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The new lactosyl donor 8, bearing an Fmoc-protected hy-
droxy group, has been prepared from lactose for the solid-
phase synthesis of lactose-containing oligosaccharides. In
addition to the preparation of 3b-O-fucosyllactoside 1 (with
donor 4), use of this new building block has permitted the
syntheses of 3b-O-mannosyllactoside 2 and of human milk

oligosaccharide lacto-N-tetraoside 3, with known donors 5
and 6, respectively. These successful, high-yielding syn-
theses demonstrate the usefulness of Fmoc-protected O-gly-
cosyl trichloroacetimidate 8 for the solid-phase construction
of oligosaccharides, by an ester-type linker strategy.

Introduction

Polymer-supported syntheses of oligosaccharides have at-
tracted considerable interest over the last few years, and the
progress in this field has recently been highlighted in several
reviews.[l:l The solid-phase construction of oligosacchar-
ides presents several advantages over solution-phase syn-
thesis, such as better yields due to the use of excess reagent,
and faster syntheses with simpler purification procedures.
This technique therefore appears very attractive for applica-
tions in combinatorial chemistry and future automation.
Efficient solid-phase oligosaccharide synthesis requires a
linker stable to all reaction conditions all along the syn-
thesis and allowing the release of the oligosaccharide in
high yield. It is also very important to have a successful,
high-yielding and stereoselective glycosylation strategy. Our
groupl® and others*>! have already demonstrated the effici-
ency of the well-known O-glycosyl trichloroacetimidatel®”!
donors for solid-phase oligosaccharide synthesis (SPOS). In
this strategy, elongation of the oligosaccharide chain is
most often carried out by using the acetyl group as a tem-
porary hydroxy protecting group. Recently, we have re-
ported the efficient preparation and the high promise of O-
glycosyl trichloroacetimidates bearing Fmoc-protected
(Fmoc: 9-fluorenylmethyloxycarbonyl) hydroxy groups for
the construction of oligosaccharides in solution and in
solid-phase systems.[®! Other types of Fmoc-containing gly-
cosyl donors have also been reported recently.”>!?1 The
Fmoc group, which can be removed under mildly basic con-
ditions, has also proved very suitable for SPOS in combina-
tion with a novel ester-type linker,®!!] which is orthogonal
to Fmoc protection. In an endeavour to develop the use of
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Fmoc-containing O-glycosyl trichloroacetimidates in solid-
phase systems in conjunction with this new linker, we have
prepared oligosaccharides 1—3 (Scheme 1).['?! The syn-
thesis of the O-lactosyl trichloroacetimidate donor 8, bear-
ing an Fmoc group in the 3b-O-position, will be described
first. This building block was used in conjunction with
spacer-connected resin 9% for the preparation of key lacto-
syl-loaded resin 7, which should permit elongation with gly-
cosyl donors 4—6 at the 3b-O-position, to produce carbo-
hydrate moieties of glycosphingolipids.

Results and Discussion

The di-O-allylated derivative 10['31 was prepared from
lactose in four steps, using a strategy based on a dibutyltin
oxide assisted regioselective allylation of the 3b-O-position,
as developed by Veyricres and al.l'¥l (Scheme 2). Sub-
sequent perbenzylation under standard conditions fur-
nished compound 11 in 76% yield. The two allyl groups
were removed according to a two-step, “one-pot” proced-
ure. Firstly, an isomerization step was carried out using Wil-
kinson catalyst and 1,8-diaza[5.4.0]bicycloundec-7-ene
(DBU) in a mixture of EtOH/toluene/water (8:3:1). The se-
cond step, consisting of the hydrolysis of the enol ethers,
was performed by treatment with a mixture of HCI and
acetone, furnishing the diol 12 in 83% yield.

Next, the regioselective protection of the anomeric posi-
tion with a thexyldimethylsilyl (TDS) group was success-
fully accomplished, using 1.15 equiv. of TDS-Cl and 2
equiv. of imidazole in CH,Cl,. The monosilylated com-
pound 13 was obtained in 86% yield. The Fmoc group was
subsequently introduced by treatment with Fmoc-Cl and
catalytic amounts of 4-(dimethylamino)pyridine (DMAP)
in pyridine at room temperature, to afford the derivative 14
in 91% yield. The desilylation step was performed with an
excess of HF-pyridine complex in THF at room temper-
ature,['! to furnish the desired compound 15 as an anom-
eric mixture (1:1) in 93% yield. The trichloroacetimidate
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Scheme 1. Building blocks for the synthesis of oligosaccharides 1, 2 and 3
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Scheme 2. Synthesis of lactosyl donor 8
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function was introduced under the conditions previously
employed,®! using the minimum required amount of NaH
in a mixture of dichloromethane and trichloroacetonitrile
(1:1). The O-lactosyl trichloroacetimidate 8 was obtained in
85% yield (a/f = 1:1).

Synthesis of Oligosaccharides 1, 2 and 3

Lactosyl donor 8 was subsequently used for a glycosyl-
ation of linker-loaded polystyrene resin 9 (loading of
0.53 mmol/g calculated by colourimetric assay) under tri-
methylsilyl triflate (TMSOTT) activation as previously de-
scribed® (Scheme 3). After removal of the Fmoc group in
the presence of triethylamine in CH,Cl,, the obtained lacto-
syl-loaded resin 7 was subjected to a glycosylation step with
3 equiv. of known fucosyl donor 4,['¢!7] ysing the previ-
ously described experimental conditions [0.3 equiv. of
TMSOTf, CH,Cl,/dioxane (1:1), —25 °C].[*4l This exclus-
ively yielded an a-anomeric linkage in the resin-bound tris-
accharide 16. This procedure was performed twice to ensure
complete 3b-O-fucosylation. Reaction completion here and
in the next steps was monitored by TLC and MALDI-TOF
mass-spectrometric analysis (TLC and MALDI-TOF ana-
lysis indicated complete disappearance of the corresponding
starting material) of the crude cleavage product (MeONa,
CH,Cl,/MeOH) from a very small resin sample (2 mg). The
final cleavage step under alkaline conditions [5 equiv.
MeONa, CH,Cl,/MeOH (9:1), 6 h, room temp.] was carried
out twice to furnish an anomeric mixture (B/a = 6:4) of 3b-
O-fucosyl-lactoside 1 in 69% overall yield from 9 (91% per
step, 4 steps).

