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General considerations

Commercial chemicals were obtained from Aldrich, Acros Organics, Alfa Aesar or
Carbosynth and were used without further purification. All non-aqueous reactions were run
under inert atmosphere (argon), by using standard techniques for manipulating air-sensitive
compounds. All the glassware was stored into the oven or was flame-dried before using.
Anhydrous solvents were obtained by filtration through drying columns. Dichloromethane
and chloroform were stabilized under amylene.

Batch reactions were generally monitored by analytical thin-layer chromatography performed
on silica gel 60 F,s4 precoated plates and were visualised under UV (254 nm) and with
Vanillin as revelator.

Microwave irradiation experiments were carried out in a CEM Discover instrument or in an
Anton Paar Monowave 300 instrument with internal fiber-optic or IR temperature control.
The vials used are in Pyrex and were sealed with Teflon-coated septums. With the Anton Paar
instrument, the homogeneity and the good magnetic stirring of the reaction were controlled
with a camera which directly focuses on the reaction vial.

Flow reactions were performed in a Vapourtec R-series system which is a high-temperature
(up to 250 °C), high-pressure (up to 42 bar) instrument for performing homogeneous
reactions. This R-series system is constituted by a R2C+ pump module (module with acid-
resistant pumps and injection loops), a R4 reactor module and a fraction collector. The
reaction mixture was pumped into the system with one HPLC pump, passed through a
stainless steel 1 mm i.d. reactor, through a back-pressure regulator (which controls the
pressure into the whole system) and was finally collected in the fraction collector.
Perfluroalkoxy (PFA) polymer tubing (I mm i.d.) was used for interconnecting lines.
Reaction parameters like temperature, residence time (or flow rate) and collection volume
were monitored by using the instrument interface and the Flow Commander software.

Flash chromatography was performed on an Isco Combiflash Companion instrument using
50 pm silica columns. Preparative thin-layer chromatography was performed on silica gel 60
F254 0.5 mm 20x20 cm plates and visualised under UV (254 nm). Semi-preparative HPLC was
performed using a Waters 600 instrument, combined with a 2424 Evaporating Light
Scattering Detector (ELSD), a 2996 Photodiode Array Detector (PDA) and a 2767 sample
manager. The column used was a Waters Sunfire C18, 19x150 mm, 5 pm.

Deuterated chloroform used for NMR analyses was neutralised by addition of anhydrous and
granular K,CO3;. 'H NMR spectra were recorded on Bruker 300 or 500 MHz instruments.
C NMR spectra were recorded on the same instruments at 75 or 125 MHz. Chemical shifts &
are expressed in parts per million relative to residual chloroform as an internal standard (6 =
7.26 ppm for '"H NMR and 77.4 ppm for °C NMR). For 'H NMR spectra, data are reported as
follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quadruplet, m =
multiplet, brs = broad singulet, dt = doublet of triplets), coupling constant (in Hz) and
integration. Interpretations were obtained using DEPT 135, 'H-"H COSY, 'H-">C HMQC and
HMBC experiments. Low-resolution mass spectra were obtained on a Waters Acquity UPLC
system by electrospray ionization (ESI), combined to a Photodiode Array Detector (PDA), an
Evaporating Light Scattering Detector (ELSD) and a Tandem Quadrupole Detector (TQD).
High-resolution mass spectra were obtained with a Waters Acquity UPLC (by direct injection
or with a BEH CI8 2.1x50 mm, 1.7 pm column) combined with a Diode Array Detector
(DAD) and a Waters LCT Premier XE mass instrument (electrospray ionization with a time-
of-flight (ToF) analyzer). IR spectra were recorded on a PerkinElmer Spectrum 100 FT-IR
spectrometer, in reciprocal centimeters (cm™'). Melting points were determined using a Biichi
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B-540 apparatus. Optical rotations were determined using an Anton Paar MCP 300
polarimeter with a 1 dm-long cell and data are reported as follows: [a]p ™™™ (in 10’
deg.cm’/g), concentration (¢ in g/100 mL) and solvent. Elemental analyses were performed
with a CHNOS Perkin-Elmer analyser (Gif-sur-Yvette, [CSN).

General procedures

A. General procedure for microwave-assisted glycosylation

The peracetylated glycosamine (2 eq.), TTBP (2 eq.) and the iron triflate catalyst (15 mol-%)
are added to the acceptor (1 eq.) in an oven-dried, argon-purged, 4, 10 or 30 mL (filling
volume) microwave vial equipped with a magnetic stirring bar. Everything is flushed under
argon and dry CHCl, is added ([acceptor] = 0.065 M). Liquid acceptor (benzyl alcohol) is
placed into the tube after the solvent.

Anton Paar Monowave 300 instrument: after sealing the vial, the reaction mixture is heated to
110 °C under microwave irradiation for 30 minutes to 3 hours (1 minute ramp time from room
temperature to 110 °C and 30 minutes to 3 hours hold time at 110 °C, stirring set at 800 rpm).
CEM Discover instrument: after sealing the vial, the reaction mixture is heated to 80 °C under
microwave irradiation for 30 minutes to 3 hours.

The reaction mixture is then diluted in CH,Cl, and washed with a saturated aqueous solution
of NaHCOs. The aqueous layer is extracted with CH,Cl, (x4) and the combined organic
layers are washed with brine, dried over Na,SO,, filtered and concentrated under reduced
pressure. The crude product is purified by flash chromatography on silica gel (heptane/EtOAc
5:5to 0:1) to afford the pure product.

B. General procedure for setting up and cleaning up the flow system

Before each experiment, the desired assembly (including sample loop for small-scale
reactions) is purged by pumping dichloromethane or chloroform (depending on the reaction
solvent) at a flow rate of 5 mL/min, through both solvent and reagent needles for 10 min.
Then, the needles are inserted through a septum-sealed, argon-overpressured flask (using the
built-in gas manifold) of dry reaction solvent mixture (dichloromethane/acetonitrile 7:3 or
chloroform/acetonitrile 7:3). The whole system is then dried by pumping this mixture at a
flow rate of 5 mL/min for 10 minutes.

After each experiment, the whole system is washed with the reaction solvent mixture at a flow
rate of 5 mL/min for 10 minutes and then with isopropanol with the same flow rate for
another 10 minutes.

C. General procedure for glycosylation under continuous flow conditions

C1: small-scale reactions

As the glycosylation reaction is slow at room temperature, all the reagents and the catalyst are
mixed together before injection into the flow system. The N-acetyl-D-glucosamine 1P
(0.300 mmol, 2 eq.) and the iron triflate catalyst (0.023 mmol, 15 mol-%) are added to the
acceptor (0.150 mmol, 1 eq.) in an oven-dried, argon-purged vial equipped with a magnetic
stirring bar. Dry mixture of dichloromethane/acetonitrile 7:3 (2 mL, [acceptor] = 0.075 M) is
added and the reaction mixture is stirred and sonicated for a few minutes (until complete
homogenisation). Liquid acceptor (benzyl alcohol) is placed into the tube after the solvent.



The variation between the solvent volume and the reaction mixture volume was controlled
and was not significant.

After setting up and drying the whole flow system (Figure 1) with dry
dichloromethane/acetonitrile 7:3 (procedure B), the pump is primed and the reaction mixture
is injected with a syringe into the system via a 2 mL-sample loop. The reaction is then fully
automated and the reaction parameters (temperature, residence time, collection volume) are
controlled using Flow Commander software. The dry solvent mixture
(dichloromethane/acetonitrile 7:3) is pumped and pushes the reaction mixture, which is in the
sample loop, into the 10mL-stainless steel reactor heated at 110 °C with a fixed flow rate
(corresponding to the desired residence time, 45 or 70 min depending on the acceptor). The
system pressure (33 bar) is controlled with a back pressure regulator and the reaction mixture
is finally collected into a fraction collector.
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Figure 1

At the end of the reaction, the reaction mixture is diluted with 20 mL of dichloromethane and
washed with a saturated aqueous solution of NaHCO; (20 mL). The aqueous layer is extracted
with CH,Cl, (4x20 mL) and the combined organic layers are washed with brine (20 mL),
dried over Na,SO,, filtered and evaporated under reduced pressure. The crude product is
purified by flash chromatography on silica gel (heptane/EtOAc 5:5 to 0:1) to give the pure
product.

C2: scale-up

As the glycosylation reaction is slow at room temperature, all the reagents and catalyst are
mixed together before injection into the flow system. The N-acetyl-D-glucosamine 1P
(6.50 mmol, 2 eq.) and the iron triflate catalyst (0.49 mmol, 15 mol-%) are added to the
acceptor (3.25 mmol, 1 eq.) in an oven-dried, argon-purged vial equipped with a magnetic
stirring bar. Dry mixture of chloroform/acetonitrile 7:3 (45 mL, [acceptor] = 0.072 M) is
added and the reaction mixture is stirred and sonicated for a few minutes (until complete
homogenisation).

After setting up and drying the whole flow system (Figure 2) with dry mixture of
chloroform/acetonitrile 7:3 (procedure B), the reagent needle is transferred into the
septum-sealed, argon-overpressured vial containing the reaction mixture. This solution is
maintained under argon atmosphere during the whole reaction. The pump is then primed to
bring the reaction mixture to the solvent/reagent switch valve. The reaction is fully automated
and the reaction parameters (temperature, residence time, collection volume) are controlled
using Flow Commander software. The reaction mixture is pumped into two 10 mL-stainless
steel reactors in series, heated at 110 °C with a fixed flow rate (corresponding to the desired
residence time of 70 min). Once all the reaction mixture is loaded into the reactor, the liquid
stream is changed back to solvent (mixture of dry chloroforme/acetonitrile 7:3) with the same
flow rate and temperature until the end of the reaction. The system pressure (33 bar) is
controlled with a back pressure regulator and the reaction mixture is finally collected into a
single receptor.
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Figure 2

At the end of the reaction, the reaction mixture is diluted with CH,Cl, (50 mL) and washed
with a saturated aqueous solution of NaHCO; (50 mL). The aqueous layer is extracted with
CH,ClI; (4x50 mL) and the combined organic layers are washed with brine (100 mL), dried
over Na,SQy, filtered and evaporated under reduced pressure. The crude product is purified by
flash chromatography on silica gel (heptane/EtOAc 5:5 to 0:1) to give the pure product.

Products description

Donor 2' and acceptors 3,2 7,° 11,% 25’ and 27° were prepared according to known procedures.
Donor 33 and acceptor S are commercially available.

Iron triflate catalysts

Fe(OTY);:6.2DMSO and Fe(NTf;);:6.3DMSO were prepared according to the procedure of
Antoniotti et al.”

Fe(OTf);-6.2DMSO: Elemental analysis: calculated %C = 18.73, %H = 3.80, %F = 17.32,
%Fe = 5.66 and %S = 29.87 and experimental found %C = 18.61, %H = 3.77, %F = 16.97,
%Fe =5.22 and %S = 30.09.

Fe(NTf,);-6.3DMSO: Elemental analysis: calculated %C = 16.09, %H = 2.74, %F = 24.63,
%Fe = 4.02 and %S = 28.40 and experimental found %C = 16.00, %H = 2.69, %F = 24.97,
%Fe =3.72 and %S = 29.05.
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2-Acetamido-1,3,4,6-tetra-0O-acetyl-2-deoxy-p-p-glucopyranose 1p

OAc 1,3,4,6-Tetra-O-acetyl-2-amino-2-deoxy-f-D-glucopyranose

ACO ﬁ hydrochloride® (5 g, 13.02 mmol, 1 eq.), acetic anhydride (7.3 mL, 78.17
AcO NHASAC mmol, 6 eq.) and pyridine (50 mL) were stirred at room temperature for 5
o HANO hours under argon. The volatiles were evaporated under reduced pressure
Mol Wi 38935  and the crude product was purified by chromatography on silica gel
(heptane/EtOAc 3:7 to 0:1) to afford 1p° (4.40 g, 87 %, white amorphous

solid). 1P is also commercially available.
2-Acetamido-1,3,4,6-tetra-0-acetyl-2-deoxy-a-D-glucopyranose 1a

OAc N-Acetyl-D-glucosamine (1 g, 4.52 mmol) and sodium acetate (990 mg,
/é% 12.07 mmol, 2.7 eq.) in acetic anhydride (14 mL) were stirred at 150 °C for
AcO . . . .
AcO 8 hours under argon. The reaction mixture was poured into ice and water,
ACHNGAG  extracted with CHCl;, (3x50 mL), washed with water (20 mL), brine (10
Mg?‘\i;v_'tz_?';gé?ss mL), dried over Na,SO, and evaporated under reduced pressure. The crude
product was purified by chromatography on silica gel (heptane/EtOAc 1:1
to 3:7) to give the desired product 1a'® (1.4 g, 80 %, white amorphous solid). 1a is also
commercially available.

Methyl (2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-p-D-glucopyranosyl)-(1—6)-2,3,4-tri-O-
benzyl-a-D-glucopyranoside 4

OAc Microwave conditions: 4'' was obtained under microwave conditions
Acoé& using donor 1B (50 mg, 0.128 mmol, 2 eq.), TTBP (32 mg, 0.129
AcO N o mmol, 2 eq.), Fe(OTf);-6.2DMSO (10 mg, 0.010 mmol, 15 mol-%)
B:o o) and acceptor 3> (30 mg, 0.065 mmol, 1 eq.) in dry CH,Cl, (1 mL),

BnO o according to general procedure A (Anton Raar Monowave 300
C42H51NO14OMe instrument, 110 °C, 45 min) (46 mg, 89 %, white amorphous solid).

