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Supplementary Information
Description of synthesis and "H NMR data/melting points of compounds 3, 5-7, 9-17

and the non-glycoside products listed in Table 3 except 18 and 44.

General Procedure for the Synthesis of Aldose Hemiacetals 3, 5 and 11
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A. Synthesis of Methyl 2,3,4,6-Tetra-O-benzyl-a-D-glycopyranosides 3-2, 5-2 and
11-2

To a stirred solution of methyl a-D-glycopyranosides 3-1, 5-1 or 11-1 (1.94 g, 10
mmol) in 30 mL of dried DMF cooled with an ice-water bath was added portionwise
NaH (2.40 g, 60 mmol, 60% in mineral oil). After addition, the reaction mixture was
stirred at this temperature until the evolution of gas subsided (typically within 30 min).
Benzyl bromide (10.26 g, 60 mmol) was added portionwise to the reaction mixture
over 5 min. After addition, the reaction mixture was stirred at this temperature for 30

min and then at room temperature overnight, when TLC analysis indicated that the
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reaction completed.

The reaction mixture was carefully poured into 300 mL of ice-water while
stirring, and the resulting mixture was extracted with three 100-mL portions of
dichloromethane. The combined extracts were washed with brine, dried over
anhydrous sodium sulfate and evaporated on a rotary evaporator to afford an oily
residue, which was purified by column chromatography to yield the pure methyl
2,3,4,6-tetra-O-benzyl-a-D-glycopyranosides 3-2, 5-2 and 11-2.

Methyl 2,3,4,6-tetra-O-benzyl-a-D-glucopyranoside (3-2)

Colorless oil, 4.46 g, 96%. 'H NMR (DMSO-ds, 400 MHz) §&: 7.23-7.35 (m,
18H), 7.16-7.18 (m, 2H), 4.82-4.85 (m, 2H), 4.69-4.74 (m, 2H), 4.66 (d, 1H, J=12.0
Hz), 4.62 (d, 1H, J = 12.0 Hz), 4.44-4.53 (m, 3H), 3.76 (t, 1H, J = 9.2 Hz), 3.62 (s,
3H), 3.43-3.49 (m, 2H), 3.32 (s, 3H). The 'H NMR data are in good agreement with
those reported.!")

Methyl 2,3,4,6-tetra-O-benzyl-a-D-mannopyranoside (5-2)

Colorless oil, 4.55 g, 98%. 'H NMR (CDCls, 400 MHz) &: 7.24-7.39 (m, 18H),
7.16-7.18 (m, 2H), 4.88 (d, 1H, J = 10.8 Hz), 4.50-4.78 (m, 8H), 3.98 (t, IH, J =9.0
Hz), 3.89 (dd, 1H, J = 3.0 Hz and 9.4 Hz), 3.73-3.80 (m, 4H), 3.33 (s, 3H). The 'H
NMR data are in good agreement with those reported.”!

Methyl 2,3,4,6-tetra-O-benzyl-a-D-galactopyranoside (11-2)

Colorless oil, 4.51 g, 97%. 'H NMR (DMSO-d¢, 400 MHz) &: 7.22-7.39 (m,
20H), 4.61-4.80 (m, 6H), 4.42-4.51 (m, 3H), 4.03 (s, 1H), 3.81-3.84 (m, 3H),
3.48-3.54 (m, 2H), 3.26 (s, 3H). The 'H NMR data are in good agreement with those
reported.?!

B. Synthesis of 2,3,4,6-Tetra-O-benzyl-D-glycopyranoses 3, 5 and 11.

To a stirred solution of methyl 2,3,4,6-tetra-O-benzyl-a-D-glycopyranosides 3-2,



5-2 or 11-2 (4.99 g, 9 mmol) in 25 mL of glacial acetic acid containing SrCl,-6H,0O
(0.24 g, 0.9 mmol) heated at 70°C was added 4 mL of 5 M hydrochloric acid. The
stirring was continued at 70°C until reaction completed as indicated by TLC analysis
(typically within 2-3 h).

The reaction mixture was poured into 300 mL of ice-water while stirring
immediately after the reaction completed, and the resulting mixture was extracted
with three 100-mL portions of dichloromethane. The combined extracts were washed
successively with saturated sodium bicarbonate and brine, dried over anhydrous
sodium sulfate and evaporated on a rotary evaporator to afford an oily residue, which
was  purified by  column  chromatography to  yield the  pure
2,3,4,6-tetra-O-benzyl-D-glycopyranoses 3, 5 and 11 as anomeric mixtures.

2,3,4,6-tetra-O-benzyl-D-glucopyranose (3)

White solid, 4.43 g, 91%. M.p., 148-149.5°C (literature value, 150-151°CP). A
20-fold scale-up was performed so that it could meet the need of quantity for the
experiments in this study.

2,3,4,6-tetra-O-benzyl-D-mannopyranose (5)

Colorless oil, 4.28 g, 88%. 'H NMR (CDCl3, 400 MHz) &: 7.24-7.38 (m, 18H),
7.17-7.18 (m, 2H), 5.25-5.27 (m, 1H), 5.08 (d, 0.2H, J = 11.6 Hz), 4.85-4.90 (m, 1H),
4.69-4.76 (m, 2.5H), 4.49-4.65 (m, 5.3H), 4.03-4.07 (m, 0.8H), 3.94-3.98 (m, 0.8H),
3.79-3.92 (m, 1.6H), 3.65-3.74 (m, 1.8H). The '"H NMR data are in good agreement
with those reported.!*!

2,3,4,6-tetra-O-benzyl-a-D-galactopyranose (11)

Colorless oil, 4.23 g, 87%. 'H NMR (DMSO-d¢, 400 MHz) 6: 7.22-7.40 (m,
20H), 6.86 (d, 0.4H, J = 7.2 Hz), 6.42 (d, 0.6H, J = 4.8 Hz), 5.17 (t, 0.60H, J = 4.0

Hz), 4.64-4.82 (m, SH), 4.40-4.50 (m, 3.4H), 4.06 (t, 0.6H, J = 6.2 Hz), 4.01 (s, 0.6H),



3.96 (d, 0.4H, J = 2.8 Hz), 3.89 (dd, 0.6H, J = 2.8 Hz and 10.4 Hz), 3.76 (dd, 0.6H, J
=3.4 Hz and 10.2 Hz), 3.68 (t, 0.4H, J = 6.2 Hz), 3.59 (dd, 0.4H, J = 2.8 Hz and 10.4
Hz), 3.51-3.54 (m, 1.4H), 3.41-3.48 (m, 1H). The 'H NMR data are in good

agreement with those reported.

