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General Information

Reagent-grade chemicals were purchased from commercial vendors and used without purification.
Dichloromethane (DCM) was dried by Asianwong solvent system (AWS-1000). Progress of
reactions was monitored by thin layer chromatography on silica gel 60 F-254 plate and visualized
under UV illumination and/or by staining with acidic ceric ammonium molybdate or p-
anisaldehyde. Silica gel (Geduran Si-60, 0.063-0.200 mm) for chromatography was obtained from
Merck. NMR spectra were recorded 300 MHz in Briker console and 400, 500, 600 MHz Varian
console as specified. Coupling constants in Hz was calculated from chemical shifts of 'H NMR
spectra. Chemical shifts were reported in part per million (ppm) relative to the signal (0.00 ppm
for 'H-NMR spectra) and (77.00 ppm for *C-NMR spectra) for internal tetramethylsilane
solutions in CDCls. NMR multiplicities are reported using the following abbreviations. (s: singlet,
d: doublet, t: triplet, m: multiplet, br: broad, J: coupling constants in Hz.). Galatosyl acceptors 13
and chlorohexanol 21 are commercially available and acceptors 14,5 20,52 22,51 23,52 24,54 255

27,56 28,5" and 3158 were prepared according to the literature procedures.

Experimental Section

1,2-Dideoxy-4,5:7,8-di-O-isopropylidene-D-glycero-D-manno-1-yno-octitol (S1)

O
HO OH |
HO OH Acetone, RT

——MgBr
_—

OH THF,0°Cto RT

(e)

0
2,3;5,6-di-O-isopropylidene- S1
p-mannofuranose 1

To a well-stirred suspension of b-mannose (50 g, 0.28 mol) in anhydrous acetone (2.5 L) was
added iodine (13.96 g, 55.51 mmol) at RT. After vigorously stirred for 12 h, the reaction was
quenched with addition of satd. NaHCOs and Na2S20s. The solvent was removed under reduced

pressure. The residue, after dissolving in EtOAc (200 mL), was washed with satd. NaHCOs (2 x



20 mL), H20, and brine (20 mL). The organic layer was dried over MgSQa4, concentrated, dried
under vacuo to furnish D-mannofuranose 1 as a yellow solid (65.0 g, 90%) without further

purification.>®

Ethynyl magnesium bromide solution (384 mL, 192.0 mmol, 0.5 M in THF) was added to the
D-mannofuranose 1 (20 g, 77.0 mmol) at 0 °C. After stirred for 1 h, the solution was gradually
warmed to RT and stirred for extra 5 h. The reaction was quenched by careful addition of satd.
NH4Cl (10 mL) at 0 °C, and all the solvent was removed under reduced pressure. The residue, after
dissolving in EtOAc (250 mL), was washed satd. NH4Cl (20 mL) twice, H20 (30 mL), and brine
(20 mL). The organic layer, dried over MgSQO4, was concentrated for flash chromatography
purification over silica gel (Elution: Hexanes/EtOAc 4/1 to 1.5/1) to give octyne diol S1 (20 g,
91%).5° For S1, Re = 0.19 (hexanes/EtOAC = 1/1); *H NMR (500 MHz, CDCls): & = 4.71 (m, 1H),
4.46 (d, J = 6.0 Hz, 1H), 4.39 (d, J = 7.0 Hz, 1H), 4.22 (dd, J = 7.0, 5.5 Hz, 1H,), 4.08-3.97 (m,
4H), 3.36 (d, J = 5.0 Hz, 1H), 2.50 (d, J = 2.0 Hz, 1H, acetylene-H), 1.47 (s, 3H, CH3), 1.35 (s,
3H, CHs), 1.33 (s, 3H, CHa), 1.29 (s, 3H, CH3); 13C NMR (125 MHz, CDCls): = 109.3 (C(CH3)2),
108.7 (C(CHs)2), 81.9, 78.4, 75.9, 75.5, 74.5, 68.9, 66.8, 60.7, 26.7 (CHs), 26.4 (CH3), 25.2 (CHs3),
24.8 (CHa).

3,6-Di-O-benzyl-1,2-dideoxy-4,5:7,8-di-O-isopropylidene-D-glycero-D-talo-1-yno-octitol (2)

0
BnBr, NaH, TBAI 7@0« _

THF, 0 °C to RT o S
2.5 h, 94% )(0

To a stirred solution of diol S1 (20.0 g, 70.89 mol) and tetrabutylammonium bromide (2.29 g,
7.09 mol) in anhydrous THF (236 mL) at 0 °C was portion-wisely added NaH (7.09 g, 177.23
mmol, 60% dispersion in mineral oil). After stirring for 0.5 h, the suspension was treated with
BnBr (18.5 mL, 155.96 mmol). The reaction mixture was stirred from 0 °C to RT for 2 h. Then

the reaction was quenched by addition of satd. NH4Cl at 0 °C, and the solvent was removed under



reduced pressure. The residue, which dissolved in EtOAc (300 mL), was washed satd. NH4Cl (20
mL) twice, H20 (30 mL), brine (10 mL), dried over (MgSOs4), and concentrated for flash
chromatography purification over silica gel (Elution: hexanes/EtOAc 15/1 to 8/1) to afford fully
protected octyne 2 (31.0 g, 94%) as a light yellow, viscous oil. For 3, Rr= 0.16 (Hexanes/EtOAc
=8/1); [a]o* = - 26.6 (¢ 0.7, CHCI3); 'H NMR (500 MHz, CDCls): 6 = 7.39-7.22 (m, 10H, ArH),
4.79 (d, J = 11.5 Hz, 1H), 4.71 (d, J = 12.0 Hz, 1H), 4.44 (d, J = 11.5 Hz, 1H), 4.39 (dd, J = 8.0,
2.0 Hz, 1H), 4.33 (d, J = 12.0 Hz, 1H), 4.31 (dd, J = 8.0, 6.5 Hz, 1H), 4.21-4.16 (m, 2H), 4.00 (dd,
J =85, 6.5 Hz, 1H), 3.93 (m, 1H), 3.86 (t, J = 4.0 Hz, 1H), 2.59 (d, J = 2.0 Hz, 1H, acetylene-H),
1.51 (s, 3H, CHs), 1.38 (s, 3H, CH3), 1.32 (s, 3H, CHa), 1.28 (s, 3H, CHs); 13C NMR (125 MHz,
CDCl3): o = 138.6, 136.8, 128.7, 128.5, 128.2, 128.0, 127.3, 127.2, 109.4 (C(CHs)2), 108.3
(C(CHs)2), 80.7, 78.2, 77.8, 77.7, 76.4, 75.7, 73.1, 70.3, 67.6, 65.8, 26.5 (CH3), 26.2 (CH3), 25.6
(CHs), 24.9 (CHzs); HRMS (ESI): m/z calcd. for C2sHssNaOs™ [M + Na]*: 489.2248, found:

489.2261.

3,6-Di-O-benzyl-1-bromo-1,2-dideoxy-4,5:7,8-di-O-isopropylidene-D-glycero-D-talo-1-yno-
octitol (S2)

0
NBS, AgNO;, %O\‘
—_—

Acetone, dark,
RT, 1 h, 95%

S2

To a solution of aforementioned octyne 2 (31.0 g, 66.44 mmol) in anhydrous acetone (110
mL) was added N-bromosuccinimide (14.2 g, 79.73 mmol) and AgNOs (1.13g, 6.64 mmol) in the
dark at RT. The solution was stirred in the dark for 1 h, and the resulting suspension was filtered
through celite. The filtrate was concentrated for flash chromatography purification over silica gel
(Elution: hexanes/EtOAc = 15/1 to 8/1) to give the desired bromooctyne S2 as a yellow crystallized

solid (34.43 g, 95%), For S2, Rr 0.23 (hexanes/EtOAc 8/1); [a]3* = —32.4 (¢ 0.75, CHCl3); 'H



NMR (500 MHz, CDCls): § 7.37-7.23 (m, 10H, ArH), 4.78 (d, J = 12.0 Hz, 1H), 4.68 (d, J = 12.0
Hz, 1H), 4.4 (t, = 11.5 Hz, 2H), 4.40 (d, J = 7.0 Hz, 1H), 4.30 (t, J = 6.5 Hz, 1H), 4.21 (t, J =
6.0 Hz, 1H), 4.12 (m, 1H), 4.00 (dd, J = 8.0, 6.5 Hz, 1H), 3.87-3.81 (m, 2H), 1.53 (s, 3H, CHa),
1.38 (s, 3H, CHs), 1.25 (s, 3H, CHs), 1.24 (s, 3H, CHs); 3C NMR (125 MHz, CDCls): § = 138.5,
136.9, 128.5, 128.4, 128.2, 128.0, 127.4, 127.4, 109.3 (C(CHs)2), 108.5 (C(CHs)2), 78.5, 78.0, 77.5,
77.4,76.6, 73.4, 70.4, 68.9, 66.2, 47.4, 26.5 (CHs), 26.1 (CH3), 25.5 (CHs), 24.8 (CH3); HRMS

(ESI): m/z calcd. for C2sH33sBrNaOs*™ [M + Na]*: 567.1353, found: 567.1368.

Methyl 3,6-Di-O-benzyl-4,5:7,8-di-O-isopropylidene-D-glycero-D-talo-2-octulosonate (3)

O
NaHCOs, MgSO,, \
KMHO4 7(0\\
CH,Cl,/MeOH/H,0,

0°C to RT, 72% )(O O

S2 3

To a solution of the alkyne bromide S2 (12.0 g, 22 mmol) in DCM (88 mL) was added the
solution of NaHCOs (924 mg, 11 mmol) and MgSOa (5.30 g, 44 mmol) in H20 (88 mL), followed
by the addition of MeOH (264 mL) with vigorous stirring till a homogeneous solution was obtained.
After cooling the solution to 0 °C, KMnOa (10.43 g, 66 mmol) was portion-wisely added. After
stirring at 0 °C for 1.5 h, the solution was gradually warmed to RT and stirred for additional few
hours. The reaction was filtered through Celite, and the solvent was removed under reduced
pressure. The residue, diluted with EtOAc (300 mL), was washed with H20 (300 mL), brine (300
mL). After separation, the aqueous layer was washed with Et2O (50 mL) three times. The organic
phase was dried over MgSOs, concentrated for flash chromatography purification (Elution:
hexanes/EtOAc 10/1 to 6/1) to furnish the desired a-keto acid ester 3 (8.24 g, 72%) as a yellow
viscous oil. For 3, Rf = 0.16 (hexanes/EtOAc = 6/1); [a]3? = +20.0 (c 0.5, CHCIs); *H NMR (600
MHz, CDCls): 6 7.40 (d, J = 7.8 Hz, 2H, ArH), 7.36-7.26 (m, 8H, ArH), 4.81 (d, J = 12.0 Hz, 1H),

4.80 (d, J = 9.6 Hz, 1H), 4.56 (d, J = 12.0 Hz, 1H), 4.41 (d, J = 10.8 Hz, 1H), 4.38 (dd, J = 9.6,



6.0 Hz, 1H), 4.32 (td, J = 7.2, 3.0 Hz, 1H), 4.27 (d, J = 11.4 Hz, 1H), 4.18 (t, J = 5.4 Hz, 1H), 4.04
(t, J = 7.8 Hz, 1H), 3.98 (dd, J = 7.8, 6.6 Hz, 1H), 3.85 (dd, J = 4.2, 3.6 Hz, 1H), 3.74 (s, 3H,
OCHa), 1.42 (s, 3H, CHs), 1.41 (s, 3H, CHa), 1.29 (s, 3H, CH3), 1.27 (s, 3H, CHs); 13C NMR (150
MHz, CDCl3): § = 194.0 (C2), 161.8 (C1), 138.4, 135.9, 128.8, 128.4, 128.3, 128.1, 127.5, 127.3,
109.7 (C(CHs)2), 108.2 (C(CHs)2), 78.5, 78.1, 77.2, 76.6, 75.3, 73.0, 72.3, 64.9, 52.6 (OCHs), 26.3
(CHs), 26.2 (CHs3), 25.2 (CHa), 24.9 (CHz); HRMS (ESI): m/z calcd. for C29H3sNaOg™ [M + Na]*:

551.2252, found: 551.2311.

Methyl 4,5:7,8-Di-O-isopropylidene-a-D-manno-D-talo-2-octulopyranosonate (4)

H,, Pd/C, RT o ©
O~
K oon
4:1 MeOH-AcOH ~ © CO;Me
(50 mM), 60-70% , OH

To a solution of a-ketoester 3 (3.8 g, 7.10 mmol) in 4:1 MeOH-AcOH (final [3] = 50 mM)
was added Pd/C (0.78 g, 20 wt%) portion-wisely under N2. The reaction mixture was degassed
and saturated with Hz (balloon) and stirred ON at RT. The mixture was filtered through Celite, and
the filtrate was concentrated for flash chromatography purification (Elution: hexanes/EtOAc 2/1
to 2/3) to afford known methyl (2-octulopyranosyl)onate 4 as a a/f mixture (1.60 g, 65%).5* After
crude purification, compound 4 was taken for the thiocarbonylation.

Methyl [4,5:7,8-Di-O-isopropylidene-2,3-O-thionocarbonyl-a-D-manno-D-talo-2-
octulopyranosonyl]onate (5)

5 ahey O
o~ 7 N° N7\ o S
>(() Ookbone N” \QN‘ >g oo/g

CH,Cl,, 0 °C to RT

OH 799 Cco,Me
4 5



To a solution of oct-2-ulopyranosyl-onate 4 (4.23 g, 12.14 mmol) in DCM (120 mL) was
added 1, 1'-thiocarbonyldiimidazole (3.0 g, 15.12 mmol, 90% in purity) at 0 °C. After stirred at 0
°C for 20 min, the solution was gradually warmed to RT and stirred for extra 4 h. The reaction
mixture was diluted with EtOAc (100 mL), washed with cold HCI (1 M) twice, satd. NaHCO3 (10
mL), H20 (10 mL), brine (20 mL), dried over MgSOa4 and concentrated for flash chromatography
(Elution: Hexanes/EtOAc = 6/1 to 2/1) to give (2-octulopyranosonyl)onate thionocarbonate 5 as a
foamy colorless solid, (3.18 g, 72%). For 5, Rt 0.14 (hexanes/EtOAc/DCM 2/1/1); [a]&* +92.0 (c
0.5, CHCIs); *H NMR (400 MHz, CDCls): § = 5.05 (dd, J = 4.8, 2.4 Hz, 1H, H-3), 4.81 (dd, J =
7.8, 4.8 Hz, 1H, H-4), 4.47 (dd, J = 7.2, 1.8 Hz, 1H, H-5), 4.31 (m, 1H, H-7), 4.19 (dd, J = 9.0,
3.6 Hz, 1H, H-8a), 4.07 (m, 1H, H-8b), 3.88 (s, 3H, OCH3), 3.42 (dd, J = 8.4, 1.8 Hz, 1H, H-6),
1.47 (s, 3H, CHs), 1.36 (s, 6H, CHas), 1.32 (s, 3H, CHa); 3C NMR (100 MHz, CDCls) 6 = 187.6
(C=S), 165.6 (C=0), 111.4, 109.7, 103.3, 77.4 (C-3), 74.9 (C-6), 72.8 (C-7), 70.5 (C-5), 69.7 (C-
4), 66.3 (C-8), 54.0 (OCHs), 26.9 (CHas), 25.7 (CHs), 25.1 (CHa), 24.8 (CHs); HRMS (ESI): m/z

calcd. for C16H22NaOeS™ [M + Na]*: 413.0877, found: 413.0848.

Methyl [4,5-O-lIsopropylidene-2,3-O-thionocarbonyl-a-D-manno-p-talo-2-

octulopyranosonyl]onate (S3)

OH
HO S
Zn(NO3), 6H0 ><O' J/
e} (0]
CH4CN, 50 °C
CO,Me
S3

To a solution of oct-2-ulopyranosyl thionocabonate 5 (3.0 g, 8.56 mmol) in Acetonitrile (83.9
mL, 0.035 M) was added Zinc nitrate hexahydrate (8.06 g, 27.08 mmol) and the reaction mixture
was stirred for 4 h at 50 °C. The reaction mixture was brought to RT and neutralized with EtsN
and was filtered through a firmly packed celite bed, washed the celite bed with DCM. The filtrate

was pooled and concentrated. The concentrated residue was suspended in DCM (contained some



Zn salt) and filtered through the celite bed (for the removal of the salts), washed the celite bed with
DCM. The filtrate obtained was concentrated for flash chromatography purification (Elution: 10%
MeOH/EtOAC) to afford expected diol S3 as a colorless viscous liquid (2.4 g, 92%). For S3, Rt
0.3 (EtOAC); [«]32 +30.0 (c 0.9, CHCls); *H NMR (400 MHz, CDCl3): 6 4.99 (d, J = 4.4 Hz, 1H,
C3-H), 4.83 (dd, J = 7.6, 4.4 Hz, 1H), 4.57 (dd, J = 7.6, 2.0 Hz, 1H), 4.01-3.96 (m, 2H), 3.92 (s,
3H, OCHs), 3.79 (dd, J = 13.2, 4.0 Hz, 1H), 3.57 (dd, J = 8.8, 2.0 Hz, 1H), 1.50 (s, 3H, CHs), 1.39
(s, 3H, CHa); $3C NMR (100 MHz, CDClg): 6 187.6 (C=S), 166.6 (C=0), 111.6 (C(CHa)2), 103.3
(C2),77.6, 73.3, 70.6, 70.1, 69.3, 62.6, 54.5 (OCHBs), 25.9 (CHs3), 25.4 (CHs); HRMS (ESI): m/z

calcd. for C13H18NaOeS™ [M + Na]*: 373.0564, found: 373.0575.

Methyl [7,8-O-Carbonyl-4,5-O-isopropylidene-2,3-O-thionocarbonyl-a-D-manno-D-talo-2-
octulopyranosonyl]onate (6)

o)
OH
%0 R 73
o Cl,COC(=0)OCCl; (BTC), o A
><o 000 ¢ 90 L%
o)
CO,Me Pyr:CH,Cl, (1:1), =10 °C,
s3 30 min, 90% g COMe

To a solution of oct-2-ulopyranosylonate S3 (1.0 g, 2.85 mmol) in pyridine and DCM (10 mL)
was added CIsCOC(=0)OCCIs (2.537 g, 8.5 mmol) portionwise at —78 °C. After stirring at —78 °C
90 min, the reaction mixture was brought to 0 °C and stirred for couple of hours before quenching
the reaction with satd. NH4Cl (5.0 mL) and the product was extracted with DCM. The combined
DCM extractions were washed with CuSQOg4 solution (3 x 5 mL), water (5 mL), brine (5 mL), dried
over Na2SOs4, and concentrated for column chromatography on silica gel to give (Elution: 30%
EtOAc in Hexanes) pure 6 (800 mg, 90%) as a light yellow syrup. For 6, Rt 0.4 (50% EtOAc in
petroleum ether); [a]}’ +28.5 (¢ 0.7, CHCI3); *H NMR (400 MHz, CDCls): 6 5.06 (d, J = 4.4 Hz,
1H), 4.95 (dt, J = 8.4, 6.0 Hz, 1H), 4.86 (dd, J = 7.6, 4.4 Hz, 1H), 4.79 (dd, J = 9.2, 6.0 Hz, 1H),

4.56 (dd, J = 8.8, 8.0 Hz, 1H), 4.47 (dd, J = 7.6, 2.0 Hz, 1H), 3.95-3.91 (m, 4H), 1.51 (s, 3H, CHa),



1.38 (s, 3H, CHs3); 3C NMR (100 MHz, CDCls): § 187.0 (OC(=S)0), 165.4 (C=0), 154.2
(OC(=0)0), 111.9 (C(CHBa)z2), 102.9 (C(CH?3)2), 77.3, 73.5, 73.3, 69.9, 69.8, 66.1, 54.4 (OCH?3),
25.6 (CH3), 24.8 (CHz3); HRMS (ESI): m/z calcd. for C14H16NaO10S™ [M + Na]*: 399.0356, found:

399.0361.

3,6-Di-O-benzyl-1,2-dideoxy-4,5-O-isopropylidene-7-O-trityl-D-talo-1-yno-heptitol (8)

OTr
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< s
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8 (R:S =>10:1)
63% (three steps)

To a stirred solution of 752 (13 g, 66.6 mmol) and DMAP (2.44 g, 20 mmol) in pyridine
(133 mL) was added chlorotriphenylmethane (24.14 g, 86.6 mmol) at RT. The reaction mixture
was stirred for 5.5 h at 80 °C and concentrated under reduced pressure. The resulting residue was
dissolved in EtOAc and then successively washed with 1 N cold HCl(aq), satd. NaHCOs, and brine.
The organic layer was dried over MgSO4 and concentrated under reduced pressure. The crude
product was purified by column chromatography (Elution: hexanes/EtOAc = 4:1) to give known
lyxose intermediate S4 (23.6 g, 82%).5*2 Data for S4: Rr = 0.27 (hexanes/EtOAc, 3:1); HRMS (ESI)

m/z calcd. for C27H28NaOs™ [M + Na]*: 455.1829, found: 455.1833.

Ethynyl magnesium bromide solution (328 mL, 163.9 mmol, 0.5M in THF) was added
tritylated furanose S4 (23.62 g, 54.6 mmol) at 0 °C. After stirred for 1 h, the solution was gradually
warmed to 40 °C and stirred for overnight. The reaction was quenched by careful addition of satd.

NH4Cl at 0 °C, and all the solvent was removed under reduced pressure. The residue, after



dissolving in EtOAc, was washed satd. NH4Cl twice, and brine. The organic layer, dried over
MgSOs, was concentrated under reduced pressure. Crude diol product S5 was directly used for
next step without further purification. To a solution of diol S5 in DMF (182 mL) at 0 °C was
portion-wisely added NaH (6.55 g, 163.9 mmol, 60 % dispersion in mineral oil). After stirring for
0.5 h, the suspension was treated with BnBr (14.3 mL, 120.1 mmol). The reaction mixture was
stirred from 0 °C to RT for 2 h. Then the reaction was quenched by addition of satd. NH4Cl at 0
°C, and the solvent was removed under reduced pressure. The residue, after dissolving in EtOAc,
was washed satd. NH4Cl twice, and brine, dried (MgSOa), and concentrated under reduced
pressure. The crude product was purified by column chromatography (hexanes/EtOAc, 15:1 to 9:1)
to give dibenzylated alkyne 8 (25.47 g, 73 %) as a light yellow oily substance. Data for 8: Rs =
0.43 (hexanes/EtOAc, 5:1); [a]o* = —24.3 (¢ 1.4, CHCI3); 'H NMR (400 MHz, CDCls): ¢ 7.41
(d, J = 7.5 Hz, 6H, ArH), 7.32-7.19 (m, 19H, ArH), 4.66 ( d, J = 11.4 Hz, 1H), 4.57 (d, J = 12.0
Hz, 1H), 4.36 (t, J = 5.4 Hz, 1H), 4.31-4.23 (m, 3H), 4.11 dd, J = 8.3, 5.7 Hz, 1H), 3.72 (4, J = 5.0
Hz, 1H), 3.32-3.25 (m, 2H), 2.53 (t, J = 1.0 Hz, 1H), 1.45 (s, 3H), 1.37 (s, 3H); 3C NMR (100
MHz, CDCls): 6 144.12, 138.91, 136.96, 128.89, 128.73, 128.55, 128.33, 128.09, 127.89, 127.63,
127.40,127.09, 109.23, 87.00, 80.86, 77.78, 77.62, 76.39, 75.53, 72.13, 70.42, 67.94, 64.11, 27.20,

25.79; HRMS (ESI) m/z calcd. for C43H42NaOs"™ [M + Na]*: 661.2928, found: 661.2924.



