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1) General information

All reagents were purchased as reagent grade and used without further purification
unless otherwise indicated. The Pd-catalysts were purchased from Sigma-Aldrich
company Ltd. THF (99.5+% extra pure) was purchased. Organic solutions were
removed by rotary evaporation with a water bath temperature below 50 °C. Reactions
were monitored by thin-layer chromatography (TLC) analysis, and stained by the
solution of potassium permanganate or acidic ceric ammonium molybdate. Product
purification was subjected by column chromatography on silica gel. '"H NMR and "*C
NMR spectra were recorded on a 400 MHz spectrometer at 20 °C. The residual solvent
of CDCl; (7.26 ppm for 'H NMR), TMS (0 ppm for 'H NMR) was used as an internal
standard for "H NMR spectra, and the residual solvent of CDCl; (77.16 ppm for *C
NMR) was used as an internal standard for ’C NMR. Chemical shifts (8) were
recorded in ppm, coupling constants (J) were reported in Hz. The abbreviations are as
follows: s = singlet, d = doublet, t = triplet, m = multiplet, br = broad signal. High
resolution mass spectra were obtained using a Fourier transform ion cyclotron

resonance mass spectrometer.

2) Table S1. Screening the reaction conditions®’

o) conditions 0. . O
BnO | + Meo X —— » BnO y
BnO" Bno" Bno™

OBn 2, X = N,BF, o 0OBn
1a 3, X = NH, 4ao 5a
catalyst ligand additive
entry substrate  solvent 4a0(%) 5a (%)
(15%) (20%) (10 equiv.)
1 2 THF Pd(OAc), - - 0 trace
2 2 THF Pd(OAc), Ph;P - 34 25
3 2 THF  Pd(PPhj), - - 36 31
4 2 THF Pd(PPh;3), xanphose - 33 30
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5 2 THF  Pd(dba), - - 81 0

6 2 THF  Pd(dba),  PhsP ; 74 0
7 2 THF  Pd(dba), - NaHCO; 53 26
8 2 THF  Pd(dba), ; K>CO; 56 17
9 2 THF  Pd(dba), - KsPO, 46 20
10 2 THF  Pd(dba), ; NaOH 0 21
11 2 THF  Pd(dba), ; DMAP 0 0
12 2 THF  Pd(dba), ; EtN 0 0
13 2 THF  Pd(dba), - H,0 62 0
14 2 THF  Pd(dba), ; AcOH 76 0
15 2 THF  Pd(dba), ; 2M HCI 31 0
16 2 Acetone  Pd(dba), - - 31 0
17 2 CH,CN  Pd(dba), - ; 0 0
18 2 DMF  Pd(dba), ; ; 0 0
19 2 DCM  Pd(dba), ; ; 0 0
20¢ 3 THF  Pd(dba), - NaNO,+HBF, 0 0
21° 3 MeOH  Pd(dba), - NaNO,+HBF, 0 0
‘Butyl nitrite
22¢ 3 THF Pd(dba), - trace 0
+HBF,4
23¢ 3 THF  Pd(dba), - NOBF, 73 0

“The reactions of entries 1-19 were carried out with 1a (21.0 mg, 0.05 mmol), 2 (22.0 mg,
0.1 mmol) and solvent (4 mL) at room temperature for 1 h; “Isolated yield; “The reactions
of entries 20-23 were carried out in one-pot protocol: p-anisidine 3 (31.0 mg, 0.25 mmol),
additives (0.25 mmol of each) at 0 °C for 30 min, then 1a (42.0 mg, 0.1 mmol) and

Pd(dba), (15 mol%) were added, and then stirred at r.t. for 1 h.
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3) Table S2. Investigation of anomerization®”

R
it
conditions Bn

O H
BnO : + BnO ©
. rt .
BnO' i BnO' BnO'
o o isomer o) B isomer o}
4:’«1(1, R = OMe 4aB, R = OMe 6a, R = OMe, not observed
4io, R = Br 4ip, R = Br 6, R = Br, 25%
entry catalyst solvent 4ap 4ip
R =0OMe R=Br

yield (%) yield (%)