Procedure for the Synthesis of 2,3,4-Tri-O-benzyl-6-O-methyl-D-glucopyranose 7
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A. Synthesis of Methyl 6-O-t-Butyldimethylsilyl-a-D-glucopyranoside (7-1)

To a stirred solution of 3-1 (15.53 g, 80 mmol) and imidazole (16.34 g, 240
mmol) in 150 mL of dried DMF cooled with an ice-water bath was added dropwise a
solution of TBDMSCI (15.07 g, 100 mmol) in 15 mL of dried DMF and 15 mL of
dried dichloromethane. After addition, the resulting mixture was stirred at room
temperature overnight, when TLC analysis found 3-1 was consumed completely.

The reaction mixture was concentrated on a rotary evaporator at 60°C under
highly reduced pressure (provided with an oil vacuum pump) to remove most of the
DMF, and the residue was diluted with 600 mL of ethyl acetate. The solution thus
obtained was washed with brine (5 x) to remove imidazole and residual DMF, dried
over anhydrous sodium sulfate and evaporated on a rotary evaporator to afford a

yellow oil (crude 7-1), which was co-evaporated with THF (100 mL x 3) to remove
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any residual ethyl acetate. The residue thus obtained was directly used in the next step
without further purification. A very small aliquot of the crude 7-1 was purified by
column chromatography to give a pure sample for collection of spectroscopic and
physical data.

White waxy solid. M.p., 88-89°C (literature value, 88-90°C.I)). 'H NMR
(DMSO-dg, 400 MHz) o: 4.85 (d, 1H, J = 5.6 Hz), 4.73 (d, 1H, J = 4.8 Hz), 4.66 (d,
1H, J= 6.4 Hz), 4.50 (d, 1H, J = 3.6 Hz), 3.82 (dd, 1H, J = 1.6 Hz and 11.2 Hz), 3.60
(dd, 1H, J=6.2 Hz and 11.0 Hz), 3.32-3.39 (m, 2H), 3.25 (s, 3H), 3.13-3.18 (m, 1H),
2.97-3.03 (m, 1H), 0.85 (s, 9H), 0.02 (s, 6H).

B. Synthesis of Methyl
2,3,4-Tri-O-benzyl-6-O-t-butyldimethylsilyl-a-D-glucopyranoside (7-2)

To a stirred solution of the crude 7-1 (deemed to be 80 mmol) prepared above in
600 mL of dried DMF cooled with an ice-water bath was added portionwise NaH
(16.00 g, 400 mmol, 60% in mineral oil) at such a rate that the evolution of gas could
be controlled. After addition, the resulting slurry was stirred at this temperature until
the evolution of gas subsided (typically within 1h). Benzyl bromide (68.41 g, 400
mmol) was added portionwise over 5 min. After addition, the reaction mixture was
stirred at room temperature overnight, when TLC analysis found the reaction
completed.

The reaction mixture was carefully poured into 3000 mL of ice-water while
stirring, and the resulting mixture was extracted with three 500-mL portions of
dichloromethane. The combined extracts were washed with brine, dried over
anhydrous sodium sulfate and evaporated on a rotary evaporator to afford an yellow
oil (crude 7-2), which was directly used in the next step without further purification. A

very small aliquot of the crude 7-2 was purified by column chromatography to give a



pure sample for collection of spectroscopic and physical data.

White solid. M.p., 81-82°C (literature value, 77-78°C.!""). '"H NMR (DMSO-ds,
400 MHz) o: 7.24-7.33 (m, 15H), 4.81-4.84 (m, 2H), 4.82 (d, 1H, J = 3.2 Hz),
4.68-4.79 (m, 3H), 4.64-4.65 (m, 2H), 4.54-4.60 (m, 1H), 3.70-3.78 (m, 3H),
3.37-3.45 (m, 3H), 3.28 (s, 3H), 0.85 (s, 9H), 0.01 (s, 6H).

C. Synthesis of Methyl 2,3,4-Tri-O-benzyl-a-D-glucopyranoside (7-3)

To a stirred solution of the crude 7-2 (deemed to be 80 mmol) prepared above in
180 mL of glacial acetic acid was added 20 mL of water at room temperature. The
resulting mixture was stirred at 80°C until TLC analysis indicated that the reaction
completed (typically within 3 h).

On cooling, the reaction mixture was poured into 800 mL of ice-water while
stirring, and the resulting mixture was extracted with three 200-mL portions of
dichloromethane. The combined extracts were washed successively with saturated
sodium bicarbonate and brine, dried over anhydrous sodium sulfate and evaporated on
a rotary evaporator to afford a red oil, which was purified by column chromatography
to yield the pure 7-3.

White solid, 24.90 g, 67% (overall from 3-1 to 7-3). M.p., 68-69°C (literature
value, 66.5-67°C.[*)). "H NMR (DMSO-dg, 400 MHz) &: 7.25-7.35 (m, 15H), 4.83 (d,
1H, J = 11.2 Hz), 4.78 (d, 1H, J = 3.6 Hz), 4.61-4.75 (m, 5H), 4.59 (d, 1H, J = 11.2
Hz), 3.73-3.78 (m, 1H), 3.62 (dd, 1H, J = 5.0 Hz and 11.4 Hz), 3.51-3.55 (m, 1H),
3.45 (d, 1H, J=3.6 Hz), 3.41-3.43 (m, 2H), 3.28 (s, 3H).

D. Synthesis of Methyl 2,3,4-Tri-O-benzyl-6-O-methyl-a-D-glucopyranoside (7-4)

To a stirred solution of 7-3 (6.04 g, 13 mmol) in 60 mL of dried DMF cooled
with an ice-water bath was added portionwise NaH (0.80 g, 20 mmol, 60% in mineral

oil). After addition, the resulting slurry was stirred at this temperature until the



evolution of gas subsided (typically within 30 min). Methyl iodide (2.84 g, 20 mmol)
was added portionwise over 1 min. After addition, the reaction mixture was stirred at
room temperature overnight, when TLC analysis found that the reaction completed.