Preparation of 3,6-di-O-benzyl-1-bromo-1,2-dideoxy-4,5-O-isopropylidene-7-O-trityl-D-
talo-1-yno-heptitol (S6) and methyl 3,6-Di-O-benzyl-4,5-O-isopropylidene-7-O-trityl-D-talo-
hept-2-ulosonate (9)
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To a solution of aforementioned alkyne 8 (25.47 g, 39.9 mmol) in anhydrous ACN (80 mL)
was added N-bromosuccinimide (10.65 g, 59.8 mmol) and AgNOs (0.67 g, 4.0 mmol) in the dark
at RT. The reaction mixture was stirred in the dark for 2 h, and the resulting suspension was filtered
through celite. The filtrate was diluted with EtOAc and washed satd. Na2S203, and brine. The
organic layer was dried over MgSO4 and concentrated under reduced pressure. The crude product
was purified by column chromatography (hexanes/EtOAc, 15:1 to 9:1) to give the desired bromo-
alkyne S6 (27.2 g, 95%). Data for S6: Rr = 0.42 (hexanes/EtOAc, 5:1); [a]o?® = —20.0 (c 1.3,
CHCls); *H NMR (400 MHz, CDCl3): 6 7.40 (d, J = 7.8 Hz, 6H, ArH), 7.29-7.16 (m, 19H, ArH),
4.63 (d, J = 12.1 Hz, 1H), 4.56 (d, J = 12.1 Hz, 1H), 4.35 (dd, J = 13.2, 8.6 Hz, 2H), 4.24 (d, J =
9.6 Hz, 1H), 4.13-4.07 (m, 1H), 3.72 (dd, J = 10.0, 4.9 Hz, 1H), 3.28 (t, J = 4.9 Hz, 2H), 1.45 (s,
3H), 1.35 (s, 3H); 3C NMR (100 MHz, CDCls): & 143.97, 138.76, 136.82, 128.77, 128.54, 128.46,
128.26, 128.01, 127.83, 127.58, 127.36, 127.03, 109.14, 86.95, 77.73, 77.60, 77.40, 77.36, 76.25,
72.13, 70.56, 69.06, 64.04, 47.22, 27.11, 25.70; HRMS (ESI): m/z calcd. for C43Hs1BrNaOs* [M

+ Na]": 739.2030, found: 739.2028.

To a solution of bromoheptyne S6 (10.5 g, 14.6 mmol) in DCM (90 mL) was added TBAB

(1.4 g, 4.4 mmol), NaHCOs (0.61 g, 7.3 mmol), MgSOa4 (3.5 g, 29.3 mmol), H20 (90 mL), and



MeOH (270 mL) with vigorous stirring to give a homogeneous solution at 0 °C. Then KMnOx4 (6.9
g, 43.9 mmol) was portion-wisely added. The reaction mixture was stirred at 0 °C for overnight,
and the resulting suspension was filtered over celite. Then the filtrate was concentrated under
reduced pressure. The residue, diluted with EtOAc, was washed with H20. The aqueous phase was
washed with EtOAc (x2) and the organic phase was pooled together, then washed with brine, dried
over MgSQq, concentrated under reduced pressure. The crude product was purified by column
chromatography (Elution: hexanes/EtOAc, 9:1 to 4:1) to give desired a-keto acid ester 9 (5.95 g,
58%) as a white glassy material. Data for 9: Rr = 0.3 (hexanes/EtOAc, 5:1); [«]o®* = +8.0 (c 1.0,
CHCls); *H NMR (400 MHz, CDCls): 6 7.42 (d, J =7.8 Hz, 6H), 7.36-7.28 (m, 8H), 7.24-7.2 (m,
9H), 7.12-7.10 (m, 2H), 4.65 (dd, J = 16.9, 10.6 Hz, 2H), 4.46 (dd, J = 11.3, 5.3 Hz, 2H), 4.29-
4.23 (m, 2H), 4.05 (d, J = 11.2 Hz, 1H), 3.76 (s, 1H), 3.65 (g, J = 5.1 Hz, 1H), 3.32 (ddd, J = 14.3,
9.8, 4.9 Hz, 2H), 1.37 (s, 3H), 1.28 (s, 3H); *C NMR (100 MHz, CDCls) 6 194.32, 162.07, 144.01,
138.63, 136.23, 128.94, 128.81, 128.76, 128.70, 128.62, 128.59, 128.51, 128.34, 128.08, 128.05,
128.01, 127.96, 127.86, 127.81, 127.51, 127.05, 109.63, 86.92, 78.88, 77.83, 76.69, 75.57, 72.28,
71.98, 63.66, 52.69, 26.80, 25.45; HRMS (ESI): m/z calcd. for C4aHa4sNaOs* [M + Na]*": 723.2928,

found: 723.2942.

Preparation of methyl [4,5-O-isopropylidene-2,3-O-thionocarbonyl-7-O-trityl-D-talo-2-
hept-2-ulopyranosonyl]onate (10)

OBn  OBn O Pd/C, H,, RT, o _OTr o _om S
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To a solution of a-keto acid ester 9 (0.8 g, 1.14 mmol) in THF (28.5 mL), MeOH (9.5 mL)
and AcOH (1.9 mL) was added Pd/C (0.16 g, 10%) under N2. The reaction mixture was degassed

and saturated with Hz (1 atm) and stirred for 3 h. The mixture was filtered through Celite, and the



filtrate was diluted with EtOAc and washed with satd. NaHCOs3 and brine. The organic layer was
dried over MgSOa4 and concentrated under reduced pressure. The crude product was purified by
column chromatography (hexanes/EtOAc, 2:1) to give pyranose S7 (0.44 g, 74%). Acquired data
for S7: Rr = 0.3 (hexanes/EtOAc, 1:1); HRMS (ESI): m/z calcd. for CsoH32NaOs* [M + Na]*:

543.1989, found: 543.1993.

To a solution of S7 (0.44 g, 0.85 mmol) in DCM (16.9 mL) was added thiocarbonyl
diimidazole (0.45 g, 2.54 mmol) at RT. After stirred for 3 h, the reaction solution was washed with
cold HCI, satd. NaHCOs, and brine. The organic layer was dried over MgSO4 and concentrated
under reduced pressure. The crude product was purified by column chromatography (Elution:
hexanes/EtOAc, 3:1) to give cyclic thionocarbonate 10 (0.37 g, 78%) as a light yellowish oily
substance. Data for 10: Rr = 0.35 (hexanes/EtOAc, 2:1); [a]o?* = +25.7 (c 0.7, CHCI3); 'H NMR
(400 MHz, CDCls): 6 7.45 (d, , J = 8.1 Hz, 6H), 7.30 (t, J = 7.5 Hz, 6H), 7.26-7.21 (m, 3H), 5.09
(d, J = 4.3 Hz, 1H), 4.76-4.72 (m, 1H), 4.27 (d, J = 7.4 Hz, 1H), 3.91 (s, 3H), 3.66-3.62 (m, 1H),
3.59-3.54 (m, 1H), 3.29 (dd, J = 10.1, 4.2 Hz, 1H), 1.40 (s, 3H), 1.31 (s, 3H); 1*C NMR (100 MHz,
CDCls): 0 187.94, 165.98, 143.71, 128.78, 127.96, 127.26, 111.81, 103.96, 87.07, 77.24, 74.74,
71.30, 70.24, 62.06, 54.10, 25.93, 25.66; HRMS (ESI): m/z calcd. for Ca1H3oNaOsS* [M + Na]*:

585.1554, found: 585.1549.



Preparation of methyl 3,6-di-O-benzyl-4,5-O-isopropylidene-7-O-tbutyldimethylsilyl-D-talo-
hept-2-ulosonate (11)
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To a solution of a-keto acid ester 9 (4 g, 5.7 mmol) in CH3sCN (30 mL), and formic acid (10
mL, 95%) was added at 0 °C. After stirred at for 0.5 h, the solution was gradually warmed to 10
°C and stirred for 2.5 h. The reaction was quenched by addition of satd. NaHCOs at 0 °C. The
mixture was diluted with EtOAc and washed with satd. NaHCOs (x 2), and brine. The organic
phase was dried (over MgSO4) and concentrated under reduced pressure for column
chromatography purification (Elution: hexanes/EtOAc, 3:1) to give S8 (1.86 g, 71%) as a foamy
white solid. For S8: Rt = 0.18 (hexanes/EtOAc, 2:1); HRMS (ESI): m/z calcd. for C2sH3zoNaOs*

[M + Na]*: 481.1833, found: 481.1840.

To a solution of S8 (1.86 g, 4.1 mmol) in DCM (13.5 mL) was added lutidine (0.95 mL, 8.1
mmol), and TBSOTT (1.4 mL, 6.1 mmol) at RT. After stirred for 1 h, the reaction was quenched
with H20. The mixture was diluted with DCM and washed with H20 and brine. The organic layer
was dried over MgSOa4 and concentrated under reduced pressure. The crude product was purified
by column chromatography (Elution: hexanes/EtOAc, 9:1) to give silyl ether 11 (2.11 g, 91%) as
a colorless glassy solid. Data for 11: Rf = 0.38 (hexanes/EtOAc, 5:1); [a]o* = +16.0 (¢ 1.0, CHCI53);
'H NMR (400 MHz, CDCls3): § 7.93-7.22 (m, 10H), 4.82 (d, J = 8.3 Hz, 1H), 4.70 (d, J =12.0 Hz,

1H), 4.51 (d, J =12.0 Hz, 1H), 4.39 (d, J = 8.1 Hz, 3H), 4.19 (d, J = 11.2 Hz, 1H), 3.83-3.74 (m,



5H), 3.62-3.67 (M, 1H), 1.42 (s, 3H), 1.29 (s, 3H), 0.89 (s, 9H), 0.04 (s, 6H); 13C NMR (100 MHz,
CDCls): 0 194.57,162.12, 138.86, 136.35, 128.81, 128.60, 128.45, 128.35, 127.56, 127.47, 109.61,
78.93, 77.05, 76.93, 76.85, 72.37, 71.95, 63.05, 52.79, 26.78, 26.01, 25.38, 18.37, —5.29, —-5.32;
HRMS (ESI): m/z calcd. for Cs1H44NaOsSi* [M + Na]*: : 595.2698, found: 595.2711.

Preparation of methyl [4,5-O-isopropylidene-2,3-O-thionocarbonyl-7-O-tbutyldimethylsilyl-
D-talo-2-hept-2-ulopyranosonyl]onate (12)
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To a solution of silyl ether 11 (2.11 g, 3.7 mmol) in THF (100 mL), MeOH (25 mL) and acetic
acid (6.25 mL) was added Pd/C (0.42 g, 10%) under N2. The reaction mixture was degassed and
saturated with Hz (1 atm) and stirred for 3 h. The mixture was filtered through Celite, and the
filtrate was diluted with EtOAc and washed with satd. NaHCO3 and brine. The organic layer was
dried over MgSO4 and concentrated under reduced pressure. The crude product was purified by
column chromatography (Elution: hexanes/EtOAc, 3:1) to give pyranose S9 (1.13 g, 78%). Data
for: Rt = 0.18 (hexanes/EtOAc, 2:1); HRMS (ESI): m/z calcd. for C17H32NaOsSi* [M + Na]™: :

415.1759, found: 415.1762.

To asolution of 11a (1.13 g, 2.9 mmol) in DCM (57 mL) was added TCDI (1.54 g, 8.7 mmol)
at RT. After stirred for 4 h, the reaction solution was washed with cold HCI, satd. NaHCOs, and
brine. The organic layer was dried over MgSO4 and concentrated under reduced pressure. The
crude product was purified by column chromatography (Elution: hexanes/EtOAc, 3:1) to give
thionocarbonate donor 12 (1 g, 80%) as a colorless oily substance. Data for 12: Rt = 0.25
(hexanes/EtOAC, 2:1); [a]o* = +40.0 (¢ 1.0, CHCIz); *H NMR (400 MHz, CDCls): § 5.08 (d, J =

4.5 Hz, 1H), 4.78 (dd, J = 7.4, 4.5 Hz, 1H), 4.38 (dd, J = 7.4, 1.9 Hz, 1H), 3.88 (s, 3H), 3.84 (dd,



J=6.2,4.5Hz, 2H), 3.70 (td, J = 6.2, 2.0 Hz, 1H), 1.50 (s, 3H), 1.36 (s, 3H), 0.87 (s, 9H), 0.06 (s,
3H), 0.05 (s, 3H); **C NMR (100 MHz, CDCls): ¢ 187.96, 165.92, 111.62, 103.82, 77.40, 75.40,
70.57, 70.01, 61.24, 54.07, 25.95, 25.87, 25.53, 18.36, -5.29, -5.44; HRMS (ESI): m/z calcd. for

CisHaoNaOsSSi* [M + Na]*: 457.1323, found: 457.1325.

Preparation of Me,S,-Tf.O promoting agent
A 1.0 ™M solution of the above reagent was prepared by mixing trifluoromethanesulfonic
anhydride (0.168 mL, 1 mmol) to a solution of dimethyl disulfide (0.10 mL, 1.1 mmol) in dry

DCM (0.75 mL) at 0 °C. The resulting mixture was stirred 0 °C for 30 min before use.5!

General glycosylation method for 2,3-O-thionocarbonate donors:

To a stirred solution of donor (1.0 equiv) and acceptor (1.2 equiv) in dry DCM (0.05 M) were
added DTBMP (1.0 equiv) activated 4A powdered molecular sieves (10 mol%) and then cooled it
to —60 to —70 °C. Then 1 M solution (1.0 equiv) of promoter was added to it at same temperature.
The reaction mixture was stirred for 30 min-few hours depend upon the acceptors and after that
the reaction mixture was quenched by the addition of excess triethylamine, diluted with DCM,

filtered through celite. The organic layer was concentrated at 40 °C for column chromatography.

General deprotection procedure for methylperoxycarbonyl group
To a solution of methylperoxycarbonyl protected glycoside (1 equiv.) in THF (0.1-0.5 M) was
added H20 (5 equiv.), EtsN (5 equiv.), and DMAP (2 equiv.). The solution was stirred at RT for

3-6 h then worked up or concentrated for flash chromatography purification.

General procedure for introduction of phenoxythiocarbonyl group
To a solution of hydroxyl substrate (1 equiv.) in CH3CN (0.1-0.05 m), DBU (2—4 equiv.),
DMAP (2 equiv.), and phenyl chlorothionoformate (2.5 equiv.) were added at 0 °C. The mixture

was stirred at RT for ca. 3-5 h, then diluted with EtOAc, which was washed with 0.5-1 N HCI,



satd. NaHCOs, brine, dried (over MgSOa), filtered, and concentrated for column chromatography

purification.

General deoxygenation procedure

To a solution of O-phenoxythiocarbonyl protected substrate (1 equiv.) in toluene (0.5 M),
tributyl or triphenyl tin hydride (BusSnH or PhsSnH) (1.5-2.0 equiv.) and AIBN (0.5 equiv.) were
added. The mixture was subjected to ‘freeze-vacuum-thaw’ degassing cycle thrice and was stirred
at 80—100 °C for ca. 2—4 h, then diluted with EtOAc, which was washed with H20, brine, dried
(over MgSOa), filtered, and concentrated for column chromatography purification.
1,2:3,4-Di-O-isopropylidene-6-O-[methyl (4,5:7,8-di-O-isopropylidene-3-O-(methyl-

thiocarbonyl)-D-glycero-a-D-talo-2-octulopyranosonyl)onate]-a-D-glactopyranoside (15)
(Table 1, entry 2)
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To a stirred suspension of oct-2-ulopyranosyl thionocarbonate 5 (0.231 mmol, 90 mg), the

commercially available galactosyl acceptor 13 (50 mg, 0.193 mmol), DTBP (0.386 mmol, 79 mg),
and activated molecular sieve (4 A) in anhydrous DCM (4 mL) was added MeOTf (27 puL, 0.25
mmol) at RT. After 12 h, the reaction was quenched with addition of EtsN (2 drops), and the
mixture was filtered and concentrated for flash chromatography purification (Elution:
Hexanes/EtOAc 6/1 to 2/1) to afford the a-glycosylation product 15 as a colorless foamy solid (38
mg, 30%). For 15, Rr 0.23 (hexanes/EtOAc/DCM = 2/1/1); [a]3* + 24.6 (¢ 0.30, CHCI3); *H NMR

(500 MHz, CDCl3): 6 5.50 (d, J = 5.0 Hz, 1H), 5.35 (d, J = 5.5 Hz, 1H), 4.59 (dd, J = 8.0, 2.5 Hz,



1H), 4.50 (dd, J = 10.5, 6.0 Hz, 1H), 4.48 (m, 1H), 4.33 (dd, J = 6.0, 3.0 Hz, 1H, H-2), 4.30 (dd, J
= 5.0, 3.0 Hz, 1H), 4.20 (dd, J = 8.5, 3.0 Hz, 1H), 4.17 -4.12 (m, 3H), 3.94 (dt, J = 8.0, 2.0 Hz,
1H), 3.78 (s, 3H, OCHsa), 3.71 (dd, J = 10.0, 8.5 Hz, 1H), 3.46 (dd, J = 10.5, 2.5 Hz, 1H), 2.33 (s,
3H, SCHa), 1.54 (s, 3H, CH3), 1.52 (s, 3H, CHs), 1.44 (s, 3H, CHs), 1.43 (s, 3H, CHs), 1.38 (s, 3H,
CHs), 1.37 (s, 3H, CHa), 1.33 (s, 3H, CHs), 1.31 (s, 3H, CHa); 3C NMR (125 MHz, CDCl3): 6
171.4 (OC(=0)SMe), 166.8 (C-1'), 110.6, 110.1, 109.8, 109.2, 99.2 (C-2"), 96.7 (C-1, 2Jc-n = 180
Hz), 74.4,71.8,71.2, 70.8, 70.5, 70.4, 69.7, 67.7, 67.6, 63.8, 53.2 (OCHs3), 27.2 (CHa), 26.5 (CH3),
26.4 (CHs), 26.3 (CH3), 26.0 (CHs), 25.5 (CHs), 25.0 (CHa), 14.1 (SCHa); HRMS (ESI): m/z calcd.

for C2gHasNaO1sS* [M + Na]*: 687.2293, found: 687.2310.

1,2:3,4-Di-O-isopropylidene-6-O-[methyl (4,5:7,8-di-O-isopropylidene-3-O-(S-
methylperoxycarbonyl)-D-glycero-a-D-talo-2-octulopyranosonyl)onate]-a-D-

galactopyranoside (16) (Table 1, Entry 8)
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Glycosylation of galactosyl acceptor 13 with donor 5 followed the general glycosylation
procedure. Disaccharide 16 was obtained in 75% yield as a white foamy solid by flash
chromatography purification (Elution: hexanes/EtOAc 6/1 to 3.5/1). For 16, Rf = 0.28
(hexanes/EtOAC/DCM = 2/1/1); [a]3° — 34.7 (c 1.63, CHCls); *H NMR (500 MHz, CDCls): &
5.50 (d, J = 5.0 Hz, 1H, H-1), 5.37 (d, J = 5.0 Hz, 1H, H-3"), 4.59 (dd, J = 8.0, 2.5 Hz, 1H, H-5),
4.53 (t, J = 6.0 Hz, 1H, H-4"), 4.48 (dg, J = 5.0, 6.0 Hz, 1H), 4.33 (dd, J = 6.5, 3.0 Hz, 1H, H-3),

4.30 (dd, J = 4.5, 2.5 Hz, H-2), 4.22 (dd, J = 8.5, 3.0 Hz, 1H), 4.19-4.15 (m, 2H), 4.133 (d, J = 1.5



Hz, 1H, H-4), 3.94 (dt, J = 8.0, 2.0 Hz, 1H, H-5), 3.77 (s, 3H, OCHa), 3.71 (dd, J = 10.0, 1.5 Hz,
1H, H-6a), 3.46 (dd, J = 10.5, 3.0 Hz, 1H, H-6b), 2.47 (s, 3H, SSCH3), 1.54 (s, 3H, CHs), 1.50 (s,
3H, CHs), 1.44 (s, 3H, CHs), 1.43 (s, 3H, CH3), 1.38 (s, 3H, CHa), 1.37 (s, 3H, CHz), 1.33 (s, 3H,
CHs), 1.31 (s, 3H, CHs); ¥C NMR (125 MHz, CDCls): & 168.8 (OC(=0)SSMe), 166.1
(C(=0)OMe), 110.1 (C(CHa)2), 109.6 (C(CHs)2), 109.3 (C(CHs)2), 108.7 (C(CHa)2), 98.5 (C-2'),
96.2 (C-1), 73.8, 71.3 (x 2 including C-3), 70.7 (C-5'), 70.3 (C-2), 70.0 (C-4'), 69.9 (C-3), 67.2
(C-5), 67.0 (C-4), 63.4 (C-6), 52.8 (OCHs), 26.7 (CHs), 26.1 (CHa), 25.9 (CHs), 25.7 (CHs), 25.4
(CHa), 24.9 (CHa), 24.5 (CHa), 22.9 (SSCHs); HRMS (ESI): m/z calcd. for CasHasNaO1sS2* [M +

Na]*: 719.2014, found: 719.2043.

Methyl 2,3,4-Tri-O-benzyl-6-O-[methyl (4,5:7,8-di-O-isopropylidene-3-O-(S-
methylperoxycarbonyl)-D-glycero-a-D-talo-2-octulopyranosonyl)onate]-a-D-
glucopyranoside (17) (Table 1, Entry 10)

Mezsz,-Tf20,
DTBP, DCM

-60 °C,
4A MS, 76%

Glycosylation of known acceptor 145 (209 mg, 0.451 mmol) with donor 5 (160 mg, 0.410
mmol) followed the general glycosylation procedure. Disaccharide 17 (281 mg, 76%) was
obtained as a light yellow gummy liquid after column chromatography purification (Elution: 3:1:1
hexanes/EtOAc/DCM). For 17, Rr 0.5 (3:1:1 hexanes/ EtOAc/DCM), [a]}’ + 40.0 (c 1.15, CHCl3);
IH NMR (400 MHz, CDCls): 6 7.37-7.19 (m, 15H, ArH), 5.35 (d, J = 5.2 Hz, 1H, H-3"), 4.98 (d,
J =10.8 Hz, 1H), 4.85 (d, J = 11.2 Hz, 1H), 4.79 (d, J = 10.8 Hz, 1H), 4.78 (d, J = 12.4 Hz, 1H),

4.63 (d, J = 12.4 Hz, 1H), 4.50-4.39 (m, 5H including H-1 from HMQC), 4.21 (dd, J = 6.4, 2.8 Hz,



1H, H-6"), 4.09 (dd, J = 5.6, 3.2 Hz, 1H, H-7"), 3.96 (t, J = 9.2 Hz, 1H, H-5), 3.94 (dd, J = 8.0, 3.2
Hz, 1H, H-5"), 3.76 (dg, J = 1.6, 8.0 Hz, 1H, H-3), 3.63 (s, 3H, OCH3), 3.59 (dd, J = 10.4, 2.0 Hz,
1H), 3.49-3.45 (m, 2H including H-2), 3.34 (m, 4H from COSY), 3.22 (dd, J = 10.4, 8.8 Hz, 1H,
H-4), 2.45 (s, 3H, SSCHs), 1.48 (s, 3H, CHz3), 1.37 (s, 3H, CHs3), 1.33 (s, 3H, CHz3); 13C NMR (100
MHz, CDCl3): 6 168.8 (C(=0)SSMe), 165.6 (C-1, C(=0)OMe), 138.6, 138.0, 137.9, 128.4, 128.4,
128.4,128.1, 127.9, 127.8, 127.8, 127.8, 127.6, 110.2, 109.3, 98.6 (C-2'), 97.6 (C-1), 82.0 (C-5),
79.8 (C-2),78.2 (C-4), 75.7,74.8, 73.9 (C-4"), 73.4, 71.0 (C-3"), 70.1, 69.9 (C-6"), 69.3 (C-3), 69.2
(C-5'), 66.6, 63.9, 54.8, 52.6, 26.7 (CH3), 25.9 (CHs), 25.6 (CH3), 25.3 (CHs), 22.9 (SSCHa);
HRMS (ESI): m/z calcd. for C4sHssNaO15S2" [M + Na]*: 923.2953, found: 923.2959.

