: C 71.24, H 6.23.

1,6-Anhydro-3-C-[(1R)-2,6-anhydro-3,4,5,7-tetra-O-benzyl-�-glycero-�-gulo-heptitol-1-C-yl]-2,3-dideoxy-
�-�-arabino-hexopyranose (8). A soln. of 7 (624 mg, 0.79 mmol) in THF (30 ml) was treated with Raney-Ni (ca.
6 g), and the suspension was stirred for 2 h at 20�. When the reaction was complete (TLC with light petroleum
ether/AcOEt 1 :2), the solid was filtered off and washed with AcOEt. The combined filtrate and washings were
dried (MgSO4) and evaporated. FC (silica gel, light petroleum ether/AcOEt 1 :2) afforded 372 mg (69%) of 8.
White solid. M.p. 133 ± 135�.

[�]25589 ��16, [�]25546 ��21, [�]25435 ��32, [�]25405 ��38 (c� 0.25, CHCl3). UV (MeCN): 212 (27000). IR
(KBr): 3510, 3430, 3030, 2930, 2885, 1455, 1365, 1125, 1065, 995, 900, 880, 740, 700. 1H-NMR (400 MHz, CDCl3):
7.37 ± 7.20 (m, 20 arom. H); 5.55 (d, 3J� 3.9, H�C(1)); 4.94 ± 4.49 (m, 8 H, OCH2Ph); 4.41 (d, 3J(5,6exo)� 5.3,
H�C(5)); 3.84 (m, H�C(4)); 3.78 ± 3.69 (m, H�C(1�), H�C(3�), H�C(4�), CH2(6), Ha�C(7�), OH�C(4));
3.65 (dd, 2J� 10.5, 3J(6,7�b)� 5.1, Hb�C(7�)) ; 3.58 (dd, 3J(5�,6�)� 9.6, 3J(4�,5�)� 9.6, H�C(5�)) ; 3.49
(ddd, 3J(5�,6�)� 9.6, 3J(6�,7�b)� 5.1, 3J(6�,7�a)� 1.7, H�C(6�)) ; 3.31 (d, 3J(2�,3�)� 9.6, H�C(2�)) ; 2.47
(d,3J(1�,OH)� 10.2, OH�C(1�)) ; 2.04 ± 1.95 (m, Ha�C(2) , H�C(3)) ; 1.29 (m, Hb�C(2)) . 13C-NMR
(100.6 MHz, CDCl3): 138.4, 137.9, 137.8, 137.6 (4s, 4 arom. C); 128.6 ± 127.5 (20d, arom. C); 99.4 (d, J� 172,
C(1)); 87.0 (d, J� 145, C(4�)); 78.5 (d, J� 145, C(6�)); 78.2 (d, J� 140, C(2�)); 78.0 (d, J� 146, C(5�)); 77.5 (d, J�
156, C(5)); 77.4 (d, J� 151, C(3�)); 75.6 (t, J� 142, OCH2Ph); 75.1 (t, J� 146, OCH2Ph); 75.0 (t, J� 143,
OCH2Ph); 73.4 (t, J� 142, OCH2Ph); 72.0 (d, J� 144, C(4)); 71.3 (d, J� 143, C(1�)); 69.0 (t, J� 143, C(7�)); 66.0
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(t, J� 150, C(6)); 38.6 (d, J� 133, C(3)); 30.6 (t, J� 129, C(2)). CI-MS (NH3): 683 (2,M
.�), 633 (1), 486 (1), 271

(1), 181 (4), 149 (2), 91 (100). Anal. calc. for C41H46O9 (682.81): C 72.11, H 6.79; found: C 72.19, H 6.79.
4-O-Acetyl-1,6-anhydro-2,3-dideoxy-3-C-[(1R)-1,3,4,5,7-penta-O-acetyl-2,6-anhydro-�-glycero-�-gulo-

heptitol-1-C-yl]-�-�-arabino-hexopyranose (9). A degassed mixture of 8 (293 mg, 0.43 mmol), 10% Pd(OH)2 C
(290 mg), and MeOH (60 ml) was stirred under H2 at 20� for 60 h. The catalyst was filtered off, the solvent
evapored, and the product purified by FC (silica gel, CH2Cl2/MeOH 2 :1): white solid. The latter was mixed with
Ac2O (2.5 ml), pyridine (3 ml), and DMAP (0.5 mg) and stirred at 20� for 15 h. Evaporation gave a residue that
was taken up in toluene (10 ml), and the solvent was evaporated again. The latter operation was repeated twice
and the residue purified by FC (silica gel, light petroleum ether/AcOEt 1 :2): 138 mg of 9 (56%, 2 steps). White
solid. M.p. 162 ± 163�. [�]25589 ��27, [�]25546 ��18, [�]25435 ��41, [�]25405 ��46 (c� 0.26, CHCl3). UV (MeCN): 194
(4800). IR (KBr): 3450, 2970, 1755, 1735, 1450, 1370, 1240, 1145, 1065, 1020, 910. 1H-NMR (400 MHz, CDCl3):
5.58 (s,H�C(1)); 5.30 (d, 3J(1�,3)� 10.4, H�C(1�)); 5.18 (dd, 3J(4�,5�)� 9.3, 3J(3�,4�)� 9.3, H�C(4�)); 5.05
(2dd, 3J(5�,6�)� 9.3, 3J(4�,5�)� 9.3, 3J(3�,4�)� 9.3, 3J(2�,3�)� 9.3, H�C(3�), H�C(5�)); 4.65 (s, H�C(4)); 4.43
(d, 3J(5,6exo)� 4.7, H�C(5)); 4.29 (d, 2J� 7.6, Hendo�C(6)); 4.21 (dd, 2J� 12.3, 3J(6�,7�a)� 6.0,Ha�C(7�)); 4.09
(d, 2J� 12.3, Hb�C(7�)); 3.77 (dd, 3J(2�,3�)� 9.3, 3J(1�,2�)� 1.7, H�C(2�)); 3.69 (dd, 2J� 7.6, 3J(5,6exo)� 4.7,
Hexo�C(6)); 3.60 (m, H�C(6�)); 2.24 (m, H�C(3)); 2.13 ± 1.99 (19 H, Heq�C(2), 6 Ac); 1.53 (dd, 2J� 14.8,
Hax�C(2)). 13C-NMR (100.6 MHz, CDCl3): 171.6, 170.4, 170.1, 169.9, 169.5, 169.3 (6s, COO); 99.7 (d, J� 171,
C(1)); 76.4 (d, J� 146, C(6�)); 75.9 (d, J� 141, C(2�)); 74.8 (d, J� 154, C(5)); 74.4 (d, J� 152, C(4�)); 69.6 (d, J�
149, C(1�)); 69.0 (d, J� 148, C(4)); 68.3, 67.3 (2d, J� 153, J� 155, C(3�), C(5�)); 65.5 (t, J� 151, C(6)); 62.3
(t, J� 149, C(7�)); 35.7 (d, J� 135, C(3)); 29.2 (t, J� 129, C(2)); 21.0 ± 20.4 (6q, J� 130, MeCOO). CI-MS
(NH3): 592 (100, [M� 18]�), 515 (32), 435 (22), 243 (30), 102 (77). Anal. calc. for C25H34O15 (574.53): C 52.26,
H 5.96; found: C 52.29, H 5.92.

