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1. General Information

All starting materials were obtained from commercial suppliers and used without further
purification. The *H NMR and **C NMR spectra were taken on Bruker Avance-600, 500 or 400,
Varian- MERCURY Plus-600 or 400 NMR spectrometer operating at 600 MHz or 400 MHz for *H
NMR, 125 MHz or 100 MHz for *C NMR, using TMS as internal standard and CDCl; or
DMSO-ds as solvent. *C NMR spectra were recorded with complete proton decoupling. The
ESI-MS or EI-MS was recorded on Finnigan LCQ/DECA or Thermo-DFS, respectively. The
HRMS were obtained from Micromass Ultra Q-TOF (ESI) or Thermo-DFS (EI) spectrometer.
Flash column chromatography was carried out using silica gel (200~400 mesh). Thin layer
chromatography (TLC) was used silica gel F254 fluorescent treated silica which were visualised
under UV light (254 nm).

2. Synthetic Procedures and Characterization for oxazolinoses
(3aS,5R,6R,7S,7aR)-5-(acetoxymethyl)-2-phenyl-3a,6,7,7a-tetrahydro-5H-pyrano[2,3-d]oxaz
ole-6,7-diyl diacetate (3A)
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To a solution of B-D-glucose pentaacetate (195 mg, 0.5 mmol), benzonitrile (50 pL, 0.5 mmol) in
dry DCM (dichloromethane), water (10 uL) was added. After the reaction mixture was stirred well,
TfOH (90 uL, 1 mmol) was added and stirred for 2 hours at room temperature. Then the mixture
was poured into water (20 mL) and extracted with ethyl acetate (20 mL) for three times. The
organic layer was combined and washed with water and brine, dried over anhydrous sodium
sulfate, and concentrated in vacuo to give the crude product which was purified by a silica gel
column (petroleum ether/ ethyl acetate 2:1) to give product 3A (144.3 mg, yield 74%) as a yellow
oil. *H NMR (500 MHz, Chloroform-d) & 8.07 — 7.99 (m, 2H), 7.59 — 7.53 (m, 1H), 7.46 (dd, J = 8.4,
7.1 Hz, 2H), 6.09 (d, J = 7.7 Hz, 1H), 5.33 — 5.29 (m, 1H), 4.98 (ddd, J = 8.4, 4.5, 0.9 Hz, 1H), 4.63
(ddd, J =7.7, 3.6, 0.9 Hz, 1H), 4.31 (dd, J = 12.1, 5.2 Hz, 1H), 4.19 (dd, J = 12.1, 2.9 Hz, 1H), 3.75
(ddd, J = 8.2, 5.1, 2.9 Hz, 1H), 2.16 (s, 3H), 2.09 (s, 3H), 1.94 (s, 3H).*C NMR (125 MHz,
Chloroform-d) 8 170.68, 169.54, 169.47, 166.59, 132.68, 128.90, 128.59, 126.21, 93.22, 75.82, 70.55,
68.07, 67.30, 63.28, 20.87, 20.78, 20.61. HRMS (ESI): C1oH»,NOg [M+H]", calculated for: 392.134,
found: 392.1351. [0]’5=33.5 (c=0.064, MeOH).

(3aS,5R,6R,7S,7aR)-5-(acetoxymethyl)-2-(3-methoxyphenyl)-3a,6,7,7a-tetrahydro-5H-pyran
0[2,3-d]oxazole-6,7-diyl diacetate (3B)
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3-Methoxybenzonitrile (66.5 mg, 0.5 mmol) and B-D-glucose pentaacetate (195 mg, 0.5 mmol)
were used as described in (3A) and give compound 3B (123.1 mg, yield 57%) as a yellow oil. ‘H
NMR (600 MHz, Chloroform-d) § 7.60 (m, 1H), 7.55 (m, 1H), 7.36 (m, 1H), 7.10 (m, 1H), 6.08 (d,



J=7.7 Hz, 1H), 5.30 (d, J = 4.1 Hz, 1H), 4.98 (m, 1H), 4.63 (m, 1H), 4.31 (m, 1H), 4.19 (dd, J =
12.1, 2.9 Hz, 1H), 3.85 (s, 3H), 3.75 (m, 1H), 2.15 (s, 3H), 2.09 (s, 3H), 1.95 (s, 3H). *C NMR
(150 MHz, CDCl3) & 170.57, 169.44, 169.35, 166.46, 159.51, 129.56, 127.29,121.20, 119.35,
113.05, 93.07, 75.70, 70.33, 67.93, 67.16, 63.16, 55.40, 20.78, 20.69, 20.54. HRMS (ESI):
C20H24NOg [M+H]", calculated for: 422.1446, found: 422.1449. [a]23:4o.5 (c=0.074, MeOH).

(3aS,5R,6R,7S,7aR)-5-(acetoxymethyl)-2-(4-methoxyphenyl)-3a,6,7,7a-tetrahydro-5H-pyran
0[2,3-d]oxazole-6,7-diyl diacetate (3C)
OAc
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4-Methoxybenzonitrile (66.5 mg, 0.5 mmol) and B-D-glucose pentaacetate (195 mg, 0.5 mmol)
were used as described in (3A) and give compound 3C (123.1 mg, yield 57%) as a yellow oil. *H
NMR (600 MHz, Chloroform-d) 8 7.96 (d, J = 8.6 Hz, 2H), 6.94 (d, J = 8.6 Hz, 2H), 6.05 (d, J =
7.6 Hz, 1H), 5.29 (dd, J = 5.2, 2.9 Hz, 1H), 5.02 — 4.94 (m, 1H), 4.65 — 4.56 (m, 1H), 4.30 (dd, J =
12.2, 5.0 Hz, 1H), 4.17 (m, 2H), 3.85 (s, 3H), 2.15 (s, 3H), 2.08 (s, 3H), 1.94 (s, 3H). *C NMR
(150 MHz, CDCls) 6 170.59, 169.45, 169.38, 166.30, 163.05, 130.68, 118.39,113.85, 93.11, 75.61,
70.49, 67.78, 67.23, 63.18, 55.36, 20.79, 20.70, 20.55. HRMS (ESI): CyH»NOg [M+H]",
calculated for: 422.1446, found: 422.1449. [0]°5=38.7 (c=0.093, MeOH).

(3aS,5R,6R,7S,7aR)-5-(acetoxymethyl)-2-(3,4,5-trimethoxyphenyl)-3a,6,7,7a-tetrahydro-5H-
pyrano[2,3-d]oxazole-6,7-diyl diacetate (3D)
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3,4,5-Methoxybenzonitrile (96.5 mg, 0.5 mmol) and B-D-glucose pentaacetate (195 mg, 0.5 mmol)
were used as described in (3A) and give compound 3D (161.9 mg, yield 67%) as a yellow oil. *H
NMR (500 MHz, Chloroform-d) & 7.27 (s, 2H), 6.07 (d, J = 7.6 Hz, 1H), 5.34 — 5.29 (m, 1H), 4.99
(m, 1H), 4.62 (m, 1H), 4.32 (dd, J = 12.1, 4.9 Hz, 1H), 4.19 (dd, J=12.1, 2.9 Hz, 1H), 3.91 (d, J =
2.0 Hz, 9H), 3.79 — 3.71 (m, 1H), 2.16 (s, 3H), 2.09 (s, 3H), 1.97 (s, 3H). *C NMR (125 MHz,
CDCl3) 6 170.23, 169.06, 165.99, 152.72, 141.51, 120.69, 105.64, 92.71, 75.60, 70.05, 67.43,
66.89, 62.75, 60.54, 55.90, 29.25, 20.45, 20.36, 20.23. HRMS (ESI): CyHxsNOi; [M+H]',
calculated for: 482.1657, found: 482.1662. [0]’5=35.5 (c=0.093, MeOH).

(3aS,5R,6R,7S,7aR)-5-(acetoxymethyl)-2-(benzo[d][1,3]dioxol-5-yl)-3a,6,7,7a-tetrahydro-5H-
pyrano[2,3-d]oxazole-6,7-diyl diacetate (3E)
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Piperonylonitrile (73.5 mg, 0.5 mmol) and B-D-glucose pentaacetate (195 mg, 0.5 mmol) were



used as described in (3A) and give compound 3E (135.5 mg, yield 62%) as a yellow oil. *H NMR
(600 MHz, Chloroform-d) & 7.59 (dd, J = 8.1, 1.7 Hz, 1H), 7.47 (d, J = 1.6 Hz, 1H), 6.87 (d, J = 8.1 Hz,
1H), 6.05 (d, J = 6.1 Hz, 3H), 5.28 (t, J = 4.1 Hz, 1H), 4.97 (ddd, J = 8.6, 4.6, 0.9 Hz, 1H), 4.60 (ddd, J
=7.7,3.8,0.9 Hz, 1H), 4.30 (dd, J =12.1, 5.1 Hz, 1H), 4.22 — 4.16 (m, 1H), 3.74 (ddd, J = 8.2, 5.0, 2.8
Hz, 1H), 2.16 (s, 3H), 2.09 (s, 3H), 1.97 (s, 3H). **C NMR (125 MHz, Chloroform-d) & 170.68, 169.54,
169.46, 166.14, 151.43, 147.88, 124.35, 119.98, 108.80, 108.29, 101.82, 93.16, 75.91, 70.62, 67.98,
67.31, 63.26, 20.85, 20.77, 20.64. HRMS (ESI): CyH2NO1q [M+H]+, calculated for: 436.1238,
found: 436.1248. [0]°5=97.5 (c=0.002, MeOH).

Compound 3E was deprotected with triethylamine in MeOH to give compound 3Y, the structure
of compound 3Y was identified via X-ray crystallography.
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(3aS,5R,6R,7S,7aR)-5-(acetoxymethyl)-2-(4-(trifluoromethyl)phenyl)-3a,6,7,7a-tetrahydro-5
H-pyrano[2,3-d]oxazole-6,7-diyl diacetate (3F)
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4-(Trifluoromethyl)benzonitrile(85.5 mg, 0.5 mmol)and B-D-glucose pentaacetate (195 mg, 0.5
mmol) were used as described in (3A) and give compound 3F (48.3 mg, yield 21%) as a yellow
oil. 'H NMR (600 MHz, Chloroform-d) & 8.20 — 8.13 (m, 2H), 7.75 (d, J = 8.1 Hz, 2H), 6.14 (d, J
= 7.8 Hz, 1H), 5.32 (m, 1H), 5.01 (m, 1H), 4.70 (m, 1H), 4.33 (dd, J = 12.1, 5.1 Hz, 1H), 4.21 (dd,
J =122, 2.9 Hz, 1H), 3.79 — 3.72 (m, 1H), 2.19 (s, 3H), 2.11 (s, 3H), 1.98 (s, 3H). **C NMR (150
MHz, CDCls) 6 170.67, 169.50, 169.48, 165.27, 134.34, 134.12, 129.30, 125.64, 125.61, 93.25,
76.25, 70.51, 68.34, 67.11, 63.14, 20.88, 20.80, 20.64. HRMS (ESI): C,oH,;FsNOg [M+H]+,
calculated for: 460.1214, found: 460.1212. [o]’5=42.7 (c=0.075, MeOH).