Mol. Wt.: 793.85 Flow conditions: 4 was also obtained under flow conditions from

donor 1B (2.53 g, 6.50 mmol, 2 eq.), Fe(OTf);-6.2DMSO (484 mg,
0.49 mmol, 15 mol-%) and acceptor 3 (1.51 g, 3.25 mmol, 1eq.) in a mixture of dry
CHCI3/CH3CN 7:3 (45 mL) using general procedure C2 (Vapourtec instrument, 110 °C, 33
bar, 70 min) (2.00 g, 78 %, white amorphous solid).

Benzyl 2-acetamido-3.,4,6-tri-O-acetyl-2-deoxy-p-D-glucopyranoside 63

OAc Microwave conditions: 6f'* was obtained under microwave conditions
Acoé&/OBn using donor 1P (50 mg, 0.128 mmol, 2 eq.), TTBP (32 mg, 0.129 mmol,
AcO NEAG 2 eq.), Fe(OTf);-6.2DMSO (10 mg, Q.OIO mmol, 15 mol-%) and benzyl
o HNO alcohol 5§ (7 pL, 0.068 mmol, 1 eq.) in dry CH,Cl, (1 mL) according to

Mol Wt~ 43744  general procedure A (Anton Paar Monowave 300 instrument, 110 °C, 45
min) (28 mg, 95 %, white amorphous solid). Flow conditions: 6p was

also obtained under flow conditions from donor 1B (117 mg, 0.301 mmol, 2 eq.),
Fe(OTf);-6.2DMSO (23 mg, 0.023 mmol, 15 mol-%) and benzyl alcohol 5 (16 puL,

% H. Myszka, D. Bednarczyk, M. Najder, W. Kaca, Carbohydr. Res. 2003, 338, 133-141.

? US Pat., 281395 A1, 2013.

'9J. E. Heidlas, W. J. Lees, P. Pale, G. M. Whitesides, J. Org. Chem. 1992, 57, 146-151.
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0.150 mmol, 1 eq.) in a mixture of dry CH,Cl,/CH3CN 7:3 (2 mL), using general procedure
C1 (Vapourtec instrument, 110 °C, 33 bar, 45 min) (51 mg, 77 %, white amorphous solid).
4-(Chloromethyl)benzyl 2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-p-D-glucopyranoside 8
OAc Microwave conditions: 8 was obtained under microwave
28 56 conditions using donor 1B (50 mg, 0.128 mmol, 2 eq.),
Ag\(go 1 O\/Q/\ TTBP (32 mg, 0.129 mmol, 2 eq.), Fe(OTf);-6.2DMSO (10
3 2'NHAG Cl' mg, 0.010 mmol, 15 mol-%) and 4-(chloromethyl)benzyl
C22H25CINOg alcohol 7* (10 mg, 0.064 mmol, 1 eq.) in dry CH,Cl, (1 mL),
Mol. W.. 485.91 according to general procedure A (Anton Paar Monowave
300 instrument, 110 °C, 30 min) (30 mg, 95%, white amorphous solid). Flow conditions: 8
was also obtained under flow conditions using donor 1B (117 mg, 0.300 mmol, 2 eq.),
Fe(OTf);-6.2DMSO (23 mg, 0.023 mmol, 15 mol-%) and 4-(chloromethyl)benzyl alcohol 7
(24 mg, 0.153 mmol, 1 eq.) in a mixture of dry CH,Cl,/CH3CN 7:3 (2 mL), according to
general procedure C1 (Vapourtec instrument, 110 °C, 33 bar, 45 min) (56 mg, 75 %, white
amorphous solid). [a]p>": -36.0 (¢ 1.0 in CHCl3). 'H NMR (300 MHz, CDCl;) 6: 7.36 (d, J =
8.0 Hz, 2H, Ar), 7.29 (d, J = 8.0 Hz, 2H, Ar), 5.48 (d, Jyu>=9.0 Hz, 1H, NH), 5.21 (dd, J;, =
10.5 Hz and J3 4= 9.5 Hz, 1H, H3), 5.09 (t, J43 = Js5= 9.5 Hz, 1H, H4), 4.88 (d, J = 12.0 Hz,
1H, OCH>Ar), 4.65 (d, J;> = 9.0 Hz, 1H, H1), 4.61-4.58 (m, 3H, OCH>Ar and ArCH,Cl),
4.27 (dd, Jss = 12.5 Hz and Js 5 = 4.5 Hz, 1H, H6), 4.16 (dd, Js5:s = 12.5 Hz and Js 5 = 2.5 Hz,
lH, H6’), 3.96 (dt, J2,3 =10.5 Hz and JQ’] = Jg}NH= 9.0 HZ, lH, H2), 3.67 (ddd, J5,4 =905 HZ,
Js6=4.5 Hz and Js 6= 2.5 Hz, 1H, HS5), 2.10 (s, 3H, OCOCHj3), 2.02 (s, 3H, OCOCHj;), 2.01
(s, 3H, OCOCHs;), 1.91 (s, 3H, NHCOCH;). >C NMR (75 MHz, CDCL) ¢: 171.3 (C,
COCHs), 171.1 (C, COCH3), 170.5 (C, COCH3), 169.8 (C, COCHs), 137.7 (C, OCH,4r),
137.6 (C, ArCH,Cl), 129.1 (2CH, Ar), 128.6 (2CH, Ar), 100.0 (CH, C1), 72.7 (CH, C3), 72.3
(CH, C5), 70.6 (CH,, OCH,Ar), 68.9 (CH, C4) 62.5 (CH,, C6), 54.9 (CH, C2), 46.2 (CHa,
ArCH,Cl), 23.7 (CH3, NHCOCH3), 21.2 (CH3, OCOCH3;), 21.1 (CH3, OCOCH3;), 21.0 (CH3,
OCOCHs3). IR v (film, cm™): 3278 (N-H), 3103 (=C-H), 2954 and 2877 (C-H), 1738 (C=0),
1661 (NH-C=0). MS (ESI): m/z = 486 ([M+H]", 100%), 508 ([M+Na]’, 40%), 971
(2M+H]", 15%), 993 ([2M+Na]’, 50%). HRMS (ESI): Calcd for Cx»H,9CINOy [M+H]":
486.1531. Found: 486.1531.

2-Chloroacetyl 2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-o/p-D-glucopyranose 10

4 SOAC 2-chloroacetic acid 9 (0.6 g, 6.42 mmol, 2.5 eq.) and commercial
Ao - Qo0 Fe(OTf); (260 mg, 0.51 mmol, 20 mol-%) are added to donor 1B (1 g,
AcHN 2.57 mmol, 1 eq.) in an oven-dried, argon-purged microwave vial
C16H22CINO1o Cl  equipped with a magnetic stirring bar. Everything is flushed under

Mol. Wt. 423.80 argon and dry CH)Cl, is added (I mL). After sealing the vial, the
reaction mixture is heated to 80 °C under microwave irradiation for 45 minutes (CEM
Discover instrument). Then, the reaction mixture is diluted in CH,Cl, (20 mL) and washed
with a saturated aqueous solution of NaHCOs3 (20 mL). The aqueous layer is extracted with
CH)Cl;, (4%x20 mL) and the combined organic layers are washed with brine (20 mL), dried
over Na,SOy, filtered and concentrated under reduced pressure. The crude product is purified
by flash chromatography on silica gel (heptane/EtOAc 5:5 to 0:1) to afford pure product 10
(230 mg, o/p mixture 8/2, 21 %, colorless oil). '"H NMR (300 MHz, CDCl3) d: 6.22 (d, J14,20.=
3.5 Hz, 0.8H, Hla), 5.92 (d, Jyup2s = 9.5 Hz, 0.2H, NH), 5.75 (d, Jyte, 2 = 9.0 Hz, 0.8H, NH),
5.74 (d, Jip2p = 9.0 Hz, 0.2H, H1P), 5.25-5.12 (m, 1.2H), 4.50-4.43 (ddd, J4 3, = 10.5 Hz,
Inta 2 = 9.0 Hz and J,, 2, = 3.5 Hz, 0.8H, H2a), 4.28-4.18 (m, 1H), 4.13 (d, /= 1.0 Hz, 1.6H,
CH,Cla), 4.11-3.98 (m, 3.2H), 3.85-3.79 (dddd, /=9.5 Hz, J=7.0 Hz, J=5.0 Hzand J = 2.5
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Hz, 0.2H, H5B), 2.05 (s, 3H, Me), 2.02, 2.01, 2.006, 2.00 (4s, 6H, Me), 1.90 (s, 3H, Me). °C
NMR (75 MHz, CDCl;) a isomer J: 171.8 (C, CO), 170.8 (C, CO), 170.3 (C, CO), 169.3 (C,
C0), 165.5 (C, CO), 92.4 (CH, C1), 70.5, 70.4, 67.4 (3CH, C3, C4, C5), 61.5 (CH,, C6), 51.5
(CH, C2), 40.8 (CH,Cl), 23.1 (CH3), 20.9 (CH3) 20.8 (CH3), 20.7 (CH3). MS (ESI): m/z = 330
(IM-CO,HCH,CI]", 100%), 441 ([M+NH,4]", 50%). HRMS (ESI): Calcd for C;sHsCIN,O0
[M+NH,4]": 441.1276. Found: 441.1296.

Methyl (2-acetamido-3.4,6-tri-O-acetyl-2-deoxy-p-D-glucopyranosyl)-(1—6)-4-O-
benzoyl-3-O-(tert-butyldiphenylsilyloxy)-2-deoxy-2-phthalimido-B-D-glucopyranoside 12

gg/ B20 12* was obtained under microwave conditions using
o] o otepps donor 1B (33 mg, 0.084 mmol, 2 eq.), TTBP (21 mg,
i 0.084 mmol, 2 eq.), Fe(OTf);6.2DMSO (6 mg,
0.006 mmol, 15 mol-%) and acceptor 11* (28 mg,
0.042 mmol, 1 eq.) in dry CH,Cl; (1 mL), according to
general procedure A with a lower concentration (CEM Discover instrument, 80 °C, 45 min)
(32 mg, 76 %, white amorphous solid).

AcO
Ac

NHAc oM
Cs2H58N2016Si ©
Mol. Wt.: 995.11

Methyl 3-0O-benzyl-4,6-O-benzylidene-a-D-glucopyranoside 15

Methyl 2,4-di-O-benzyl-6-O-tert-butyldiphenylsilyl-a-D-glucopyranoside 13
Methyl 3,4-di-O-benzyl-6-O-tert-butyldiphenylsilyl-a-D-glucopyranoside 17
Methyl 2,3,6-tri-O-benzyl-a-D-glucopyranoside 19

OH OTBDPS

1) BHg. THF (7.1 eq., 1M in THF) imidazole (ﬁi eOI-;
0°C, 15mi o 4eq. 0
B (0.2 ea) Ph/voo&% 2) Bu,BOTf (1.0 m;r:w CH,Cl Bnﬁc’éﬁ DMF, rt., 2h B2
ph/voo/ o (tBu}N*(HSO,) (20%mol) HO 50y ) Buyl (O‘;C,eZCIH’SO in CHZClp) BnO e BnOG\e
HO o CH,Cl,/NaOH 1M + © 88% 13: 96%
OMe reflux, 22h ~~0 OTBDPS
Ph" %o 0 1) BH3.THF (7.1 eq., 1M in THF) OH imidazole (2.5 eq.)
B 0°C, t5min Bnoé% _Teopsai(iden) oo g
15 TOMe ) BL,BOTF (1.0 eq., M in CHyClp) MO B DMF, rt,, 2h BnO—
1) NaH (3.0 eq.), DMF, 0°C, 15min 69% - 7:3 0°C, 3h30 OMe OMe
2) BnBr (3.0 eq.), 0°C -> rt,, 19h ' 57% 17: 78%
1) NaBH;CN (8.5 e}g.) 0oBn
Ph/VO/ o) molecular sieye 4 o
B?oﬁﬁ 2‘I;HI: 15;1.2 Hod
BnO rt. ->0° BnO
" OMe HCI (1M in Et,0) "~OMe
62% 0°C ->rt, 20h 19: 55%
Scheme 1. Synthesis of acceptors 15, 13,17 and 19
ph/%o o To a mixture of methyl 4,6-O-benzylidene-a-D-glucopyranoside
BnO (600 mg, 2.13 mmol, 1 eq.) in CH,Cl, (20 mL), was added
HOOMe tetrabutylammonium hydrogensulfate (144 mg, 0.43 mmol, 20 mol-%)
MoIC\2/\1/|t-|-2‘éc7)g 41 and benzyl bromide (0.30 mL, 2.55 mmol, 1.2 eq.). 1 M aqueous NaOH

(7 mL) is added and the reaction mixture is stirred under reflux for 22
hours."? Then, the reaction mixture is diluted with CH,Cl,, the organic layer is separated and
the water phase is extracted twice with CH,Cl,. The combined organic layers are washed with
aqueous saturated NaHCOs, brine, dried over Na,SO., filtered, and concentrated under
reduced pressure. The crude product is purified by chromatography on silica gel
(heptane/EtOAc 7:3 to 5:5) to afford pure methyl 2-O-benzyl-4,6-O-benzylidene-a-D-

3 D. Crich, W. Li, H. Li J. Am. Chem. Soc. 2004, 126, 15081-15086.



glucopyranoside' (21 %, 166 mg) and methyl 3-O-benzyl-4,6-O-benzylidene-a-D-
glucopyranoside 15'* (48 %, 380 mg).