1,4,6-Tri-O-acetyl-2,3-dideoxy-3-C-[(1R)-1,3,4,5,7-penta-O-acetyl-2,6-anhydro-�-glycero-�-gulo-heptitol-1-
C-yl]-�-�-arabino-hexopyranose (10). A mixture of 9 (130 mg, 0.23 mmol), Ac2O (4.7 ml), and CF3COOH
(1.1 ml) was stirred at 20� for 2 h, then poured onto ice (10 ml), and neutralized with sat. aq. soln. NaHCO3

(pH 8). The mixture was extracted with AcOEt (3� 15 ml), the combined org. extract washed with brine
(30 ml), dried (MgSO4), and evaporated, and the residue submitted to FC (silica gel, light petroleum ether/
AcOEt 1 :2): 102 mg of 10 (67%), 4 : 1 mixture of �- and �-�-anomers. White solid. M.p. 69 ± 71�. [�]25589 ��32,
[�]25546 ��37, [�]25435 ��65, [�]25405 ��78 (c� 0.21, CHCl3). UV (MeCN): 195 (2200). IR (KBr): 1750, 1435, 1375,
1230, 1035, 910, 600. 1H-NMR (400 MHz, CDCl3): �-�-anomer: 6.16 (br. d, 3J(1,2ax)� 1.6, H�C(1)); 5.19
(dd,3J(4�,5�)� 9.3, 3J(3�,4�)� 9.3, H�C(4�)); 5.04 ± 4.94 (m, 4 H, H�C(1�), H�C(3�), H�C(4), H�C(5�)); 4.21
(dd, 2J� 12.3, 3J(6�,7�a)� 4.5, Ha�C(7�)); 4.16 (m, CH2(6)); 3.97 (dd, 2J� 12.3, 3J(6�,7�b)� 2.4, Hb�C(7�)); 3.92
(ddd, 3J(5�,6�)� 9.3, 3J(6�,7�a)� 4.5, 3J(6�,7�b)� 2.4, H�C(6�)); 3.77 ± 3.73 (m, 2 H, H�C(2�), H�C(5)); 2.68
(m, H�C(3)); 2.26 (m, Hax�C(2)); 2.12 ± 1.97 (Heq�C(2), 8 MeCOO); �-�-anomer: 5.64 (dd, 3J(1,2ax)� 9.6,
3J(1,2eq)� 2.4, H�C(1)). 13C-NMR (100.6 MHz, CDCl3): �-anomer: 170.7, 170.5, 170.3, 170.1, 170.1, 169.5,
169.3, 169.2 (8s, COO); 90.7 (d, J� 175, C(1)); 76.2 (2d, J� 140, C(2�), C(5)); 74.2 (d, J� 146, C(4�)); 70.9
(d, J� 145, C(6�)); 68.6, 67.4, 67.4, 66.6 (4d, J� 146 ± 150, C(1�), C(3�), C(4), C(5�)); 62.6 (t, J� 149, C(6)); 62.3
(t, J� 148, C(7�)); 36.9 (d, J� 131, C(3)); 29.3 (t, J� 133, C(2)); 21.1 ± 20.4 (8q, J� 130,MeCOO); �-�-anomer:
93.5 (d, J� 165, C(1)). CI-MS (NH3): 694 (12, [M� 18]�), 634 (44), 617 (85), 557 (100), 496 (62), 321 (27), 81
(34). Anal. calc. for C29H40O18 (676.62): C 51.48, H 5.96; found: C 51.23, H 6.03.

1,6-Anhydro-3-C-[(1R)-2,6-anhydro-3,4,5,7-tetra-O-benzyl-�-glycero-�-gulo-heptitol-1-C-yl]-2,3-dideoxy-
1�,4-O-isopropylidene-�-�-arabino-hexopyranose (11). A mixture of 8 (50 mg, 0.07 mmol), 2,2-dimethoxypro-
pane (2 ml), dry acetone (2 ml), and TsOH (16 mg) was stirred at 20� for 4.5 h. After the addition of AcOEt
(10 ml) and H2O (20 ml), the aq. phase was extracted with AcOEt (3� 10 ml), the combined org. extract
washed with sat. aq. NaHCO3 soln. (20 ml) and brine (20 ml), dried (MgSO4), and evaporated, and the residue
submitted to FC (silica gel, light petroleum ether/AcOEt 7 :3) 28 mg (54%) of 11. Colorless oil.

[�]25589 ��26, [�]25546 ��30, [�]25435 ��48, [�]25405 ��55 (c� 0.19, CHCl3). UV (MeCN): 206 (33200). IR
(KBr): 2890, 1495, 1455, 1365, 1265, 1200, 1080, 1030, 895, 735, 700. 1H-NMR (400 MHz, CDCl3): 7.39 ± 7.23
(m, 20 arom. H); 5.47 (d, 3J(1,2eq)� 5.5, H�C(1)); 4.91 ± 4.60 (m, 8 H, OCH2Ph); 4.31 (dd, 3J(5,6exo)� 3.7,
3J(4,5)� 1.5, H�C(5)); 4.01 (dd, 3J(1�,3)� 10.3, 3J(1�,2�)� 2.0, H�C(1�)); 3.83 (dd, 3J(3�,4�)� 9.3, 3J(2�,3�)� 9.3,
H�C(3�)); 3.78 (dd, 2J� 11.3, 3J(6�,7�a)� 1.9, Ha�C(7�)); 3.74 ± 3.68 (m, H�C(4�), Hendo�C(6), Hb�C(7�)); 3.65
(dd,3J(3,4)� 10.8, 3J(4,5)� 1.5, H�C(4)); 3.59 (dd, 3J(5�,6�))� 9.3, 3J(4�,5�)� 9.3, H�C(5�)); 3.52 (dd, 2J� 6.8,
3J(5,6exo)� 3.7, Hexo�C(6)) ; 3.37 (ddd, 3J(5�,6�)� 9.3, 3J(6�,7�b)� 4.6, 3J(6�,7�a)� 1.9, H�C(6�)) ; 3.23
(dd, 3J(2�,3�)� 9.3, 3J(1�,2�)� 2.0, H�C(2�)) ; 2.09 (dddd, 3J(2ax,3)� 12.8, 3J(3,4)� 10.8, 3J(1�,3)� 10.3,
3J(2eq,3)� 7.0, H�C(3)); 1.97 (ddd, 2J� 12.8, 3J(2eq,3)� 7.0, 3J(1,2eq)� 5.5, Heq�C(2)); 1.46 (s, Meax); 1.42
(s, Meeq); 1.00 (dd, 2J� 12.8, 3J(2ax,3)� 12.8, Hax�C(2)). 13C-NMR (100.6MHz, CDCl3): 138.6, 138.5, 138.3,
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138.1 (4s, 4 arom. C); 128.5 ± 127.4 (20d, arom. CH); 100.4 (s, Me2C); 99.1 (d, J� 173, C(1)); 87.5 (d, J� 140,
C(4�)); 80.0 (d, J� 140, C(6�)); 78.4 (d, J� 144, C(5�)); 77.3 (d, C(2�)); 76.7 (d, C(3�)); 76.4 (d, C(4)); 75.5 (d, J�
157, C(5)); 75.5 (t, J� 141, OCH2Ph); 75.0 (t, J� 140, OCH2Ph); 74.8 (t, J� 137, OCH2Ph); 73.4 (t, J� 141,
OCH2Ph); 71.2 (d, J� 138, C(1�)); 68.9 (t, J� 142, C(7�)); 68.7 (t, J� 151, C(6)); 30.6 (d, J� 137, C(3)); 30.3
(t, J� 130, C(2)); 30.1 (q, J� 127, Me); 20.1 (q, J� 129, Me). CI-MS (NH3): 740 (2, [M� 18]�), 666 (1), 632 (2),
360 (1), 282 (1), 181 (2), 141 (1), 91 (100). Anal. calc. for C44H50O9 (722.88): C 73.11, H 6.97; found: C 72.34,
H 7.02.