The reaction mixture was carefully poured into 300 mL of ice-water while
stirring, and the resulting mixture was extracted with three 100-mL portions of
dichloromethane. The combined extracts were washed with brine, dried over
anhydrous sodium sulfate and evaporated on a rotary evaporator to afford an oil
(crude 7-4), which was purified by column chromatography to give the pure product
7-4.

Colorless oil, 5.97 g, 96%. "H NMR (CDCl;, 400 MHz) &: 7.24-7.35 (m, 15H),
4.96 (d, 1H,J=11.2 Hz), 4.86 (d, 1H, J=11.2 Hz), 4.82 (d, 1H, J=10.8 Hz), 4.77 (d,
1H, J=12.0 Hz), 4.64 (d, 1H, J = 12.0 Hz), 4.57-4.59 (m, 2H), 3.97 (t, 1H, J =9.4
Hz), 3.68-3.71 (m, 1H), 3.50-3.60 (m, 4H), 3.36 (s, 3H), 3.32 (s, 3H). The '"H NMR
data are in good agreement with those reported.”!

E. Synthesis of 2,3,4-Tri-O-benzyl-6-O-methyl-D-glucopyranose (7)

To a stirred solution of 7-4 (4.79 g, 10 mmol) in 29 mL of glacial acetic acid
containing SrCl,-6H,O (0.27 g, 1 mmol) heated at 70°C was added 5 mL of 5 M
hydrochloric acid. The stirring was continued at 70°C until reaction completed as
indicated by TLC analysis (typically within 2-3 h).

The reaction mixture was poured into 300 mL of ice-water while stirring
immediately after the reaction completed, and the resulting mixture was extracted
with three 100-mL portions of dichloromethane. The combined extracts were washed
successively with saturated sodium bicarbonate and brine, dried over anhydrous
sodium sulfate and evaporated on a rotary evaporator to afford an oily residue, which

was purified by column chromatography to yield the pure 7 as an anomeric mixture.



White solid, 4.18 g, 90%. M.p., 120.5-122°C (literature value, 128-129°C").

Procedure for the Synthesis of

6-Azido-2,3,4-tri-O-benzyl-6-deoxy-D-glucopyranoside 9
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A. Synthesis of Methyl 2,3,4-Tri-O-benzyl-6-deoxy-6-iodo-o-D-glucopyranoside
O-1

lodine (18.27 g, 72 mmol) was stirred in dried dichloromethane (200 mL) on an
ice-water bath, followed by portionwise addition of triphenylphosphine (19.67 g, 75
mmol). After addition, the resulting mixture was stirred for 30 min at this temperature,
followed by portionwise addition of imidazole (14.71 g, 216 mmol). The mixture thus
obtained was stirred at this temperature for 30 min, followed by addition of 7-3 (22.30
g, 48 mmol). The reaction mixture was stirred at room temperature until 7-3 was
consumed completely (typically within 12 h).

The reaction mixture was poured into ice-water (500 mL). The mixture thus
obtained was stirred and the organic phase was separated. The aqueous phase was

back-extracted with dichloromethane (100 mL X% 2). The combined organic phases



were washed successively with aqueous sodium thiosulfate and brine, dried over
anhydrous sodium sulfate and evaporated on a rotary evaporator to afford a residue.
The residue was triturated with EtOAc/petroleum ether (1/1 by v/v; 300 mL) for 30
min and filtered off, and the filtrate was evaporated on a rotary evaporator to afford
the crude 9-1 as a yellow solid, which was purified by column chromatography to
produce pure 9-1.

White solid, 23.71 g, 86%. M.p., 57°C (literature value, 61-62°C.1'"). "H NMR
(DMSO-dg, 400 MHz) &: 7.24-7.35 (m, 15H), 4.85 (d, 1H, J=3.6 Hz), 4.84 (d, 1H, J
=11.2 Hz), 4.79 (d, 1H, J = 11.2 Hz), 4.69 (d, 1H, J = 11.2 Hz), 4.61-4.65 (m, 3H),
3.78 (t, 1H, J=9.0 Hz), 3.46-3.52 (m, 2H), 3.37 (s, 3H), 3.25-3.34 (m, 4H).

B. Synthesis of Methyl 6-Azido-2,3,4-tri-O-benzyl-6-deoxy-a-D-glucopyranoside
9-2)

A suspension of 9-1 (11.49 g, 20 mmol) and sodium azide (6.50 g, 100 mmol) in
70 mL of dried DMF was stirred at 100°C under nitrogen atmosphere until 9-1 was
consumed completely as indicated by TLC analysis (typically within 10 h).

On cooling, the reaction mixture was poured into 500 mL of ice-water while
stirring, and the resulting mixture was extracted with three 100-mL portions of
dichloromethane. The combined extracts were washed with brine, dried over
anhydrous sodium sulfate and evaporated on a rotary evaporator to afford a deep
yellow oil, which was purified by column chromatography to yield the pure 9-2.

White waxy solid, 8.71 g, 8§9%. 'H NMR (CDCl;, 400 MHz) &: 7.23-7.36 (m,
15H), 4.98 (d, 1H, J = 10.8 Hz), 4.89 (d, 1H, J = 10.8 Hz), 4.80 (d, 1H, J = 10.8 Hz),
4.78 (d, 1H, J=12.0 Hz), 4.65 (d, 1H, J = 12.0 Hz), 4.60 (d, 1H, J = 3.6 Hz), 4.56 (d,
1H, J=10.8 Hz), 3.97 (t, 1H, J = 9.4 Hz), 3.75-3.79 (m, 1H), 3.52 (dd, 1H, J =3.4 Hz

and 9.8 Hz), 3.43 (dd, 1H, J=2.8 Hz and 12.4 Hz), 3.39 (s, 3H), 3.31 (dd, 1H, J = 5.8
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Hz and 13.0 Hz). The "H NMR data are in good agreement with those reported.!'")
C. Synthesis of 6-Azido-2,3,4-tri-O-benzyl-6-deoxy-D-glucopyranoside (9)

To a stirred solution of 9-2 (4.90 g, 10 mmol) in 29 mL of glacial acetic acid
containing SrCl,-6H,O (0.27 g, 1 mmol) heated at 70°C was added 5 mL of 5 M
hydrochloric acid. The stirring was continued at 70°C until reaction completed as
indicated by TLC analysis (typically within 2-3 h).

