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Acceptor Reactivity in the Total Synthesis of a-L-
guluronic acid and B-p-mannuronic acid containing Alginate

fragments

Partly published in: Eur. J. Org. Chem, 2016, 2393-2397.
Angew. Chem. Int. Ed, 2015, 54, 7670-7673.

4.1 introduction

Alginates, naturally occurring anionic polysaccharides, are composed of 1,2-cis linked b-
mannuronic acid (M) and L-guluronic acid (G, the C-5 epimer of M) residues that are
arranged in homopolymer (polymannuronate, -MM-, or polyguluronate -GG-) or
heteropolymer -MG- segments[” (Figure 4.1).[2] They are found in marine brown algae and
various bacteria, including Pseudomonas aeruginosa, and have found wide application in
the biomaterial and food industry because of their gelling properties.m Notably, they have
also received attention because of their putative anti-tumour, antiviral, antigenic and

immunomodulatory activity.[“] To firmly establish structure-activity relationships for this
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Chapter 4

class of compounds, well-defined single molecules of a defined length are indispensable.[S]
In this framework the fully stereoselective assembly of -MM- fragments employing
mannuronic acid donor glycosides for the construction of the B-b-mannosidic linkages has
previously been reported.ls] Using an automated solid phase approach, a set ManA
alginate fragments up to the dodecamer level was generated.m Furthermore, the
synthesis of short L-guluronic acid oligomers has also been reported.[8’9]

The assembly of mixed alginate sequences, containing both M and G residues has
never been achieved and is particularly challenging because it requires the construction of
both B-p-mannuronic acid and a-L-guluronic acid linkages. While b-mannuronic acid donor
glycosides can be used for the stereoselective construction of cis-glycosidic linkages, L-
guluronic acid donors are less stereoselective in glycosylation reactions.®'¥ In addition, as
described in Chapter 3, the guluronic acid C-4 hydroxyl group is a very poor nucleophile.
To circumvent this low reactivity, Hung and co-workers employed 1,6-anhydro-gulose
synthons to lock the C4-OH in a more accessible environment and increasing the reactivity

of the alcohol.”!

Figure 4.1 Alginates are composed of -GG-, -MM- and -MG- blocks.
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Total Synthesis of Alginate fragments

Various approaches can be envisioned for the construction of mixed sequence
alginate oligomers, using either monomeric or GM or MG dimer building blocks in a pre-
glycosylation oxidation or post-glycosylation oxidation approach.m] Because of the high
fidelity of mannuronic acid donor synthons in the construction of f-mannosidic linkages an
approach using GM building blocks, featuring a mannuronic acid donor part, is very
attractive. To minimize functional group manipulation at a late stage of the syntheses the
use of a guluronic acid acceptor part (as opposed to the use of a gulose acceptor) in the
GM building blocks, would be most favorable.*?

In Chapter 3 is presented a first study on the reactivity of gulose and guluronic acid
acceptors in glycosylations with mannuronic acid donors. It was revealed that the nature
of the substituent at the C5 position of these acceptors had relatively little influence on
the yield and stereoselectivity of the glycosylations. It was shown however, that the
conformational freedom of the acceptors, which in the case of GM-disaccharides is a
function of the aglycon at the reducing end, was all-important. The use of disaccharide
acceptors featuring a B-mannuronic acid O-glycoside at the reducing end provided
relatively low yields in condensations with both monomer and dimer glycosyl donors.
Contrary, the a-S-tolyl mannuronic acid counterparts could be condensed in high yield and
excellent stereoselectivity with the two donor building blocks studied. This Chapter further

compares the two types of dimer building blocks in the assembly of mixed sequence

alginates.

4.2 Results and discussion
The synthesis of disaccharide donor 1, trisaccharide 2 and tetrasaccharide 3 is described in

Chapter 3. Although tetrasaccharide 3 was prepared in low yield, the assembly of longer
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oligomers was continued as shown in Scheme 4.1. Delevulinoylation of 2 and 3 gave the
GMG and GMGM acceptors 4 and 9, which were condensed with GM donor 1 to give
pentamer GMGMG 5 and hexamer GMGMGM 10 with excellent stereoselectivity but again
in a low yield (31% and 30% respectively). The levulinoyl group in pentamer 5 was
removed (— 6) to set the stage for another glycosylation with GM donor 1, which led to
GMGMGMG heptamer 7 in 34% yield. Delevulinoylation of 10 and 7 gave the GMGMGM
and GMGMGMG oligosaccharides 11 and 8, which were then ready for global
deprotection, as described in Scheme 4.3. Clearly, the reactivity of all the O-linked GM
oligosaccharide acceptors was poor leading to constant moderate vyields in the
glycosylations.

Next, an alternative approach, using thio-disaccharide acceptors, was explored, as it
was found that the flexible disaccharide acceptor 15 is an apt nucleophile (see Chapter 3).
Building on this finding larger GM oligosaccharides were assembled by hydrolysis of the
thioacetal in GMGM tetramer 12 and transforming the resulting hemi-acetal into imidate
donor 13 (See Scheme 4.1). Subsequent condensation of donor 13 with guluronic acid
acceptor 14 and flexible GM dimer acceptor 15 to give the GMGMG pentamer 5 and the
GMGMGM-STol hexamer 16 in 63% and 73% yield, respectively, confirming the good
nucleophilicity of acceptor 15. Elongation of the GMGMGM hexamer 16 with another
guluronic acid moiety was accomplished by transformation of thioglycoside 16 into the
corresponding imidate 17 and ensuing glycosylation with guluronic acid acceptor 14 to
provide GMGMGMG heptamer 7 in 42% yield. The decreased yield in this glycosylation is
due to partial hydrolysis of the large hexasaccharide donor.™ It is clear that the approach

using the conformational flexible acceptor 15 is overall significantly more effective.
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Total Synthesis of Alginate fragments

Scheme 4.1 Synthesis of oligosaccharides by using rigid and flexible acceptors.
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Regents and conditions: (a) N,Ha/H,0, acetic acid, pyridine, 4: 89%; 6: 98%; 8: 83%; 9: 78%; 11: 86%.
(b) TBSOTF (cat.), CH,Cl,, -78 °C to -45 °C. 5: 31%; 7: 34%; 10: 30%. (c) i. NIS, TFA, CH,Cl,; ii.
F5CC(=NPh)CI, K,COs, acetone, 13: 92%; 17: 80%. (d) TBSOTF (cat.), CH,Cl,, -78 °C to -45 °C. 5: 63%; 7:
42%; 16: 73%.

Then a ‘random’ alginate sequence was generated and GMGGMG hexasaccharide 24
was synthesized using a [2+3+1] approach as depicted in Scheme 4.2. First, trimer 21,

featuring a ', chair mannuronic acid residue attached to the acceptor guluronic acid

moiety, was generated by condensation of gulose donor 18 with the flexible GM acceptor
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15 to yield trisaccharide 19 in 87% vyield and excellent stereoselectivity. Removal of the
silylidene group of 19 gave diol 20, which was oxidized and transformed into the methyl
ester to yield 21 in 75% over the three steps. Then 21 was condensed with GM donor 1.

Scheme 4.2 synthesis of a ‘random’ alginate sequence. GMGGMG hexasaccharide.
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Regents and conditions: (a) TBSOTf (cat.), CH,Cl,, 0 °C, 92%. (b) HF/Py, pyridine, THF, 0 °C to rt, 2 h,
99%. (c) i. TEMPO, BAIB, tBuOH/DCM/H,0, ii. Mel, K,CO;, DMF, 76% (2 steps). (d) 1, TBSOTf (cat.),
CH,Cl, -78 °C to -45 °C, 87%. (e) i. NIS, TFA, CH,Cls; ii. F3CC(=NPh)CI, K,CO;, acetone, 82%. (f) TBSOTf
(cat.), CH,Cl,, -78 °C to -45 °C, 43%. (g) N,H4/H,0, acetic acid, pyridine, 87%.
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This condensation proceeded uneventfully to provide pentamer GMGGM 22 in 87% vyield
This oligosaccharide was transformed into the corresponding imidate donor 23 and then
coupled with monosaccharide 14 to give GMGGMG hexamer 24 in 43% yield.m]

Finally, all prepared oligomers were deprotected by i) saponification of the methyl
esters, ii) high pressure debenzylation and azide reduction, and finally iii) acetylation of the
formed spacer amine group. Purification of the oligomers was accomplished by HW-40 gel

size exclusion chromatography, after which the alginate fragments were transformed into

the sodium salts (Scheme 4.3).

Scheme 4.3 Deprotection of the oligosaccharides.
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GMGMGMG: 31n=1,m=1 GMGGMG: 32 n =2

Regents and conditions: (a) i. LiOH, H,0,, H,0, THF; ii. tBuOH, THF, H,O, Pd/C, H, (4.5 bar); iii. Ac,0,
NaHCO3, THF, H,0; v. Dowex-H". 26: 46%; 29: 43%; 27: 50%; 30: 25%; 28: 50%; 31: 60%; 32: 60%.

4.3 Conclusion
In conclusion, the fully stereoselective assembly of a set of mixed sequence alginate

oligomers has been reported for the first time, making these oligosaccharides available for
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biochemical studies. A set of alginate fragments, comprised of GM, GMG, GMGM,
GMGMG, GMGMGM, GMGMGMG and GMGGMG sequences was assembled. During the
assembly of the oligomers the conformational flexibility of the GM acceptors was revealed
as an all-important factor determining the efficiency of the coupling reactions. While
conformational restriction of carbohydrate building blocks has often been used to develop
more efficient glycosylation strategies,llg] it is shown here that the use of inflexible building
blocks can compromise the yield of a glycosylation reaction. The use of conformationally
flexible building blocks can be an effective approach to overcome steric interactions in the
crowded transition state of a glycosylation reaction, by allowing the acceptor to adopt a
sterically most favourable shape. In future glycosylations, involving poor nucleophiles this

can be an important factor to consider when optimizing the reaction.

4.4 experimental section

General experimental procedures

All reagents were of commercial grade and used as received. All moisture sensitive reactions were performed
under an argon atmosphere. DCM used in the glycosylation reactions was distilled over P,0s and stored on
activated 5A molecular sieves before being used. Reactions were monitored by TLC analysis with detection by UV
(254 nm) and where applicable by spraying with 20% sulfuric acid in EtOH or with a solution of (NH4)¢M070,4-4H,0
(25 g/L) and (NH4)4Ce(S04)4-2H,0 (10 g/L) in 10% sulfuric acid (aqg.) followed by charring at ~150 °C. Flash column
chromatography was performed on silica gel (40-63um). "H and °C spectra were recorded on a Bruker AV 400,
Bruker AV 600 or Bruker AV 850 in CDCl;, CD;0D, CD3COCD; or D,0. Chemical shifts (8) are given in ppm relative to
tetramethylsilane as internal standard (‘*H NMR in CDCls) or the residual signal of the deuterated solvent. Coupling
constants (J) are given in Hz. All °C spectra are proton decoupled. NMR peak assignments were made using COSY
and HSQC experiments. Where applicable NOESY, Clean TOCSY, HMBC, HMBC and GATED experiments were used
to further elucidate the structure. The anomeric product ratios were analyzed through integration of proton NMR

signals.

General procedure for hydrolysis of thioglycosidic bond

NIS (5.0 mmol) and TFA (462 ul, 6.0 mmol) were added to a solution of thioglycoside (5.0 mmol) in CH,Cl, (40 ml)
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at 0 °C. After analysis by TLC showed complete consumption of the starting material, the reaction was quenched
with EtsN. Saturated Na,S,03 (ag) was added to the reaction mixture, which was then stirred for 30 min. The
aqueous layer was extracted twice with CH,Cl,, and concentrated in vacuo. Purification by column chromatography

yielded hydrolysized product as a colourless oil in good yield.

General procedure for yield N-phenyl-trifluoroacetimidate donor

The starting material (8 mmol) was dissolved in acetone (75 ml) and the solution was cooled to 0 °C. N-phenyl-
trifluoroacetimidoyl chloride (12 mmol) and cesium carbonate (8 mmol) were added and the resulting suspension
was stirred overnight at room temperature. Then Et;N was added to the reaction mixture, after which it was
filtered and the filtrate was concentrated in vacuo. Purification by column chromatography (silica gel,

pentane/EtOAc/EtsN, 20/1/trace, v/v/trace) yielded N-phenyl-trifluoroacetimidate donor in good yield.

General procedure for the glycosylation reactions

Imidate donor (1.5-3.0 eq) and acceptor (1.0 eq) were co-evaporated with toluene (three times). The residue was
dissolved in dry DCM (0.1 M acceptor in DCM). The solution was cooled to -78 °C and followed by adding TBSOTf
(0.2-0.6 eq) and the reaction was allowed to stir for 1 day at -78 °C and then slowly warmed to -45 °C and stirred
for 2 days. The reaction was quenched with Et;N, diluted with EtOAc, washed with sat. ag. NaCl and the organic
phase was dried over Na,SO, and concentrated in vacuo. Purification by column chromatography yielded the

products.

General procedure for delevulinoylation

The starting material was dissolved in a mixture of acetic acid and pyridine (1/4, v/v), the mixture was cooled to
0°C and hydrazine monohydrate (5.0 eq) was added to the solution. The reaction was allowed to stir for 20 min at
room temperature. Then the mixture was diluted with EtOAc, washed with 1 N ag. HCl, sat. ag. NaHCO; and sat.
ag. NaCl. The organic phase was dried over Na,SO, and concentrated in vacuo. Purification by column

chromatography yielded the product.

General procedure for deprotection of the di-tert-butyl silylidene

A HF/Pyridine solution (5.0 eq) was added to a solution of starting material in a mixture of THF and pyridine at 0 °C.
The reaction was allowed to stir for overnight at room temperature. Then sat. ag. NaHCO; was added to neutralize
the mixture, which was subsequently, diluted with EtOAc, washed with sat. ag. NaCl. The organic phase was dried

over Na,SO,4 and concentrated in vacuo. Purification by column chromatography yielded the deprotected product.

General procedure for the oxidation and methyl ester formation
The starting material was dissolved in DCM/tert-BuOH/H,0 (4/4/1, v/v/v). The mixture was cooled to 0 °C and

TEMPO (0.2 eq) and BAIB (2.5 eq) were added. After stirring the mixture overnight at 4 °C, Na,S$,0; was added and
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the heterogeneous mixture was stirred for 30 minutes, diluted with EtOAc and washed with sat. ag. NaCl. The

organic phase was dried over Na,SO, and concentrated in vacuo. The crude residue was dissolved in DMF, followed
by the addition of K,CO3(1.0 eq) and Mel (> 2.0 eq) at 0 °C. The mixture was allowed to stir overnight at 4 °C, and
was then diluted with EtOAc and washed with sat. ag. NaCl. The organic phase was dried over Na,SO, and
concentrated in vacuo. Purification by column chromatography (silica gel, pentane/EtOAc, v/v) yielded the methyl

ester product.

