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ABSTRACT

Benzyl protected phenyl 1-thio-galactopyranoside donors which were tethered by
a succinoyl linker at their positions 2 and 6, respectively, to position 3 of a blocked
benzyl glucopyranoside acceptor with a 4-OH group solely afforded the corresponding a-
(1—4)-linked disaccharides upon intramolecular glycosylation. 4,6-Siloxane protected
mannosides react with rearrangement of the siloxane group under similar conditions.

INTRODUCTION

Intramolecularisation of glycosylation reactions appears to be an attractive
alternative to the classical intermolecular condensation of a glycosyl donor and a glycosyl
acceptor. In many cases where the anomeric outcome of such a classical glycosylation is
unpleasant due to the formation of anomeric mixtures or even the exclusive formation of

an undesired anomer, the intramolecular approach allows the highly stereoselective
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formation of O-glycosidic bonds. Furthermore, intramolecular glycosylation resembles
enzyme catalyzed glycosylations to some extent and might be regarded as a biomimetic
variant, since here glycosyl donor and acceptor are first bound to the enzyme followed by
an intramolecular glycosylation step. Two different strategies for intramolecular
glycosylations have been followed by several groups so far. On the one hand, glycosyl
donor and glycosyl acceptor are first linked together by a labile tether which is cleaved
during the glycosylation step. Most commonly, acetals,' silylene acetals,? carbonates® and
intermediate orthoesters* or dicobaltcarbonyl complexes of alkynes® have been used as
tethers for that approach. However, it has been shown for some examples that an
intermolecular mechanism can be operative as well.>** On the other hand, glycosyl donor
and glycosyl acceptor are first connected by a stable bridge which is not cleaved during
glycosylation (prearranged glycosides) and thus, results in the formation of large rings.®
Recently, the strategy via prearranged glycosides was successfully applied to the
efficient preparation of B-mannosidic linkages.®* Furthermore, it was shown that intramo-
lecular glucosylations of prearranged glycosides exclusively gave a-D-glucopyranosides
even when a B-directing neighboring active acyl group was present at position 2 of the
glucosyl donor.®® Since the latter a-selective glycosylation proceeded efficiently, we now
extended this strategy to the synthesis of a-D-galactopyranosides, namely the disaccharide

structures a-D-Galp-(1-4)-D-Glep and a-D-Galp-(1—-6)-D-Manp.

RESULTS AND DISCUSSION

For the corresponding a-glucosylations, succinate was chosen as the tether for the
galactosylation. Thus, 2,3,6-tri-O-benzyl-1,2-O-methoxyethylidene-o-D-galacto-
pyranose’ (1) was first converted into phenyl 2-O-acetyl-3,4,6-tri-O-benzyl-p-D-
galactopyranoside (2). Next, deacetylation afforded compound 3 which was treated with
succinic anhydride to give succinoylated galactoside 4. Condensation of the latter with
benzyl 2-O-benzoyl-4,6-O-benzylidene-a-D-glucopyranoside® (5) then afforded succinate
6, the benzylidene acetal of which was finally opened by Garegg’s method® to give the

2,3-prearranged glycoside 7. Similarly, the corresponding 3,6-prearranged counterpart
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was prepared from phenyl 1-thio-B-D-galactopyranoside® (8) by sequential tritylation of
position 6, followed by benzylation of the remaining hydroxyls and cleaving of the trityl
group. Thus, compound 11 was prepared in 41% overall yield via intermediates 9-10.
Next, succinoylation of 11 afforded 12 which was coupled with DCC to acceptor S to
give the benzylidene derivative 13. Final reductive cleavage of the benzylidene ring of the

latter afforded the 3,6-prearranged glycoside 14.
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N-lodsuccinimide (NIS) promoted intramolecular glycosylation of the prearranged
glycosides 7 and 14 resulted in exclusive formation of the corresponding a-(1-»4)-linked
disaccharides 15 and 17, respectively. Yields of cyclisation products were slightly higher
when acetonitrile was used as the solvent instead of dichloromethane (experimental
details for dichloromethane are not shown). However, there was no solvent dependence
of the diastereoselectivity of the galactosylation as was found for other intramolecular
condensations of prearranged glycosides.® The anomeric configuration of the products
was clearly evident from their NMR spectra. The coupling constant between C-1 and H-1
of the respective galactose moiety was 170.8 Hz for 15 and 164.5 Hz for 17 which was in
good agreement for a-anomers.'® Furthermore, the H-H coupling constant J;, of the
galactosyl residue of compound 17 was 3.6 Hz whereas that of compound 15 could not be
determined due to extensive overlapping of the proton signals in the NMR spectra.
Therefore, deacylation of 15 and 17 was performed as well. The thus formed
disaccharides 16 and 18 showed again typical coupling constants of Jc.1y = 167.0 Hz
and J; 5 =3.7 Hz for 16 and Jc.; .y = 170.6 Hz and J, , = 3.6 Hz for 18, respectively.

BnO OBn BnO OBn
cat. NaOMe 0
; NIS Bn MeOH BnO OBn
CHiCly 43% % 20% ”Oo.é&'
MeCN 51% HO
16 HOOBn

BnO BnO -OH
cat. NaOMe o)
14 ( ’ M<OH BnO - OBn
CH,Cl, 60% 20% n0g o
MeCN 69% s HO‘%
HO

OBn OBn

The formation of the a-linked products was also in good agreement with the

previously observed a-selectivity of intramolecular glucosylations.%8 However, it should
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be noted that this a-selectivity of intramolecular glucosylations® and of galactosylations
in the case of compound 7 is in sharp contrast to similar mannosylations.** Here a-
mannosides were formed as well, despite the ‘inverted’ configuration at position 2 of the
glycosyl donor. Furthermore, provided that a double diastereoselection (i.e., formation of
matched and mismatched pairs during cyclisation) which has been previously shown to
govern the diastereoselectivity of intramolecular g,lycosylations6j was also operative here,
the a-selectivity of the cyclisation of 14 (compared to that of 7) was surprising and rather
unexpected. Changing the tether from position 2 to position 6 of the galactoside moiety
should result in a mismatched case for a-galactosylation and thus, give also some p-
linked product. However, preliminary molecular modelling studies for compounds 15, 17,
and their B-(1—4)-linked counterparts, respectively, using a Monte-Carlo conformation
search with the AMBER force field implemented in MacroModel'! revealed that in both
cases performed here the a-linked products should be favored whereas without any tether
(i.e., acetyl groups instead of a succinyl group), the B-(1—4)-linked product should be

favoured in the case related to disaccharide 17."