(3aS,5R,6R,7S,7aR)-5-(acetoxymethyl)-2-(4-acetylphenyl)-3a,6,7,7a-tetrahydro-5H-pyrano[ 2
,3-d]oxazole-6,7-diyl diacetate (3G)
(:DAC
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4-Acetybenzonitrile (72.5 mg, 0.5 mmol) and B-D-glucose pentaacetate (195 mg, 0.5 mmol) were
used as described in (3A) and give compound 3G (79.6 mg, yield 35%) as a yellow oil. '"H NMR

(600 MHz, Chloroform-d) & 8.14 — 8.08 (m, 2H), 8.02 (d, J = 8.7 Hz, 2H), 6.11 (d, J = 7.8 Hz, 1H),
5.32 — 5.26 (m, 1H), 4.98 (m, 1H), 4.66 (m, 1H), 4.31 (dd, J = 12.2, 5.1 Hz, 1H), 4.19 (dd, J =



12.1, 2.9 Hz, 1H), 3.74 (m, 1H), 2.64 (s, 3H), 2.16 (s, 3H), 2.08 (s, 3H), 1.94 (s, 3H). *C NMR
(150 MHz, CDCl3) & 197.20, 170.54, 169.36, 165.48, 139.90, 130.03, 129.03, 128.30, 128.27,
93.18, 76.03, 70.40, 68.27, 67.00, 63.06, 26.73, 20.76, 20.68, 20.52. HRMS (ESI): CyHxNOg
[M+H]", calculated for: 434.1446, found: 434.1453. [a]23:60.3 (c=0.105, MeOH).

(3aS,5R,6R,7S,7aR)-5-(acetoxymethyl)-2-(4-chlorophenyl)-3a,6,7,7a-tetrahydro-5H-pyrano[
2,3-d]Joxazole-6,7-diyl diacetate (3H)
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4-Chlorobenzonitrile (68.5 mg, 0.5 mmol) and B-D-glucose pentaacetate (195 mg, 0.5 mmol) were
used as described in (3A) and give compound 3H (57.5 mg, yield 27%) as a yellow oil. '"H NMR
(600 MHz, Chloroform-d) & 7.95 (d, J = 8.6 Hz, 2H), 7.46 — 7.39 (m, 2H), 6.07 (d, J = 7.7 Hz, 1H),
5.30 — 5.24 (m, 1H), 4.97 (m, 1H), 4.63 (m, 1H), 4.30 (dd, J = 12.1, 5.1 Hz, 1H), 4.18 (dd, J =
12.1, 2.9 Hz, 1H), 3.76 — 3.67 (m, 1H), 2.15 (s, 3H), 2.08 (s, 3H), 1.94 (s, 3H). *C NMR (150
MHz, CDCl3) & 170.54, 169.36, 165.53, 138.98, 130.09, 128.86, 124.56, 93.15, 75.97, 70.44,
68.11, 67.05, 63.08, 20.76, 20.68, 20.52. HRMS (ESI): C1gH»CINOg [M+H]", Calculated for:
426.0950, found: 426.0955. [¢]’9=39.2 (c=0.1, MeOH).

(3aS,5R,6R,7S,7aR)-5-(acetoxymethyl)-2-(4-bromophenyl)-3a,6,7,7a-tetrahydro-5H-pyrano[
2,3-d]Joxazole-6,7-diyl diacetate (31)
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4-Bromobenzonitrile (90 mg, 0.5 mmol) and B-D-glucose pentaacetate (195 mg, 0.5 mmol) were
used as described in (3A) and give compound 31 (51.7 mg, yield 22%) as a yellow oil. '"H NMR
(600 MHz, Chloroform-d) 5 7.88 (d, J = 8.5 Hz, 2H), 7.60 (d, J = 8.3 Hz, 2H), 6.07 (d, J = 7.7 Hz,
1H), 5.28 (dd, J = 9.7, 5.4 Hz, 1H), 5.01 — 4.95 (m, 1H), 4.63 (m, 1H), 4.30 (dd, J = 12.1, 5.1 Hz,
1H), 4.18 (dd, J = 12.1, 2.8 Hz, 1H), 3.73 (m, 1H), 2.16 (s, 3H), 2.09 (s, 3H), 1.95 (s, 3H). °C
NMR (150 MHz, CDCls) 6 170.55, 169.37, 165.65, 131.85, 130.23, 127.56, 125.01, 93.15, 75.97,
70.43, 68.12, 67.05, 63.08, 20.76, 20.68, 20.53. HRMS (ESI): C19H»BrNOg [M+H]", calculated
for: 470.0445, found: 470.0442. [o]’3=41.7 (c=0.084, MeOH).

(3aS,5R,6R,7S,7aR)-5-(acetoxymethyl)-2-(2-chlorophenyl)-3a,6,7,7a-tetrahydro-5H-pyrano[
2,3-d]Joxazole-6,7-diyl diacetate (3J)
QAc ¢
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2- Chlorobenzonitrile (72.5 mg, 0.5 mmol) and B-D-glucose pentaacetate (195 mg, 0.5 mmol)
were used as described in (3A) and give compound 3J (74.4 mg, yield 35%) as a yellow oil. *H
NMR (500 MHz, Chloroform-d) 6 7.8 (dd, J=7.7, 1.7 Hz, 1H), 7.5 - 7.4 (m, 2H), 7.4 (td, J = 7.5,



1.4 Hz, 1H), 6.1 (d, J = 7.8 Hz, 1H), 5.3 (t, J = 4.1 Hz, 1H), 5.0 (ddd, J = 8.7, 4.5, 0.9 Hz, 1H), 4.6
(ddd, J = 7.8, 3.7, 0.9 Hz, 1H), 4.3 (dd, J = 12.1, 5.2 Hz, 1H), 4.2 (dd, J = 12.1, 2.8 Hz, 1H), 3.8
(ddd, J = 8.4, 5.2, 2.8 Hz, 1H), 2.2 (s, 3H), 2.1 (s, 3H), 2.0 (s, 3H). *C NMR (125 MHz,
Chloroform-d) 5 170.2, 169.1, 168.9, 164.7, 133.5, 132.2, 131.2, 130.6, 126.2, 125.4, 93.0, 70.1,
67.6, 66.8, 62.7, 59.9, 20.4, 20.3, 20.2. HRMS (ESI): CiH»CINOg [M+H]’, calculated for:
426.095,found: 426.0958. [0]°3=59.1 (c=0.095, MeOH).

(3aS,5R,6R,7S,7aR)-5-(acetoxymethyl)-2-(2-bromophenyl)-3a,6,7,7a-tetrahydro-5H-pyrano[
2,3-d]Joxazole-6,7-diyl diacetate (3K)
OAc Br
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2-Bromobenzonitrile (91.0 mg, 0.5 mmol) and B-D-glucose pentaacetate (195 mg, 0.5 mmol) were
used as described in (3A) and give compound 3K (84.5 mg, yield 38%) as a yellow oil. ‘H NMR
(600 MHz, Chloroform-d) & 7.8 (dd, J = 7.6, 1.9 Hz, 1H), 7.7 (dd, J = 7.9, 1.3 Hz, 1H), 7.4 (dtd, J
=22.4,75,1.6 Hz, 2H), 6.1 (d, J = 7.8 Hz, 1H), 5.3 (t, J = 4.2 Hz, 1H), 5.0 (ddd, J = 8.8, 4.6, 0.8
Hz, 1H), 4.7 (ddd, J = 7.9, 3.8, 0.8 Hz, 1H), 4.3 (dd, J = 12.2, 5.2 Hz, 1H), 4.2 (dd, J = 12.1, 2.8
Hz, 1H), 3.9 (ddd, J = 8.3, 5.2, 2.7 Hz, 1H), 2.2 (s, 3H), 2.1 (s, 3H), 2.0 (s, 3H). *C NMR (150
MHz, Chloroform-d) & 170.7, 169.6, 169.4, 165.8, 134.3, 132.7, 131.7, 128.0, 127.3, 122.2, 93.4,
75.9, 70.7, 68.1, 67.4, 63.2, 20.9, 20.8, 20.7. HRMS (ESI): C1oH,:BrNOg [M+H]", calculated for:
470.0455, found: 470.0457. [a]’2=19.1 (c=0.115, MeOH).

(3aS,5R,6R,7S,7aR)-5-(acetoxymethyl)-2-(2-iodophenyl)-3a,6,7,7a-tetrahydro-5H-pyrano[ 2,3
-d]oxazole-6,7-diyl diacetate (3L)
QAC |
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2-lodobenzonitrile (114.5 mg, 0.5 mmol) and B-D-glucose pentaacetate (195 mg, 0.5 mmol) were
used as described in (3A) and give compound 3L (142.9 mg, yield 56%) as a yellow oil. *H NMR
(500 MHz, Chloroform-d) & 8.0 (dd, J = 8.0, 1.2 Hz, 1H), 7.8 (dd, J = 7.7, 1.7 Hz, 1H), 7.5 (td, J =
7.6, 1.2 Hz, 1H), 7.2 (td, J = 7.7, 1.7 Hz, 1H), 6.2 (d, J = 7.8 Hz, 1H), 5.4 (t, J = 4.1 Hz, 1H), 5.0
(ddd, J = 8.8, 4.7, 0.9 Hz, 1H), 4.7 (ddd, J = 7.8, 3.7, 0.9 Hz, 1H), 4.4 (dd, J = 12.1, 5.2 Hz, 1H),
4.3 (dd, J = 12.2, 2.8 Hz, 1H), 3.9 (ddd, J = 8.4, 5.2, 2.8 Hz, 1H), 2.2 (s, 3H), 2.1 (s, 3H), 2.0 (s,
3H). B¢ NMR (126 MHz, Chloroform-d) 6 170.7, 169.6, 169.4, 166.5, 141.2, 132.6, 131.6, 131.2,
128.0,94.7,93.4, 76.1, 70.7, 68.2, 67.4, 63.1, 20.8, 20.8, 20.7. HRMS (ESI): C1gH,:INOg [M+H]+,
calculated ford: 518.0306, found: 518.0317. []’3=24.7 (c=0.502, MeOH).