The same procedure was applied to the glycosylation of
the key resin 7 with O-mannosyl trichloroacetimidate donor
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Scheme 3. Synthesis of trisaccharide 1 on solid phase

5.18:191 This compound was activated with TMSOTT (0.45
equiv.) at —40 °C in dichloromethane to furnish the resin-
bound trisaccharide 17; orthoester formation was not ob-
served under these conditions. Complete 3b-O-mannosyl-
ation was ensured by performing the procedure twice.
Cleavage from the solid support was carried out under the
conditions described above to furnish an anomeric mixture
(B/o. = 6:4) of deacetylated trisaccharide 2 in 66% overall
yield from 9 (average yield of 90% per step over 4 steps,
Scheme 4).
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Scheme 4. Synthesis of trisaccharide 2 on polymer support
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Finally, the usefulness of the resin-bound disaccharide 7
was demonstrated with the construction of a human milk
oligosaccharide, namely lacto-N-tetraose derivative 3. The
recently introduced DMM-protected (DMM: dimethylma-
leoyl)?% lactosamine donor 6,1>!1 already successfully used
in solid-phase systems,®3 was selected for this task
(Scheme 5). To this end, 3 equiv. of 6 were treated with resin
7 under TMSOTS activation conditions (0.3 equiv.) in
CH,Cl, at room temperature. This glycosylation step was
carried out twice to ensure complete disappearance of the
disaccharide. The obtained resin-bound tetrasaccharide 18
was then cleaved from the polymer support under alkaline
conditions to afford, after purification by flash chromato-
graphy, the lacto-N-tetraose derivative 3 as an anomeric
mixture (B/o. = 6:4) in 60% overall yield over 4 steps from
9 (88% per step). Structural assignments of the newly gener-
ated a-fucosyl anomeric linkage of 1, the a-mannosyl an-
omeric linkage of 2, and the B-lactosamine anomeric link-
age of 3 are based on the NMR-spectroscopic data, for in-
stance, 'H NMR: 1¢-H: 1, J,, = 4 Hz; 2, J,, < 1 Hz; 3,
Ji, =~ 8Hz; BC NMR: 1¢-C: 1, 8 = 97.2; 2,8 = 954; 3,
& = 100.3.
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60% overall yield from 9
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Scheme 5. Synthesis of lacto-N-tetraose derivative 3 on solid phase

Conclusion

The usefulness of Fmoc protection in SPOS was demon-
strated with newly prepared O-lactosyl trichloroacetimidate
8. Application of this lactosyl donor to the construction of
oligosaccharides in a solid-phase system, using a simple es-
ter-type linker, gave highly promising results. In addition to
the synthesis of the trisaccharide 1, two new tri/tetrasac-
charides, namely 2 and 3, were prepared in excellent overall
yields. Thus, the stability of Fmoc protection under the gly-
cosylation conditions and the selective removal of the Fmoc
protecting group in the presence of the ester-type linker was
confirmed. These results should constitute a basis for the
preparation of combinatorial libraries of oligosaccharides
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based on polymer-bound lactoside 7. Investigations along
these lines are currently underway.

Experimental Section

General Remarks: Solvents were purified and dried in the usual
way. All reactions were performed with dry solvents and under ar-
gon unless otherwise stated. — TLC was performed on silica gel 60
F,s4 plastic plates. — Detection was achieved by treatment with a
solution of 20 g of ammonium molybdate and 0.4 g of cerium(IV)
sulfate in 400 mL of 10% H,SO, or with 15% H,SO,, and heating
at 150 °C. — Flash chromatography was carried out on silica gel
(Baker 30—60 um). Adsorption of crude reaction products was per-
formed using silica gel (Baker 60—200 pm). Petroleum ether used
was of the boiling range 35—70 °C; toluene, CH,Cl,, MeOH and
EtOAc were distilled. — Optical rotations were determined at 21
°C with a Perkin—Elmer 241/MC polarimeter (1-dm cell). — NMR
spectra were recorded with Bruker AC 250 and 600 DRX instru-
ments, with tetramethylsilane as internal standard. — Mass spectra
were recorded with a MALDI-kompakt (Kratos) instrument in the
positive mode using 2,5-dihydroxybenzoic acid in THF as matrix.
— Microanalyses were performed in the Microanalysis Unit at the
Fachbereich Chemie, Universitidt Konstanz.