Methyl 2,3,4-Tri-O-benzyl-6-O-[methyl (4,5:7,8-di-O-isopropylidene-D-glycero-a-D-talo-2-
octulopyranosonyl)onate]-a-D-glucopyranoside (S10) and methyl 2,3,4-Tri-O-benzyl-6-O-

[methyl (4,5:7,8-di-O-isopropylidene-3-O-phenoxythiocarbonyl-D-glycero-a-D-talo-2-

octulopyranosonyl)onate]-a-D-glucopyranoside (S11)

7

0
>-SSMe >(O g
) OoH
THF, H,O DMAP, DBU o
0 °C-RT, 1h o CH4CN, RT, 1.5 h, o
-, 0 BnO
BRRo ] Bro
80% 72% BnO
OMe BnOOM OMe
17 S10 e S11

The methylperoxycarbonyl group of disaccharide 17 (1.05 g, 1.2 mmol) was cleaved
according to general deprotection procedure. After chromatography purification (Elution:
hexanes/EtOAc 4/1 to 1.5/1), known disaccharide S10 (0.76 g, 80%) was obtained as a yellow
viscous oil. 5! To a solution of S10 (100 mg, 0.125 mmol), DBU (74 uL, 0.5 mmol), DMAP (61
mg, 0.5 mmol) in anhydrous DCM (4 mL, 0.03 M) was added phenyl chlorothionoformate (43 L,
0.314 mmol) at 0 °C. After stirred at 0°C for 30 min, the reaction mixture was gradually warmed

to RT and stirred for extra 1 h. The reaction solution, diluted with EtOAc, was washed with cold



HCI (1.0 M) (x 2), satd. NaHCOs (5 mL), H20 (5 mL), brine (5 mL), dried over MgSQ4, and
concentrated for flash chromatography purification (Elution: Hexanes/EtOAc 4/1.5) to give a
colorless oily liquid, S11 (84 mg, 72%). For S11, Rr 0.3 (Hexanes/EtOAc 4/1.5); [a]3? +31.4 (c
1.40, CHCIl3); *H NMR (400 MHz, CDCls): 6 7.43-7.21 (m, 18H), 7.04-6.99 (m, 2H), 5.87 (d, J
= 5.2 Hz, 1H), 4.99 (d, J = 10.8 Hz, 1H), 4.87 (d, J = 12.0 Hz, 1H), 4.80 (d, J = 10.8 Hz, 1H), 4.79
(d, J =12.0 Hz, 1H), 4.64 (d, J = 12.4 Hz, 1H), 4.56 (dd, J = 6.4, 4.8 Hz, 1H), 4.54-4.48 (m, 2H),
4.29 (dd, J = 6.4, 2.8 Hz, 1H), 4.12 (m, 2H), 4.01 (dd, J = 8.0, 2.8 Hz, 1H), 3.99 (d, J = 9.2 Hz,
1H), 3.82 (dq, J = 2.0, 8.0 Hz, 1H), 3.68 (s, 3H), 3.66 (dd, J = 10.0, 2.0 Hz, 1H), 3.498 (dd, J =
10.0, 8.0 Hz, 1H), 3.497 (dd, J = 9.6, 3.6 Hz, 1H), 3.35 (s, 3H), 3.25 (dd, J = 10.4, 8.8 Hz, 1H),
1.61 (s, 3H), 1.39 (s, 3H), 1.38 (s, 3H), 1.34 (s, 3H); 13C NMR (100 MHz, CDCl3): §194.8 (C=S),
165.7 (C-1'), 153.5, 138.6, 138.0, 137.9, 129.5, 128.4, 128.4, 128.4, 128.1, 127.9, 127.8, 127.8,
127.7,127.62,126.6,121.7,110.4, 109.3, 98.6 (C-2"), 97.6 (C-1), 82.0, 79.9, 78.4, 75.8, 75.7, 74.8,
73.9,73.4,70.3,70.2,69.4, 69.3, 66.7, 63.9, 54.8, 52.5, 26.8, 25.6, 25.5, 25.4. HRMS (ESI): m/z
calcd. for CsoHssO15S™ [M + Na]* 953.3389, found 953.3314.

Methyl 2,3,4-Tri-O-benzyl-6-O-[methyl (4,5:7,8-di-O-isopropylidene-3-deoxy-a-D-manno-2-

octulopyranosonyl)onate]-a-D-glucopyranoside (18) and methyl 2,3,4-tri-O-benzyl-6-O-

[methyl (3-deoxy-a-D-manno-2-octulopyranosonyl)onate]-a-D-glucopyranoside (19)

]

0 9
>(O - ojj\oph
o COz2Me  ph,SnH, o CO,Me
AIBN, toluene, pTSA, MeOH,

O reflux, 3 h o 0°C-RT, 3h

B O o)

Bﬂ&ﬁ BRO < BRO~
BnO 82% nO 80% BnO

OMe BnOyvie 19” OMe
s11 18

A solution of disaccharide S11 (60 mg, 0.064 mmol) in deoxygenated toluene was subjected

to the general deoxygenation procedure to give known disaccharide 18 as a colorless oily liquid



(41 mg, 82%).5!* To a solution of disaccharide 18 (26 mg, 0.033 mmol) in dry MeOH (2 mL), was
added pTSA (19 mg, 0.100 mmol) and the resulting mixture was stirred from 0 °C to RT for 3 h.
The reaction was monitored by TLC and after complete consumption of 18, the solution was
neutralized with EtsN and the solvent was removed for flash column chromatography purification
(Elution: 10% MeOH in DCM) to give a disaccharide 19 (18 mg, 80%) as a colorless syrupy liquid.
For disaccharide 19, Rr 0.1 (EtOAc); [a]3’ +80.0 (c 0.4, CHCIs); "H NMR (600 MHz, CDCl3): §
7.31-7.22 (m, 13H), 7.29 (d, J = 8.4 Hz, 2H), 4.92 (d,J=10.8 Hz, 1H), 4.83 (d, J= 10.8 Hz, 1H),
4.74 (d, J=10.8 Hz, 1H), 4.71 (d, J= 12.0 Hz, 1H), 4.61 (d, J= 12.0 Hz, 1H), 4.53 (d, J=3.0 Hz,
1H, H-1), 4.46 (d, /= 11.4 Hz, 1H), 3.92 (t, J = 9.6 Hz, 2H including H-3 supported by COSY),
3.88 (dd, J= 4.8, 10.8 Hz, 2H including H-4' supported by COSY), 3.74 (t,J= 9.0 Hz, 1H, H-5),
3.67-3.62 (m, 4H), 3.58 (dd, J = 5.4, 11.4 Hz, 1H), 3.52 (d, J = 10.2 Hz, 1H), 3.46 (dd, J= 9.6,
3.6 Hz, 1H, H-2), 3.37 (dd, J = 10.0, 8.0 Hz, 1H), 3.31 (s, 3H, OCH3), 3.21 (t, J = 9.6 Hz, 1H, H-
4), 2.57 (bs, 4H, OH x 4), 2.08 (dd, J = 12.8, 4.8 Hz, 1H, H-3'eq), 1.80 (t, J = 12.0 Hz, 1H, H-
3'ax); 13C NMR (100 MHz, CDCls): 6 168.9 (C-1"), 138.6, 138.0, 137.9, 128.4, 128.4, 128.4, 128.0,
127.9, 127.8, 127.7, 127.6, 98.6 (C-2), 97.6 (C-1), 81.9 (C-3), 80.0 (C-2), 78.2 (C-4), 77.3, 75.7,
74.7,73.3,71.5,70.1, 69.6, 66.8, 66.0, 63.5, 63.5, 55.0, 52.7, 34.7 (C-3"); HRMS (ESI): m/z calcd.
for Cs7HasO13Na™ [M + Na]* 721.2831, found 721.2736. Data for corresponding B isomer of 19
was given by ref S7.

Preparation of p-tolyl 3-O-acetyl-4-O-benzyl-2-deoxy-2-(trichloroethoxycarbonyl)-g-D-

thioglucopyranoside acceptor (26)

Ph~—\~0 BH, THF, TMSOTf o
0 0 THF, 0 °C-RT, BnO 0
AcO STol AcO STol
NHTroc NHTroc

70%
s12 ° 26



To a stirred solution of known thioglycoside S125* (1.06 g, 1.80 mmol) in THF (120 mL,
0.015 mmol) wad added BH3. THF (1 M) (9.04 mL, 9.04 mmol) at 0 °C. After 10 min TMSOTf
(97 uL, 0.542 mmol) was added to the reaction mixture drop wise and allowed to stir at RT for 3
h. After completion of reaction, it was quenched with dry methanol (2 mL), and then diluted with
Et.O (100 mL), was washed with H20 (30 mL) twice. After separation, the aqueous layer was
washed with Et2O (50 mL) three times. The combined organic layer was then washed with brine
(30 mL), dried over MgSOas, concentrated for flash chromatography purification (Elution:
hexanes/DCM/EtOAc = 6/5/2) to furnish the desired product 26 (765 mg, 70%) as a yellow viscous
oil. Analytical data for 26, Rr = 0.3 (hexanes/EtOAc = 6/1); [a]o?? = —11.4 (¢ 0.7, CHCl3); H
NMR (400 MHz, CDCls): 6 7.39-7.21 (m, 8H, ArH), 7.11 (d, J = 8.4 Hz, 2H, ArH), 5.29 (d, J =
9.6 Hz, 1H), 5.15 (t, J = 9.6 Hz, 1H), 4.82 (d, J = 12.0 Hz, 1H), 4.71 (d, J = 12.0 Hz, 1H), 4.66-
4.56 (m, 3H), 3.87 (m, 1H), 3.77-3.62 (m, 3H), 3.41 (m, 1H), 2.33 (s, 3H, CH3), 1.94 (s, 3H, CHa);
13C NMR (100 MHz, CDCls): § 170.8 (C=0), 154.2, 138.5, 137.5, 133.1, 129.8, 128.5, 128.5,
128.1,127.9,127.9,87.4,79.3, 75.7, 75.4, 74.8, 745, 61.7, 55.4 , 21.1 (CH3), 20.8 (CH3). HRMS
(ESI) m/z calcd. for C2sH28CIsNaNO7S* [M + Na]*: 614.0544, found: 614.0567.

Preparation of methyl 2,3,4-tri-O-benzyl-6-O-[methyl (7,8-O-isopropylidene-3-deoxy-a-D-

manno-2-octulopyranosonyl)onate]-a-D-glucopyranoside (29)

1. 80% AcOH, 80 °C WLO
2. Dimethoxypropane, HOO"o
pTSA,CH;CN-DMF, 0°C 0
. HO COzMe
70% over 2 steps o
BnO o) BnO o)
BnO BnO
BnOOMe BnOOMe
18 29

Disaccharide 18 (1.10 g, 1.42 mmol) was dissolved in 80% acetic acid (28 mL) and stirred at

80 °C until the completion of reaction. The solvent was reduced under reduced pressure and the



crude residue was purified by flash chromatography over silica gel (Elution: hexanes/EtOAc 1/2,
followed by EtOAc/MeOH = 100/3) to afford the deprotected intermediate. To a stirred solution
of the crude intermediate (687 mg, 0.98 mmol) and TsOH-Hz20 (19 mg, 0.1 mmol) in a mixture of
CHsCN (18 mL) and DMF (2 mL) was added a solution of 2,2-dimethoxypropane (145 uL, 1.18
mmol) in CH3CN (2 mL) at 0 °C. After addition of the reagents, the reaction mixture was stirred
for 20 min at 0 °C and neutralized by EtsN. The solution was concentrated for flash
chromatography purification over silica gel (Elution: hexanes/EtOAc 1/1 to 1/3) to afford
disaccharide 29 (733 mg, 70% over two steps) as a colorless viscous liquid. For 29, Rs 0.3
(hexanes/EtOAC 1/2); [a]3* +45.0 (¢ 0.75, CHCI3); *H NMR (500 MHz, CDCls): 6 7.39-7.19 (m,
15H), 4.97 (d, J = 11.0 Hz, 1H), 4.86 (d, J = 11.5 Hz, 1H), 4.78 (d, J = 10.5 Hz, 1H), 4.77 (d, J =
12.0 Hz, 1H), 4.64 (d, J = 12.0 Hz, 1H), 4.53 (d, J = 3.5 Hz, 1H), 451 (d, J = 11.5 Hz, 1H),
4.34-4.30 (m, 1H), 4.08 (dd, J = 8.5, 6.5 Hz, 1H), 4.00-3.96 (m, 3H), 3.87 (dd, J = 9.0, 5.0 Hz,
1H), 3.80 (dg, J = 1.5, 8.5 Hz, 1H), 3.76 (d, J = 8.0 Hz, 2H), 3.71 (dd, J = 10.5, 1.5 Hz, 1H), 3.69
(s, 3H, C(O)OCHs), 3.49 (dd, J = 9.5, 3.5 Hz, 1H), 3.40 (dd, J = 10.5, 8.0 Hz, 1H), 3.35 (s, 3H,
OCHa), 3.23 (dd, J = 10.0, 9.0 Hz, 1H), 2.15 (dd, J = 12.5, 6.0 Hz, 1H, H-3"), 1.85 (dd, J = 12.5,
10.5 Hz, 1H, H-3"), 1.35 (s, 3H, CHs), 1.29 (s, 3H, CH3).23C NMR (125 MHz, CDCl3): & 168.2
(C-19, 138.6, 138.1, 137.9, 128.4, 128.4, 128.5, 128.0, 127.9, 127.7, 127.7, 127.6, 109.4, 98.6 (C-
2", 97.6 (C-1), 82.0, 80.0, 78.6, 75.7, 74.8, 73.5, 73.4, 72.7, 69.5, 67.3, 66.7, 65.8, 63.6, 54.8
(OCHz), 52.5 (C(O)OCHsz), 34.9 (C-3'), 26.7 (CHs), 25.3 (CHs); HRMS (ESI): m/z calcd. for

CaoHsoNaO13* [M + Na]* 761.3144, found 761.3149.

Preparation of ethyl 3-O-acetyl-4-O-benzyl-2-deoxy-2-N-(trichloroethoxycarbonyl)-f-D-
glucopyranoside (30)

NIS, TMSOTH,
Q sTo| 20°C. 1.5h o) o) THF,0°C-RT, 4h, 5 o o
AcO I AcO OEt
NHTroc ¢ AcO OFEt
0 NHTroc
72% NHTroc

S$12 S$13 75% 30



A mixture of thioglycoside donor S125° (1.0 g, 1.697 mmol), EtOH (0.497 mL, 8.45 mmol),
and activated MS (AW300, 6.0 g) were suspended in DCM (34 mL). The resulting mixture was
stirred at room temperature for 10 min and at —20 °C for an additional 20 min under N2, and
followed by the addition of NIS (764 mg, 3.39 mmol) and TMSOTT (0.459 mL, 2.54 mmol).
Glycosylation coupling was monitored by TLC with either EtOAc/hexane as the developing
solvent. Upon completion of glycosylation, a small volume of saturated NaHCO3 and small lumps
of Na2S203(s) were added to the mixture, followed by vigorous stirring until the deep-red color of
the reaction mixture turned to pale yellow. The resulting mixture was dried (over MgSOa), filtered,
and concentrated for flash chromatography purification over silica gel (Elution: hexanes/EtOAc
7.5/2.5) to furnish the glycosylation product S13 (624 mg, 72%) which was taken to the next step.
S13 was converted to acceptor 30 in 75% yield as a colorless glassy solid in accordance with the
same procedure as used for 26. Analytical data for 30, Rf = 0.3 (hexanes/EtOAc/DCM = 6/3/1);
[o]p?% = —16.6 (¢ 1.20, CHCI3); 'H NMR (400 MHz, CDCls): ¢ 7.36—7.22 (m, 5H, ArH), 5.25 (d,
J=9.6 Hz, 1H), 5.19 (t, J = 9.4 Hz, 1H), 4.72 (dd, J = 16.8, 11.2 Hz, 2H), 4.63 (dd, J = 15.2,11.2
Hz, 2H), 4.47 (d, J = 8.0 Hz, 1H), 3.93-3.84 (m, 2H), 3.79-3.60 (m, 3H), 3.54 (m, 1H), 3.42 (ddd,
J=9.6, 3.6, 2.8 Hz, 1H), 2.04 (brs, 1H), 1.96 (s, 3H), 1.18 (t, J = 7.2 Hz, 3H); 3C NMR (100
MHz, CDCIs): 6 170.9, 154.4, 137.6, 128.5, 128.0, 127.9, 101.2, 95.6, 75.6, 75.2, 74.8, 74.4, 74.3,
65.7, 61.5, 56.4, 20.8, 15.5. HRMS (ESI) m/z calcd. for C20H26CIsNaNOs* [M + Na]*: 536.0616,

found: 536.0626.



Table S1. Experimental details for glycosylation of acceptors 14, 20—31 with thionocarbonate
donors 5, 6, 10, and 12

Me,S,-Tf,0, DTBP,

MS, T°C, DCM
Donor5,6, ,  Acceptor ’ ’ Glycoya=laton
10, or 12 14 or 20-31 ’ products 32-46

Acceptors and glycosylation products
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Entry | Donor (mg, mmol) | Acceptor (mg, mmol) 1.0 M Me2Se- T°C, h Product, mg, (%)?2
Tf20 (uL)

1 5,67 (0.171) 20, 67 (0.206) 170 -40,6h 32, 91 mg (70%)
2 5, 60 (0.154) 21,41 (0.31) 230 -40, 10 h 33, 67 mg (77%)
3 5,91 (0.232) 22,101 (0.255) 240 -60, 2 h 34, 157 mg (81%)
4 5, 60 (0.153) 23,56 (0.184) 150 -60,1h 35, 74 mg (65%)
5 5(77,0.197) 24, 43 (0.197) 200 -60,1h 36, 75 mg (70%)°
6 5, 60 (0.153) 25, 85 (0.184) 160 -60,3 h 37, 48 mg (40%)P
7 5, 75 (0.192) 26, 136 (0.273) 210 -70,2h 38, 102 mg (65%)
8 5, 85 (0.217) 27,121 (0.239) 190 -60,10h 39, 108 mg (60%)
9 5,68 (0.174) 28,50 (0.192) 190 -60,1h 40, 69 mg (56%)
10 5, 53 (0.135) 29, 110 (0.149) 140 -60, 8 h 41, 95 mg (60%)
11 6, 23 (0.061) 30, 27 (0.067) 80 -60, 2 h 42, 35 mg (62%)
12 6, 20 (0.053) 14, 27 (0.058) 60 -60,1h 43, 28 mg (60%)
13 12,500 (1.15) 14, 640 (1.38) 1200 -45,3h 44, 850 mg (78%)
14 12, 400 (0.92) 31, 650 (1.1) 940 -45,18 h 45, 650 mg (67%)
15 10, 1000 (1.77) 14, 990 (2.13) 1800 -45, 4 h 46, 1420 mg (75%)

[a] isolated yield. [b] Methythiperoxycarbonyl group of the crude product was cleaved to give the deprotected
product for NMR characterization (the yield given is based on two steps).

Methyl N-Benzyl-N-benzyloxycarbonyl-5-aminopentyl-(4,5:7,8-di-O-isopropylidene-3-O-(S-

methylperoxycarbonyl)-D-glycero-a-D-talo-2-octulopyranosonyl)onate (32)

Mezsz-szo
Bn DTBP, 4A MS
|
HO N ~40°C, 6 h, DCM
~N TN ~CBz
5 20 70%
Aglycone acceptor 2052 (67 mg, 0.206 mmol) was glycosylated with (2-

octulopyranosonyl)onate thionocarbonate 5 (67 mg, 0.171 mmol) using general glycosylation

procedure (Table S1, entry 1). 2-Octulopyranosonyl-onate glycoside 32 (94 mg, 70%) was



obtained as a light yellow gummy liquid after column chromatography purification (Elution: 4:2:1
hexanes:DCM:EtOAC). For 32, Rr = 0.30 (4:2:1 hexanes:DCM:EtOAC), [¢]o®® = +27.5 (c 1.6,
CHCls); 'H NMR (400 MHz, CDCL): § = 7.42-7.10 (m, 10H), 5.36 (d, J = 4.8 Hz, 1H), 5.17 (d,
J = 12.4 Hz, 2H), 4.55-4.44 (m, 4H), 4.27 (brs, 1H), 4.12 (d, J = 5.2 Hz, 2H), 3.80 (m, 1H), 3.74
(s, 1H, OCHa), 3.47 (brs, 1H), 3.30-3.10 (m, 3H), 2.45 (s, 3H, SSCH3), 1.75 (brs, 1H), 2.84-1.50
(m, 3H), 1.50-1.47 (m, 5H), 1.43 (s, 3H, CHs), 1.37 (s, 3H, CH3), 1.25 (s, 3H, CHs); 3C NMR
(100 MHz, CDCL3): § = 168.8 (C(=0)SSMe), 166.2 (C-1), 156.2 (carbamate C=0), 137.8, 136.7,
128.5, 128.4, 127.9, 127.8, 127.3, 127.2, 110.2, 109.3, 98.8 (C-2), 74.2, 71.2, 70.1, 69.8, 69.1,
67.2,66.4, 64.0, 52.6, 50.5, 50.2, 46.9, 46.0, 28.9, 26.9, 25.9, 25.5, 25.3, 23.3, 22.9; HRMS (ESI)

m/z calcd. for C37H2aNNaO12S2* [M + Na]™: 786.2588, found: 786.2573.

Methyl 6-chlorohexyl-(4,5:7,8-di-O-isopropylidene-3-O-(S-methylperoxycarbonyl)-D-

glycero-a-D-talo-2-octulopyranosonyl)onate (33)

Mezsz-szo
DTBP, 4A MS
-40°C, 10 h, DCM

77%

Acceptor 21 (41 mg, 0.31 mmol) was glycosylated with (2-octulopyranosonyl)onate
thionocarbonate 5 (60 mg, 0.154 mmol) using the general glycosylation procedure (Table S1, entry
2). 2-Octulopyranosonylonate glycoside 33 (68 mg, 77%) was obtained as a viscous colorless
liquid after chromatography purification (Elution: hexanes/EtOAc = 5:1). For 33, Rr = 0.30
(hexanes/EtOAC = 5:1), [o]o'® = +30.6 (c 2.6, CHCI3); 'TH NMR (400 MHz, CDCl3): § = 5.38 (d,
J=5.2 Hz 1H), 457 — 4.53 (m, 2H), 4.31 (dd, J = 5.8, 2.8 Hz, 1H), 4.14 (d, J = 5.2 Hz, 2H), 3.83
(dd, J = 7.0, 2.3 Hz, 1H), 3.77 (s, 3H), 3.53 (t, J = 6.4 Hz, 3H), 3.25 (dd, J = 15.3, 6.4 Hz, 1H),
2.47 (s, 3H), 1.80 — 1.73 (m, 3H), 1.59 — 1.54 (m, 3H), 1.49 (s, 3H), 1.46 (s, 3H), 1.42 — 1.41 (m,

2H), 1.39 (s, 3H), 1.36 (s, 3H); 3C NMR (100 MHz, CDCls) & = 168.7 (C(=0)SSMe), 166.1



(carbamate C=0), 110.2, 109.3,98.9, 77.3, 77.0, 76.7, 74.1, 69.1, 66.4, 63.9, 52.6, 44.9, 32.4,
25.9, 25.3, 22.9; HRMS (ESI) m/z calcd. for C23H37CINaO10S™ [M + Na]™: 595.1414, found:

595.1424.

Methyl 2-Azido-3,4-di-O-benzyl-2-deoxy-6-O-[methyl (4,5:7,8-di-O-isopropylidene-3-O-(S-
methylperoxycarbonyl)-D-glycero-a-D-talo-2-octulopyranosonyl)onate]-g-D-

glucopyranoside (34)

Mezsz-szo
DTBP, 4A MS
-60°C, 2 h, DCM

81%

Known 2-azido-glucosamine acceptor 225! (101 mg, 0.255 mmol) was coupled with oct-2-
ulopyranosonyl thionocarbonate 5 (91 mg, 0.232 mmol) using general glycosylation procedure
(Table S1, entry 3). Disaccharide 34 (157 mg, 81%) was obtained as a colorless foamy substance
after chromatography purification (Elution: hexanes/EtOAc 9:1 to 6:1). For 34, Rf 0.26
(hexanes/EtOAC/DCM = 3/1/1); [a]3* +23.7 (c 1.84, CHCIl3); 'H NMR (600 MHz, CDCl3):
§7.38-7.27 (m, 8H, ArH), 7.22 (d, J = 7.2 Hz, 2 H, ArH), 5.37 (d, J = 5.4 Hz, 1H, H-3"), 4.90 (d,
J=10.8 Hz, 1H, H-8a'), 4.83 (d, J = 10.8 Hz, 1H, H-6"), 4.78 (d, J = 10.8 Hz, 1H, H-8b’), 4.51 (d,
J=10.8 Hz, 1H, H-5'), 4.47 (g, J = 6.0 Hz, 1H, H-3), 4.42 (t, J = 6.0 Hz, 1H, H-4"), 4.21 (dd, J =
6.0, 3.0 Hz, 1H, H-2), 4.13 (d, J = 8.4 Hz, 2H, including H-1), 4.07 (dd, J = 8.4, 4.8 Hz, 1H), 3.89
(dd, J=7.8, 3.0 Hz, 1H, H-4), 3.68 (s, 3H, OCHBa), 3.65 (d, J = 10.8 Hz, 1H), 3.54 (dd, J = 11.4,
7.2 Hz, 1H), 3.51 (s, 3H, OCH3), 3.45-3.40 (m, 2H), 3.38-3.31 (m, 2H), 2.46 (s, 3H, SSCHs),
1.48 (s, 3H, CHza), 1.43 (s, 3H, CHs), 1.38 (s, 3H, CHa), 1.33 (s, 3H, CH3). *C NMR (150 MHz,

CDCl): & 168.8 (C(=0)SSMe), 165.5 (C(=0)OMe), 137.7, 137.5, 128.5, 128.5, 128.0, 127.9,



127.9, 127.8, 110.3, 109.5, 102.7 (C-1, 2Jc-n = 159 Hz), 98.6 (C-2'), 83.1, 78.0, 75.5, 75.0, 73.9,
73.7,70.7, 69.9, 69.8, 69.5, 66.6, 66.2, 63.3, 56.9 (OCHs), 52.6 (OCHS3), 26.7(CHs), 25.9(CHs),
25.6(CHs), 25.3 (CHs), 22.9 (SSCHs); HRMS (ESI): m/z calcd. for CasHasN3NaO14S2* [M + Na]*

858.2548, found 858.2577.