(3aS,5R,6R,7S,7aR)-5-(acetoxymethyl)-2-(2-chloro-3-methoxyphenyl)-3a,6,7,7a-tetrahydro-5
H-pyrano[2,3-d]oxazole-6,7-diyl diacetate (3M)
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2-Chloro-3methoxybenzonitrile (110.5 mg, 0.5 mmol) and B-D-glucose pentaacetate (195 mg, 0.5
mmol) were used as described in (3A) and give compound 3M (54.0 mg, yield 24%) as a yellow
oil. '"H NMR (600 MHz, Chloroform-d) § 7.38 (dd, J = 7.8, 1.4 Hz, 1H), 7.31 (t, J = 8.0 Hz, 1H),
7.09 (dd, J = 8.3, 1.4 Hz, 1H), 6.12 (d, J = 7.8 Hz, 1H), 5.33 (t, J = 4.0 Hz, 1H), 4.98 (dd, J = 8.8,
4.3 Hz, 1H), 4.63 (dd, J = 7.9, 3.7 Hz, 1H), 4.31 (dd, J = 12.2, 5.3 Hz, 1H), 4.21 (dd, J = 12.2, 2.7
Hz, 1H), 3.94 (s, 3H), 3.84 (s, 1H), 2.15 (s, 3H), 2.09 (s, 3H), 2.01 (s, 3H). *C NMR (150 MHz,
Chloroform-d) 6 170.69, 169.58, 169.36, 165.45, 127.52, 127.28, 122.99, 122.62, 114.84, 93.29,
75.59, 70.45, 67.95, 67.35, 63.23, 56.53, 20.83, 20.78, 20.68. HRMS (ESI): CoH23CINOg [M+H]",
calculated for: 456.1056, found: 456.1060. [o]’5=34.4 (c=0.125, MeOH).

(3aS,5R,6R,7S,7aR)-5-(acetoxymethyl)-2-(2-chloro-4-methoxyphenyl)-3a,6,7,7a-tetrahydro-5
H-pyrano[2,3-d]oxazole-6,7-diyl diacetate (3N)
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2-Chloro-4methoxybenzonitrile (110.5 mg, 0.5 mmol) and B-D-glucose pentaacetate (195 mg, 0.5
mmol) were used as described in (3A) and give compound 3N (151.2 mg, yield 67%) as a yellow
oil. *H NMR (500 MHz, Chloroform-d) & 7.85 (d, J = 8.8 Hz, 1H), 7.04 (d, J = 2.5 Hz, 1H), 6.88
(dd, J = 8.8, 2.5 Hz, 1H), 6.13 (d, J = 7.7 Hz, 1H), 5.37 — 5.31 (m, 1H), 5.00 (m, 1H), 4.61 (m,
1H), 4.33 (dd, J = 12.1, 5.2 Hz, 1H), 4.23 (dd, J = 12.1, 2.9 Hz, 1H), 3.88 (s, 3H), 3.83 (m, 1H),
2.17 (s, 3H), 2.11 (s, 3H), 2.01 (s, 3H). *C NMR (125 MHz, Chloroform-d) & 170.67, 169.55,
169.41, 164.86, 162.48, 135.50, 133.03, 117.76, 116.40, 112.81, 93.44, 75.29, 70.60, 68.05, 67.33,
63.25, 55.72, 20.84, 20.77, 20.65. HRMS (ESI): C,gH,3CINOg [M+H]+, calculated for: 456.1056,
found: 456.1049. [0]’5=62.0 (c=0.079, MeOH).

(3aS,5R,6R,7S,7aR)-5-(acetoxymethyl)-2-(2-bromo-3-methoxyphenyl)-3a,6,7,7a-tetrahydro-5
H-pyrano[2,3-d]oxazole-6,7-diyl diacetate (30)
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2-Bromo-3methoxybenzonitrile (105.5 mg, 0.5 mmol) and B-D-glucose pentaacetate (195 mg, 0.5
mmol) were used as described in (3A) and give compound 30 (116.8 mg, yield 47%) as a yellow
oil. '"H NMR (500 MHz, Chloroform-d) § 7.36 (t, J = 8.0 Hz, 1H), 7.32 — 7.29 (m, 1H), 7.05 (dd, J
=8.1, 1.6 Hz, 1H), 6.12 (d, J = 7.8 Hz, 1H), 5.36 (t, J = 4.0 Hz, 1H), 4.99 (m, 1H), 4.65 (m, 1H),
4.32 (dd, J = 12.1, 5.3 Hz, 1H), 4.22 (dd, J = 12.1, 2.7 Hz, 1H), 3.93 (d, J = 7.9 Hz, 4H), 2.15 (s,
3H), 2.09 (s, 3H), 2.04 (s, 3H). *C NMR (125 MHz, Chloroform-d) & 170.66, 169.56, 169.33,
166.22, 156.62, 130.03, 128.17, 123.22, 114.52, 112.07, 93.28, 75.96, 70.70, 68.00, 67.42, 63.15,



56.61, 20.78, 20.73, 20.66. HRMS (ESI): C,0H»3BrNOg [M+H]", calculated for: 500.0551, found:
500.0556. [o]5=33.5 (c=0.181, MeOH).

(3aS,5R,6R,7S,7aR)-5-(acetoxymethyl)-2-(2-bromo-4-methoxyphenyl)-3a,6,7,7a-tetrahydro-5
H-pyrano[2,3-d]oxazole-6,7-diyl diacetate (3P)
OAc Br
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2-Bromo-4methoxybenzonitrile (105.5 mg, 0.5 mmol) and B-D-glucose pentaacetate (195 mg, 0.5
mmol) were used as described in (3A) and give compound 3P (151.2myg, yield 67%) as a yellow
oil. 'H NMR (600 MHz, Chloroform-d) & 7.78 (d, J = 8.8 Hz, 1H), 7.23 (d, J = 2.5 Hz, 1H), 6.91
(dd, J = 8.8, 2.5 Hz, 1H), 6.11 (d, J = 7.8 Hz, 1H), 5.33 (t, J = 4.2 Hz, 1H), 4.98 (m, 1H), 4.63 —
458 (m, 1H), 4.32 (dd, J = 12.1, 5.2 Hz, 1H), 4.21 (dd, J = 12.1, 2.7 Hz, 1H), 3.87 — 3.83 (m, 4H),
2.16 (s, 3H), 2.10 (s, 3H), 2.00 (s, 3H).*C NMR (150 MHz, Chloroform-d) & 170.70, 169.58, 169.43,
162.24, 133.05, 123.34, 121.47, 119.78, 119.76, 113.26, 93.42, 75.52, 70.65, 68.04, 67.37, 63.22, 55.73,
20.86, 20.80, 20.69 HRMS (ESI): CyHx»BrNOg [M+H]", calculated for: 500.0551, found:
500.0558. [0]°5=32.0 (c=0.125, MeOH).

(3aS,5R,6R,7S,7aR)-5-(acetoxymethyl)-2-(2-bromo-5-methoxyphenyl)-3a,6,7,7a-tetrahydro-5
H-pyrano[2,3-d]oxazole-6,7-diyl diacetate (3Q)
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2-Bromo-5methoxybenzonitrile (105.5 mg, 0.5 mmol) and B-D-glucose pentaacetate (195 mg, 0.5
mmol) were used as described in (3A) and give compound 3Q (123.0mg, yield 50%) as a yellow
oil. *H NMR (500 MHz, Chloroform-d) § 7.57 (d, J = 8.9 Hz, 1H), 7.33 (d, J = 3.1 Hz, 1H), 6.93
(dd, J = 8.9, 3.1 Hz, 1H), 6.14 (d, J = 7.8 Hz, 1H), 5.36 (t, J = 4.2 Hz, 1H), 5.00 (m, 1H), 4.66 (m,
1H), 4.34 (dd, J = 12.2, 5.2 Hz, 1H), 4.23 (dd, J = 12.2, 2.8 Hz, 1H), 3.88 (m, 1H), 3.84 (s, 3H),
2.16 (s, 3H), 2.10 (s, 3H), 2.02 (s, 3H). *C NMR (126 MHz, Chloroform-d) & 170.66, 169.55,
169.37, 158.57, 135.05, 119.21, 116.64, 112.37, 93.40, 77.24, 76.02, 70.72, 68.15, 67.31, 63.13,
60.36, 55.68, 20.82, 20.76, 20.67. HRMS (ESI): C,0H»3BrNOy [M+H]", calculated for: 500.0551,
found: 500.0556. [0]’5=32.4 (c=0.074, MeOH).

(3aS,5R,6R,7S,7aR)-5-(acetoxymethyl)-2-(6-bromobenzo[d][1,3]dioxol-5-yl)-3a,6,7,7a-tetrah
ydro-5H-pyrano[2,3-d]oxazole-6,7-diyl diacetate (3R)
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2-Bromopiperonylonitrile (112.5 mg, 0.5 mmol) and B-D-glucose pentaacetate (195 mg, 0.5 mmol)



were used as described in (3A) and give compound 3R (139.3mg, yield 54%) as a yellow oil. *H
NMR (500 MHz, Chloroform-d) & 7.28 (s, 1H), 7.13 (s, 1H), 6.12 (d, J = 7.8 Hz, 1H), 6.07 (s, 2H),
5.33 (t, J = 4.2 Hz, 1H), 4.99 (m, J = 8.7, 4.6, 0.8 Hz, 1H), 4.62 (m, J = 7.8, 3.7, 0.9 Hz, 1H), 4.33
(dd, J=12.2,5.2 Hz, 1H), 4.22 (dd, J = 12.2, 2.8 Hz, 1H), 3.84 (m, J = 8.3, 5.2, 2.7 Hz, 1H), 2.16
(s, 3H), 2.10 (s, 3H), 2.03 (s, 3H). *C NMR (125 MHz, Chloroform-d) & 170.68, 169.55, 169.38,
165.46, 150.97, 147.25, 133.33, 128.36, 114.32, 110.99, 102.56, 93.29, 75.71, 70.61, 68.08, 67.35,
63.19, 20.81, 20.76, 20.68. HRMS (ESI): C,0H»1BrNOy [M+H]", calculated for: 514.0343, found:
514.0354. [o]°3=67.3 (c=0.101, MeOH).

(3aS,5R,6R,7S,7aR)-5-(acetoxymethyl)-2-(2-bromo-3,4,5-trimethoxyphenyl)-3a,6,7,7a-tetrah
ydro-5H-pyrano[2,3-d]oxazole-6,7-diyl diacetate (3S)
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2-Bromo-3,4,5-methoxybenzonitrile (135.5 mg, 0.5 mmol) and B-D-glucose pentaacetate (195 mg,
0.5 mmol) were used as described in (3A) and give compound 3S (131.4mg, yield 44%) as a
yellow oil. '"H NMR (500 MHz, Chloroform-d) & 7.17 (s, 1H), 6.10 (d, J = 7.7 Hz, 1H), 5.37 —
5.35 (m, 1H), 5.00 (dd, J = 9.2, 4.8 Hz, 1H), 4.63 (dd, J = 7.8, 4.0 Hz, 1H), 4.36 — 4.29 (m, 2H),
4.23 — 4.19 (m, 1H), 3.94 (s, 3H), 3.90 (s, 6H), 2.15 (s, 3H), 2.10 (s, 3H), 2.02 (s, 3H). **C NMR
(125 MHz, Chloroform-d) & 170.20, 169.07, 168.97, 165.31, 152.08, 151.20, 145.62, 122.64,
110.06, 109.49, 92.96, 75.85, 70.63, 67.62, 66.83, 62.52, 60.72, 60.59, 55.84, 20.36, 20.31, 20.22.
HRMS (ESI): CyH»BrNOy; [M+H]", calculated for: 560.0762, found: 560.0761. [aﬁ;: 45.775
(c=0.142, MeQH).