Allyl O-(3-0-Allyl-2,4,6-tri-O-benzyl-f-D-galactopyranosyl)-(1—4)-
2,3,6-tri-O-benzyl-p-D-glucopyranoside (11): Dry NaH (95% in oil,
2.5 equiv. per OH, 4.2 g, 167.1 mmol) was added at 0 °C to a mix-
ture of 10 (4.70 g, 11.1 mmol) and benzyl bromide (2.2 equiv. per
OH, 17.5mL, 147.0 mmol) in DMF (100 mL). The reaction mix-
ture was allowed to warm to room temp. and was stirred for 20 h
under argon. The reaction was quenched by careful addition of
methanol and the solvents were evaporated in vacuo. The residue
was diluted in diethyl ether and the organic phase was washed with
water and brine, dried with MgSO, and concentrated in vacuo. The
crude residue was purified by flash chromatography (toluene/ethyl
acetate, 95:5) to furnish 11 (8.15 g, 8.46 mmol) as a colourless oil
in 76% yield. — TLC (toluene/EtOAc, 9:1): R; = 0.5. — '"H NMR
(600 MHz, CDCl3): § = 3.22 (dd, 3,3 = 9.7, 3J54 = 2.8 Hz, | H,
3b-H), 3.25-3.30 (m, 3 H, 5a-H, 5b-H, 6b-H), 3.35 (dd, 3J,, =
3J,5 = 8.1Hz, 1 H, 2a-H), 3.44-3.49 (m, 2 H, 6'b-H, 3a-H),
3.60—3.70 (m, 3 H, 2b-H, 6a-H, 6’a-H), 3.79 (m, 1 H, 4b-H), 3.84
(dd, 3J53 = 3J34 = 9.3 Hz, 1 H, 4a-H), 4.04—4.12 (m, 3 H, 3 X
CHHCH=CH,), 4.16 (d, 1 H, Jog = 11.7 Hz, PhnCHH), 4.25 (d, 1
H, Jog = 11.7 Hz, PhCHH), 4.31-4.36 (m, 4 H, CHHCH=CH,,
3 X PhCHH), 4.44—4.47 (m, 2 H, 2 X PhCHH), 4.63—4.66 (m, 3
H, 3 X PhCHH), 4.71 (d, 1 H, J,g = 11.1 Hz, PhnCHH), 4.82 (d,
1 H, Jag = 109 Hz, PhCHH), 4.87 (d, 1 H, Jag = 11.4Hz,
PhCHH), 4.93 (d, 1 H, J,g = 10.7 Hz, PhCHH), 5.08—5.12 (m, 2
H, 2 X CH,CH=CHH), 5.22—5.27 (m, 2 H, 2 X CH,CH=CHH),
5.80—5.92 (m, 2 H, 2 X CH,CH=CH,), 7.01-7.29 (m, 30 H, 6 X
Ph). — 13C NMR (150.9 MHz, CDCls): § = 68.0 (6b-C), 68.4 (6a-
0), 70.2, 71.4 (2 C, 2 X OAll), 72.9 (5b-C), 73.0, 73.4 (2 s, 3C,
CH,Ph), 73.5 (4b-C), 74.6, 75.2 (2 s, 3 C, CH,Ph), 75.2 (5a-C), 76.8
(4a-C), 79.9 (2b-C), 81.7 (2a-C), 82.4 (3b-C), 82.9 (3a-C), 102.6,
102.7 (1a-C, 1b-C). — MALDI-MS; m/z: 986.4 [M + Na']. —
CosoHeO11 (963.19): caled. C 74.82, H 6.91; found C 74.94, H 7.02.

0-(2,4,6-Tri-O-benzyl-p-p-galactopyranosyl)-(1—4)-2,3,6-tri-O-
benzyl-o/f-D-glucopyranose (12): A mixture of 11 (3.97 g,
4.12 mmol), Wilkinson’s catalyst (0.1 equiv., 0.38 g, 0.41 mmol) and
DBU (0.1 equiv., 0.06 mL, 0.41 mmol) in EtOH/toluene/water
(8:3:1, 45 mL) was refluxed for 24 h. Solvents were evaporated and
the residue was diluted in Et,O (200 mL). The organic phase was
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washed with water and brine, and the solvents were removed in
vacuo. The residue was dissolved in an acetone/HCI (1 M) mixture
(9:1, 45 mL) and the reaction was stirred for 2 h at room temp. The
solvents were subsequently removed in vacuo and the residue was
diluted in Et,O. The organic layer was washed successively with
saturated aqueous NaHCOj; solution and water and dried with
MgSO,, and the solvents were removed in vacuo. The residue was
adsorbed onto silica gel in toluene and purified by flash chromato-
graphy (petroleum ether/EtOAc, 7:3) to give 12 (3.01 g, 3.41 mmol)
asa gum (o/f = 1:1) in 83% yield. — TLC (petroleum ether/EtOAc,
7:3): Ry = 0.18. — "H NMR (600 MHz, CDCl5): 0. anomer: & (se-
lected data) = 2.08 [d, 1 H, OH (3b)], 2.93 [s, 1 H, OH (1a)], 3.25
(dd, 37,53 = 3J;, = 8.2 Hz, 1 H, 2a-H), 3.30—3.56 (m, 7 H, 3b-H,
5b-H, 2b-H, 6b-H, 2a-H, 6a-H, 6'b-H), 3.72—3.81 (m, 3 H, 4b-H,
3a-H, 6'a-H), 3.85—4.00 (m, 2 H, 4a-H, 5a-H), 4.27 (d, 3J,, =
7.3 Hz, 1 H, 1b-H), 5.10 (d, 3J,, = 3.7 Hz, 1 H, 1a-H); B anomer:
d (selected data) = 2.09 [d, 1 H, OH (3b)], 3.09 [m, 1 H, OH (1a)],
3.25(dd, 3J,3 = 3,5, = 82 Hz, 1 H, 2a-H), 3.31-3.56 (m, 6 H,
3b-H, 5a-H, 5b-H, 6b-H, 3a-H, 6'b-H), 3.63 (m, 1 H, 6a-H), 3.69
(dd, 1 H, Jse = 10.7Hz, 3Js¢ = 43 Hz, 6'a-H), 3.75 (m, 1 H,
4b-H), 3.89 (m, 1 H, 4a-H), 4.27 (d, 3J,, = 7.3 Hz, 1 H, 1b-H),
4.61 (d, 1 H, la-H). — 3C NMR (150.9 MHz, CDCl;): . anomer:
d (selected data) = 68.3 (s, 2 C, 6a-C, 6b-C), 70.8 (5a-C), 73.7 (3b-
C), 74.4 (5b-C), 76.2 (4b-C), 76.9 (4a-C), 79.5 (2a-C), 80.2 (3a-C),
80.9 (2b-C), 91.8 (1a-C), 103.1 (1b-C); P anomer: o (selected
data) = 68.3 (6b-C), 68.8 (6a-C), 73.7 (3b-C), 74.4 (5b-C), 75.5 (5a-
Q), 76.2 (4b-C), 76.9 (4a-C), 80.9 (2b-C), 83.0 (2a-C), 83.1 (3a-C),
97.8 (1a-C), 103.1 (1b-C). — MALDI-MS; m/z: 905.7 [M + Na™].
— Cs54Hsg0y; (883.06): caled. C 73.45, H 6.62; found C 73.29 H
6.69.