TBDPSO- ] Methyl 3-O-benzyl-4,6-O-benzylidene-a-D-glucopyranoside 15 (169 mg,
Bno&% 0.45 mmol, 1 eq.) is concentrated twice from toluene in a round-bottom
BnO=S 40 1 flask. Under argon and with magnetic stirring, the flask is almost entirely
CarHasOgS OMe submerged in an ice-water bath for 10 min and a solution of borane-THF

Mol. Wt.: 612.83 (3.2 mL, 1 M in THF , 3.2 mmol, 7.1 eq.) is added slowly with a syringe
along the sides of the flask. After stirring for 15 minutes, a 1 M solution
of dibutylboron triflate in CH,Cl, (0.45 mL, 0.45 mmol, 1.0 equiv) is added dropwise and the
resulting solution is stirred for 3.5 hours at 0 °C under argon."” Then, triethylamine (0.25 mL)
is added, methanol (20 mL) is added slowly and the mixture is concentrated under reduced
pressure. The mixture is coevaporated three more times with methanol (3x20 mL) and the
crude product is purified by column chromatography on silica gel (heptane/EtOAc 7:3 to 4:6)
to afford pure methyl 3,4-di-O-benzyl-a-D-glucopyranoside'® (57%, 97 mg).
Methyl 3,4-di-O-benzyl-a-D-glucopyranoside (97 mg, 0.26 mmol, 1 eq.), imidazole (44 mg,
0.65 mmol, 2.5 eq.) and tert-butyl(chloro)diphenylsilane (9.5 puL, 0.36 mmol, 1.4 eq.) in dry
DMF (1.2 mL) were stirred at room temperature for 2 hours under argon. The reaction
mixture was poured into a saturated aqueous solution of NaHCO; (20 mL), extracted with
Et,0O (3x10 mL), washed with brine (20 mL), dried over Na,SO4 and evaporated under
reduced pressure. The crude product was purified by chromatography on silica gel
(heptane/EtOAc 9:1 to 6:4) to give the desired product 17 (125 mg, 78 %, colorless oil).
[a]p™: +41.8 (¢ 0.9 in CHCL). '"H NMR (300 MHz, CDCl3) J: 7.74-7.68 (m, 4H, Ph),
7.45-7.26 (m, 14H, Ph), 7.19-7.16 (m, 2H, Ph), 4.92 (d, J = 11.0 Hz, 1H, CH,Ph), 4.90-4.85
(m, 2H, CH,Ph), 4.79 (d, J;> = 3.5 Hz, 1H, H1), 4.64 (d, J = 10.5 Hz, 1H, CH,Ph), 3.91 (m,
2H, H6 and H6’), 3,78 (t, J32=J34 = 9.0 Hz, 1H, H3), 3.77-3.62 (m, 3H, H2, H4 and HS),
3.40 (s, 3H, OCH3), 2.14 (brs, 1H, OH), 1.06 (s, 9H, C(CH;)3). >C NMR (75 MHz, CDCl;) ¢:
139.0 (C, Ph), 138.6 (C, Ph), 136.2 (CH, Ph), 136.0 (CH, Ph), 134.0 (C, Ph), 133.6 (C, Ph),
130.0 (CH, Ph), 130.0 (CH, Ph), 128.9 (CH, Ph), 128.8 (CH, Ph), 128.4 (CH, Ph), 128.2 (CH,
Ph), 128.1 (CH, Ph), 128.1 (CH, Ph), 127.9 (CH, Ph), 99.5 (CH, C1), 83.8 (CH, C3), 78.0
(CH, C4), 75.9 (CH,, CH,Ph), 75.4 (CH,, CH,Ph), 73.6 (CH, C2), 72.1 (CH, C5), 63.2 (CHa,
C6), 55.3 (CHs, OCHs), 27.2 (3CHs, C(CHs)3), 19.7 (C, C(CH3)s). IR v (film, cm™): 3465
(O-H), 3068 (=C-H), 2931 and 2857 (C-H). MS (ESI): m/z = 630 ([M+NH,]", 5%), 635
([M+Na]", 100%), 1248 ([2M+Na]", 20%). HRMS (ESI): Calcd for C37H44NaOSi [M+Na]":
635.2805. Found: 635.2814.

TBDPSO— ; Methyl 2-O-benzyl-4,6-O-benzylidene-a-D-glucopyranoside (282 mg,
Bng&&&ﬂ 0.76 mmol, 1 eq.) is concentrated twice by coevaporation with toluene in

3 BZnOOMe a round-bottom flask. Under argon and with magnetic stirring, the flask
Ca7H4406Si is almost entirely submerged in an ice-water bath for 10 min and a

Mol. Wt.: 612.83 solution of borane-THF (5.5 mL, 1 M in THF, 5.5 mmol, 7.1 eq.) is
added slowly with a syringe along the sides of the flask. After stirring

for 15 minutes, a solution of dibutylboron triflate (0.76 mL, 1 M in CH,Cl,, 0.76 mmol, 1.0
equiv) is added dropwise and the resulting solution is stirred for 2.5 hours at 0 °C under
argon.”” Then, triethylamine (0.4 mL) is added, methanol (35 mL) is added slowly and the
mixture is concentrated under reduced pressure. The mixture is coevaporated three more times
with methanol (3x35 mL) and the crude product is purified by column chromatography on

" A. G. M. Barrett, R. W. Read, D. H. R. Barton, J. Chem. Soc., Perkin Trans. 1 1980, 2184-2190.

V. Y. Dudkin, J. S. Miller, A. S. Dudkina, C. Antczak, D. A. Scheinberg, S. J. Danishefsky, J. Am. Chem. Soc.
2008, 730, 13598-13607.

' A. Frangais, D. Urban, J.-M. Beau, Angew. Chem., Int. Ed. 2007, 46, 8662-8665.



silica gel (heptane/EtOAc 7:3 to 4:6) to afford pure methyl 2,4-di-O-benzyl-a-D-
glucopyranoside'’ (88%, 250 mg).

Methyl 2,4-di-O-benzyl-a-D-glucopyranoside (250 mg, 0.67 mmol, 1 eq.), imidazole (113 mg,
1.66 mmol, 2.5 eq.) and tert-butyl(chloro)diphenylsilane (240 pL, 0.93 mmol, 1.4 eq.) in dry
DMF (3 mL) were stirred at room temperature for 2 hours under argon. The reaction mixture
was poured into a saturated aqueous solution of NaHCO; (30 mL), extracted with Et,O (3x20
mL), washed with brine (30 mL), dried over Na,SO4 and evaporated under reduced pressure.
The crude product was purified by chromatography on silica gel (heptane/EtOAc 9:1 to 7:3)
to give the desired product 13 (390 mg, 96 %, colorless oil). [a]p*": +47.1 (¢ 1.0 in CHCLs). 'H
NMR (300 MHz, CDCls) o: 7.72-7.67 (m, 4H, Ph), 7.45-7.25 (m, 14H, Ph), 7.24-7.20 (m,
2H, Ph), 4.89 (d, J = 11.0 Hz, 1H, CH,Ph), 4.73 (s, 2H, CH>Ph), 4.69 (d, J;> = 3.5 Hz, 1H,
H1), 4.63 (d, J = 11.0 Hz, 1H, CH>Ph), 4.11 (t, J3, = J34=9.5 Hz, 1H, H3), 3.92 (dd, Js6 =
11.0 Hz and Js 5 = 2.5 Hz, 1H, H6), 3.87 (dd, J5s's = 11.0 Hz and Js> 5 = 4.0 Hz, 1H, H6’), 3.69
(ddd, Js4 = 9.5 Hz, Jse = 4.0 Hz and J5 5 = 2.5 Hz, 1H, HS), 3.54 (t, J43 = J45 = 9.5 Hz, 1H,
H4), 3.42 (dd, J>3 = 9.5 Hz and J,; = 3.5 Hz, 1H, H2), 3.34 (s, 3H, OCHs), 2.37 (brs, 1H,
OH), 1.06 (s, 9H, C(CH3);). >C NMR (75 MHz, CDCl;) d: 138.8 (C, Ph), 138.5 (C, Ph),
136.2 (CH, Ph), 136.0 (CH, Ph), 134.0 (C, Ph), 133.7 (C, Ph), 130.0 (CH, Ph), 129.9 (CH,
Ph), 128.9 (CH, Ph), 128.7 (CH, Ph), 128.4 (CH, Ph), 128.2 (CH, Ph), 128.0 (CH, Ph), 128.0
(CH, Ph), 127.9 (CH, Ph), 97.6 (CH, C1), 80.3 (CH, C2), 78.1 (CH, C4), 75.0 (CH,, CH,Ph),
74.0 (CH, C3), 73.4 (CH,, CH,Ph), 71.5 (CH, C5), 63.5 (CHa, C6), 55.2 (CH3, OCH3), 27.2
(3CH3, C(CH3)3), 19.7 (C, C(CH3)3). IR v (film, cm™): 3461 (O-H), 3068 (=C-H), 2930 and
2857 (C-H). MS (ESI): m/z = 630 ([M+NH4]", 10%), 635 ([M+Na]’, 100%), 1248
([2M+Na]", 85%). HRMS (ESI): Calcd for C3;H4;NaO4Si [M+Na]™: 635.2805. Found:
635.2808.

BRO in dry DMF (35 mL) is cooled to 0 °C under argon. NaH (60% dispersion in
OMe Mmineral oil, 960 mg, 31.88 mmol, 3 eq.), is added by portion and the
C2gH3206 reaction mixture is stirred at 0 °C for 15 minutes under argon. BnBr (3.8
Mol. Wt.: 464.55 11, 31.88 mmol, 3 eq.) is added slowly and the reaction mixture is allowed
to warm to room temperature and is stirred at this temperature for 19 hours. MeOH (3 mL)
and water (20 mL) are successively added and the reaction mixture is extracted with EtOAc
(3x10 mL). The combined organic layers are washed with NaCl sat. (30 mL), dried over
Na,SO4 and evaporated under reduced pressure. The crude product is purified by
chromatography on silica gel (heptane/EtOAc 90:10 to 5:5) to afford methyl 2,3-di-O-benzyl-
4,6-0-benzylidene-a-D-glucopyranoside'* (3.05 g, 62 %).
To a solution of methyl 2,3-di-O-benzyl-4,6-O-benzylidene-a-D-glucopyranoside (1.50 g,
3.24 mmol, 1 eq.) in dry THF (35 mL) is added powered molecular sieves (4 A, 1.70 g),
methyl orange (3 mg) and NaBH3;CN (1.70 g, 27.57 mmol, 8.5 eq.) under argon. After 15
minutes at room temperature, the yellow solution is cooled to 0 °C and HCI in Et,O (1 M) is
added slowly until the solution turns pink and gas evolution ceased completely (danger,
release of HCN!).'"® The solution is then warmed to room temperature and stirred at this
temperature for 20 hours under argon. The reaction mixture is poured into a cold saturated
aqueous solution of NaHCO; (60 mL) and the aqueous layer is extracted with EtOAc (3x60
mL). The combined organic layers are washed with water (3x20 mL), brine (60 mL), dried
over Na,SO4 and evaporated under reduced pressure. The crude product is purified by

Bn(%% Methyl 4,6-O-benzylidene-a-D-glucopyranoside (3.00 g, 10.63 mmol, 1 eq.)
HO
BnO

7T, Ogawa, T. Kaburagi, Carbohydr. Res. 1982, 103, 53-64.
'8 S. Norsikian, A. Lubineau, Org. Biomol. Chem. 2005, 3, 4089-4094.
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chromatography on silica gel (heptane/EtOAc 9:1 to 6:4) to give the desired product 19"
(830 mg, 55 %, white amorphous solid).

Methyl (2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-p-D-glucopyranosyl)-(1—3)-2,4-di-O-
benzyl-6-O-tert-butyldiphenylsilyl-a-D-glucopyranoside 14

OAc OTBDPS 14* was obtained under microwave conditions using donor
Aco/wnw 1B (50 mg, 0.128 mmol, 2 eq.), TTBP (32 mg, 0.129
AcO O mmol, 2 eq.), Fe(OTf);-6.2DMSO (10 mg, 0.010 mmol, 15
AcHN — BnO Gy mol-%) and acceptor 13 (42 mg, 0.068 mmol, 1 eq.) in dry
C51Hg3NO14Si

CH,Cl, (1 mL), according to general procedure A (Anton

Mol. Wt.: 942.13 . .
Paar Monowave 300 instrument, 110 °C, 45 min) (47 mg,

74 %, white amorphous solid).