The reaction mixture was poured into 300 mL of ice-water while stirring
immediately after the reaction completed, and the resulting mixture was extracted
with three 100-mL portions of dichloromethane. The combined extracts were washed
successively with saturated sodium bicarbonate and brine, dried over anhydrous
sodium sulfate and evaporated on a rotary evaporator to afford an oily residue, which
was purified by column chromatography to yield the pure 9 as an anomeric mixture.
White waxy solid, 4.09 g, 86%. 'H NMR (CDCls, 400 MHz) §: 7.23-7.38 (m, 15H),
5.21 (d, 1H, J = 3.6 Hz), 4.56-4.97 (m, 6.3H), 4.02-4.06 (m, 0.7H), 3.96 (t, 0.7H, J =
9.2 Hz), 3.75 (t, 0.3H, J = 9.2 Hz), 3.65 (t, 0.3H, J = 8.8 Hz), 3.57 (dd, 0.7H, J = 3.6
Hz and 9.2 Hz), 3.33-3.54 (m, 3.3H), 2.92 (bs, 1H). IR (thin film), v 3365 (s), 3087
(w). 3062 (w), 3030 (w), 2103 (s), 1497 (w), 1449 (m). HR-MS, calcd for C»7H33N405
([M+NH4]+) 493.2451, found 493.2442; calcd for C,y7Hy9N3NaOs ([M+Na]+)

498.2005, found 498.1995.

Procedure for the Synthesis of 2,3,4-Tri-O-benzyl-6-deoxy-D-glucopyranose 13
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A. Synthesis of Methyl 2,3,4-Tri-O-benzyl-6-deoxy-a-D-glucopyranoside (13-1)

A 250-mL round-bottomed flask was charged with 9-1 (11.49 g, 20 mmol),
triethylamine (6.07 g, 60 mmol), 10% Pd/C (0.60 g), 100 mL of methanol and 50 mL
of THF, and the resulting mixture was subjected to hydrogenolysis with a hydrogen
balloon at room temperature until 9-1 was consumed completely as indicated by TLC
(typical within 10 h).

The reaction mixture was filtered off and the filtrate was concentrated on a rotary
evaporator to half its original volume and poured into 300 mL of ice-water. The
mixture thus obtained was extracted with three 100-mL portions of dichloromethane.
The combined extracts were washed successively with 100 mL of 2% diluted
hydrochloric acid and saturated brine, dried over anhydrous sodium sulfate and
evaporated on a rotary evaporator to afford the crude product 13-1 as a pale yellow oil,
which was purified by column chromatography to yield the pure product 13-1.

Colorless oil, 7.89 g, 88%. 'H NMR (DMSO-ds, 400 MHz) &: 7.26-7.34 (m,
15H), 4.83 (d, 1H, J = 11.2 Hz), 4.76 (d, 1H, J = 11.2 Hz), 4.75 (d, 1H, J = 3.6 Hz),
4.69 (d, 1H, J =11.2 Hz), 4.63-4.67 (m, 2H), 4.59 (d, 1H, J=11.2 Hz), 3.71 (t, 1H, J
=9.2 Hz), 3.53-3.57 (m, 1H), 3.47 (dd, 1H, J= 3.2 Hz and 9.6 Hz), 3.28 (s, 3H), 3.10
(t, 1H,J=9.2 Hz), 1.16 (d, 3H, J = 6.4 Hz). The "H NMR data are in good agreement
with those reported.!'”!

B. Synthesis of 2,3,4-Tri-O-benzyl-6-deoxy-D-glucopyranose (13)

To a stirred solution of 13-1 (4.49 g, 10 mmol) in 27 mL of glacial acetic acid
containing SrCl,-6H,O (0.27 g, 1 mmol) heated at 70°C was added 5 mL of 5 M
hydrochloric acid. The stirring was continued at 70°C until reaction completed as
indicated by TLC analysis (typically within 2-3 h).

The reaction mixture was poured into 300 mL of ice-water while stirring

12



immediately after the reaction completed, and the resulting mixture was extracted
with three 100-mL portions of dichloromethane. The combined extracts were washed
successively with saturated sodium bicarbonate and brine, dried over anhydrous
sodium sulfate and evaporated on a rotary evaporator to afford an oily residue, which
was purified by column chromatography to yield the pure 13 as an anomeric mixture.

White solid, 3.78 g, 87%. M.p., 92-94°C (literature value, 92-94°C.H?).

Procedure for the Synthesis of 2,3,5-Tri-O-benzyl-D-xylofuranose 15
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To a stirred suspension of 15-1 (3.00 g, 20 mmol) in 30 mL of methanol cooled
with an ice-water bath was added dropwise 3 mL of concentrated sulfuric acid, and
the resulting mixture was stirred at room temperature until 15-1 was consumed
completely as indicated by TLC analysis (typically within 12 h).

The reaction mixture was diluted with 70 mL of methanol and cooled with an
ice-water bath. Sodium carbonate powder was added portionwise until pH > 7. The
slurry thus obtained was filtered with suction and the filtrate was evaporated on a
rotary evaporator to afford a residue, which was co-evaporated with THF (50 mL x 3)

to remove any residual methanol to give the crude 15-1 as a yellow oil, which was
13



used directly in the next step without further purification.

To a stirred solution of the crude 15-1 prepared above (deemed to be 20 mmol) in
100 mL of dried DMF cooled with an ice-water bath was added portionwise NaH
(4.00 g, 100 mmol, 60%). After addition, the mixture was stirred until the evolution of
gas subsided (typically within 30 min), followed by portionwise addition of benzyl
bromide (17.10 g, 100 mmol) over 5 min. After addition, the reaction mixture was
stirred at room temperature until 15-2 was consumed completely as indicated by TLC
analysis (typically within 5 h).