Thexyldimethylsilyl (2,4,6-Tri-O-benzyl-p-D-galactopyranosyl)-
(1—4)-2,3,6-tri- O-benzyl-p-p-glucopyranoside (13): TDS-Cl (1.15
equiv., 0.90 mL, 4.55mmol) and imidazole (2 equiv.,, 0.54 g,
7.92 mmol) were added under argon to a solution of diol 12 (3.50 g,
3.96 mmol) in dichloromethane. The reaction mixture was stirred
for 16 h (complete consumption of the starting material by TLC)
and the solvent was then evaporated in vacuo. The residue was
adsorbed onto silica gel in toluene and purified by flash chromato-
graphy (petroleum ether/EtOAc, 8:2) to afford 13 (3.49g,
3.40 mmol) as a gum in 86% yield. — TLC (petroleum ether/
EtOAc, 7:3): Ry = 0.5. — [a]p = +5.7 (¢ = 1.03, chloroform) —
'"H NMR (600 MHz, CDCls): § = 0.15 [s, 3 H, Si(CHs3),], 0.18 [s,
3 H, Si(CH3),], 0.87 [m, 12 H, C(CHj), thexyl, SiC(CH;),],
1.62—1.72 [m, 1 H, CH(CHj3), thexyl], 2.16 (d, 1 H, 3Jyon =
5.7Hz, OH), 3.31-3.34 (m, 2 H, 2a-H, 5b-H), 3.39 (dd, 1 H,
2Jss = 8.8, 3Js6 = 5.1 Hz, 6a-H), 3.43—-3.58 (m, 5 H, 5a-H, 2b-
H, 4a-H, 3b-H, 6'a-H), 3.66 (dd, 1 H, 6b-H), 3.78 (dd, 1 H, 2Js ¢ =
10.9, 3Js = 3.9 Hz, 6'b-H), 3.84 (m, 1 H, 4b-H), 3.96 (dd, 3J,; =
3J34 = 9.4 Hz, 1 H, 3a-H), 4.25 (d, 1 H, Jog = 11.8 Hz, PhCHH),
4.37 (d, 1 H, Jag = 11.8 Hz, Ph\CHH), 4.43—4.48 (m, 2 H, 1b-H,
PhCHH), 4.53—4.63 (m, 3 H, 1a-H, 2 X PhCHH), 4.65—4.77 (m,
4 H, 4 X PhCHH), 4.80 (d, 1 H, Jog = 11.5 Hz, PhCHH), 4.88
(d, 1 H, Jog = 10.9 Hz, PhACHH), 5.01 (d, 1 H, Jag = 10.7 Hz,
PhCHH), 7.08—7.37 (m, 30 H, 6 X Ph). — 1*C NMR (150.9 MHz,
CDCl3): 6 = =3.0, —1.9 [2 s, 2C, Si(CH3),], 18.4, 18.6, 19.9, 20.1
[4 s, 4C, C(CH;), thexyl, SiC(CH3),], 33.8 [CH(CH3), thexyl], 68.0
(6a-C), 68.4 (6b-C), 73.2 (CH,Ph), 73.3 (s, 2C, 5a-C, CH,Ph), 74.1
(3b-C), 74.9 (CH,Ph), 75.0 (s, 2C, 2CH,Ph), 75.1 (CH,Ph), 75.2
(5b-C), 75.9 (4b-C), 76.7 (3a-C), 80.7 (2b-C), 83.0 (4a-C), 83.7 (2a-
O), 98.1 (1a-C), 102.7 (1b-C), 127.0, 127.4, 127.5, 127.6, 127.7,
127.9, 128.0, 128.2, 128.3, 128.4 (10 s, 30 C, CHAr), 138.0, 138.3,
138.4,138.7,139.2 (55, 6 C, Cp,y,). — MALDI-MS; mi/z: 1048.3 [M
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+ Na*]. — CeH7601:Si (1025.38): caled. C 72.63, H 7.47; found
C 72.34. H 7.38.

Thexyldimethylsilyl  (2,4,6-Tri-O-benzyl-3-O-(9-fluorenylmethoxy-
carbonyl)-p-D-galactopyranosyl)-(1—4)-2,3,6-tri-O-benzyl-f-D-
glucopyranoside (14): Fmoc-Cl (4 equiv., 4.08 g, 15.8 mmol) and
DMAP (0.1 equiv., 48.2 mg, 0.39 mmol) were added under argon
to a solution of 13 (4.05 g, 3.95 mmol) in pyridine. The yellow solu-
tion was stirred for 3 h (complete disappearance of the starting
material by TLC) and the solvent was then evaporated and coevap-
orated three times with toluene in vacuo. The crude residue was
adsorbed onto silica gel in toluene and purified by flash chromato-
graphy (petroleum ether/EtOAc, 89:11) to furnish 14 (4.81 g,
3.59 mmol) as a white foam in 91% yield. — TLC (petroleum ether/
EtOAc, 85:15): Ry = 0.45. — [o]p = +12.2 (¢ = 0.54, chloroform)
— 'H NMR (600 MHz, CDCls): § = 0.15 [s, 3 H, Si(CH3),], 0.18
[s, 3 H, Si(CH3),], 0.87 [m, 12 H, C(CH;), thexyl, SiC(CHj3)a],
1.63—1.71 (m, 1 H, CH(CHs;), thexyl), 3.25—3.37 (m, 3 H, 2a-H,
5a-H, 6b-H), 3.44—3.55 (m, 3 H, 5b-H, 3a-H, 6'b-H), 3.62 (m, 1
H, 6a-H), 3.73—3.81 (m, 2 H, 2b-H, 6’a-H), 3.92-3.99 (m, 2 H,
4a-H, 4b-H), 4.17—4.26 [m, 2 H, PhCHH, 9-H (Fmoc)], 4.33—4.39
[m, 3 H, PhCHH, CH,O (Fmoc)], 440—4.45 (m, 2 H, 2 X
PhCHH), 4.49—-4.54 (m, 2 H, 1b-H, PhCHH), 4.61 (d, 3J,, =
7.5Hz, 1 H, la-H), 4.63—4.78 (m, 7 H, 3b-H, 6 X PhCHH), 4.88
(d, 1 H, Jog = 10.9 Hz, PhnCHH), 4.97 (d, 1 H, Jog = 10.7 Hz,
PhCHH), 7.08—7.42 (m, 34 H, Ph), 7.54—7.57 [m, 2 H, Ph
(Fmoc)], 7.69—7.73 [m, 2 H, Ph (Fmoc)]. — '*C NMR (150.9 MHz,
CDCl3): 6 = —3.0, —=1.9[2 s, 2 C, Si(CH3),], 18.5, 18.7, 19.9, 20.1
[4 s, 4 C, C(CHj3), thexyl, SiC(CHj3),], 33.9 [CH(CH3;), thexyl], 46.6
[9-C (Fmoc)], 67.5 (6b-C), 68.2 (6a-C), 69.6 [CH,O (Fmoc)], 72.6
(5b-C), 73.1 (CH,Ph), 73.3 (s, 2 C, 2 X CH,Ph), 74.1 (4b-C), 74.9
(5a-C), 75.1 (s, 2 C, 2 X CH,Ph), 75.2 (CH,Ph), 76.7 (4a-C), 77.7
(2b-C), 79.6 (3b-C), 82.8 (3a-C), 83.6 (2a-C), 98.1 (1a-C), 102.4
(1b-C), 120.0, 125.1, 127.0, 127.1, 127.4, 127.6, 127.7, 127.9, 128.0,
128.2 (11 s, 38 C, CHAr), 138.3, 138.7, 139.2, 141.3, 143.1, 143.4
(6's, 10 C, Cy,,), 154.6 [OC=00 (Fmoc)]. — MALDI-MS; m/z:
1270.9 [M + Na*]. — C7;HgsO,3Si (1247.62): caled. C 74.13, H
6.95; found C 74.08. H 7.06.