Methyl (2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-f-D-glucopyranosyl)-(1—2)-3-O-benzyl-
4,6-0-benzylidene-a-D-glucopyranoside 16

6 16 was obtained under microwave conditions using donor 1§ (50 mg

Ph7Z ’

ACD Qﬁo 0.128 mmol, 2 eq.), TTBP (32 mg, 0.129 mmol, 2 eq.),
2

6/ BnO
ACO— 5no 13 O1|v| Fe(OTf)3-6.2DMSO (10 mg, 0.010 mmol, 15 mol-%) and acceptor 15
AcO—3 2NH AS © (23 mg, 0.062 mmol, 1 eq.) in dry CH,Cl, (I mL), according to
CacaNO general procedure A (Anton Paar Monowave 300 instrument, 110 °C,
35"143 14

Mol oWt 701 71 60 min) (27 mg, 61 %, white amorphous solid). [o]p”*: +15.9 (¢ 0.9
in CHCL). 'H NMR (300 MHz, CDCls) §: 7.44-7.40 (m, 2H, Ph),
7.36-7.24 (m, 8H, Ph), 5.53 (s, 1H, CHPh), 5.23 (dd, Js35,= 10.5 Hz and Jz35,=9.5 Hz, 1H,
HB-3), 5.16 (d, JN]—LBQ =8.5 HZ, lH, NH), 5.01 (t, JB4,B3 = JB4,35 =95 HZ, lH, HB-4), 4.92 (d,
J=12.0 Hz, 1H, CH,Ph), 4.90 (d, J; 5, = 8.5 Hz, 1H, HB-1), 4.85 (d, J4; 4> = 3.5 Hz, 1H,
HA-l), 4.63 (d, J=12.0 HZ, IH, CHQPh), 4.27 (dd, JA6,A6’= 10.0 Hz and JA6,A5 =4.5 HZ, lH,
HA-6), 4.17 (d, JB6,B5 = JB6’,B5 =40 HZ, 2H, HB-6 and HB-6’), 3.99 (t, JA3,A2= JA3,A4 =95 HZ,
1H, HA-3), 3.88-3.79 (m, 2H, HB-2 and HA-5), 3.75-3.62 (m, 3H, HB-5, HA-2 and HA-6"),
3.59 (t, Jasaz = Jusas = 9.5 Hz, 1H, HA-4), 3.40 (s, 3H, OCH3), 2.07 (s, 3H, OCOCH3), 2.00
(s, 3H, OCOCH3), 1.97 (s, 3H, OCOCHj3), 1.51 (s, 3H, NHCOCHj3). *C NMR (75 MHz,
CDCl;) d: 171.0 (C, COCH3), 171.0 (C, COCH3), 170.7 (C, COCH3), 169.8 (C, COCH; ),
139.3 (C, Ph), 137.6 (C, Ph), 129.4 (CH, Ph), 128.9 (CH, Ph), 128.6 (CH, Ph), 128.1 (CH,
Ph), 127.4 (CH, Ph), 126.4 (CH, Ph), 102.4 (CH, CB-1), 101.8 (CH, CHPh), 100.4 (CH, CA-
1), 82.8 (CH, CA-4), 81.0 (CH, CA-2), 78.0 (CH, CA-3), 75.1 (CH,, CH,Ph), 72.8 (CH, CB-
3), 72.2 (CH, CB-5), 69.5 (CH,, CA-6), 69.0 (CH, CB-4), 62.6 (CH,, CB-6), 62.5 (CH, CA-
5), 55.9 (CH3, OCH3), 55.3 (CH, CB-2), 23.3 (CH3;, NHCOCHj3), 21.2 (CH3, OCOCH3), 21.0
(CH;, OCOCHs). IR v (film, cm™): 3280 (N-H), 3092, 3062 and 3030 (=C-H), 2920 and 2871
(C-H), 1744 (C=0), 1666 (NH-C=0). MS (ESI): m/z = 702 ([M+H]",100%), 724 ([M+Na]",
55%), 1404 ([2M+H]", 10%), 1426 ([2M+Na]*, 75%). HRMS (ESI): Calcd for C3sHuNO 4
[M+H]": 702.2762. Found: 702.2766.

Methyl (2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-p-D-glucopyranosyl)-(1—2)-3,4-di-O-
benzyl-6-O-tert-butyldiphenylsilyl-a-D-glucopyranoside 18

' C.-R. Shie, Z.-H. Tzeng, S. S. Kulkarni, B.-J. Uang, C.-Y. Hsu, S.-C. Hung Angew. Chem., Int. Ed. 2005, 44,
1665-1668.
11



, _2-01BDPS 18 was obtained under microwave conditions using donor 1p

6 3580%\1(5 (50 mg, 0.128 mmol, 2 eq.), TTBP (32 mg, 0.129 mmol, 2
Acgcg% 2 eq.), Fe(OTf);-6.2DMSO (10 mg, 0.010 mmol, 15 mol-%) and
AcO—%"7 NI1-|A(c) OMe acceptor 17 (42 mg, 0.068 mmol, 1 eq.) in dry CH,Cl, (1 mL),

o HANOLS according to general procedure A (Anton Paar Monowave 300
Mol We: 049 13 instrument, 110 °C, 60 min) (34 mg, 53 %, white amorphous
solid). [a]p®”: +24.2 (¢ 1.0 in CHCL). 'HNMR (300 MHz,
CDCl3) o: 7.73-7.67 (m, 4H, Ph), 7.43-7.27 (m, 12H, Ph), 7.22-7.20 (m, 2H, Ph), 7.06-7.03
(m, 2H, Ph), 5.35 (dd, JB3,32 = 10.5 Hz and JB3,B4 =95 HZ, lH, HB-3), 5.20 (d, JNH,BZ =8.5
HZ, lH, NH), 503 (t, JB4,33 = JB4,B5 = 95 HZ, lH, HB-4), 499 (d, JB],BZ = 85 HZ, IH, HB-l),
491 (d, J41.42 = 3.5 Hz, 1H, HA-1), 4.83 (s, 2H, CH>Ph), 4.76 (d, J = 10.5 Hz, 1H, CHPh),
4.58 (d, J=10.5 Hz, 1H, CH,Ph), 4.23-4.21 (m, 2H, HB-6 and HB-6"), 3.97 (dd, J = 9.5 Hz
and J = 8.5 Hz, 1H, HA-3), 3.88 (d, Jus.45 = Jas 45 = 2.5 Hz, 2H, HA-6 and HA-6’), 3.84-3.61
(m, 5H, HB-2, HB-5, HA-2, HA-5 and HA-4), 3.37 (s, 3H, OCH3), 2.09 (s, 3H, OCOCH3),
2.03 (s, 3H, OCOCH3), 1.99 (s, 3H, OCOCHs), 1.45 (s, 3H, NHCOCH;), 1.07 (s, 9H,
C(CH3);). °C NMR (75 MHz, CDCl3) d: 171.0 (C, COCH3), 171.0 (C, COCH3), 170.7 (C,
COCH3), 169.9 (C, COCHj3), 139.5 (C, Ph), 138.4 (C, Ph), 136.2 (CH, Ph), 136.0 (CH, Ph),
133.9 (C, Ph), 133.6 (C, Ph), 130.0 (CH, Ph), 130.0 (CH, Ph), 128.9 (CH, Ph), 128.7 (CH,
Ph), 128.2 (CH, Ph), 128.1 (CH, Ph), 128.0 (CH, Ph), 128.0 (CH, Ph), 127.9 (CH, Ph), 127.0
(CH, Ph), 102.2 (CB-1), 99.4 (CH, CA-1), 82.5 (CH, CA-2), 81.4 (CH, CA-3), 78.4 (CH, CA-
4), 75.4 (CH,, CH,Ph), 75.4 (CH,, CH,Ph), 72.7 (CH, CB-3), 72.1 (CH, CB-5), 71.5 (CH,
CA-5), 69.2 (CB-4), 63.1 (CH,, CA-6), 62.8 (CH,, CB-6), 55.7 (CH, CB-2), 55.3 (CHj3,
OCHs;), 27.2 (CHs, C(CHs)3), 23.2 (CH3, NHCOCH;), 21.1 (CHs, OCOCH3;), 21.0 (CHs,
OCOCH3), 19.7 (C, C(CHs)s). IR v (film, cm™): 3265 (N-H), 3071 and 3032 (=C-H), 2959,
2931 and 2857 (C-H), 1745 (C=0), 1656 (NH-C=0). MS (ESI): m/z = 964 ([M+Na]", 100%).
HRMS (ESI): Caled for Cs;HssNNaO4Si [M+Na]': 964.3916. Found: 964.3923.

Methyl (2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-p-D-glucopyranosyl)-(1—4)-2,3,6-tri-O-
benzyl-a-D-glucopyranoside 20

OAc 20*° was obtained under microwave conditions using donor 1p

ACO o BnO (500 mg, 1.284 mmol, 2 eq.), TTBP (320 mg, 1.288 mmol, 2 eq.),
AcO Bngﬁo Fe(OTf);:6.2DMSO (96 mg, 0.097 mmol, 15 mol-%) and
AN ™enG [ acceptor 19 (300 mg, 0.646 mmol, 1 eq.) in dry CHyCl, (1 mL),
C42H51NO14 according to general procedure A with a higher concentration

Mol. Wt.: 793.85 (Anton Paar Monowave 300 instrument, 110 °C, 3 hours) (191

mg, 37 %, white amorphous solid).

2" H. Christensen, M. S. Christiansen, J. Petersen, H. H. Jensen, Org. Biomol. Chem. 2008, 6, 3276-3283.
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(2-Methyl-5-tert-butylphenyl) 3-0-acetyl-6-O-benzyl-2-deoxy-2-phthalimido-1-thio-p-D-
glucopyranoside 21

BnO~ 50 (2-Methyl-5-tert-butylphenyl) 3-O-acetyl-4,6-O-benzylidene-2-deoxy-2-
%%&&SMbp phthalimido-1-thio-B-D-glucopyranoside”' (1.4 g, 2.33 mmol, 1 eq.) and

NPhth trifluoroacetic acid (864 pL, 11.63 mmol, 5 eq.) in dry CH,Cl, (23 mL)
C34H37_NO7S were cooled to 0 °C under argon. Et;SiH (1.85 mL, 11.63, 5 eq.) was
Mol. Wt.: 603.73 ) . . .

added dropwise to the reaction mixture which was then warmed to room
temperature and stirred for 8 hours under argon. The reaction mixture was poured into a
saturated aqueous solution of NaHCO; (30 mL), extracted with CH,Cl, (3x40 mL), dried over
NaSO4 and evaporated under reduced pressure. The crude product was purified by
chromatography on silica gel (heptane/EtOAc 8:2 to 6:4) to give the desired product 21
(1.07 g, 76 %, white amorphous solid). [a]p>>: +32.3 (¢ 1.0, CHCls). Mp: 68.2-73.5 °C (from
heptane/EtOAc). 'H NMR (500 MHz, CDCls) 6: 7.87-7.80 (m, 2H, NPhth), 7.75-7.69 (m, 2H,
NPhth), 7.46 (d, J = 1.5 Hz, 1H, Ph), 7.36-7.27 (m, 5SH, Ph), 7.16 (dd, J = 8.0 Hz, /= 1.5 Hz,
1H, Ph), 7.01 (d, J = 8.0 Hz, 1H, Ph), 5.66 (dd, J;> = 10.0 Hz, J;, = 9.0 Hz, 1H, H3), 5.62 (d,
J12>=10.0 Hz, 1H, H1), 4.58 (AB system, J = 12.0 Hz, 2H, CH,Ph), 4.34 (t, J>; = J,3 = 10.0
Hz, 1H, H2), 3.88-3.81 (m, 2H, H4 and H6), 3.77 (dd, Js's = 10.0 Hz, Js;5 = 5.0 Hz, 1H, H6'"),
3.71 (dd, J54= 9.5 Hz, J55 = 5.0 Hz, 1H, H5), 2.91 (d, Jou+ = 3.5 Hz, 1H, OH), 2.13 (s, 3H,
Me), 1.90 (s, 3H, Ac), 1.22 (s, 9H, #-Bu). °C NMR (75 MHz, CDCl3) 6: 171.2 (C, CO), 168.0
(C, NCO), 167.5 (C, NCO), 149.7 (C, Ph), 137.7 (C, Ph), 137.4 (C, Ph), 134.6 (CH, NPhth),
134.4 (CH, NPhth), 131.9 (C, NPhth), 131.5 (C, NPhth), 131.3 (C, Ph), 130.9 (CH, Ph), 130.1
(CH, Ph), 128.7 (2CH, Ph), 128.1 (3CH, Ph), 125.6 (CH, Ph), 123.8 (2CH, NPhth), 84.4 (CH,
Cl), 78.1 (CH, C5), 74.5 (CH, C3), 74.0 (CH,, CH,Ph), 71.7 (CH, C4), 70.5 (CH,, C6), 54.0
(CH, C2), 34.6 (C, #-Bu), 31.4 (3CH3, #-Bu), 20.9 (CHs, Ac), 20.5 (CHs, Me). IR v (film,
ecm™): 3472 (O-H), 3063 and 3036 (=C-H), 2964, 2908 and 2865 (C-H), 1776 (N-C=0), 1742
(C=0), 1715 (N-C=0). MS (ESI): m/z = 621 ([M+NH4]", 60%). HRMS (ESI): Calcd for

C34H41N,07S [M+NH,]": 621.2634. Found: 621.2618.