The reaction mixture was carefully poured into 400 mL of ice-water while
stirring, and the resulting mixture was extracted with three 100-mL portions of
dichloromethane. The combined extracts were washed with brine, dried over
anhydrous sodium sulfate and evaporated on a rotary evaporator to afford an oily
residue (crude 15-3). The crude sample was purified by column chromatography to
yield the pure 15-3 as an anomeric mixture, which was directly used in the next step.

To a stirred solution of 15-3 (4.34 g, 10 mmol) in 26 mL of glacial acetic acid
containing SrCl,-6H,O (0.27 g, 1 mmol) heated at 70°C was added 5 mL of 5 M
hydrochloric acid. The stirring was continued at 70°C until reaction completed as
indicated by TLC analysis (typically within 2-3 h).

The reaction mixture was poured into 300 mL of ice-water while stirring
immediately after the reaction completed, and the resulting mixture was extracted
with three 100-mL portions of dichloromethane. The combined extracts were washed
successively with saturated sodium bicarbonate and brine, dried over anhydrous
sodium sulfate and evaporated on a rotary evaporator to afford an oily residue, which
was purified by column chromatography to yield the pure 15 as an anomeric mixture.

Colorless oil, 3.66 g, 87%. '"H NMR (DMSO-d¢, 400 MHz) 6: 7.24-7.36 (m,
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15H), 5.48 (d, 1H, J = 3.6 Hz), 5.26 (d, 1H, J = 8.8 Hz), 4.45-4.64 (m, 6.3H),
4.37-4.42 (m, 1H), 4.09-4.11 (m, 0.8H), 4.03-4.04 (m, 0.4H), 4.01 (s, 0.8H), 3.94-3.95
(m, 0.4H), 3.66-3.79 (m, 2.3H). The 'H NMR data are in agreement with those

reported.!'?!

Procedure for the Synthesis of 2,3,4,6-Tetra-O-allyl-a-D-glucopyranose 17

OH OAll

AllO,,

O AlIBr/NaH o) 5 M HCI/SrCl, _
“yy DMF w, AcOH
oM ) S C
©  oon AIOT Y OMe 70°C
OAll
171

A. Synthesis of Methyl 2,3,4,6-Tetra-O-allyl-a-D-glucopyranoside (17-1)

To a stirred solution of 3-1 (1.94 g, 10 mmol) in 40 mL of dried DMF cooled
with an ice-water bath was added portionwise NaH (2.40 g, 60 mmol, 60% in mineral
oil). After addition, the reaction mixture was stirred at this temperature until the
evolution of gas subsided (typically within 30 min). Allyl bromide (7.26 g, 60 mmol)
was added portionwise to the reaction mixture over 5 min. After addition, the reaction
mixture was stirred at this temperature for 30 min and then at room temperature
overnight, when TLC analysis indicated that the reaction completed.

The reaction mixture was carefully poured into 300 mL of ice-water while
stirring, and the resulting mixture was extracted with three 100-mL portions of
dichloromethane. The combined extracts were washed with brine, dried over
anhydrous sodium sulfate and evaporated on a rotary evaporator to afford an oily
residue, which was purified by column chromatography to yield the pure 17-1.

White waxy solid, 3.37 g, 95%. 'H NMR (CDCls, 400 MHz) &: 5.82-5.97 (m,

4H), 5.08-5.25 (m, 8H), 4.72 (d, 1H, J = 3.6 Hz), 3.93-4.33 (m, 8H), 3.56-3.69 (m,

15



4H), 3.33-3.40 (m, 5H). The 'H NMR data are in good agreement with those
reported.t'*!
B. Synthesis of 2,3,4,6-Tetra-O-allyl-a-D-glucopyranose (17)

To a stirred solution of 17-1 (2.84 g, 8 mmol) in 17 mL of glacial acetic acid
containing SrCl,-6H,0 (0.21 g, 0.8 mmol) heated at 70°C was added 5 mL of 5 M
hydrochloric acid. The stirring was continued at 70°C until reaction completed as
indicated by TLC analysis (typically within 2-3 h).

The reaction mixture was poured into 300 mL of ice-water while stirring
immediately after the reaction completed, and the resulting mixture was extracted
with three 100-mL portions of dichloromethane. The combined extracts were washed
successively with saturated sodium bicarbonate and brine, dried over anhydrous
sodium sulfate and evaporated on a rotary evaporator to afford an oily residue, which
was purified by column chromatography to yield the pure 17 as an anomeric mixture.

White waxy solid, 2.18 g, 80%. "H NMR (DMSO-dg, 400 MHz) 8: 6.86 (d, 0.2H,
J = 6.8 Hz), 6.47 (dd, 0.8H, J = 0.6 Hz and 4.6 Hz), 5.81-5.95 (m, 3.5H), 5.23-5.29
(m, 3.5H), 5.20-5.22 (m, 0.5H), 5.07-5.18 (m, 4.5H), 4.43 (dd, 0.2H, J = 6.8 Hz and
7.6 Hz), 3.87-4.28 (m, 8.5H), 3.71-3.75 (m, 0.8H), 3.34-3.57 (m, 3H), 3.32-3.36 (m,
0.3H), 3.25-3.28 (m, 0.2H), 3.13-3.19 (m, 1.8H), 2.93 (dd, 1H, J = 8.0 Hz and 9.2 Hz).

The 'H NMR data are in good agreement with those reported.”!

General Procedure for the Study of Scope of ICI as Oxidant (Table 3)

Starting alcohols specified in Table 2 and Table 3 (1.00 g, 1.0 eq) was dissolved
in 10 mL of dried dichloromethane (for substrates in entries 8-20, 30 mL of dried
CH,Cl, was used). The resulting mixture was stirred in an ice-water bath, followed by

addition of Cs,COs (3.0 eq). The suspension was stirred at this temperature, and IC1
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(1.5 eq) dissolved in 2 mL of dichloromethane was added dropwise. After addition,
the reaction mixture was stirred at room temperature until the reaction completed as
indicated by TLC analysis. The TLC analysis was carried out at 0.5-h intervals.