General procedure for saponification, hydrogenation and acetylation of the oligosaccharides

The starting material was dissolved in THF (0.4 ml), and a mixture of LiOH-H,0/ 35% H,0, solution/H,0 (42 mg/520
ul/480 ul) was added to the reaction mixture. The reaction was allowed to stir for 48h at 37 °C. The reaction was
cooled to 0 °C and neutralized by Amberlite IR120 (H") resin. After filtration, the filtrate was concentrated in vacuo.
The residue was dissolved in THF/H,O/tert-BuOH (2 ml/2 ml/0.8 ml) before a catalytic amount of Pd/C was added.
The reaction mixture was stirred for 48 h under an H, atmosphere (4.5 bar), filtered and concentrated in vacuo.
The *H NMR of the thus obtained crude products showed complete removal of all benzyl protecting groups. The
resulting product was dissolved in H,O (1 ml) and THF (0.5 ml), and then NaHCOs (20eq) and Ac,0 (10eq) were
added to the reaction mixture, which was stirred overnight at room temperature, after which it was concentrated
in vacuo. A white powder was obtained, which was purified by gel filtration (HW-40, 0.15M NH,OAc in H,0). The
product containing fractions were pooled and lyophilized (4x) to yield the final products as a white solid. The
products were transformed into the sodium salts by passing an aqueous solution of the compounds over a short

Dowex Na* column, after which the compounds were lyophilized.

Methyl (3-Azidopropyl 2,3-di-O-benzyl-4-O-[methyl 2,3-di-O-benzyl-4-O-{methyl 2,3-di-O-benzyl-a-L-gulopyranosyl
uronate}-B-D-mannopyranosyl  uronate]-a-L-gulopyranosyl uronate) (4): See General procedure for
OBn O(CH,)3N3 delevulinoylation. Purification by column chromatography

MeOOC 9/ oBn (silica gel, pentane/DCM/EtOAc, 2/1/1, v/v) yielded 4 as a

MeOOC OBn
O O colourless oil (230 mg, 96%). TLC: Ry = 0.32 (toluene/EtOAc,

OB BnO .

n 2/1, v/v); *H NMR (CDCl;, 400 MHz,HH-COSY, HSQC): & 7.52
MeOOCZ4L7 oBn

OH ~6.95 (m, 30H, CHarom), 5.32 (d, J = 3.9 Hz, 1H, H-1au), 5.13
(d, J = 2.0 Hz, 1H, H-5ay), 5.00 — 4.20 (m, 17H, H-1leu, H-
Seu, H-duam H-Tyan H-36up 6XCH,BN), 4.12 (M, 2H, H-4gu, H-4ur), 4.00 (d, J = 8.4 Hz, 1H, H-Syann), 3.90-3.75 (m,
4H, H-36ur, H-26u, H-26u, -OCH>CH,CH,N3), 3.67 (s, 3H, CH3 COOCHs), 3.59 (d, J = 2.9 Hz, 1H, H-2yam), 3.55 — 3.40
(m, 7H, -OCH,CH,CH,N3, 2xCH; COOCHs), 3.40 — 3.26 (m, 3H, H-3yam, -OCH,CH,CH,N3), 1.99 — 1.66 (m, 2H, -
OCH,CH,CH,N3); *C—APT NMR (CDCl5, 100 MHz, HSQC): & 170.5, 170.2, 168.6(-CO0-), 139.0, 138.8, 138.7, 138.1,
138.0, 137.8 (Cqarom), 128.5, 128.5, 128.4, 128.4, 128.3, 128.3, 128.2, 128.1, 128.0, 128.0, 127.9, 127.9, 127.8,
127.8, 127.7, 127.7, 127.7, 127.6, 127.6, 127.6, 127.5, 127.5, 127.4, 127.3(CHarom), 103.4(C-1yamn), 98.1(C-1eu),
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97.0(C-1aur), 79.2(C-3mam), 78.2(C-46u), 76.1(C-Syiann), 75.1(C-36ur), 74.8(C-3cu), 74.2(C-2pam), 74.1, 73.5(CH,Bn),
72.9(CH,Bn), 72.9, 72.8(C-26u, C-26ur, C-dnann), 71.5, 71.5, 71.3(CH,Bn), 69.9(C-4cu), 68.1(C-5cur), 67.0(C-56u),
65.3(-OCH,CH,CH,N3),  52.3(-COOCHs),  52.3(-COOCHs),  52.1(-COOCHs),  48.3(-OCH,CH,CH,N3),  28.9(-
OCH,CH,CH,N3); *C -HMBC (CDCls, 100 MHz): 103.4(Jcrp1 = 157Hz, C-Lyann), 98.1(Jeins = 168Hz, C-Lou), 97.0Ucrp =
170Hz, C-1eu). [a]*’s = -78° (c = 0.8, CHCl3). IR (neat): 696, 735, 908, 1028, 1038, 1065, 1103, 1115, 1177, 1206,
1238, 1304, 1362, 1454, 1749, 2095, 2878. HR-MS: [M+Na’] Calculated for CegH73015N5: 1234.47305; found:

1234.47434.

Pentasaccharide (5): See General procedure for the glycosylation reactions. Purification by size exclusion and

O(CH)3N3 column chromatography (silica gel,

MeoocFani oBn pentane/DCM/EtOAc,  5/1/1, Vv/v)

MeOOC 08” o yielded 5 as a colourless syrup (63 mg,

poi% no 37%, B > 20:1). TLC: Ry = 056

MeOOCMggr?CO </ oen (toluene/acetone, 3/1, v/v); ‘*H NMR

OBnOBnO (CDCls, 400 MHz,HH-COSY, HSQC): &
Me0OCZ4Q7 oBn 7.49 — 6.96 (m, 50H, CHaom), 5.31 —
Otev 5.24 (m, 2H, H-1e, H-1our), 5.23 (dd, J

=3.6, 1.9 Hz, 1H, H-4ayr), 5.19 (d, J = 2.0 Hz, 1H, H-5¢,), 4.92 = 4.79 (m, 3H, H-1g,, CH,Bn), 4.78 — 4.66 (m, 3H, H-
Seu, CHyBN), 4.63 — 4.21 (M, 22H, 2xH-Tyann, 2XH-4pann, H-36u, H-3aur, 8% CH,BN), 4.15 — 4.09 (m, 1H, H-4¢,), 4.06
(dd, J = 3.7, 1.8 Hz, 1H, H-4a,), 3.98 (t, J = 8.8 Hz, 2H, 2xH-5yann), 3.88 (t, J = 3.5 Hz, 1H, H-3a,r), 3.78 (dt, J = 7.9,
2.5 Hz, 3H, -OCH,CH,CH,N3, H-26y, H-26ur), 3.68 (s, 3H, CH; COOCH;), 3.65 (d, J = 3.8 Hz, 1H, H-26,), 3.61 (d, J =
2.6 Hz, 1H, H-2uanm), 3.57 (d, J = 2.9 Hz, 1H, H-2yan), 3.55 — 3.27 (m, 17H, 2xH-3yann, -OCH,CH,CH,N, 4XCH5
COOCH;, -OCH,CH,CH,N3 ), 2.66 (m, 2H, CH, Lev), 2.44 (m, 2H, CH, Lev), 2.15 (s, 3H, COCHs), 1.98 — 1.73 (m, 2H, -
OCH,CH,CH;N3); *C-APT NMR (CDCls, 100 MHz, HSQC): § 206.3(C=0 Lev), 171.6, 170.3, 169.1, 168.6, 168.6(-CO0-
), 139.3, 139.0, 138.8, 138.8, 138.6, 138.2, 138.1, 138.0, 137.8, 137.7(Cqurom), 128.6, 128.5, 128.5, 128.4, 128.4,
128.3, 128.3, 128.2, 128.1, 128.1, 128.1, 128.1, 128.0, 128.0, 127.9, 127.9, 127.9, 127.8, 127.8, 127.8, 127.7,
127.7,127.7, 127.7, 127.6, 127.6, 127.5, 127.5, 127.5, 127.4(CH.rom), 103.5(C-Lyan), 103.3(C-Lytann), 98.2(C-1cu),
97.1(C-1eu), 96.7(C-1aur), 79.5, 79.3(2XC-3piann), 78.4, 78.2(C-dau , C-Aeur), 77.5, 77.2(2XC-5pann), 76.8(C-36u , C-
3eur), 76.2, 76.1(C-2uann, C-2uany), 76.0, 75.9, 74.9, 74.4(4xCH,Bn), 74.3, 73.6(2XC-Ayann), 73.3(CH,BN), 72.8, 72.5,
72.3(C-2eur, C-26ur,C-3cur), 71.5, 71.3, 71.1(3xCH,Bn), 71.0(C-4¢yr), 67.4(C-5cur), 67.1(C-5¢y), 66.3(C-5ur), 65.3(-
OCH,CH,CH,N3), 52.4, 52.4, 52.3, 52.2, 52.0(5x-COOCH), 48.4(-OCH,CH,CH,N3), 37.9(CH, Lev), 29.89(COCHS),
29.0(CH, Lev), 28.1(-OCH,CH,CH,N3). [a]”’ = -110° (¢ = 1, CHCly). IR (neat): 696, 733, 841, 908, 961, 1026, 1055,
1092, 1115, 1177, 1206, 1238, 1302, 1362, 1454, 1748, 2097, 2872, 2924. HR-MS: [M+NH,"] Calculated for

C113H123033N5: 2067.83770; found: 2067.84914.
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Pentasaccharide (6): See General procedure for delevulinoylation. Purification by column chromatography (silica

O(CH)3N;  gel, pentane/DCM/EtOAc, 4/3/3, v/v)

OBn
MeOOC‘Z O'Z OBn yielded 15 as a colourless oil (79 mg,
MeOOC OBn

ﬂ/@ 98%). TLC: Ry = 0.29 (toluene/acetone,

OB anO )
n 3/1, v/v); "H NMR (CDCls, 400 MHz,HH-

Me00C 7287 0Bn
MeOOC_OBn COSY, HSQC): & 7.43 — 7.04 (m, 50H),
OBnano 531 — 524 (m, 2H, H-lew, H-lew),
0

MeOOC OBn 5.12 (d, J = 1.8 Hz, 1H, H-5¢,), 5.08 (d,

OH
J = 1.8 Hz, 1H, H-55y), 4.86-4.82 (m,

3H, H-16u, CH,BN), 4.76 (d, J = 1.8 Hz, 1H, H-5¢y), 4.75 — 4.20 (m, 24H, 2xH-1pann, 2XH-4mann, H-36u, H-36ur, 9XCH,
Bn), 4.15 — 4.04 (m, 3H, 3xH-4gy), 3.97 (dd, J = 13.5, 8.5 Hz, 2H, 2XH-5yann), 3.87 (t, J = 3.9 Hz, 1H, H-3¢yr), 3.78-
3.73(m, 4H, -OCH,CH,CH,N3, 3xH-2¢u,), 3.68 (s, 3H, CHs COOCHs), 3.61 (d, J = 3.4 Hz, 1H, H-2ynn), 3.57 (d, J = 3.6
Hz, 1H, H-2uann), 3.52 (s, 3H, CHs COOCH;), 3.49 (s, 3H, CH; COOCH;), 3.48-3.46(m, 1H, -OCH,CH,CH,N3), 3.45 (s,
3H, CH3 COOCHs), 3.39 (s, 3H, CH3 COOCHs), 3.37 = 3.29 (m, 4H, 2XH-3yans, ~-OCH,CH,CH,N3), 1.98 = 1.71 (m, 2H, -
OCH,CH,CH,Ns); *C-APT NMR (CDCls, 100 MHz, HSQC): 6 170.6, 170.3, 170.3, 168.7, 168.6(-CO0-), 139.3, 139.1,
138.8, 138.3, 138.2, 138.1, 137.9(Cqom), 128.5, 128.5, 128.4, 128.4, 128.4, 128.4, 128.3, 128.3, 128.3, 128.2,
128.2, 128.1, 128.0, 128.0, 128.0, 127.9, 127.9, 127.9, 127.8, 127.8, 127.8, 127.7, 127.6, 127.6, 127.6, 127.5,
127.5, 127.5, 127.4, 127.4, 127.3(CHarom), 103.5, 103.3(2XC-1yann), 98.2(C-Leu), 97.1, 97.0(C-1eur, C-Laur), 79.5,
79.3(2XC-3yam), 78.4, 78.2(C-4ay, C-4aur), 77.5, 77.2(2XC-5pann), 76.8, 76.2, 76.1, 75.2, 74.9(3xC-36u, 2XC-2utamn),
74.4,74.3, 74.2, 73.6(4xCH,BN),74.2, 73.5(2XC-4pann), 73.3, 73.0(CH,BnN),73.3, 73.1, 72.8(3xC-2¢y), 71.6, 71.5, 71.3,
71.1 (4xCH,Bn), 70.0(C-4¢yr), 68.1(C-56ur), 67.4(C-56ur), 67.1(C-5¢y), 65.4(-OCH,CH,CH,N3), 52.4, 52.3, 52.3, 52.2,
51.9(5x-COOCHs), 48.4(-OCH,CH,CH,N3), 29.0(-OCH,CH,CH,N3); °C -HMBC (CDCl;, 100 MHz): 103.5, 103.3(Jeym =
157Hz, C-1yann), 98.2(cipn = 169Hz, C-1ay), 97.1, 97.0(Jcy 1 = 169Hz, C-1eur, C-1gur). [0)°% = -84° (c = 1, CHCl3). IR
(neat): 698, 737, 1028, 1038, 1065, 1115, 1207, 1238, 1456, 1749, 2096, 2924. HR-MS: [M+NH,'] Calculated for

CiosH117031N5: 1969.80093; found: 1969.80604.
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Heptasaccharide (7): See General procedure for the glycosylation reactions. Purification by column chromatography
O(CH)3N3  (silica gel,

OBn
MeOOC~/ 107/ 5gn pentane/DCM/

MeOOC OBn
O O EtOAc, 3/1/1,
B OBnO

OBn .
MeOOCﬁQ{OBn v/v) yielded 7 as
MeOOC Ogn

o) a colourless oil

OBnOBnO (36 mg, 34%,
MeOOCMO OBn _ ‘
MeOOC OBn B:a > 20:1).