(2-Methyl-5-tert-butylphenyl) (2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-f-D-
glucopyranosyl)-(1—4)-3-0O-acetyl-6-O-benzyl-2-deoxy-2-phthalimido-1-thio-p-D-
glucopyranoside 22

N3 2

Ac(%&/xc NPhth Acceptor 21 (155 mg, 0.257 mmol, 2 eq.), TTBP (32 mg, 0.129

AcOS 09 =<7 SMbp mmol, 2 eq.) and Fe(OTf)3:6.2DMSO (19 mg, 0.019 mmol, 15
5 ACHN T felogy” mol-%) are added to donor 1§ (50 mg, 0.128 mmol, 1 eq.) in
CagHegN,0 1S an oven-dried, argon-purged microwave vial equipped with a

Mol. Wt.: 933.03 magnetic stirring bar. Everything is flushed under argon and

dry CH,Cl; is added (1 mL). After sealing the vial, the reaction
mixture is heated to 70 °C under microwave irradiation for 11 hours (CEM Discover
instrument). Then, the reaction mixture is diluted in CH,Cl, (20 mL) and washed with a
saturated aqueous solution of NaHCOs3 (20 mL). The aqueous layer is extracted with CH,Cl,
(4x20 mL) and the combined organic layers are washed with brine (20 mL), dried over
NaySOy, filtered and concentrated under reduced pressure. The crude product was purified by
chromatography on silica gel (heptane/EtOAc 5:5 to 0:1) to afford pure product 22 (28 mg, 23
%, white amorphous solid). [o]p™: +42.4 (¢ 0.5, CHCl3). '"H NMR (500 MHz, CDCls) ¢: 7.85-
7.78 (m, 2H, NPhth), 7.74-7.67 (m, 2H, NPhth), 7.49-7.39 (m, 6H, Ph), 7.16 (dd, /= 8.0 Hz, J
=20 HZ, lH, Ph), 7.03 (d, J=28.0 HZ, lH, Ph), 5.68 (t, JA3,A2 = JA3,A4 =95 HZ, IH, HA-3),
5.58 (d, JA],AQ =10.5 HZ, lH, HA-I), 5.05 (t, JB3,32 = J33,B4 =905 HZ, lH, HB-3), 4.90 (t, JB4,33

2I' M. Collot, J. Savreux, J.-M. Mallet, Tetrahedron 2008, 64, 1523-1535.
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= Jpsps = 9.5 Hz, 1H, HB-4), 4.83 (d, J = 12.0 Hz, 1H, CH,Ph), 4.77 (d, Jy5> = 9.0 Hz, 1H,
NH), 4.57 (d, Jz1 5> = 8.5 Hz, 1H, HB-1), 4.45 (d, J = 12.0 Hz, 1H, CH,Ph), 4.37-4.27 (m, 2H,
HB-6 and HA-2), 4.03 (t, JA4,A3 = JA4,A5 =95 HZ, lH, HA-4), 3.95 (d, JB6’,B6 =12.0 HZ, lH,
HB-6'), 3.69-3.57 (m, 4H, HB-2, HA-5, HA-6 and HA-6'), 3.52-3.44 (m, 1H, HB-5), 2.15 (s,
3H, Me), 2.01 (s, 3H, Ac), 1.99 (s, 3H, Ac), 1.96 (s, 3H, Ac), 1.83 (s, 3H, Ac), 1.72 (s, 3H,
Ac), 1.25 (s, 9H, +-Bu). *C NMR (75 MHz, CDCls) 6: 170.8 (2C, 2CO), 170.3 (C, CO), 170.0
(C, CO), 169.6 (C, CO), 167.8 (C, NCO), 167.4 (C, NCO), 149.6 (C, Ph), 138.0 (C, Ph),
137.6 (C, Ph), 134.5 (CH, NPhth), 134.3 (CH, NPhth), 131.9 (C, NPhth), 131.5 (C, NPhth),
131.2 (CH, Ph), 131.1 (CH, Ph), 130.1 (CH, Ph), 129.1 (2CH, Ph), 129.0 (2CH, Ph), 128.8
(CH, Ph), 125.7 (CH, Ph), 123.8 (CH, NPhth), 123.7 (CH, NPhth), 100.0 (CH, CB-1), 84.4
(CH, CA-1), 78.5 (CH, CA-5), 75.3 (CH, CA-4), 73.9 (CH,, CH,Ph), 72.6 (CH, CB-3), 71.8
(CH, CA-3), 71.7 (CH, CB-5), 68.6 (CH, CB-4), 67.8 (CH,, CA-6), 62.0 (CH,, CB-6), 55.0
(CH, CB-2), 54.4 (CH, CA-2), 34.6 (C, +-Bu), 31.4 (3CH3, +-Bu), 23.3 (CHs, Ac), 20.8 (3CHs,
2Ac and Me), 20.6 (CHs, Ac), 20.5 (CHs, Ac). IR v (film, cm™): 3024 (N-H), 2964 (C-H),
1745 (C=0), 1719 (N-C=0). MS (ESI): m/z = 955 ([M+Na]", 100%). HRMS (ESI): Calcd for
C4gHssN,NaO,sS [M+Na]': 955.3299. Found: 955.3287.

(2-Methyl-5-tert-butylphenyl) 3,6-di-O-benzyl-2-deoxy-2-phthalimido-1-thio-p-D-
glucopyranoside 23
BnO—6 To a suspension of (2-Methyl-5-tert-butylphenyl) 4,6-O-benzylidene-2-

HO%& deoxy-2-phthalimido-1-thio-B-D-glucopyranoside® (4.09 g, 7.31 mmol)
BnO3\=2 NphtShMbp and NaH (60 % dispersion in mineral oil, 366 mg, 9.14 mmol, 1.25 eq.)
CacHNORS in dry DMF (40 mL), was added dropwise BnBr (1.31 mL, 10.96 mmol,

391141 6 . . .
Mol. Wt.: 651.81 1.5eq.). The reaction mixture was stirred at room temperature for
4 hours under argon. MeOH (6 mL) and water (100 mL) were
successively added and the reaction mixture was extracted with EtOAc (3x50 mL), dried over
Na;SO4 and evaporated under reduced pressure. The crude product was purified by
chromatography on silica gel (heptane/EtOAc 1:0 to 7:3) to give (2-methyl-5-tert-
butylphenyl) 3-0-benzyl-4,6-O-benzylidene-2-deoxy-2-phthalimido-1-thio-f-D-
glucopyranoside (3 g, 63 %, white amorphous solid). 3-O-benzyl-4,6-O-benzylidene-2-deoxy-
2-phthalimido-1-thio-B-D-glucopyranoside (1.5 g, 2.31 mmol) and NaBH3;CN (1.99 g, 31.63
mmol, 13.7 eq.) in dry CH,Cl, (23 mL) were cooled to 0 °C under argon. A solution of HCI in
Et,O (2 M, 23 mL) was added dropwise to the reaction mixture (danger, release of HCN!). It
was then warmed to room temperature and stirred at this temperature for 8 hours under argon.
The reaction mixture was poured into a saturated aqueous solution of NaHCO; (50 mL),
extracted with CH,Cl, (3x70 mL), washed with a saturated aqueous solution of NaHCO; (40
mL), a 1 M aqueous solution of HCl (40 mL), brine (20 mL), dried over Na,SO4 and
evaporated under reduced pressure. The crude product was purified by chromatography on
silica gel (heptane/EtOAc 8:2 to 6:4) to give the desired product 23 (1.24 g, 82 %, white
amorphous solid). [a]p”: +81.2 (¢ 1.0, CHCL;). 'H NMR (500 MHz, CDCl;) o: 7.82 (d, J =
6.5 Hz, 1H, NPhth), 7.73-7.61 (m, 3H, NPhth), 7.41 (d, J = 1.5 Hz, 1H, Ph), 7.36-7.27 (m,
5H, Ph), 7.12 (dd, J = 8.0 Hz, J = 2.0 Hz, 1H, Ph), 7.05-7.01 (m, 2H, Ph), 6.98 (d, /= 8.0 Hz,
1H, Ph), 6.96-6.90 (m, 3H, Ph), 5.44 (d, J;>= 10.0 Hz, 1H, H1), 4.72 (d, J = 12.0 Hz, 1H,
CH,Ph), 4.63-4.49 (m, 3H, CH,Ph), 4.32-4.22 (m, 2H, H2 and H3), 3.88-3.79 (m, 2H, H4 and
H6), 3.75 (dd, Js:s = 10.0 Hz, Js:5 = 5.5 Hz, 1H, H6'), 3.67-3.60 (m, 1H, HS5), 2.88 (d, Jon+ =
2.0 Hz, 1H, OH), 2.09 (s, 3H, Me), 1.2 (s, 9H, #-Bu). >C NMR (75 MHz, CDCls) 6: 168.2 (C,
NCO), 167.5 (C, NCO), 149.6 (2C, NPhth), 138.3 (C, Ph), 137.7 (C, Ph), 137.1 (C, Ph), 134.2
(CH, NPhth), 134.0 (CH, NPhth), 131.9 (2C, Ph), 130.4 (CH, Ph), 130.0 (CH, Ph), 128.7
(2CH, Ph), 128.4 (2CH, Ph), 128.2 (3CH, Ph), 128.1 (2CH, Ph), 127.7 (CH, Ph), 125.3 (CH,
Ph), 123.7 (CH, NPhth), 123.4 (CH, NPhth), 84.7 (CH, C1), 79.8 (CH, C3), 77.7 (CH, C5),
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74.6 (CH and CH2, C4 and CH,Ph), 74.0 (CH,, CH,Ph), 71.0 (CH,, C6), 54.8 (CH, C2), 34.6
(C, t-Bu), 31.4 (3CHj3, t-Bu), 20.4 (CHs, Me). IR v (film, cm™): 3476 (O-H), 3059 and 3028
(=C-H), 2956, 2909 and 2865 (C-H), 1774 (N-C=0), 1713 (N-C=0). MS (ESI): m/z = 674
([M+Na]’, 100%). HRMS (ESI): Calcd for C3oH4NNaOsS [M+Na]™: 674.2553. Found:
674.2576. Elementary Analysis: Calcd for C30H41NOgS: C, 71.86; H, 6.34; N, 2.15; S, 4.92.
Found: C, 71.45; H, 6.49; N, 2.22; S, 4.87.

(2-Methyl-5-tert-butylphenyl) (2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-f-D-
glucopyranosyl)-(1—4)-3,6-di-O-benzyl-2-deoxy-2-phthalimido-1-thio-f-D-
glucopyranoside 24

ACO— 6 B NPhih Acceptor 23 (417 mg, 0.640 mmol, 5 eq.) and
Acoi& o7silqsmpp Fe(OTD)3;6.2DMSO (62 mg, 0.063 mmol, 50 mol%) were
AcO SACHN | 046 og A added to donor 1P (50 mg, 0.128 mmol, 1 eq.) in an
g " oven-dried, argon-purged, microwave vial equipped with a
magnetic stirring bar. Everything is flushed under argon and
dry CH,Cl, is added (1 mL). After sealing the vial, the reaction
mixture is heated to 70 °C under microwave irradiation for 3 hours (CEM Discover
instrument). Then, the reaction mixture is diluted in CH,Cl, (20 mL) and washed with a
saturated aqueous solution of NaHCOs3 (20 mL). The aqueous layer is extracted with CH,Cl,
(4x20 mL) and the combined organic layers are washed with brine (20 mL), dried over
NaySOy, filtered and concentrated under reduced pressure. The crude product was purified by
chromatography on silica gel (heptane/EtOAc 5:5 to 0:1) to afford pure product 24 (30 mg,
25 %, white amorphous solid). [a]p”": +44.1 (¢ 0.5, CHCl3). '"H NMR (500 MHz, CDCl;) &:
7.78-7.70 (d, J = 7.0 Hz, 1H, NPhth), 7.68-7.57 (m, 2H, NPhth), 7.55-7.38 (m, 7H, NPhth and
Ph), 7.12 (d, J = 7.5 Hz, 1H, Ph), 6.99 (d, J = 7.5 Hz, 1H, Ph), 6.94 (d, J = 7.5 Hz, 2H, Ph),
6.80-6.68 (m, 3H, Ph), 5.35 (d, J4;.42 = 10.0 Hz, 1H, HA-1), 4.96 (t, Jps453 = Jps55 = 9.5 Hz,
1H, HB-4), 4.92-4.82 (m, 2H, CH,Ph and HB-3), 4.75 (d, J = 12.5 Hz, 1H, CH,Ph), 4.68 (d,
JInmp2 = 9.5 Hz, 1H, NH), 4.47 (d, Jz; 52 = 8.5 Hz, 1H, HB-1), 4.38 (d, J = 12.0 Hz, 1H,
CH,Ph), 4.35 (d, J = 12.5 Hz, 1H, CH,Ph), 4.25-4.18 (m, 3H, HB-6, HA-2 and HA-3),
4.04-3.92 (m, 3H, HB-2, HB-6' and HA-4), 3.67 (dd, J4s4s = 10.5 Hz, J4s45 = 2.0 Hz, 1H,
HA-6), 3.59 (d, JAﬁg/m =10.5 HZ, JA6',A5 =1.0 HZ, lH, HA-6'), 3.56-3.46 (1’1’1, 2H, HB-5 and
HA-5), 2.10 (s, 3H, Me), 2.00 (s, 3H, Ac), 1.97 (s, 3H, Ac), 1.94 (s, 3H, Ac), 1.70 (s, 3H, Ac),
1.23 (s, 9H, #-Bu). >C NMR (75 MHz, CDCl;) 6: 171.0 (C, CO), 170.9 (C, CO), 169.9 (C,
CO), 169.5 (C, CO), 167.9 (C, NCO), 167.4 (C, NCO), 149.5 (C, Ph), 138.8 (C, Ph), 137.8
(C, Ph), 137.2 (C, Ph), 133.9 (CH, NPhth), 133.7 (CH, NPhth), 131.9 (C, Ph), 131.8 (2C,
NPhth), 130.6 (CH, Ph), 130.0 (CH, Ph), 129.3 (2CH, Ph), 129.2 (2CH, Ph), 129.1 (CH, Ph),
128.1 (2CH, Ph), 128.0 (2CH, Ph), 127.1 (CH, Ph), 125.3 (CH, Ph), 123.5 (CH, NPhth),
123.4 (CH, NPhth), 101.0 (CH, CB-1), 84.6 (CH, CA-1), 78.9 (CH, CA-4), 78.5 (CH, CA-5),
78.2 (CH, CA-3), 75.0 (CH,, CH,Ph), 74.2 (CH,, CH»Ph), 73.3 (CH, CB-3), 71.6 (CH,
CB-5), 68.8 (CH, CB-4), 68.0 (CH,, CA-6), 62.1 (CH,, CB-6), 55.2 (CH, CA-2), 54.4 (CH,
CB-2), 34.6 (C, #-Bu), 31.4 (3CHs, #-Bu), 23.3 (CHs, Ac), 20.8 (3CH3, 2Ac and Me), 20.4
(CHs, Ac). IR v (film, cm™): 3288 (N-H), 2944, 2927 and 2861 (C-H), 1778 (N-C=0), 1746
(C=0), 1714 (N-C=0), 1663 (NH-C=0). MS (ESI): m/z = 1003 ([M+Na]’, 100%). HRMS
(ESI): Calcd for Cs3sHgoN,NaO;4S [M+Na]™: 1003.3663. Found: 1003.3691. Elementary
Analysis: Caled for CssHeoN2014S: C, 64.88; H, 6.16; N, 2.86; S, 3.27. Found: C, 65.27; H,
6.56; N, 2.51; S, 2.89.