The reaction mixture was poured into 50 mL of ice-water while stirring, and the
resulting mixture was extracted with dichloromethane (50 mL x 3). The combined
extracts were washed successively with aqueous sodium thiosulfate and brine, dried
over anhydrous sodium sulfate and evaporated on a rotary evaporator to afford a
residue, which was purified by column chromatography to yield the pure products
specified in Table 2 and Table 3.

Compounds 4 and 8, which have already been described in EXPERIMENTAL,
are not included here.

2,3,4,6-Tetra-O-benzyl-D-mannonolactone (6)

White solid, 0.936 g, 94%. M.p., 83-84°C (literature value, 83°C!'*)).

6-Azido-2,3,4-tri-O-benzyl-6-deoxy-D-gluconolactone (10)

Colorless oil, 0.826 g, 83%. 'H NMR (CDCls, 400 MHz) &: 7.20-7.38 (m, 15H),
491 (d, 1H, J =11.2 Hz), 4.61-4.70 (m, 3H), 4.49-4.54 (m, 3H), 4.10 (d, 1H, J = 5.2
Hz), 3.90 (t, 1H, J = 5.6 Hz), 3.77 (dd, 1H, J = 6.0 Hz and 9.6 Hz), 3.63 (dd, 1H, J =
2.6 Hz and 13.4 Hz), 3.44 (dd, 1H, J=4.2 Hz and 13.4 Hz). The '"H NMR data are in
good agreement with those reported.!'

2,3,4,6-Tetra-O-benzyl-D-galactonolactone (12)

Colorless oil, 0.946 g, 95%. '"H NMR (CDCls, 400 MHz) &: 7.40-7.42 (m, 2H),
7.22-7.35 (m, 18H), 5.17 (d, 1H, J = 11.2 Hz), 4.93 (d, 1H, J=11.2 Hz), 4.66-4.79 (m,
3H), 4.60 (d, 1H, J = 11.2 Hz), 4.43-4.51 (m, 3H), 4.33 (t, 1H, J = 6.8 Hz), 4.15 (s,
1H), 3.88 (dd, 1H, J = 2.0 Hz and 9.6 Hz), 3.63-3.73 (m, 2H). The '"H NMR data are

in good agreement with those reported.[ls]
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2,3,4-Tri-O-benzyl-6-deoxy-D-gluconolactone (14)

White solid, 0.906 g, 91%. M.p., 64-66°C (literature value, 66-67°C!'%).

2,3,5-Tri-O-benzyl-D-xylonolactone (16)

White waxy solid, 0.955 g, 96%. '"H NMR (CDCls, 400 MHz) §: 7.23-7.35 (m,
15H), 5.04 (d, 1H, J=11.6 Hz), 4.69 (d, 1H, J = 11.6 Hz), 4.65 (d, 1H, J = 12.0 Hz),
4.50-4.59 (m, 5H), 4.36 (t, 1H, J = 7.2 Hz), 3.76 (dd, 1H, J = 2.8 Hz and 10.8 Hz),
3.70 (dd, 1H, J = 3.2 Hz and 10.8 Hz). The '"H NMR data are in good agreement with
those reported.m]

Benzophenone (20)

White solid, 0.930 g, 94%. M.p., 47-49°C (literature value, 46-48°C!'™),

9-Fluorenone (22)

White solid, 0.821 g, 83%. M.p., 82-83°C (literature value, 82-84°C!'").

9-Xanthenone (24)

White solid, 0.891 g, 90%. M.p., 174-175°C (literature value, 176-177°C1%).

Acetophenone (26)

Colorless oil, 0.944 g, 96%. '"H NMR (DMSO-ds, 400 MHz) &: 7.95 (d, 2H, J =
7.6 Hz), 7.63 (t, 1H, J = 7.4 Hz), 7.51 (d, 2H, J = 7.6 Hz), 2.57 (s, 3H). The '"H NMR
data are in good agreement with those reported.'*"!

4-Bromoacetophenone (28)

White solid, 0.901 g, 91%. M.p., 50-51°C (literature value, 50-52°C1*%).

4-Nitroacetophenone (30)

White solid, 0.810 g, 82%. M.p., 79-80°C (literature value, 79-80°C**).

4-Methoxyacetophenone (32)

White solid, 0.809 g, 82%. M.p., 37-38°C (literature value, 38-39°C1**).

Indan-1-one (34)
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White solid, 0.965 g, 98%. M.p., 37-38°C (literature value, 39-40°C'**}),
2-Tridecanone (36)

White waxy solid, 0.901 g, 91%. 'H NMR (CDCl;, 400 MHz) &: 2.39 (t, 2H, J =

7.6 Hz), 2.11 (s, 3H), 1.52-1.57 (m, 2H), 1.23 (s, 16H), 0.86 (t, 3H, J = 6.8 Hz). The

'H NMR data are in good agreement with those reported.'**’

Adamantan-2-one (38)
White solid, 0.868 g, 88%. M.p., 253-255°C (literature value, 255-259°C!#)).
Benzaldehyde (40)

Colorless oil, 0.314 g, 32%. 'H NMR (DMSO-dg, 400 MHz) &: 10.01 (s, 1H),

7.89-7.92 (m, 2H), 7.71 (t, 1H, J = 7.4 Hz), 7.60 (t, 2H, J = 7.6 Hz). The 'H NMR

data are in good agreement with those reported.’*”

4-Bromobenzaldehyde (42)

White solid, 0.485 g, 49%. M.p., 59-60°C (literature value, 58-59°C1**).
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AV400 NMR
Current Data Parameters
HAME WP-140526-05A-16
EXPHO 2
PROCHO 1
F2 - hoquisition Parameters
Date_ 20140527
Time 18.16
INSTRUM avaon
PROBHD 5 mm DUL 13C-1
PULPROG zgde
™ 65536
SOLVENT €ocl3
N5 4096
DS 16
SWH 30120.482 Hz
FIDRES 0.459602 Hz
AQ 1.0879476 sec
RG. 16384
oW 16.600 usec
DE 12.00 usec
TE 300.0 K
o1 2.00000000 sec
di1 0.03000000 gec
memmewwn CHANNEL f£1 sesssses
WUCL 13c
Pl 13.35 usec
PL1 2.00 48
SPOL 100.6218241 MEz
sssssmsn CHANNEL £2 smsmmmmn
CPDPRG2 waltzlé
WuC2 1H
PCED2 100.00 usec
PL2 =2.00 dB
PL12 16.53 d8
8PO2 400.1320007 MEz