succinic OBn
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Another intramolecular galactosylation was tested with a mannosyl acceptor as
follows. Ethyl 3,4,6-tri-O-benzyl-1-thio-B-D-galactopyranoside' (19) was succinoylated
as described above affording galactoside 20. Next, the latter was condensed with siloxane
protected a-D-mannoside 21" to give succinate 22 in 45% yield. Originally, 21 was
chosen as the acceptor since regioselective acylation'® directly leads to a suitable
préarranged glycoside for intramolecular galactosylation and the siloxane group should
allow for further glycosylations using the glycodesilylation protocol.'” However, as a
byproduct of the latter condensation, the corresponding prearranged glycoside, which was
esterified at position 3 of the mannosyl residue, was formed as well in 35% yield. Since
this isomer, however, could not be isolated in pure form, no further experimental details
will be given here. Intramolecular galactosylation of 22 was somehow sluggish. Complete
decomposition of the starting material occurred with MeOTf as the activator. Solely,
when dimethylthiomethylsulfoniumtriflate (DMTST) was used, 23% of disaccharide 23
could be isolated. Obviously, under the acidic conditions, a rearrangement of the siloxane
group occurred with subsequent glycosylation of position 6. It is, however, well known
that glycosylations of position 3 in 4,6-siloxane protected glycopyranosides are difficult
to achieve due to steric reasons and that similar rearrangements of siloxane groups do
occur under acidic conditions.'® Nevertheless, further examples for the intramolecular
glycosylation of siloxane protected glycosides related to the conversion 22—23 are now
under investigation since this strategy would open up an easy access to complex

oligosaccharides when combined with the glycodesilylation protocol."

EXPERIMENTAL

The NMR data were obtained from spectra measured in CDCIl; solutions (with
Me,Si as internal standard) at 25 °C with a Bruker AMX 300 spectrometer. 'H NMR
signal assignments were made by first-order analysis of the spectra and by HH-COSY
spectra. Of the two magnetically non-equivalent geminal protons at C-6, the one
resonating at lower field was allocated H-6a and the one resonating at higher field H-6b.

13C NMR assignments were made by mutual comparison of the spectra, by DEPT spectra,
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and by CH-COSY spectra. Optical rotations were measured at 25 °C with a Perkin-Elmer
automatic polarimeter, Model 241. TLC was performed on precoated plastic sheets,
Polygram SIL UVgzss, 40 x 80mm (Macherey-Nagel) using appropriately adjusted
mixtures of toluene-acetone. Detection was affected by UV light, where applicable, and
by charring with 5% H,SO, in ethanol. CC was performed by eluting from columns of
Silica Gel 60 (Merck) with appropriately adjusted mixtures of toluene/acetone. Solutions
in organic solvents were dried with anhydr Na,SO4 and concentrated at 2 kPa, <40 °C.

Phenyl  2-0-Acetyl-3,4,6-tri-O-benzyl-1-thio-p-D-galactopyranoside  (2).
Thiophenol (2.2 mL, 21.6 mmol) was added dropwise at 20 °C to a stirred solution of
1,2-0-(1-methoxyethylidene)-3,4,6-tri-O-benzyl-a-D-galactopyranose’ (1) (7.5 g, 14.8
mmol) and HgBr, (200 mg, 0.6 mmol) in MeCN (58 mL). The mixture was stirred for 24
h, concentrated and dissolved in dichloromethane (200 mL). The resulting solution was
washed with saturated aq NaHCO; solution and water, dried and concentrated.
Recrystallization of the residue from ethanol afforded 2 (6.90 g, 80%): mp 107-108 °C;
[alp +11.3° (¢ 1.0, chloroform); '"H NMR (CDCl3) & 5.40 (t, 1H, J;, = 9.7 Hz, J,3 = 9.7
Hz, H-2), 4.66-4.35 (m, 6H, H-1, CH,Ph), 3.96 (d, 1H, J34 = 2.7 Hz, J45 < 1.0 Hz, H-4),
3.65-3.59 (m, 3H, H-5,6a,6b), 3.53 (dd, 1H, H-3), 2.00 (s, 3H, CH;); *C NMR (CDCl;) &
87.1 (C-1), 81.9 (C-3), 78.0 (C-5), 74.8, 74.0, 72.4 (CH,Ph), 73.3 (C-4), 70.2 (C-2), 69.2
(C-6), 21.5 (CH3).

Anal, Calcd for C3sH3606S (584.7): C, 70.89; H, 6.21. Found: C, 71.10; H, 6.21.

Phenyl 3,4,6-Tri-O-benzyl-1-thio--D-galactopyranoside (3). A solution of 2
(3.94 g, 6.7 mmol) and a catalytic amount of NaOMe in MeOH/toluene (1:1 v/v, 70 mL)
was stirred at 75 °C for 2.5 h, cooled to 20. °C, neutralized with ion exchange resin
(Dowex 1X8, H' form) and concentrated. Recrystallization of the residue from n-
hexane/ethyl acetate afforded 3 (2.66 g, 72%): mp 88 °C; [a]p +3.1° (¢ 1.0, chloroform);
'H NMR (CDCl3) 5 4.89 (d, 1H, J = -11.5 Hz, CH,Ph), 4.75-4.68 (m, 2H, CH,Ph), 4.57
(d, 1H, J =-12.1 Hz, CH;Ph), 4.53 (d, 1H, J;2 = 9.7 Hz, H-1), 4.46 (d, 2H, CH,Ph), 4.04-
3.96 (m, 1H, H-2), 3.97 (d, 1H, J34 = 2.5 Hz, J45 < 1.0 Hz, H-4), 3.66 (br.s, 3H, H-
5,62,6b), 3.46 (dd, 1H, J,3 = 9.3 Hz, H-3), 2.48 (br.s, 1H, OH); *C NMR (CDCl;) 5 88.1
(C-1), 83.6 (C-3), 78.0 (C-5), 74.8, 74.0, 72.8 (CH,Ph), 73.6 (C-4), 69.5 (C-2), 69.1 (C-
6).