1,6-Anhydro-3-C-[(1R)-2,6-anhydro-3,4,5,7-tetra-O-benzyl-�-glycero-�-gulo-heptitol-1-C-yl]-2,3-dideoxy-
2-(phenylthio)-�-�-galactopyranose (12). To a soln. of 6 [8] (0.60 g, 0.88 mmol) and thiophenol (93 �l,
0.91 mmol) in CH2Cl2 (2.4 ml) cooled to 0� was added Et3N (24 �l, 0.17 mmol). The mixture was stirred at 0� for
20 min MeOH (2.4 ml) and NaBH4 (50 mg, 1.32 mmol) were added, and the mixture was stirred at 0� for 2 h.
CH2Cl2 (10 ml), and 1� aq. HCl (2 ml) were added under stirring. After the addition of H2O (10 ml), the aq.
phase was extracted with CH2Cl2 (3� 15 ml), the combined org. phase washed with sat. aq. NaHCO3 soln.
(20 ml) and brine (20 ml), dried (MgSO4), and evaporated, and the residue submitted to FC (silica gel, light
petroleum ether/AcOEt 7 :3): 574 mg (82%) of 12. Colorless oil. [�]25589 ��1.7, [�]25546 ��2.4, [�]25435 ��6.6,
[�]25405 ��9.5 (c� 0.84, CHCl3). UV (MeCN): 254 (7600), 214 (18900). IR (film): 3480, 3060, 3030, 2870, 1585,
1455, 1360, 1100, 1025, 915, 735, 700. 1H-NMR (400 MHz, C6D6): 7.49 ± 6.89 (m, 25 arom. H); 6.08 (s, H�C(1));
5.11 ± 4.89 (m, 6 H, H�C(1�) , 5 OCH2Ph); 4.55 ± 4.52 (m, 2 H, H�C(4), OCH2Ph); 4.44 (d, 2J� 7.5,
Hendo�C(6)); 4.23 (dd, 3J(4,5)� 7.2, 3J(5,6exo)� 5.2, H�C(5)); 4.21 ± 4.13 (m, OCH2Ph); 3.97 (dd, 3J(3�,4�)�
9.3, 3J(2�,3�)� 9.3, H�C(3�)); 3.89 (d, 3J(2,3)� 8.7, H�C(2)); 3.74 (dd, 3J(4�,5�)� 9.3, 3J(3�,4�)� 9.3, H�C(4�));
3.48 ± 3.42 (m, H�C(5�), Hexo�C(6), Ha�C(7�)); 3.32 ± 3.24 (m, H�C(6�), Hb�C(7�)); 3.12 (d, 3J(2�,3�)� 9.3,
H�C(2�)); 1.99 (ddd, 3J(2,3)� 8.7, 3J(6.6, 3J(5.1, H�C(3)). 13C-NMR (100.6 MHz, C6D6): 139.3, 138.8, 138.7,
137.9, 135.4 (5s, 5 arom. C); 131.6 ± 127.0 (25d, arom. CH); 105.0 (d, J� 174, C(1)); 87.3 (d, J� 140, C(4�)); 81.0
(d, J� 139, C(2�)); 78.8 (d, J� 144, C(5�)); 78.6 (d, J� 143, C(3�)); 77.8 (d, J� 140, C(6�)); 75.7 (t, J� 144,
OCH2Ph); 75.5 (t, J� 143, OCH2Ph); 75.0 (t, J� 141, OCH2Ph); 73.9 (d, J� 155, C(5)); 73.5 (t, J� 142,
OCH2Ph); 69.9 (t, J� 142, C(7�)); 68.9 (d, J� 144, C(1�)); 67.5 (d, J� 148, C(4)); 62.5 (t, J� 152, C(6)); 51.0
(d, J� 145, C(2)); 42.3 (d, J� 128, C(3)). CI-MS (NH3): 791 (2, M�), 682 (1), 593 (1), 253 (1), 91 (100). Anal.
calc. for C47H50O9S (790.97): C 71.37, H 6.37; found: C 71.39, H 6.26.

1,6-Anhydro-3-C-[(1R)-2,6-anhydro-3,4,5,7-tetra-O-benzyl-�-glycero-�-gulo-heptitol-1-C-yl]-2,3-dideoxy-
�-�-lyxo-hexopyranose (13). As described for 8, with 12 (690 mg, 0.87 mmol), THF (45 ml), and Raney-Ni (ca.
6 g) (4 h; TLC with light petroleum ether/AcOEt 1 :1). FC (silica gel, light petroleum ether/AcOEt 3 :2) gave
506 mg (85%) of 13. White solid: M.p. 74�. [�]25589 ��0.8, [�]25546 ��1.5, [�]25435 ��1.7, [�]25405 ��1.9 (c� 0.27,
CHCl3). UV (MeCN): 209 (23700). IR (KBr): 3425, 2870, 1680, 1495, 1455, 1360, 1120, 1065, 865, 735, 695.
1H-NMR (400 MHz, CDCl3): 7.33 ± 7.11 (m, 20 arom. H); 5.45 (dd, 3J(1,2exo)� 3.0, 3J(1,2endo)� 1.3, H�C(1));
4.92 ± 4.48 (m, 8 H, OCH2Ph); 4.34 (m, H�C(4), H�C(5)); 4.21 (d, 3J(1�,3)� 8.6, H�C(1�)); 4.16 (d, 2J� 7.9,
Hendo�C(6)); 3.72 ± 3.67 (m, H�C(3�), H�C(4�), Ha�C(7�)); 3.60 (dd, 2J� 10.5, 3J(6�,7�b)� 5.0, Hb�C(7�));
3.57 ± 3.53 (m, H�C(5�), Hexo�C(6)); 3.47 (ddd, 3J(5�,6�)� 9.7, 3J(6�,7�b)� 5.0, 3J(6�,7�a)� 1.9, H�C(6�)); 3.34
(d, 3J(2�,3�)� 8.7, H�C(2�)) ; 2.21 (m, H�C(3)) ; 1.86 (ddd, 2J� 14.8, 3J(2exo,3)� 7.2, 3J(1,2exo)� 3.0,
Hexo�C(2)); 1.73 (ddd, 2J� 14.8, 3J(2endo,3)� 5.3, 3J(1,2endo)� 1.3, Hendo�C(2)). 13C-NMR (100.6 MHz,
CDCl3): 138.5, 138.0, 137.9, 137.6 (4s, 4 arom. C); 128.5 ± 127.7 (20d, arom. CH); 99.7 (d, J� 171, C(1)); 87.0
(d, J� 142, C(4�)); 78.8 (d, J� 140, C(2�)); 78.2 (d, J� 144, C(6�)); 78.1 (d, J� 143, C(5�)); 77.5 (d, J� 144,
C(3�)); 75.6 (t, J� 142, OCH2Ph); 75.2 (t, J� 141, OCH2Ph); 75.1 (t, J� 142, OCH2Ph); 74.6 (d, J� 157, C(5));
73.5 (t, J� 143, OCH2Ph); 70.5 (d, J� 151, C(1�)); 69.2 (t, J� 141, C(7�)); 68.9 (d, J� 148, C(4)); 63.3 (t, J� 152,
C(6)); 35.5 (d, J� 128, C(3)); 32.3 (t, J� 127, C(2)). CI-MS (NH3): 701 (35, [M� 18]�), 683 (82), 338 (12), 181
(11), 91 (100). Anal. calc. for C41H46O9 (682.81): C 72.11, H 6.79; found: C 71.96, H 6.79.