(3aS,5R,6R,7S,7aR)-5-(acetoxymethyl)-2-(6-bromo-7-methoxybenzo[d][1,3]dioxol-5-yl)-3a,6,
7,7a-tetrahydro-5H-pyrano[2,3-d]oxazole-6,7-diyl diacetate (3T)
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6-Bromo-7-methoxybenzo[d][1,3]dioxole-5-carbonitrile(128 mg, 0.5 mmol) and B-D-glucose
pentaacetate (195 mg, 0.5 mmol) were used as described in (3A) and give compound 3T (147 mg,
yield 54%) as a yellow oil. 'H NMR (400 MHz, Chloroform-d) & 7.00 (s, 1H), 6.09 (d, J = 7.8 Hz,
1H), 6.06 (s, 2H), 5.32 (t, J = 4.1 Hz, 1H), 5.01 — 4.95 (m, 1H), 4.63 — 4.58 (m, 1H), 4.31 (dd, J =
12.2,5.2 Hz, 1H), 4.20 (dd, J = 12.2, 2.7 Hz, 1H), 4.04 (s, 3H), 3.84 (ddd, J = 8.2, 5.1, 2.5 Hz, 1H),
2.15 (s, 3H), 2.09 (s, 3H), 2.02 (s, 3H). *C NMR (125 MHz, Chloroform-d) § 170.86, 169.73,
169.54, 165.95, 148.70, 141.36, 140.71, 122.17, 109.61, 105.99, 102.64, 93.50, 75.99, 70.87, 68.19,
67.57, 63.35, 60.51, 21.00, 20.96, 20.88. HRMS (ESI): C,1H23BrNOy;, [M+H]", calculated for:
544.0449, found: 544.0463. []’5= 51.061 (c=0.110, MeOH).



(3aS,5R,6R,7S,7aR)-5-(acetoxymethyl)-2-(furan-2-yl)-3a,6,7,7a-tetrahydro-5H-pyrano[2,3-d]
oxazole-6,7-diyl diacetate (3U)
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Furan-2-carbonitrile (46.5 mg, 0.5 mmol) and B-D-glucose pentaacetate (195 mg, 0.5 mmol) were
used as described in (3A) and give compound 3U (131.5mg, yield 69%) as a yellow oil. ‘H NMR
(600 MHz, Chloroform-d) § 7.61 (dd, J = 1.8, 0.8 Hz, 1H), 7.12 (dd, J = 3.5, 0.8 Hz, 1H), 6.54 (dd,
J=3.5, 1.7 Hz, 1H), 6.06 (d, J = 7.6 Hz, 1H), 5.27 — 5.23 (m, 1H), 4.98 — 4.95 (m, 1H), 4.59 (ddd,
J=7.7,3.7,0.9 Hz, 1H), 4.29 (dd, J = 12.1, 5.1 Hz, 1H), 4.16 (dd, J = 9.7, 2.5 Hz, 1H), 3.75 (ddd,
J =82, 5.1, 2.8 Hz, 1H), 2.13 (s, 3H), 2.07 (s, 3H), 1.96 (s, 3H). *C NMR (150 MHz,
Chloroform-d) & 170.55, 169.40, 169.29, 158.24, 146.49, 141.42, 116.92, 111.90, 92.96, 75.69,
70.40, 67.93, 67.05, 63.00, 20.73, 20.66, 20.51.HRMS (ESI): C17H20NOg [M+H]", calculated for:
382.1133, found: 382.1143. []’3=44.4 (c=0.081, MeOH).

(3aS,5R,6R,7S,7aR)-5-(acetoxymethyl)-2-(thiophen-3-yl)-3a,6,7,7a-tetrahydro-5H-pyrano[ 2,
3-d]oxazole-6,7-diyl diacetate (3V)

OAc
L
P
N N =

3-Thiophenecarbonitrile (54 mg, 0.5 mmol) and B-D-glucose pentaacetate (195 mg, 0.5 mmol)
were used as described in (3A) and give compound 3V (106.7mg, yield 56%) as a yellow oil. *H
NMR (600 MHz, Chloroform-d) 6 8.05 (dd, J = 3.0, 1.2 Hz, 1H), 7.58 (dd, J = 5.1, 1.2 Hz, 1H),
7.38 (dd, J = 5.1, 3.0 Hz, 1H), 6.06 (d, J = 7.6 Hz, 1H), 5.30 — 5.27 (m, 1H), 5.00 — 4.95 (m, 1H),
4.59 (m, 1H), 4.31 (dd, J = 12.1, 5.0 Hz, 1H), 4.22 — 4.15 (m, 2H), 2.16 (s, 3H), 2.09 (s, 3H), 1.96
(s, 3H). *C NMR (150 MHz, CDCl5) & 170.58, 169.43, 169.37, 162.58, 130.96, 128.40, 127.30,
126.63, 93.09, 75.56, 70.46, 67.88, 67.17, 63.11, 20.78, 20.69, 20.52. HRMS (ESI): C;7H,;NOgS
[M+H]", calculated for: 398.0904, found: 398.0917. [a]23:28.2 (c=0.049, MeOH).

(3aS,5R,6S,7S,7aR)-5-(acetoxymethyl)-2-(benzo[d][1,3]dioxol-5-yl)-3a,6,7,7a-tetrahydro-5H-
pyrano[2,3-d]oxazole-6,7-diyl diacetate (3Ea)
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Piperonylonitrile (73.5 mg, 0.5 mmol) and B-D-Galactose pentaacetate (195 mg, 0.5 mmol) were
used as described in (3A) and give compound 3Ea (98.3 mg, yield 62%) as a yellow oil. '"H NMR
(500 MHz, Chloroform-d) & 7.50 (dd, J = 8.1, 1.7 Hz, 1H), 7.37 (d, J = 1.7 Hz, 1H), 6.78 (d, J =
8.1 Hz, 1H), 6.03 — 5.93 (m, 3H), 5.41 (s, 1H), 4.98 (dd, J = 7.2, 3.1 Hz, 1H), 4.61 (t, J = 7.1 Hz,

1H), 4.22 (m, 1H), 4.13 (m, 2H), 2.10 (s, 3H), 2.06 (s, 3H), 2.00 (s, 3H). *C NMR (125 MHz,
CDCly) § 169.98, 169.53, 169.51, 165.17, 150.85, 147.32, 123.75, 119.90, 108.19, 107.72, 101.32,



93.63, 76.17, 71.33, 68.80, 65.72, 60.88, 20.29, 20.22, 20.15. HRMS (ESI): C20H2,NO1o [M+H]",
calculated for: 436.1238, found: 436.1247. [o]’5=85.3 (c=0.068, MeOH).

(3aR,5R,6R,7S,7aS)-5-(acetoxymethyl)-2-(benzo[d][1,3]dioxol-5-yl)-3a,6,7,7a-tetrahydro-5H-
pyrano[2,3-d]oxazole-6,7-diyl diacetate (3EDb)
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Piperonylonitrile (73.5 mg, 0.5 mmol) and a-D-Mannose pentaacetate (195 mg, 0.5 mmol) were
used as described in (3A) and give compound 3Eb (96.7 mg, yield 62%) as a yellow oil. *H NMR
(600 MHz, Chloroform-d) § 7.62 (dd, J = 8.2, 1.7 Hz, 1H), 7.49 (d, J = 1.6 Hz, 1H), 6.86 (d, J =
8.2 Hz, 1H), 6.05 (s, 2H), 5.74 (d, J = 5.5 Hz, 1H), 5.40 (dd, J = 8.4, 4.9 Hz, 1H), 5.14 (t, J = 8.2
Hz, 1H), 4.81 (t, J = 5.2 Hz, 1H), 4.24 (dd, J = 12.0, 6.4 Hz, 1H), 4.16 (dd, J = 12.0, 3.4 Hz, 1H),
3.83 (m, 1H), 2.12 (s, 3H), 2.08 (s, 3H), 2.04 (s, 3H). *C NMR (125 MHz, CDCls5) § 170.30,
169.76, 168.95, 167.85, 151.03, 147.36, 124.17, 119.55, 108.52, 107.79, 101.35, 93.19, 76.32,
72.86, 68.52, 66.09, 63.27, 20.33, 20.29, 20.27. HRMS (ESI): C2oH2,NO1, [M+H]", calculated for:
436.1238, found: 436.1238. []’=-76.2 (c=0.042, MeOH).

AcO

(2S,3R,4S,5R,6R)-2-(((3aS,5R,6R,7S,7aR)-7-acetoxy-5-(acetoxymethyl)-2-(benzo[d][1,3]diox
ol-5-yl)-3a,6,7,7a-tetrahydro-5H-pyrano[2,3-d]oxazol-6-yl)oxy)-6-(acetoxymethyl)tetrahydro
-2H-pyran-3 4,5-triyl triacetate (3Ec)
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Piperonylonitrile (73.5 mg, 0.5 mmol) and a-D-Cellobiose octaacetate (339 mg, 0.5 mmol) were
used as described in (3A) and give compound 3Ec (94.5 mg, yield 42%) as a yellow oil. *H NMR
(600 MHz, Chloroform-d) 5 7.61 (dd, J = 8.2, 1.7 Hz, 1H), 7.48 (d, J = 1.7 Hz, 1H), 6.88 (d, J =
8.1 Hz, 1H), 6.05 (s, 2H), 5.97 (d, J = 7.4 Hz, 1H), 5.63 (s, 1H), 5.19 — 5.08 (m, 2H), 4.89 (dd, J =
9.3, 8.0 Hz, 1H), 4.66 (d, J = 8.1 Hz, 1H), 4.54 (ddd, J = 7.4, 3.3, 1.1 Hz, 1H), 4.26 (dd, J = 12.3,
4.4 Hz, 1H), 4.22 (dd, J = 12.0, 2.5 Hz, 1H), 4.17 (dd, J = 12.3, 2.6 Hz, 1H), 4.15 — 4.11 (m, 1H),
3.76 — 3.66 (m, 2H), 3.46 (ddd, J = 9.0, 5.1, 2.5 Hz, 1H), 2.15 (s, 3H), 2.12 (s, 3H), 2.11 (s, 3H),
2.02 (s, 3H), 1.97 (s, 3H), 1.97 (s, 3H). **C NMR (150 MHz, CDCls) & 170.54, 170.10, 169.28,
169.26, 169.11, 166.80, 151.33, 147.73, 124.45, 119.66, 108.86, 108.22, 101.67, 101.54, 92.45,
76.56, 75.35, 72.84, 71.84, 71.21, 69.76, 67.99, 67.21, 63.48, 61.64, 20.82, 20.77, 20.62, 20.48,
20.45, 20.34. HRMS (ESI): C3,HasNO1g [M+H]*, calculated for: 724.2083, found: 724.2100. [a]’
=17.0 (c=0.053, MeOH).