o]
TLC: Ry = 0.29
OBnOBnO \f

Me00CZ4LZ 0Bn (toluene/aceton

OLev e, 3/1, v/v); H
NMR (CDCls, 400 MHz,HH-COSY, HSQC): § 7.50 — 6.95 (M, 70H, CHarom), 5.31 = 5.20 (M, 4H, H-leu, H-leur, H-lour ,
H-4eur-), 5.19 (d, J = 1.8 Hz, 1H, H-56,), 5.07 (bs, 2H, H-5cur, H-5cur), 4.92 — 4.79 (m, 4H, H-1gy, CH,Bn), 4.75 (s,
1H, H-5a,), 4.71 (dd, J = 12.1, 6.0 Hz, 3H, CH,Bn), 4.60-4.22 (M, 31H, 3XH-4yann, 3XH-Tpiann, 3XH-36,, 11X CH, Bn),
412 (dd, J = 5.9, 0.0 Hz, 1H, H-4ay), 4.05 (d, J = 3.4 Hz, 2H, 2xH-4gy), 4.02 —3.90 (m, 3H, 3XH-5yiann), 3.88 (t, J = 3.5
Hz, 1H, H-3gu~), 3.77 (M, 3H, -OCH,CH,CH,N3, 2xH-26,), 3.70 — 3.25 (m, 31H, H-2u, 3XH-2uanns 3XH-3utamn, -
OCH,CH,CH,N3, 7XCH3 COOCHs, -OCH,CH,CH,N3), 2.76 — 2.55 (m, 2H, CH, Lev), 2.42 (ddd, J = 10.9, 7.7, 4.5 Hz, 2H,
CH, Lev), 2.14 (s, 3H, COCHs), 1.96 — 1.75 (m, 2H, -OCH,CH,CH,Ns); >C-APT NMR (CDCls, 100 MHz, HSQC): &
206.2(C=0 Lev), 171.6, 170.3, 169.1, 168.6, 168.6(-C00-), 139.3, 139.1, 138.9, 138.9, 138.8, 138.6, 138.3, 138.1,
138.0, 137.9, 137.9, 137.7(Cqarom), 128.6, 128.5, 128.5, 128.4, 128.4, 128.4, 128.3, 128.2, 128.1, 128.1, 128.0,
128.0, 128.0, 127.9, 127.9, 127.8, 127.8, 127.8, 127.8, 127.7, 127.7, 127.7, 127.6, 127.6, 127.5, 127.5, 127.5,
127.4, 127.2(CHarom), 103.5, 103.3(3XC-1pann), 98.2, 97.2, 97.1, 96.7(4xC-16y), 79.5, 79.4(3XC-3yan), 78.4, 78.3(C-
46y, C-deur , C-daur), 76.3, 76.2, 76.2(3XC-5tann), 74.9, 74.5, 74.3(3xC-36u , 3XC-2uiann), 74.3, 74.2, 73.6, 73.3, 73.0
(4xCH,Bn), 73.2, 73.1, 72.9, 72.6, 72.4(4XC-26u, C-36u), 71.6, 71.3, 71.2, 71.2, 71.1(5XCH,Bn), 71.0(C-4eur-), 67.4,
67.1, 66.3(4XC-56,), 65.4(-OCH,CH,CH,N3), 52.3, 52.3, 52.3, 52.2, 52.2, 51.9(7x-COOCH;), 48.4(-OCH,CH,CH,N3),
38.0(CH, Lev), 29.8(COCHs), 29.0(CH, Lev), 28.1(-OCH,CH,CH,N3); **C -HMBC (CDCls, 100 MHz): 103.5, 103.3(Jcim =
158H2z, 3XC-Lyann), 98.2(Jcr i = 168Hz, C-1gu), 97.2, 97.1, 97.0(Jcr 1 = 170Hz, C-1gyr, C-1gur , C-1ayr). [a)% = -95° (c
= 0.88, CHCls). IR (neat): 698, 737, 1028, 1038, 1059, 1096, 1117, 1207, 1240, 1362, 1456, 1749, 2098, 2924.HR-
MS: [M+Na'] Calculated for CyssH167045N5: 2813.07618; found: 2813.08957.
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heptasaccharide (8): See General procedure for delevulinoylation. Purification by column chromatography (silica

O(CH)3N3; gel,

OBn
MeOOC 9/ oBn DCM/MeOH,
MeOOC_ OBn
o 0

100/1, v/v)

ALY,

Meoocﬁ%or; yielded 8 as a
MeOOC Ogn 0 colourless il
ﬁog% no (45 mg, 83%).
MeOOCMe%?]CO OBn TLC: R = 031
OBnOBnO (toluene/aceton
Meoocpﬁosn e, 3/1, v/v); 'H
OH NMR  (CDCl;,
400 MHz,HH-COSY, HSQC): & 7.49 — 7.01 (m, 70H, CHarom), 5.30 = 5.21 (m, 3H, H-1eu, H-16ur, H-1eur), 5.12 (d, J =
1.9 Hz, 1H, H-564), 5.07 (d, J = 1.8 Hz, 2H, 2xH-56y), 4.89 — 4.78 (m, 4H, H-1ey, CH,Bn), 4.78 — 4.19 (m, 29H, H-56y,
3XH-4ypann, 3XH-1pann, 3XH-36y, 12.5x CH, Bn), 4.16 — 4.02 (m, 4H, 4xH-46,), 4.02 —3.91 (m, 3H, 3xH-5y.m), 3.87 (t, J
=3.6 Hz, 1H, H-36u~), 3.77 (m, 5H, -OCH,CH,CH;,N3, 4xH-26,), 3.68 (s, 3H, CH; COOCH;3), 3.64 — 3.54 (m, 3H, 3xH-
2mann), 3.56 = 3.37 (m, 19H, -OCH,CH,CH,N;, 6XCH3 COOCHs), 3.34 (m, 5H, 3XH-3mann, -OCH,CH,CH,N3), 1.98 = 1.73
(m, 2H, -OCH,CH,CH,N3). *C-APT NMR (CDCl;, 100 MHz, HSQC): & 170.6, 170.3, 168.7, 168.6(-CO0-), 139.3,
139.1, 138.9, 138.8, 138.3, 138.2, 138.1, 137.9, 137.9(Cqarom), 128.6, 128.5, 128.5, 128.4, 128.4, 128.4, 128.3,
128.1, 128.0, 128.0, 127.9, 127.8, 127.8, 127.8, 127.8, 127.7, 127.7, 127.7, 127.6, 127.6, 127.6, 127.5,
127.4(CHarom), 103.5, 103.4(3XC-1piann), 98.2, 97.2, 97.1(4xC-16u), 79.5, 79.5, 79.3(3XC-3\1ann), 78.4, 78.3(C-4gy , C-
4eur, C-bayr), 76.3, 76.2, 76.1(3XC-5pam), 75.2, 74.9, 74.5, 74.4, 74.3(4xC-36u , 3XC-2am), 74.3, 74.2, 73.6, 73.3,
73.0(5xCH,Bn), 73.5, 73.3, 73.3, 73.2, 73.1, 73.1, 72.9(4%XC-26u, 3XC-dyann), 71.7, 71.6, 71.3, 71.2, 71.1(4xCH,Bn),
70.0(C-46ur),, 68.2, 67.4, 67.1(4xC-564), 65.4(-OCH,CH,CH,N3), 52.3, 52.3, 52.3, 52.3, 52.2, 52.0(7x-COOCH,),
48.4(-0OCH,CH,CH,N3), 29.0(-OCH,CH,CH,N3); *>C -HMBC (CDCl5, 100 MHz): 103.5, 103.4(Jcipm = 158Hz, 3XC-Lyiann),
98.2(Jerm = 168Hz, C-1gy), 97.2, 97.1 (Jerpt = 170Hz, C-1eur, C-our , C-1eur). [a)*% = -94° (c = 0.44, CHCl3). HR-MS:

[M+NH,"] Calculated for CisoH16:043N5: 2710.08421; found: 2710.10289.

Tetrasaccharide (9): See General procedure for delevulinoylation. starting material 3 (120 mg, 0.071 mmol) was

MeOOC OBn dissolved in a mixture of acetic acid and

05 o NLQ O(CHKN, ‘
OBn nO pyridine (1.25 ml, 1/4, v/v), the mixture was

MeOOC 0 ° )
MeOOC OBn OBn cooled to 0 "C and hydrazine hydrate (20 ul)
anO O was added to the solution. The reaction was
OBn

MeOOCF JOZ OBn allowed to stir for 20 min at room
OH temperature. Then the reaction was diluted

with EtOAc, washed with 1 N HCI, sat. ag. NaHCO; and sat. ag. NaCl, the organic phase was dried over Na,SO, and
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concentrated in vacuo. Purification by column chromatography (silica gel, pentane/DCM/EtOAc, 3/1/1, v/v/v)
yielded product 9 (88 mg, 78%). TLC: R = 0.40 (toluene/acetone, 3/1, v/v); 'H NMR (CDCls, 400 MHz, HH-COSY,
HSQC): 6 7.49 = 7.03 (m, 40H, CHarom), 5.29 (d, J = 3.9 Hz, 1H, H-164), 5.20 (d, J = 4.0 Hz, 1H, H-164), 5.13 (d, /= 1.9
Hz, 1H, H-5cur), 5.03 (d, J = 1.8 Hz, 1H,, H-56u), 4.91 — 4.18 (m, 21H, 2xH-Lyann, 2XH-datann, H-36u, 8% CH, Bn), 4.10
(dt, J = 4.1, 1.8 Hz, 1H, H-4sy), 4.08 — 3.99 (m, 3H, -OCH,CH,CH,N3, H-4u, H-5yan), 3.96 (d, J = 8.6 Hz, 1H, H-
Satann), 3.87 (t, J = 3.8 Hz, 1H, H-36u), 3.83 (d, J = 3.4 Hz, 1H, H-2uann), 3.77 (dt, J = 6.9, 3.7 Hz, 2H, H-26ur, H-26u),
3.57 (m, 1H, H-2yan), 3.56 = 3.44 (m, 11H, H-3pyann, -OCH,CH,CH,N3, 3xCH; COOCH;), 3.41 (s, 3H, CH; COOCH;),
3.39 - 3.28 (M, 3H, H-3yany, -OCH,CH,CH,N), 1.96 — 1.75 (m, 2H, -OCH,CH,CH,N5); C-APT NMR (CDCls, 100 MHz,
HSQC): & 170.5, 170.2, 168.7, 168.7(-CO0-), 139.3, 138.8, 138.7, 138.2, 138.1, 138.0, 137.8(Cqarom), 128.4, 128.4,
128.3, 128.3, 128.1, 128.1, 127.9, 127.9, 127.8, 127.8, 127.8, 127.7, 127.7, 127.7, 127.6, 127.6, 127.6, 127.5,
127.5, 127.5, 127.4, 127.3, 127.3, 127.2(CHarom), 103.3(C-Ipann), 101.5(C-1pann), 97.3(C-Lau), 97.0(C-Laur), 79.5(C-
3mann), 79.2(C-3manm), 78.5(C-46u), 76.1(C-5mann), 75.7(C-5mann), 75.1(C-36ur), 74.4, 74.3(C-36u,C-2manw), 74.2, 73.9,
73.8, 73.2(4xCH,Bn), 73.4, 73.4, 73.1, 72.9, 72.9(C-2mann, C-4mann, C-4mann, C-26u ,C-26ur), 71.6, 71.3,71.3,
71.1(4xCH,Bn), 70.0(C-4¢ur), 68.1(C-5a4r), 67.4(C-56u), 66.8(-OCH,CH,CHyN3), 52.4, 52.3, 52.2, 52.0(4x-COOCH,),
48.4(-OCH,CH,CH,N3), 29.1(-OCH,CH,CH,N5); °C —~HMBC (CDCl;, 100 MHz): 103.3(Jcirn = 156Hz, C-Lyann),
101.5(Jes 1 = 156H2, C-Tyiann), 97.3Uerns = 170Hz, C-1u), 97.00crpt = 170Hz, C-1ay). [a]* = -80° (c = 0.84, CHCl3).
IR (neat): 698, 737, 1028, 1038, 1065, 1101, 1115, 1207, 1238, 1456, 1749, 2097, 2924. HR-MS: [M+Na']
Calculated for Cg7Hgs0,5N5: 1606.61469; found: 1606.61593.

Hexasaccharide (10): As described for the general procedure for glycosylation reactions, purification by size

MeOOC OBn exclusion (LH-20,

o ALE oot
Bn [BNO MeOH/DCM 1 :1)

OBn
MeOOC-7 O
MeOOC OBn ©Bn and column
[¢)

o chromatograph
oBn nO grapny
MeOOC Q7 oBn yielded (silica gel,

MeOOC, 0Bn ¢,

pentane/DCM/Et
OBnOBnO
OAc, 4/1/1, v/v/v
MeOOC (0) OBn /1/ NIV)
OLev 10 as a colourless

syrup (17 mg, 30%, B:a > 20:1). TLC: Ry = 0.53 (toluene/acetone, 3/1, v/v); [a]% = -95° (c = 0.48, CHCl3). 'H NMR
(CDCl;, 850 MHz,HH-COSY, HSQC): & 7.50 = 6.93 (m, 60H, CHarom), 5.28 = 5.16 (m, 5H, H-1gy , H-1eu , H-1gu , H-
Ay, H-564), 5.07 (d, J = 1.8 Hz, 1H , H-564), 5.02 (d, J = 1.8 Hz, 1H, H-5¢.), 4.85 (dd, J = 12.0, 9.4 Hz, 4H), 4.79 (d, J
=12.2 Hz, 1H), 4.74 — 4.67 (m, 4H), 4.61 — 4.18 (m, 29H, 3xH-1pann), 4.08 — 3.92 (M, 6H, 3xH-5pann, H-deul), 3.90 —
3.84 (m, 2H), 3.82 (dd, J = 2.7, 1.3 Hz, 1H), 3.78 —=3.72 (m, 3H), 3.64 (t, J = 3.7 Hz, 1H), 3.59 (d, J = 3.6 Hz, 1H), 3.56
(t, / = 3.2 Hz, 1H), 3.53 = 3.37 (m, 20H, 6xCH; COOCHs, -OCH,CH,CH,N3, H-3pann), 3.37— 3.27 (m, 4H, -
OCH,CH,CH,N3, 2XH-3iann), 2.73 = 2.56 (M, 2H, CH, Lev), 2.49 — 2.37 (m, 2H, CH, Lev), 2.15 (s, 3H, COCHs), 1.93 —
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1.79 (m, 2H, -OCH,CH,CH,N3). °C =APT NMR (CDCls, 213 MHz, HSQC): § 206.33 (C=0 Lev), 171.6, 170.3, 170.3,

169.1, 168.8, 168.7, 168.6 (-COO-), 139.3, 139.3, 138.9, 138.8, 138.7, 138.6, 138.3, 138.2, 138.2, 138.2, 138.0,
137.8, 137.7(Cqarom), 128.5, 128.4, 128.3, 128.2, 128.1, 127.9, 127.8, 127.7, 127.6, 127.5, 127.2, 103.4, 103.3,
101.5 (3XC-Lyann), 97.3, 97.1, 96.7(3xC-1u), 79.5, 79.5, 79.4 (3XC-3yann), 78.4, 78.4 (2xC-4ay), 77.4, , 76.2, 76.1,
75.7(3XC-5mann), 74.5, 74.4, 74.3, 74.3, 74.3, 74.2, 73.9, 73.9, 73.8, 73.6, 73.4, 73.4, 73.3, 73.3, 73.3, 73.2, 73.2,
73.0,73.0, 72.6, 72.5, 71.9, 71.3, 71.3, 71.2, 71.2, 71.1, 71.1, 71.1, 71.1, 71.0(C-46yr), 67.5, 67.4(3xC-5a,1), 66.8(-
OCH,CH,CH,N;), 52.4, 52.4, 52.3, 52.2, 52.0, 52.0 (6x-COOCH;), 48.5 (-OCH,CH,CH;Ns), 38.0 (CH, Lev), 29.9
(COCHs), 29. (CH, Lev)2, 28.1 (-OCH,CH,CH,Ns) ; *C -HMBC (CDCls, 213 MHz): 103.4 (Jeyp = 158Hz, C-Tyann), 103.3
Uewpr = 158Hz, C-Iyann), 101.5 (Jeppn = 157Hz, C-Iyann), 97.3 (erws = 172Hz, C-1gu), 97.1 (Jerp = 172Hz, C-1gu), 96.7
(Jerpm1 = 172Hz, C-1gyr). HR-MS: [M+Na'] Calculated for Ci34H145039N5: 2442.93474; found: 2442.94918.