Anal. Calcd for C33H3405S (542.7): C, 73.04; H, 6.31. Found: C, 72.83; H, 6.39.
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Pheny! 3,4,6-Tri-O-benzyl-2-0-succinoyl-1-thio--D-galactopyranoside (4). A
solution of 3 (680 mg, 1.3 mmol), succinic anhydride (1.25 g, 12.5 mmol) and a catalytic
amount of DMAP (ca. 10 mg) in pyridine (16 mL) was stirred at 100 °C for 22.5 h. The
mixture was concentrated and coevaporated with toluene. Chromatography
(toluene/acetone 8:1 v/v) of the residue afforded 4 (780 mg, 97%) as a colorless foam:
[a]p +12.4° (¢ 1.0, chloroform); 'H NMR (CDCl3) 8 5.39 (t, 1H, J;2=9.7 Hz, Jo3 = 9.7
Hz, H-2), 4.86 (d, 1H, J =-11.6 Hz, CH;Ph), 4.61-4.32 (m, 6H, H-1, CH,Ph), 3.92-3.50
(m, 5H, H-3,4,5,6a,6b), 2.56-2.53 (m, 4H, CH,); *C NMR (CDCl;) & 177.8 (COOH),
170.9 (COO), 86.6 (C-1), 81.4 (C-3), 77.6 (C-5), 74.4, 73.6, 72.1 (CH,Ph), 73.0 (C-4),
70.0 (C-2), 68.9 (C-6), 29.1, 28.9 (CH,).

Anal. Caled for C37H3305S (642.8): C, 69.14; H, 5.96. Found: C, 68.99; H, 5.94.

Phenyl 3,4,6-Tri-O-benzyl-2-0-(2-0-benzoyl-1-O-benzyl-4,6-0-benzylidene-
o-D-glucopyranos-3-yloxycarbonylpropanoyl)-1-thio-p-p-galactopyranoside (6).
Dicyclohexyl carbodiimide (0.55 g, 2.64 mmol) was added at 20 °C to a solution of 4 (1.5
g, 2.4 mmol), benzyl 2-O-benzoyl-4,6-O-benzylidene-a-D-glucopyranoside¥ (5) (1.22 g,
2.64 mmol) and a catalytic amount of DMAP (ca. 10 mg) in dichloromethane (40 mL).
The mixture was stirred for 20 h and filtered. The filtrate was washed with water, dried
and concentrated. Chromatography (toluene/acetone 18:1 v/v) of the residue afforded 6
(1.83 g, 72%) as a colorless foam: [o]p +58.6° (¢ 1.0, chloroform); '"H NMR (CDCl;) &
5.87 (1, 1H, J253= 9.9 Hz, J34 = 9.9 Hz, H-3qc), 5.49 (s, 1H, PhCH), 5.36-5.28 (m, 2H, H-
gie, H-26a1), 5.03 (dd, 1H, J, ; = 3.8 Hz, H-2Gi), 4.90 (d, 1H, J =-11.6 Hz, PhCH,), 4.73
(d, 1H, J =-12.4 Hz, PhCHy,), 4.59-4.46 (m, 5H, H-lcal, PhCH3y), 4.24 (dd, 1H, Js¢, = 4.8
Hz, Jgagn=-10.1 Hz, H-6a1), 4.09-4.01 (m, 1H, H-561c), 3.90 (d, 1H, J34=2.6 Hz, J45 <
1.0 Hz, H-4ca), 3.78-3.48 (m, 5H, H-4G1c,6ba1c,5Gal,626a1,6bga), 3.46 (dd, 1H, Jo3 = 9.6
Hz, H-3Gy), 2.59-2.46 (m, 4H, CH,CO); *C NMR (CDCl5) & 171.2, 170.4 (CO), 165.9
(PhCQ), 101.6 (PhCH), 95.9 (C-1qi), 86.5 (C-1ga), 81.2 (C-3ga), 79.1 (C-4cic), 77.5 (C-
SGa). 72.9 (C-4Ga), 72.4 (C-2a1), 74.3, 73.5, 72.2, 70.0 (PhCH,), 70.0 (C-264), 69.2 (C-
3aic), 68.8 (C-6a1c), 68.7 (C-66a1), 62.5 (C-5G1c), 29.1, 28.8 (CH3).

Anal, Caled for CssHg044S (1087.3): C, 70.70; H, 5.75. Found: C, 70.89; H, 5.79.

Phenyl 3,4,6-Tri-O-benzyl-2-0-(2-0-benzoyl-1,4-di-O-benzyl-a-b-glucopyra-
nos-3-yloxycarbonylpropanoyl)-1-thio-f3-D-galactopyranoside (7). A  saturated