(2R,3R,4S,5R,6S)-2-(acetoxymethyl)-6-(((2R,3R,4S,5R,6S)-4,5-diacetoxy-6-(((3aS,5R,6R,7S,7
aR)-7-acetoxy-5-(acetoxymethyl)-2-(benzo[d][1,3]dioxol-5-yl)-3a,6,7,7a-tetrahydro-5H-pyran



0[2,3-d]oxazol-6-yl)oxy)-2-(acetoxymethyl)tetrahydro-2H-pyran-3-yl)oxy)tetrahydro-2H-pyr
an-3,4,5-triyl triacetate (3Ed)
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Piperonylonitrile (73.5 mg, 0.5 mmol) and D-Maltotriose pearcetate (483 mg, 0.5 mmol) were
used as described in (3A) and give compound 3Ed (94.5 mg, yield 18%) as a white powder. *H
NMR (500 MHz, Chloroform-d) 6 7.68 (dd, J = 8.1, 1.7 Hz, 1H), 7.55 (d, J = 1.7 Hz, 1H), 6.97 (d,
J=8.2 Hz, 1H), 6.05 (d, J = 1.5 Hz, 2H), 5.39 (d, J = 4.0 Hz, 1H), 5.36 — 5.29 (m, 3H), 5.24 (dd, J
=3.4,1.6 Hz, 1H), 5.07 (d, J = 9.9 Hz, 1H), 4.85 (ddd, J = 15.8, 10.3, 4.0 Hz, 2H), 4.59 — 4.54 (m,
1H), 4.43 (dd, J = 12.4, 1.8 Hz, 1H), 4.31 — 4.21 (m, 4H), 4.18 — 4.13 (m, 1H), 4.07 — 4.03 (m,
1H), 3.93 (dd, J = 7.1, 2.5 Hz, 3H), 3.72 (dt, J = 8.6, 1.7 Hz, 1H), 3.61 (td, J = 5.3, 2.6 Hz, 1H),
2.16 (s, 6H), 2.14 (s, 6H), 2.11 (s, 3H), 2.04 (s, 6H), 2.01 (s, 3H), 2.00 (s, 3H). **C NMR (125 MHz,
Chloroform-d) 6 170.67, 170.50, 170.48, 170.40, 170.21, 169.83, 169.63, 169.51, 169.42, 167.23,
151.37, 147.88, 124.62, 119.85, 108.99, 108.63, 101.66, 95.77, 95.55, 92.32, 74.82, 73.86, 72.85, 72.05,
70.68, 70.04, 69.42, 68.88, 68.58, 68.52, 67.88, 67.39, 64.02, 62.55, 61.41, 20.96, 20.90, 20.89, 20.73,
20.69, 20.66, 20.57, 20.51.HRMS (ESI): C44HssNNaO,s [M+Na]", calculated for: 1034.2748, found:
1034.2722. []°3=104.5 (c=0.089, MeOH).

(3aR,5R,6R,7S,7aS)-5-(acetoxymethyl)-2-(2-bromo-3,4,5-trimethoxyphenyl)-3a,6,7,7a-tetrah
ydro-5H-pyrano[2,3-d]oxazole-6,7-diyl diacetate (3Sa)
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2-Bromo-3,4,5-trimethoxybenzonitrile (135.5 mg, 0.5 mmol) and a-D-Mannose pentaacetate (195
mg, 0.5 mmol) were used as described in (3A) and give compound 3Sa (63.9 mg, yield 23%) as a
colorless oil. 'H NMR (600 MHz, CDCl3) & 7.24 (s, 1H), 6.40 (d, J = 6.2 Hz, 1H), 5.39 (d, J = 1.2
Hz, 1H), 5.01 (d, J = 6.2 Hz, 1H), 4.95 (m, 1H), 4.46 (dd, J = 12.3, 2.6 Hz, 1H), 4.31 (t, J = 6.7 Hz,
1H), 4.25 (dd, J = 7.1, 5.1 Hz, 1H), 3.94 (s, 3H), 3.92 (s, 3H), 3.89 (s, 3H), 2.15 (s, 3H), 2.09 (s,
3H), 2.05 (s, 3H). BC NMR (125 MHz, CDCl3) 6 171.87, 171.56, 170.92, 167.13, 154.11, 153.03,
147.40, 132.31, 124.44, 111.73, 104.31, 87.02, 83.62, 79.64, 70.71, 64.19, 62.59, 62.47, 57.81,
22.26, 22.16, 20.61. HRMS (ESI): CxH,;BrNOy; [M+H]™ calculated for: 560.0762, found:
560.0764. []’3= -9.5 (c=0.084, MeOH).

((3aS,5R,6R,6aR)-6-acetoxy-2-phenyl-3a,5,6,6a-tetrahydrofuro[2,3-d]oxazol-5-yl)methyl
acetate (3a)
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Benzonitrile (51.5 mg, 0.5 mmol) and beta-D-Ribofuranose tetraacetate (159 mg, 0.5 mmol) were
used as described in (3A) and give compound 3a (94.5 mg, yield 81%) as a yellow oil. 'H NMR
(600 MHz, Chloroform-d) & 8.04 (m, 4H), 7.57 (m, 2H), 7.47 (m, 4H), 6.33 (d, J = 6.1 Hz, 1H),
6.29 (d, J = 5.6 Hz, 1H), 5.34 (m, 1H), 5.24 (t, J = 5.7 Hz, 1H), 5.06 (dd, J = 6.2, 1.0 Hz, 1H),
4.87 (dd, J = 9.3, 5.9 Hz, 1H), 4.43 (dd, J = 12.4, 2.7 Hz, 1H), 4.33 (m, 1H), 4.23 (dd, J = 12.4,
5.0 Hz, 1H), 4.07 (m, 2H), 3.92 (m, 1H), 2.18 (d, J = 5.8 Hz, 6H), 2.11 (s, 3H), 1.91 (s, 3H). °C
NMR (125 MHz, Chloroform-d) 6 170.66, 170.07, 167.49, 132.54, 128.94, 128.52, 126.08, 100.68,
78.08, 74.03, 73.04, 62.02, 20.75, 20.49. HRMS (ESI): CysH1gNOg [M+H]", calculated for:
320.1129, found: 320.1128. []’3=26.1 (c=0.046, MeOH).

(3aS,5R,6R,6aR)-5-methyl-2-phenyl-3a,5,6,6a-tetrahydrofuro[2,3-d]oxazol-6-yl acetate (3b)

AcO

Benzonitrile (51.5 mg, 0.5 mmol) and 1,2,3-Triacetyl-5-deoxy-D-ribose (130 mg, 0.5 mmol) were
used as described in (3A) and give compound 3b (94.5 mg, yield 81%) as a yellow oil. '"H NMR
(500 MHz, Chloroform-d) 6 8.07 — 7.95 (m, 2H), 7.52 (m, 1H), 7.49 — 7.39 (m, 2H), 6.18 (d, J =
5.6 Hz, 1H), 5.17 (t, J = 5.6 Hz, 1H), 4.49 (dd, J = 9.3, 5.6 Hz, 1H), 3.80 — 3.69 (m, 1H), 2.15 (s,
3H), 1.32 (d, J = 6.1 Hz, 3H). *C NMR (125 MHz, Chloroform-d) & 170.34, 167.25, 132.35, 128.85,
128.44, 126.21, 100.00, 78.46, 78.23, 71.61, 20.54, 16.60. HRMS (ESI): CiHigNO, [M+H]",
calculated for: 262.1074, found: 262.1075. [0]’5=95.0 (c=0.040, MeOH).

((3aS,5R,6R,6aR)-6-acetoxy-2-(benzo[d][1,3]dioxol-5-yl)-3a,5,6,6a-tetrahydrofuro[2,3-d]oxaz
ol-5-yl)methyl acetate (3c)
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Piperonylonitrile (73.5 mg, 0.5 mmol) and beta-D-Ribofuranose tetraacetate (159 mg, 0.5 mmol)
were used as described in (3A) and give compound 3¢ (130.6 mg, yield 72%) as a yellow oil. *H
NMR (500 MHz, Chloroform-d) 6 7.60 (dd, J = 8.2, 1.7 Hz, 1H), 7.47 (d, J = 1.7 Hz, 1H), 6.87 (d,
J =8.1Hz, 1H), 6.24 (d, J = 5.6 Hz, 1H), 6.06 (g, J = 1.4 Hz, 2H), 5.20 (t, J = 5.7 Hz, 1H), 4.85
(dd, J = 9.3, 5.8 Hz, 1H), 4.42 (dd, J = 12.3, 2.7 Hz, 1H), 4.22 (dd, J = 12.3, 5.0 Hz, 1H), 3.91
(ddd, J = 9.3, 5.0, 2.7 Hz, 1H), 2.18 (s, 3H), 2.11 (s, 3H). *C NMR (125 MHz, Chloroform-d) &
170.25, 169.63, 166.65, 150.85, 147.37, 123.92, 119.40, 108.45, 107.80, 101.34, 100.19, 77.67, 73.49,
72.56, 61.57, 20.33, 20.07. HRMS (ESI): Cy7H1gNOg [M+H]", calculated for: 364.1027, found:
364.1026. []°2=940.5 (c=0.007, MeOH)

(3aS,5R,6R,6aR)-2-(benzo[d][1,3]dioxol-5-yI)-5-methyl-3a,5,6,6a-tetrahydrofuro[2,3-d]oxazo
I-6-yl acetate (3d)



Piperonylonitrile (73.5 mg, 0.5 mmol) and 1,2,3-Triacetyl-5-deoxy-D-ribose (130 mg, 0.5 mmol)
were used as described in (3A) and give compound 3d (77.5 mg, yield 51%). "H NMR (500 MHz,
Chloroform-d) & 7.7 (ddd, J = 8.2, 3.1, 1.7 Hz, 1H), 7.5 (dd, J = 4.1, 1.7 Hz, 1H), 6.9 (d, J = 8.2
Hz, 1H), 6.1 (s, 2H), 5.6 — 5.4 (m, 1H), 5.4 — 5.3 (m, 1H), 5.3 - 5.1 (m, 1H), 45 -4.3 (m, 1H), 2.1
(d, J = 46.9 Hz, 3H), 1.4 (dd, J = 35.9, 6.4 Hz, 3H). *C NMR (125 MHz, Chloroform-d) & 170.0,
164.8, 152.1, 147.8, 125.7, 123.2, 109.5, 108.1, 101.9, 100.1, 95.4, 76.4, 75.0, 20.6, 20.3. HRMS
(ESI): CisH16NOg [M+H]", calculated for: 306.0972, found: 306.0978. [a]23:465.3 (c=0.120,
MeOH).