Hexasaccharide (11): See General procedure for delevulinoylation. Purification by column chromatography (silica

MeOOC_ OBn
OB/oﬁ&/O(CHZhM gel, DCM/MeOH,
oBn [°" 100/1, v/v) yielded 11

MeOOC 0 OBn
MeOOC OBn as a colourless syrup
o O
oBn |BMO (28 mg, 86%). TLC: R; =
(0]

MeOOC OBn 0.33 (toluene/acetone,

MeOOC OBn
6} o] 20 o
3/1, v/v); [a] " = -100

MeOOC Z4L7 0Bn (c = 0.56, CHCl5). 'H

OH NMR (CDCls, 400 MHz,
HH-COSY, HSQC): & 7.48 — 6.97 (M, 60H, CHarom), 5.28 (d, J = 3.8 Hz, 1H, H-1g4), 5.24 (d, J = 4.0 Hz, 1H, H-1¢y), 5.18
(d, J= 4.0 Hz, 1H, H-1gy), 5.12 (d, J = 1.9 Hz, 1H, H-5¢4), 5.07 (bs, 1H, H-5g4), 5.02 (bs, 1H, H-5¢y), 4.92 — 4.15 (m,
43H), 4.13 = 3.99 (m, 6H), 3.95 (d, J = 8.5 Hz, 2H), 3.87 (t, J = 3.6 Hz, 2H), 3.82 (d, J = 3.1 Hz, 1H), 3.76 (dt, J = 12.1,
3.6 Hz, 4H), 3.62 — 3.27 (m, 31H), 1.93 — 1.77 (m, 2H). >C ~APT NMR (CDCl5, 100 MHz, HSQC): § 170.5, 170.3,
170.2, 168.8, 168.7, 168.6(-CO0-), 139.2, 139.2, 138.9, 138.8, 138.7, 138.2, 138.2, 138.1, 138.0, 137.8, 137.8 (C,
wom), 128.5,128.5, 128.5, 128.4, 128.4, 128.4, 128.4, 128.3,128.3, 128.2, 128.2, 128.2, 128.1, 128.1, 128.0, 127.9,
127.9, 127.9, 127.8, 127.8, 127.8, 127.7, 127.6, 127.6, 127.6, 127.5, 127.5, 127.4, 127.4, 127.3, 127.3, 127.3,
127.2, 127.2(CH yrom), 103.4, 101.5(3XC-Tpann), 97.3, 97.0(3xC-1cu), 79.5, 79.2, 78.4, 76.1, 76.0, 75.2, 74.4, 74.4,
74.4,74.3,74.3,74.2,73.9, 73.9, 73.5, 73.3, 73.3, 73.2, 73.1, 73.0, 72.9, 71.6, 71.3, 71.3, 71.1, 71.1, 70.0, 68.1,
67.4, 66.8, 52.3, 52.3, 52.2, 48.5, 29.8, 29.8, 29.2. HR-MS: [M+Na'] Calculated for CisH13005/N3: 2344.89796;

found: 2344.91284.
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Tetrasaccharide (12): The tetrasaccharide was obtained as general procedure for hydrolysis of thioglycosidic bond

MeOOC OBn in 96% vyield (350 mg). TLC: Rf = 0.24
o O, OH 20 .
oBn BnO (toluene/EtOAc, 4/3, v/v); [a] b = -75° (c = 0.58,
MeOOC~/ 1O/ Hgn CHCl5). "H NMR (CDCls, 400 MHz,HH-COSY, HSQC):
MeOOC OBn
o 0 5 7.55—7.03 (m, 40H, CHarom), 5.48 (d, J = 6.1 Hz,
OBn Bno
o 1H, H-leu), 5.31 (d, J = 3.9 Hz, 1H, H-1eu), 5.25
MeOOC OBn
OLev (dd, J = 3.6, 1.8 Hz, 1H, H-4ey), 5.20 (d, J = 1.9 Hz,

1H, H-5¢ur), 5.08 (d, J = 3.8 Hz, 1H, H-1piann), 4.93 —
4.78 (m, 3H, CH,Bn), 4.77 — 4.69 (m, 3H, H-5ay, CH,BN), 4.61 — 4.22 (m, 20H, H-Iyanw, H-4wanw, H-4nann, CH2BN),
4.13 (dd, J = 3.8, 1.8 Hz, 1H, H-5pann), 4.04 (d, J = 8.2 Hz, 1H, H-5pan), 3.89 (d, J = 3.5 Hz, 1H, H-3¢u), 3.84 (q, J =
3.4, 2.8 Hz, 2H, H-2pann, H-3mamn), 3.67 (t, J = 3.7 Hz, 1H, H-26y4), 3.61 (d, J = 2.7 Hz, 1H, H-2yanw), 3.56 (s, 3H,
CH;0CO-), 3.53 (d, J = 2.8 Hz, 4H, CH30CO-, H-26y), 3.48 (s, 1H, CH;OCO- B isomer), 3.46 (d, J = 1.1 Hz, 6H,
2xCH;0CO0-), 3.37 (dd, J = 9.2, 2.7 Hz, 1H, H-3yann), 2.79 = 2.53 (m, 2H, CH; Lev), 2.52 = 2.32 (m, 2H, CH, Lev), 2.13
(s, 3H, CH5CO); *C —APT NMR (CDCl5, 100 MHz, HSQC): § 206.2(C=0 Lev), 171.5, 169.9, 169.8, 169.0, 168.6(-
COOCH;), 139.1, 138.6, 138.6, 138.5, 138.0, 138.0, 137.9, 137.6(Cqarom), 128.5, 128.4, 128.3, 128.2, 128.2, 128.1,
128.0, 127.9, 127.9, 127.8, 127.7, 127.7, 127.6, 127.6, 127.5, 127.5, 127.4, 127.3, 127.2(CHarom), 103.3(C-1pann),
98.1(C-1mann), 96.6(C-L6u), 93.7(C-Lnann, B isomer), 92.6(C-Lgur), 79.3(C-3mann), 78.4(C-4ntann), 77.5, 77.4(C-2pann),
77.2, 76.8, 76.7(C-26ur, C-S5mann), 76.5, 76.1, 75.2, 74.4, 74.2, 74.1, 73.7, 73.3, 73.2, 73.1, 72.9, 72.8, 72.4, 72.3,
72.2, 71.3, 71.2, 70.9(C-46u), 67.6(C-56u), 66.2(C-5¢u), 52.4, 52.3, 52.1, 52.0(-COOCHs;), 37.8(CH, Lev),
29.7(CHsCO), 28.0(CH, Lev); *C-HMBC (CDCls, 100 MHz): 103.3(Jeypn = 158Hz, C-1piann), 98.1(Jcipm = 169Hz, C-
Lpann), 96.6(Jciu1 = 171Hz, C-16u), 92.6(Jcir = 171Hz, C-1gyr). IR (neat): 601, 698, 737, 908, 957, 1028, 1067, 1090,
1119, 1175, 1206, 1238, 1286, 1302, 1331, 1362, 1437, 1454, 1497, 1719, 1744, 2870, 2949, 3030, 3462. HR-MS:
[M+Na"] Calculated for CgeHsg057: 1619.60312; found: 1619.60402.

The tetrasaccharide imidate donor 13 was obtained as described for yield N-phenyl-trifluoroacetimidate donor

(360 mg, 96%, a: B = 2.4:1). TLC: Ry = 0.40

OMeOOC QBn CF, (pentane/DCM/EtOAc, 2/1/1, v/v/v); H

BnO Y
OB
Meooo?@iom NPh  NMR (CDCls, 400 MHz,HH-COSY, HSQC): &
MeOOC Ogn 5 7.56 —7.00 (m, 43H, CHarom), 6.87 — 6.78 (M,

%8no
o8n 1B" 2H, CHarom), 6.46 (bs, 0.80H, H-Lysm «
MeOOC 7497 0Bn
OLev

isomer), 6.26 (bs, 0.34H, H-1pann B isomer),
5.31(t, J = 3.6 Hz, 1H, H-1eu), 5.28 —5.23 (m,
1H, H-4eur), 5.21 (d, J = 1.9 Hz, 1H, H-564), 5.12 (d, J = 4.0 Hz, 0.72H, H-1eu), 5.09 (d, J = 4.0 Hz, 0.32H, H-1g,), 4.98
—4.78 (m, 3H), 4.77 — 4.63 (m, 3H), 4.63 — 4.23 (m, 13H), 4.23 — 4.12 (m, 1H), 4.06 (dd, J = 8.2, 4.9 Hz, 1H), 3.95 (t,
J=3.0 Hz, OH), 3.88 (dt, J = 14.6, 3.5 Hz, 2H), 3.75 (dd, J = 7.7, 4.7 Hz, 2H), 3.67 (t, J = 3.7 Hz, 1H), 3.62 (d, J = 4.2 Hz,
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2H), 3.59 (s, 2H), 3.54 (s, 2H), 3.53 (s, 1H), 3.50 (s, 3H), 3.47 (s, 3H), 3.40 — 3.34 (m, 1H), 2.76-2.53(m, 1H), 2.48 —

2.31 (m, 2H), 2.14 (s, 3H); >C—APT NMR (CDCls, 100 MHz, HSQC): § 206.2, 171.5, 170.0, 169.9, 169.0, 168.9, 168.6,
139.1, 138.7, 138.6, 138.1, 138.0, 137.7, 137.6, 128.7, 128.6, 128.5, 128.4, 128.4, 128.3, 128.3, 128.3, 128.3,
128.1, 128.1, 128.0, 128.0, 127.9, 127.8, 127.8, 127.7, 127.7, 127.7, 127.6, 127.5, 127.5, 127.5, 127.3, 127.3,
127.2, 124.3, 123.9, 103.3(C-Lyann), 98.5, 98.0(C-16u), 96.7(C-1gur), 94.4(C-1pann) 92.7(C-1nann), 77.5, 77.2, 76.8,
74.2,73.7,73.5,73.0, 72.5, 72.5, 71.5, 71.3, 71.3, 52.3, 52.3, 52.2, 52.1, 37.9, 28.0; *C-HMBC (CDCl;, 100 MHz):
103.3(Jc1m1 = 157Hz, C-Iyiann), 98.5, 98.0(Jc1 i1 = 169Hz, C-1gu), 96.7(Jcrm = 169Hz, C-1gyr). IR (neat): 601, 638, 696,
735, 777,908, 961, 1028, 1058, 1092, 1119, 1152, 1206, 1240, 1304, 1323, 1362, 1437, 1454, 1497, 1597, 1719,
1746, 2952. HR-MS: [M+Na"] Calculated for Co7H100F3NO>7: 1790.63270; found: 1790.63398.

Texasaccharide (16): As described for the general procedure for the glycosylation reactions. Purification by size

COOMe exclusion and  column
OBn .
‘0 chromatography (silica gel,

(0]
OBn o pentane/DCM/EtOAc,
MeOOC 7107 g ,
MeOOC OBn 3/1/1, v/v/v) yielded 16 as
o P a colourless oil (116 mg,

O,
OBn BnO
MeOOC () OBn 73%, BZCX > 20:1). TLC: Rf =
MeOOC_ OBn
o 0O

0.55 (toluene/EtOAc, 4/3,
o)

OB BnO 20

=N vV); [l = +42° (c = 1,
Me0OCZ4L7 oBn

1
OLey CHCl3). *H NMR (CDCl5, 400

MHz,HH-COSY, HSQC): 6
7.52 (d,J = 8.2 Hz, 2H), 7.48 = 6.96 (m, 62H), 5.67 (d, J = 7.8Hz, 1H, H-1pmann), 5.29 (d, J = 4.0 Hz, 1H, H-1gy), 5.27 —
5.22 (m, 2H, H-1gy, H-4gur, 2xH-564), 5.20 (d, J = 1.9 Hz, 1H, H-5¢y), 5.09 (d, J = 1.7 Hz, 1H, H-1¢y), 5.05 (d, J = 4.0
Hz, 1H, H-1cu), 4.97 — 4.81 (m, 3H), 4.81 — 4.65 (m, 4H), 4.64 — 4.21 (m, 21H), 4.15 (dd, J = 3.8, 1.8 Hz, 1H, H-4gy4),
4.07 (dd, J = 3.7, 1.8 Hz, 1H, H-4¢y), 4.02 (d, J = 8.2 Hz, 1H, H-56y), 3.97 (d, J = 8.3 Hz, 1H, H-5g4), 3.89 (t, J = 3.7 Hz,
1H), 3.84 (t, J = 3.5 Hz, 1H), 3.81 — 3.69 (m, 2H), 3.68 — 3.61 (m, 2H), 3.58 (d, J = 2.4 Hz, 3H), 3.52 (s, 3H), 3.49 (d, J
= 2.7 Hz, OH), 3.47 (s, 2H), 3.45 (s, 6H), 3.40 (s, 3H), 3.39 = 3.35 (M, 1H, H-3yann), 3.34 = 3.29 (M, 1H, H-3y1ann), 2.79
—2.51 (m, 2H), 2.44 (dd, J = 6.4, 4.3 Hz, 2H), 2.27 (s, 3H), 2.14 (s, 3H); "°C ~APT NMR (CDCls, 100 MHz, HSQC): &
206.2, 171.5, 170.2, 169.9, 169.5, 169.0, 168.6, 139.2, 139.1, 138.8, 138.8, 138.5, 138.2, 138.2, 138.1, 138.0,
137.9, 137.8, 137.6, 131.8, 130.4, 129.6, 128.4, 128.4, 128.3, 128.3, 128.2, 128.2, 128.1, 128.1, 128.0, 127.9,
127.8,127.8,127.7, 127.7, 127.6, 127.6, 127.5, 127.5, 127.5, 127.4, 127.2, 127.2, 103.3, 103.3(C-1pmann", C-Lmann),
97.9, 97.1, 96.6(3xC-1eu), 79.5, 79.3(C-3yanws C-3wany), 78.7, 78.3(C-4gy, C-dou), 77.5, 77.4(HCCl), 77.2,
76.8(DCCls), 76.3, 76.1(C-5mann, C-S5manw), 74.9, 74.4, 74.3, 74.3, 74.3, 74.2, 74.2, 74.1, 73.5, 73.3, 73.2, 73.2, 73.0,
72.9,72.5,72.5,72.4,72.3,71.4,71.2,71.2,71.1, 71.0, 67.8, 67.4, 66.3, 52.3, 52.2, 52.1, 52.1, 52.0, 51.9, 37.9,
29.8, 28.0, 21.1. IR (neat): 698, 737, 908, 1028, 1057, 1094, 1119, 1207, 1240, 1362, 1437, 1454, 1497, 1747,
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2951. HR-MS: [M+Na"] Calculated for Ci35H1465035: 2465.91050; found: 2465.89507.