Cs3HeoN2014S
Mol. Wt.: 981.38

2-Acetamido-1-0-acetyl-3,4,6-tri-O-benzyl-2-deoxy-a/p-D-glucopyranose 29
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OBn 2-acetamido-3,4,6-tri-O-benzyl-2-deoxy-D-glucopyranose* (510 mg, 1.03

BRO- Q .oac mmol, 1 eq.) and pyridine hydrochloride (153 mg, 1.32 mmol, 1.3 eq.) in
a/f 1:2 NHAc pyridine (5 mL) are stirred at 100 °C for 1 hour under argon. To this
solution, acetic anhydride (255 pL, 2.70 mmol, 2.6 eq.) is added and the

reaction mixture is stirred at room temperature for 8 hours. The volatiles are evaporated under
reduced pressure and the crude product is purified by chromatography on silica gel
(heptane/EtOAc 6:4 to 0:1) to afford pure product 29* as a mixture of two anomers (470 mg,

88 %, o/p 1:2, white amorphous solid).

Methyl (2-acetamido-3,4,6-tri-O-benzyl-2-deoxy-p-D-glucopyranosyl)-(1—6)-2,3,4-tri-O-
benzyl-a-D-glucopyranoside 30

OBn 30°* was obtained under microwave conditions using donor

Bno/é& BnO OMe 29 (69 mg, 0.129 mmol, 2 eq.), TTBP (32 mg, 0.129 mmol,
o)

BROA— O~V L8, 2 eq.), Fe(OTH)s 6.2DMSO (9 me, 0.010 mmol, 15 mol-%)

Cs7HgaNO 1 and acceptor 32 (30 mg, 0.065 mmol, 1 eq.) in dry CH,Cl,

Mol. Wt.: 938.11 (1 mL), according to general procedure A (CEM Discover

instrument, 80 °C, 45 min) (62 mg, 86 %, white amorphous solid).

2-Acetamido-1,3-di-O-acetyl-4,6-O-benzylidene-2-deoxy-o/p-D-glucopyranose 32

Ph/VQO o N-acetyl-D-glucosamine (5 g, 22.6 mmol, 1 eq.), benzaldehyde
A ?{5 o NHASAC (13.7 mL, 135.6 mmol, 6 eq.) and ZnCl, (3.1 g, 22.6 mmol, 1 eq.) were
Q, .

stirred at room temperature for 12 hours under argon. The precipitate
was filtered off, washed with petroleum ether (2x40 mL), washed with water (2x40 mL) and
dried over reduced pressure. The crude 4,6-O-benzylidene-D-glucosamine (6.99 g, quant.)
was used in the next step without further purification. This intermediate (500 mg, 1.62 mmol,
1 eq.) and pyridine hydrochloride (243 mg, 2.10 mmol, 1.3 eq.) in pyridine (5 mL) were
stirred at 100 °C for 1 hour. To this solution, acetic anhydride (772 pL, 8.24 mmol, 5.1 eq.)
was added and the reaction mixture was stirred at room temperature for 8 hours.”> The
volatiles were evaporated under reduced pressure and the crude product was purified by
chromatography on silica gel (heptane/EtOAc 6:4 to 0:1) to afford pure product 32°° (374 mg,
59 %, o/B 1:1, white amorphous solid).

OAc Methyl (2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-p-D-
AcO s galactopyranosyl)-(1—6)-2,3,4-tri-O-benzyl-a-D-glucopyranoside
Acééngo 34
SAcHN,, (6
ngo ~\1 34 was obtained under microwave conditions using donor 33 (50 mg,
8 BnOpy 16 0.128 mmol, 2 eq.), TTBP (32 mg, 0.129 mmol, 2 eq.),
C42Hs51NO14 Fe(OTf);-6.2DMSO (10 mg, 0.010 mmol, 15 mol-%) and acceptor 3

Mol Wt:793.85 (30 mg, 0.065 mmol, 1 eq.) in dry CH,Cl, (I mL), according to
general procedure A (Anton Paar Monowave 300 instrument, 110 °C, 30 min) (49 mg, 95 %,
amorphous white solid). [a]p*": +1.70 (¢ 1.0 in CHCls). '"H NMR (300 MHz, CDCl;) §: 7.38-
7.28 (m, 15H, 3Ph), 5.33 (dd, JB4,B3 = 3.5 Hz and JB4,35 =1.0 HZ, IH, HB-4), 5.28 (d, JNH,BZ =

> A. Mbongo, C. Fréchou, D. Beaupére, R. Uzan, G. Demailly, Carbohydr. Res. 1993, 246, 361-370.
# (a) T. D. Inch, H. G. Fletcher, J. Org. Chem. 1966, 31, 1810-1815; (b) M. Kiso, L. Anderson, Carbohydr. Res.
1985, 136, 309-323.
**J. Liu, D. Y. Gin, J. Am. Chem. Soc. 2002, 124, 9789-9797.
* P. Rollin, P. Sinay, J. Chem. Soc., Perkin Trans. 1 1977, 2513-2517.
Hp, Dasgupta, L. Anderson, Carbohydr. Res. 1990, 202, 239-255.
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9.0 HZ, IH, NH), 5.26 (dd, JB3,32 =11.0 Hz and J33,B4 =3.5 HZ, lH, HB-3), 4.99 (d, J=11.0
Hz, 1H, CH,Ph), 4.85 (d, /= 11.0 Hz, 1H, CHPh), 4.80 (d, /= 11.0 Hz, 1H, CH>Ph), 4.79 (d,
J = 12.0 Hz, 1H, CH:Ph), 4.67 (d, Js; 5> = 8.5 Hz, 1H, HB-1), 4.65 (d, J = 12.0 Hz, 1H,
CH>Ph), 4.60 (d, J4;.42 = 3.5 Hz, 1H, HA-1), 4.57 (d, J = 11.0 Hz, 1H, CH>Ph), 4.11-4.06 (m,
3H, HB-6, HB-6" and HA-6), 4.04-3.94 (m, 2H, HA-3 and HB-2), 3.87 (dt, Jzsz6 = Jps.56' =
6.5 Hz and JB5,B4 =1.0 Hz, lH, HB-S), 3.80-3.75 (I’Il, IH, HA-S), 3.72 (dd, JA6‘,A6 =10.5 Hz
and JA6’,A5 =4.0 HZ, IH, HA-6’), 3.53 (dd, JAZ,A3 = 9.5 Hz and JAZ,A] =35 HZ, lH, HA-2),
348 (t, Jusa3 = Jagas = 9.5 Hz, 1H, HA-4), 3.37 (s, 3H, OCH3), 2.10 (s, 3H, COCH3), 2.00 (s,
3H, COCHs), 1.99 (s, 3H, COCHs), 1.83 (s, 3H, COCH;). >C NMR (75 MHz, CDCl5) 6:
170.8 (C, COCH3), 170.8 (C, COCHj3), 170.6 (C, COCH3), 170.4 (C, COCHj3), 139.1 (C, Ph),
138.7 (C, Ph), 138.5 (C, Ph), 128.9 (CH, Ph), 128.8 (CH, Ph), 128.8 (CH, Ph), 128.5 (CH,
Ph), 128.3 (CH, Ph), 128.3 (CH, Ph), 128.3 (CH, Ph), 128.1 (CH, Ph), 128.0 (CH, Ph), 101.3
(CH, CB-1), 98.4 (CH, CA-1), 82.4 (CH, CA-3), 80.1 (CH, CA-2), 77.8 (CH, CA-4), 76.1
(CHa, CH,Ph), 75.0 (CH,, CH,Ph), 73.7 (CH,, CH,Ph), 71.1 (CH, CB-5), 70.2 (CH, CB-3),
69.9 (CH, CA-5), 68.1 (CH,, CA-6), 67.1 (CH, CB-4), 61.7 (CH,, CB-6), 55.6 (CH3, OCH3),
51.8 (CH, CB-2), 23.8 (CH3, COCHj3), 21.1 (CH3, COCH3), 21.0 (CH3, COCH3). IR v (film,
em™): 3286 (N-H), 3092, 3065 and 3031 (=C-H), 2921 (C-H), 1743 (C=0), 1661 (NH-C=0).
MS (ESI): m/z = 794 ([M+H]", 85%), 816 ([M+Na]’, 100%). HRMS (ESI): Calcd for
C42Hs5,NOy4 [M+H]": 794.3388. Found: 794.3381.

Methyl (2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-p-D-galactopyranosyl)-(1—3)-2,4-di-O-
benzyl-6-O-tert-butyldiphenylsilyl-a-D-glucopyranoside 35

Aco OAC «_oTeDps 35 was obtained under microwave conditions using donor 33
4%65 O BnO—#-s/0 (50 mg, 0.128 mmol, 2 eq.), TTBP (32 mg, 0.129 mmol, 2
AcO DN OBQZno;z éﬁ eq.), Fe(OTf);-6.2DMSO (10 mg, 0.010 mmol, 15 mol-%)
o HaNOLS OMe and acceptor 13 (40 mg, 0.065 mmol, 1 eq.) in dry CH,Cl, (1

Mol. Wt.: 942.13 mL), according to general procedure A (Anton Paar

Monowave 300 instrument, 110 °C, 30 min) (46 mg, 75 %,
white amorphous solid). [a]p*": +16.1 (¢ 1.0 in CHCI;). "H NMR (300 MHz, CDCL3) ¢: 7.72-
7.68 (m, 4H, Ph), 7.48-7.33 (m, 13H, Ph), 7.28-7.26 (m, 3H, Ph), 5.30 (br d, Jz.5; = 3.0 Hz,
1H, HB-4), 5.06 (d, J = 10.5 Hz, 1H, CH,Ph), 5.02 (d, Jyus> = 9.5 Hz, 1H, NH), 4.94 (d,
JB],BQ =8&.5 HZ, IH, HB-l), 4.93 (dd, JB3,B2= 11.0 Hz and JB3,B4 =30 HZ, IH, HB-3), 4.80 (d,
J =12.0 Hz, 1H, CH,Ph), 4.75 (d, J4;.4> = 3.5 Hz, 1H, HA-1), 4.58 (d, J = 12.0 Hz, 1H,
CHZPh), 448 (d, J= 105 HZ, lH, CHZPh), 426 (t, JA3,A2 = JA3,A4 = 90 HZ, lH, HA-3), 422-
4.09 (m, 2H, HB-6 and HB-2), 3.94 (dd, Jgs 35 = 11.0 Hz and Js 35 = 6.0 Hz, 1H, HB-6"),
3.87-3.82 (m, 3H, HA-6, HA-6’ and HB-5), 3.71-3.65 (m, 1H, HA-5), 3.57-3.50 (m, 2H, HA-
2 and HA-4), 3.35 (s, 3H, OCH3), 2.11 (s, 3H, OCOCH3), 1.99 (s, 3H, OCOCH3), 1.96 (s, 3H,
OCOCHs3), 1.71 (s, 3H, NHCOCH;), 1.07 (s, 9H, C(CHj3)3). BC NMR (75 MHz, CDCls) o:
171.0 (C, COCH,), 170.7 (C, COCH3), 170.7 (C, COCHj3), 170.4 (C, COCH3), 138.8 (C, Ph),
138.4 (C, Ph), 136.1 (CH, Ph), 136.0 (CH, Ph), 133.9 (C, Ph), 133.7 (C, Ph), 130.0 (CH, Ph),
129.9 (CH, Ph), 129.4 (CH, Ph), 128.8 (CH, Ph), 128.5 (CH, Ph), 128.0 (CH, Ph), 127.9 (CH,
Ph), 127.5 (CH, Ph), 102.2 (CH, CB-1), 97.1 (CH, CA-1), 81.7 (CH, CA-2), 79.8 (CH, CA-
3), 76.1 (CH, CA-4), 75.2 (CH,, CH,Ph), 72.7 (CH,, CH,Ph), 71.8 (CH, CA-5), 71.5 (CH,
CB-3), 70.9 (CH, CB-5), 66.9 (CH, CB-4), 63.4 (CH,, CA-6), 61.4 (CH,, CB-6), 55.2 (CHs,
OCHj), 51.6 (CH, CB-2), 27.2 (3CHs, C(CHs)3), 23.6 (CHs3, NHCOCH;), 21.1 (CHj,
OCOCHs3;), 21.1 (CH3, OCOCH3), 19.7 (C, C(CHs)3). IR v (film, cm'l): 3285 (N-H), 2958,
2929, 2899 and 2861 (C-H), 1750 (C=0), 1661 (NH-C=0). MS (ESI): m/z = 942 ([M+H]",
35%), 964 ([M+Na]', 100%). HRMS (ESI): Calcd for Cs;HssNNaO4Si [M+Na]": 964.3916.
Found: 964.3917.
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Methyl (2-acetamido-3.4,6-tri-O-acetyl-2-deoxy-p-p-galactopyranosyl)-(1—2)-3-O-
benzyl-4,6-O-benzylidene-a-D-glucopyranoside 36