0-(2,4,6-Tri-O-benzyl-3-O-(9-fluorenylmethoxycarbonyl)-$-D-
galactopyranosyl)-(1—4)-2,3,6-tri- O-benzyl-o/B-D-glucopyranose
(15): An excess of HF-pyridine complex (7 mL) was added under
argon to a solution of 14 (4.78 g, 3.83 mmol) in THF in a Teflon
flask. The solution was stirred overnight (complete disappearance
of the starting material by TLC) and diluted in Et,O. The organic
solution was then washed with saturated aqueous NaHCOj; solu-
tion and water and dried with Na,SO,, and the solvents were re-
moved in vacuo. The residue was adsorbed onto silica gel in toluene
and purified by flash chromatography (petroleum ether/EtOAc,
7:3) to yield 15 (3.94 g, 3.56 mmol) as a white foam in 93% yield
(a/f = 1:1). — TLC (petroleum ether/EtOAc; 7:3): Ry = 0.24. —
'H NMR (600 MHz, CDCl;): o anomer: § = 295 (d, 1 H,
Smon = 1.6Hz, OH), 3.34-343 (m, 2 H, 5b-H, 6b-H),
3.47-3.56 (m, 3 H, 6a-H, 2a-H, 6'b-H), 3.74—3.84 (m, 3 H, 2b-H,
3a-H, 6’a-H), 3.92—3.97 (m, 3 H, 5a-H, 4a-H, 4b-H), 4.19—-4.27
[m, 2 H, PhCHH, 9-H (Fmoc)], 4.31-4.47 [m, 5 H, 2 X PhCHH,
CH,O (Fmoc)], 1b-H), 4.53 (d, 1 H, J,g = 12 Hz, PhCHH),
4.63—4.72 (m, 4 H, 3b-H, 3 X PhCHH), 4.74 (d, 1 H, Jx =
11.8 Hz, PhnCHH), 4.80 (d, 1 H, Jog = 11.4 Hz, PhnCHH), 5.02 (d,
1 H, Jog = 10.7 Hz, PhnCHH), 5.16 (m, 1 H, 1a-H), 7.09—7.38 (m,
34 H, Ph), 7.55—7.59 [m, 2 H, Ph (Fmoc)], 7.69—7.74 [m, 2 H, Ph
(Fmoc)]; B anomer: 8 = 3.06 (d, 1 H, 3Ji0u = 5.9 Hz, OH),
3.28—3.39 (m, 4 H, 5b-H, 6b-H, 2a-H, 5a-H), 3.46—3.57 (m, 3 H,
6a-H, 3a-H, 6'b-H), 3.64 (m, 1 H, 6'b-H), 3.72—3.80 (m, 2 H, 6a-
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H, 2b-H), 3.93-3.97 (m, 2 H, 4a-H, 4b-H), 4.19—4.27 [m, 2 H,
PhCHH, 9-H (Fmoc)], 4.32—4.46 [m, 5 H, 2 X PhCHH, CH,O
(Fmoc), 1b-H], 4.52 (d, 1 H, Jog = 11.9 Hz, PhCHH), 4.61—-4.70
(m, 5 H, 3b-H, 1a-H, 3 X PhCHH), 4.76 (d, 1 H, Jog = 11.6 Hz,
PhCHH), 4.86 (d, 1 H, J,g = 11.1 Hz, PhCHH), 4.99 (d, 1 H,
Jag = 10.7 Hz, PhCHH), 7.09—7.38 (m, 34 H, Ph), 7.55—7.59 [m,
2 H, Ph (Fmoc)], 7.69—7.74 [m, 2 H, Ph (Fmoc)]. — *C NMR
(150.9 MHz, CDCl3): o anomer: & = 46.7 [9-C (Fmoc)], 67.7 (6b-
C), 67.8 (6a-C), 69.8 [CH,O (Fmoc)], 70.4 (5a-C), 72.7 (5b-C), 73.2
(CH,Ph), 73.3 (CH,Ph), 73.6 (CH,Ph), 74.1 (4b-C), 75.0 (s, 2 C, 2
X CH,Ph), 75.4 (CH,Ph), 76.4 (4a-C), 77.7 (2b-C), 79.1 (2a-C),
79.7 (3b-C), 79.8 (3a-C), 91.4 (1a-C), 102.5 (1b-C), 120.0, 125.0,
127.1, 127.5, 127.6, 127.7, 127.8, 127.9, 128.0, 128.1, 128.2, 128.3,
128.4 (13 s, 38 C, CHAr), 137.8, 138.0, 138.1, 138.3, 138.4, 139.1,
141.2, 141.3 (8 5, 10 C, C,,,), 154.8 [OC=00 (Fmoc)]; B anomer:
8 = 46.7 [9-C (Fmoc)], 67.7 (6b-C), 68.1 (6a-C), 69.8 [CH,O
(Fmoc)], 72.7 (s, 2 C, 5a-C, 5b-C), 73.2 (CH,Ph), 73.3 (CH,Ph),
73.6 (CH,Ph), 74.1 (4b-C), 75.0 (s, 2 C, 2 X CH,Ph), 75.4 (s, 2 C,
5a-C, CH,Ph), 76.4 (4a-C), 77.7 (2b-C), 79.7 (3b-C), 82.8 (s, 2 C,
2a-C, 3a-C), 97.3 (1a-C), 102.5 (1b-C), 120.0, 125.0, 127.1, 127.5,
127.6, 127.7, 127.8, 127.9, 128.0, 128.1, 128.2, 128.3, 128.4 (13 s,
38 C, CHAr), 137.8, 138.0, 138.1, 138.3, 138.4, 139.1, 141.2, 141.3
(85, 10 C, Cpy), 154.8 [OC=00 (Fmoc)]. — MALDI-MS; m/z:
1128.3 [M + Na*]. — CgHggOy3 (1105.30): caled. C 74.98, H 6.20;
found C 74.89. H 6.37.