The hexasaccharide was obtained as general procedure for hydrolysis of thioglycosidic bond (74 mg, 81%). TLC: Ry =
0.38 (toluene/EtOAc,

MeOOC_ OBn
O%OH 4/3, vv); [a)”% = -77°
OBn BnO
- = 1, CHCl5). "H NMR
MeOOC 97 oBn (c=1, 3).
MeOOC Ogn o (400 MHz, Chloroform-
OBno
OBn d) & 7.54 — 6.93 (m,
MeOOC 748
MeOOG OBn OBn 60H), 5.47 (d, J = 6.7
o5 o O
opn (B0 Hz, 1H, H-Iyam), 5.28
Me00CZ4L7 oBn (d, J = 4.0 Hz, 1H, H-
OLev leu), 5.27 — 521 (m,

2H, H-1gu, H-4eur), 5.19 (d, J = 2.0 Hz, 1H), 5.08 (d, J = 1.8 Hz, 1H, H-5¢u), 5.05 (d, J = 3.8 Hz, 1H, H-1c4), 4.90 — 4.78
(m, 4H), 4.72 (d, J = 2.0 Hz, 2H), 4.69 (s, 2H), 4.63 —4.20 (m, 26H), 4.14 (dd, J = 3.8, 1.8 Hz, 1H, H-4c.), 4.07 (dd, J =
3.9, 1.5 Hz, 1H, H-4cy), 4.03 (d, J = 8.2 Hz, 1H, H-5yam), 3.97 (d, J = 8.5 Hz, 1H, H-5yann), 3.88 (t, J = 3.6 Hz, 1H), 3.83
(dt, J=7.7,3.1 Hz, 1H), 3.77 (t, J = 3.6 Hz, 1H), 3.68 — 3.61 (m, 3H), 3.59 (s, 2H), 3.57 (d, J = 2.5 Hz, 1H), 3.52 (d, J =
9.7 Hz, 4H), 3.48 (s, 1H), 3.47 (s, 3H), 3.45 (s, 4H), 3.44 (s, 2H), 3.40 (s, 3H), 3.39 — 3.36 (m, 1H), 3.32 (dd, /= 9.2,
2.8 Hz, 1H, H-3yans), 2.81 — 2.53 (m, 3H), 2.44 (m, 2H), 2.14 (s, 3H); °C ~APT NMR (CDCl5, 100 MHz, HSQC): &
206.2, 171.6, 170.2, 169.9, 169.8, 169.0, 168.6, 139.2, 139.1, 138.8, 138.8, 138.6, 138.5, 138.2, 138.1, 138.0,
138.0, 137.9, 137.7, 128.5, 128.4, 128.4, 128.3, 128.3, 128.2, 128.2, 128.1, 128.1, 128.0, 128.0, 127.9, 127.9,
127.8,127.8, 127.7, 127.7, 127.6, 127.6, 127.5, 127.5, 127.4, 127.3, 127.2, 103.4, 103.3(C-1yann”, C-1pann), 98.3,
97.1, 96.7(3xC-16u), 92.7(C-1pam), 79.5, 79.3, 78.3, 77.5, 77.4, 77.2, 76.8, 76.7, 76.3, 76.1, 75.4, 74.5, 74.3, 74.2,
74.2,73.9,73.4,73.4,73.3,73.2,73.1,73.0, 72.9, 72.9, 72.5, 72.4, 72.4,71.5, 71.3, 71.2, 71.1, 71.0(C-4¢s.), 67.7,
67.4, 66.3(3xC-564), 52.3, 52.3, 52.2, 52.1, 52.1, 51.9, 37.9, 29.8, 28.1; *C-HMBC (CDCl;, 100 MHz): 103.4,
103.3(Jerpn = 158Hz, C-Tyian, C-Lwann), 98.3, 97.1, 96.7(Jcypn = 168Hz, Jerws = 171Hz, Jeypn = 171Hz, 3xC-1ay),
92.7(Jcyp1 = 171Hz, C-yann). IR (neat): 698, 737, 910, 1028, 1061, 1098, 1117, 1206, 1238, 1304, 1362, 1454, 1748,

2870, 2949, 3030. HR-MS: [M+Na'] Calculated for Cy3;H140030: 2359.88639; found: 2359.88290.
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The hexasaccharide imidate donor 17: was obtained as general procedure for yield N-phenyl-trifluoroacetimidate

MeOOC_ OBn donor (74 mg,
O ,O_CF;
OBn Q8no L{Ph 99%, a: B = 3.2:1).
MeOOC?QiOBn TIC: R, = 0.65
MeOOC O|c3)n
0 (toluene/EtOAC,
B c)BnO

80° (c = 1, CHCLy).

OBn . 20 _
Me00CZ4L7 oBn 4/3, vv); (o] = -
MeOOC, OBn
o °

OBnO
OBn '"H NMR (CDCls,
MeooCZ4L7 oBn
400 MHz,HH-COSY,
OLev

HSQC): & 7.56 —
6.96 (m, 63H), 6.82 (dd, J = 8.2, 1.9 Hz, 2H), 6.45 (s, 0.76H, H-1yann @ isomer), 6.25 (s, 0.24H, H-1yan B isomer),
5.28(d, J = 3.9 Hz, 1H, H-1eu), 5.27 = 5.21 (M, 2H, H-1eu, H-4cur), 5.19 (d, J = 1.9 Hz, 1H, H-56,), 5.12 — 5.05 (m, 2H,
H-Leu, H-56u), 4.94 —4.77 (m, 3H), 4.78 — 4.63 (m, 4H), 4.64 — 4.19 (m, 18H), 4.15 (dd, J = 3.8, 1.9 Hz, 1H), 4.07 (dd,
J=3.8, 1.8 Hz, 1H), 4.02 (d, J = 8.3 Hz, 1H), 3.97 (d, J = 8.3 Hz, 1H), 3.88 (t, J = 3.6 Hz, 1H), 3.84 (t, J = 3.6 Hz, 1H),
3.80 - 3.69 (M, 2H), 3.64 (t, J = 3.6 Hz, 2H), 3.58 (d, J = 6.3 Hz, 3H), 3.51 (s, 3H), 3.49 (s, 3H), 3.45 (s, 6H), 3.40 (s,
3H), 3.37 (m, 1H), 3.35 - 3.29 (m, 1H), 2.80 — 2.50 (m, 2H), 2.53 — 2.22 (m, 2H), 2.15 (d, J = 9.5 Hz, 3H); °C -APT
NMR (CDCls, 100 MHz, HSQC): § 206.2, 171.6, 170.3, 170.0, 169.1, 168.6, 139.2, 139.1, 138.8, 138.8, 138.6, 138.2,
138.1, 138.0, 137.8, 137.7, 128.7, 128.7, 128.5, 128.4, 128.4, 128.4, 128.3, 128.3, 128.1, 128.1, 128.0, 128.0,
127.9, 127.9, 127.8, 127.8, 127.7, 127.7, 127.7, 127.6, 127.6, 127.5, 127.5, 127.5, 127.2, 127.2, 127.1, 12423,
123.9, 119.7, 119.6, 103.4, 103.3(C-1yanm, C-1piann), 98.5, 98.1, 97.1, 96.7(3xC-1a4), 94.4(C-Lyann), 79.5, 79.3, 78.6,
78.4, 76.8, 76.6, 76.3, 76.1, 75.7, 74.8, 74.4, 74.3, 74.2, 74.2, 73.7, 73.3, 73.3, 73.0, 73.0, 72.5, 72.5, 72.3, 71.3,
713,712, 71.2, 71.1, 71.0, 67.7, 67.4, 66.3, 53.9, 53.0, 52.3, 52.3, 52.3, 52.2, 51.9, 46.2, 37.9, 29.8, 29.4, 28.1;
BC-HMBC (CDCls, 100 MHz): 103.4, 103.3(Je1p1 = 158H2, C-Lyany’s C-Ipiann), 98.5, 97.1, 96.7(Jerpn = 169HZ, Jeyp =
169Hz, Jeym = 171Hz, 3xC-1ay). IR (neat): 696, 735, 908, 959, 1028, 1055, 1094, 1117, 1206, 1238, 1304, 1329,
1360, 1454, 1748, 2872. HR-MS: [M+Na"] Calculated for C139H144F3NO39: 2530.91598; found: 2530.91172.

Trisaccharide 19: As described for the general procedure for the glycosylation reactions. 19 was obtained (1.86 g,

COOMe 92%). TLC: Ry = 0.10 (Pentane/EtOAc, 10/1, v/v). [a]*% = -47° (c =
OBnN
S 0.98, CHCl). '"H NMR (CDCls, 400 MHz,HH-COSY, HSQC): & 7.62 —

o
OBn 0BRT 6.92 (m, 34H, CHun), 5.68 (d, J = 7.9 Hz, TH, H-Tyam), 5.24 — 5.11
MeOOC7107 ogn

(m, 1H, H-1gu), 5.11 — 4.94 (m, 2H, H-1gy, CHH Bn), 4.83 (d, J = 11.9

oBn ©
Woan Hz, 1H, CHH Bn), 4.78 — 4.42 (m, 8H), 4.41 — 3.99 (m, 4H), 4.00 —
B ’OO 3.26 (m, 17H), 2.26 (s, 3H, CH; STol), 1.03 (s, 9H, 3xCHs tert-Bu),
U\S\i/
tBu 0.91 (s, 9H, 3xCH5 tert-Bu); C —APT NMR (CDCls, 100 MHz, HSQC):

6 170.0, 169.7(-CO0-), 139.6, 138.9, 138.3, 138.2, 138.1, 137.9(Cqarom), 131.8(CHarom), 130.4(Cqarom), 129.6, 128.5,
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128.4,128.4, 128.3, 128.3, 128.2, 128.0, 127.9, 127.8, 127.6, 127.6, 127.5(CHarom), 99.9(C-16u), 97.2(C-16u), 77.6,
77.3, 75.8, 75.3, 75.2, 74.9, 74.1, 73.7, 73.2, 72.5, 72.5, 71.6, 71.1, 68.2(C-56ur), 66.8(C-6aur), 64.8(C-5s4), 52.1(-
COOCHj3), 27.7(CHjs tert-Bu), 27.3(CHjs tert-Bu), 23.3(C, tert-Bu), 21.2(CH; STol), 20.4(C, tert-Bu). IR (neat): 650, 698,
739, 799, 827, 868, 1028, 1088, 1117, 1140, 1207, 1306, 1364, 1454, 1472, 1494, 1734, 1753, 2859, 2932. HR-MS:

[M+Na"] Calculated for C;7Hs0017SSi: 1369.55602; found: 1369.55666.

Trisaccharide 20: was obtained as described by the general procedure for removal of the di-tert-butyl silylidene

group (1.61 mg, 99%). TLC: R; = 0.40 (pentane/EtOAc, 1/1, v/v).

COOMe

0Bn [a]*’, = -44° (c = 0.92, CHCl3). "H NMR (CDCls, 400 MHz,HH-COSY,
(o]
oBn © ons HSQC): 6 7.70 — 6.72 (m, 34H, CHyrom), 5.68 (d, J = 7.9 Hz, 1H),
MEOOCWOBn 5.26 — 4.97 (m, 2H), 4.91 (d, J = 11.3 Hz, 1H), 4.87 — 4.29 (m,
ogn © 11H), 4.29 — 3.94 (m, 2H), 3.91 — 3.28 (m, 15H), 2.25 (s, 3H, CH,
Wosn STol)); C —=APT NMR (CDCls, 100 MHz, HSQC): 6 170.0, 169.7(-
HO

OH COO-), 139.4, 1389, 1383, 138.2, 138.2, 137.9(Cq wom),

131.9(CHarom), 130.2(Cqarom), 129.6, 128.3, 128.3, 127.9, 127.8, 127.6, 127.5, 127.3(CHarom), 100.0(C-1gy), 97.2(C-
leu), 77.4, 75.0, 74.8, 74.6, 74.3, 74.1, 73.9, 73.0, 72.8, 72.5, 72.4, 72.1, 71.7, 71.4, 68.1, 66.4, 64.0, 52.1(-
COOCH;3), 21.1(CH; STol). IR (neat): 612, 698, 735, 779, 810, 914, 949, 1028, 1074, 1088, 1103, 1209, 1242, 1282,
1306, 1323, 1362, 1393, 1437, 1454, 1495, 1734, 1749, 2870, 2922. HR-MS: [M+Na'] Calculated for CsgH7401;S:

1229.45389; found: 1229.45418.

The trisaccharide acceptor 21 was obtained as described by the general procedure for oxidation and methylation

COOMe (85 mg, 76%). TLC: R = 0.38 (pentane/DCM/EtOAc, 2/1/1, v/v).

OBn
0 [@]®’p = -42° (c = 1, CHCl3). "H NMR (CDCls, 400 MHz,HH-COSY,

o) STol
OBn 0BR O HSQC): § 7.52 (d, J = 8.3 Hz, 2H, CHyon), 7.47 — 7.08 (m, 30H,
MeOOC7 107 qan
CHarom), 7.03 (d, J = 8.4 Hz, 2H, CHarom), 5.68 (d, J = 7.9 Hz, 1H),
o)
OBn _ _

Me0oC7 107 oo 5.16 (dd, J = 17.4, 3.7 Hz, 2H), 4.85 (dd, J = 11.6, 5.1 Hz, 2H), 4.70
(bs, 1H), 4.68 — 4.09 (m, 15H), 4.00 (s, 1H), 3.96 — 3.60 (m, 7H),

OH
3.47 (d, J = 27.9 Hz, 6H), 2.26 (s, 3H, CH; STol); C —APT NMR

(CDCl3, 100 MHz, HSQC): 6 170.3, 169.7, 169.6(-CO0-), 139.0, 138.9, 138.2, 138.1, 138.0, 137.9, 137.0(Cq arom),
131.8(CHarom), 130.4(Cqarom), 129.6, 128.4, 128.2, 127.9, 127.8, 127.8, 127.7, 127.6, 127.5, 127.5(CHarom), 100.1(C-
16u), 97.5(C-16u), 78.1, 77.4, 75.0, 75.0, 74.8, 74.8, 74.1, 73.9, 73.8, 73.4, 72.9, 72.5, 71.9, 71.7, 69.9, 68.7, 68.0,
52.5, 52.1, 52.0(-COOCHs), 21.1(CH; STol). IR (neat): 698, 737, 1028, 1076, 1092, 1119, 1209, 1240, 1306, 1358,
1454, 1495, 1736, 1751, 2870, 3030, 3497. HR-MS: [M+Na'] Calculated for CsoH-4015S: 1257.44881; found:

1257.44898.
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Pentasaccharide 22 was obtained as described for the general procedure for the glycosylation reactions.