36 was obtained under microwave conditions using donor 33 (46 mg,

6
Ay PQX%\\(ZOS O 0.118 mmol, 2 eq), TTBP (29 mg 0.117 mmol, 2 eq.),
L 5no 3 /2 1 Fe(OTf);-6.2DMSO (9 mg, 0.009 mmol, 15 mol-%) and acceptor 15
AcO—>—7 10 OMe (2 mg, 0.059 mmol, 1 eq.) in dry CH,Cl, (1 mL), according to
NHAc general procedure A (Anton Paar Monowave 300 instrument, 110 °C,
yomaNOn 60 min) (26 mg, 63 %, amorphous white solid). [a]p™": +5.43 (¢ 0.7 in
CHCls). '"H NMR (300 MHz, CDCls) o: 7.47-7.44 (m, 2H, Ph), 7.38-
7.29 (m, 8H, Ph), 5.56 (s, 1H, CHPh), 5.36-5.29 (m, 2H, HB-3 and HB-4), 5.06 (d, Jyus: =
8.5 Hz, 1H, NH), 5.00 (d, Jz:52 = 8.5 Hz, 1H, HB-1), 4.96 (d, /= 12.0 Hz, 1H, CH,Ph), 4.87
(d, JAI,AQ =3.5 HZ, lH, HA-I), 4.67 (d, J=12.0 HZ, IH, CHZPh), 4.30 (dd, JA6,A6’ =10.0 Hz
and JA6,A5 =45 HZ, lH, HA-6), 4.14 (d, JBﬁ’Bj = JB6’,B5 =6.5 HZ, 2H, HB-6 and HB-6’), 4.04
(t, Juz.42 = Juz.ue = 9.5 Hz, 1H, HA-3), 3.96-3.83 (m, 3H, HB-2, HB-5, HA-5), 3.78-3.71 (m,
lH, HA-6,), 3.71-3.66 (dd, JAZ,A3 = 9.5 Hz and JAZ,A] =35 HZ, lH, HA-2), 3.62 (t, JA4,A3 =
Jus45 = 9.5 Hz, 1H, HA-4), 3.43 (s, 3H, OCHs), 2.15 (s, 3H, COCH3;), 2.06 (s, 3H, COCH3),
1.97 (s, 3H, COCH3), 1.49 (s, 3H, COCH;). °C NMR (75 MHz, CDCl3) é: 170.9 (C,
COCHs), 170.8 (C, COCHj3), 170.5 (C, COCH3), 137.7 (C, Ph), 129.4 (CH, Ph), 128.9 (CH,
Ph), 128.6 (CH, Ph), 128.1 (CH, Ph), 127.6 (CH, Ph), 126.4 (CH, Ph), 102.5 (CH, CHPh),
101.8 (CH, CB-1), 100.4 (CH, CA-1), 82.9 (CH, CA-4), 81.4 (CH, CA-2), 78.0 (CH, CA-3),
75.2 (CH,, CH,Ph), 71.3 (CH, CB-5), 70.2 (CH, CB-3), 69.5 (CH,, CA-6), 67.2 (CH, CB-4),
62.6 (CH, CA-5), 62.2 (CH,, CB-6), 55.8 (CHs, OCH3), 52.5 (CH, CB-2), 23.4 (COCHz),
21.1 (COCH3), 21.0 (COCH3). IR v (film, cm™): 3288 (N-H), 3095, 3071 and 3033 (=C-H),
2921 and 2851 (C-H), 1745 (C=0), 1661 (NH-C=0). MS (ESI): m/z = 702 ((M+H]", 100%),
724 ([IM+Na]’, 85%), 1425 ([2M+Na]’, 90%). HRMS (ESI): Calcd for C3sHuNO 4 [M+H]":
702.2762. Found: 702.2774.

Methyl (2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-p-D-galactopyranosyl)-(1—2)-3,4-di-O-
benzyl-6-O-tert-butyldiphenylsilyl-a-D-glucopyranoside 37

6_oTepps 37 Was obtained under microwave conditions using donor 33
AcO B”Oé\i(@ (50 mg, 0.128 mmol, 2 eq.), TTBP (32 mg, 0.129 mmol, 2 eq.),
2 1

AcO 653%0 £ Fe(OTf);:6.2DMSO (10 mg, 0.010 mmol, 15 mol-%) and
AcG ~\0 OMe acceptor 17 (40 mg, 0.065 mmol, 1 eq.) in dry CH,Cl, (1 mL),
3 “NHAc according to general procedure A (Anton Paar Monowave 300
Cs1HggNO14Si instrument, 110 °C, 45 min) (34 mg, 55 %, amorphous white

Mol. Wt.: 942.13 solid). [o]p® : +18.8 (¢ 1.0 in CHCL). 'H NMR (300 MHz,

CDCl) o0: 7.73-7.68 (m, 4H, Ph), 7.43-7.27 (m, 11H, Ph), 7.23-7.19 (m, 3H, Ph), 7.07-7.04
(m, 2H, Ph), 5.42 (dd, JB3,32 =10.5 Hz and J33,B4 =35 HZ, IH, HB-3), 5.37 (dd, JB4,33 =35
Hz and JB4,B5 =1.0 HZ, lH, HB-4), 5.12 (d, JNHBQ =&.0 HZ, lH, NH), 5.06 (d, JB],BQ =8&.5 HZ,
1H, HB-1), 4.91 (d, J4;.4> = 3.5 Hz, 1H, HA-1), 4.86 (d, J = 2.0 Hz, 2H, CH>Ph), 4.79 (d, J =
10.5 Hz, 1H, CH,Ph), 4.59 (d, J = 10.5 Hz, 1H, CH,Ph), 4.18-4.16 (m, 2H, HB-6 and HB-6"),
4.02-3.97 (m, 2H, HB-5, HA-3), 3.93-3.84 (m, 3H, HB-2, HA-6 and HA-6"), 3.73-3.62 (m,
3H, HA-2, HA-4 and HA-5), 3.38 (s, 3H, OCH3), 2.15 (s, 3H, COCH3), 2.07 (s, 3H, COCH3),
1.97 (s, 3H, COCH3), 1.42 (s, 3H, COCHs), 1.07 (s, 9H, C(CHs)s). *C NMR (75 MHz,
CDCl3) 6: 170.9 (C, COCHs), 170.8 (C, COCH3), 170.7 (C, COCH3), 170.5 (C, COCHs),
139.5 (C, Ph), 138.4 (C, Ph), 136.2 (CH, Ph), 136.0 (CH, Ph), 133.9 (C, Ph), 133.6 (C, Ph),
130.0 (CH, Ph), 130.0 (CH, Ph), 128.9 (CH, Ph), 128.7 (CH, Ph), 128.3 (CH, Ph), 128.1 (CH,
Ph), 128.0 (CH, Ph), 127.9 (CH, Ph), 127.1 (CH, Ph), 102.2 (CH, CB-1), 99.3 (CH, CA-1),
82.9 (CH, CA-2), 81.3 (CA-3), 78.4 (CH, CA-4), 75.5 (CH,, CH,Ph), 75.5 (CH,, CH,Ph),
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71.6 (CH, CA-5), 71.2 (CH, CB-5), 69.9 (CH, CB-3), 67.2 (CH, CB-4), 63.1 (CH,, CA-6),
62.3 (CHa, CB-6), 55.2 (CHs, OCH3), 52.7 (CH, CB-2), 27.2 (CHs, C(CHs)s), 23.3 (CHs,
COCH3), 21.1 (CHs, COCH3), 21.1 (CHs, COCH3), 21.0 (CHs, COCH3), 19.7 (C, C(CHs),).
IR v (film, cm™): 3280 (N-H), 3068 and 3029 (=C-H), 2931 and 2858 (C-H), 1747 (C=0),
1656 (NH-C=0). MS (ESI): m/z = 964 ([M+Na]’, 100%). HRMS (ESI): Caled for
C51H63NN3014Si [M+Na]+: 964.3916. Found: 964.3915.

Methyl (2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-p-p-galactopyranosyl)-(1—4)-2,3,6-
tri-O-benzyl-a-D-glucopyranoside 38

Aco OAC 38 was obtained under microwave conditions using donor 33
48 0 B4no 6 (50 mg, 0.128 mmol, 2 eq.), TTBP (32 mg, 0.129 mmol, 2 eq.),
AcO- Engfé\iz(o Fe(OTf)3-6.2DMSO (10 mg, 0.010 mmol, 15 mol-%) and acceptor
ACHNBENG G2 11 ™ 19 (29 mg, 0.064 mmol, 1 eq.) in dry CH,Cl, (1 mL), according to

OMe .
C4oH51NO14 general procedure A (Anton Paar Monowave 300 instrument,
Mol. Wt.: 793.85 110 °C, 3 hours) (13 mg, 26 %, amorphous white solid). [a]p”": -

27.2 (¢ 0.7 in CHCl;). 'H NMR (500 MHz, CDCl3) 6: 7.48-7.24 (m, 15H, Ph), 5.21 (dd, J =
3.0 Hz, 1H, HB-4),4.97 (d, J=11.0 Hz, 1H, CH,Ph), 4.84 (d, /= 12.0 Hz, 1H, CH,Ph), 4.81-
4.76 (m, 3H, CH,Ph, HB-3), 4.63 (d, J = 12.0 Hz, 1H, CH,Ph), 4.57 (d, J41.4> = 4.0 Hz, 1H,
HA-1), 4.40 (d, Jp; 5> = 8.5 Hz, 1H, HB-1), 4.38 (d, Jyi 5> = 10.0 Hz, 1H, NH), 4.36 (d, J =
12.0 HZ, lH, CHzPh), 3.97 (dt, JBZ,NH = 10.0 Hz and JBZ,B] = Jggygg = 8.5 HZ, IH, HB-2),
3.91-3.81 (m, 4H, HA-3, HA-4, HB-6, HB-6’), 3.66-3.58 (m, 3H, HA-6, HA-5, HB-5), 3.50
(dd, JA6‘,A6 =10.5 Hz and JA6’,A5 =2.0 HZ, lH, HA-6’), 3.49-3.47 (I’Il, IH, HA-2), 3.37 (S, 3H,
OCH3), 2.06 (s, 3H, OCOCH3), 2.00 (s, 3H, OCOCH3), 1.96 (s, 3H, OCOCH3), 1.74 (s, 3H,
NHCOCH:;). *C NMR (125 MHz, CDCls) &: 170.8 (C, COCH3), 170.6 (C, COCH3), 170.6
(C, COCH3), 170.1 (C, COCH3), 139.9 (C, Ph), 138.7 (C, Ph), 138.2 (C, Ph), 129.5 (CH, Ph),
129.3 (CH, Ph), 129.2 (CH, Ph), 128.8 (CH, Ph), 128.5 (CH, Ph), 128.5 (CH, Ph), 128.2 (CH,
Ph), 127.7 (CH, Ph), 127.6 (CH, Ph), 101.0 (CH, CB-1), 98.9 (CH, CA-1), 80.2 (CH, CA-3),
79.2 (CH, CA-2), 77.1 (CH, CA-4), 75.4 (CH,, CH,Ph), 74.2 (CH,, CH,Ph), 74.0 (CH,,
CH,Ph), 70.8 (CH, CB-3), 70.6 (CH, CB-5), 69.8 (CH, CA-5), 67.9 (CH,, CA-6), 66.5 (CH,
CB-4), 61.2 (CH,, CB-6), 55.7 (CHs, OCH3), 51.6 (CH, CB-2), 23.7 (CHs, NHCOCH3), 21.1
(CHs, OCOCH3), 21.0 (CHs, OCOCH3), 21.0 (CHs, OCOCH3). IR v (film, cm™): 3326 (N-H),
3089, 3062 and 3030 (=C-H), 2918 (C-H), 1749 (C=0), 1670 (NH-C=0). MS (ESI): m/z =
794 (IM+H]", 100%), 816 ([M+Na]’, 50%). HRMS (ESI): Calcd for C4,Hs;NO4 [M+H]":
794.3388. Found: 794.3399.

1,3,4,6-Tetra-0O-acetyl-2-deoxy-2-formamido-B-D-glucopyranose 39

OAc To a solution of 1,3,4,6-tetra-O-acetyl-2-amino-2-deoxy-fB-D-
A%(gaé&op\c glucopyranose hydrochloride® (I g, 2.61 mmol) in a I:1
NHCHO CH,Cly-saturated aqueous solution of NaHCO; (40 mL) was added

C15H21NO1g dropwise acetoformic anhydride®’ (495 pL, 7.82 mmol, 3 eq.) at 0 °C.

Mol. Wt.: 375.33 The reaction was then warmed to room temperature and stirred at this
temperature for 3 hours and then the organic layer was separated and the aqueous layer was
extracted with CH,Cl,. The combined organic layers were dried over Na,SO4 and evaporated
under reduced pressure. The crude product was purified by chromatography on silica gel

L Krimen, J. Savage, P. Yates, Org. Synth. 1970, 50, 1-1.
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(heptane/EtOAc 1:1 to 0:1) to give the desired product 39** (912 mg, 93 %, white amorphous
solid).