solution of HCI in diéthyl ether was added dropwise at 0 °C under Ar to a stirred
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suspension of 6 (1.4 g, 1.28 mmol), NaCNBHj; (1.0 g, 16.1 mmol) and molecular sieves 3
A (1.0 g) in THF (26 mL) until the evolution of gas ceased. The mixture was diluted with
dichloromethane and filtered through a layer of Celite. The filtrate was washed with
saturated aq NaHCOj; solution, dried and concentrated. Chromatography (toluene/acetone
14:1 v/v) of the residue afforded 7 (1.04 g, 74%) as a colorless foam: {a]p +59.3° (¢ 1.0,
chloroform); '"H NMR (CDCl3) 8 5.67 (t, 1H, J23 = 9.7 Hz, J3.4 = 9.7 Hz, H-3G,0), 5.38 (d,
1H, J;2 = 3.7 Hz, H-1¢1c), 5.26 (dd 1H, J;2 = 9.5 Hz, J, 3 = 10.3 Hz, H-2g4), 5.00 (t, 1H,
H-261), 4.92 (d, 1H, J = -11.6 Hz, PhCHy), 4.74 (d, 1H, J = -12.3 Hz, PhCH>), 4.65-4.37
(m, 9H, H-lgy, PhCH,), 4.00-3.95 (m, 2H, H-4ga,561), 3.94-3.51 (m, 7H, H-
4616,62616,6bG16:3Gal, 561, 686a1,6bGar), 2.65-2.45 (m, 4H, CH,CO); *C NMR (CDCls) &
172.3, 171.2 (CO), 165.8 (PhCO), 95.1 (C-1gi), 86.5 (C-lga), 81.2 (C-3ga), 77.5 (C-
56a1), 74.4, 73.6, 73.5, 72.4, 69.6 (PhCH,), 73.5 (C-3c1c), 72.8 (C-4ga), 71.4 (C-4c1), 70.4
(C-2610), 70.2 (C-561c), 70.1 (C-2ga), 69.3 (C-6a1c), 68.7 (C-6Ga1), 62.5 (C-5a1c), 29.3, 29.1
(CH). |

Anal. Calcd for CgsHes0,4S (1089.3): C, 70.57; H, 5.92. Found: C, 70.37; H, 5.99.

Phenyl 1-Thio-6-0O-trityl-B-D-galactopyranoside (9). A solution of phenyl 1-
thio-B-D-galactopyranosideg (8) (1.75 g, 6.4 mmol) and trityl chloride (2.15 g, 7.7 mmol)
in pyridine (18 mL) was stirred at 90 °C for 21 h followed at 100 °C for 4 h, and
concentrated. The residue was dissolved in dichloromethane (250 mL), washed with aq
HCI and NaHCOj solution, dried and concentrated. Chromatography (toluene/acetone 4:1
to 2:1 v/v) of the residue afforded 9 (1.96 g, 59%): mp 89 °C; 'H NMR (CDCl;) & 7.60-
7.13 (m, 20H, Ph), 4.52 (d, 1H, J,2 = 9.6 Hz, H-1), 4.01-2.91 (m, 9H, H-2,3,4,6, OH); B¢
NMR (CDCl;) 6 88.6 (C-1), 87.0 (Ph3C), 77.6 (C-5), 74.9, 69.9, 69.7 (C-2,3,4), 63.6 (C-
6).

Anal. Calcd for C31H300;S (514.6): C, 72.35; H, 5.88. Found: C, 72.80; H, 5.87.

Phenyl 2,3,4-Tri-O-benzyl-1-thio-6-O-trityl-B-D-galactopyranoside (10). NaH
(0.75 g, 31.4 mmol) was added portionwise with cooling to a solution of 9 (2.8 g, 5.44
mmol) and benzyl bromide (1.94 mL, 16.3 mmol) in DMF (14 mL). The mixture was
stirred at 20 °C for 2 h and carefully hydrolyzed by addition of water. The mixture was
poured into water and extracted with dichloromethane. The combined extracts were
washed with water and saturated aq NaHCO; solution, dried and concentrated.

Chromatography (n-hexane/ethy] acetate 5:1 v/v) of the residue afforded 10 (3.56 g, 83%)
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as a colorless oil: {a]p +5.5° (¢ 1.0, chloroform); 'H NMR (CDCl3)64.85(d, 1H,J=-
11.5 Hz, PhCH>), 4.77-4.67 (m, 4H, PhCH,), 4.59 (d, 1H, J;; = 9.6 Hz, H-1), 4.51 (d,
1H, J =-11.5 Hz, PhCH3), 3.92-3.87 (m, 2H, H-2,3), 3.55 (m, 1H, H-6a), 3.51 (d, 1H, J34
= 2.6 Jz, J45s < 1.0 Hz, H-4), 3.32 (t, 1H, Js¢ = 6.2 Hz, H-5), 3.21 (m, 1H, H-6b); *C
NMR (CDCl;) & 87.6 (C-1), 86.9 (Ph;C), 84.1 (C-4), 77.6 (C-5), 77.3 (C-2), 75.6, 74.1,
72.9 (PhCH,), 74.0 (C-3), 62.9 (C-6).

Anal. Calcd for Cs;Ha305S (785.0): C, 79.56; H, 6.16. Found: C, 79.48; H, 6.15.

Phenyl 2,3,4-Tri-O-benzyl-1-thio-B-D-galactopyranoside (11). A solution of 10
(3.0 g, 3.8 mmol) and p-TosOH (0.56 g, 3.3 mmol) in chloroform/methanol (2:1 v/v, 140
mL) was stirred at 20 °C for 1 h, washed with saturated aq NaHCOj solution, dried and
concentrated. Chromatography (toluene/acetone 8:1 v/v) of the residue afforded 11 (1.73
g, 83%) as a cololess foam: [a]p -16.7° (¢ 1.0, chloroform); 'H NMR (CDCls) 6 4.96 (d,
IH, J = -11.8 Hz, PhCH,), 4.83-4.73 (m, 4H, PhCH,), 4.64 (d, 1H, J,3 = 9.7 Hz, H-1),
4.63 (d, 1H, J =-11.8 Hz, PhCH,), 3.95 (t, 1H, J>3 = 9.5 Hz, H-2), 3.86-3.80 (m, 2H, H-
3,6a), 3.60 (br.d, 1H, J3 4 = 2.8 Hz, H-4), 3.52 (dd, 1H, J5 ¢, = 5.1 Hz, Jga6b=-11.2 Hz, H-
6b), 3.43 (m, 1H, H-5), 1.76 (br.s, 1H, OH); *C NMR (CDCls) & 88.1 (C-1), 84.7 (C-4),
79.3 (C-5), 772 (C-2), 76.1, 74.6, 73.5 (PhCH>), 73.7 (C-3), 62.7 (C-6).