0-[(2,4,6-Tri-O-benzyl-3-O-(9-fluorenylmethoxycarbonyl)-f-D-
galactopyranosyl)-(1—4)-2,3,6-tri-O-benzyl-a/B-D-glucopyranosyl]
Trichloroacetimidate (8): Compound 15 (1.01 g, 0.91 mmol) was
dissolved in a CH,Cl,/CCI;CN mixture (1:1, 9 mL) under argon.
The minimum amount of sodium hydride (95% in oil) required for
the completion of the reaction (TLC monitoring) was added to the
solution. After 30 min of stirring, the solution was adsorbed onto
silica gel and the residue was purified by flash chromatography
(petroleum ether/EtOAc; 78:22) to give 8 (0.96 g, 0.77 mmol) as a
white foam in 85% yield (a/f = 1:1). — TLC (petroleum ether/
EtOAc, 7:3): Ry = 0.31. — '"H NMR (600 MHz, CDCls): a anomer:
8 = 3.23-3.50 (m, 4 H, 6b-H, 6'b-H, 5b-H, 6a-H), 3.55—3.63 (m,
3 H, 6’a-H, 2a-H, 3a-H), 3.70 (m, 1 H, 2b-H), 3.81-3.92 (m, 2 H,
Sa-H, 4b-H), 4.02 (m, 4a-H), 4.10—4.22 [m, 2 H, PhCHH, 9-H
(Fmoc)], 4.23—4.38 [m, 7 H, 4 X PhCHH, CH,O (Fmoc), 1b-H],
4.49 (d, 1 H, Jag = 12.1 Hz, PhCHH), 4.53—4.73 (m, 5 H, 3b-H,
4 X PhCHH), 4.79 (d, 1 H, Jog = 10.7 Hz, Ph\CHH), 4.94 (d, 1
H, Jap = 10.7 Hz, PhACHH), 6.34 (d, 3J,, = 3.3 Hz, 1 H, la-H),
6.98—7.30 (m, 34 H, Ph), 7.46—7.51 [m, 2 H, Ph (Fmoc)],
7.62—7.66 [m, 2 H, Ph (Fmoc)], 8.50 (s, 1 H, NH); B anomer: 6 =
3.33—3.49 (m, 5 H, 6b-H, 6'b-H, 5b-H, 5a-H, 6a-H), 3.60 (m, 1 H,
2a-H), 3.66—3.79 (m, 2 H, 6a-H, 2b-H), 3.81-3.90 (m, 2 H, 3a-H,
4b-H), 4.02 (m, 4a-H), 4.10—4.22 [m, 2 H, PhCHH, 9-H (Fmoc)],
4.23—-4.38 [m, 6 H, 4 X PhCHH, CH,O (Fmoc)], 4.39—4.52 (m, 2
H, 1b-H, PhCHH), 4.53—4.73 (m, 5 H, 3b-H, 4 X PhCHH), 4.79
(d, 1 H, Jag = 10.7 Hz, PhCHH), 4.90 (d, 1 H, Jog = 10.9 Hz,
PhCHH), 5.69 (d, 3J,, = 7.2 Hz, 1 H, la-H), 6.98—7.30 (m, 34 H,
Ph), 7.46—7.51 [m, 2 H, Ph (Fmoc)], 7.62—7.66 [m, 2 H, Ph
(Fmoc)], 8.58 (s, 1 H, NH). — 3C NMR (150.9 MHz, CDCl;): o
anomer: & = 46.7 [9-C (Fmoc)], 67.3 (6a-C), 67.5 (6b-C), 69.8
[CH,0O (Fmoc)], 72.6 (5b-C), 73.0 (5a-C), 73.1, 73.3 (25,2 C, 2 X
CH,Ph), 74.0 (4b-C), 75.2, 75.7 (2's, 3 C, 3 X CH,Ph), 75.9 (4a-
C), 77.0 (CH,Ph), 77.5 (2b-C), 79.7 (3b-C), 80.2 (2a-C or 3a-C),
82.6 (2a-C or 3a-C), 94.4 (1a-C), 102.4 (1b-C), 120.0, 125.0, 127.1,
127.5, 127.6, 127.7, 127.8, 128.0, 128.1, 128.2, 128.3 (11 s, 38 C,
CHAr), 138.0, 138.1, 138.3, 138.8, 138.9, 141.2, 143.0, 143.3 (8 s,
10 C, Cpy0), 154.6 [OC=00 (Fmoc)], 160.9 (C=NH). B anomer:
6 = 46.7 [9-C (Fmoc)], 67.3 (6a-C), 67.5 (6b-C), 69.8 [CH,O
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(Fmoc)], 72.6 (5b-C), 73.1, 73.3 (2's, 2 C, 2 X CH,Ph), 74.0 (4b-
), 75.0,75.3 (2's, 3 C, 3 X CH,Ph), 75.8 (5a-C), 75.9 (4a-C), 77.2
(CH,Ph), 77.5 (2b-C), 78.4 (2a-C), 79.4 (3a-C), 79.6 (3b-C), 98.1
(1a-C), 102.3 (1b-C), 120.0, 125.0, 127.1, 127.5, 127.6, 127.7, 127.8,
128.0, 128.1, 128.2, 128.3 (11 s, 38 C, CHAr), 138.0, 138.1, 138.3,
138.8, 138.9, 141.2, 143.0, 1433 8 5, 10 C, C,,,,), 154.6 [0C=00
(Fmoc)], 160.3 (C=NH). — C;;HeCLNO, 5 (1249.69): caled. C
68.24, H 5.48, N 1.12; found C 68.30, H 5.38, N 1.17.