F2 - Processing parameters
81

8F
WDW
55B
b7-3
GB
PC

32768
100.6128278 MHz
EM

o
1.00 Hz
o

1.40

34



70 80 El T

60

30 40

20

e g

3700

T

o

3400

e e
—

3031.88 —

3100

2881.10 —

] I TR o T |

2800

2500 2200 1900 1600 1300
Wavenumber cm-1

e —— - i n M
\[1 | I _H
0SA-16 c_ : / ;q_ J_.:
g | L
2 I IERER
it IR
__ __/ I 3
(AR
|« - 8 : |
ﬂ_,_ .
g |
|1
| |
[ Y
{ = 3 | |
| |
,_H_ Voo
. -
m =
b B el | il Loagei

1000 800 600 400

35



Sample Name 2014-0717-05A-16 Paosition P1-F1 Instrument Name Instrument 1 User Name

Inj Vol -1 InjPosition SampleType Sample IRM Calibration Status Success
Data Filename  2014-0717-05A-16.¢ ACQ Method 0103.m Comment Acquired Time 7/17/2014 10:53:43

- - — S T R R T - ]

%10 1 | *ESI Scan (0.583 min) Frag=135.0V 2014-0717-OSA-16.d
3.4 480.2388

3.2

3

2.8 i

2.6

OMe

2.2
BnO.,

i | BnO” Y0

16 f 8

0.4 463.2111

519.2199

mod;qcm .

5 453.2156 L 4741518 i (!, el 514.1508 |

445 450 455 460 465 470 475 480 485 490 495 500 505 510 515 520 525 530 535
Counts (%) vs. Mass-to-Charge (m/z)
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Current Data Parameters
HAME H-5{130417H-5)
EXPHO 1
PROCND 1
F2 - hequisition Parameters
Cate_ 20130416
Time 13.39
INSTRIM av400
PROBHD 5 mm DUL 13C-1
| FULPROG =g
™ 32768
SOLVENT DMSO
Bno, N5 16
oS 0
NOu, SWH 5112.475 Hz
FIDRES 0.156020 Hz
% 3.2047603 sec
BnO H J.O?___m oW 97.800 usec
- DE 6.00 usec
OBn TE 300.0 K
oL 2.00000000 sec
91 sesumsns CHANNEL £1 smmsmmsn
wUC1 1H
Pl 11.85 usec
PLL -2.00 dB
SFOL 400.1319340 MHz
F1 - Processing parameters
51 16384
SF 400.13000658 Mz
WDH no
558 [
LB 0.00 Hz
GB Q
P 1.00




U

BnO

—1.533

9-2

1.281

"OMe
OBn

.0

9_9 =)

0.949

sRGRER
(<O
AV400 NMR

Current Data Farameters
HAME WP-140522-C8A-18
1

EXPHO

PROCND 1

F2 - Acquisition Farameters
Date_ 20140523
Time

INSTRUM

PROBHD

PULPROG

™

SOLVENT

NS

DS

SWH

FIDRES

AQ

RG -7

oW 93.000 usec
DE 6.00 usec
TE 300.0 K
D1 2.00000000 sec

Pl 11.85 usec
PL1 -2.00 dB
SFOL 400.1317426 MHZ

F2 - Processing paramecers
51 16384
8F 400.1300173 MHz
WDW no
858 o
e 0.00 Hz
GB o
FC 1.00
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Sample Name  2014.9.10-Z-1 Position P1-A7 Instrument Name

Inj Vol

-1 InjPosition SampleType

Data Filename  2014.9.10-Z-1.d ACQ Method 0103.m Comment

Instrument 1
Sample

User Name
IRM cCalibration Status Success
Acquired Time 9/10/2014 12:25:01 PM

=x10 2

+ESI| Scan (1.045 min) Frag=150.0Vv 2014.9.10-2-1.d Subtract

493.2442

0.95+
0.9 1
0.85
0.8
0.75 4
0.7
065 4
0.6
0.55+
0.5+
0.45 4
0.4 4
0.35 1
0.3
0.25 4
0.2
0.15
0.1
0.05

4942468

498.1995

499.2024

|
-

’ ;_.,_/u i L L _r __K

N3

BnO OH

© O
wm
=

495 496 497 498 499 500
Counts (%) vs. Mass-to-Charge (m/z)

501 502 503 504
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0061

0052 0082 ooLe oove oo.e

00ge

009l

00EL

00 009 008 000k

Transmittance [%]

70 80 90 100

oug
“oug
\_/M\

@ O -
m §m7 et
=
d & 3030.25 02124 —
I ‘i—._-_-_-_-_-_'
2920.12 — —
2864.48 — ﬁ
2103.07 — —=
T ———
1448.79 —
1358.26 —
1290.08 —
121471 —
1147.05 — —=

1075.65 — ETTF%
O eess —

907.32 —

850.13 &

74111 —

69567 —

631.46 —

529.82 —

45731 — <
i
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—1.247

B R
AV400 NMR

Current Data Parameters
HAME WP-140526-08A-20
EXPNO 1
PROCNO 1

F2 - Aoquisition Parameters

Date_ 20140526
Time

IHETHUM

FROBHD

PULPROG

™D

SOLVENT

HS

Ds

SWH

FIDRES

AQ

RG

oW

DE

= 300.0 K
o 2.00000000 sec
sessssss CHANNEL fl ssssssss
HUCL 1H

129 11.85 usec
PL1 -2.00 dB
SFO1 400.1317017 MHz
F2 - Processing parameters
81 16384

SF 400.1300175 MHz
WOW no
858 o

La 0.00 Hz
GB o

BC 1.00
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Bn0” Y "OMe
OBn
11-2