Methyl 2-Azido-2-deoxy-4,6-O-benzylidene-3-O-[methyl (4,5:7,8-di-O-isopropylidene-3-O
(S-methylperoxycarbonyl)-D-glycero-a-D-talo-2-octulopyranosonyl)onate]-f-D-
galactopyranoside (35)

Ph

Mezsz-szo SSMe %O

DTBP, 4A MS o o¢< CO,Me

~60°C, 1h DCM St—o Q _oMe
06 N3

65%
)VO 35

Known 2-azido-2-deoxygalactosyl acceptor 2352 (56 mg, 0.184 mmol) was glycosylated with
oct-2-ulopyranosonyl thionocarbonate 5 (60 mg, 0.153 mmol) using the general glycosylation
procedure (Table S1, entry 4). Disaccharide 35 (74 mg, 65%) was obtained as a light yellow oily
liquid after chromatography purification (Elution: 40% EtOAc in hexanes). For 35, Rr= 0.3 (40%
EtOAc/hexanes), [e]po® = + 65.36 (¢ 2.05, CHCI3); 'H NMR (400 MHz, CDCls): 6 = 7.54-7.47
(m, 2H), 7.41-7.32 (m, 3H), 5.53 (d, J = 4.8 Hz, 1H, H-3"), 5.39 (s, 1H, PhCH), 4.61 (dd, J = 6.4,
5.2 Hz, 1H, H-4'), 452 (dt, J = 4.4, 6.4 Hz, 1H, H-6"), 4.48 (dd, J = 6.8, 2.8 Hz, 1H), 4.35 (dd, J
= 6.4, 2.8 Hz, 1H, H-5'), 4.31 (dd, J = 12.4, 1.6 Hz, 1H, H-3), 4.29 (dd, J = 9.2, 4.4 Hz, 1H, H-
7a'), 4.21 (d, J = 7.6 Hz, 1H, H-1), 4.14 (dd, J = 9.2, 6.0 Hz, 1H, H-7b’), 4.00 (dd, J = 12.4, 1.6
Hz, 1H), 3.97 (d, J = 3.2 Hz, 1H), 3.79 (dd, J = 10.4, 7.6 Hz, 1H, H-2), 3.73 (dd, J = 10.8, 3.6 Hz,
1H), 3.63 (s, 3H), 3.57 (s, 3H), 3.31 (brs, 1H), 2.42 (s, 3H), 1.49 (s, 3H), 1.46 (s, 3H), 1.41 (s, 3H),
1.36 (s, 3H); 3C NMR (100 MHz, CDCls): & = 168.7 (C(=0)SSMe), 167.2 (C-1'), 137.2, 129.0,
128.2, 126.0, 110.3, 109.4, 103.2 (C-1), 100.8 (PhCH), 96.5 (C-2'), 74.5 (C-6'), 71.9, 71.8, 71.0

(C-6"), 69.75 (C-4'), 69.71 (C-5'), 69.3, 69.0, 66.12, 66.09 (C-7"), 61.1 (C-2), 57.0, 52.7, 26.8, 25.8,



25.7, 25.2, 22.9; HRMS (ESI) m/z calcd. for CaiHaiNaNaO1Ss* [M + Na]*: 766.1922, found:

766.1927.

Methyl 2,3-O-lIsopropylidene-4-O-[methyl (4,5:7,8-di-O-isopropylidene-D-glycero-a-o-talo-
2-octulopyranosonyl)onate]-a-D-rhamnopyranoside (36)

#O
OMe 1. Me,S,-Tf,0, DTBP o
o ~60 °C, 4A MS, DCM ok
+ HO 00
S 2. EtzN, DMAP, H,0 FEo,Me

XO THF, RT © OMe
O@/
24 70% two steps 0]

L-Rhamnose acceptor 245%* (43 mg, 0.197 mmol) was coupled with oct-2-ulopyranosonyl

thionocarbonate 5 (77 mg, 0.197 mmol) using the general glycosylation procedure (Table S1, entry
5). The crude product was subjected to the general deprotection procedure for the
methylperoxycarbonyl protecting group. Disaccharide 36 (75 mg, 70%) was obtained as a light
yellow gummy liquid after chromatography purification (Elution: hexanes/DCM/EtOAC 6:5:2).
For 36, Rr 0.2 (6:5:2 Hexanes/DCM/EtOAC), [a]L’ + 28.5 (¢ 0.35, CHCI3); "TH NMR (400 MHz,
CDCls): 6 4.80 (s, 1H), 4.50 (dd, J= 7.2, 3.2 Hz, 1H), 4.42 (m, 3H), 4.16 (t, J= 6.0 Hz, 1H), 4.11-
4.07 (m, 3H), 3.89 (dd, J = 8.0, 2.4 Hz, 1H), 3.78 (s, 3H, OCH3), 3.72 (d, J = 9.2 Hz, 1H), 3.63
(m, 1H), 3.37-3.31 (m, 4H), 1.47 (s, 6H, 2 x CHa), 1.41 (s, 3H, CHa), 1.36 (s, 6H, 2 x CH3), 1.33
(s, 3H, CHs), 1.25 (d, J = 6.4 Hz, 3H, rhaCHs); 3C NMR (100 MHz, CDCls): J 168.4 (C-1),
109.7, 109.2, 109.1, 98.9 (C-2"), 98.0 (C-1"), 78.5, 76.8, 75.5, 73.9, 73.1, 72.4, 71.2, 70.2, 66.7,
64.2, 54.8 (OCH3), 52.4 (CO2CH3), 27.8 (CH3), 27.1 (CH3), 26.0 (CHs), 25.4 (CH3), 25.0 (CH3),
24.8 (CH3), 17.8 (CH3). HRMS (ESI) m/z calcd. for C2sHsoNaO13" [M + Na]*: 571.2361, found:

571.2365.



Methyl 3,4,6-Tri-O-benzyl-2-O-[methyl (4,5:7,8-di-O-isopropylidene-D-glycero-a-D-talo-2-

octulopyranosonyl)onate]-a-D-mannopyranoside (37)

1. Me,S,-Tf,0, DTBP
~60°C, 4A MS, DCM

BnONGH 2 EtN,DMAP, H,0
Bne) THF, RT

OMe
5 CO,Me 25 40%

Known mannoside acceptor 25%° (85 mg, 0.184 mmol) was coupled with 2-
octulopyranosonyl)onate thionocarbonate 5 (60 mg, 0.153 mmol) using general glycosylation
procedure to give a disaccharide product, which was subjected to deprotection of S-
methylperoxycarbonyl group to give disaccharide 37 as a yellow oily liquid (48 mg, 40% over two
steps) after chromatography purification (Elution: 5:4:1 hexanes/DCM/EtOACc) (Table S1, entry
6). For 37, Rr=0.1 (5:4:1 hexanes/DCM/EtOAC), [a]o? = +40.0 (¢ = 0.65, CHCI3); "H NMR (400
MHz, CDCls): & = 7.40-7.22 (m, 13H), 7.16-7.11 (m, 2H), 4.93 (d, J = 2.0 Hz, 1H, H-1), 4.80 (d,
J =10.8 Hz, 1H), 4.68 (d, J = 11.6 Hz, 1H), 4.61 (d, J = 11.6 Hz, 1H), 4.54 (d, J = 11.2 Hz, 1H),
4.51-4.44 (m, 3H), 4.34 (dd, J = 12.0, 6.0 Hz, 1H), 4.21 (dd, J = 6.8, 2.4 Hz, 1H), 4.17-4.14 (m,
2H), 4.12 (d, J = 6.0 Hz, 1H), 4.10-4.07 (m, 2H), 4.05 (t, J = 2.8 Hz, 1H, H-2), 3.94 (d, J = 9.6
Hz, 1H), 3.88 (dd, J = 9.2, 2.8 Hz, 1H), 3.78 (dd, J = 10.8, 4.4 Hz, 1H), 3.72-3.66 (m, 2H), 3.64
(s, 3H), 3.57 (d, J = 8.8 Hz, 1H), 3.34 (s, 3H), 1.45 (s, 3H), 1.43 (s, 3H), 1.38 (s, 3H), 1.27 (s, 3H);
13C NMR (100 MHz, CDCl3): 6 = 167.8 (C(=0)SSMe), 138.4, 138.4, 138.3, 128.3, 128.3, 128.3,
127.9,127.6,127.5,127.5,127.4,109.7, 109.0, 99.6 (C-2"),99.2 (C-1),78.2,74.9,74.5,74.4,73 .2,
72.8,72.4,72.0,71.8,71.6,70.1, 69.5, 69.1, 66.1, 54.8, 52.5, 26.5, 25.8, 25.2, 25.1; HRMS (ESI)

m/z calcd. for C43HssNaO14* [M + Na]*: 817.3406, found: 817.3383.



p-Tolyl 3-O-Acetyl-4-O-benzyl-2-deoxy-2-N-trichloroethoxycarbonyl-6-O-[methyl (7,8-O-
carbonyl-4,5-O-isopropylidene-3-O-(S-methylperoxycarbonyl)-D-glycero-a-D-talo-2-
octulopyranosonyl) onate]-g-D-thioglucopyranoside (38)

EZO S Mezsz-szo,
o~ /Z/ OH DBTP, -70 °C
>g X5 Bnoﬁ O gro 3M4AMS, DCM

+ AcO >

COMe NHTroc 65% )
5 2 26 BnO o)
Reo STol
NHTroc
38

N-Troc protected acceptor 26 (136 mg, 0.273 mmol) was coupled with 2-octulopyranosoyl
thionocarbonate 5 (75 mg, 0.192 mmol) using the general glycosylation procedure (Table S1, entry
7). Disaccharide 38 (128 mg, 65%) was obtained as a colorless glassy solid after chromatography
purification (Elution: hexanes/DCM/EtOAc 5:3:2). For 38, Rt = 0.40 (hexanes:DCM:EtOAC =
5:3:2), [a]o™= +36.19 (¢ 1.05, CHCl3); '"H NMR (400 MHz, CDCls): 6 = 7.37-7.26 (m, 5H, ArH),
7.23-7.19 (m, 2H, ArH), 7.15-7.10 (m, 2H, ArH), 5.37 (d, J = 5.6 Hz, 1H, H-3"), 5.28 (b, 1H, NH),
5.17 (dd, J = 10.4, 9.2 Hz, 1H, H-3), 4.81 (d, J = 12.0 Hz, 1H), 4.72 (d, J = 11.2 Hz, 1H, H-1),
4.69 (d, J = 12.4 Hz, 1H), 4.61 (d, J = 11.6 Hz, 1H), 4.49 (d, J = 11.2 Hz, 1H), 4.43 (dd, J = 12.4,
5.6 Hz, 1H, H-7"), 4.36 (t, J = 6.0 Hz, 1H, H-4"), 4.12 (dd, J = 8.8, 6.0 Hz, 1H), 4.07 (dd, J = 8.8,
5.2 Hz, 1H), 4.04 (dd, J = 6.0, 3.2 Hz, 1H, H-5'), 3.92 (dd, J = 7.2, 3.2 Hz, 1H, H-6'), 3.75 (dd, J
=10.0 Hz, 1H, H-2), 3.68 (s, 3H, COOCHj3), 3.61-3.52 (m, 3H), 3.47 (dd, J = 9.2 Hz, 1H), H-4
2.46 (s, 3H, SSCHs), 2.31 (s, 3H, STolCHs), 1.98 (s, 3H, COCHs), 1.46 (s, 3H, CHs), 1.4 (s, 3H,
CHs), 1.37 (s, 3H, CHs), 1.28 (s, 3H, CHs); 13C NMR (100 MHz, CDCls): 6 = 170.7 (C=0), 168.8
(C=0), 165.6 (C=0), 154.2 (carbamate C=0), 137.7, 137.1, 130.6, 130.0, 129.7, 128.6, 128.2,
127.7, 110.1 (C(CHg)2), 109.4 (C(CHs)2), 98.7 (C-2"), 95.4 (CCls), 87.3 (C-1), 76.7, 76.4 (C-4),

75.7 (C-3), 74.7, 74.5, 74.1 (C-7"), 70.6 (C-3'), 69.8, 69.6 (C-5'), 69.2 (C-6), 66.5, 63.6, 55.3 (C-



2), 52.8, 26.9, 25.9, 25.7, 25.3, 22.9 (SSCHs), 21.1, 20.8 (COCH3); HRMS (ESI) m/z calcd. for

Ca2Hs2CIsNNaO16Ss [M + Na]*: 1050.1406, found: 1050.1416.

p-Tolyl 2-Azido-3-benzoyl-4-O-benzyl-2-deoxy-6-O-[methyl (4,5:7,8-di-O-isopropylidene-3-
O-(S-methylperoxycarbonyl)-D-glycero-a-D-talo-2-octulopyranosonyl)onate]-£-D-

thioglucopyranoside (39)

Mezsz-szo
DTBP, 4A MS
-60°C, 10 h, DCM

60%

Known 2-azido-thioglucoaminyl acceptor 2756 (121 mg, 0.24 mmol) was coupled with oct-2-
ulopyranosonyl thionocarboncate donor 5 (85 mg, 0.22 mmol) using general glycosylation
procedure (Table S1, entry 8). The disaccharide 39 (127 mg, 60%) was obtained as a viscous oily
liquid after chromatography purification (Elution: 4:1:1 hexanes:DCM:EtOAc). For 39, Rr=0.40
(20% EtOAcC in hexanes), [o]o% = +40.0 (c 0.3, CHCIs); 'H NMR (400 MHz, CDCI3): 6 = 8.09-
8.05 (m, 2H), 7.60 (m, 1H), 7.51-7.39 (m, 4H), 7.21-7.16 (m, 5H), 7.08-7.04 (m, 2H), 5.42 (t, J =
9.2 Hz, 1H, H-3),5.41 (d, J = 5.6 Hz, 1H, H-3'), 4.61 (d, J = 10.4 Hz, 1H, H-1, HSQC), 4.52 (d, J
=10.8 Hz, 1H), 4.46 (dd, J = 12.0, 6.0 Hz, 1H), 4.41 (t, J = 6.0 Hz, 1H, H-4’, COSY), 4.39 (d, J =
10.8 Hz, 1H), 4.17-4.08 (m, 3H), 3.96 (s, 3H), 3.63-3.58 (M, 3H), 3.52 (t, J = 9.6 Hz, 1H, H-4),
3.48 (t, J = 10.0 Hz, 1H, H-2), 2.46 (s, 3H), 2.36 (s, 3H), 1.48 (s, 3H), 1.45 (s, 3H), 1.40 (s, 3H),
1.31 (s, 3H); 3C NMR (100 MHz, CDCL): 6 = 168.8 (C(=0)SSMe), 165.5, 165.3, 138.4, 136.7,
133.6, 132.1, 129.9, 129.8, 129.2, 128.6, 128.5, 128.4, 128.1, 127.9, 110.1, 109.4, 98.7 (C-2',
HSQC), 86.5 (C-1, HSQC), 77.7, 76.5 (C-3), 76.2, 74.7 (C-7'), 74.2, 70.6 (C-3'), 69.8, 69.6, 69.3,
66.5, 63.6, 63.5, 52.8, 26.8, 25.9, 25.7, 25.3, 22.9, 21.2; HRMS (ESI) m/z calcd. for

CaaHs1N3NaO14Ss™ [M + Na]*: 964.2425, found: 964.2422.



Methyl {2,6-Anhydro-3-deoxy-4,5-O-isopropylidene-8-O-[methyl (4,5:7,8-di-O-
isopropylidene-3-O-(S-methylperoxycarbonyl)-D-glycero-a-D-talo-2-octulopyranosyl)-
onate]-D-manno-2-octulopyranosonyl}onate (40)

OH
(|)_|O/, Mezsz-szo o P

+ >( o DTBP, 4A MS
o\ ~60°C, 1 h, DCM HO 0

CO,Me >(o 2
5 28 56% Q

Known Kdo glycal acceptor 285 (50 mg, 0.192 mmol) with oct-2-ulopyranosonyl
thionocarbonate 5 (68 mg, 0.174 mmol) using general glycosylation procedure (Table S1, entry 9).
Disaccharide 40 (69 mg, 56%) was obtained as a yellowish gummy liquid by column
chromatography (Elution: hexanes/EtOAc 2:1 to 1:1.5). For 40, Rs = 0.14 (hexanes/EtOAc = 1/1);
[¢]o*®= +43.75 (c 1.6, CHCIs); *H NMR (600 MHz, CDCl3): 6 = 5.98 (d, J = 2.4 Hz, H-3), 5.33
(d, J = 4.2 Hz, 1H, H-3"), 4.80 (dd, J = 6.0, 3.6 Hz, 1H, H-4"), 4.58-4.54 (m, 2H), 4.45 (dd, J =
12.0, 6.0 Hz, 1H), 4.38 (dd, J = 7.2, 2.4 Hz, 1H, H-5'), 4.16-4.09 (m, 3H), 3.98-3.95 (m, 2H), 3.93
(dd, J = 10.2, 4.8 Hz, 1H, H-4), 3.81 (s, 3H, OCHs), 3.78 (s, 3H, OCHs), 3.61 (dd, J = 10.2, 3.0
Hz, 1H), 2.49 (s, 3H, SSCH), 1.52 (s, 3H, CHs), 1.44, (s, 3H, CH3), 1.38 (s, 9H, CH3), 1.35 (s,
3H, CHs). ¥C NMR (150 MHz, CDClz) 6 = 170.1 (C(=0)SSMe), 166.9 (C-1), 162.5 (C-1'), 145.3
(C-2), 111.6, 109.8, 109.4 (C-3, HMQC, DEPT), 109.3, 100.2 (C-2"), 77.9, 75.0, 74.3 (C-3'), 73.6,
72.5(C-5"),71.6 (C-4'),70.6, 68.2, 67.2, 66.0, 62.0 (C-4), 53.6 (OCHg), 52.7 (OCHs), 27.3 (CHs),
26.8 (CHs), 26.0 (CHs), 25.8 (CHs), 25.5 (CHs), 23.4 (SSCHs); HRMS (ESI): m/z calcd. for

C29H42N3NaO16S2* [M + Na]* 733.1812, found 733.1827.



Methyl  2,3,4-Tri-O-benzyl-6-O-[methyl  (7,8-O-isopropylidene-3-deoxy-a-D-manno-2-
octulopyranosyl)onate]-4-0-{4,5:7,8-di-O-isopropylidene-3-O-(S-methyldisulfanyl-

carbonyl)-D-glycero-a-p-talo-2-octulopyranosonyl}onate-a-D-glucopyranoside (41)

(0]
CO,Me  MeyS,-Th0 3
DTBP, 4A MS o
—-60°C, 8 h, DCM CO,Me¢
BnO 0 o)

BnO
60%
BnO e ° BnO’é&‘
BnO
2 M BnO Ania

Disaccharide acceptor 29 (110 mg, 0.149 mmol) was coupled with 2-octulopyranosonyl
thionocarbonate 5 (53 mg, 0.135 mmol) using general glycosylation procedure (Table S1, entry
10). Trisaccharide 41 (95 mg, 60%) was obtained as a white amorphous substance after
chromatography purification (Elution: hexanes/EtOAc = 1:1). For 41, Rr= 0.30 (EtOAc/hexanes
= 7:3), [a]o® = +42.3 (c 0.85, CHCI3); "TH NMR (400 MHz, CDCl3): 6 = '"H NMR (400 MHz,
CDCls): 6 = 7.38-7.20 (m, 15H), 5.34 (d, J = 4.4 Hz, 1H, H-3"), 4.96 (d, J = 10.8 Hz, 1H), 4.85 (d,
J=10.8 Hz, 1H), 4.76 (d, J = 12.0 Hz, 1H), 4.63 (d, J = 12.0 Hz, 1H), 4.54-4.50 (m, 2H), 4.48 (d,
J =10.8 Hz, 1H), 4.39 (dd, J = 12.4, 5.6 Hz, 1H), 4.35-4.30 (m, 2H), 4.12-4.02 (m, 4H), 3.97 (m,
1H), 3.93-3.87 (m, 2H), 3.81-3.62 (m, 11H), 3.48 (dd, J = 9.6, 3.6 Hz, 1H), 3.40 (dd, J = 10.4, 8.8
Hz, 1H), 3.34 (s, 3H), 3.19 (dd, J = 10.0, 8.8 Hz, 1H), 2.48 (s, 3H), 2.27 (brs, 1H), 2.25 (dd, J =
12.5, 5.2 Hz, 1H, , H-3eq’), 2.09 (t, J = 12.5 Hz, 1H, H-3ax’), 1.47 (s, 3H), 1.43 (s, 3H), 1.36 (5,
3H), 1.33 (s, 6H), 1.24 (s, 3H); 13C NMR (100 MHz, CDCl): = 169.4 (C(=0)SSMe), 167.7
(C(=0)OMe, C-1'), 166.2 (C(=0)OMe, C-1" from HMBC), 138.6, 138.1, 137.9, 128.4, 128.4,
128.4,128.0, 127.8, 127.8, 127.7, 127.6, 110.8, 109.2, 108.9, 98.8 (C-2"), 98.4 (C-2"), 97.6 (C-1),

81.9, 80.1, 78.6, 75.6, 74.9, 74.2, 73.3, 73.3, 73.0 (C-3"), 72.2, 71.2, 70.6, 70.1, 69.9, 69.6, 67.1,



66.1, 64.7, 63.5, 55.0, 52.6, 52.4, 33.0 (C-3'), 26.8, 26.6, 25.6, 25.5, 25.4, 25.1, 22.9. HRMS (ESI)

m/z calcd. for Cs7H7aNaO22S2" [M + Na]*: 1197.4005, found: 1197.4047.