((3aS,5R,6R,6aR)-6-acetoxy-2-(2-chlorophenyl)-3a,5,6,6a-tetrahydrofuro[2,3-d]oxazol-5-yl)
methyl acetate (3e)

AcQO Cl
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2-Chlorobenzonitrile (72.5 mg, 0.5 mmol) and beta-D-Ribofuranose tetraacetate (159 mg, 0.5
mmol) were used as described in (3A) and give compound 3e (126.0 mg, yield 71%) as a yellow
oil. 'H NMR (500 MHz, Chloroform-d) & 7.84 (dd, J = 7.8, 1.7 Hz, 1H), 7.50 (dd, J = 8.0, 1.4 Hz,
1H), 7.45 (td, J = 8.1, 7.7, 1.7 Hz, 1H), 7.35 (td, J = 7.5, 1.4 Hz, 1H), 6.32 (d, J = 5.7 Hz, 1H),
5.26 (t, J = 5.8 Hz, 1H), 4.86 (dd, J = 9.4, 5.8 Hz, 1H), 4.46 (dd, J = 12.3, 2.7 Hz, 1H), 4.26 (dd, J
=12.3, 5.1 Hz, 1H), 4.02 (m, 1H), 2.16 (s, 3H), 2.12 (s, 3H). **C NMR (125 MHz, Chloroform-d) &
170.67, 170.09, 166.60, 133.71, 132.50, 131.73, 130.91, 126.66, 126.15, 100.61, 78.20, 74.00, 73.01,
61.93, 20.76, 20.52. HRMS (ESI): CyHi;CINOg [M+H]", calculated for: 354.0739, found:
354.0742. [0]°3=162.3 (c=0.268, MeOH).

((3aS,5R,6R,6aR)-6-acetoxy-2-(2-bromophenyl)-3a,5,6,6a-tetrahydrofuro[2,3-d]oxazol-5-yl)
methyl acetate (3f)

AcO Br
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2-Bromobenzonitrile (91.0 mg, 0.5 mmol) and beta-D-Ribofuranose tetraacetate (159 mg, 0.5
mmol) were used as described in (3A) and give compound 3f (159.0 mg, yield 79%) as a yellow
oil. '"H NMR (500 MHz, Chloroform-d) § 7.79 — 7.73 (m, 1H), 7.68 (dd, J = 7.7, 1.5 Hz, 1H), 7.37
(m, 2H), 6.30 (d, J = 5.7 Hz, 1H), 5.25 (t, J = 5.8 Hz, 1H), 4.86 (dd, J = 9.5, 5.8 Hz, 1H), 4.45 (dd,
J=12.4,2.7 Hz, 1H), 4.25 (dd, J = 12.4, 5.0 Hz, 1H), 4.06 (m, 1H), 2.15 (s, 3H), 2.11 (s, 3H). °C
NMR (125 MHz, Chloroform-d) & 170.65, 170.07, 167.24, 134.10, 132.49, 131.78, 128.44, 127.20,
121.78, 100.57, 78.37, 74.00, 73.03, 61.93, 20.76, 20.57. HRMS (ESI): C1cH17,BrNOg [M+H]",
calculated for: 398.0234, found: 398.0229. [«]°3=129.3 (c=0.163, MeOH).



((3aS,5R,6R,6aR)-6-acetoxy-2-(2-iodophenyl)-3a,5,6,6a-tetrahydrofuro[2,3-d]oxazol-5-yl)met
hyl acetate (3g)
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2-lodobenzonitrile (114.5 mg, 0.5 mmol) and beta-D-Ribofuranose tetraacetate (159 mg, 0.5
mmol) were used as described in (3A) and give compound 3g (142.0 mg, yield 64%) as a yellow
oil. '"H NMR (500 MHz, Chloroform-d) & 7.99 (dd, J = 7.9, 1.1 Hz, 1H), 7.71 (dd, J = 7.8, 1.7 Hz,
1H), 7.42 (td, J = 7.6, 1.2 Hz, 1H), 7.17 (td, J = 7.7, 1.7 Hz, 1H), 6.30 (d, J = 5.7 Hz, 1H), 5.25 (t,
J=5.7 Hz, 1H), 4.88 (dd, J = 9.5, 5.7 Hz, 1H), 4.45 (dd, J = 12.3, 2.7 Hz, 1H), 4.25 (dd, J = 12.4,
5.0 Hz, 1H), 4.17 — 4.08 (m, 1H), 2.15 (s, 3H), 2.11 (s, 3H). *C NMR (125 MHz, Chloroform-d) &
170.64, 170.05, 167.93, 140.95, 132.43, 132.17, 131.32, 127.88, 100.57, 94.27, 78.44, 74.06, 73.07,
61.96, 20.77, 20.68. HRMS (ESI): C16H17INOg [M+H]", calculated for: 446.0095, found: 446.0094.
[0]°3=24.7 (c=0.502, MeOH).

(2R,3R,4S,5R,6S)-2-(acetoxymethyl)-6-amino-5-(benzoyloxy)tetrahydro-2H-pyran-3,4-diyl
diacetate (4A)
OAc
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To a solution of compound 3A (39 mg, 0.1 mmol) in acetone(5 mL), hydrochloric acid (100 uL,
0.2 mmol, 2.0 M in diethyl ether) and water (25 L) were added. After stirring for 12h at room
temperature, the product formed as a white precipitate. Filtration to give white solid product 4A
(27.5 mg, yield 67%). *H NMR (400 MHz, Chloroform-d) & 8.03 (dd, J = 8.3, 1.4 Hz, 2H), 7.65 —
7.56 (m, 1H), 7.47 (t, J = 7.7 Hz, 2H), 5.48 (t, J = 9.7 Hz, 1H), 5.13 (m, 2H), 4.36 (d, J = 8.7 Hz,
1H), 4.29 (dd, J = 12.3, 4.9 Hz, 1H), 4.17 (dd, J = 12.3, 2.3 Hz, 1H), 3.85 — 3.75 (m, 1H), 2.14 (d,
J = 1.0 Hz, 3H), 2.07 (d, J = 0.9 Hz, 3H), 1.95 (d, J = 0.9 Hz, 3H). *C NMR (150 MHz,
Methanol-d,;) & 170.63, 169.87, 169.68, 164.86, 132.16, 129.94, 129.59, 128.14, 79.31, 74.51, 71.91,
71.20, 67.30, 61.22, 19.18, 19.09, 18.96. HRMS (ESI): CyoH»4NOg [M+H]", calculated for:
410.1446, found: 410.1441. [¢]°2=38.6(c=0.067 MeOH).

(2S,3R,4S,5R,6R)-2-amino-4,5-bis(benzyloxy)-6-((benzyloxy)methyl)tetrahydro-2H-pyran-3-
yl benzoate (4B)
OBn
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To a solution of compound 3A (3.0 g, 7.67 mmol) in MeOH, TEA (5.3 mL, 5 eq) was added. The
reaction mixture was stirred at room temperature for 2d, then the MeOH and TEA were removed
under reduce pressure to give a black oil 5 (2.2 g). The residue was dissolved in dry DMF (30 mL).
Then benzyl bromide (4.87 mL, 5eq) and sodium hydride (1.6 g, 5 eq) were added under Nitrogen



atmosphere, stirred at room temperature for 30 min. Then the mixture was poured into water (50
mL) and extracted with ethyl acetate (50 mL) for three times. The organic layerwas combined and
washed with water and brine, dried over anhydrous sodium sulfate, and concentrated in vacuo to
give the crude product which was purified by a silica gel column (petroleum ether/ ethyl acetate
5:1) to give the 6 (2.53 g, yield 62%) as a yellow solid. 6: ‘H NMR (600 MHz, Chloroform-d) &
7.97 - 7.95 (m, 1H), 7.51 (t, J = 7.4 Hz, 1H), 7.41 (d, J = 1.5 Hz, 2H), 7.38 — 7.34 (m, 5H), 7.33 —
7.29 (m, 5H), 7.29 — 7.24 (m, 5H), 7.18 — 7.16 (m, 1H), 6.09 (d, J = 7.6 Hz, 1H), 4.85 (d, J = 11.8
Hz, 1H), 4.77 — 4.69 (m, 3H), 4.67 (dd, J = 7.5, 4.6 Hz, 1H), 4.60 (d, J = 12.0 Hz, 1H), 4.50 (dd, J
=11.7, 7.1 Hz, 2H), 3.89 (dd, J = 6.9, 4.7 Hz, 1H), 3.82 (dd, J = 8.9, 6.9 Hz, 1H), 3.72 (d, J = 2.9
Hz, 1H), 3.63 (d, J = 9.0 Hz, 1H). **C NMR (150 MHz, Chloroform-d) & 165.9, 138.1, 137.9,
132.3, 128.7, 1285, 128.4, 128.4, 128.3, 128.0, 127.9, 127.9, 127.9, 127.7, 127.6, 126.9, 94.1,
81.2, 80.2, 74.6, 73.8, 73.5, 72.7, 71.8, 69.4. HRMS (ESI): C34H3,NOs [M+H]", calculated for:
536.2431, found: 536.2438.

To a solution of 6 (1 g, 1.86 mmol) in acetone (30 mL), hydrochloric acid (1 mL, 0.2 mmol, 2.0 M
in diethyl ether) and water (250 L) were added. After stirring for 12h at room temperature, the
product formed as a white precipitate. Filtration to give a white solid product 4B (0.857 g, yield
83%). "H NMR (500 MHz, DMSO-dg) & 9.06 (s, 2H), 8.01 — 7.95 (m, 2H), 7.71 — 7.65 (m, 1H),
7.54 (t, J = 7.8 Hz, 2H), 7.35 (d, J = 4.3 Hz, 4H), 7.33 — 7.25 (m, 4H), 7.20 (dd, J = 7.6, 1.9 Hz,
2H), 7.17 — 7.06 (m, 3H), 7.04 — 6.95 (m, 2H), 5.13 (t, J = 9.2 Hz, 1H), 4.94 (d, J = 9.0 Hz, 1H),
4.71 (dd, J = 11.0, 6.9 Hz, 2H), 4.61 — 4.48 (m, 4H), 4.04 (t, J = 9.2 Hz, 1H), 3.90 (m, 1H), 3.75 —
3.61 (m, 3H). 3C NMR (125 MHz, DMSO-dg) 6 138.18, 137.96, 134.04, 130.04, 129.82, 129.05,
128.75, 128.73, 128.65, 128.60, 128.53, 128.34, 128.31, 128.24, 128.20, 128.08, 128.07, 128.01, 81.99,
79.24, 77.59, 76.84, 75.07, 74.61, 72.78, 72.61, 68.38. HRMS (ESI): C3:H3sNOg [M+H]", calculated
for: 554.2537, found: 554.2549. [o]°3=59.3 (c=0.054, MeOH).