Anal. Calcd for C33H340sS (542.7): C, 73.04; H, 6.31. Found: C, 73.04; H, 6.32.

Phenyl 2,3,4-Tri-O-benzyl-6-0O-succinoyl-1-thio-f3-D-galactepyranoside (12).
A solution of 11 (1.55 g, 2.4 mmol), succinic anhydride (1.93 g, 19.3 mmol) and a
catalytic amount of DMAP (ca. 10 mg) in pyridine (35 mL) was stirred at 20 °C for 19 h.
The mixture was concentrated and coevaporated with toluene. The residue was dissolved
in dichloromethane and washed with aq HCl and NaHCO; solution, dried and
concentrated. Chromatography (toluene/acetone 5:1 to 4:1 v/v) of the residue afforded 12
(1.25 g, 68%) as a colorless foam: [a]p -16.0° (¢ 1.0, chloroform); 'H NMR (CDCl;3) &
491 (d, 1H, J = -11.4 Hz, PhCH,), 4.75-4.64 (m, 4H, PhCH3), 4.57 (d, 1H, J = -11.6 Hz,
PhCH,), 4.55 (d, 1H, J; 2 = 9.7 Hz, H-1), 4.23 (dd, 1H, Js 6. = 6.8 Hz, Js,6p=-11.0 Hz, H-
6a), 4.09 (dd, 1H, Js e = 5.5 Hz, H-6b), 3.90 (t, 1H, J23 = 9.2 Hz, H-2), 3.78 (br.s, 1H, H-
4), 3.55-3.52 (m, 2H, H-3,5), 2.55-2.43 (m, 4H, CH,CO); '*C NMR (CDCl3) § 177.2
(COOH), 171.8 (COO0), 87.7 (C-1), 84.1 (C-4), 77.3 (C-5), 75.9 (C-2), 75.7, 74.3, 73.0
(PhCH,), 73.3 (C-3), 63.6 (C-6), 28.8, 28.7 (CH2).

Anal. Calcd for C37H3305S (642.8): C, 69.14; H, 5.96. Found: C, 68.84; H, 5.90.
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Phenyl 6-0-(2-O-Benzoyl-1-0O-benzyl-4,6-0-benzylidene-a-D-glucopyranos-3-
yloxycarbonylpropanoyl)-2,3,4-tri-O-benzyl-1-thio--D-galactopyranoside (13).
Dicyclohexyl carbodiimide (0.3 g, 1.43 mmol) was added at 20 °C to a solution of 12
(0.92 g, 1.43 mmol), 5 (0.66 g, 1.43 mmol) and a catalytic amount of DMAP (ca. 10 mg)
in dichloromethane (25 mL). The mixture was stirred for 20 h and filtered. The filtrate
was washed with water, dried and concentrated. Chromatography (toluene/acetone 12:1
v/v) of the residue afforded 13 (1.45 g, 86%) as a colorless foam: [a]p +52.1° (¢ 1.0,
chloroform); '"H NMR (CDCl3) 8 5.77 (1, 1H, J23 = 9.9 Hz, J34 = 9.9 Hz, H-3¢1), 5.45 (s,
1H, PhCH), 5.18 (d, 1H, Ji2 = 3.8 Hz, H-1g), 4.98 (dd, 1H, H-2g\c), 4.85 (d, 1H, J = -
11.6 Hz, PhCH3), 4.74-4.62 (m, 5H, PhCH,), 4.52-4.42 (m, 2H, PhCH,), 4.47 (4, 1H, J; >
= 9.6 Hz, H-1ga), 4.19 (dd, 1H, Jsga = 4.8 Hz, Jea6p = -10.2 Hz, H-6ag), 4.04 (dd, 1H,
Js5.6a = 6.9 Hz, Jeagp = -11.2 Hz, H-62aga), 4.00-3.94 (m, 1H, H-5Gic), 3.87-3.80 (m, 2H, H-
2Ga,6bga), 3.74-3.63 (m, 3H, H-461.,6bgic,36a), 3.50-3.37 (m, 2H, H-4ga,56a1), 2.48-2.26
(m, 4H, CH,CO); ">C NMR (CDCly) & 171.8, 171.6 (COO), 166.1 (PhCO), 102.0
(PhCH), 96.2 (C-1cic), 88.1 (C-1ga), 84.5 (C-4gar), 79.5 (C-4g1c), 77.7 (C-2ga), 76.2 (C-
Scal), 76.1, 74.6, 73.4, 70,3 (PhCH,), 73.6 (C-3ga), 72.6 (C-261c), 69.8 (C-3c1c), 69.2 (C-
661c), 63.8 (C-6Ga), 63.2 (C-661c), 29.4, 29.3 (CH,).

Anal. Calcd for CgsHgr014S (1087.3): C, 70.70; H, 5.75. Found: C, 70.61; H, 5.78.

Phenyl  6-0-(2-O-Benzoyl-1,6-di-O-benzyl-a-D-glucopyranos-3-yloxycarbo-
nylpropanoyl)-2,3,4-tri-O-benzyl-1-thio-p-D-galactopyranoside (14). A saturated
solution of HCI in diethyl ether was added dropwise at 0 °C under Ar to a stirred
suspension of 13 (0.8 g, 0.74 mmol), NaCNBH; (0.58 g, 9.2 mmol) and molecular sieves
3 A (0.5 g) in THF (15 mL) until the evolution of gas ceased. Work up as described for 7
and chromatography (toluene/acetone 7:1 v/v) afforded 14 (0.58 g, 72%) as a colorless
foam: [a]p +43.0° (¢ 1.0, chloroform); 'H NMR (CDCl) 6 5.57 (d, 1H, J>53 = 10.2 Hz,
J34 = 9.0 Hz, H-361), 5.16 (d, 1H, J,2 = 3.7 Hz, H-1q), 4.96 (dd, 1H, H-25), 4.89 (d,
1H, J = -11.6 Hz, PhCH,), 4.75-4.63 (m, SH, PhCH}), 4.57-4.42 (m, SH, H-1ga, PhCH,),
4.12 (dd, 1H, Jsea = 7.1 Hz, Jgaer = -11.3 Hz, H-6agc), 3.99-3.43 (m, 8H, H-
4616,5616,6b16:2Gal» 3Gals 4Ga1,62Ga1,6bGar), 3.45 (m, 1H, H-56a), 2.51-2.35 (m, 4H, CH,); 1*C
NMR (CDCl3) & 172.8, 172.5 (COO0), 166.2 (PhCO), 95.6 (C-1g), 88.1 (C-1ga), 84.5
(C-4ga), 77.7 (C-2ga), 76.3 (C-5¢ca), 76.1, 74.7, 74.1, 73.5, 70.0 (PhCHy), 73.9 (C-3Gic),
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73.7 (C-3Ga), 71.8 (C-4a1c), 70.8 (C-2¢1), 70.5 (C-51c), 69.8 (C-6a1c), 64.3 (C-6aa), 29.6,
29.5 (CHy).