Procedure for Calculation of the Loading: Known dry O-tritylated
resinl®! obtained from linker-loaded resin 9 was swollen in CH,Cl,
(0.40 mL/10 mg resin) and the resulting suspension was agitated for
10 min under argon. TFA (20 pL, 5% of the total volume) was
added and shaking was continued for 15 min. The resin was then
washed with 25 mL of a CH,CI,/TFA (95:5, v/v) solution. UV
measurement was then carried out on this solution (calculation of
the concentration using a standard straight line prepared with the
UV values of TrOH in a solution of 5% TFA in CH,Cl,), giving a
loading of 0.53 mmol/g.

General Procedure for the Solid-Phase Glycosylation (Procedure A):
Dry acceptor-loaded resins were directly swollen under argon in
CH,Cl, solutions (1—1.5mL/0.1 g resin) containing the appropri-
ate donor (3 equiv.). After 10 min under agitation, 0.3 equiv. of a
freshly prepared 0.25 m TMSOTT solution in CH,Cl, was added,
and shaking was continued for 1 h at room temp. The resin was
then filtered off, washed with CH,Cl, (4 X 5mL) and THF (4 X
5mL), and dried under high vacuum. This procedure was repeated
prior to starting the next step.

General Procedure for Cleavage (Procedure B): Dry resin was swol-
len in CH,Cl, (1—1.5mL/0.1 g resin) and the resulting suspension
was shaken under argon for 10 min. A solution of 5 equiv. of
MeONa in MeOH (10% of the total volume) was added and the
resulting mixture was agitated for 6 h under an inert atmosphere.
After this period, TLC analysis confirmed satisfactory cleavage.
The resin was rinsed off with CH,Cl,/MeOH (9:1, 3 X 5mL). This
procedure was repeated to ensure a complete cleavage. Amberlite
IR120 resin (H* form) was added to the combined filtrate and
washings to neutralize the medium and then filtered off. The solu-
tion was concentrated in vacuo and the residue purified by flash
chromatography. In the case of an analytical cleavage, the crude
residue was directly analyzed by TLC and MALDI-TOF.

Resin 9 was prepared according to the procedure previously de-
scribed.[®l

Resin 7: Linker-loaded resin 9 was glycosylated with 8 using pro-
cedure A.

Resin 16: Lactosyl-loaded resin 7 was glycosylated with 4 following
Procedure A, but at —25 °C in a CH,Cl,/dioxane (1:1) mixture.

Resin 17: Resin-bound disaccharide 7 was glycosylated with 5 fol-
lowing Procedure A, but using 0.45 equiv. of TMSOTf and working
at —40 °C.

Resin 18: Lactosyl-loaded resin 7 was glycosylated with 6 using
procedure A.

8-Hydroxyoctyl 3-O-[(2-O-Benzyl-a-L-fucopyranosyl)|-(1—3)-
(2,4,6-tri-O-benzyl-p-D-galactopyranosyl)-(1—4)-2,3,6-tri- O-benzyl-
o/p-p-glucopyranoside (1): Compound 1 was obtained following
Procedure B. The crude residue was purified by flash chromato-
graphy (petroleum ether/EtOAc, 4:6) to afford 1 (17.3 mg, 69%
overall yield from resin 9) as an oil (o/p = 4:6). — TLC (petroleum
ether/EtOAc, 2:8): Ry = 0.41. — '"H NMR (600 MHz, CDCl;): o
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anomer: 0 (selected data) = 1.26 (3 H, CHj;), 3.34 (5b-H), 3.37 (2a-
H), 3.42 (5a-H), 3.62 (3b-H), 3.70 (4b-H), 3.71 (2b-H), 3.86 (4a-
H), 4.00 [1 H, PhCHH (Fuc)], 4.20 (1b-H), 4.37 [l H, PhCHH
(Fuc)], 5.45 (3J,, = 4Hz, 1c-H); B anomer: § (selected data) =
1.26 (3 H, CH3), 3.10 (5a-H), 3.29 (2a-H), 3.38 (5b-H), 3.39 (3a-
H), 3.46 (6a-H), 3.53 (2¢c-H), 3.64 (6a-H’), 3.66 (4c-H), 3.70 (4b-
H), 3.71 (3b-H), 3.73 (2b-H), 3.83 (3¢c-H), 3.89 (5¢-H), 3.90 (4a-H),
4.00 [1 H, PhCHH (Fuc)], 4.20 (la-H), 4.36 (1b-H), 4.37 [1 H,
PhCHH (Fuc)], 545 (J1, = 4Hz, 1lc-H). — BC NMR
(150.9 MHz, CDCl;): a anomer: d (selected data) = 65.9 (5¢-C),
69.1 (3¢-C), 71.3 [CH,Ph (Fuc)], 71.4 (4c-C), 73.2 (5b-C), 75.5 (2c¢-
C), 76.2 (4a-C), 76.6 (4b-C), 77.2 (3b-C), 78.9 (2a-C), 80.1 (3a-C),
80.5 (2b-C), 96.9 (1a-C), 97.2 (1¢c-C), 102.8 (1b-C); B anomer: & =
65.9 (5¢-C), 69.1 (3¢-C), 71.3 [CH,Ph (Fuc)], 71.4 (4¢-C), 73.2 (5b-
C), 74.8 (5a-C), 75.5 (2¢-C), 76.1 (4a-C), 76.6 (4b-C), 77.2 (3b-C),
80.5 (s, 2 C, 2b-C, 3b-C), 81.7 (2a-C), 82.8 (3a-C), 97.2 (1c-C),
102.8 (s, 2 C, 1a-C, 1b-C). — MALDI-MS; m/z = 1270.4 [M +
Na*]. — C75HgO1¢ (1247.54).