COOMe Purification by size exclusion (LH-20,
~Oan DCM/MeOH, 1:1) and column

gTOI chromatography (silica gel, DCM/acetone,

(e}
OBn OB
MeOOC 0
OBn 30/1, v/v) yielded 29 as a colourless syrup

oBn T (112 mg, 87%, B:a > 20:1). TLC: Ry = 0.58
MeOOC / oBn (toluene/EtOAC, 4/3, v/v); [a]*% = -66° (c = 1,
MeOOC_ OBn
% O O CHCl3). "H NMR (CDCls, 400 MHz,HH-COSY,
0Bn |20
Meooc@iogn HSQC): & 7.69 — 6.72 (M, 54H, CH,om), 5.69
Olev (d, J = 8.2 Hz, 1H, H-1yam), 5.37 — 4.96 (m,

5H, H-Law, H-1eur, H-leur, H-4eur, H-5a,r), 4.93 — 4.78 (m, 3H), 4.73 (s, 1H), 4.70 (s, 1H), 4.65 (s, 1H), 4.62 — 4.49
(m, 7H), 4.45 (s, 3H), 4.41 — 4.33 (m, 2H), 4.33 —4.23 (m, 3H), 4.16 (dd, J = 4.1, 1.8 Hz, 1H), 4.12 (d, J = 2.0 Hz, 1H),
4.05 (d, J = 8.2 Hz, 1H), 3.90 (dd, J = 8.1, 4.6 Hz, 2H), 3.83 (dd, J = 4.0, 2.8 Hz, 1H), 3.78 = 3.74 (m, 1H), 3.73 (t, J =
3.3 Hz, 1H), 3.70 — 3.52 (m, 6H), 3.50 (d, J = 0.9 Hz, 6H), 3.46-3.40 (m, 4H), 3.37 (s, 3H), 2.89 — 2.49 (m, 2H), 2.43
(m, 2H), 2.26 (s, 3H), 2.14 (s, 3H); °C —~APT NMR (CDCls, 100 MHz, HSQC): & 206.2(C=0 Lev), 171.5, 169.7, 169.6,
169.5, 169.0, 168.6(-COOCHs), 139.2, 139.0, 138.7, 138.5, 138.2, 138.2, 138.1, 137.9, 137.9, 137.7(C4 wrom),
131.7(CHarom), 130.4(Cqarom), 129.5, 128.4, 128.4, 1283, 128.3, 128.2, 128.2, 128.2, 128.1, 128.0, 127.9, 127.8,
127.8,127.8,127.7, 127.7, 127.7, 127.6, 127.5, 127.5, 127.4, 127.2(CHurom), 103.3(C-1yany), 100.1, 97.4, 96.6(3xC-
1au), 79.4, 78.7, 78.0, 77.5, 77.4, 77.2, 76.8, 76.2, 75.2, 74.8, 74.2, 74.2, 73.7, 73.4, 73.3, 73.3, 73.1, 73.0, 72.5,
72.5, 72.4, 72.4, 71.7, 71.3, 713, 71.0, 71.0(C-4¢,), 68.1, 67.8, 66.3(3xC-5¢,), 52.3, 52.3, 52.1, 52.0, 51.9(-
COOCHs), 37.9(CH, Lev), 29.8(CH5CO), 28.0(CH, Lev), 21.1(CH; STol); *C-HMBC (CDCls, 100 MHz): 103.3(Jerp =
158Hz, C-Tpany), 100.1, 97.4, 96.6 (Jeypy = 170Hz, 169Hz, 172Hz). IR (neat): 696, 735, 810, 910, 953, 1026, 1063,
1090, 1117, 1177, 1207, 1238, 1306, 1360, 1454, 1744, 2870, 2922. HR-MS: [M+H'] Calculated for Cy7H12403,5:
2073.78692; found: 2073.78474.

This pentasaccharide was obtained as general procedure for hydrolysis of thioglycosidic bond (67 mg, 98%). TLC: R¢

= 0.50 (DCM/acetone, 10/1, v/v); [a]”% = -75° (c

MeOOC_ OBn 1

o O _OH = 0.58, CHCls). "H NMR (CDCls, 400 MHz,HH-
OBn BnO
MeoocﬁaioBn COSY, HSQC): & 7.52 — 6.95 (m, 50H), 5.47 (d, J =
o) 7.0 Hz, 1H, H-1uann), 5.27 (d, J = 4.0 Hz, 1H, H-
OBn
Me00C 7497 0B = A
weooe 551 ﬁ\i n leu), 5.24 (dd, J = 3.9, 2.0 Hz, 1H, H-4eur), 5.19
OBnano (d, J= 2.0 Hz, 1H, H-5c4), 5.17 (d, J = 3.9 Hz, 1H,
Me00CZ4L7 0Bn H-1cu), 5.13 (d, J = 3.9 Hz, 1H, H-16y), 4.86 (dt, J
OLev

=11.8, 4.7 Hz, 3H), 4.73 (d, J = 2.3 Hz, 1H), 4.70
(d,J = 2.5 Hz, 1H), 4.63 (d, J = 1.9 Hz, 1H), 4.60 — 4.13 (m, 19H), 4.11 (d, J = 12.0 Hz, 1H), 4.05 (d, J = 8.3 Hz, 1H),
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3.89 (d, J = 3.4 Hz, 2H), 3.87 = 3.77 (m, 2H), 3.72 (dd, J = 5.3, 3.2 Hz, 1H), 3.69 — 3.58 (m, 5H), 3.50 (d, J = 4.0 Hz,
5H), 3.38 (d, J = 4.6 Hz, 3H), 2.68 — 2.56 (m, 2H), 2.53 — 2.30 (m, 2H), 2.15 (s, 3H); >C ~APT NMR (CDCls, 100 MHz,
HSQC): & 206.3, 171.6, 170.0, 169.8, 169.5, 169.1, 168.7, 139.3, 139.1, 138.7, 138.6, 138.6, 138.1, 138.0, 138.0,
137.7, 128.5, 128.4, 128.4, 128.3, 128.3, 1283, 128.2, 128.2, 128.1, 128.1, 127.9, 127.9, 127.8, 127.8, 127.7,
127.7,127.6, 127.6, 127.6, 127.5, 127.3, 103.4(C-Lyann), 100.2, 98.0, 96.7(3xC-1u), 92.7(C-Lytann), 79.4, 78.7, 77.8,
77.5,77.2,76.9,76.8, 76.2, 75.6, 75.4, 74.3, 74.1, 73.7, 73.3, 73.2, 73.2, 73.0, 72.8, 72.6, 72.5, 72.4, 71.7, 71.4,
71.3,71.1, 71.0, 68.0, 67.8, 66.3, 52.4, 52.2, 52.0, 52.0, 37.9, 29.8, 29.7, 28.1; C-HMBC (CDCl;, 100 MHz): 103.4
(s = 158Hz, C-Typann), 100.2, 98.0, 96.7 (Jeywuy = 171Hz, Jeyps = 167Hz, Jeyps = 175Hz, 3xC-1au), 92.7 (e =
170Hz, C-Lyanmn). IR (neat): 698, 739, 908, 1028, 1094, 1119, 1209, 1238, 1306, 1360, 1437, 1454, 1497, 1719,

1748, 2872, 2926, 3030. HR-MS: [M+Na"] Calculated for Ci1oH115033: 1389.74476; found: 1389.74550.

The pentasaccharide imidate donor 23 was obtained as general procedure for yield N-phenyl-trifluoroacetimidate

MeOOC OBn donor (65 mg, 84%, a: B = 2.4:1).
O O CF,

O
oBn |BnO TLC: Ry = 0.33 (pentane/DCM/EtOAc,

MeOOC 7107 g NPh .
n 2/1/1, v/v/v); "H NMR (CDCl5, 400

0 MHz,HH-COSY, HSQC): & 7.54 — 7.00

OBn
Meoocﬁdoan (m, 53H), 6.88 — 6.78 (m, 2H), 6.46
MeOOC Ogn o

0 (s, 0.55H, H-1pany @ isomer), 6.26 (s,
BnO
OBn
Me00CZ4LZ 0Bn
OLev

1.8 Hz, 1H, H-4gu), 5.20 (d, J = 1.9 Hz, 1H, H-5ay), 5.17 (d, J = 3.9 Hz, 2H, 2xH-1¢4), 4.87 (dd, J = 11.7, 6.0 Hz, 2H),

0.23H, H-1pan B isomer), 5.28 (d, J =
3.5 Hz, 1H, H-1g4), 5.24 (dd, J = 3.7,

4.77 — 4.64 (m, 3H), 4.61 — 4.19 (m, 15H), 4.18 — 4.11 (m, 1H), 4.11 — 4.02 (m, 2H), 3.90 (dt, J = 7.4, 3.5 Hz, 2H),
3.86 —3.80 (m, 1H), 3.76 — 3.69 (M, 2H), 3.69 — 3.57 (m, 4H), 3.55 — 3.48 (m, 5H), 3.46 (s, 2H), 3.39 (d, J = 9.0 Hz,
3H), 2.79 — 2.57 (m, 2H), 2.51 — 2.36 (m, 2H), 2.15 (s, 3H); °C ~APT NMR (CDCls, 100 MHz, HSQC): § 206.2, 171.6,
169.8, 169.6, 169.1, 169.1, 168.7, 139.3, 139.0, 138.7, 138.6, 138.2, 138.1, 138.1, 138.0, 138.0, 137.7, 137.7,
128.7, 128.7, 128.4, 128.4, 128.4, 128.3, 128.3, 128.2, 127.8, 127.8, 127.7, 127.7, 127.6, 127.6, 127.6, 127.5,
127.5,127.4, 127.3, 127.2, 127.1, 119.6, 103.4(C-1pian), 100.4, 100.2, 98.3, 97.6, 96.7(C-Lu), 94.3(C-1yann), 79.4,
78.8, 78.0, 77.5,77.2, 76.8, 76.6, 76.2, 75.5, 74.9, 74.4, 74.2, 74.2, 73.7, 73.5, 73.4, 73.3, 73.2, 73.0, 73.0, 72.7,
72.5,72.4, 71.6, 71.3, 71.3, 71.1, 68.0, 67.8, 66.3, 52.4, 52.3, 46.2, 37.9, 30.4, 29.8, 28.1; "’C-HMBC (CDCl;, 100
MHz): 103.4 (Jey 1 = 158Hz, C-Tyiany), 100.2, 98.3, 97.6 (Jeywus = 170Hz, Jerps = 168Hz, Jeyyn = 171Hz, 3xC-1ay). IR
(neat): 696, 737, 910, 1028, 1063, 1072, 1092, 1117, 1206, 1240, 1306, 1360, 1437, 1454, 1497, 1720, 1744,

2855, 2924. HR-MS: [M+Na'] Calculated for Ci1gH12,F3sNOss: 2160.77434; found: 2160.77214.
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Hexasaccharide 24 was obtained as described general procedure for the glycosylation reactions. Purification by

column  chromatography
OCCH,)3N3
Bn

(silica gel,
MeOOC O
OBn pentane/DCM/EtOAC,
MeOOC OB
° ono 3/1/1, v/v/v) vyielded 24
O,
0Bn B0 (mg, 43%, B > 20:1)
MeOOC O OBn .
[@]™p = -95° (c = 0.44,
o 1
OBn CHCl3). "H NMR (CDCls, 400
O
MeOOC?LZ),OBn _
MeOOC OBn MHz,HH-COSY, HSQC): 6
o O
OBno 7.70 - 6.89 (m, 60H), 5.33
OBn
Meo0oCZ4LZ oBn (d, J = 4.0 Hz, 1H, H-1ay),
OLev 527 (d, J = 3.8 Hz, 1H, H-

Leu), 5.23 (dd, J = 3.8, 1.9 Hz, 1H, H-4ey), 5.19 (d, J = 2.0 Hz, 1H, H-56,), 5.06 (d, J = 4.1 Hz, 1H, H-1e.), 5.03 (d, J =
1.9 Hz, 1H, H-5¢u), 4.90 — 4.80 (m, 6H, H-1g,, CH, Bn), 4.76 (d, J = 1.6 Hz, 1H, H-5¢,), 4.74 — 4.65 (m, 5H, CH, Bn),
4.64 — 4.21 (M, 25H, 2XH-Tyiann, 2XH-4ytann, 2XH-36u, CH Bn), 4.18 (t, J = 3.6 Hz, 1H, H-4ay), 4.11 (M, 2H, 2xH-4ey),
4.06 — 3.94 (M, 3H, 2xH-5y1ann, CH, Bn), 3.92 — 3.75 (m, 5H, 2xH-3gu, 2xH-264, -OCH,CH,CH,N3), 3.70 — 3.63 (m, 5H,
2xH-264, CH30CO), 3.60 (d, J = 3.4 Hz, 5H, 2XH-2yann, CH30CO), 3.50 (s, 3H, CH;0C0), 3.48 (s, 3H, CH;0CO), 3.45 (d,
J = 1.6 Hz, 4H, CH30CO, -OCH,CH,CH,N3), 3.41 (d, J = 1.0 Hz, 1H), 3.40 — 3.27 (m, 4H, 2XH-3yann, -OCH,CH,CHN3),
3.21 (s, 3H, CH;OCO), 2.65 (dd, / = 15.2, 6.4 Hz, 2H, CH, Lev), 2.59 — 2.26 (m, 2H, CH, Lev), 2.15 (s, 3H, CH5CO),
2.00 — 1.46 (m, 2H, -OCH,CH,CH,N5).°C ~APT NMR (CDCl5, 100 MHz, HSQC): & 206.3(C=0 Lev), 171.6, 170.3,
169.9, 169.8, 169.1, 168.8, 168.7(-COOCHs), 139.3, 139.3, 139.1, 138.8, 138.7, 138.6, 138.3, 138.1, 138.0, 137.9,
137.8(Cqarom), 128.7, 128.6, 128.5, 128.5, 128.4, 128.4, 128.3, 128.3, 128.1, 128.1, 128.0, 127.9, 127.9, 127.8,
127.8,127.7, 127.7, 127.6, 127.5, 127.5, 127.4, 127.4, 127.3, 127.3(CHarom), 103.5, 103.4(2XC-1yann), 100.2, 98.2,
96.8, 96.7(4xC-16y), 79.7, 79.5(2XC-3yiann), 78.8, 78.2(3xC-4cu), 76.2(2XC-Sniann), 75.5, 74.9(2xC-3¢u), 74.3(2xC-
2uenn), 74.2(CHBN), 73.9,73.8(C-26u, 2XC-4pam), 73.6(CHBn), 73.5(C-34), 73.0(CH,Bn), 72.8, 72.5(3xC-2u),
72.4(C-3y), 71.6, 71.5, 71.3, 71.1(CH,Bn), 71.0(C-4ey~), 67.7, 67.1, 66.3(3xC-5cu), 65.3(-OCH,CH,CH,N3), 52.4,
52.3, 51.8(6x-COOCH;), 48.4(-OCH,CH,CH,N3), 38.0(CH, Lev), 29.8(CHsCO), 28.7(-OCH,CH,CH,Ns), 28.0(CH, Lev);
BC-HMBC (CDCl3, 100 MHz): 103.4 (Jepp1 = 158Hz, C-1yiany), 100.2, 98.3, 97.6 (Jern = 170Hz, Jeyp = 168Hz, Jeips =
171Hz, 3xC-1ay). IR (neat): 698, 737, 912, 1028, 1063, 1094, 1117, 1207, 1238, 1304, 1360, 1437, 1454, 1497,
2095, 2855, 2924, 3030. HR-MS: [M+Na’] Calculated for Ci3sH1asN3O0s0: 2442.93494; found: 2442.92607.
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25 was obtained as described by the general procedure for delevulinoylation, saponification, high pressure
hydrogenation and

o Q€PN ocetyiation of

MeOOC O
OBn oligosaccharides as a white

MeOOC, OBn o solid. 25, (25 mg, 87%).