Ethyl {3-O-Acetyl-4-O-benzyl-2-N-(trichloroethoxycarbonyl)-2-deoxy-6-O-[methyl (7,8-O-
carbonyl-4,5-O-isopropylidene-3-O-(S-methylperoxycarbonyl)-D-glycero-a-D-talo-2-

octulopyranosonyl)-onate]-£-D-glucopyranoside (42)

Mezsz-szo,
DTBP, 4A MS
-60°C, 2 h, DCM

62%

N-Troc protected glucosaminyl acceptor 30 (27 mg, 0.067 mmol) was glycosylated with (2-
octulopyranosyl)onate 6 (23 mg, 0.061 mmol) using general glycosylation procedure as described
above (Table S1, entry 11). Disaccharide 42 (35 mg, 62%) was obtained as a colorless sticky liquid
after chromatography purification (Elution: 4:3:2 hexanes/EtOAc/DCM). For 42, Rf = 0.25
(hexanes/EtOAc = 3/2); [a]o*® = +20.0 (c 0.9, CHCl3); *H NMR (500 MHz, CDCls): § = 7.38-
7.28 (m, 3H, ArH), 7.25-7.21 (m, 2H, ArH), 5.43 (d, J = 5.5 Hz, 1H, H-3"), 5.18 (t, J = 10.0 Hz,
1H, H-3), 5.10 (d, J = 9.0 Hz, 1H, NH), 4.97 (ddd, J = 8.5, 7.0, 3.0 Hz, 1H), 4.78 (dd, J = 9.0, 6.5
Hz, 1H), 4.76 (d, J = 12.0 Hz, 1H), 4.68 (d, J = 12.0 Hz, 1H), 4.66 (d, J = 11.5 Hz, 1H), 4.54-4.49
(m, 2H), 4.47 (t, J = 6.0 Hz, 1H), 4.41 (d, J = 8.0 Hz, 1H, H-1), 4.35 (t, J = 3.0 Hz, 1H, H-6"), 4.09
(dd, J = 6.0, 4.0 Hz, 1H, H-5), 3.81 (dd, J = 9.5, 7.0 Hz, 1H), 3.70 (dd, J = 11.0, 2.0 Hz, 1H), 3.68
(s, 3H), 3.61 (dd, J = 11.0, 7.0 Hz, 2H), 3.55 (m, 2H), 3.50 (dd, J = 17.0, 8.5 Hz, 1H), 2.47 (s, 3H),
2.01 (s, 3H), 1.44 (s, 3H), 1.27 (s, 3H), 1.18 (t, J = 7.0 Hz, 3H); 13C NMR (125 MHz, CDCls): &
=168.5 (C(=0)SSMe), 164.9 (C-1'), 154.6 (carbamate C=0), 137.3, 128.6, 128.1, 127.6, 110.5,

101.0 (C-1), 98.5 (C-2'), 75.2, 74.7, 74.5, 74.3 (C-3), 73.5, 69.9 (C-3' and C-4'), 69.0 (C-5'), 68.3



(C-6"),65.7,65.5 (C-4),64.1 (C-2),56.2,52.8, 25.7, 25.1, 23.0, 20.8, 15.1. HRMS (ESI) m/z calcd.
for CssH44CIsNaNO1sS:2" [M + Na]*: 960.0928, found: 960.0972.
Methyl  2,3,4-Tri-O-benzyl-6-O-[methyl  (7,8-O-carbonyl-4,5-O-isopropylidene-3-O-(S-

methylperoxycarbonyl)-D-glycero-a-D-talo-2-octulopyranosonyl)-onate]-a-D-

glucopyranoside (43)

Mezs2-Tf20
OH DTBP, 4A MS
+ 0
e o -60°C, 1 h, DCM
nO 0]
BnOome 60% - o
14 BnO

BnO

43 OMe

Glucoside acceptor 14 (27 mg, 0.058 mmol) was coupled with (2-octulopyranosonyl)onate
thionocarbonate 6 (20 mg, 0.053 mmol) according to the general glycosylation procedure (Table
S1, entry 12). Disaccharide 43 (28 mg, 60%) was obtained as a white amorphous substance after
chromatography purification (Elution: 3:2 hexanes/EtOAc). For 43, Rs = 0.3 (hexanes/EtOAC =
3/2); [o]p™® = +93.0 (c 0.15, CHCls); *H NMR (400 MHz, CDCls): & = 7.39-7.23 (m, 13H, ArH),
7.22-7.21 (m, 2H, ArH), 5.41 (d, J = 5.2 Hz, 1H, H-3'), 4.98 (d, J = 10.8 Hz, 1H), 4.94-4.87 (m,
2H), 4.79 (m, 1H), 4.76 (d, J = 3.2 Hz, 1H), 4.71 (dd, J = 8.8, 6.4 Hz, 1H), 4.65 (d, J = 12.0 Hz,
1H), 4.54 (d, J = 3.6 Hz, 1H, C1-H), 4.49 (dd, J = 8.4, 6.8 Hz, 1H), 4.46-4.43 (m, 2H), 4.35 (t,J =
4.0 Hz, 1H), 4.10 (dd, J = 6.4, 4.0 Hz, 1H), 3.97 (t, J = 9.2 Hz, 1H), 3.77 (m, 1H), 3.63 (s, 3H,
COOCHg), 3.59 (dd, J = 10.4, 1.6 Hz, 1H), 3.50 (dd, J = 10.0, 3.2 Hz, 1H), 3.33 (s, 3H, OCHj3),
3.25 (dd, J = 10.0, 8.8 Hz, 1H), 2.45 (s, 3H, SSCHz), 1.43 (s, 3H, CHs), 1.28 (s, 3H, CH3); 3C
NMR (100 MHz, CDCls): 6 = 168.4 (C(=0)SSMe), 165.1 (C(=0)OMe, C-1"), 154.7 (carbonate
C=0), 138.5,137.9, 128.5,128.4, 128.1, 128.0, 127.9, 127.9, 127.8, 127.6, 127.6, 110.4 (C(CHs3)z2),

98.5 (C-2'), 97.8 (C-1), 81.9, 79.8, 78.0, 77.2, 75.7, 74.9, 74.8, 73.4, 69.9, 69.9, 69.3, 68.9, 67.9,



65.9, 64.5, 54.9 (OCH3), 52.8 (COOCHS3), 25.8 (CHa), 25.2 (CHs), 22.9 (SSCHs); HRMS (ESI)

m/z calcd. for C43HsoNaO16S2* [M + Na]*: 909.2432, found: 909.2455.

Methyl 2,3,4-Tri-O-benzyl-6-O-[methyl (4,5-O-isopropylidene-3-O-(S-
methylperoxycarbonyl)-7-O-tbutyldimethylsilyl-a-D-talo-2-heptulopyranosonyl)onate]-a-D-
glucopyranoside (44)

OTBS

SSMe
740
S OH Me,S,-Tf,O
(0] oTBS 292" 112 (@)
>( (0] )( (0] DTBP, MS ° ppooaMe
BnO
o \O 0O + BnO -45°C, DCM 5
B —
BnO
oM
CO,Me © 78% BnO 0
12 14 BnO

BnO,

44 OMe

Thionocarbonate donor 12 (0.5 g, 1.15 mmol) was coupled with glucoside acceptor 14 (0.64 g,
1.38 mmol)S! using the general glycosylation procedure (Table S1, entry 13). Disaccharide 44
(0.85 g, 78%) was obtained as a colorless glassy solid by column chromatography (Elution
hexanes/EtOAc, 5:1). Data for 44: Ry = 0.42 (hexanes/EtOAc, 2:1); *H NMR (400 MHz, CDCls)
0 7.37-7.21 (m, 15H, ArH), 5.37 (d, J = 5.5 Hz, 1H), 4.98 (d, J = 10.8 Hz, 1H), 4.87 (d, J =11.1
Hz, 1H), 4.79 (d, J = 11.7 Hz, 2H), 4.65 (d, J = 12.1 Hz, 1H), 4.51 (d, J = 3.5 Hz, 1H), 4.47 (d, J
=11.1 Hz, 1H), 4.41 (t, J = 5.8 Hz, 1H), 4.16 (dd, J = 6.0, 2.9 Hz, 1H), 4.08 (td, J = 6.5, 2.9 Hz,
1H), 3.97 (dd, J = 10.3, 7.8 Hz, 2H), 3.89 (dd, J = 10.0, 6.2 Hz, 1H), 3.79-3.72 (m, 1H), 3.61 (s,
3H), 3.58 (d, J = 4.5 Hz, 2H), 3.47 (dd, J = 9.6, 3.5 Hz, 1H), 3.35 (s, 3H), 3.24 (t, J = 9.4 Hz, 1H),
2.45 (s, 3H), 1.46 (s, 3H), 1.30 (s, 3H), 0.87 (s, 9H), 0.06 (s, 3H), 0.05 (s, 3H); 3C NMR (100
MHz, CDCls) ¢ 168.94, 166.07, 138.67, 138.17, 138.09, 128.62, 128.57, 128.24, 128.12, 128.11,
127.94, 127.86, 127.82, 110.02, 98.93, 97.84, 82.18, 79.89, 78.40, 75.91, 75.07, 73.51, 70.99,

70.04, 69.69, 69.64, 69.56, 63.93, 62.00, 55.06, 52.66, 26.24, 25.94, 25.44, 23.09, 18.35, -5.21,

—5.39. HRMS (ESI) m/z calcd. for C47HsaNaO14S2Si* [M + Na]*: 967.3399, found: 967.3367.



p-Tolyl 4-O-benzyl-2,3-di-O-benzoyl-6-O-[methyl (4,5-O-isopropylidene-3-O-
(methyldithioperoxy)carbonyl-7-O-tbutyldimethylsilyl-a-D-talo-2-heptulopyranosyl)onate]-
thio-a-D-glucopyranoside (45)

OTBS gopme
o)
S (e}
o _OTBS OH Me,S,-Tf,0 o)
>( o) /( o DTBP, MS o >0 co,Me
o Mo lle} + BnB%O STol —45 DCM
o)
COM OBz
2vie 31 67% 0
12 ° BnoS STol
OBz

45

Thionocarbonate 12 (0.4 g, 0.92 mmol) was coupled with thioglucoside acceptor 31 (0.65 g,
1.1 mmol) based on the general glycosylation procedure (Table S1, entry 14). Disaccharide 45
(0.65 g, 67%) was obtained as a colorless gummy substance after column chromatography
purification (Elution: hexanes/EtOAc, 5:1. Data for 45: Rf = 0.5 (hexanes/EtOAc, 2:1); *H NMR
(400 MHz, CDCls) 6 7.94-7.88 (m, 4H), 7.49 (t, J = 7.3Hz, 2H), 7.36 (t, J = 7.6 Hz, 4H), 7.29 (d,
J=7.6 Hz, 2H), 7.25 (d, J = 1.4 Hz, 1H), 7.22-7.19 (m, 2H), 7.11 (dd, J = 16.7, 9.0 Hz, 4Hz), 5.75
(t, J = 9.2 Hz, 1H), 5.44 (d, J = 5.5 Hz, 1H), 5.35 (t, J = 9.7 Hz, 1H), 4.95 (d, J = 10.0 Hz, 1H),
4.57 (d, J = 11.0 Hz, 1H), 4.42 (dd, J = 11.8, 6.5 Hz, 2H), 4.15-4.13 (m, 1H), 3.98(dt, J = 22.4,8.0
Hz, 3H), 3.76 (t, J = 6.6 Hz, 2H), 3.71 (s, 3H), 3.69-3.64 (m, 2H), 2.47 (d, J = 1.2 Hz, 3H), 2.31
(s, 3H), 1.48 (s, 3H), 1.27 (s, 3H), 0.91 (s, 9H), 0.11 (s, 6H); *C NMR (100 MHz, CDCls) § 168.98,
165.97, 165.63, 165.39, 137.87, 136.92, 133.39, 133.33, 131.25, 129.93, 129.77, 129.28, 129.25,
128.52, 128.42, 128.16, 128.01, 109.84, 98.88, 86.08, 77.91, 77.36, 76.72, 76.43, 74.92, 70.77,
70.71, 69.80, 69.68, 69.45, 63.69, 61.95, 52.85, 26.22, 25.97, 25.35, 23.05, 21.18, 18.34, -5.13, -

5.43; HRMS (ESI) m/z calcd. for CssHssNaO15SsSi*™ [M + Na]*: 1087.3069, found: 1087.3081.



Methyl 2,3,4-Tri-O-benzyl-6-O-[methyl (4,5-O-isopropylidene-3-O-(methyldithioperoxy)-
carbonyl-7-O-trityl-a-D-talo-2-heptulopyranosyl)onate]-a-D-glucopyranoside (46)

OTr  ssMe
Q (0]
Mezsz-szo >< ?(
o OTr S OH DTBP, MS (0] vO,CO,Me
>( o /( o -45, DCM
BnO
o 20 0 + BnO 0
BnO (e}
OMe o BnO
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46

Thionocarbonate donor 10 (1 g, 1.77 mmol) was coupled with methyl glucoside acceptor 14
(0.99 g, 2.13 mmol)S! according to the general glycosylation procedure (Table S1, entry 15).
Disaccharide 46 (1.42 g, 75%) was obtained as a colorless oily substance after column
chromatography purification (Elution: hexanes/EtOAc, 5:1) to give 46. Data for 46: Rr = 0.4
(hexanes/EtOAc, 2:1); [a]o® = +13.5 (c 1.3, CHCI3); *H NMR (400 MHz, CDCls) 6 7.46 (d, J =
7.9 Hz, 6H, ArH), 7.35-7.17 (m, 24H, ArH), 5.37 (d, J = 4.9 Hz, 1H), 5.00 (d, J = 10.9 Hz, 1H),
4.84 (d, J = 13.4 Hz, 2H), 4.79 (d, J = 3.9 Hz, 1H), 4.65 (d, J = 12.1 Hz, 1H), 4.55 (d, J = 3.0 Hz,
1H), 4.43 (dd, J = 11.5, 6.4 Hz, 2H), 4.24 (s, 1H), 4.14 (dd, J = 5.7, 2.1 Hz, 1H), 3.99 (t, J = 9.1
Hz, 1H), 3.82-3.77 (m, 1H), 3.62-3.57 (m, 2H), 3.62 (s, 3H), 3.58 (d, J = 7.5 Hz, 1H), 3.50 (dd, J
= 9.5, 2.9 Hz, 1H), 3.42 (dd, J = 9.3, 5.2 Hz, 1H), 3.37 (s, 3H), 3.26 (t, J = 9.4 Hz, 1H), 2.41 (s,
3H), 1.41 (s, 3H), 1.28 (s, 3H); 3C NMR (100 MHz, CDCls) 6 168.87, 166.02, 144.04, 138.73,
138.06, 137.98, 128.92, 128.54, 128.49, 128.16, 128.02, 127.98, 127.83, 127.77, 127.09, 110.20,
98.91, 97.76, 86.82, 82.11, 79.93, 78.55, 75.80, 75.09, 73.39, 70.98, 70.34, 70.18, 69.56, 68.76,
63.95, 63.01, 55.03, 52.62, 26.14, 25.43, 23.01; HRMS (ESI) m/z calcd. for CeoHsaNaO14S2* [M

+ Na]*: 1095.3630, found: 1095.3633.



Methyl  2,3,4-Tri-O-benzyl-6-O-{methyl  5-O-acetyl-7,8-O-isopropylidene-4-O-[methyl
4,5:7,8-di-O-isopropylidene-3-O-(S-methylperoxycarbonyl)-D-glycero-a-D-talo-2-
octulopyranosonyl]onate-3-deoxy-a-D-manno-2-octulopyranosonyl}-onate-a-D-

glucopyranoside (S14)
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e/ O

COzMe —-10 to 0°C
0Q et ' O, CO,M
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Trsiaccharide 39 (66 mg, 0.056 mmol) in DCM (2.0 mL) was treated with dry pyridine (4.6
uL, 0.056 mmol) at —10 °C. After for ca 5 min., acetic anhydride (6.0 puL, 0.067 mmol) and
followed by 0.1 equiv of DMAP were added and the mixture stirred at 0 °C for 1 h. The acetylated
product was then extracted with EtOAc, which was washed with satd. NH4Cl, water, brine, dried
(Na2S04), and concentrated in vacuo to give acetylated trsiaccharide S14 as colorless oily
substance after chromatography purification (Elution: hexanes/EtOAc 2:1). For S14, Rt = 0.40
(hexanes/EtOAC 4/2), [a]o?® = +45.7 (¢ 0.7, CHCI3); "TH NMR (400 MHz, CDCl3): 6 = 7.39-7.18
(m, 15H), 5.32 (d, J = 2.4 Hz, 1H, H-5'), 5.28 (d, J = 4.4 Hz, 1H, H-3"), 4.97 (d, J = 10.8 Hz, 1H),
4.85 (d, J = 11.2 Hz, 1H), 4.78 (d, J = 8.0 Hz, 1H), 4.76 (d, J = 9.2 Hz, 1H), 4.63 (d, J = 12.0 Hz,
1H), 4.54 (d, J = 3.6 Hz, 1H), 4.48 (d, J = 11.2 Hz, 1H), 4.45 (dd, J = 7.2, 1.8 Hz, 1H), 4.40 (dd,
J=11.6, 6.6 Hz, 1H), 4.26 (dd, J = 6.8, 3.2 Hz, 1H), 4.22 (m, 1H), 4.14 (dd, J = 9.2, 5.2 Hz, 1H),
4.09 (dd, 3= 9.2, 6.4 Hz, 1H), 4.01 (m, 1H), 3.97 (t, J = 6.0 Hz, 1H), 3.96-3.92 (m, 2H), 3.91-3.85
(m, 2H), 3.78 (m, 1H), 3.74 (s, 3H), 3.70 (s, 3H), 3.67 (dd, J = 10.0, 1.6 Hz, 1H), 3.48 (dd, J = 9.6,
3.6 Hz, 1H), 3.40-3.35 (m, 4H), 3.17 (dd, J = 14.0, 8.8 Hz, 1H), 2.49 (s, 3H), 2.35 (dd, J = 12.5,
4.8 Hz, 1H, H-3a’), 2.08 (s, 3H, CH3CO), 2.03 (t, J = 12.5 Hz, 1H, H-3b’), 1.46 (s, 3H), 1.42 (s,

3H), 1.36 (5, 3H), 1.31 (s, 3H), 1.27 (s, 3H), 2.13 (s, 3H); 3C NMR (125 MHz, CDCL3): 6 =169.1



(C=0), 168.8 (C(=0)SSMe), 167.5 (C=0), 165.6 (C=0), 138.6, 138.1, 137.9, 128.4, 128.4, 128.4,
128.0, 127.8, 127.8, 127.6, 110.5, 109.2, 109.1, 98.8, 98.2, 97.5 (C-1), 81.9, 80.1, 78.7, 75.7, 74.9,
74.3,73.3,73.1, 71.8, 71.7, 70.7, 70.5, 69.6, 69.4, 68.9, 66.6, 66.4, 65.9, 63.5, 60.4, 55.2, 52.5,
52.4,33.8,29.7, 26.7, 26.6, 25.7, 25.6, 25.4, 25.1, 22.9, 21.0, 20.8, 14.2; HRMS (ESI) m/z calcd

for CsoH76NaO23S2* [M + Na]™: 1239.4111, found: 1239.4143.

Methyl  2,3,4-Tri-O-benzyl-6-O-{methyl  5-O-acetyl-7,8-O-isopropylidene-4-O-[methyl
4,5:7,8-di-O-isopropylidene-D-glycero-a-D-talo-2-octulopyranosonyl]onate-3-deoxy-a-D-

manno-2-octulopyranosonyl}onate-a-D-glucopyranoside (47)

SSMe
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To a solution of S14 (30 mg, 0.024 mmol) in a solution of THF and H20 (3 mL) mixture were
treated EtsN and DMAP in accordance with the general deprotection procedure. After complete
cleavage, the reaction mixture was concentrated for flash chromatography purification (Elution:
hexanes/EtOAc 1/1 to 1/2) to furnish 47 (24 mg, 96%) as a yellow viscous oil. For 47, Rs 0.30
(hexanes/EtOAC/DCM = 1/2/1); [a]o*® = -54.28 (c 0.7, CHCI3); '"H NMR (400 MHz, CDCl3): ¢
= 7.36-7.21 (m, 15H, ArH), 5.36 (d, J = 2.8 Hz, 1H, H5'), 4.97 (d, J = 10.8 Hz, 1H), 4.85 (d, J =
11.2 Hz, 1H), 4.79 (d, J = 6.0 Hz, 1H), 4.76 (d, J = 7.6 Hz, 1H), 4.63 (d, J = 12.0 Hz, 1H), 4.53 (d,
J = 3.6 Hz, 1H, H-1, HSQC), 4.48 (d, J = 7.6 Hz, 1H), 4.46 (dd, J = 7.6, 2.8 Hz, 1H), 4.33-4.24
(m, 3H), 4.11-4.02 (m, 3H), 4.00 (dd, J = 6.8, 2.8 Hz, 1H), 3.97 (m, 1H), 3.91-3.86 (m, 3H), 3.78
(m, 1H), 3.74 (s, 3H, COOCHs), 3.72 (dd, J = 7.2, 2.4 Hz, 1H), 3.70 (s, 3H, OCHs), 3.67 (dd, J =

10.0,1.6 Hz, 1H), 3.63 (d, J = 10.8 Hz, 1H), 3.48 (dd, J = 9.6, 4.0 Hz, 1H), 3.40-3.34 (m, 4H), 3.17



(dd, J = 10.0, 8.8 Hz, 1H), 2.23 (dd, J = 12.8, 4.8 Hz, 1H, H-3’eq), 2.11 (s, 3H, COCHs), 2.01 {t,
J =12.4 Hz, 1H, H-3’axial), 1.43 (s, 3H, CHs), 1.42 (s, 3H, CHs), 1.35 (s, 3H, CHz), 1.33 (s, 3H,
CHa), 1.28 (s, 3H, CHs), 1.24 (s, 3H, CHs); 3C NMR (125 MHz, CDCl3): 6 = 170.2 (C=0), 167.6
(C=0), 167.4 (C=0), 138.6, 138.1, 137.9, 128.4, 128.4, 128.4, 128.0, 127.8, 127.8, 127.8, 127.6,
110.3,109.2,109.1, 98.9, 98.2,97.5 (C-1), 81.9, 80.1, 78.7, 75.7,74.9, 73.9, 73.3, 73.1, 72.9, 72.7,
71.6, 70.9, 70.1, 69.3, 68.5, 67.1 (C-5'), 66.8, 66.3, 63.5, 55.1, 52.4, 52.4, 34.4 (C2), 26.7, 25.4,
25.4,24.9, 24.7,20.9 (COCHs); HRMS (ESI) m/z calcd. for Cs7H74NaO22* [M + Na]*: 1133.4564,
found: 1133.4596.

Methyl  2,3,4-Tri-O-benzyl-6-O-{methyl  5-O-acetyl-7,8-O-isopropylidene-4-O-[methyl

4,5:7,8-di-O-isopropylidene-3-deoxy-D-glycero-a-D-manno-2-octulopyranosonyl]onate-3-

deoxy-a-D-manno-2-octulopyranosonyl}onate-a-D-glucopyranoside (48)
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DMAP, 0 °C-rt, 65%

v
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toluene, 1 h, 70%
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BB?O BnO
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Trisaccharide 47 was converted to a xanthate derivative in 65% yield following the general
procedure for introduction of phenoxythiocarbonyl group and the phenoxythiocarbonyl protected
intermediate obtained was taken to the deoxygenation followed the general deoxygenation
procedure to give Kdo-a-(2—4)-Kdo-a-(2—6)-Glc trisaccharide 48 as a white foamy solid. For
48, Rr= 0.4 (2/3 = hexanes/EtOAC); [a]o™® = +60.0 (c 0.1, CHClz); *HNMR (400 MHz, CDCls):
0 =7.38-7.22 (m, 15 H, ArH), 5.11 (d, J = 2.4 Hz, 1H, H-5"), 4.98 (d, J = 11.2 Hz, 1H), 4.85 (d, J

= 11.2 Hz, 1H), 4.79 (d, J = 10.8 Hz, 1H), 4.74 (d, J = 12.0 Hz, 1H), 4.65 (d, J = 12.0 Hz, 1H),



4.62 (d, J = 3.6 Hz, 1H, H-1), 4.53-4.44 (m, 3H including H-4' and H-4"), 4.30-4.23 (m, 2H
including H-5" and H-5"), 4.10 (dd, J = 9.2, 6.0 Hz, 1H), 4.05 (dd, J = 8.8, 4.4 Hz, 1H), 4.02-3.95
(m, 2H), 3.94 (d, J = 5.6 Hz, 1H), 3.92-3.87 (m, 2H), 3.81 (m, 1H), 3.73 (s, 3H, COOCHj), 3.70
(s, 3H, COOCHs), 3.53-3.48 (m, 2H), 3.45 (s, 3H), 3.39 (t, J = 10.0 Hz, 1H), 3.18 (dd, J = 10.0,
9.2 Hz, 1H), 2.93 (dd, J = 15.6, 3.6 Hz, 1H, H-3e"), 2.13-2.06 (m, 4H, including CHsC=0 and H-
3a'), 2.02 (m, 1H, H-3b"), 1.69 (dd, J = 15.6, 2.4 Hz, 1H, H-3a"), 1.42 (s, 3H, CH3), 1.35 (s, 3H,
CHs), 1.31 (s, 3H, CHs), 1.29 (s, 3H, CHa), 1.27 (s, 3H, CHs), 1.24 (s, 3H, CHs); 13C NMR (100
MHz, CDCl): 6 = 169.5 (C=0), 168.0 (C=0), 167.7 (C=0), 138.7, 138.1, 137.9, 128.4, 128.3,
128.0, 127.8, 127.8, 127.8, 127.5, 109.5, 109.2, 109.1, 98.2 (C-1"), 97.4 (C-1), 96.5 (C-2"), 82.1,
80.1, 78.9, 77.19, 75.7,75.0, 73.8, 73.2, 73.2, 72.4, 71.6, 69.9, 69.3, 66.8, 66.7 (C-5"), 66.6, 65.9,
63.4, 55.4 (OCH3), 52.4 (COOCH3), 52.2 (COOCH3), 34.5 (C-3"), 31.7 (C-3"), 27.1, 26.7, 25.5,
25.3,25.2,24.9,20.9 (COCHs); HRMS (ESI) m/z calcd. for Cs7H74NaO21" [M + Na]*: 1117.4615,
found: 1117.4663.