8-Hydroxyoctyl 3-0-|(3,4,6-Tri-O-benzyl-a-D-mannopyranosyl)|-
(1-3)-(2,4,6-tri-O-benzyl-B-p-galactopyranosyl)-(1—4)-(2,3,6-tri-
O-benzyl-a/p-D-glucopyranoside (2): Trisaccharide 2 was obtained
following Procedure B. The residue was purified by flash chromato-
graphy (petroleum ether/EtOAc, 6:4—5:5) to afford 2 (66% overall
yield from resin 9) as an oil (a/f = 4:6). — TLC (petroleum ether/
EtOAc, 4:6): Ry = 0.41. — "H NMR (600 MHz, CDCl;): a. anomer:
8 (selected data) = 3.26 (5a-H), 3.28 (5b-H), 3.30 (6b-H), 3.40 (2
H, 2a-H, 6c-H), 3.44 (6'c-H), 3.46 (6'b-H), 3.57 (6a-H), 3.58 (2b-
H), 3.63 (6a-H), 3.65 (3b-H), 3.77 (4 H, 2c-H, 3c-H, 4c-H, 3a-H),
3.86 (4a-H), 3.87 (4b-H), 3.99 (5¢c-H), 4.26 (1b-H), 4.62 (la-H),
4.96 (3], < 1 Hz, 1c-H); B anomer: § (selected data) = 3.26 (5a-
H), 3.28 (5b-H), 3.30 (6b-H), 3.31 (2a-H), 3.40 (6¢c-H), 3.44 (6'c-
H), 3.46 (2 H, 6'b-H, 3a-H), 3.57 (6a-H), 3.58 (2b-H), 3.63 (6a-H),
3.65 (3b-H), 3.77 (3 H, 2¢-H, 3c-H, 4c-H), 3.86 (4a-H), 3.87 (4b-
H), 3.99 (5¢c-H), 4.27 (1a-H), 4.35 (1b-H), 4.95 *J;, < 1 Hz, lc-
H) — BC NMR (150.9 MHz, CDCl3): a anomer: & (selected
data) = 67.7 (6b-C), 68.3 (6a-C, 2¢-C), 68.4 (6¢c-C), 70.6 (5¢-C),
72.2 (4b-C), 72.7 (5b-C), 76.3 (3b-C), 76.4 (4a-C), 78.4 (2b-C), 79.2
(2a-C), 80.2 (3a-C), 95.4 (1c-C), 97.0 (1a-C), 102.8 (1b-C); B an-
omer: § = 67.7 (6b-C), 68.3 (6a-C, 2¢-C), 68.4 (6¢-C), 70.6 (5¢-C),
72.2 (4b-C), 72.7 (5b-C), 75.1 (5a-C), 76.3 (3b-C), 76.4 (4a-C), 78.4
(2b-C), 79.9 (3¢-C, 4c-C), 81.8 (2a-C), 82.9 (3a-C), 95.4 (1c-C),
102.7 (1b-C), 103.7 (1a-C). — MALDI-MS; m/z = 1467.1 [M +
Na*]. — CgoH; 0207 (1443.80).

8-Hydroxyoctyl 3-O-|(B-p-Galactopyranosyl)-(1—4)-3,6-di-O-
benzyl-2-deoxy-2-dimethylmaleimido-f-D-glucopyranosyl)]-(1—3)-
(2,4,6-tri-O-benzyl-p-D-galactopyranosyl)-(1—4)-2,3,6-tri-O-benzyl-
o/p-p-glucopyranoside (3): Compound 3 was obtained following
Procedure B. The residue was purified by flash chromatography
(EtOAc—EtOAc/MeOH, 96:4) to give 3 (60% overall yield from
resin 9) as an oil (a/f = 4:6). — TLC (EtOAc/MeOH, 96:4): R; =
0.25. —'H NMR (600 MHz, CDCls): a anomer: § (selected data) =
3.39 (2a-H), 3.45 (3b-H), 3.63 (5¢c-H), 3.84 (4a-H), 4.05 (2¢-H), 4.09
(4c-H), 4.23 (1b-H), 4.37 (3¢c-H), 4.45—4.51 (1d-H), 4.62 (la-H),
5.22 (J;, = 8 Hz, 1c-H); B anomer: & (selected data) = 3.33 (2a-
H), 3.45 (3b-H), 3.63 (5¢c-H), 3.84 (4a-H), 4.05 (2c-H), 4.09 (4c-H),
4.14 (1a-H), 4.32 (1b-H), 4.37 (3c-H), 4.45—-4.51 (1d-H), 5.22
(*J1» = 8 Hz, 1¢c-H) — '*C NMR (150.9 MHz, CDCl;): @ anomer:
d (selected data) = 56.5 (2¢-C), 72.9 (5¢-C), 76.6 (4a-C), 78.3 (4c-
C), 78.4 (3¢c-C), 79.5 (2a-C), 82.3 (3b-C), 97.3 (1a-C), 100.3 (1c-C),
103.1 (1d-C), 103.8 (1b-C); B anomer: § = 56.5 (2¢-C), 72.9 (5¢-C),
76.6 (4a-C), 78.3 (4¢c-C), 78.4 (3¢-C), 82.2 (2a-C), 82.3 (3b-C), 100.3
(1c-C), 102.8 (2 C, 1a-C, 1b-C), 103.1 (1d-C). — MALDI-MS; m/
z = 1646.1 [M + Na*]. — Co4H,|NO,;3 (1622.93).
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