4-O-Acetyl-1,6-anhydro-2,3-dideoxy-3-C-[(1R)-1,3,4,5,7-penta-O-acetyl-2,6-anhydro-�-glycero-�-gulo-
heptitol-1-C-yl]-�-�-lyxo-hexopyranose (14). Metallic Na (450 mg, 19 mmol) was added to liquid NH3 (25 ml;
condensed at �78�). A soln. of 13 (506 mg, 0.74 mmol) in anh. THF (5 ml) was added dropwise under stirring.
After stirring at �78� for 40 min, solid NH4Cl (1 g) was added and the cooling bath removed. Once at 20�, the
residue was taken up in MeOH and purified by FC (silica gel, CH2Cl2/MeOH 2 :1). The obtained oil was mixed
with Ac2O (6.6 ml), pyridine (10 ml), and DMAP (0.5 mg) and stirred at 20� for 15 h. Evaporation gave a
residue that was taken up in toluene (10 ml), and the solvent was evaporated again. The latter operation was
repeated and the residue purified by FC (silica gel, light petroleum ether/AcOEt 1 :2): 352 mg (83%, 2 steps) of
14. White solid: M.p. 184 ± 186�. [�]25589 ��14, [�]25546 ��15, [�]25435 ��18, [�]25405 ��21 (c� 0.19, CHCl3). UV
(MeCN): final absorbance at 193 (1300). IR (KBr): 3470, 2960, 1750, 1435, 1375, 1315, 1245, 1115, 1030, 910,
600. 1H-NMR (400 MHz, CDCl3): 5.57 (d, 3J(1,2exo)05.6, H�C(1)); 5.24 (dd, 3J(1�,3)� 10.6, 3J(1�,2�)� 2.2,
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H�C(1�)); 5.16 (dd, 3J(4�,5�)� 9.5, 3J(3�,4�)� 9.5, H�C(4�)); 5.13 (dd, 3J(4,5)� 7.6, 3J(3,4)� 5.4, H�C(4)); 5.05
(dd, 3J(5�,6�)� 9.5, 3J(4�,5�)� 9.5, H�C(5�)); 4.92 (dd, 3J(3�,4�)� 9.5, 3J(2�,3�)� 9.5, H�C(3�)); 4.79 (dd, 3J(4,5)�
7.6, 3J(5,6exo)� 4.6, H�C(5)); 4.25 (dd, 2J� 12.2, 3J(6�,7�a)� 6.5, Ha�C(7�)); 4.08 (dd, 2J� 12.2, 3J(6�,7�a)� 2.4,
Hb�C(7�)); 3.84 (d, 2J� 7.7, Hendo�C(6)); 3.61 (ddd, 3J(5�,6�)� 9.5, 3J(6�,7�a)� 6.5, 3J(6�,7�b)� 2.4, H�C(6�));
3.53 (dd, 3J(2�,3�)� 9.5, 3J(1�,2�)� 2.2, H�C(2�)) ; 3.43 (dd, 2J� 7.7, 3J(5,6exo)� 4.6, Hexo�C(6)) ; 2.48
(dddd, 3J(2endo,3)� 11.5, 3J(1�,3)� 10.6, 3J(2exo,3)� 6.5, 3J(3,4)� 5.4, H�C(3)); 2.08 ± 1.98 (Hexo�C(2),
6 MeCOO); 1.52 (dd, 2J� 13.4, 3J(2endo,3)� 11.5, Hendo�C(2)). 13C-NMR (100.6 MHz, CDCl3): 170.8, 170.4,
170.3, 169.9, 169.6, 169.3 (6s, COO); 98.4 (d, J� 174, C(1)); 76.5, 76.3 (2d, J� 151, C(2�), C(6�)); 74.7 (d, J� 151,
C(4�)); 72.3 (d, J� 159, C(5)); 68.5, 68.4 (2d, J� 154, J� 154, C(4), C(5�)); 67.9 (d, J� 149, C(1�)); 67.3 (d, J�
152, C(3�)); 62.8 (t, J� 151, C(7�)); 62.5 (t, J� 149, C(6)); 31.0 (t, J� 129, C(2)); 30.6 (d, J� 134, C(3)); 20.7 ±
20.5 (6q, J� 129, MeCOO). CI-MS (NH3): 592 (100, [M� 18]�), 515 (7), 338 (14). Anal. calc. for C25H34O15

(574.53): C 52.26, H 5.96; found: C 52.15, H 5.97.
1,4,6-Tri-O-acetyl-3-C-[(1R)-1,3,4,5,7-penta-O-acetyl-2,6-anhydro-�-glycero-�-gulo-heptitol-1-C-yl]-2,3-di-

deoxy-�-lyxo-hexopyranose (15�/15�). As described for 10, with 14 (458 mg, 0.36mmol), Ac2O (16 ml), and
CF3COOH (4 ml) (for 24 h). Workup as described, with ice (50 ml), NaHCO3 soln. AcOEt (3� 100 ml), and
brine (200 ml) followed by FC: 489 mg (90%) of 15, 5 : 1 mixture of �- and �-�-anomer. White solid. M.p. 77 ±
80�. [�]25589 ��37, [�]25546 ��43, [�]25435 ��75, [�]25405 ��90 (c� 0.19, CHCl3). UV (MeCN): 223 (1560). IR
(KBr): 1750, 1435, 1375, 1235, 1035, 920, 600. 1H-NMR (400 MHz, CDCl3): �-�-anomer: 6.24 (br. d, 3J(1.8,
H�C(1�)); 5.20 ± 5.14 (m, H�C(4�), H�C(5�)); 5.03 (dd, 3J(1�,3)� 10.2, 3J(1�,2�)� 2.4, H�C(1�)); 5.02 (br. s,
H�C(4)); 4.95 (dd, 3J(3�,4�)� 9.4, 3J(2�,3�)� 9.4, H�C(3�)); 4.22 (dd, 2J� 12.6, 3J(6�,7�a)� 3.2, Ha�C(7�)); 4.21
(m, H�C(5)) ; 4.17 ± 4.11 (m, Ha�C(6), Hb�C(7�)); 3.88 (dd, 2J� 11.7, 3J(5,6b)� 7.4, Hb�C(6)) ; 3.57
(dd, 3J(2�,3�)� 9.4, 3J(1�,2�)� 2.4, H�C(2�)); 3.55 (m, H�C(6�)); 2.77 (m, H�C(3)); 2.12, 2.10, 2.06, 2.05, 2.04,
2.03, 1.99, 1.98 (Hax�C(2) , 8 MeCOO); 1.65 (dd, 2J� 13.5, 3J� 3.3, Heq�C(2)) ; �-�-anomer: 5.78
(dd, 3J(1,2ax)� 9.8, 3J(1,2eq)� 2.4, H�C(1)). 13C-NMR (100.6 MHz, CDCl3): �-�-anomer: 170.6, 170.5,
170.5, 170.3, 170.2, 169.6, 169.3, 169.3 (8s, COO); 91.2 (d, J� 176, C(1)); 76.5, 75.7 (2d, J� 141, C(2�), C(6�));
74.7 (d, J� 148, C(4�)); 70.5 (d, J� 144, C(5)); 67.8 (d, J� 154, C(5�)); 67.5, 64.1 (2d, J� 147, J� 50, C(1�), C(4));
67.1 (d, J� 153, C(3�)); 63.3 (t, J� 149, C(6)); 61.6 (t, J� 149, C(7�)); 33.3 (d, J� 128, C(3)); 26.0 (t, J� 130,
C(2)); 21.0 ± 20.5 (8q, J� 130, MeCOO); �-�-anomer: 93.2 (d, J� 167, C(1)). CI-MS (NH3): 694 (17, [M�
18]�), 617 (100), 557 (24), 496 (73), 436 (51), 169 (53), 84 (42). Anal. calc. for C29H40O18 (676.62): C 51.48,
H 5.96; found: C 51.54, H 5.96.