Methyl 2,3,4-Tri-O-benzyl-6-O-[methyl (7-O-tbutyldimethylsilyl-3-deoxy-4,5-O-
isopropylidene-I-a-D-lyxo-2-heptulopyranosyl)onate]-a-D-glucopyranoside (49)
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To a solution of 44 (0.85 g, 0.9 mmol) in THF (9 mL), H20 (81 pL, 4.5 mmol), TEA (0.62
mL, 4.5 mmol) and DMAP (0.44 g, 3.6 mmol) were added. The solution was stirred at RT for 2.5
h and concentrated under reduced pressure. The crude product was purified by column
chromatography (Elution: hexanes/EtOAc = 4:1) to give S15 (0.62 g, 82%). Data for S15: Rf =
0.32 (hexanes/EtOAc, 2:1); [a]o? = +26.1 (¢ 1.15, CHCI3); *H NMR (400 MHz, CDCls) § 7.37-
7.22 (m, 15H, ArH), 4.98 (d, J = 10.7 Hz, 1H), 4.88 (d, J = 11.1 Hz, 1H), 4.79 (d, J = 11.7 Hz,
2H), 4.65 (d, J = 12.2 Hz, 1H), 4.54 (d, J = 2.8 Hz, 1H), 4.49 (d, J = 11.1 Hz, 1H), 4.33 (t, J = 4.8
Hz, 1H), 4.19 (d, J = 5.8 Hz, 1H), 4.06 (d, J = 5.9 Hz, 1H), 4.01-3.84 (m, 5H), 3.82-3.75 (m, 2H),
3.68 (s, 3H), 3.65-3.54 (m, 3H), 3.49 (dd, J = 9.1, 2.9 Hz, 1H), 3.35 (s, 3H), 3.26 (t, J = 9.5 Hz,
1H), 2.59 (d, J = 9.2 Hz, 1H), 1.52 (s, 3H), 1.34 (s, 3H), 0.87 (s, 9H), 0.05 (s, 3H), 0.04 (s, 3H);
13C NMR (100 MHz, CDCIs) § 167.70, 138.67, 138.18, 138.13, 128.61, 128.56, 128.22, 128.14,
128.10, 127.91, 127.82, 127.78, 109.52, 100.28, 97.84, 82.20, 79.89, 78.44, 75.93, 75.02, 73.48,

72.06, 70.94, 69.62, 68.19, 63.95, 61.90, 55.05, 52.61, 25.93, 25.66, 25.57, —=5.24, -5.41; HRMS

(ESI) m/z calcd. for CasHe2NaO13Si™ [M + Na]*: 861.3852, found: 861.3883.

To a solution of S15 (0.42 g, 0.5 mmol), DBU (0.3 mL, 2.0 mmol), DMAP (0.24 mg, 2.0
mmol) in anhydrous CH3CN (10 mL) was added O-phenyl chlorothionoformate (0.17 mL, 1.3
mmol) at 0 °C. After stirred at 0 °C for 0.5 h, the reaction mixture was gradually warmed to RT
and stirred for extra 2 h. The reaction solution, diluted with EtOAc, and washed with cold HCI (1
M) twice, satd. NaHCOs3, and brine. The organic layer was dried over MgSO4 and concentrated
under reduced pressure. The crude product was purified by column chromatography
(hexanes/EtOAc, 6:1) to give S16 (0.43 g, 88%). Data for S16: Ri = 0.6 (hexanes/EtOAc, 2:1); *H
NMR (400 MHz, CDCl3): 6 7.41-7.22 (m, 18H, ArH), 7.04-7.00 (m, 2H), 5.88 (d, J = 5.3 Hz, 1H),
4.99 (d, J = 10.8 Hz, 1H), 4.88 (d, J = 11.1 Hz, 1H), 4.82-4.77 (m, 2H), 4.66 (d, J = 12.1 Hz, 1H),
4.57-4.52 (m, 2H), 4.49 (d, J = 11.2 Hz, 1H), 4.24 (dd, J = 6.0, 2.9 Hz, 1H), 4.15 (td, J = 6.6, 2.9

Hz, 1H), 4.06-3.90 (m, 3H), 3.82 (ddd, J = 9.7, 4.6, 2.1 Hz, 1H), 3.66 (s, 3H), 3.63 (d, J = 6.8 Hz,



2H), 3.49 (dd, J = 9.6, 3.6 Hz, 1H), 3.36 (s, 3H), 3.28-3.23 (m, 1H), 1.60 (s, 3H), 1.35 (s, 3H),
0.89 (5, 9H), 0.07 (s, 3H), 0.06 (s, 3H); °C NMR (100 MHz, CDCls) & 195.09, 166.12, 153.63,
138.67, 138.18, 138.13, 129.60, 128.61, 128.56, 128.23, 128.14, 128.09, 127.91, 127.82, 126.68,
121.89, 110.19, 99.00, 97.82, 82.19, 79.92, 78.55, 75.94, 75.84, 75.06, 73.49, 70.30, 69.96, 69.84,
69.62, 63.98, 62.02, 55.07, 55.54, 25.96, 25.91, 25.64, 25.58, 18.36, -5.21, —5.37; HRMS (ESI)

m/z calcd. for Cs2HesNaO14SSi* [M + Na]*: 997.3835, found: 997.3895.

To a solution of S16 (0.43 g, 4.4 mmol), BusSnH (0.24 mL, 8.8 mmol) in toluene (8.8 mL)
was added AIBN (36 mg, 2.2 mmol). The reaction mixture, subjected to “Freeze-Pump-Thaw”
cycle three times, was stirred at 80 °C for 2 h. Then the mixture was diluted with EtOAc and
washed with H20O and brine. The organic layer was dried over MgSO4 and concentrated under
reduced pressure. The crude product was purified by column chromatography (Elution:
hexanes/EtOAc = 6:1) to give 49 (0.33 g, 92%) as a light yellow glassy solid. Data for 49: Rf =
0.47 (hexanes/EtOAc, 2:1); [a]o?’ = +18.6 (¢ 1.4, CHCIls); *H NMR (400 MHz, CDCl3): 6 7.38-
7.27 (m, 15H, ArH), 4.97 (d, J = 10.8 Hz, 1H), 4.86 (d, J = 10.9 Hz, 1H), 4.79 (d, J = 11.2 Hz,
2H), 4.66 (d, J = 12.2 Hz, 1H), 4.57 (t, J = 6.8 Hz, 2H), 4.48-4.42 (m, 1H), 4.17 (dd, J = 7.2, 1.6
Hz, 1H), 3.98 (t, J = 9.2 Hz, 1H), 3.90-3.71 (m, 6H), 3.68 (s, 3H), 3.57-3.53 (m, 1H), 3.51 (dd, J
= 9.6, 3.5 Hz, 1H), 3.40 (d, J = 9.4 Hz, 1H), 3.36 (s, 3H), 2.62 (dd, J = 15.0, 5.0 Hz, 1H), 1.96 (dd,
J=15.0, 3.6 Hz, 1H), 1.40 (s, 3H), 1.28 (s, 3H), 0.86 (s, 9H), 0.03 (s, 3H), 0.00 (s, 3H); 3C NMR
(100 MHz, CDCls): ¢ 169.11, 138.81, 138.30, 138.27, 128.57, 128.51, 128.22, 128.12, 128.03,
127.79,127.74,109.18, 97.91, 82.23, 79.84, 78.34,75.91, 74.99, 73.41, 71.46, 71.22, 70.13, 69.72,

62.65,61.73,55.11, 52.46, 33.53, 26.20, 25.96, 25.29, 18.40, -5.26, —5.45; HRMS (ESI) m/z calcd.

for CasHe2NaO12Si* [M + Na]*: 845.3903, found: 845.3937.



Methyl 2,3,4-Tri-O-benzyl-6-O-[methyl (7-carbomethoxy-3-deoxy-4,5-O-isopropylidene-a-
D-lyxo-heptulopyranosonyl)onate]-a-D-glucopyranoside (50)
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To a solution of 49 (0.52 mg, 0.63 mmol) in THF (2.1 mL), TBAF (3.2 mL, 3.2 mmol, 1M in
THF) was added. The reaction mixture was stirred at RT for 2 h. The reaction was quenched with
water and diluted with DCM and washed with H20 and brine. The organic layer was dried over
MgSOa4 and concentrated for column chromatography (Elution: hexanes/EtOAc, 2:1) to give S17
(0.34 g, 76%). Data for S17: Rf = 0.15 (hexanes/EtOAc, 1:1); [a]o?® = +33.2 (¢ 1.0, CHCl3); H
NMR (400 MHz, CDCls): 6 7.37-7.25 (m, 15H, ArH), 4.96 (d, J = 10.8 Hz, 1H), 4.87 (d, J = 11.2
Hz, 1H), 4.78 (d, J = 6.8 Hz, 1H), 4.75 (d, J = 6.8 Hz, 1H), 4.66 (d, J = 12.0 Hz, 1H), 4.62 (d, J =
3.6 Hz, 1H), 4.55 (d, J = 11.2 Hz, 1H), 4.49-4.44 (m, 1H), 4.14-4.09 (m, 2H), 3.98 (t, J = 9.2 Hz,
1H), 3.85 (dd, J = 10.9, 6.6 Hz, 1H), 3.76 (dt, J = 5.8, 3.9 Hz, 3H), 3.70 (s, 3H), 3.56-3.50 (m, 2H),
3.37 (s, 3H), 3.34 (d, 3 = 9.1 Hz, 1H), 2.69 (dd, J = 15.2, 4.7 Hz, 1H), 2.04 (s, 1H, OH), 1.91 (dd,
J=15.2, 3.3 Hz, 1H), 1.40 (s, 3H), 1.27 (s, 3H); 3C NMR (100 MHz, CDCls): 6 169.07, 138.71,
138.25, 138.14, 128.54, 128.50, 128.48, 128.14, 128.06, 127.98, 127.80, 127.70, 109.74, 97.73,
97.69, 82.11, 79.97, 78.06, 75.82, 74.72, 73.34, 72.68, 71.62, 70.37, 69.69, 62.80, 62.15, 55.13,
52.55, 33.18, 25.97, 25.22; HRMS (ESI) m/z calcd. for CssH4sNaO12* [M + Na]*: 731.3038, found:

731.3068.

To a solution of S17 (0.17 g, 0.24 mmol) in DCM (1.6 mL) and H20 (0.8 mL), TEMPO (22
mg, 0.14 mmol) and BAIB (0.46 g, 1.4 mmol) were added. The reaction mixture was stirred at RT

for 2 h. The mixture was diluted with DCM and washed with H20, and brine. The organic layer



was dried over MgSO4 and concentrated under reduced pressure. The crude product was directly
used for alkylation with no further purification. To a solution of the crude acid in DMF (2.4 mL),
Mel (45 pL, 0.72 mmol) and K2COs3 (0.17 g, 1.2 mmol) were added. The reaction mixture was
stirred at RT for 1.5 h. The reaction was quenched with satd. NaS20s. The mixture was diluted
with EtOAc and washed with water and brine. The organic layer was dried over MgSQO4 and
concentrated under reduced pressure. The crude product was purified by column chromatography
(Elution: hexanes/EtOAc = 3:2) to give compound 50 (0.12 g, 68%) as a yellow gummy substance.
Data for 50: Rt = 0.2 (35% EtOAc in petroleum ether); [«]o?® = + 34.2 (¢ 0.35, CHCI3); *H NMR
(400 MHz, CDCl): & 7.37-7.19 (m, 15H, ArH), 4.95 (d, J = 10.8 Hz, 1H), 4.82 (d, J = 10.8 Hz,
1H), 4.78 (d, J = 12.0 Hz, 1H), 4.76 (d, J = 10.8 Hz, 1H), 4.64 (d, J = 12.0 Hz, 1H), 4.56 (d, J =
3.6 Hz, 1H, H-1), 4.52-4.43 (m, 3H, including H-4’ and H-5'), 4.40 (d, J = 2.0 Hz, 1H), 3.96 (t, J
= 10.2 Hz, 1H, H-3), 3.82 (dd, J = 10.0, 6.0 Hz, 1H, H-6a), 3.77-3.71 (m, 4H including CO2CH3s
x 1), 3.64 (s, 3H, CO2CHs), 3.59 (dd, J = 10.0, 2.0 Hz, 1H, H-6b), 3.49 (dd, J = 9.6, 3.6 Hz, 1H,
H-2), 3.37 (dd, J = 9.6, 8.8 Hz, 1H, H-4), 3.35 (s, 3H, OCH3), 2.71 (dd, J = 15.2, 4.8 Hz, 1H, H-
3%eq), 1.91 (dd, J = 15.2, 3.2 Hz, 1H, H-3"ax), 1.41 (s, 3H, CH3), 1.28 (s, 3H, CHs); 13C NMR (100
MHz, CDCls): § 168.5 (C=0), 167.9 (C=0), 138.6, 138.1, 138.0, 128.4, 128.4, 128.37, 128.1,
127.9, 127.9, 127.6, 127.6, 110.2 (C(CHs)2), 98.2 (C-2'), 97.8 (C-1), 81.9 (C-3), 79.7 (C-2), 77.9
(C-4), 75.7, 74.7, 73.3, 73.2 (C-5'), 70.7 (C-6'), 70.0 (C-4'), 69.4, 63.0 (C-6), 55.0 (OCH3), 52.6
(CO2CHs), 52.3 (CO2CHs), 33.5 (C-3'), 25.9, 25.5; HRMS (ESI) m/z calcd. for CaoHsoNaO1s* [M

+ Na]*: 759.2987, found: 759.2959.



Methyl 2-Azido-3,4-di-O-benzyl-2-deoxy-6-0-{3-O-acetyl-4-O-benzyl-2-deoxy-2-
trichloroethoxycarbonylamino-6-O-[methyl (7,8-O-carbonyl-4,5-O-isopropylidene-3-O-(S-
methylperoxycarbonyl)-D-glycero-a-D-talo-2-octulopyranosonyl)onate] }-p-D-
glucopyranoside (51)
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The donor 5 (60 mg, 0.153 mmol), acceptor 26 (90 mg, 0.153 mmol), DTBP (38 mg, 0.184
mmol), 4A MS (600 mg) were taken in DCM (3 mL, 0.05 M) and stirred for 30 min at room
temperature and addition 20 min at —70 °C. Previously prepared Me2S2.0Tf2 (1 M, 142 uL) was
added to the reaction mixture at same temperature. Reaction mixture was kept at —70 °C for 2 h.
After completion of donor 5 it was allowed to reach —20 °C and then acceptor 22 (94 mg, 0.236
mmol) followed by Me2S2.0Tf2 (122 puL) were added. The reaction mixture was continuing to
stirring at —20 °C for 10 h. After the disappearance of intermediate, the reaction mixture was
quenched with EtsN, filter over a celite pad, concentrated under reduce pressure purification by
flash column chromatography (Elution: hexanes/DCM/EtOAC = 4:1:1) to furnish tisaccharide 51
(94 mg, 47%) as a colorless amorphous solid. Analytical data for 51, Rf = 0.25
(hexanes:DCM:EtOAc = 4:1:1), [a]o*® = +19.2 (c 1.25, CHCI3); 'H NMR (400 MHz, CDCls): §
= 7.40-7.19 (m, 15H, ArH), 5.39 (d, J = 6.4 Hz, 1H, H-3"), 5.04 (dd, J = 10.4, 9.2 Hz, 1H, H-3"),
4.93 (d, J=9.2 Hz, 1H), 4.88 (d, J = 10.8 Hz, 1H), 4.81 (d, J = 11.2 Hz, 1H), 4.75 (d, J = 10.8 Hz,

1H), 4.69 (d, J = 12.0 Hz, 1H), 4.62 (d, J = 11.6 Hz, 1H), 4.57 (d, J = 11.6 Hz, 1H), 4.53 (d, J =



11.6 Hz, 1H), 4.48-4.44 (m, 1H, H-7"), 4.37 (dd, J = 6.4, 5.2 Hz, 1H, H-4"), 4.23 (d, J = 8.0 Hz,
1H, H-1'), 4.19 (dd, J = 10.4, 3.2 Hz, 1H, H-5"), 4.15 (d, J = 8.0 Hz, 1H, H-1), 4.12 (quint, J = 4.0
Hz, 2H, H-8"), 4.05 (d, J = 10.8 Hz, 1H), 3.81 (dd, J = 7.2, 2.8 Hz, 1H, H-6"), 3.73 (m, 1H), 3.68
(s, 3H, COOCHGs), 3.64-3.55 (m, 3H, H-2" and H-4"), 3.54 (s, 3H, OCH3), 3.45-3.38 (m, 4H), 3.33
(dd, J = 17.2, 10.0 Hz, 1H, H-2), 2.46 (s, 3H, SSCH3), 1.97 (s, 3H, COCHs), 1.47 (s, 3H, CHs),
1.44 (s, 3H, CHa), 1.37 (s, 3H, CHa), 1.31 (s, 3H, CHs); 3C NMR (100 MHz, CDCls): 6§ = 170.7
(C=0), 168.8 (C=0), 165.5 (C=0), 154.1 (carbamate C=0), 137.9, 137.7, 137.4, 128.6, 128.4,
128.1, 128.0, 127.9, 127.8, 127.7, 127.6, 110.3 (C(CHa)2), 109.4 (C(CHs)2), 102.8 (Jc-1= 160 Hz,
C-1),101.2 (Jc-n=164 Hz, C-1"), 98.8 (C-2"), 95.3 (CCls), 83.2, 77.2,76.2 (C-4"), 75.5, 74.7, 74.6,
74.4,74.0, 73.9 (C-7"), 70.8 (C-3"), 70.1 (C-4"), 69.8 (C-5"), 69.6 (C-6"), 67.9, 66.5 (C-8"), 66.1
(C-2), 63.0, 57.1, 56.1 (C-2'), 52.7, 26.9, 25.8, 25.6, 25.3, 22.9 (SSCHa), 20.8 (COCHs); HRMS
(ESI) m/z calcd. for CssHso ClsNsNaO21S2" [M + Na]*: 1325.2854, found: 1325.2871.

Methyl  2,3,4-Tri-O-benzyl-6-O-[methyl  (4-O-benzyl-7,8-O-isopropylidene-3-deoxy-a-D-
manno-2-octulopyranosonyl)onate]-a-D-glucopyranoside (53) and methyl 2,3,4-tri-O-benzyl-

6-O-[benzyl (4-O-benzyl-7,8-O-isopropylidene-3-deoxy-a-p-manno-2-

octulopyranosonyl)onate] a-D-glucopyranoside (53')
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A mixture of diol 29 (247 mg, 0.334 mmol) and di-butyltin oxide (125 mg, 0.502 mmol) in

dry toluene (10 mL) was refluxed for 1 h with dean stark apparatus. After that, ca. 50% (by vol)



of the solvent was removed and the remaining solution was cooled to RT. Then dry CH3CN (5
mL), BnBr (60 uL, 0.502 mmol), and CsF (76 mg, 0.502 mmol) were added to the mixture, which
was stirred at 70 °C for 3 h. After completion of the reaction, the reaction mixture was cooled to
RT and filtered over Celite to remove the salts. The filtrate was concentrated for column
chromatography purification (Elution: 1:2 EtOAc:hexanes) to afford 53 (180 mg of methyl ester
65%) together with 53’ (45 mg of benzyl ester, 15%) as a colorless syrupy. For compound 53, Ry
= 0.3 (40% EtOAc in petroleum ether); [a]L’ +49.4 (c 1.7, CHCI3); *H NMR (400 MHz, CDCl3):
5 7.42-7.18 (m, 20H), 4.97 (d, J = 10.8 Hz, 1H), 4.83 (d, J = 11.2 Hz, 1H), 4.78 (d, J = 10.8 Hz,
1H), 4.77 (d, J = 12.0 Hz, 1H), 4.63 (d, J = 12.0 Hz, 1H), 4.57 (s, 2H), 4.50 (d, J = 3.6 Hz, 1H),
4.47 (d, J = 11.6 Hz, 1H), 4.40 (dt, J = 8.0, 6.0 Hz, 1H), 4.10 (dd, J = 8.4, 6.0 Hz, 1H), 4.06 (brs,
1H), 3.95 (t, J = 10.2 Hz, 1H), 3.89 (dd, J = 8.8, 5.6 Hz, 1H), 3.80 (m, 1H), 3.77-3.71 (m, 2H),
3.71-3.67 (m, 4H), 3.48 (dd, J = 9.6, 3.6 Hz, 1H), 3.42 (dd, J = 10.4 , 8.0 Hz, 1H), 3.21 (dd, J =
10.0, 8.8 Hz, 1H), 3.18 (s, 3H), 2.27 (brs, 1H), 2.20 (dd, J = 12.8, 4.4 Hz, 1H), 2.00 (t, J = 12.0
Hz, 1H), 1.36 (s, 3H), 1.27 (s, 3H); 3C NMR (100 MHz, CDCls): § 168.1 (C-1'), 138.6, 138.2,
137.9, 137.5, 128.5, 128.4, 128.4, 128.0, 127.90, 127.8, 127.7, 127.7, 127.6, 127.5, 109.1, 98.6
(C-2,975(C-1), 82.1,79.9, 78.5, 75.7, 74.8, 73.3, 73.3, 72.6, 72.1, 69.8, 69.5, 67.3, 64.2, 63.3,
54.6,52.4,31.9, 26.6, 25.4; HRMS (ESI): m/z calcd. for Ca7HssNaO13* [M + Na]* 851.3574, found

851.3574.

For compound 53', Rr 0.4 (40% EtOAc in petroleum ether); [a]3’ +41.48 (c 1.35, CHCl3); 'H
NMR (400 MHz, CDCls): 6 7.38-7.23 (m, 23H), 7.21-7.15 (m, 2H), 5.17 (d, J = 12.4 Hz, 1H),
5.07 (d, J = 12.4 Hz, 1H), 4.95 (d, J = 10.8 Hz, 1H), 4.79 (d, J = 12.0 Hz, 1H), 4.76 (d, J = 10.8
Hz, 1H), 4.75 (d, J = 12.0 Hz, 1H), 4.62 (d, J = 12.0 Hz, 1H), 4.56 (dd, J = 16.0, 12.0 Hz, 1H),
4.49 (d, J = 3.2 Hz, 1H), 4.41 (d, J = 11.2 Hz, 1H), 4.39 (dd, J = 7.6, 5.6 Hz, 1H), 4.11 (dd, J =
9.6, 6.4 Hz, 1H), 4.06 (brs, 1H), 3.93 (dd, J = 17.6, 8.8 Hz, 1H), 3.92 (d, J = 8.8 Hz, 1H), 3.83-

3.65 (M, 4H), 3.51-3.44 (m, 2H), 3.22 (dd, J = 9.6, 8.8 Hz, 1H), 3.16 (s, 3H), 2.22 (dd, J = 12.8,



5.2 Hz, 1H), 2.00 (t, J = 12.4 Hz, 1H), 1.37 (s, 3H), 1.27 (s, 3H); 13C NMR (100 MHz, CDCls):
0167.3 (C-1"), 138.6, 138.1, 138.0, 137.5, 135.2, 128.6, 128.5, 128.4, 128.4, 128.1, 128.0, 127.9,
127.9, 127.8, 127.7, 127.6, 109.1, 98.5 (C-2"), 97.5 (C-1"), 82.0, 79.9, 78.5, 75.7, 74.8, 73.4, 73.3,
72.7,72.2,69.9, 69.5, 67.2, 67.2, 64.2, 63.4, 54.7, 31.8, 26.6, 25.4; HRMS (ESI): m/z calcd. for
Cs3HesoNaO13* [M + Na]* 927.3926, found 927.3867.