1,3,4,6-Tetra-0O-acetyl-2-deoxy-2-(4-methylbenzamido)-p-p-glucopyranose 40

o OAC To a solution of 1,3,4,6-tetra-O-acetyl-2-amino-2-deoxy-p-D-
AcO ~ 50 glucopyranose hydrochloride® (1 g, 2.61 mmol) in pyridine (11 mL) was
ACO =3 Nlil C%AT‘ZI added dropwise 4-methylbenzoyl chloride (2.1 mL, 15.6 mmol, 6 eq.) at
CosHaNOso 0 °C under argon. The reaction was warmed to room temperature and
Mol Wt 46545  stirred at this temperature for 8 hours. Then, the reaction mixture was
poured into water (30 mL), extracted with CH,Cl, (3x40 mL) and the
combined organic layers were washed with brine (10 mL), dried over Na,SO4 and evaporated
under reduced pressure. The crude product was purified by chromatography on silica gel
(heptane/EtOAc 1:1 to 0:1) to afford pure product 40 (910 mg, 75 %, white solid). Mp:
205.4-210.3 °C (from EtOAc). [o]p™*: +42.8 (¢ 1.0, CHCL). '"H NMR (500 MHz, CDCl;) J:
7.56 (d, J= 8.0 Hz, 2H, Ph), 7.20 (d, J = 8.0 Hz, 2H, Ph), 6.11 (br d, Jxz> = 9.5 Hz, 1H, NH),
5.78 (d, J;» = 8.5 Hz, 1H, H1), 5.27-5.17 (m, 2H, H3 and H4), 4.59-4.48 (m, 1H, H2), 4.28
(d, J6,6’ =12.0 HZ, J6,5 =45 HZ, IH, H6), 4.14 (d, J6',5 =12.0 HZ, J5',5 =2.0 HZ, lH, H6'), 3.83
(ddd, Js4 = 9.5 Hz, J5s5 = 4.5 Hz, Js¢ = 2.0 Hz, 1H, H5), 2.37 (s, 3H, Me), 2.09 (s, 3H, Ac),
2.05 (s, 3H, Ac), 2.04 (s, 3H, Ac), 1.96 (s, 3H, Ac). °C NMR (75 MHz, CDCl3) 6: 171.8 (C,
CO0), 170.9 (C, CO), 169.8 (C, CO), 169.5 (C, CO), 167.4 (C, CO), 142.7 (C, Ph), 130.9 (C,
Ph), 129.6 (2CH, Ph), 127.1 (2CH, Ph), 93.1 (CH, C1), 73.4 (CH, C5), 73.0 (CH, C3), 68.0
(CH, C4), 62.0 (CHz, C6), 53.4 (CH, C2), 21.6 (CH3, Ac), 21.1 (CH3, Ac), 21.0 (CHs, Ac),
20.8 (2CH3, 2Ac). IR v (film, cm™): 3027 (N-H), 2952 (C-H), 1750 (C=0), 1647 (NH-C=0).
MS (ESI): m/z = 406 ([M-Ac]’, 100%), 488 ([M+Na]’, 25%). HRMS (ESI): Calcd for
C22H27NN3010 [M+Na]+: 488.1533. Found: 488.1529.

1,3,4,6-Tetra-0O-acetyl-2-benzyloxycarbonylamino-2-deoxy-p-p-glucopyranose 41

OAc To a solution 1,3,4,6-tetra-O-acetyl-2-amino-2-deoxy-f-D-glucopyranose
&&OAC hydrochloride® (10 g, 26.1 mmol) in a 1:2 CH,Cl,-saturated aqueous
NHCbz  golution of NaHCO; (380 mL) was added dropwise CbzCl (4.1 mL,
CaoHa7NOy4 28.6 mmol, 1.1 eq.). The reaction was stirred at room temperature for
Mol. Wt.:481.45 2 hours and then the organic layer was separated and the aqueous layer was
extracted with CH,Cl,. The combined organic layers were washed with brine, dried over
Na,SO4 and evaporated under reduced pressure. The crude product was purified by
chromatography on silica gel (heptane/EtOAc 1:1 to 0:1) to give the desired product 41%°
(10.5 g, 84 %, white amorphous solid).

AcO
Ac!

* (a) C. G. Greig, D. H. Leaback, P. G. Walker, J. Chem. Soc. 1961, 879-883; (b) D. H. R. Barton, G.
Bringmann, G. Lamotte, W. B. Motherwell, R. S. Hay Motherwell, A. E. A. Porter, J. Chem. Soc., Perkin Trans.
11980, 2657-2664.
» (a) P. Boullanger, M. Jouineau, B. Bouammali, D. Lafont, G. Descotes, Carbohydr. Res. 1990, 202, 151-164;
(b) N. S. Simpkins, S. Stokes, A. J. Whittle, J. Chem. Soc., Perkin Trans. 1,1992,2471-2478.
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1,3,4,6-Tetra-0O-acetyl-2-deoxy-2-trichloroacetamido-f-p-glucopyranose 42

OAc
AOTN2 onc 1,3,4,6-Tetra-O-acetyl-2-amino-2-deoxy-f-D-glucopyranose
NHcoccl;  hydrochloride® (10 g, 26.06 mmol) and trichloroacetic anhydride (14.3
C16H20C1sNO 1o mL, 78.2 mmol, 3 eq.) in pyridine (11 mL) were stirred at room
Mol. Wt.: 492.69 temperature for 5 hours under argon. The volatiles were evaporated under

reduced pressure and the crude product was purified by chromatography
on silica gel (heptane/EtOAc 9:1 to 1:1) to afford pure product 42°° (12 g, 93 %, white
amorphous solid).

1,3,4,6-Tetra-0O-acetyl-2-deoxy-2-trifluoroacetamido-p-p-glucopyranose 43

OAc To a solution 1,3,4,6-tetra-O-acetyl-2-amino-2-deoxy-B-D-

Ac&)&& oac  Slucopyranose hydrochloride® (1 g, 2.61 mmol) and pyridine (425 pL,

NHCcocF; 5.21 mmol, 2 eq.) in dry CH,Cl, (10 mL) was added dropwise

ot FANO trifluoroacetic anhydride (753 pL, 3.91 mmol, 1.5 eq.) at 0 °C under

16712013 10 . .

Mol. Wt.: 443.33 argon. The reaction was then warmed to room temperature and stirred at

this temperature for 5 hours. The volatiles were evaporated under

reduced pressure and the crude product was purified by chromatography on silica gel

(heptane/EtOAc 8:2 to 7:3) to give the desired product 43°' (1.11 g, 96 %, white amorphous
solid).

1,3,4,6-Tetra-0O-acetyl-2-deoxy-2-chloroacetamido-p-p-glucopyranose 44

OAc To a solution of 1,3,4,6-tetra-O-acetyl-2-amino-2-deoxy-p-D-

ACA%&O Ac glucopyranose hydrochloride® (1 g, 2.61 mmol), DMAP (382 mg,

NHCOCH,Cl  3.13 mmol, 1.2 eq.) and pyridine (850 pL, 10.4 mmol, 4 eq.) in dry

C16H22CINO1g CH,CI;, (10 mL) was added dropwise chloroacetyl chloride (415 pL,

Mol. Wt.: 423.80 5.22 mmol, 2 eq.) at 0 °C under argon. The reaction was then warmed

to room temperature and stirred at this temperature for 8 hours. The volatiles were evaporated

under reduced pressure and the crude product was purified by chromatography on silica gel

(heptane/EtOAc 8:2 to 7:3) to give the desired product 44> (1.06 g, 96 %, white amorphous
solid).

1,3,4,6-Tetra-0O-acetyl-2-deoxy-2-pivalamido-o/pB-D-glucopyranose 45

AcO
AcO

glucopyranose hydrochloride® (1 g, 2.61 mmol), DMAP (382 mg,

NHPiv  3.13 mmol, 1.2 eq.) and pyridine (850 pL, 10.42 mmol, 4 eq.) in dry

C1oHasNO1o CHxCl, (10 mL) was added dropwise pivalic anhydride (1.06 mL,

Mol. Wt.: 431.43  5.21 mmol, 2 eq.) at 0 °C under argon. The reaction was then warmed to

room temperature and stirred at this temperature for 2 days. The volatiles

were evaporated under reduced pressure and the crude product was purified by

chromatography on silica gel (heptane/EtOAc 1:1 to 0:1) to give the product 454 (392 mg,
35 %, /B 1.5/1, white amorphous solid).

OAc To a solution of 1,3,4,6-tetra-O-acetyl-2-amino-2-deoxy-p-D-
o]
%MOAC

1,3,4,6-Tetra-0O-acetyl-2-deoxy-2-phthalimido-B-D-glucopyranose 46

3% G. Blatter, J.-M. Beau, J.-C. Jacquinet, Carbohydr. Res. 1994, 260, 189-202.
31 (a) M. L. Wolfrom, H. B. Bhat, J. Org. Chem. 1967, 32, 1821-1823; (b) L. R. Greig, M. S. Macauley, 1. H.
Williams, D. J. Vocadlo, J. Am. Chem. Soc. 2009, 131, 13415-13422.
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2 T OAc To a solution of D-glucosamine hydrochloride (40 g, 185.6 mmol, 1 eq.)
A% \ i onc in water (300 mL) are successively added phtalic anhydride (55 g,
NPhth 372 mmol, 2 eq.) and NaHCO; (46 g, 548 mmol, 2.95 eq.). Then, the
Mg_zf/iv-ltz_:a':?;hz reaction mixture is stirred at 40 °C for 12 hours. The volatiles are
evaporated under reduced pressure by coevaporation with toluene and the
residue obtained was used without any further purification. Acetic anhydride (229 mL,
2445 mmol, 13.2 eq.) was added to a solution of crude intermediate in pyridine (350 mL) and
the reaction mixture was stirred at 40 °C for 10 hours. The volatiles were evaporated under
reduced pressure by coevaporation with toluene. The residue was diluted with CH,Cl,
(600 mL), washed with water (3x120 mL), brine (100 mL), dried over Na,SOy, filtered and
evaporated under reduced pressure. The crude product was purified by chromatography on
silica gel (heptane/EtOAc 7:3 to 3:7) to give the desired product as a mixture of two anomers
(83 g, 93%, o/B: 1/2.3, white amorphous solid). This mixture was separated by
chromatography on silica gel (toluene/acetone 95:05) to afford pure B-product 46°% (white
amorphous solid).

1,3,4,6-Tetra-0O-acetyl-2-acetylacetamido-2-deoxy-p-D-glucopyranose 47

OAc 1p (1.2 g, 3.08 mmol) and TsOH monohydrate (276 mg, 1.45 mmol,
Aggo’éo: oac 047eq.) in isopropenylacetate (35 mL) were stirred at 65°C for
NHAc, 4.5 hours under argon. EtsN (8 mL) was added and the volatiles were
C1gH26NO 14 evaporated under reduced pressure. The crude product was purified by
Mol. Wt.: 432.40  chromatography on silica gel (heptane/EtOAc 8:2 to 1:1) to afford pure
product 47° (1.12 g, 84 %, white amorphous solid).

Methyl (3,4,6-tri-O-acetyl-2-deoxy-2-formamido-p-D-glucopyranosyl)-(1—6)-2,3,4-tri-O-
benzyl-a-D-glucopyranoside 48

ACO OAOC BnO OMe 48°* was obtained under microwave conditions using
AcO O\ X 0Bn donor 39 (48 mg, 0.129 mmol, 2 eq.), TTBP (32 mg,
NHCHO O OBn 0129 mmol, 2 eq), Fe(OTH3:6.2DMSO (10 mg,
Cy1H49NO14 0.010 mmol, 15 mol-%) and acceptor 3 (30 mg,

Mol. Wt.: 779.83 0.065 mmol, 1eq.) in dry CH,Cl, (I mL), according to

general procedure A (CEM Discover instrument, 80 °C, 45 min) (25 mg, 50 %, white
amorphous solid).

Methyl (3,4,6-tri-O-acetyl-2-deoxy-2-(4-methylbenzamido)-p-D-glucopyranosyl)-(1—6)-
2,3,4-tri-O-benzyl-a-D-glucopyranoside 49

OAc 49* was obtained under microwave conditions using donor

A0S o\ir&/OMeOBn 40 (60 mg, 0.129 mmol, 2 eq.), TTBP (32 mg,

NHCOTol O OBn (0.129 mmol, 2 eq.), Fe(OT)3-6.2DMSO (10 mg,

Mg“f\il'v"f?ggégs 0.010 mmol, 15 mol-%) and acceptor 32 (30 mg,

T 0.065 mmol, 1 eq.) in dry CH,Cl, (1 mL), according to

general procedure A (CEM Discover instrument, 80 °C, 45 min) (46 mg, 82 %, white
amorphous solid).

32 D. Macmillan, A. M. Daines, M. Bayrhuber, S. L. Flitsch, Org. Lett. 2002, 4, 1467-1470.
33 M. Suihko, M. Ahlgrén, P. Aulaskari, J. Rouvinen, Carbohydr. Res. 2001, 334, 337-341.
* M. Trumtel, P. Tavecchia, A. Veyriéres, P. Sinay, Carbohydr. Res. 1989, 191, 29-52.
22



2-(4-Methylphenyl) (3,4,6-tri-O-acetyl-1,2-di-deoxy-a-D-glucopyrano)-[2,1-d]-2-
oxazoline 55

OAc TTBP (53 mg, 0.215 mmol, 2 eq.) and Fe(OTf);:6.2DMSO (16 mg,

A%Cc)(&& 0.016 mmol, 15 mol%) are added donor 40 (50 mg, 0.107 mmol, 1 eq.),

in an oven-dried, argon-purged microwave vial equipped with a magnetic

NY stirring bar. Everything is flushed under argon and dry CH,Cl, is added

Tol (1 mL). After sealing the vial, the reaction mixture is heated to 80 °C

CoH23NOg  under microwave irradiation for 45 minutes (CEM Discover instrument).

Mol. Wt.: 405.40  Then, the reaction mixture is diluted in CH,Cl, (20 mL) and washed with

a saturated aqueous solution of NaHCO; (20 mL). The aqueous layer is extracted with CH,Cl,

(4x20 mL) and the combined organic layers are washed with brine (20 mL), dried over

NaySO,, filtered and concentrated under reduced pressure. The crude product is purified by

chromatography on silica gel (heptane/EtOAc 8:2 to 4:6) to give the oxazoline 554 (27 mg, 62
%, white amorphous solid).
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