13.708
2.59

B R
AV400 NMR

Current Data Parameters
NAME TY702-Ed1-3
EXPHO 1

PROCHO 1

F2 - isition Parameters
Date hequ 20130619
Time 15.57

o
EWH £313.131 Hz
FIDRES 0.192661 Ha
A 2.5952756 sec
RG 128
oW 79.200 usec
DE £.00 usec
TE 300.0 K
D1 2.00000000 sec

wmssssss CHANNEL fl ssscssss
wuC1 1H

PL 11.85 usec
FLL -2.00 4B
M.wﬂﬂ aeﬁ.nuuu»nn!u

F2 - Processing parameters
81 16384
8F 400.1300068 MHz
no
o
L8 0.00 Hz
o
BC 1.00
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6.5

6.0

|

A

1.597

5

T
.5

4.5

B R
AV400 NMR

Current Data Parameters
NAME WP-140616-08A-23
1

EXPHO
PROCNO 1

F2 - isition Parameters
.!nal?.«.__- 20140616
Time 0.16
INSTRUM av4no

i
:
:
af

:
:

Hz
Hz
2.3331316 sec
101.6
71.200 usec
6.00 usec
300.0
2.00000000 sec

e
e
<]
=
w
a
]

PULI

™

SOLY

NS

DS 0
SWH T022.472
FI

A

G

oW

DE

TE

oL

usec
-2.00 dB
400.1317090 MHz

F2 - Processing pazameters
51

16384
5P 400.1300173 MHz
WDW ne
558 o
e 0.00 Hz
GB 0
PC 1.00
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BnO,,,

BnO” " “OMe
OBn
131

- 1.167
——1.181
—— -0.010

B R
AV400 NMR

Current Data Parameters
W-6(130425N-6P)
1

1

F2 - Acquigition Parameters
Date_ 20130426
Time 11.07

mmmmmmws CHANNEL £1 wessmmes
wue1 1

L 11.85 usec
EL1 -2.00 dB
SFO1 400.1318565 MHz

F2 - Processing parameters
81 16384
SF 400.1300070 Miz
WOW no
558 [
LB 0.00 Hz
GB I3
e 1.00
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O ~OH
m_,o\ﬁs
%
BnO OBn
15
| |
| S— — ||\__,rlu__r|.\. |
T T T T T T T T T T T T 1
8.0 7.0 6.5 6.0 5.5 5.0 4.5 #.n_u 3.5 3.0 2.5 2.0 7 Y 0.5 ppm
_. | |
2 5
o Ll
= ol

B R
AV400 NMR

Current Data Parameters
HAME WP-140515-08A-9
EXPNO 1
PROCRO 1

qu._’oasu-_.nrauvt—.l«nq-
Date_ 20140516
Time 9.14
INSTRUM avdoo
S mm DUL 13C-1

g9
™ 32768

L
7763.975 Hz
0.236938 Hz
2.1103091 sec

6.00 usec
300.0

AQ

RG 64

oW 64.400 usec
DE

TE K
o1 2.00000000 sec

(2 11.85 usec
FLL -2.00 dB
SFO1 400.1320901 MHz

F2 - Processing parameters

81 16384

SF 400.1300172 MHz
no
o

L8 0.00 Hz
0

PC 1.00
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1.572

AV400 NMR

Current Data Parameters
HAME WE-140515-05A-10
EXPHO 1

PROCHO 1

F2 - hequisition Parameters
Date_ 20140516
Time 9.22
INSTRUM avang
PROBHD & mm DUL 13C-1
Iu_.unon nu

gaaga
3

7062.147 Hz
©0.215520 Hz
2.3200245 sec
114
70.800 usec

6.00 usec

m
3
o
o
4
o
z
B

o

=

O,

o

o

=
HREEE

300.0 K
2.00000000 sec

-

-1
=]
=

usee
-2.00 dB
400.1319981 MHz

F2 - Processing parameters
I

Ed 16384
&F 400.1300145 MHz
WD no
S5B ]
18 0.00 Hz
o8 0
BC 1.00

I T T I ﬂ.i ™1

3.0 2.5 2.0 1.5 1.0 0.5 ppm
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3.306
1.217

AV400 NMR

Current Data Farameters
HAME WP-140626-08A-41
EXPHC 1

PROCHO 1

F2 - hequisition Parameters
Date_ 20140827
Time 3.39
INSTRUM avaoo
5§ wm DUL 13C-1
5
32768
M5O
16
o
6944444 Hz
0.211928 Hz
2.3593459 sec
114
72.000 usec
6.00 usec
300.0 K
2.00000000 sec

EEISEKS%?EE%HEE

||||| sss CHANNEL fl ssssssss

PL 11.85% usec
PL1 -2.00 dB
SFOL 400.1318639 MHz

F1 - Processing parameters

s8I 16384

SF 400.1300071 MHE
no

o
0.00 Hz
L]

1.00

28633

T T T 1
7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 ppm
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7.240
2.106
1.234

aRGRER
(<O
AV400 NMR

Current Data Parameters
HAME WP-140630-05A-47
EXPNO 1
FROCHD 1

F2 - hequiesition Parameters
Date 20140630
Time 4.13

SOLVENT cDCll

NS

s ]

SWH 6410.356 Hz
FIDRES 0.195625 Hz
AQ 2.5555540 sec
RG 50.5

oW 78.000 usec
DE £.00 usec
.__.w
_u_.

Pl 11.85 usec
PLL -1.00 dB
SFOL 400.1318432 MHz
F2 - Processing parameters
81 16384

SF 400.1300175 Mz
WO no

558 [

L8 0.00 Hz
a8 [

PC 1.00
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10.012

UAIJWMNI
()

AV400 NMR

3.311
- 2.490
2.486

Current Data Parameters

HAME WP-140813-05A-50-D

EXPHO 1

EROCKD 1

| F2 - hocquisition Parameters
Date, 20140812
Time 15.50
IHSTRIM avaon

5 mm DUL 13C-1

29
32768
SOLVENT DMSO
16

0
SWH 9057.971 Hz
FIDRES 0.276427 Hz
AQ 1.8088436 sec
RG 161.3
oW 55.200 usec
DE 6.00 usec

HO
TE 300.0 K

40 DL 2.00000000 sec

F2 - Processing parameters
SI 163684
S5F 400.1300070 MHz
WoW no
]
La 0.00 Hz
o

PC 1.00
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