Methyl 2,3,4-Tri-O-benzyl-6-O-{[methyl (4-O-benzyl-7,8-O-isopropylidene-3-deoxy-a-D-
manno-2-octulopyranosonyl)onate]-5-O-(2,3-di-O-benzoyl-4-O-benzyl-f-D-glucopyranosyl)-

6-O-[methyl (4,5:7,8-di-O-isopropylidene-3-O-(S-methylperoxycarbonyl)-D-glycero-a-D-
talo-2-octulopyranosonyl)onate]}-a-D-glucopyranoside (52)

o) S
Bré(r)]gé&' + Me,S,-Tf,0 O >g
o BNy 1o -10°C, 3 h
-60°C,2h

OH

BnO O Mezsz-szo, ﬁz
rézaéS/STol * DTBP, DCM @)

OBz g, S
31 '
>( OO/Z(
0 © 52,36% yield ~ OMe
5

CO,Me

(2-Octulosopyranosonyl)onate donor 5 (72 mg, 0.185 mmol), thioglucoside acceptor 31 (107
mg, 0.183 mmol), DTBP (41 mg, 0.185 mmol), 42 MS (600 mg) were taken in DCM (3.3 mL,
0.05 M), the mixture was stirred at RT for 30 min then at — 60 °C for 20 min. Freshly prepared
Me2S2-TH20 (1.0 M, 185 pL) was added to the reaction mixture at — 60 °C. The reaction mixture
was stirred at — 60 °C under N2 for 3 h. After complete consumption of donor 5, the reaction
temperature was raised to — 10 °C followed by sequential addition of acceptor 53 (170 mg, 0.205

mmol) and Me2S2.0Tf2 (132 puL) promoter. The reaction mixture was stirred at —10 °C for 3 h.



After complete consumption of the disaccharide intermediate, the reaction mixture was quenched
with EtsN, filter over a celite pad, and concentrated under reduced pressure for purification with
flash column chromatography (Elution: Elution: hexanes/EtOAc = 7:3) to furnish trisaccharide 52
(114 mg, 36%) as a light yellow glassy substance. Analytical data for 52, Rr=0.45 (hexanes/EtOAC
=7:3), [a]o*® = +60.8 (¢ 1.25, CHCI3); 'HNMR (400 MHz, CDCl3): § = 7.99-7.94 (m, 2H, ArH),
7.89-7.85 (M, 2H, ArH), 7.53-7.48 (m, 1H, ArH), 7.42-7.35 (m, 3H, ArH), 7.34-7.24 (m, 16H,
ArH), 7.24-7.09 (m, 11H, ArH), 5.70 (t, J = 9.6 Hz, 1H, H-3"), 5.44 (d, J = 5.2 Hz, 1H, H-3""),
5.28 (dd, J = 8.0, 9.6 Hz, 1H, H-2"), 5.01 (d, J = 8.0 Hz, 1H, H-1"), 4.94 (d, J = 10.8 Hz, 1H), 4.77
(d, J = 8.8 Hz, 1H), 4.754 (t, J = 12.0 Hz, 2H), 4,747 (d, J = 10.8 Hz, 1H), 4.64 (d, J = 12.4 Hz,
1H), 4.60 (d, J = 11.6 Hz, 1H), 4.52-4.46 (m, 3H, including H-1 and H-7'"), 4.393 (d, J = 10.8 Hz,
1H), 4.387 (t, J = 6.0 Hz, 1H, H-4""), 4.32 (dd, J = 12.4, 6.4 Hz, 1H, H-5°), 4.20 (dd, J = 6.4, 2.8
Hz, 1H, H-5""), 4.17-4.08 (m, 5H, including H-8""), 4.01-3.95 (m, 2H), 3.91 (t, J = 9.2 Hz, 1H, H-
3),3.84 (dd, J = 6.4, 2.8 Hz, 1H, H-6""), 3.80 (t, J = 9.2 Hz, 1H, H-4"), 3.78-3.74 (m, 2H), 3.73 (s,
3H, COOCHj), 3.69-3.63 (m, 4H, including H-5, H-5", and H-4"), 3.80 (dd, J = 10.4, 1.2 Hz), 3.49
(s, 3H, COOCHa), 3.45 (dd, J = 9.6, 3.6 Hz, 1H, H-2), 3.40 (dd, J = 10.4, 7.6 Hz, 1H, H-5'), 3.18
(dd, J = 10.0, 8.8 Hz, 1H, H-4), 3.10 (s, 3H, OCHs), 2.47 (s, 3H, SSCHs), 1.92 (dd, J = 12.4, 4.4
Hz, 1H, H-3'¢), 1.74 (t, J = 12.4 Hz, 1H, H-3"a), 1.49 (s, 3H, CH3), 1.45 (s, 3H, CH3), 1.38 (s, 3H,
CHs), 1.33 (s, 3H, CH3), 1.33 (s, 3H, CH5), 1.23 (s, 3H, CHz); 13C NMR (100 MHz, CDCL3): 6 =
168.8 (C(=0)SSMe), 167.8 (C=0), 165.6 (C=0), 165.2 (C=0), 138.7, 138.1, 137.9, 137.8, 137.2,
133.2, 132.7, 129.8, 129.7, 129.7, 129.4, 128.4, 128.4, 128.3, 128.0, 127.9, 127.9, 127.8, 127.8,
127.8,127.7,127.7,127.6, 127.2, 110.3, 109.3, 108.4, 101.4 (C-1"),99.1 (C-2'"), 98.5 (C-2"),97.4
(C-1), 82.1 (C-3), 79.9 (C-2), 78.5 (C-4), 77.2 (C-4") 75.6, 75.2 (C-3"), 74.8 (C-4""), 74.6, 74.5
(C-5'), 74.2,73.9, 73.7, 73.2, 72.9, 72.9, 72.1 (C-2"), 70.7 (C-3""), 70.0, 69.7 (C-5'"), 69.6 (C-6""),

69.4, 69.4, 66.3, 66.2, 63.9, 63.1 (C-5'), 54.6, 53.0, 52.1, 31.8 (C-3"), 26.8, 26.3, 25.9, 25.9, 25.6,



25.3, 22.9 (SSCHz); HRMS (ESI) m/z calcd. for Co1H104NaO26S2" [M + Na]*: 1747.5997, found:

1747.5912.

Methyl {2,3,4-Tri-O-benzyl-6-O-[methyl (4-O-benzyl-7,8-O-isopropylidene-3-deoxy-a-D-
manno-2-octulopyranosonyl)onate]-5-O-(2,3-di-O-benzoyl-4-O-benzyl-f-D-glucopyranosyl)-
6-O-[methyl (4,5:7,8-di-O-isopropylidene-D-glycero-a-D-talo-2-octulopyranosonyl)]Jonate}-
a-D-glucopyranoside (S18)

Et;N, DMAP, THF,
H,0, 0 °C-RT, 1 h

BnO Q o}
BnO B%(r?o
BnO OMe Bno
52 S18 (95%) OMe

A solution of Ko-a-(2—6)-Glc-8-(1—5)-Kdo-a-(2—6)-Glc tetrasaccharide 52 (75 mg, 0.043
mmol) in THF (3 mL) was taken to the general deprotection procedure for methylperoxycarbonyl
group. After completion of the reaction (TLC examination), the reaction mixture was concentrated
for flash chromatography purification (Elution: hexanes/EtOAc = 3:2) to furnish S18 (66 mg, 95%)
as a white foamy solid. For S18, Rf= 0.25 (hexanes/EtOAc = 3:2); [a]o*® = +57.7 (c 0.9, CHCl5);
IHNMR (400 MHz, CDClg): 6 = 7.94-7.82 (m, 4H, ArH), 7.48 (m, 1H, ArH), 7.44-7.07 (m, 30H,
ArH), 5.67 (t, J=9.6 Hz, 1H), 5.30 (dd, J = 9.6, 8.0 Hz, 1H), 5.11 (d, J = 8.0 Hz, 1H), 4.94 (d, J
=10.8 Hz, 1H), 4.79-4.71 (m, 3H), 4.62 (d, J= 12.0 Hz, 1H), 4.60 (d, J=11.2 Hz, 1H), 4.54 (d, J
=11.2 Hz, 1H), 4.50 (d, J = 3.6 Hz, 1H), 4.46 (dd, J = 7.2, 4.0 Hz, 1H), 4.40 (t, J = 6.0 Hz, 1H),
438 (d, J=4.8 Hz, 1H), 4.34 (dd, J=12. 4, 6.4 Hz, 1H), 4.30 (dd, J = 10.8, 2.4 Hz, 1H), 4.24 (s,

2H), 4.21 (dd, J = 8.8, 6.4 Hz, 1H), 4.11-4.05 (m, 3H), 4.04-3.97 (m, 2H), 3.91 (t,J=9.2 Hz, 1H),



3.88-3.81 (m, 2H), 3.78 (dd, J = 6.4, 2.4 Hz, 1H), 3.74 (s, 3H), 3.72-3.66 (m, 4H), 3.65-3.56 (m,
3H), 3.48-3.41 (m, 5H), 3.23-3.17 (m, 1H), 3.12 (s, 3H, OCH3), 1.94 (dd, J = 12.4, 4.4 Hz, 1H, H-
3%e), 1.73 (t, J = 12.4 Hz, 1H, H-3'a), 1.51 (s, 3H, CH3), 1.37 (s, 3H, CH3), 1.36 (s, 6H, 2 x CH3),
1.34 (s, 3H, CH3), 1.26 (s, 3H, CH3); 3C NMR (100 MHz, CDCL): = 167.9 (C=0), 167.6 (C=0),
165.6 (C=0), 165.1 (C=0), 138.7, 138.1, 138.0, 137.8, 137.2, 133.1, 132.7, 129.7, 129.7, 129.4,
128.4, 128.4, 128.3, 128.3, 128.1, 128.0, 127.9, 127.9, 127.8, 127.8, 127.7, 127.7, 127.6, 127.1,
110.2, 109.1, 108.4, 100.6 (Jc-+ = 168 Hz), 100.1, 98.5, 97.5 (Jc-n = 164 Hz), 82.1, 79.8, 78.4,
75.6, 75.0, 74.8, 74.5, 74.2, 73.8, 73.2, 72.9, 72.8, 72.3, 72.1, 71.9, 70.0, 69.6, 69.5, 69.4, 66.4,
66.0, 63.2, 62.9, 54.6, 52.6, 52.0, 31.8 (C3'), 26.7 (CHs3), 26.2 (CHs), 26.0 (CH3), 25.4 (CHs), 25.2
(CHs), 25.0 (CHs); HRMS (ESI) m/z calcd. for CsoH102NaO2s* [M + Na]*: 1641.6450, found:
1641.6339.

Methyl  2,3,4-Tri-O-benzyl-6-O-[methyl  (4-O-benzyl-7,8-O-isopropylidene-3-deoxy-a-D-
manno-2-octulopyranosonyl)onate]-5-O-(2,3-di-O-benzoyl-4-O-benzyl-f-D-glucopyranosyl)-

6-O-[methyl (4,5:7,8-di-O-isopropylidene-a-D-manno-2-octulopyranosonyl)onate]-a-D-

glucopyranoside (54)
i.PhOC(=S)Cl, DBU, DMAP,

WZ o
o
XL
b P eo,me
0
CH4CN, 0 °C-rt, 2 h, 87%

BnO O o o
BzO O,
OBz : B
o ii. Ph3SnH, AIBN, toluene,
CO,Me

BnO reflux, 1 h, 85%
O
BnO Q
BnO N
n
OMe

S$18

The Ko-a-(2—6)-Glc-8-(1—5)-Kdo-a-(2—6)-Glc terasaccharide S18 (47 mg, 0.029 mmol)

was converted to phenoxythiocarbonate derivative in 87% yield following the general procedure

for introduction of phenoxythiocarbonyl group then followed by the general deoxygenation



procedure to obtain Kdo-a-(2—6)-Glc-8-(1—5)-Kdo-a-(2—6)-Glc terasaccharide 54 (35 mg,
74% over two steps) as a white foamy solid after workup and chromatography purification (Elution:
hexanes/EtOAc 3:2). For 54, Rs= 0.35 (hexanes/EtOAc = 3:2); [a]o*® = + 64.0 (c 0.25, CHCI3);
IH NMR (400 MHz, CDCls): § = 7.93-7.84 (m, 4H, ArH), 7.52-7.45 (m, 1H, ArH), 7.43-7.10 (m,
30H, ArH), 5.64 (t, J=9.2 Hz, 1H), 5.28 (dd, J = 9.6, 8.0 Hz, 1H), 5.08 (d, J= 7.6 Hz, 1H), 4.94
(d, J=10.8 Hz, 1H), 4.75 (dd, J=11.2, 8.0 Hz, 1H), 4.74 (d, J= 12.0 Hz, 1H), 4.62 (d, J=12.0
Hz, 1H), 4.58 (d, J = 10.8 Hz, 1H), 4.52 (d, J= 10.8 Hz, 1H), 4.52-4.47 (m, 2H), 4.41-4.35 (m,
2H), 4.30 (dd, J=11.2, 6.4 Hz, 1H), 4.26 (dd, J= 7.6, 1.6 Hz, 1H), 4.24 (s, 2H), 4.16 (dd, J = 8.8,
6.8 Hz, 1H), 4.13 (dd, J = 8.4, 6.0 Hz, 1H), 4.07-4.00 (m, 3H), 3.91 (t, J= 9.2 Hz, 1H), 3.87 (dd,
J =112, 4.8 Hz, 1H), 3.79 (t, J= 9.2 Hz, 1H), 3.72-3.66 (m, 6H), 3.65-3.56 (m, 4H), 3.49-3.43
(m, 5H), 3.21 (dd, J = 9.6, 9.2 Hz, 1H), 3.13 (s, 3H, OCHs), 2.89 (dd, J = 15.6, 4.0 Hz, 1H, H-
3¢), 1.93 (dd, J = 12.4, 4.4 Hz, 1H, H-3'¢), 1.86 (dd, J = 15.6, 2.8 Hz, 1H, H-3""a), 1.72 (t, J =
12.4 Hz, 1H, H-3'a), 1.40 (s, 3H, CHa), 1.38 (s, 3H, CHa), 1.35 (s, 6H, CHa), 1.31 (s, 3H, CHa),
1.25 (s, 3H, CHz3); *C NMR (100 MHz, CDCls): § = 168.6 (C=0), 167.9 (C=0), 165.6 (C=0),
165.1 (C=0), 138.7, 138.2, 138.0, 137.8, 137.3, 133.1, 132.7, 129.7, 129.7, 129.5, 128.5, 128.4,
128.5, 128.3, 128.3, 128.3, 128.1, 128.0, 127.9, 127.8, 127.8, 127.7, 127.6, 127.6, 127.2, 109.5,
109.1, 108.2, 100.6, 98.5,97.7,97.5,82.1,79.8, 78.4,75.7,75.2,75.0, 74.8, 74.6, 74.2, 73.9, 73.3,
73.2,72.9,72.4,72.1,72.0,71.7,70.0, 69.6, 69.4, 66.8, 65.8, 63.0, 62.9, 54.6, 52.5, 52.1, 32.6 (C-
3", 31.8 (C-3"), 26.9 (CH3), 26.2 (CH3), 26.1 (CH3), 25.4 (CH3), 25.4 (CH3), 24.8; HRMS (ESI)

m/z calcd. for CgoH102NaO27" [M + Na]*: 1625.6501, found: 1625.6444.
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H NMR (500 MHz, CDCls) of 1,2-dideoxy-4,5:7,8-di-O-isopropylidene-D-glycero-p-manno-1-
yno-octitol (S1)

L=
e
.
=
L=
L]
195:1\ DEE
e == = #i
[Ts]
95 1— ﬁ\:[—zss T -
.S
2]
1LSE j LN
b.{S'Z}- Fegn | ™
S5
L=
M
—
E
=9
ZEV'E =
Iebe — —= Lo |
M
£90'p
6O0'b
080’ b e
L.
S0 E— 1‘55"
08z b— — Fso1
bSb'b Tz | A
sgv'v/ —_— Feor [ o
ZESb
Sarb— —_— oot
| =
7]
_ N
7]
L=
I
.
8




13C NMR (125 MHz, CDCls) of 1,2-dideoxy-4,5:7,8-di-O-isopropylidene-D-glycero-D-manno-1-
yno-octitol (S1)
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'H NMR (500 MHz, CDCls) of 3,6-di-O-benzyl-1,2-dideoxy-4,5:7,8-di-O-isopropylidene-D-
glycero-D-manno-1-yno-octitol (2)
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13C NMR (125 MHz, CDCIs) of 3,6-di-O-benzyl-1,2-dideoxy-4,5:7,8-di-O-isopropylidene-D-
glycero-D-manno-1-yno-octitol (2)
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'H NMR (500 MHz, CDCls) of 3,6-di-O-benzyl-1-bromo-1,2-dideoxy-4,5:7,8-di-O-
isopropylidene-D-glycero-D-manno-1-yno-octitol (S2)
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13C NMR (125 MHz, CDCls) of 3,6-di-O-benzyl-1-bromo-1,2-dideoxy-4,5:7,8-di-O-
isopropylidene-D-glycero-D-manno-1-yno-octitol (S2)
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H NMR (600 MHz, CDCls) of methyl 3,6-di-O-benzyl-4,5:7,8-di-O-isopropylidene-D-glycero-
D-talo-octulosonate (3)
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13C NMR (150 MHz, CDCls) of methyl 3,6-di-O-benzyl-4,5:7,8-di-O-isopropylidene-D-glycero-
D-talo-octulosonate (3)
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'H NMR (400 MHz, CDCIs) of methyl [4,5:7,8-di-O-isopropylidene-2,3-O-thionocarbonyl-a-D-
manno-D-talo-2-octulopyranosonyl]onate (5)
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13C NMR (100 MHz, CDCls) of methyl [4,5:7,8-di-O-isopropylidene-2,3-O-thionocarbonyl-a-D-
manno-D-talo-2-octulopyranosonyl]onate (5)

- 2
|
L]
2
=2
T8 b ™~
iy &
¢ 52
} =
0 azf 5 L g
2
-
o
I
0 p5—
-
3 L=l
£z 99— —_—
o =]
b 69 =
~
15 0047

Ly e —
e[

]
89 9¢ @
0w £

BE L4 B 3
SEE0T— — E
Z4 60T ¥ | E &
[ C — =
E -
Ll
2 L
i L
i Ll
E
09 591— —
1
e | R
1 L
99 fBT— — s E
L
1 =]
= -
o
~




!H-'H GCOSY NMR (400 MHz, CDCl3) of methyl [4,5:7,8-di-O-isopropylidene-2,3-O-
thionocarbonyl-a-D-manno-D-talo-2-octulopyranosonyl]onate (5)
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!H-13C HSQC NMR (100 MHz, CDCls) of methyl [4,5:7,8-di-O-isopropylidene-2,3-O-
thionocarbonyl-a-D-manno-D-talo-2-octulopyranosonyl]onate (5)
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'H NMR (400 MHz, CDCls) of methyl [4,5-O-isopropylidene-2,3-O-thionocarbonyl-a-D-manno-
D-talo-2-octulopyranosonyl]onate (S3)
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13C NMR (100 MHz, CDCls) of methyl [4,5-O-isopropylidene-2,3-O-thionocarbonyl-a-D-
manno-D-talo-2-octulopyranosonyl]onate (S3)
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H NMR (400 MHz, CDCls) of methyl [7,8-O-carbonyl-4,5-O-isopropylidene-2,3-O-
thionocarbonyl-a-D-manno-D-talo-2-octulopyranosonyl]onate (6)
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13C NMR (100 MHz, CDCIs) of methyl [7,8-O-carbonyl-4,5-O-isopropylidene-2,3-O-
thionocarbonyl-a-D-manno-D-talo-2-octulopyranosonyl]onate (6)
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'H NMR (400 MHz, CDCls) of 3,6-di-O-benzyl-1,2-dideoxy-4,5-O-isopropylidene-7-O-trityl-D-
talo-1-yno-heptitol (8)
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13C NMR (100 MHz, CDCIs) of 3,6-di-O-benzyl-1,2-dideoxy-4,5-O-isopropylidene-7-O-trityl-D-
talo-1-yno-heptitol (8)
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'H NMR (400 MHz, CDCls) of 3,6-di-O-benzyl-1-bromo-1,2-dideoxy-4,5-O-isopropylidene-7-
O-trityl-D-talo-1-yno-heptitol (S6)

OBn  OBn ] S
TrO R
X -9
o><o Br
se j )
05€ L~ = 9L'¢
5y L - T o0eR 2
|
__ﬁ L :
1
w
[ =]
G9Z'€ | [
b7 "
. uw
3
ok = e
201y 4 BELE G
90l ¥ w 012
lzhy B0ZZ 5
LTV 8l <€
9LE'Y =
SPE 7 ' ©
L5€ 7
LLE 7 L@
avs v
6.5 7 o
9197 - @
SPop
P9l L i
z8l'L
6614 o
eLE'L j ~
65 L = pl9 w
pLZ L ~
¥8Z' L
G6E'L Lo
Ly L i
L w
[ =]
[ =]
C®
L w
e




13C NMR (100 MHz, CDCIs) of 3,6-di-O-benzyl-1-bromo-1,2-dideoxy-4,5-O-isopropylidene-7-
O-trityl-D-talo-1-yno-heptitol (S6)
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'H NMR (400 MHz, CDCIs) of methyl 3,6-di-O-benzyl-4,5-O-isopropylidene-7-O-trityl-D-talo-
hept-2-ulosonate (9)
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13C NMR (100 MHz, CDCls) of 3,6-di-O-benzyl-4,5-O-isopropylidene-7-O-trityl-D-talo-hept-2-
ulosonate (9)
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H NMR (400 MHz, CDCls) of methyl [4,5-O-isopropylidene-2,3-O-thionocarbonyl-7-O-trityl-
D-talo-2-hept-2-ulopyranosonyl]onate (10)
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13C NMR (100 MHz, CDCls) of methyl [4,5-O-isopropylidene-2,3-O-thionocarbonyl-7-O-trityl-
D-talo-2-hept-2-ulopyranosonyl]onate (10)
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'H NMR (400 MHz, CDCls) of 3,6-di-O-benzyl-4,5-O-isopropylidene-7-O-tbutyldimethylsilyl-
D-talo-hept-2-ulosonate (11)
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13C NMR (100 MHz, CDCIs) of 3,6-di-O-benzyl-4,5-O-isopropylidene-7-O-tbutyldimethylsilyl-
D-talo-hept-2-ulosonate (11)
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'H NMR (400 MHz, CDClIs) of methyl [4,5-O-isopropylidene-2,3-O-thionocarbonyl-7-O-
tbutyldimethylsilyl-D-talo-2-hept-2-ulopyranosonyl]onate (12)
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13C NMR (100 MHz, CDCls) of methyl [4,5-O-isopropylidene-2,3-O-thionocarbonyl-7-O-
tbutyldimethylsilyl-D-talo-2-hept-2-ulopyranosonyl]onate (12)
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'H NMR (500 MHz, CDCls) of 1,2:3,4-di-O-isopropylidene-6-O-[methyl (4,5:7,8-di-O-
isopropylidene-3-O-(methylthiocarbonyl)-D-glycero-a-D-talo-2-octulopyranosonyl)onate]-a-D-
galactopyranoside (15)
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13C NMR (125 MHz, CDCls) of 1,2:3,4-di-O-isopropylidene-6-O-[methyl (4,5:7,8-di-O-
1sopropylidene-3-O-(methylthiocarbonyl)-D-glycero-a-D-talo-2-octulopyranosonyl)onate]-a-D-
galactopyranoside (15)
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'H-'H GCOSY NMR (500 MHz, CDCIs) of disaccharide (15)
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'H-3C HSQC NMR (125 MHz, CDClIs) of disaccharide (15)
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'H NMR (500 MHz, CDCIs) of 1,2:3,4-di-O-isopropylidene-6-O-[methyl (4,5:7,8-di-O-
isopropylidene-3-O-(S-methylperoxycarbonyl)-D-glycero-a-D-talo-2-octulopyranosonyl)onate]-
a-D-galactopyranoside (16)
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13C NMR (125 MHz, CDCls) of 1,2:3,4-di-O-isopropylidene-6-O-[methyl (4,5:7,8-di-O-
isopropylidene-3-O-(S-methylperoxycarbonyl)-D-glycero-a-D-talo-2-octulopyranosonyl)onate]-
a-D-galactopyranoside (16)
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!H-IH GCOSY NMR (500 MHz, CDCIs) of disaccharide (16)
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1H-13C HSQC NMR (125 MHz, CDCls) of disaccharide 16
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!H-13C HMBC NMR (125 MHz, CDCls) of disaccharide (16)
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'H NMR (400 MHz, CDCIs) of methyl 2,3,4-tri-O-benzyl-6-O-[methyl (4,5:7,8-di-O-
isopropylidene-3-O-(S-methylperoxycarbonyl)-D-glycero-a-D-talo-2-octulopyranosonyl)onate]-
o-D-glucopyranoside (17)
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13C NMR (100 MHz, CDCls) of methyl 2,3,4-tri-O-benzyl-6-O-[methyl (4,5:7,8-di-O-
isopropylidene-3-O-(S-methylperoxycarbonyl)-D-glycero-a-D-talo-2-octulopyranosonyl)onate]-
o-D-glucopyranoside (17)
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'H-IH GCOSY NMR (400 MHz, CDCls) of disaccharide 17
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|