Anal. Calcd for CgsHgs0,4S (1089.3): C, 70.57; H, 5.92. Found: C, 70.35; H, 5.89.

Benzyl 0-(3’,4°,6’-Tri-O-benzyl-a-D-galactopyranosyl)-(1—4)-2-O-benzoyl-6-
O-benzyl-a-D-glucopyranoside-2’,3-succinate (15). TMSOTS (15 pL, 83 pmol) was
added at -30 °C under Ar to a stirred suspension of 7 (220 mg, 0.23 mmol), NIS (220 mg,
1.15 mmol) and molecular sieves 3A (0.2 g) in MeCN (30 mL). The mixture was stirred
for 10 min, neutralized by addition of pyridine (1 mL) and warmed to 20 °C. The mixture
was diluted with dichloromethane and filtered through a layer of Celite. The filtrate was
washed with saturated aq NaHCO; solution, dried and concentrated. Chromatography
(toluene/acetone 18:1 v/v) of the residue afforded 15 (101 mg, 51%) as a colorless foam:
[o]p +94.6° (c 1.0, chloroform); '"H NMR (CDCl3) 6 5.79 (dd, 1H, J,3 = 10.3 Hz, J34 =
8.4 Hz, H-3g1.), 5.24-5.18 (m, 3H, H-1g1c,16a1,26a1), 4.92 (dd, 1H, J; 2 =3.8 Hz, J,3=10.3
Hz, H-2q,.), 4.89 (d, 1H, J = -11.5 Hz, PhCH,), 4.96-4.32 (m, 9H, PhCH,), 3.98 (1, 1H,
J45= 6.2 Hz, H-56a), 3.92-3.84 (m, 5H, H-4G1c,5G1,6261c,3Gat-4Gal), 3.59 (br.d, 1H,J =97
Hz, H-6bg), 3.52-3.40 (m, 2H, H-6aga,6bca), 2.75-2.42 (m, 4H, CH,CO); *C NMR
(CDC13) 8 171.1, 170.7 (CO), 166.0 (PhCO), 100.9 (Jc. 1.1 = 170.8 Hz, C-1ga), 95.5 (C-
Lgic), 80.5 (C-3ga), 73.7, 70.1, 75.2 (PhCH>), 73.9 (2C, PhCH,), 72.9 (C-2ga), 72.0 (C-
261c), 71.9 (C-361e), 71.1 (C-56a1), 76.6, 75.6, 70.8 (C-41c,5G1c:4Ga1), 69.8 (C-66a), 68.3 (C-
661c), 31.0, 30.9 (CH2). FABMS (pos.): m/z 1001 (M+Na)".

Anal. Calcd for CssHssOy4 (979.1): C, 71.15; H, 5.97. Found: C, 70.92; H, 5.97.

Benzyl 0-(3,4,6-Tri-O-benzyl-a-D-galactopyranosyl)-(1—4)-2-0-benzoyl-6-0-
benzyl-a-D-glucopyranoside (16). A solution 'of 15 (63.3 mg, 65 pmol) and a'catalytic
amount of NaOMe in MeOH/dichloromethane (2:1 v/v, 35 mL) was stirred at 20 °C for
2.5 h, neutralized with i‘on exchange resin (Dowex 1X8, H* form) and concentrated.
Chromatography (toluene/acetone 3:1 v/v) of the residue afforded 16 (24 mg, 68%) as a
colorless foam: [a]p +91.4° (¢ 2.4, chloroform); 'H NMR (CDChL) 6 5.14 (d, 1H, J), =
3.7 Hz, H-1ga), 4.94 (d, 1H, J;2 = 3.8 Hz, H-1a1), 4.81 (d, 1H, J = -11.4 Hz, PhCH,),
4.72-4.65 (m, 2H, PhCH3;), 4.59-4.33 (m, 7H, PhCHy), 4.18 (dd, 1H, J,; = 10.1 Hz, H-
2Ga), 4.00 (t, 1H, Js ¢ = 6.3 Hz, H-5ga), 3.91 (br.s, 1H, H-464), 3.85 (t, 1H, J,53 = 9.2 Hz,
J34= 9.2 Hz, H-3610), 3.75-3.59 (m, 5H, H-461,561c,6a616,6baie, 36ar), 3.55 (dd, 1H, H-2g;.),
3.47 (brd, 2H, H-6a5,,6bgy), 2.7 (br.s, 3H, OH); >C NMR (CDCls) 6 101.6 (Jeppy =
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167.0 Hz, C-lga), 97.5 (C-1gic), 81.3 (C-5a1c), 79.2 (C-36a), 74,6, 73.5, 73.3, 72.3, 69.7
(PhCH,), 74.1 (C-3c1c), 73.8 (C-4gar), 71.9 (C-2Gic), 70.6 (C-5¢a), 70.2 (C-4gyc), 69.7 (C-
26a1), 69.2 (C-66a1), 68.8 (C-61c). FABMS (pos.): m/z 815 (M+Na)".