(3R,4S,5R,6R)-4,5-bis(benzyloxy)-6-((benzyloxy)methyl)-2-hydroxytetrahydro-2H-pyran-3-y
| benzoate (7)
OBn
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To a solution of 4B (55.3 mg, 0.1 mmol) in Acetone (5 mL) was added concentrated hydrochloric
acid (250 ML) and sodium nitrite (13 mg, 0.2 mmol). After stirring at room temperature for 12h,
the mixture was poured into water (20 mL) and extracted with ethyl acetate (20 mL) for three
times. The organic layer were combined and washed with water and brine, dried over anhydrous
sodium sulfate, and concentrated in vacuo to give the crude product which was purified by a silica
gel column (petroleum ether/ ethyl acetate 3:1) to give 7 (45.1 mg, yield 81%) as a white solid. *H
NMR (500 MHz, Chloroform-d) & 8.13 — 8.01 (m, 2H), 7.59 (t, J = 7.4 Hz, 1H), 7.47 (d, J = 7.8
Hz, 2H), 7.40 — 7.29 (m, 11H), 7.21 — 7.17 (m, 4H), 5.58 (t, J = 3.3 Hz, 1H), 5.16 (dd, J = 10.0,
3.5 Hz, 1H), 4.90 — 4.82 (m, 3H), 4.64 (d, J = 12.4 Hz, 1H), 459 — 455 (m, 2H), 4.27 (t, J = 9.5
Hz, 1H), 4.18 (dt, J = 10.2, 3.5 Hz, 1H), 3.76 — 3.70 (m, 3H), 3.11 (d, J = 3.5 Hz, 1H). *C NMR
(125 MHz, Chloroform-d) & 165.87, 149.85, 138.13, 138.01, 137.81, 133.25, 129.87, 129.82, 129.68,
128.46, 128.42, 128.41, 128.32, 128.00, 127.95, 127.90, 127.79, 127.76, 127.65, 90.64, 79.69, 78.14,
75.56, 75.12, 74.20, 73.54, 70.43, 68.78. HRMS (ESI): Cs;H3sNO; [M+NH,]", calculated for:



572.2643, found: 572.2628. [a] 5= -68.3 (c=0.112, MeOH).

(3aS,4aR,7S,8aS,9S,9aR)-2,7-diphenyl-3a,4a,5,8a,9,9a-hexahydro-[1,3]dioxino[4',5":5,6]pyra
no[2,3-dJoxazol-9-ol (8)
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To a solution of compound 3A (1.5 g, 3.83 mmol) in MeOH, TEA (2.5 mL, 5 eq) was added. The
reaction mixture was stirred at room temperature for two days and removed the MeOH and TEA
under reduce pressure to give a black oil (2.2 g) which was dissolved in dry Acetonitrile(30 mL),
then the benzaldehyde(2 mL, 2eq) and PTSA(3.5 g, 2 eq) were added under Nitrogen atmosphere.
After stirring at room temperature for 6 hours, the mixture was poured into water (50 mL) and
extracted with ethyl acetate (50 mL) for three times. The organic layer was combined and washed
with water and brine, dried over anhydrous sodium sulfate, and concentrated in vacuo to give the
crude product which was purified by a silica gel column (petroleum ether/ ethyl acetate 5:1) to
give the 8 (1.06 g, yield 79%) as a yellow oil. '"H NMR (600 MHz, Chloroform-d) & 8.07 — 8.02
(m, 2H), 7.47 (dd, J = 6.7, 3.3 Hz, 4H), 7.42 — 7.35 (m, 4H), 6.05 (d, J = 8.0 Hz, 1H), 5.60 (d, J =
6.7 Hz, 1H), 4.69 (dd, J = 8.0, 5.7 Hz, 1H), 4.46 (dd, J = 10.4, 4.9 Hz, 1H), 3.94 (dd, J = 9.6, 5.7
Hz, 1H), 3.82 — 3.70 (m, 2H), 3.59 (t, J = 9.4 Hz, 1H). ®*C NMR (150 MHz, Chloroform-d) & 164.36,
136.47, 131.98, 128.90, 128.18, 128.06, 127.90, 126.31, 125.76, 101.50, 94.87, 80.19, 78.11, 74.32,
68.24, 62.58. HRMS (ESI): CxHNOs [M+H]", calculated for: 354.1336, found: 354.1335.

(3aS,4aR,7S,8aR,9S,9aR)-9-(benzyloxy)-2,7-diphenyl-3a,4a,5,8a,9,9a-hexahydro-[1,3]dioxino
[4',5":5,6]pyrano[2,3-d]oxazole (9)
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To a solution of compound 8 (45 mg, 1 mmol) in dry DMF was added benzyl bromide(30 pL, 2eq)
and sodium hydride(12 mg, 2 eq) under Nitrogen atmosphere. After stirring at room temperature
for 30 min, the mixture was poured into water (20 mL) and extracted with ethyl acetate (20 mL)
for three times. The organic layer was combined and washed with water and brine, dried over
anhydrous sodium sulfate, and concentrated in vacuo to give the crude product which was purified
by a silica gel column (petroleum ether/ ethyl acetate 10:1) to give 9 (42.1 mg, yield 95%).'H
NMR (500 MHz, Chloroform-d) § 7.98 — 7.91 (m, 2H), 7.59 — 7.52 (m, 1H), 7.51 — 7.42 (m, 5H),
7.42 —7.27 (m, 7H), 6.06 (d, J = 8.1 Hz, 1H), 5.64 (s, 1H), 4.94 — 4.84 (m, 2H), 4.77 (dd, J = 8.1,
4.6 Hz, 1H), 4.44 (dd, J = 10.6, 5.2 Hz, 1H), 3.86 — 3.73 (m, 3H), 3.66 (td, J = 9.6, 5.1 Hz, 1H).
BC NMR (125 MHz, Chloroform-d) & 164.83, 137.80, 137.31, 132.39, 128.99, 128.62, 128.47, 128.41,
128.20, 128.03, 127.82, 126.72, 126.07, 101.34, 95.35, 80.74, 80.62, 78.85, 73.20, 68.83, 62.85.
HRMS (ESI): C,7H26NOs [M+H]", calculated for: 444.1805, found: 444.1815.

4-(((2S,3R,4S,5R,6R)-3-(benzoyloxy)-4,5-bis(benzyloxy)-6-((benzyloxy)methyl)tetrahydro-2
H-pyran-2-yl)amino)-4-oxobutanoic acid (10a)
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To a solution of 4B (55.3 mg, 0.1 mmol) in THF (5 mL) was added TEA (3.2 uL,0.3 mmol) and
succine anhydride (15 mg, 0.15 mmol). After stirring at room temperature for 3h, the mixture was
poured into water (20 mL) and extracted with ethyl acetate (20 mL) for three times. The organic
layer were combined and washed with water and brine, dried over anhydrous sodium sulfate, and
concentrated in vacuo to give the crude product which was purified by a silica gel column
(petroleum ether/ ethyl acetate 1:1) to give 10a (60.3 mg, yield 92%) as a white solid. 'H NMR
(400 MHz, Chloroform-d) § 8.04 — 7.94 (m, 2H), 7.60 (t, J = 7.4 Hz, 1H), 7.45 (t, J = 7.6 Hz, 2H),
7.39—7.29 (m, 8H), 7.22 — 7.08 (m, 7H), 6.74 (d, J = 9.1 Hz, 1H), 5.29 (t, J = 9.3 Hz, 1H), 5.18 (t,
J=9.2 Hz, 1H), 4.81 (dd, J = 10.9, 8.0 Hz, 2H), 4.77 — 4.63 (m, 2H), 4.52 (dd, J = 17.7, 11.4 Hz,
2H), 3.91 (m, 2H), 3.78 (s, 1H), 3.68 — 3.63 (m, 1H), 2.61 — 2.31 (m, 4H). *C NMR (125 MHz,
Chloroform-d) 6 175.25, 172.24, 166.81, 137.81, 137.63, 137.62, 133.63, 129.81, 128.92, 128.53,
128.38, 128.27, 128.02, 127.86, 127.81, 127.77, 127.71, 82.99, 78.38, 77.51, 76.56, 75.43, 75.06, 73.55,
67.95, 30.71, 29.66. HRMS (ESI): CssH3NNaOy [M+Na]®, calculated for: 676.2517, found:
676.2520. [0]°5=59.8 (c=0.075, MeOH).

(2S,3R,4S,5R,6R)-4,5-bis(benzyloxy)-6-((benzyloxy)methyl)-2-(3-((tert-butoxycarbonyl)amin
0)-4-methoxy-4-oxobutanamido)tetrahydro-2H-pyran-3-yl benzoate (10b)

OBn
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To a solution of 4B (55.3 mg, 0.1 mmol) in DCM (5 mL) was added TEA (3.2 uL, 0.3 mmol),
N-tert-Butoxycarbonyl-L-aspartic acid 1-methyl ester (36 mg, 0.15 mmol) and HATU(76 mg, 0.2
mmol). After stirring at room temperature for 6h, the mixture was poured into water (20 mL) and
extracted with ethyl acetate (20 mL) for three times. The organic layer were combined and washed
with water and brine, dried over anhydrous sodium sulfate, and concentrated in vacuo to give the
crude product which was purified by a silica gel column (petroleum ether/ ethyl acetate 1:1) to
give 10b (57.1 mg, yield 73%) as a white solid. '"H NMR (500 MHz, Chloroform-d) § 8.0 — 8.0 (m
2H), 7.6 (ddt, J =8.7, 7.1, 1.3 Hz, 1H), 7.5 - 7.4 (m, 2H), 7.4 — 7.3 (m, 10H), 7.2 — 7.1 (m, 8H),
6.7 (d, J = 9.2 Hz, 1H), 5.7 (d, J = 8.9 Hz, 1H), 5.3 (t, J = 9.3 Hz, 1H), 5.2 (t, J = 9.3 Hz, 1H), 4.9
— 4.8 (m, 2H), 4.7 (d, J = 11.1 Hz, 1H), 4.7 (s, 1H), 4.6 (d, J = 10.8 Hz, 1H), 4.5 (d, J = 12.0 Hz,
1H), 4.5 — 4.4 (m, 1H), 3.9 (dt, J = 29.3, 9.1 Hz, 2H), 3.8 — 3.8 (m, 2H), 3.6 — 3.6 (m, 1H), 3.3 (s,
3H), 2.8 — 2.8 (m, 1H), 2.7 (dd, J = 16.5, 4.4 Hz, 1H), 1.4 (s, 9H). *C NMR (126 MHz,
Chloroform-d) 6 171.4, 170.7, 166.7, 155.6, 137.8, 137.7, 137.7, 133.6, 129.9, 129.1, 128.5, 128.4,
128.3, 128.0, 127.9, 127.9, 127.8, 127.8, 83.0, 80.0, 78.3, 77.5, 76.7, 75.5, 75.1, 73.6, 73.6, 68.0,
52.1, 50.8, 49.8, 37.8, 28.3. HRMS (ESI): C4Hs5:N,01; [M+H]", calculated for: 783.3487, found:
783.3499. []°3=250.0 (c=0.011, MeOH).