1,6-Anhydro-3-C-[(1R)-2,6-anhydro-3,4,5,7-tetra-O-benzyl-�-glycero-�-gulo-heptitol-1-C-yl]-2,3-dideoxy-
1�,4-O-isopropylidene-2-(phenylthio)-�-�-galactopyranose (16) . As described for 11, with 12 (34 mg,
0.04 mmol), 2,2-dimethoxypropane (2 ml), acetone (2 ml), and TsOH (12 mg) (for 15 h). FC (silica gel, light
petroleum ether/AcOEt 9 :1) gave 32 mg (90%) of 16. Colorless oil. [�]25589 ��8.1, [�]25546 ��4.9, [�]25435 ��1.6,
[�]25405 ��4.9 (c� 0.06, CHCl3). UV (MeCN): 253 (6000), 210 (19000). IR (KBr): 2900, 1455, 1360, 1225, 1070,
920, 740, 695. 1H-NMR (400 MHz, CDCl3): 7.35 ± 7.22 (m, 25 arom. H); 5.45 (s, H�C(1)); 5.02 ± 4.56 (m, 8 H,
OCH2Ph); 4.6 (dd, 3J(4,5)� 7.6, 3J(5,6exo)� 5.2, H�C(5)); 4.50 (dd, 3J(4,5)� 7.6, 3J(3,4)� 7.6, H�C(4)); 4.33
(d, 2J� 7.6, Hendo�C(6)); 4.14 (dd, 3J(1�,3)� 10.4, 3J(1�,2�)� 1.7, H�C(1�)); 3.85 (dd, 3J(3�,4�)� 9.3, 3J(2�,3�)� 9.3,
H�C(3�)); 3.83 (dd, 2J� 11.5, 3J(6�a,7�)� 3.2, Ha�C(7�)); 3.75 (m, H�C(4�), H�C(5�)); 3.69 (dd, 2J� 11.5,
3J(6�,7�b)� 1.8, Hb�C(7�)); 3.62 (dd, 3J(2�,3�)� 9.3, 3J(1�,2�)� 1.7, H�C(2�)); 3.56 (dd, 2J� 7.6, 3J(5,6exo)� 5.2,
Hexo�C(6)); 3.38 (m, H�C(6�)); 3.01 (d, 3J(2,3)� 5.7, H�C(2)); 2.67 (ddd, 3J(1�,3)� 10.4, 3J(3,4)� 7.6,
3J(2,3)� 5.7, H�C(3)); 1.41 (s, Meb); 1.34 (s, Mea). 13C-NMR (100.6 MHz, CDCl3): 138.7, 138.6, 138.6, 138.3,
134.4 (5s, 5 arom. C); 130.9 ± 127.5 (25d, arom. CH); 103.1 (d, J� 180, C(1)); 100.6 (s, Me2C); 87.9 (d, J� 143,
C(4�)); 79.2 (d, J� 141, C(6�)); 78.3 (d, J� 145, C(5�)); 77.3, 77.2 (2d, J� 146, J� 146, C(2�), C(3�)); 75.4 (t, J�
141, OCH2Ph); 74.9 (t, J� 145, OCH2Ph); 74.6 (t, J� 145, OCH2Ph); 73.5 (t, J� 142, OCH2Ph); 71.9 (d, J� 157,
C(5)); 69.7 (d, J� 145, C(1�)); 68.6 (t, J� 142, C(7�)); 63.5 (d, J� 149, C(4)); 62.9 (t, J� 152, C(6)); 48.3 (d, J�
143, C(2)); 34.8 (d, J� 135, C(3)); 26.7, 24.9 (2q, J� 127,Me2C). CI-MS (NH3): 849 (0.2, [M� 18]�), 831 (0.3),
722 (0.5), 633 (1.4), 575 (0.3), 493 (1.2), 220 (5), 91 (100).

(1S,5R)-3-C-[(1R)-2,6-Anhydro-3,4,5,7-tetra-O-benzyl-�-glycero-�-gulo-heptitol-1-C-yl]-6,8-dioxabicy-
clo[3.2.1]oct-2-en-4-one (18). Within 40 min, 1� Et2AlI in toluene (3.6 ml, 3.6 mmol) was added dropwise to a
stirred soln. of 5 [22] (1.55 g, 2.6 mmol) and levoglucosenone (17; 0.50 g, 3.9 mmol) in anh. CH2Cl2 (9 ml)
cooled to �78� under Ar. After stirring at �78� for 16 h, the cooling bath was removed and Et2O (20 ml) and
then 1� aq. HCl (20 ml) were added under vigorous stirring (red� yellowish). After the addition of H2O
(20 ml), the aq. phase was extracted with Et2O (3� 30 ml) and the combined org. phase washed with brine
(30 ml), dried (MgSO4), and evaporated. FC (silica gel, light petroleum ether/AcOEt 3 :2) gave 479 mg (30%)
of 18, 282 mg (20%) of 5, and 209 mg (40%) of 17. White solid. M.p. 48 ± 51�. [�]25589 ��90, [�]25546 ��112,

��������	 
�����	 ��	 ± Vol. 86 (2003)372



[�]25435 ��361, [�]25405 ��825 (c� 0.28, CHCl3). UV (MeCN): 212 (18300). IR (KBr): 3400, 2865, 1700, 1455,
1360, 1095, 1070, 885, 735, 695. 1H-NMR (400 MHz, CDCl3): 7.35 ± 7.07 (m, 21 H, H�C(4), arom. H); 5.32
(s, H�C(1)); 4.93 ± 4.79 (m, 6 H, H�C(5), OCH2Ph); 4.76 (br. s, H�C(1�)); 4.54 ± 4.40 (m, 3 H, OCH2Ph); 3.78
(dd, 3J(3�,4�)� 9.2, 3J(2�,3�)� 9.2, H�C(3�)); 3.75 (dd, 3J(4�,5�)� 9.2, 3J(3�,4�)� 9.2, H�C(4�)); 3.72 (dd, 2J� 6.7,
3J(5,6exo)� 4.4, Hexo�C(6)); 3.64 (m, CH2(7�)); 3.58 (d, 2J� 6.7, Hendo�C(6)); 3.56 (dd, 3J(5�,6�)� 9.2, 3J(4�,5�)�
9.2, H�C(5�)); 3.53 (dd, 3J(2�,3�)� 9.2, 3J(1�,2�)� 1.3, H�C(2�)); 3.40 (ddd, 3J(5�,6�)� 9.2, 3J(6�,7�a)� 4.3,
3J(6�,7�b)� 2.4, H�C(6�)). 13C-NMR (100.6 MHz, CDCl3): 188.2 (s, C(4)); 143.3 (d, J� 166, C(2)); 138.4,
138.2, 138.0, 137.8, 137.1 (5s, C(3), 4 arom. C); 128.3 ± 127.6 (20d, arom. CH); 101.0 (d, J� 179, C(1)); 86.8
(d, J� 139, C(4�)); 78.8, 78.1 (2d, J� 143, J� 145, C(2�), C(5�)); 78.4 (d, J� 144, C(6�)); 77.7 (d, J� 146, C(3�));
75.5, 74.9, 74.8, 73.2 (t, J� 144, 4 OCH2Ph); 72.3 (d, J� 160, C(1)); 69.0 (t, J� 143, C(7�)); 66.1 (t, J� 153, C(7));
65.2 (d, J� 146, C(1�)). CI-MS (NH3): 696 (88, [M� 18]�), 587 (8.7), 181 (6.4), 108 (34), 91 (100). Anal. calc.
for C41H42O9 (678.77): C 72.55, H 6.24; found: C 72.39, H 6.21.