T

4.2
f2 (ppm)

0

T T T T

4.0

3.8

3.4

-3.0

3.2

r3.4

3.6

-5.0

5.2

5.4

T
4.4 4.1

F2 (ppm)

38

3.5

3.2

f1 (ppm)

1 (ppm)



'H NMR (400 MHz, CDCls) of methyl 2,3,4-tri-O-benzyl-6-O-[methyl (4,5:7,8-di-O-
isopropylidene-3-O-phenoxylthiocarbonyl-D-glycero-a-D-talo-2-octulopyranosonyl)onate]-a-D-

glucopyranoside (S11)
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13C NMR (100 MHz, CDCls) of methyl 2,3 4-tri-O-benzyl-6-O-[methyl (4,5:7,8-di-O-
isopropylidene-3-O-phenoxythiocarbonyl-D-glycero-a-D-talo-2-octulopyranosonyl)onate]-a-D-

glucopyranoside (S11)
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H NMR (600 MHz, CDCls) of methyl 2,3,4-tri-O-benzyl-6-O-[methyl (3-deoxy-a-D-manno-2-
octulopyranosonyl)onate]-a-D-glucopyranoside (19)
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13C NMR (100 MHz, CDCIs) of methyl 2,3,4-tri-O-benzyl-6-O-[methyl (3-deoxy-a-D-manno-2-
octulopyranosonyl)onate]-a-D-glucopyranoside (19)
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'H-'H GCOSY NMR (400 MHz, CDCIs) of disaccharide (19)
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Non-decoupling (*Jci-Hax) *C NMR (100 MHz, CDCI3) of disaccharide (19) with decoupling at
'H chemical shift of 3.66 ppm
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Non-decoupling **C NMR (150 MHz, CDCls) of s-anomer of disaccharide (19) with decoupling
at '"H chemical shift of 3.35 ppm (from ref S7)
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'H NMR (400 MHz, CDCls) of p-totyl 3-O-acetyl-4-O-benzyl-2-deoxy-2-
trichloroethyoxycarbonylamino-thioglucosamine (26)
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13C NMR (100 MHz, CDCls) of p-totyl 3-O-acetyl-4-O-benzyl-2-deoxy-2-
trichloroethyoxycarbonylamino-thioglucosamine (26)
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'H NMR (500 MHz, CDCls) of methyl 2,3 4-tri-O-benzyl-6-O-[methyl (7,8-O-isopropylidene-3-
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deoxy-a-D-manno-2-octulopyranosonyl)onate]-a-D-glucopyranoside (29)
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13C NMR (125 MHz, CDCl3) of methyl 2,3 4-tri-O-benzyl-6-O-[methyl (7,8-O-isopropylidene-
3-deoxy-a-D-manno-2-octulopyranosonyl)onate]-a-D-glucopyranoside (29)
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1H-'H GCOSY NMR (600 MHz, CDCls) of disaccharide (29)
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'H NMR (400 MHz, CDCls) of ethyl 3-O-acetyl-4-O-benzyl-2-deoxy-2-N-
(trichloroethoxycarbonyl)-4-D-glucopyranoside (30)
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13C NMR (100 MHz, CDCls) of ethyl 3-O-acetyl-4-O-benzyl-2-deoxy-2-N-
(trichloroethoxycarbonyl)-4-D-glucopyranoside (30)

OH =
BnO 0]
AcO OEt
NHTroc
30

30 20 10

50

70

1
110
1 (ppm)




"H NMR (400 MHz, CDCl3) of methyl N-benzyl-N-benzyloxycarbonyl-5-aminopentyl-(4,5:7,8-
di-O-isopropylidene-3-O-(S-methylperoxycarbonyl)-D-glycero-a-D-talo-2-
octulopyranosonyl)onate (32)
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13C NMR (100 MHz, CDCls) of methyl N-benzyl-N-benzyloxycarbonyl-5-aminopentyl-(4,5:7,8-
di-O-isopropylidene-3-O-(S-methylperoxycarbonyl)-D-glycero-a-D-talo-2-
octulopyranosonyl)onate (32)
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'H NMR (400 MHz, CDCls) of methyl 6-chlorohexyl-(4,5:7,8-di-O-isopropylidene-3-O-(S-
methylperoxycarbonyl)-D-glycero-a-D-talo-2-octulopyranosonyl)onate (33)
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13C NMR (100 MHz, CDCIs) of methyl 6-chlorohexyl-(4,5:7,8-di-O-isopropylidene-3-O-(S-
methylperoxycarbonyl)-D-glycero-o-D-talo-2-octulopyranosonyl)onate (33)
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'H NMR (500 MHz, CDCls) of methyl 2-azido-3,4-di-O-benzyl-2-deoxy-6-O-[methyl (4,5:7,8-
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octulopyranosonyl)onate]-f-D-glucopyranoside (34)
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13C NMR (100 MHz, CDCls) of methyl 2-azido-3,4-di-O-benzyl-2-deoxy-6-O-[methyl (4,5:7,8-
di-O-isopropylidene-3-O-(S-methylperoxycarbonyl)-D-glycero-a-D-talo-2-
octulopyranosonyl)onate]-f-D-glucopyranoside (34)
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'H-'H GCOSY NMR (500 MHz, CDClIs) of disaccharide 34
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"H NMR (400 MHz, CDCl3) of methyl 2-azido-2-deoxy-4,6-O-benzylidene-3-O-[methyl
(4,5:7,8-di-O-isopropylidene-3-O (S-methylperoxycarbonyl)-D-glycero-a-D-talo-2-
octulopyranosonyl)onate]-S-D-galactopyranoside (35)
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13C NMR (100 MHz, CDCls) of methyl 2-azido-2-deoxy-4,6-O-benzylidene-3-O-[methyl
(4,5:7,8-di-O-isopropylidene-3-O (S-methylperoxycarbonyl)-D-glycero-a-D-talo-2-
octulopyranosonyl)onate]-f-D-galactopyranoside (35)
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'H-"H GCOSY (400 MHz, CDCI3) of disaccharide (35)
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'H-3C HSQC NMR (100 MHz, CDClIs) of disaccharide (35)
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H NMR (400 MHz, CDCls) of methyl 2,3-O-isopropylidene-4-O-[methyl (4,5:7,8-di-O-
isopropylidene-D-glycero-a-p-talo-2-octulopyranosonyl)onate]-a-D-rhamnopyranoside (36)
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13C NMR (100 MHz, CDCls) of methyl 2,3-O-isopropylidene-4-O-[methyl (4,5:7,8-di-O-
isopropylidene-D-glycero-a-p-talo-2-octulopyranosonyl)onate]-a-D-rhamnopyranoside (36)
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'H NMR (400 MHz, CDCIs) of methyl 3,4,6-tri-O-benzyl-2-O-[methyl (4,5:7,8-di-O-
isopropylidene-D-glycero-a-D-talo-2-octulopyranosonyl)onate]-a-D-mannopyranoside (37)
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13C NMR (100 MHz, CDCls) of methyl 3,4,6-tri-O-benzyl-2-O-[methy! (4,5:7,8-di-O-
isopropylidene-D-glycero-a-D-talo-2-octulopyranosonyl)onate]-a-D-mannopyranoside (37)
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1H-'H GCOSY (400 MHz, CDCls) of disaccharide 37
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'H NMR (400 MHz, CDCl3) of p-tolyl 3-O-acetyl-4-O-benzyl-2-deoxy-2-
trichloroethoxycarbonylamino-6-O-[methyl (7,8-O-carbonyl-4,5-O-isopropylidene-3-O-(S-
methylperoxycarbonyl)-D-glycero-a-D-talo-2-octulopyranosonyl)onate]-4-D-
thioglucopyranoside (38)
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13C NMR (100 MHz, CDCl3) of p-tolyl 3-O-acetyl-4-O-benzyl-2-deoxy-2-
trichloroethoxycarbonylamino-6-O-[methyl (7,8-O-carbonyl-4,5-O-isopropylidene-3-O-(S-
methylperoxycarbonyl)-D-glycero-a-D-talo-2-octulopyranosonyl)onate]-4-D-
thioglucopyranoside (38)
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'H-IH GCOSY (400 MHz, CDCls) of disaccharide (38)
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"H NMR (400 MHz, CDCl3) of p-tolyl 2-azido-3-benzoyl-4-O-benzyl-2-deoxy-6-O-[methyl
(4,5:7,8-di-O-isopropylidene-3-O-(S-methylperoxycarbonyl)-D-glycero-a-D-talo-2-
octulopyranosonyl)onate]-4-D-thioglucopyranoside (39)
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13C NMR (100 MHz, CDCls) of p-tolyl 2-azido-3-benzoyl-4-O-benzyl-2-deoxy-6-O-[methyl
(4,5:7,8-di-O-isopropylidene-3-O-(S-methylperoxycarbonyl)-D-glycero-a-D-talo-2-
octulopyranosonyl)onate]-A-D-thioglucopyranoside (39)
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'H-IH GCOSY (400 MHz, CDCls) of disaccharide (39)
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H NMR (600 MHz, CDCls) of methyl {2,6-anhydro-3-deoxy-4,5-O-isopropylidene-8-O-
[methyl (4,5:7,8-di-O-isopropylidene-3-O-(S-methylperoxycarbonyl)-D-glycero-a-D-talo-2-
octulopyranosonyl)onate]-D-manno-2-octulopyranosonyl}onate (40)
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13C NMR (150 MHz, CDCls) of methyl {2,6-anhydro-3-deoxy-4,5-O-isopropylidene-8-O-

[methyl (4,5:7,8-di-O-isopropylidene-3-O-(S-methylperoxycarbonyl)-D-glycero-a-D-talo-2-
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'H-IH GCOSY (600 MHz, CDCIs) of disaccharide (40)
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'H NMR (400 MHz, CDCIs) of trisaccharide (41)
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13C NMR (100 MHz, CDCls) of trisaccharide (41)
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'H-1H GCOSY (400 MHz, CDCls) of trisaccharide (41)
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'H NMR (500 MHz, CDCls) of ethyl {3-O-acetyl-4-O-benzyl-2-trichloroethoxycarbonyamino-2-
deoxy-6-O-[methyl (7,8-O-carbonyl-4,5-O-isopropylidene-3-O-(S-methylperoxycarbonyl)-D-
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13C NMR (125 MHz, CDClIs) of ethyl {3-O-acetyl-4-O-benzyl-2-trichloroethoxycarbonylamino-
2-deoxy-6-O-[methyl (7,8-O-carbonyl-4,5-O-isopropylidene-3-O-(S-methylperoxycarbonyl)-D-
glycero-a-D-talo-2-octulopyranosonyl)onate]-4-D-glucopyranoside (42)
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'H-'H GCOSY (500 MHz, CDCls) of disaccharide (42)
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'H NMR (400 MHz, CDCls) of methyl 2,3,4-tri-O-benzyl-6-O-[methyl (7,8-O-carbonyl-4,5-O-
isopropylidene-3-O-(S-methylperoxycarbonyl)-D-glycero-a-D-talo-2-octulopyranosonyl)onate]-
a-D-glucopyranoside (43)
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13C NMR (100 MHz, CDCls) of methyl 2,3,4-tri-O-benzyl-6-O-[methyl (7,8-O-carbonyl-4,5-O-
isopropylidene-3-O-(S-methylperoxycarbonyl)-D-glycero-a-D-talo-2-octulopyranosonyl)onate]-
a-D-glucopyranoside (43)
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'H-IH GCOSY (400 MHz, CDCIs) of disaccharide (43)
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'H NMR (400 MHz, CDCIs) of methyl 2,3,4-tri-O-benzyl-6-O-[methyl (7-O-tbutyldimethylsilyl-
4,5-0-isopropylidene-3-O-(S-methylperoxycarbonyl)-a-D-talo-2-heptulopyranosonyl)onate]-a-
D-glucopyranoside (44)
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13C NMR (100 MHz, CDCls) of methyl 2,3,4-tri-O-benzyl-6-O-[methyl (7-O-
tbutyldimethylsilyl-4,5-O-isopropylidene-3-O-(S-methylperoxycarbonyl)-a-D-talo-2-
heptulopyranosonyl)onate]-a-D-glucopyranoside (44)
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'H-'H GCOSY (400 MHz, CDCls) of disaccharide (44)
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'H NMR (400 MHz, CDCls) of p-tolyl 4-O-benzyl-2,3-di-O-benzoyl-6-O-[methyl (7-O-
tbutyldimethylsilyl-4,5-O-isopropylidene-3-O-(S-methylperoxycarbonyl)-a-D-talo-2-
heptulopyranosonyl)onate]-thio-a-D-glucopyranoside (45)
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13C NMR (100 MHz, CDCls) of p-tolyl 4-O-benzyl-2,3-di-O-benzoyl-6-O-[methyl (7-O-
tbutyldimethylsilyl-4,5-O-isopropylidene-3-O-(S-methylperoxycarbonyl)-a-D-talo-2-
heptulopyranosonyl)onate]-thio-a-D-glucopyranoside (45)
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'H-'H GCOSY (400 MHz, CDCls) of disaccharide (45)
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'H NMR (400 MHz, CDCls) of methyl 2,3,4-tri-O-benzyl-6-O-[methyl (4,5-O-isopropylidene-3-
O-(S-methylperoxycarbonyl)-7-O-trityl-a-D-talo-2-heptulopyranosonyl)onate]-a-D-
glucopyranoside (46)
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13C NMR (100 MHz, CDCls) of methyl 2,3,4-tri-O-benzyl-6-O-[methyl (4,5-O-isopropylidene-
3-O-(S-methylperoxycarbonyl)-7-O-trityl-a-D-talo-2-heptulopyranosonyl)onate]-a-D-
glucopyranoside (46)
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'H-IH GCOSY (400 MHz, CDCls) of disaccharide (46)
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!H NMR (400 MHz, CDCls) of methyl 2,3,4-tri-O-benzyl-6-O-{methyl 5-O-acetyl-7,8-O-
isopropylidene-4-O-[methyl 4,5:7,8-di-O-isopropylidene-3-O-(S-methylperoxycarbonyl)-D-
glycero-a-D-talo-2-octulopyranosonyl]onate-3-deoxy-a-D-manno-2-octulopyranosonyl }onate-a-
D-glucopyranoside (S14)
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13C NMR (125 MHz, CDCls) of methyl 2,3,4-tri-O-benzyl-6-O-{methyl 5-O-acetyl-7,8-O-
isopropylidene-4-O-[methyl 4,5:7,8-di-O-isopropylidene-3-O-(S-methylperoxycarbonyl)-D-
glycero-a-D-talo-2-octulopyranosonyl]onate-3-deoxy-a-D-manno-2-octulopyranosonyl}onate-a-
D-glucopyranoside (S14)
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!H NMR (400 MHz, CDCls) of methyl 2,3,4-tri-O-benzyl-6-O-{methyl 5-O-acetyl-7,8-O-
isopropylidene-4-O-[methyl 4,5:7,8-di-O-isopropylidene-D-glycero-a-D-talo-2-
octulopyranosonyl]onate-3-deoxy-a-D-manno-2-octulopyranosonyl}onate-a-D-glucopyranoside
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13C NMR (125 MHz, CDCls) of methyl 2,3,4-tri-O-benzyl-6-O-{methyl 5-O-acetyl-7,8-O-
isopropylidene-4-O-[methyl 4,5:7,8-di-O-isopropylidene-D-glycero-a-D-talo-2-
octulopyranosonyl]onate-3-deoxy-a-D-manno-2-octulopyranosonyl}onate-a-D-glucopyranoside
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'H-'H GCOSY (500 MHz, CDCls) of trisaccharide (47)
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!H NMR (400 MHz, CDCls) of methyl 2,3,4-tri-O-benzyl-6-O-{methyl 5-O-acetyl-7,8-O-
isopropylidene-4-O-[methyl 4,5:7,8-di-O-isopropylidene-3-deoxy-D-glycero-a-D-manno-2-
octulopyranosonyl]onate-3-deoxy-a-D-manno-2-octulopyranosonyl}onate-a-D-glucopyranoside
(48)
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13C NMR (100 MHz, CDCls) of methyl 2,3,4-tri-O-benzyl-6-O-{methyl 5-O-acetyl-7,8-O-
isopropylidene-4-O-[methyl 4,5:7,8-di-O-isopropylidene-3-deoxy-D-glycero-a-D-manno-2-
octulopyranosonyl]onate-3-deoxy-a-D-manno-2-octulopyranosonyl}onate-a-D-glucopyranoside
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'H-1H GCOSY (500 MHz, CDCls) of trisaccharide (48)
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'H NMR (400 MHz, CDCls) of methyl 2,3,4-tri-O-benzyl-6-O-[methyl (4,5-O-isopropylidene-7-
O-tbutyldimethylsilyl-a-D-talo-2-heptulopyranosonyl)onate]-a-D-glucopyranoside (S15)
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13C NMR (100 MHz, CDCls) of methyl 2,3,4-tri-O-benzyl-6-O-[methyl (4,5-O-isopropylidene-
7-O-tbutyldimethylsilyl-a-D-talo-2-heptulopyranosonyl)onate]-a-D-glucopyranoside (S15)
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'H-'H GCOSY (400 MHz, CDCls) of disaccharide (S15)
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'H NMR (400 MHz, CDCIs) of methyl 2,3,4-tri-O-benzyl-6-O-[methyl (7-O-tbutyldimethylsilyl-
4,5-0O-isopropylidene-3-O-phenoxythiocarbonyl)-a-D-talo-2-heptulopyranosonyl)onate]-a-D-
glucopyranoside (S16)
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13C NMR (400 MHz, CDCls) of methyl 2,3,4-tri-O-benzyl-6-O-[methyl (7-O-

tbutyldimethylsilyl-4,5-O-isopropylidene-3-O-phenoxythiocarbonyl)-a-D-talo-2-
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heptulopyranosonyl)onate]-a-D-glucopyranoside (S16)
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'H-'H GCOSY (400 MHz, CDCls) of disaccharide (S16)
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'H NMR (400 MHz, CDCIs) of methyl 2,3,4-tri-O-benzyl-6-O-[methyl (7-O-tbutyldimethylsilyl-
3-deoxy-4,5-O-isopropylidene-a-D-lyxo-2-heptulopyranosonyl)onate]-a-D-glucopyranoside (49)
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13C NMR (100 MHz, CDCls) of methyl 2,3,4-tri-O-benzyl-6-O-[methyl (7-O-
tbutyldimethylsilyl-3-deoxy-4,5-O-isopropylidene-a-D-lyxo-2-heptulopyranosonyl)onate]-a-D-
glucopyranoside (49)
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'H-'H GCOSY (400 MHz, CDCls) of disaccharide (49)
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IH NMR (400 MHz, CDCls) of methyl 2,3,4-tri-O-benzyl-6-O-[methyl (3-deoxy-4,5-O-
isopropylidene-a-D-lyxo-2-heptulopyranosonyl)onate]-a-D-glucopyranoside (S17)

PLZ ke
S0P 11
168}
668 |1
626 |1
1861
62021
95¢ €1
LLEE

005¢1
605¢

25 ¢
285¢1
255¢1
0. ¢
PEL
St
B e
192'¢
1918

9.1'¢
0£8'¢H
158°C

‘696"61IH

T

[

W .

9/6eL
666'C 7,
BOL'I?{T

8L
el
SCL
9gl 'y
Ot L 17
Py
L9511
08y
629171
Ik
L9
BeL 17
9541
B9L 11
8L 11
558171
Pee'y
B8 17
9480
LSE L7
P& L]
852 L1
0L2' L1
182 L]
88241
S04
9Le L]
[N
92 ]

|

=

b L
95eL-

H
e
pgam
o) CO,Me
o)

oo

oy

v8'C

LLL
#8'0
EL'E
cZ'e

AN
0g'e

0z'L
£’
86'L
Sl
vl
LO'L
A
bl
a0’
A"
LU

o

MMA_UAML_LMJL_MJ k.

il

{ﬁ FeosL

2.0

1.0 0.5

1.5

25

3.0

3.5

60 55 50 45 4.0
1 (ppm)

9.5 9.0 85 8.0 7.5 7.0 8.5



13C NMR (100 MHz, CDCls) of methyl 2,3,4-tri-O-benzyl-6-O-[methyl (3-deoxy-4,5-O-
isopropylidene-a-D-lyxo-2-heptulopyranosonyl)onate]-a-D-glucopyranoside (S17)
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'H-'H GCOSY (400 MHz, CDCls) of disaccharide (S17)
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'H NMR (400 MHz, CDCls) of methyl 2,3,4-tri-O-benzyl-6-O-[methyl (7-carbomethoxy-3-
deoxy-4,5-O-isopropylidene-a-D-lyxo-heptulopyranosonyl)onate]-a-D-glucopyranoside (50)
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13C NMR (100 MHz, CDCls) of methyl 2,3,4-tri-O-benzyl-6-O-[methyl (7-carbomethoxy-3-
deoxy-4,5-O-isopropylidene-a-D-lyxo-heptulopyranosonyl)onate]-a-D-glucopyranoside (50)
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'H-IH GCOSY (400 MHz, CDCls) of disaccharide (50)
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'"H NMR (400 MHz, CDCIs) of trisaccharide (51)
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1H-1H GCOSY (400 MHz, CDCls) of trisaccharide (51)
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H NMR (400 MHz, CDCls) of tetrasaccharide (52)
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'H-IH GCOSY (400 MHz, CDCls) of tetrasaccharide (52)
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H NMR (400 MHz, CDCls) of methyl 2,3,4-tri-O-benzyl-6-O-[methyl (4-O-benzyl-3-deoxy-
7,8-0O-isopropylidene-a-D-manno-2-octulopyranosonyl)onate]-a-D-glucopyranoside (53)

o]
-]
1
] =
b S
o
0)
HO -4
BnO
E]
]
821 — -4 PTE
18— are
"]
BnO o) L9
BnO
16'T BnO
no'a:k OMe e
£0E— 53 b Fonl g
62 S 0zt
0z'e = el
ZT'T | in
£2'T ~
12T
are
. LS
0z'E )
e nez
pTE— i
obeE— N 2o T
Al
69'E— 59€
Le=r = . -
. ~ 801 £
13E oczf R izm—:-:'-
06'E | “ =
F e & o | ¥ S
90k ‘{II' EOT Ll
8k i -
GE't | Q ;g; )
g:-: L = — I bET [ o
b } B0 ™ hY X E0T
I -
b F ol 3 £ If
Ob b L “ oot S
b - "
05+ o
1544 gk
£5'b1 B L
gg.:‘ ZE[ ¢n "
M
S99
SE'F }: soTl E" o
RS g i
£t 8
6Lb- i 3&
-
oor L
124 T[T Ny
£2°¢ ~ @
£24 Moo
$Z4 F
ST'i - =
9z"én | ~
L' porl
8T + —~ }5551
L =i
Uslijr zoz ) j "
0E"£A B =
TEd I— PET[ .
zes F o
-
£e¢ Fem
g8 L i g
SE'L- antf
1eol @
errl ¥ "
B




13C NMR (100 MHz, CDCls) of methyl 2,3,4-tri-O-benzyl-6-O-[methyl (4-O-benzyl-3-deoxy-
7,8-0O-isopropylidene-a-D-manno-2-octulopyranosonyl)onate]-a-D-glucopyranoside (53)
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IH-'H GCOSY NMR (400 MHz, CDClIzs) of disaccharide (53)
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IH NMR (400 MHz, CDCls) of methyl 2,3,4-tri-O-benzyl-6-O-[benzyl (4-O-benzyl-3-deoxy-7,8-
O-isopropylidene-a-D-manno-2-octulopyranosonyl)onate]-a-D-glucopyranoside (53’)
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13C NMR (100 MHz, CDCls) of d methyl 2,3,4-tri-O-benzyl-6-O-[benzyl (4-O-benzyl-3-deoxy-
7,8-0O-isopropylidene-a-D-manno-2-octulopyranosonyl)onate]-a-D-glucopyranoside (53")
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'H NMR (400 MHz, CDCls) of tetrasaccharide (S18)
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13C NMR (100 MHz, CDCls) of tetrasaccharide (S18)
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!H NMR (400 MHz, CDCls) of tetrasaccharide (54)
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13C NMR (100 MHz, CDCls) of tetrasaccharide (54)
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'H-'H GCOSY (400 MHz, CDCls) of tetrasaccharide (54)
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!H-13C HSQC NMR (100 MHz, CDCls) of tetrasaccharide (54)
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