(2S,3R,4S,5R,6R)-4,5-bis(benzyloxy)-6-((benzyloxy)methyl)-2-(p-tolylamino)tetrahydro-2H-
pyran-3-yl benzoate (10c)

OBn

BnOUOBz
BnO__.» o N < >
H

To a solution of 4B (55.3 mg, 0.1 mmol) in DCM (5 mL) was added TEA (3 drops), Cupric
Acetate monohydrate (18.2 mg, 0.1 mmol) and p-Tolylboronic (39 mg, 0.3 mmol). After stirring
at room temperature for two days, the mixture was poured into water (20 mL) and extracted with
ethyl acetate (20 mL) for three times. The organic layer was combined and washed with water and
brine, dried over anhydrous sodium sulfate, and concentrated in vacuo to give the crude product
which was purified by a silica gel column (petroleum ether/ ethyl acetate 3:1) to give 10c (16.8 mg,
yield 25%) as a white solid. '"H NMR (600 MHz, Acetone-dg) & 8.06 (dd, J = 8.4, 1.4 Hz, 2H),
7.66 — 7.61 (m, 1H), 7.50 (dd, J = 8.3, 7.4 Hz, 2H), 7.36 — 7.28 (m, 10H), 7.16 (m, 5H), 6.93 —
6.90 (m, 2H), 6.74 — 6.70 (m, 2H), 5.36 (d, J = 9.9 Hz, 1H), 5.22 (t, J = 9.2 Hz, 1H), 5.07 (dd, J =
9.9, 9.0 Hz, 1H), 4.91 — 4.86 (m, 2H), 4.75 (dd, J = 27.2, 11.1 Hz, 2H), 4.62 — 4.53 (m, 2H), 4.13
(dd, J = 9.3, 8.6 Hz, 1H), 3.84 — 3.78 (m, 3H), 2.16 (s, 3H). *C NMR (150 MHz, Acetone-ds) &
165.32, 143.42, 138.31, 138.27, 138.07, 132.85, 129.10, 128.87, 128.13, 127.77, 127.70, 127.61,
127.39, 127.23, 127.22, 127.05, 126.93, 126.84, 113.94, 83.34, 83.28, 78.17, 75.29, 74.51, 74.07,
73.68, 72.44, 68.65, 19.14. HRMS (ESI): C4H4NOg [M+H]", calculated for: 644.3007, found:
644.3010. [o]°3=400.0 (c=0.061, MeOH).

(2S,3R,4S,5R,6R)-2-amino-4-(benzyloxy)-5-hydroxy-6-(hydroxymethyl)tetrahydro-2H-pyran
-3-yl benzoate (10d)
OBn

HO OBz

0~ “NH,* HCl

To a solution of 9 (45 mg, 0.1 mmol) in acetone (3 mL) was added 0.25 mL HCI-Et,0 (2M) and
water (25 ). After stirring overnight, the reaction mixture was evaporated under reduced
pressure. The residue was washed with dichloromethane for three times and then filtrated to give a
yellow solid 10d (35.2 mg, yield 94%). *H NMR (500 MHz, DMSO-dg) & 8.97 (s, 2H), 7.97 (d, J
= 7.6 Hz, 2H), 7.69 (t, J = 7.3 Hz, 1H), 7.55 (t, J = 7.7 Hz, 2H), 7.18 — 7.12 (m, 1H), 7.12 — 7.03
(m, 4H), 5.80 (s, 1H), 5.06 (t, J = 9.2 Hz, 1H), 4.87 (d, J = 9.0 Hz, 1H), 4.81 (d, J = 11.5 Hz, 1H),
456 (d, J = 11.5 Hz, 1H), 3.83 — 3.74 (m, 2H), 3.62 — 3.49 (m, 5H). *C NMR (125 MHz,
DMSO-d6) & 164.98, 138.17, 133.52, 129.61, 129.57, 128.57, 127.93, 127.45, 127.35, 81.75,
79.48, 78.96, 73.98, 71.90, 69.53, 60.01. HRMS (ESI): CyH»NOg [M+H]*, calculated for:
374.1598, found: 374.1596.

(3aS,3a'S,5R,5'R,6R,6'R,7S,7aR,7'S,7a'R)-((S)-4,4',5,5',6,6'-hexamethoxy-[1,1'-biphenyl]-2,2
*-diyl)bis(5-(acetoxymethyl)-3a,6,7,7a-tetrahydro-5H-pyrano[2,3-d]oxazole-2,6,7-triyl)
tetraacetate (11)
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To a solution of compound 3S (55 mg, 0.1 mmol) in DMF(5 mL) was added copper (64 mg, 1.0
mmol. After stirring at 120°C for 4 hours, the mixture was poured into water (20 mL) and
extracted with ethyl acetate (20 mL) for three times. The organic layer were combined and washed
with water and brine, dried over anhydrous sodium sulfate, and concentrated in vacuo to give the
crude product which was purified by a silica gel column (petroleum ether/ ethyl acetate 2:1) to
give 11 (38.0 mg, yield 40%) as a yellow oil. *H NMR (500 MHz, Chloroform-d) & 7.29 (s, 1H),
5.79 (d, J = 7.6 Hz, 2H), 4.93 — 4.85 (m, 4H), 4.28 (m, 4H), 4.06 (m, 2H), 3.98 (s, 12H), 3.96 (s,
2H), 3.73 (s, 6H), 2.09 (s, 6H), 2.08 (s, 6H), 1.99 (s, 6H). *C NMR (125 MHz, Chloroform-d) &
170.63, 169.52, 169.24, 166.93, 152.88, 151.96, 121.16, 108.46, 92.58, 71.78, 67.53, 67.47, 62.73,
60.88, 60.56, 56.21, 20.74, 20.59. HRMS (ESI): C44Hs3N,05, [M+H]", calculated for: 961.3084,
found: 961.3092. [0]’p= -139.4 (c=0.061, MeOH).



3. Supplementary Data

a, Glycopeptides and glycoproteins

HO
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1,2-O-linked /o/ ‘OH HO’&&
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HMO HOWOH Protein

distal D-xylose =~ OH
HOY,

D-galactose
R = b-rhamnose or L-rhamnose

Conserved pentasaccharide core of chlorovirus N-glycans

b, Synthetic obstacles in glycochemistry
OAc

Main obstacles:
o= "™ | 1) 1,2-cis glycosidic linkages;
2) Differentiated protection of 2-OH and 3 -OH.

Scheme S1. glycopeptides and glycoproteins



Table S1: optimization of the reaction condition

OAc (:)Ac
‘ /
|\“‘ o~ “OAc Solvent |\‘\ o~ °N
OAc OAc
1A 2A 3A
Entry Acid Additive Solvent Time Tem. Yields ?
1 TsOH DCM 2h rt 0
2 HCI DCM 2h rt 0
3 TFA DCM 2h rt 0
4 TfOH DCM 2h rt 0
5 TfOH Al(OTf); DCM 2h rt 0
6 TfOH Fe(OTf); DCM 2h rt 0
7 TfOH Cu(OTf), ° DCM 2h rt 30%
8 TfOH CuSOq, DCM 2h rt 0
9 TfOH CuS0O, 5H,0 DCM 2h rt 35%
10 TfOH H,O DCM 2h rt 40%

% HPLC yield; rt: room temperature; c: Easy to absorb moisture during weighing.
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Fig S1. the 'H-NMR spectra of several oxazolinoses

We have compared the H-NMR spectra of several oxazolinoses and found visible
differences of the hydrogen chemical shift at 1 position between 1-a and 1-8 C-N
configurations. The chemical shifts of hydrogen atom on C-1 for 1-a oxazolionses are
around at 6.10 ppm. Electron-donating or withdrawing substitutes can make the chemical
shifts fluctuate slightly. Meanwhile, the chemical shifts of hydrogen atom on C-1 for 1-8
oxazolinoses are around at 6.40 ppm. Therefore, the difference of two isomers can be

recognized via *H-NMR spectra.




4. Crystal Data and Structure Refinement (3Y)
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Z 175 220181102HP 1 21 1 A = 0.03 RES= 0 170 X

Bond precision: C-C = 0.0030 A Wavelength=1.54184

Cell: a=4.7659(3) b=12.6787(7) c=11.0168(6)
alpha=%0 beta=95.803(2) gamma=90
Temperature: 100 K
Calculated Reported
Volume 662.28(7) 662.28(7
Space group P 21 P1211
Hall group P 2yb P 2yb

Moiety formula
Sum formula

Cl1l4 H15 N 07
Cl4 H15 N 07

Cl4 H15 N O7
Cl4 H15 N O7

Mr 308.27 309.27

Dx,g cm-3 1.551 1.551

Z 2 2

Mu (mm-1) 1.078 1.078

Fooo 324.0 324.0

Fooo’ 325.22

h,k,lmax 5,15,13 5,15,13
Nref 23441 1230] 2250

Tmin, Tmax 0.937,0.979 0.624,0.754
Tmin’ 0.908

Correction method= # Reported T Limits: Tmin=0.624 Tmax=0.754
AbsCorr = MULTI-SCAN

Data completeness= 1.83/0.96 Theta (max)= 66.583
R{reflections)= 0.027%( 2196) wR2 (reflections)=- 0.0663( 2250)

S = 1.042 Npar= 202




5. DFT Studies

5.1 Computational Methods

All of the DFT calculations were performed with the Gaussian 16 B.01.! The geometry
optimizations and frequency analysis of the two intramolecular cyclization mechanisms were
carried out with the M06-2X/6-311G(d) basic set.? The frequency analysis was used to confirm the
optimized structures as local energy minima or saddle point and acquire Gibbs free energy
corrections. The solvent effects of dichloromethane (DCM) were taken into consideration by using
solvation model based on density (SMD).® The calculated energies are summarized in Table S2.
And the computed structures are presented in Figure S2 using CY Lview."

Table S2. Summary of the optimized geometries calculated at M06-2X/6-311G(d) level.

Single-point Thermal correction of Gibbs Free Gibbs Free .
Geometry IF
Energy(a.u.) Energy(a.u.) Energy(a.u.)
Al -1546.102291 0.374225 -1545.728066 -
TS1 -1546.075232 0.377057 -1545.698175 -268.05
B1 -1546.095596 0.375021 -1545.720575 -
C1 -1393.087355 0.331425 -1392.755930 -
A2 -1546.098542 0.378431 -1545.720111 -
TS2 -1546.060748 0.377981 -1545.682767 -311.18
B2 -1546.078531 0.375146 -1545.703385 -
C2 -1393.067373 0.333863 -1392.733510 -
S1 -1037.981062 0.015921 -1037.965141 -
S2 -1191.054380 0.061245 -1190.993135 -

" The calculated imaginary frequencies for transition states.
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Figure S2. All of the optimized geometries calculated at M06-2X/6-311G(d) level. The essential
distances are shown in A,

5.2 M06-2X geometries for all the optimized compounds and transition states.
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