1,6-Anhydro-3-C-[(1R)-2,6-anhydro-3,4,5,7-tetra-O-benzyl-�-glycero-�-gulo-heptitol-1-C-yl]-3,4-dideoxy-
4-(phenylthio)-�-�-altropyranose (19). To a soln. of 18 (0.73 g, 1.08 mmol) and thiophenol (114 �l, 1.10 mmol)
in CH2Cl2 (3 ml) cooled to 0� was added Et3N (30 �l, 0.22 mmol). The mixture was stirred at 0� for 45 min,
cooled to �78�, and THF (3 ml) and 1� diisobutylaluminium hydride (1.8 ml, 1.8 mmol) were added. The
mixture was stirred 3 h more at �78�, then CH2Cl2 (10 ml) and 1� aq. HCl (2 ml) were added under stirring.
After the addition of H2O (10 ml), the aq. phase was extracted with CH2Cl2 (3� 15 ml), the combined org.
phase washed with sat. aq. NaHCO3 soln. (20 ml) and brine (20 ml), dried (MgSO4) and evaporated, and the
residue submitted to FC (silica gel, light petroleum ether/AcOEt 7 :3): 630 mg (74%) of 19. White solid. M.p.
150 ± 151�. [�]25589 ��12, [�]25546 ��14, [�]25435 ��31, [�]25405 ��41 (c� 0.22, CHCl3). UV (MeCN): 252 (13200),
214 (26800). IR (KBr): 3470, 2900, 1455, 1365, 1070, 740, 695. 1H-NMR (400 MHz, CDCl3): 7.37 ± 7.16
(m, 25 arom. H); 5.09 (d, 3J(1,2)� 2.1, H�C(1)); 4.94 ± 4.40 (m, 9 H, H�C(5), OCH2Ph); 4.67 (br. d,
3J(1�,OH)� 10.1, H�C(1�)); 4.35 (d, 3J(2,OH)� 6.1, OH�C(2)); 4.15 (d, 2J� 7.9, Hendo�C(6)); 3.74 ± 3.67
(m, H�C(4�) , Hexo�C(6)) ; 3.65 ± 3.56 (m, H�C(2), H�C(3�) , H�C(4) , H�C(6�) , Ha�C(7�)) ; 3.47
(d, 3J(2�,3�)� 9.5, H�C(2�)); 3.56 (dd, 2J� 9.9, 3J(6�,7�b)� 8.3, Hb�C(7�)); 3.36 (dd, 3J(5�,6�)� 9.3, 3J(4�,5�)�
9.3, H�C(5�)); 2.11 (d, 3J(1�,OH)� 10.1, OH�C(1�)); 1.69 (ddd, 3J(3,4)� 11.6, 3J(2,3)� 8.6, 3J(1�,3)� 1.8,
H�C(3)). 13C-NMR (100.6 MHz, CDCl3): 138.3, 137.5, 137.4, 137.0, 134.3 (5s, 5 arom. C); 130.7 ± 127.0 (25d,
arom. CH); 102.6 (d, J� 174, C(1)); 87.0 (d, J� 143, C(4�)); 79.9 (d, J� 139, C(2�)); 78.6 (d, J� 141, C(5�)); 78.2
(2d, J� 138, J� 138, C(3�), C(6�)); 75.6 (t, J� 143, OCH2Ph); 75.5 (t, J� 143, OCH2Ph); 75.1 (t, J� 144,
OCH2Ph); 75.1 (d, J� 158, C(5)); 73.5 (t, J� 143, OCH2Ph); 69.4 (t, J� 142, C(7�)); 66.2 (d, J� 143, C(2)); 65.8
(d, J� 144, C(1�)); 65.5 (t, J� 147, C(6)); 47.7 (d, J� 145, C(4)); 47.4 (d, J� 128, C(3)). CI-MS (NH3): 808 (45,
[M� 17]�), 791 (36, M .�), 108 (23), 91 (100). Anal. calc. for C47H50O9S (790.97): C 71.37, H 6.37; found:
C 70.75, H 6.48.

1,6-Anhydro-3-C-[(1R)-2,6-anhydro-3,4,5,7-tetra-O-benzyl-�-glycero-�-gulo-heptitol-1-C-yl]-3,4-dideoxy-
�-�-arabino-hexopyranose (20). As described for 8, with 19 (285 mg, 0.36 mmol), THF (14 ml), and Raney-Ni
(ca. 6 g) (30 min; TLC with light petroleum ether/AcOEt 1 :1): 179 mg (72%) of 20. White solid. M.p. 150 ±
151�. [�]25589 ��12, [�]25546 ��17, [�]25435 ��29, [�]25405 ��33, (c� 0.19, CHCl3). UV (MeCN): 214 (25100). IR
(KBr): 3495, 3410, 2890, 1450, 1360, 1105, 1065, 740, 695. 1H-NMR (400 MHz, CDCl3): 7.33 ± 7.15
(m, 20 arom. H); 5.26 (s, H�C(1)); 4.92 ± 4.73 (m, 5 H, OCH2Ph); 4.54 ± 4.44 (m, 4 H, H�C(5), OCH2Ph);
3.76 ± 3.66 (m, H�C(1�), H�C(3�), H�C(4�), CH2(6), Ha�C(7�)); 3.58 ± 3.54 (m, H�C(2), Hb�C(7�),
OH�C(2)); 3.47 ± 3.44 (m, H�C(5�), H�C(6�)); 3.25 (d, 3J(2�,3�)� 8.3, H�C(2�)); 2.80 (d, 3J(OH,1�)� 7.7,
OH�C(1�)); 2.08 (m, H�C(3)); 1.62 (ddd, 2J� 13.6, 3J(3,4endo)� 11.5, 3J(4endo,5)� 3.1, Hendo�C(4)); 1.49
(ddd, 2J� 13.6, 3J(3,4exo)� 6.0, 3J(4exo,5)� 1.4, Hexo�C(4)). 13C-NMR (100.6 MHz, CDCl3): 138.4, 138.0, 137.7,
137.7 (4s, 4 arom. C); 128.5 ± 127.6 (20d, arom. CH); 101.8 (d, J� 174, C(1)); 87.1 (d, J� 142, C(4�)); 78.8, 78.3
(2d, J� 141, J� 142, C(5�), C(6�)); 77.9 (d, J� 140, C(2�)); 77.4 (d, J� 140, C(3�)); 75.6 (t, J� 145, OCH2Ph); 75.1
(t, J� 147, OCH2Ph); 75.0 (t, J� 147, OCH2Ph); 73.4 (t, J� 142, OCH2Ph); 73.0 (d, J� 144, C(1�)); 72.8 (d, J�
150, C(5)); 72.3 (d, J� 143, C(2)); 69.3 (t, J� 142, C(7�)); 68.0 (t, J� 150, C(6)); 39.3 (d, J� 130, C(3)); 30.6
(t, J� 128, C(4)). CI-MS (NH3): 700 (70, [M� 18]�), 683 (53), 665 (39), 591 (7), 181 (15), 91 (100). Anal. calc.
for C41H46O9 (682.81): C 72.11, H 6.79; found: C 72.17, H 6.82.