O
oBn 1BnO

) [a)*% = -76° (c = 0.5, CHCl3).
MeOOC O OBn

1

H NMR (CDCl;, 400
o)

OBn MHz,HH-COSY, HSQC): &
MeOOC MSSSCMOB“ 7.58 — 6.94 (m, 60H), 533
O8no o ° (d, J = 4.0 Hz, 1H, H-1leu),
OBn

Meoocpdoan 5.28 (d, J = 4.0 Hz, 1H, H-
OH leu), 5.17 = 4.97 (m, 3H, H-
Leu, 2XH-564), 4.91 — 4.81 (m, 6H, H-1gu, CH, Bn), 4.76 (d, J = 1.8 Hz, 1H, H-5¢,), 4.73 (d, J = 3.1 Hz, 1H, CH, Bn),
4.70 (d, J = 3.1 Hz, 1H, CH, Bn), 4.68 — 4.22 (m, 27H, 2XH-1yann, 2XH-4y1ann, 2XH-36u, CH, BN), 4.21 — 4.06 (m, 4H,
4xH-4gy), 4.03 (d, J = 8.3 Hz, 1H, H-5pam), 3.99 — 3.93 (M, 1H, H-5ynn), 3.86 (dt, J = 13.1, 3.8 Hz, 2H, 2xH-3¢y), 3.79
(dt, J = 12.5, 4.1 Hz, 4H, -OCH,CH,CH,Ns, 3xH-26,), 3.72 = 3.56 (M, 9H, H-26u, 2XH-2yiam, 2XCH30CO), 3.53 (s, 3H,
CH50CO0), 3.48 (d, J = 1.3 Hz, 7H, 2XxCH30CO, -OCHCH,CH,Ns), 3.43 — 3.27 (m, 4H, 2XH-3yann, ~-OCH,CH,CH:N3), 3.21
(s, 3H, CH;0C0), 2.01 — 1.71 (m, 1H, -OCH,CH,CH,Ns); C —~APT NMR (CDCls, 100 MHz, HSQC): § 170.5, 170.3,
169.9, 169.8, 168.8, 168.7(-CO0CHs), 139.3, 139.3, 139.1, 138.9, 138.8, 138.7, 138.3, 138.1, 138.1, 137.9, 137.9(C,
arom), 128.5,128.5, 128.4, 128.4, 128.4, 128.4, 128.3, 128.3, 128.1, 128.1, 128.0, 127.9, 127.9, 127.8, 127.8, 127.8,
127.7, 127.7, 127.6, 127.6, 127.6, 127.5, 127.4, 127.3, 127.3(CHarom), 103.5, 103.4(2XC-1yiann), 100.2, 98.2, 97.0,
96.8(4xC-1ay), 79.7, 79.3(2XC-3pam), 78.8, 78.2(3xC-4cu), 77.5, 77.2, 76.8, 76.3, 76.2(2XC-5piamn), 75.5, 75.2,
74.9(3xC-3ay), 74.3, 74.2(2XC-2yam), 74.2(CH,BN), 73.9, 73.9(2XC-26u), 73.6, 73.5, 73.3, 73.0(CHBN , 2XC-2y1ann),
72.9(CH,Bn), 72.8(2xC-2¢u), 71.7, 71.6, 71.5, 71.4, 71.1(CH,Bn), 70.0(C-4e,), 68.1, 67.7, 67.1(4xC-564), 65.3(-
OCH,CH,CH,N3), 52.4, 52.4, 52.3, 51.8(6x-COOCH), 48.4(-OCH,CH,CH,N;), 28.7(-OCH,CH,CH,Ns). IR (neat): 698,
737, 910, 1028, 1065, 1115, 1207, 1238, 1306, 1360, 1437, 1454, 1497, 1752, 2095, 2855, 2922, 3030. HR-MS:

[M+Na'] Calculated for Cy25H13sN3037: 2344.89796; found: 2344.89193.

Disaccharide 26
26-NH,": was obtained as described the general procedure for saponification, high-pressure hydrogenation and

acetylation of oligosaccharides as a white solid (10.9 mg, three

*NH, 00C_ 0
OH O,joﬁi/o\/\/NHAc steps yield: 62%). 'H NMR (400 MHz, D,0, HH-COSY, HSQC): &
*NH;"00C 7107 oy
5.06 — 4.95 (bs, 1H, H-1gu), 4.71 (d, J = 1.9 Hz, 1H, H-4¢,), 4.66
OH

(bs, 1H, H-Tyam), 4.15 (bs, 1H, H-3g4), 3.98 — 3.84 (m, 4H, H-
260, H-2uann, H-564, -OCH,CH,CH,NHAC), 3.81 — 3.59 (m, 4H, H-5uana, H-4wann » H-3wann ~-OCHCH,CH,NHAC), 3.37 —
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3.11 (m, 2H, -OCH,CH,CH,NHAC), 1.95 (s, 3H, CH5CO), 1.78 (t, J = 6.4 Hz, 2H, -OCH,CH,CH,NHAc); C-APT NMR

(D,0, 100 MHz, HSQC): 6 176.1, 175.7, 174.0(-CO0-), 99.7(C-Ipann), 99.5(C-1cu), 77.8(C-4pmann), 75.8(C-5mann),
71.9(C-3mann), 70.8(C-3cu), 70.6(C-2mann), 70.3(C-5¢u), 68.0(C-4cy), 67.2(-OCH,CH,CH,NHAC), 64.7(C-26u), 36.2(-
OCH,CH,CH,NHAC), 28.1(-OCH,CH,CH,NHAC), 21.8(CH5CO); *C-HMBC (CDCls, 100 MHz): 99.7(Jery = 160Hz, C-

Imann), 99.5(cu1 = 170, C-16y). HR-MS: [M+H] Calculated for C;7H,,014N: 470.15043; found: 470.15015.

26-Na*: 82 mg, yield: 74%.*H NMR (600 MHz, D,0) 6 5.16 = 5.13 (m, 1H), 4.83 (d, /= 1.9 Hz, 1H), 4.81 (d, /= 1.1 Hz,

1H), 4.30 (t, J = 1.7 Hz, 1H), 4.11 (dd, J = 3.1, 1.0 Hz, 1H), 4.09 — 4.06 (m,

*Na"00C 0
OH OMOWNHM 2H), 4.06 —4.01 (m, 1H), 3.94 - 3.91 (m, 2H), 3.91 -3.87 (m, 1H), 3.84 -
*Na"00C 7107 oy
3.79 (m, 1H), 3.47 = 3.41 (m, 1H), 3.38-3.33 (m, 1H), 2.10 (s, 3H), 1.93
OH

(m, 2H); C NMR (151 MHz, D,0) & 177.3, 176.8, 175.1, 100.72, 100.67,
79.0,76.9,73.0, 71.8, 71.6, 71.3, 69.1, 68.2, 65.8, 37.2, 29.2, 22.9.

Trisaccharide 29
29-NH,": was obtained as described the general procedure for saponification, high pressure hydrogenation and

0" NHA acetylation of oligosaccharides as a white solid (9.6
c

R OH mg, three steps yield: 43%). "H NMR (400 MHz, D,0,
NH, 00C 7107 51
NHgOOC Of 5 HH-COSY, HSQC): & 4.96 (bs, 1H, H-1gu), 4.90 (d, J =
OH SH
*NH4'OOCZ;LOZ oa 4.3 Hz, 1H, H-16u), 4.68 (d, J = 4.5 Hz, 2H, H-1yiann, H-
OH 4cur, ), 442 (d, J = 1.6 Hz, 1H, H-5¢y), 4.25 — 4.08 (m,

3H, H-36u, H-46u, H-36u), 3.99 (t, J = 3.9 Hz, 1H, H-264), 3.89 (d, J = 3.4 Hz, 3H, H-2yann, H-5cur, H-26ur), 3.81 — 3.66
(M, 4H, H-5yiamn, H-4pamn, H-3uamn, -OCH,CH,CHoNHAGC), 3.52 (m, 1H, -OCH,CH,CH,NHAC), 3.34 — 3.08 (m, 2H, -
OCH,CH,CH,NHAc), 1.93 (s, 3H, CH5CO), 1.79 (dt, J = 7.8, 3.6 Hz, 2H, -OCH,CH,CH,NHAc); *C —~APT NMR (D,0, 100
MHz, HSQC): & 176.2, 175.9, 175.7, 174.0(-CO-), 101.2(C-1piann), 99.5(C-1aur), 98.7(C-16y), 80.4(C-4cu), 77.5(C-
Bptann)s 75.8(C-Spann)s 71.5(C-3yiann), 70.8(C-3¢ur), 70.7, 70.4(C-56ur, C-2uamn), 69.50(C-36u), 68.0(C-4cur), 66.9(-
OCH,CH,CH,NHAC), 66.70(C-5cu), 64.7(C-26ur), 64.4(C-26u), 36.9(-OCH,CH,CH,NHAC), 27.9(-OCH,CH,CH,NHAC),
21.8(CH5CO); *C-HMBC (CDCls, 100 MHz): 101.2(Jcy i = 161Hz, C-Iyann), 99.5Ucymn = 171Hz, C-1eur), 98.7Ucyn =
170Hz, C-1gy). HR-MS: [M+H"] Calculated for C,3H350,0N: 646.18252; found: 646.18250.

29-Na™: 10.9 mg, yield: quantitative.lH NMR (600 MHz, D,0) 6 5.16 — 5.13 (m, 1H), 5.07 (d, / = 3.9 Hz, 1H), 4.84
(dd, J = 6.1, 1.4 Hz, 1H), 4.58 (d, J = 1.7 Hz, 1H), 4.38-4.36(m,

0 >""NHAC
OH 1H), 4.33 (m, 1H), 4.32 = 4.27 (m, 1H), 4.17 (t, J = 3.9 Hz, 1H),
"Na'00C 7107 o
"Na 00C_of 4.09 — 4.04 (m, 3H), 3.97 — 3.85 (m, 4H), 3.69 (m, 1H), 3.48 —
0 0

- OH M 3.33 (m, 2H), 2.10 (s, 3H), 1.96 (m, 2H); °C NMR (151 MHz,

Na-00C (0] OH
D,0) & 177.3, 177.0, 176.8, 175.0, 102.3, 100.6, 99.7, 81.5,

OH
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78.6,76.9,72.5,71.8,71.7,71.4,70.6, 69.1, 68.0, 67.7, 65.8, 65.4, 38.0, 29.0, 22.8.

Tetrasaccharide 27
27-NH," was obtained as described by the general procedure for saponification, high pressure hydrogenation and

acetylation of oligosaccharides as a white solid (10.6 mg, three

"NH, 00C oy
oo OH OH/M/O NHAC  steps yield: 51%). "H NMR (400 MHz, D,0, HH-COSY, HSQC): &
*NH, 0
4 P\ZOH n=2 5.03 (m, 2H, H-16y, H-16ur), 4.84(bs, 1H, H-46y), 4.82 (bs, 1H, H-
OH

Seu), 4.71 (bs, 1H, H-1yiann), 4.68 (bs, 1H, H-1yann), 4.27 — 4.20
(m, 1H, H-46u), 4.18 (m, 2H, H-36u, H-36ur), 4.02 = 3.72 (m, 12H, H-5cur, H-26u, H-26ur, H-2mann, H-2manm, H-3mann, H-
3mann » H-4mann, H-4mans H-5mann, H-5man, -OCH,CH,CH,NHAC), 3.70 — 3.59 (m, 1H, -OCH,CH,CH,NHACc), 3.34 — 3.12
(m, 2H, -OCH,CH,CH,NHAC), 1.96 (s, 3H, CH3CO), 1.79 (g, J = 6.5 Hz, 2H, -OCH,CH,CH,NHAc); *C —APT NMR (D,0,
100 MHz, HSQC): & 175.2, 174.8, 174.0(-CO-), 101.2, 99.8(C-Lmann, C-1nmann), 99.4(C-16u, C-1auwr), 79.9(C-deu), 77.4,
77.3 (C-4pann, C-4mann), 75.4, 75.3(C-5mann, C-Smann), 71.7, 71.3(C-3mann, C-3man), 70.7, 70.6, 70.2, 69.1 (C-364, C-
2vann, C-2manm,  C-36uwr), 67.6, 67.1(C-5gu, C-4eu), 67.2(-OCH,CH,CH,NHAC), 64.6(C-26y, C-26u), 36.2(-
OCH,CH,CH,NHAC), 28.1(-OCH,CH,CH,NHAC), 21.8(CH5CO); *C-HMBC (CDCls, 100 MHz): 101.2, 99.8(Je1 i1 = 161Hz,
Jeimr = 160Hz, C-1pann, C-Ivian), 99.4(cins = 171Hz, Jeyn = 170Hz, 2xC-lgy). HR-MS: [M+H"] Calculated for
CaoHa3026N: 822.21461; found: 822.21521.

27-Na": 10.6 mg, yield: 98%."H NMR (600 MHz, D,0) 6 5.16 (d, J = 3.8 Hz, 1H), 5.15 — 5.13 (m, 1H), 4.84 — 4.79 (m,
2H), 4.33 (m, 2H), 4.31 — 4.28 (m, 1H), 4.12 (t, J = 3.9 Hz, 1H),

*Na "00C
OHaO B 5 NHAc  4.09 (dd, /=3.2, 1.0 Hz, 1H), 4.08 - 4.01 (m, 5H), 3.94 - 3.84 (m,
o H THO
Na OOCWOH ) 7H), 3.81 (m, 1H), 3.39 (m 3H), 2.10 (s, 3H), 1.93 (p, J = 6.5 Hz,
OH 2H); ®C NMR (151 MHz, D,0) 6§ 177.3, 176.9, 175.1, 102.2,

100.7, 100.6, 81.0, 78.7,77.0, 76.9, 72.9, 72.6, 71.8, 71.7, 71.4, 70.2, 69.1, 68.5, 68.2, 65.8, 65.7, 37.2, 29.2, 22.9.

Pentasaccharide 30
30-NH," was obtained as described by the general procedure for saponification, high pressure hydrogenation and

0" ""NHAc acetylation of oligosaccharides as a white solid (8.4

OH
*NH,4 "00C 97 oH mg, three steps yield: 77%)."H NMR (400 MHz, D0,
“NH, 00C oy
. _ OH OHO fe] HH-COSY, HSQC): & 5.02-5.00 (m, 2H, H-lgu, H-
NH, OOC; 107 on n=2 Leur), 4.93 (d, J = 3.9 Hz, 1H, H-1ey), 475 (d, J = 1.9
OH

Hz, 1H, H-564), 4.71(bs, 1H, H-Tyam), 4.69 (bs, 1H,
H-Tyann), 4.46(bs, 1H, H-5¢ur), 4.26 —4.12 (m, 5H, H-46y, H-4eur, H-36u, H-36ur, H-36ur), 4.02 (t, J = 3.9 Hz, 1H, H-26.),
3.97 (t, J = 3.9 Hz, 1H, H-26u), 3.94-3.90 (M, 4H H-26ur, H-56ur, H-2vann, H-2wann), 3.84 — 3.69 (M, 7H, H-3piann, H-
3vann » H-4manns H-4vianns H-5mtann, H-Smanms “OCH2CH,CH,NHAC), 3.55 (dt, J = 10.0, 5.8 Hz, 1H, -OCH,CH,CH,NHAC),
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3.32 = 3.15 (m, 2H, -OCH,CH,CH,NHAC), 1.96 (s, 3H, CH;CONH-), 1.82 (td, J = 6.4, 2.4 Hz, 2H, -OCH,CH,CH,NHAC);

C —APT NMR (D,0, 100 MHz, HSQC): & 175.8, 175.6, 175.6,175.6, 174.0(-CO-), 101.3, 101.2(C-Lytann, C-Tptany),
99.5, 99.4, 98.7(C-16uw, C-Laur, C-1gur), 80.4, 80.0(C-dgyu, C-4eur), 77.5, 77.1 (C-dwann, C-dnann), 75.8, 75.7(C-Spann, C-
Smann), 71.5, 71.4(C-3pann, C-3mann), 70.8, 70.7, 70.7, 70.4, 69.5, 69.3(C-5¢ur, C-36ui, C-36ur, C-2mann, C-2man, C-36ur),
67.9(C-46ur), 67.3(C-56ur), 67.0(-OCH,CH,CH,NHAC), 66.7(C-56u), 64.7, 64.7, 64.4(C-26y, C-26ur, C-26ur), 37.0(-
OCH,CH,CH,NHAC), 28.0(-OCH,CH,CH,NHAC), 21.8(CHsCO) ; C-HMBC (CDCls, 100 MHz): 101.3, 101.2(Jcypn =
160Hz, Jeim = 160HZ, C-Lyiann, C-1manw), 99.5, 99.4, 98.7 (Jeimn = 170Hz, Jeyma = 170Hz, Jeyn = 170Hz, 3xC-164). HR-
MS: [M+H"] Calculated for CssHs;03,N: 998.24669; found: 998.24784.