Benzyl 0-(2°,3’,4’-Tri-O-benzyl-a-D-galactopyranosyl)-(1—4)-2-0-benzoyl-6-
O-benzyl-a-D-glucopyranoside-3,6’-succinate (17). Treatment of 14 (220 mg, 0.2
mmol) exactly as described for the preparation of 15 afforded 17 (126 mg, 69%) as a
colorless foam: [a]p +80.0° (¢ 1.0, chloroform); 'H NMR (CDCl3) 6 6.09 (t, 1H, J,3 =
10.0 Hz, J34 = 10.0 Hz, H-3q1), 5.21 (d, 1H, J, 2 = 3.6 Hz, H-1ga), 5.14 (d, 1H, J,, =33
Hz, H-1¢ic), 4.98-4.36 (m, 11H, H-2¢,,, PhCH,), 4.50-4.36 (m, 1H, H-6ac), 4.28 (t, 1H,
Jas =10.4 Hz, H-4q), 4.11 (brd, 1H, Js6 = 9.5 Hz, H-5Ga), 4.02 (dd, 1H, J,3 = 3.5 Hz,
H-2Ga), 4.01-3.96 (m, 1H, H-6ag), 3.85-3.68 (m, 3H, H-5¢i,36a,46a), 3.67 (dd, 1H,
Jsaep = -11.3 Hz, H-6bgy), 3.35 (dd, 1H, Jea6 = -10.0 Hz, H-6bgyc), 2.82-2.12 (m, 4H,
CHy); 3C NMR (CDCls) & 171.1, 170.3 (CO), 165.7 (PhCO), 94.9 (C-1¢1), 93.1 Ucor -1
=164.5 Hz, C-1ga), 78.9 (C-561), 75.7 (C-2gar), 74.7 (C-4ga), 74.4, 74.1, 73.6, 72.8, 69.2
(PhCH,), 73.7 (C-261c), 73.0 (C-4gic), 69.1 (C-3gan), 68.1 (C-661c), 67.4 (C-361c), 64.9 (C-
6Ga1), 29.7 (2C, CH,). FABMS (pos.): m/z 1001 (M+Na)".

Anal. Calcd for CsgHss044 (979.1): C, 71.15; H, 5.97. Found: C, 71.00; H, 5.98.

Benzyl 0-(2,3,4-Tri-O-benzyl-a-D-galactopyranosyl)-(1—4)-6-0-benzyl-o-D-
glucopyranoside (18). Treatment of 17 (61.2 mg, 63 umol) exactly as described for the
preparation of 16 afforded 18 (38.3 mg, 68%) as a colorless foam: [a]p +64.0° (¢ 3.0,
chloroform); 'H NMR (significant signals, CDCI3) & 5.01 (br.d, 2H, J; > = 3.7 Hz, H-1g;,
H-1ga), 4.08 (dd, 1H, Jo3 = 10.1 Hz, H-264); '>C NMR (CDCls)  101.4 (Je.1 4 = 170.6
Hz, C-1ga), 97.6 (C-1g1), 81.5 (C-5ca), 79.4 (C-3Ga), 75.9 (C-2Ga), 74.4 (C-4:a), 744
(2C, PhCHy), 74.2 (C-3aic), 73.3, 72.9, 69.8 (PhCH,), 71.9 (C-2¢), 71.6 (C-5a1), 70.1
(C-461.), 68.6 (C-61c), 62.3 (C-6Gar). FABMS (pos.): m/z 815 (M+Na)*.

Ethyl 3,4,6-Tri-O-benzyl-2-O-succinoyl-1-thio-B-D-galactopyranoside (20). A
solution of ethyl 3,4,6-tri-O-benzyl-1-thio-B-D-galactopyranoside’® (19) (1.0 g, 2.0
mmol), succinic anhydride (2.0 g, 20 mmol) and DMAP (72 mg, 0.6 mmol) in pyridine
(20 mL) was stirred for 48 h at 80 °C. Work up as described for 4 and chromatography
(n-hexane/ethyl acetate/acetic acid 3:2:0.1 v/v) afforded 20 (1.0 g, 85%) as a colorless
foam: [a]p +0.6° (c 1.5, chloroform); THNMR (CDCl3) 6542 (t, 1H, J12=9.7Hz, J33=



07:32 23 January 2011

Downl oaded At:

1092 ZIEGLER ET AL.

9.7 Hz, H-2),4.93 (d, 1H, J = -11.3 Hz, CH;Ph), 4.65 (d, 1H, J = -12.2 Hz, CH,Ph), 4.56
(d, 1H, J = -11.5 Hz, CH,Ph), 4.52 (d, 1H, J = -12.0 Hz, CH,Ph), 445 (d, IH, J =-11.9
Hz, CH,Ph), 4.40 (d, 1H, J = -11.8 Hz, CH,Ph), 4.33 (d, 1H, H-1),3.97 (d, 1H, J34=2.4
Hz, H-4), 3.59 (br.s, 3H, H-5,6a,6b), 3.54, (dd, 1H, H-3), 2.74-2.56 (m, 6H, CH,COO,
SCHjy), 1.23-1.18 (m, 3H, CH3); *C NMR (CDCl;) 5 83.5 (C-1), 81.3 (C-3), 77.4 (C-5),
77.4, 73.5 (PhCH,), 72.9 (C-4), 72.0 (PhCHy), 70.1 (C-2), 68.5 (C-6), 29.0, 28.8 (CH>),
23.5 (SCHy), 14.8 (CHa).

Anal. Calcd for C33H3305S (594.7): C, 66.65; H, 6.44. Found: C, 66.59; H, 6.64.