1,6-Anhydro-3-C-[(1R)-2,6-anhydro-�-glycero-�-gulo-heptitol-1-C-yl]-3,4-dideoxy-�-�-arabino-hexopyra-
nose (21). As described for 9 (first reaction), with 20 (100 mg, 0.14 mmol), 10% Pd(OH)2/C (100 mg), and
MeOH (20 ml): 47 mg (quant.) of 21. White solid. M.p. 76 ± 80�. [�]25589 ��58, [�]25546 ��66, [�]25435 ��110,
[�]25405 ��131 (c� 0.19, MeOH). UV (MeCN): 194 (7700). IR (KBr): 3405, 2925, 1650, 1090, 1010, 890, 495.
1H-NMR (400 MHz, CD3OD): 5.24 (d, 3J(1,2)� 1.3, H�C(1)); 4.56 (m, H�C(5)); 3.91 ± 3.89 (m, H�C(1�),
Hendo�C(6)); 3.86 (dd, 2J� 12.1, 3J(6�,7�a)� 2.0, Ha�C(7�)); 3.74 (dd, 2J� 9.8, 3J(5,6exo)� 5.5, Hexo�C(6)); 3.71
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(dd, 2J� 12.1, 3J(6�,7�b)� 5.2, Hb�C(7�)); 3.61 (dd, 3J(2,3)� 9.3, 3J(1,2)� 1.3, H�C(2)); 3.52 (dd, 3J(3�,4�)� 9.0,
3J(2�,3�)� 9.0, H�C(3�)); 3.39 (dd, 3J(4�,5�)� 9.0, 3J(3�,4�)� 9.0, H�C(4�)); 3.34 (dd, 3J(5�,6�)� 9.0, 3J(4�,5�)� 9.0,
H�C(5�)); 3.24 (ddd, 3J(5�,6�)� 9.0, 3J(6�,7�b)� 5.2, 3J(6�,7�a)� 2.0, H�C(6�)); 3.23 (dd, 3J(2�,3�)� 9.0, 3J(1�,2�)�
0.8, H�C(2�)); 2.17 (m, H�C(3)); 1.70 ± 1.67 (m, CH2(4)). 13C-NMR (100.6 MHz, CD3OD): 103.2 (d, J� 172,
C(1)); 81.4 (d, J� 141, C(6�)); 79.8 (d, J� 143, C(4�)); 79.6 (d, J� 138, C(2�)); 74.4 (d, J� 155, C(5)); 73.5, 73.4
(2d, J� 142, C(1�), C(2)); 71.1 (d, J� 144, C(5�)); 70.7 (d, J� 144, C(3�)); 69.1 (t, J� 149, C(6)); 62.5 (t, J� 142,
C(7�)); 39.7 (d, J� 128, C(3)); 31.8 (t, J� 128, C(4)). CI-MS (NH3): 340 (48, [M� 18]�), 323 (39), 305 (78), 160
(34), 143 (100), 127 (98), 81 (58).

2-O-Acetyl-1,6-anhydro-3,4-dideoxy-3-C-[(1R)-1,3,4,5,7-penta-O-acetyl-2,6-anhydro-�-glycero-�-gulo-
heptitol-1-C-yl]-�-�-arabino-hexopyranose (22). As described for 9 (second reaction), with 21 (47 mg,
0.14 mmol), Ac2O (0.6 ml), pyridine (2.4 ml), and DMAP (0.2 mg) (co-evaporation with toluene (5 ml)
twice): 70 mg (83%) of 22. White solid. M.p. 80 ± 84�. [�]25589 ��53, [�]25546 ��55, [�]25435 ��94, [�]25405 ��115
(c� 0.11, CHCl3). UV (MeCN): 191 (6400). IR (KBr): 2955, 1750, 1440, 1375, 1240, 1100, 1035, 980, 900.
1H-NMR (400 MHz, CDCl3): 5.39 (d, 3J(1,2)� 1.4, H�C(1)); 5.17 (dd, 3J(4�,5�)� 9.3, 3J(3�,4�)� 9.3, H�C(4�));
5.05, 5.03 (2dd, 3J(3�,4�)� 9.3, 3J(2�,3�)� 9.3, 3J(5�,6�)� 9.3, 3J(4�,5�)� 9.3, H�C(3�) , H�C(5�)) ; 5.04
(dd, 3J(1�,3)� 8.0, 3J(1�,2�)� 2.4, H�C(1�)); 4.75 (dd, 3J(2,3)� 10.2, 3J(1,2)� 1.4, H�C(2)); 4.57 (m, H�C(5));
4.17 ± 4.11 (m, CH2(7�)); 3.85 (br. d, 2J� 7.1, Hendo�C(6)); 3.81 (dd, 2J� 7.1, 3J(5,6exo)� 4.3, Hexo�C(6)); 3.62
(ddd, 3J(5�,6�)� 9.3, 3J(6�,7�a)� 6.3, 3J(6�,7�b)� 2.8, H�C(6�)); 3.60 (dd, 3J(2�,3�)� 9.3, 3J(1�,2�)� 2.4, H�C(2�));
2.66 (dddd, 3J(3,4exo)� 12.2, 3J(2,3)� 10.2, 3J(1�,3)� 8.0, 3J(3,4endo)� 5.8, H�C(3)); 2.10, 2.08, 2.07, 2.04, 1.99,
1.97 (6s, Hexo�C(4), 6MeCOO); 1.66 (ddd, 2J� 13.6, 3J(3,4endo)� 5.8, 3J(4endo,5)� 1.5, Hendo�C(4)).
13C-NMR (100.6 MHz, CDCl3): 170.5, 170.3, 170.3, 170.1, 169.5, 169.5 (6s, COO); 99.2 (d, J� 177, C(1)); 76.5,
76.2 (2d, J� 143, J� 147, C(2�), C(6�)); 74.3 (d, J� 154, C(4�)); 73.6 (d, J� 149, C(2)); 72.7 (d, J� 158, C(5));
69.3, 68.5, 67.1 (3d, J� 145, J� 155, J� 155, C(1�), C(3�), C(5�)); 68.1 (t, J� 150, C(6)); 62.7 (t, J� 149, C(7�));
33.6 (d, J� 132, C(3)); 30.1 (t, J� 130, C(4)); 20.9 ± 20.5 (6q, J� 130, MeCOO). CI-MS (NH3): 592 (100, [M�
18]�), 575 (6), 515 (5), 117 (5). Anal. calc. for C25H34O15 (574.53): C 52.26, H 5.96; found: C 52.32, H 5.99.