30-Na*: 8.4 mg, yield: 98%.'"H NMR (600 MHz, D,0) 6 5.17 = 5.12 (m, 2H), 5.07 (d, / = 3.9 Hz, 1H), 4.86 — 4.81 (m

2H), 4.58 (d, J = 1.7 Hz, 1H), 4.37 (td, J = 3.9, 1.2 Hz,
0" ™>""NHAc

. OH
Na"00C O OH

+Na ‘00C, OH
OH 4.09 - 4.03 (m, 4H), 3.96 — 3.84 (m, 7H), 3.69 (m, 1H),

*Na ooc; ojOH
3.40 (m, 2H), 2.10 (s, 3H), 1.96 (m, 2H); C NMR (151

MHz, D,0) & 177.3, 176.9, 176.9, 176.9, 176.8, 175.0,

1H), 4.33 (ddd, J = 10.1, 4.8, 2.8 Hz, 3H), 4.30 — 4.27
(m, 1H), 4.16 (t, J = 3.9 Hz, 1H), 4.11 (t, J = 3.9 Hz, 1H),

102.3, 102.2, 100.6, 100.5, 99.7, 81.5, 81.0, 78.7, 78.3, 77.0, 76.9, 72.6, 72.5, 71.8, 71.7, 71.4, 70.6, 70.3, 69.1,
68.4,68.0, 67.8, 65.8, 65.7, 65.4, 38.0, 28.9, 22.8.

Hexasaccharide 28

28-NH," was obtained as described by the general procedure for saponification, high pressure hydrogenation and

*NH4 “00C 08 acetylation of oligosaccharides as a white solid (8.6 mg, three
OH O NHAc .
i . 0, 7 .
*NH, OOCF OZOH s steps yield: 54%). "H NMR (850 MHz, D,0, HH-COSY, HSQC): &
5.11-4.95 (m, 3H, 3xH-1gy), 4.91 — 4.82 (m, 3H, H-4cy, H-56u,

H-5¢ur), 4.72(bs, 1H, H-1yiann), 4.71(bs, 1H, H-Iyann), 4.67(bs, 1H,
H-Tnann), 4.31 — 4.12 (m, 5H, H-4ey, H-deur, 3xH-3cu), 3.98 — 3.84 (m, 10H, 3xH-264, 3XH-2wann, 3XH1174.27878;
found: 1174.280-5yann, -OCH,CH,CH,NHAc), 3.84 — 3.72(m, 6H, 3xH-4yann, 3XH-3pmam), 3.66 (M, 1H,
OCH,CH,CH,NHAc), 3.28 (dt, J = 13.4, 6.7 Hz, 1H, -OCH,CH,CH,NHAC), 3.24 — 3.13 (m, 1H, -OCH,CH,CH,NHAC),
1.95(s, 3H, CHsCONH-)1.77 (t, J = 6.5 Hz, 2H, -OCH,CH,CH,NHACc); >C NMR (214 MHz, D,0) & 175.8, 175.5, 175.4,
175.0(-CO0-), 102.3, 102.3, 100.9(3XC-1pmann), 100.4, 100.4(3xC-1g,), 80.8, 80.8(C-4gy , C-4eur), 78.3, 78.2,
77.9(3XC-4p1ann), 76.1, 76.1, 76.0(3XC-5pann), 72.6, 72.2, 72.2(3XC-3pamn), 71.6, 71.6, 71.5, 71.1(3XC-2pamn, C-36u),,
70.1, 70.0(2xC-36u), 68.4(C-1gur), 68.2(-OCH,CH,CH,NHAC), 68.0, 68.0(C-56ur, C-56u), 65.5, 65.5(3xC-26u), 37.2(-
OCH,CH,CH,NHAC), 29.1(-OCH,CH,CH,NHAC), 22.8(CH5CO); *C-HMBC (CDCls, 214 MHz): 102.3, 102.3, 100.9 (Jey
= 160Hz, 3XC-1pann), 100.5, 100.4, 100.4 (Jeyu1 = 170Hz, 3xC-1lgy). HR-MS: [M+H"] Calculated for CaiHseO3sN:
1174.27878; found: 1174.28070.
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28-Na": 8.2 mg, yield: 93%. "H NMR (600 MHz, D,0) § 5.01 = 4.95 (m, 3H), 4.72 (dd, J = 4.2, 1.6 Hz, 2H), 4.69 — 4.63

O*:a(;%%o NHAc (M, 4H),4.19-4.11 (m, 5H), 3.98 - 3.85 (m, 9H), 3.78 — 3.68 (m,

*Na -ooc; OZ OH 7H), 3.68 —3.62 (m, 1H), 3.28 (m, 1H), 3.19 (m, 1H), 1.94 (s, 3H),

OH 1.76 (m, 2H); C NMR (151 MHz, D,0) & 177.3, 176.9, 176.9,

176.9, 176.8, 175.0, 102.2, 102.1, 100.7, 100.5, 100.5, 100.4, 81.0, 80.9, 78.6, 78.6, 78.3, 76.9, 76.9, 76.8, 72.9,
72.5,72.4,71.8,71.7,71.6, 71.4, 70.2, 70.1, 69.0, 68.4, 68.1, 65.7, 65.6, 37.1, 29.1, 22.8.

Heptasaccharide 31
31-NH," was obtained as described by the general procedure for saponification, high pressure hydrogenation and

acetylation of oligosaccharides as a white solid (6.0

0" ™>""NHAC
*NH, -00C Og o mg, three steps yield: 63%). 'H NMR (850 MHz,
+NH40'OOC od D0, HH-COSY, HSQC): & 5.03 — 4.94 (m, 3H, H-Leur,
*NH4-000F08223 n=3 H-1eur, H-1eu), 4.90 (d, J = 4.0 Hz, 1H, H-1gu),
OH 4.82(bs, 3H, H-4cyr», H-56ur, H-56ur) 4.73 — 4.65 (m,

3H, H-Ivann, H-1manw, H-1nvann”), 4.49 (s, 1H, H-564), 4.26 —4.11 (m, 7H, H-46u, H-46ur, H-46ur, H-36u, H-36ur, H-36ur, H-
36urr), 4.02 = 3.68 (m, 18H, 4 x H-2gu, H-56ur, 3 X H-2mann, 3 X H-3mann, 3 X H-4mann, 3 X H-5p1ann, (-OCH,CH,CHoNHAC),
3.52 (m, 1H, (-OCH,CH,CH,NHACc), 3.47 — 3.40 (m, 1H), 3.27-3.19 (m, 2H, OCH,CH,CH,NHAc), 1.92 (s, 3H, CH;CO),
1.86 — 1.70 (m, 2H, -OCH,CH,CH,NHAC). BC —APT NMR (D0, 214 MHz, HSQC): & 176.1, 175.0(8x-CO0-),
102.2(3%C-1pann), 100.4, 99.7(4xC-1cy), 81.3, 80.8(C-4su, C-dour, C-4cur), 78.0(3XC-4mann), 76.3(3XC-5mann), 72.2(3XC-
3vam), 71.6, 71.2, 70.4, 70.1(3XC-2pann, 4XC-36u, C-5gu), 68.6(C-56u/, C-5cur), 68.1(C-dgy), 68.0(-
OCH,CH,CH,NHAc), 67.5(C-5¢4), 65.5, 65.3(4xC-264), 37.9(-OCH,CH,CH,NHAc), 28.8(-OCH,CH,CH,NHAC),
22.7(CH5CO); *C-HMBC (CDCls, 214 MHz): 102.4, 102.3, 102.2 (Jern1 = 161Hz, 3XC-1yiann), 100.4, 99.7(Jcy s = 170Hz,
Jeum = 171Hz, 4xC-164). HR-MS: [M+H'] Calculated for C47He;044N: 1350.31087; found: 1350.31198.

31-Na": 5.9 mg, yield: 96%. *H NMR (600 MHz, D,0) 6 5.17 = 5.12 (m, 3H), 5.07 (d, J = 3.5 Hz, 1H), 4.95-4.90(m, 3H),
4.85 — 4.80 (m, 3H), 4.58 (d, J = 1.7 Hz, 1H), 4.39 —

/\/\
on ¢ NHAC 3 83(m, 25H), 4.39 - 4.27 (m, 6-7H), 416 (t, J = 3.9
*Na-00C7107 oy
*Na-00C OH Hz, 1H), 4.11 (t, J = 4.0 Hz, 2H), 4.08 — 4.02 (m, 7-8H),
N
OH_JHO 3.95-3.83 (m, 9H), 3.69 (m, 1H), 3.43 (m, 1H), 3.37
*Na -ooc; 97 o n=3
o (m, 1H), 2.10 (s, 3H), 1.96 (m, 2H); °C NMR (151

MHz, D,0) 6 177.3, 176.9, 176.9, 176.8, 175.0,
102.3, 102.2, 102.2, 100.6, 100.5, 100.5, 99.7, 81.5, 81.0, 81.0, 78.7, 78.4, 78.3, 77.0, 76.9, 72.6, 72.5, 72.5, 71.8,
71.8,71.7,71.4,70.6,70.3,70.3,69.1, 68.4, 68.0, 67.8, 65.8, 65.7, 65.4, 38.0, 28.9, 22.8.
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Hexasaccharide 32

32-NH,": (7.9 mg, three steps yield: 61%). HR-MS: [M+Na'] Calculated for Cs,HsoNOss: 1196.22073; found:

1196.26155. 'H NMR (850
O(CHj,);NHAC

MHz, Deuteri Oxid 6 5.00
NH4OOC O Z riu Xl e)
S} o

@ = Aeur
NH, 0OC, Og S (dd, J=9.3, 4.5 Hz, 2H, H-16u,

H-1eur), 4.98 — 4.94 (m, 1H, H-

(@]
®@ ©O on JHO
o NH, OOCZARYZ on leu), 4.91 (d, J = 4.0 Hz, 1H,

NHq4 o o H-1ew), 4.76 (d, J = 1.7 Hz, 1H,
o
® © OOCMOH Sy -
N, Gog ot H-5er), 4.70 — 4.63 (m, 4H,
OHO 2xH-1yann,  H-4eu,  H-56ur),
® O OH
NH, OOCMOH 4.41(dd, J=7.5, 1.6 Hz, 2H, H-

oAt Seul H*SGU\”), 4.26 — 4.06 (m,

6H, H-3cu, H-3aur, H-3eur, H-dau, H-daur, H-4gur), 3.99 (t, J = 3.9 Hz, 1H, H-24y), 3.95 (t, J = 3.8 Hz, 1H, H-3ay), 3.93
(d, J = 3.4 Hz, 1H, H-2,r), 3.91 — 3.89 (M, 4H, H-2c,r, H-Sgur, 2XH-2wann), 3.88 (d, J = 4.0 Hz, 1H, H-2¢,), 3.82 —
3.68 (M, 7H, 2XH-3uiann 2XH-Autann, 2XH-Sytann ~-OCH2CH,CH,NHAC), 3.52 (dt, J = 10.3, 6.0 Hz, 1H,-OCH,CH,CH,NHAC),
3.30 - 3.24 (m, 1H,-OCH,CH,CH,NHAC), 3.25 — 3.15 (m, 1H,-OCH,CH,CH,NHAC), 1.94 (s, 3H, CH5CO), 1.80 (q, / = 7.2
Hz, 2H,-OCH,CH,CH,NHAC); *C NMR (213 MHz, D,0) & 181.9, 177.3, 176.8, 176.8, 176.5, 175.0, 102.2, 102.1(2xC-
Lutarn), 101.7(C-1gyr), 100.4(C-1gy), 100.3(C-1gyr), 99.7(C-1gy), 81.5, 81.1(3xC-4cy), 78.3, 78.1(2xC-4pnn), 76.9,
76.8(2XC-5ann), 724, 72.3(2XC-3ppann), 71.8, 71.7, 71.7, 71.4(C-5gyr, C-3u, 2XC-2uann), 70.5, 70.2, 70.1(3xC-5c.),
69.0(C-4ey), 68.3, 68.2(2XC-5¢y), 67.9(-OCH,CH,CH,NHAC), 67.7(C-56.), 65.9, 65.9, 65.7, 65.4(4xC-2¢y,), 37.9(-
OCH,CH,CH,NHAC), 28.9(CH;CO), 22.8(-OCH,CH,CH,NHAC); C-HMBC (CDCl;, 213 MHz): 102.2, 102.10cipm =

161Hz, 2XC-1pann), 101.7, 100.4, 100.3, 99.7 (Jerp = 170Hz, 4xC-1ay).

32-Na": 7.9 mg, 98%. *H NMR (600 MHz, D,0) & 5.02 — 4.96 (m, 3H), 4.92 — 4.89 (m, 1H), 4.76 (d, J = 1.6 Hz, 1H),
O NNHAc 469 —4.65 (m, 3H), 4.42 (d,

® O OH
- QO%?&/

0 0 1.7 Hz, 1H), 4.21 - 4.14 (m,
® © oH JHO
Na 0OCZLO7 o 3H), 4.13 (dd, J = 3.4, 2.0 Hz,
o 1H), 4.08 (dd, J = 3.8, 1.7 Hz,
® O  OH
® o Na OOCPQzOH 1H), 4.00 (t, J = 3.9 Hz, 1H),

Naoog of [
SR 3.98 - 3.93 (m, 1H), 3.92 -

® O  OoH
Na OOCFQZOH 3.87 (m, 7H), 3.80 — 3.69 (m,

OH 6H), 3.53 (m, 1H), 3.24 (m,

2H), 1.94 (s, 3H), 1.80 (m, 2H); C NMR (150 MHz, D,0) § 177.3, 176.9, 176.9, 176.8, 176.5, 175.0, 102.2, 102.1,

101.8, 100.5, 100.4, 99.6, 81.4, 81.1, 81.0, 78.6, 78.2, 76.9, 76.8, 72.5, 72.3, 71.8, 71.8, 71.6, 71.4, 70.5, 70.0, 70.0,
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69.0, 68.3, 68.1, 67.9, 67.7, 65.9, 65.7, 65.6, 65.4, 38.0, 28.9, 22.8; *C-HMBC (CDCl3, 150 MHz): 102.2, 102.1(Jcy

= 160Hz, 2XC-Lyann), 101.8Ucip = 171Hz, C-16y), 100.5, 100.4, 99.6(Jcy 1 = 170Hz, 3xC-1oy).
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In model experiments we have explored a range of orthogonally protected gulose acceptors.
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