Ethyl 2-0-[1-0-Methyl-4,6-0-(1,1,3,3-tetraisopropyl-1,3-disiloxane-1,3-diyl)-
a-D-mannopyranos-3-yloxycarbonylpropanoyl]-3,4,6-tri-O-benzyl-1-thio-B-D-galac-
topyranoside (22). Dicyclohexyl carbodiimide (0.17 g, 0.8 mmol) was added at 20 °C to
a solution of methyl 4,6-0-(1,1,3,3-tetraisopropyl-1,3-disiloxane-1,3-diyl)-a-D-
mannopyranoside' (21) (330 mg, 0.75 mmol), 20 (400 mg, 0.7 mmol) and a catalytic
amount of DMAP (ca. 10 mg) in dichloromethane (20 mL) and the solution was stirred
for 24 h. Work up as described for 6 and chromatography (toluene/ethyl acetate 15:1 to
5:1 v/v) afforded 22 (338 mg, 45%) as a colorless foam: [a]p +1.2° (¢ 1.1, chloroform);
'H NMR (CDCl3) & 5.41 (1, 1H, Jo3 = 9.7 Hz, H-2\1a0), 5.18 (dd. 1H, Jo5 = 3.2 Hz, H-
26a), 4.73 (d, 1H, J12 = 1.2 Hz, H-1p3n), 4.32 (d, 1H, J;2= 9.8 Hz, H-164), 4.19-4.13 (m,
2H, H-4ca,6aca), 4.02 (ddd, 1H, J34= 9.4 Hz, J304 = 5.4 Hz, H-3Man), 3.97 (d, 1H, J34 =
2.8 Hz, H-4nan), 3.89 (dd, 1H, Jgae = -12.5 Hz, Js¢, =1.0 Hz, H-6bga), 3.59 (s, 3H, H-
Snan,08Man,0baan)s 3.54 (dd, 1H, J34 = 2.7 Hz, H-3ga), 3.50 (d, 1H, J = 9.4 Hz, H-5Ga),
3.33 (s, 3H, OCH3), 2.74-2.53 (m, 6H, CH,, SCH>), 1.26-1.02 (m, 31H, CH, CH3); C
NMR (CDCl3) 6 98.9 (C-1man), 83.4 (C-1ga), 81.;1 (C-3Ga1), 77.5 (C-5ca), 73.0 (C-4ca),
72.7 (C-5Man), 72.1 (C-2Man), 70.1 (C-3pman), 70.0 (C-2Ga), 68.5 (C-66a1), 67.2 (C-dpan),
60.8 (C-6man), 23.3 (SCH2), 17.4,17.3,17.2,17.1,17.0, 14.8, 13.7, 13.3, 12.5, 12.3 (CH,
CHs3).

Anal. Caled for Cs;H760,48S1; (1013.4): C, 61.63; H, 7.56. Found: C, 61.57; H,
7.43.

Methyl 0-(3°,4’,6’-Tri-O-benzyl-a-D-galactopyranosyl)-(1-6)-3,4-0-(1,1,3,3-
tetraisopropyl-1,3-disiloxane-1,3-diyl)-o-D-mannopyranoside-2,2’-succinate 23).
DMTST (129 mg, 0.5 mmol) was added at 20 °C to a mixture of 22 (100 mg, 0.1 mmol)
and molecular sieves (44, 0.5 g) in CH2Cl, (5 mL). The mixture was stirred for 4 h,
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diluted with dichloromethane and filtered. The filtrate was washed with ag HCl and
NaHCOj; solution, dried and concentrated. Chromatography (toluene/ethyl acetate 15:1
v/v) of the residue afforded 23 (22 mg, 23%) as a colorless foam: [a]p +81.7° (¢ 0.3,
chloroform); 'H NMR (CDCl3) § 5.61 (d, 1H, J, 3 = 3.8 Hz, H-1ga), 5.19 (dd, 1H, J3 =
10.3 Hz, H-2ga), 5.05 (dd, 1H, J,3 = 3.3 Hz, H-2)a1), 4.91 (d, 1H, J = -11.5 Hz, CH,Ph),
4.66 (d, 1H, J = -12.6 Hz, CH,Ph), 4.64 (d, 1H, J =-12.2 Hz, CH,Ph), 4.55 (d, 1H, J = -
11.9 Hz, CH,Ph), 4.52 (d, 1H, J,, = 2.2 Hz, H-1y1an), 4.48 (d, 1H, J = -11.4 Hz, CH,Ph),
4.41 (d, 1H, J=-11.6 Hz, CH,Ph), 4.32 (t, 1H, J34 = J35 = 9.1 Hz, H-41a,), 4.02 (dd, 1H,
H-3Man) 3.99-3.95 (n, 3H, H-4ga1.56a13ca), 3-85 (br.s, 2H, H-6anaq,6bpan), 3.62 (dd, 1H,
Js.6a= 7.3 Hz, Jeaev = -9.1 Hz, H-6aca), 3.56 (dd, 1H, Js ¢, = 5.8 Hz, H-6bga), 3.29 (s, 3H,
OMe), 3.00 (ddd, 1H, J = 17.8 Hz, 13.2 Hz, 2.6 Hz, CH;), 2.72 (ddd, 1H, J = 16.8 Hz,
13.4 Hz, 2.2 Hz, CH,), 2.48 (ddd, 1H, J = 17.7 Hz, 4.4 Hz, 2.2 Hz, CH,), 2.33 (ddd, 1H,J
=17.0 Hz, 9.3 Hz, 2.7 Hz, CH,), 1.15-0.92 (m, 28H, CH, CH3); '*C NMR (CDCls) 6 97.9
(C-1nan) 96.6 (Jc-tma = 175.5 Hz, C-lgy) 76.7 (C-3ca), 74.8 (C-4ga), 74.8, 73.7
(PhCH,), 73.5 (C-5pman), 72.9 (PhCHy), 72.2 (C-2ga), 72.2 (C-2Man), 71.9 (C-3pan), 69.5
(C-4man), 69.1 (C-5Ga1), 68.9 (C-6Ga1), 62.4 (C-6pan), 55.1 (OMe), 29.5, 28.9 (CHy); 17.5,
17.4, 17.3, 17.2 (CH3), 13.0, 12,9, 12.3, 11.9 (CH). FABMS (pos.): m/z 973 (M+Na)",
951 (M+H)".
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