1,2,6-Tri-O-acetyl-3,4-dideoxy-3-C-[(1R)-1,3,4,5,7-penta-O-acetyl-2,6-anhydro-�-glycero-�-gulo-heptitol-1-
C-yl]-�-�-arabino-hexopyranose (23�/23�). To a soln. of 22 (50 mg, 0.09 mmol) in Ac2O (3.7 ml), cooled to 0�
with stirring under Ar, 125 �l of a dil. triethylsilyl trifluoromethanesulfonate soln. (50 �l of TESOTf in 2.5 ml
Ac2O) was added and the reaction followed by TLC (light petroleum ether/AcOEt 1 :2) to completion
(generally 5 ± 10 min). A sat. aq. NaHCO3 soln. (10 ml) was then added and, after stirring at 0� for 30 min, the
aq. mixture was extracted with AcOEt (3� 15 ml), the combined org. extract washed with sat. aq. NaHCO3

soln. (20 ml) and then with brine (20 ml), dried (MgSO4), and evaporated. FC (silica gel, light petroleum ether/
AcOEt 1 :2) afforded 58 mg (98%) of 23, 6 : 1 mixture of �- and �-�-anomers 23�/23�. White solid. M.p. 64 ±
67�. [�]25589 ��33, [�]25546 ��37, [�]25435 ��64, [�]25405 ��81 (c� 0.16, CHCl3). UV (MeCN): final absorbance at
223 (1200). IR (KBr): 1745, 1440, 1370, 1230, 1035, 605. 1H-NMR (400 MHz, CDCl3): 23� : 6.00 (br. s, H�C(1));
5.67 (dd, 3J(1�,3)� 10.5, 3J(1�,2�)� 2.3, H�C(1�)); 5.19 (dd, 3J(4�,5�)� 9.3, 3J(3�,4�)� 9.3, H�C(4�)); 5.10
(dd, 3J(5�,6�)� 9.3, 3J(4�,5�)� 9.3, H�C(5�)); 5.01 (dd, 3J(3�,4�)� 9.3, 3J(2�,3�)� 9.3, H�C(3�)); 4.63 (br. s,
H�C(2)); 4.22 (dd, 2J� 12.3, 3J(6�,7�a)� 5.6, Ha�C(7�)); 4.18 ± 4.09 (m, H�C(5), Ha�C(6), Hb�C(6),
Hb�C(7�)) ; 3.65 (dd, 3J(2�,3�)� 9.3, 3J(1�,2�)� 2.3, H�C(2�)) ; 3.59 (ddd, 3J(5�,6�)� 9.3, 3J(6�,7�a)� 5.6,
3J(6�,7�b)� 2.4, H�C(6�)); 2.40 (m, H�C(3)); 2.14, 2.13, 2.11, 2.11, 2.09, 2.04, 2.01, 2.00 (8s, 8 MeCOO); 1.95
(ddd, 2J� 14.7, 3J(4ax,5)� 11.8, 3J(3,4ax)� 5.9, Hax�C(4)); 1.56 (br. d, 2J� 14.7, Heq�C(4)); 23� : 6.09
(d, 3J(1,2)� 2.5, H�C(1)). 13C-NMR (100.6 MHz, CDCl3): 23� : 170.8, 170.5, 170.4, 170.3, 169.4, 169.3, 169.3,
168.6 (8s, COO); 91.4 (d, J� 177, C(1)); 76.7 (d, J� 140, C(6�)); 76.2 (d, J� 138, C(2�)); 74.5 (d, J� 146, C(4�));
68.1 (d, J� 154, C(5�)); 67.4 (2d, J� 148, J� 148, C(1�), C(3�)); 66.1 (t, J� 148, C(6)); 65.7 (d, J� 153, C(2));
65.3 (d, J� 148, C(5)); 62.3 (t, J� 149, C(7�)); 35.8 (d, J� 136, C(3)); 23.5 (t, J� 130, C(4)); 21.0 ± 20.5 (8q, J�
130, MeCOO); 23� : 89.8 (d, J� 170, C(1)). CI-MS (NH3): 694 (100, [M� 18]�), 617 (82), 117 (3). Anal. calc.
for C29H40O18 (676.62): C 51.46, H 5.96; found: C 51.31, H 6.04.

1,6-Anhydro-3-C-[(1R)-2,6-anhydro-3,4,5,7-tetra-O-benzyl-�-glycero-�-gulo-heptitol-1-C-yl]-3,4-dideoxy-
1�,2-O-isopropylidene-�-�-arabino-hexopyranose (24). As described for 11, with 20 (59 mg, 0.09 mmol), 2,2-
dimethoxypropane (2.5 ml), acetone (2.5 ml), and TsOH (20 mg) (for 3.5 h). Workup as described, with AcOEt
(10 ml), H2O (10 ml), AcOEt (3� 10 ml), sat. aq. NaHCO3 soln. (10 ml), and brine (10 ml), followed by FC:
15 mg (25%) of 24. White solid. M.p. 159 ± 161�. [�]25589 ��13, [�]25546 ��18, [�]25435 ��28, [�]25405 ��31 (c� 0.16,
CHCl3). UV (MeCN): 208 (34150). IR (KBr): 2875, 1455, 1360, 1100, 1025, 750, 700. 1H-NMR (400 MHz,
CDCl3): 7.37 ± 7.19 (m, 20 arom. H); 5.31 (s, H�C(1)); 4.91 ± 4.59 (m, 8 H, OCH2Ph); 4.44 (m, H�C(5)); 4.03
(dd, 3J(1�,3)� 10.3, 3J(1�,2�)� 2.3, H�C(1�)) ; 3.84 (dd, 3J(3�,4�)� 9.4, 3J(2�,3�)� 9.4, H�C(3�)) ; 3.73
(dd, 3J(2,3)� 9.1, 3J(1,2)� 1.0, H�C(2)) ; 3.72 ± 3.65 (m, H�C(4�), Hendo�C(6), Hexo�C(6), Ha�C(7�),
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Hb�C(7�)) ; 3.54 (dd, 3J(5�,6�)� 9.4, 3J(4�,5�)� 9.4, H�C(5�)) ; 3.35 (ddd, 3J(5�,6�)� 9.4, 3J(6�,7�a)� 5.6,
3J(6�,7�b)� 2.0, H�C(6�)); 3.21 (dd, 3J(2�,3�)� 9.4, 3J(1�,2�)� 2.3, H�C(2�)); 2.42 (dddd, 3J(3,4ax)� 12.3,
3J(1�,3)� 10.2, 3J(2,3)� 9.1, 3J(3,4eq)� 5.8, H�C(3)); 1.47 ± 1.44 (m, CH2(4)); 1.46 (s, Me); 1.43 (s, Me).
13C-NMR (100.6 MHz, CDCl3): 138.6, 138.3, 138.3, 138.0 (4s, 4 arom. C); 128.5 ± 127.5 (20d, arom. CH); 101.1
(d, J� 172, C(1)); 100.3 (s, Me2C); 87.6 (d, J� 147, C(4�)); 79.7 (d, J� 138, C(6�)); 78.6 (d, J� 141, C(5�)); 76.8
(d, C(2�)); 76.7 (d, C(3�)); 75.5 (t, J� 143, OC H2Ph); 75.1 (t, J� 144, OCH2Ph); 74.8 (t, J� 144, OCH2Ph); 74.2
(2d, J� 152, J� 152, C(2), C(5)); 73.1 (t, J� 141, OCH2Ph); 70.5 (d, J� 138, C(1�)); 69.1 (2t, J� 140, J� 140,
C(6), C(7�)); 32.5 (d, J� 135, C(3)); 30.0, 20.3 (2q, J� 128, Me2C); 28.3 (t, J� 131, C(4)). CI-MS (NH3): 740
(76, [M� 18]�), 631 (8), 181 (21), 91 (100).
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