1 HBF, 12.5 uL Et,O 0 0
2 HBF, 25 uL Et,O trace 0
3 HBF4 50 uL Et,O 92 32
4 HBF, 75 uL Et,O 86 51
5 HBF, 100 4L Et,O 78 46
6 BF;-Et,0, 100 L Et,O 23 0
7 SnCly, 100 uL Et,O 45 0
8 con. HCI, 100 L Et,O 0 0
9 HBF, 50 uL isopropyl ether 82 50
10 HBF,4, 50 uL "Bu,O 65 trace
11 HBF, 50 uL glycol dimethyl 0 0
ether
12 HBF, 50 uL methyl ‘butyl ether 0 0
13 HBF,4 50 uL dichloromethane 0 0
14 HBF, 50 uL ethyl acetate 86 0
15 HBF4 50 uL CH;CN trace 0
16 HBF4 50 uL acetone &5 0
17 HBF, 50 uL DMF 0 0
18 HBF, 50 uL dichloroethene 0 0
19 HBF, 50 uL octane 0 0
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20 HBF, 50 uL THF 50 trace

21 HBF,4 50 uL toluene 22 0

22 HBF,4 50 uL MeOH 0 0
“All reactions were carried out with 4aa (10.0 mg), HBF, (50% V/V in Et,0) in
solvent (1 mL) at room temperature for 1 h; 4ia (10.0 mg), HBF4 (50% V/V in

Et,0) in solvent (1 mL) at room temperature for 5 h. b Isolated yield.

4) Table S3. Reduction and reductive-amination of the compound 4ff

", _O_ JAr n, O JAr ., LOwAT 1) NH;0Ac, NaBH,CN, MeOH 7., O JAr
J'/\j‘ . ‘ ’ conditions
N BnOJ/\‘j - BnOJ;g 2) HCHO,ONjBHg,CN, CH5CN BnoJ/\g
&H SH 0 50 % N,
7 8 4fp 9
Ar = p-Methoxyphenyl
entry conditions 7 (%) 8 (%)
1 NaBH4, THE, rt, 1 h 42 40
2 LiBH4, THEF, rt, 1h 40 41
3 LiBHEt;, 0°C, 24 h trace 78
4 Pd/C (10%), rt, 24 h 10 73
5 NaBHAc;, MeOH, 24 h 0 0
6 NaBHAc3;, MeCN/AcOH =2/1, rt, 24 h 45 36

7 LiAlH, THF, 0°C, 1 h 20 25
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5) Scheme S1. Plausible mechanism of the arylation

ArPddba NOBF4
Ar-N,BF, Ar-NH;
BnO
Heck-type Pd(dba),
Ar Cycle
“’Pddba [0]
OBn
Pd(0)
beta-H elimination
debenzylatlon
- BF4
(OBn
HBF4
6) Scheme S2. NMR analyses of compounds 7-9.
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7) Experimental procedures and compound characterization data

Procedure A: The preparation of 4aa from glucal 1a and 2:

Pd(dba), OMe
BnO 0 (15 mol %) o .
|+ MeO@NZ-BF4 —»BnO
N Bno" THF, r.t, 1h
nO’

B
OBn
1a 2

OMe
Pd(dba) ) o ‘©/
2(15 mol %) BnO

NaHCO; (10 equiv.
1a + 2 3 (10 eq )= 420 +  Bno"

THF, r.t., 1h

o) 4ao

2) =

5a
53% 26% OBN

To a solution of 4-methoxybenzenediazonium tetrafluoroborate (2) (22.0 mg, 0.1
mmol) in tetrahydrofuran (4 mL) were added the glucal 1a (21.0 mg, 0.05 mmol) and
bis(dibenzylideneacetone)palladium (4.5 mg, 15 mol%) at room temperature, and the
mixture was stirred for 1 h. After the completion of the reaction, the mixture was
diluted with saturated sodium bicarbonate solution (sat.NaHCOs;, 20 mL) and the
aqueous layer was extracted with ethyl acetate (20 mL * 3). The combined organic layer
was dried over Na,SO4. The solvent was evaporated to dryness. The residue was
purified by column chromatography on silica gel (ethyl acetate/petroleum ether: 1/10)
to afford 4aa as a white foam (18.0 mg, 81%). Ry= 0.23 (ethyl acetate/petroleum ether:
1/6); [a]3! = +120.8 (¢ 1.4, CHCls); '"H NMR (400 MHz, CDCl3) & 7.34 — 7.25 (m,
12H), 6.85 (d, J=8.7 Hz, 2H), 5.44 (dd, /= 6.2, 2.6 Hz, 1H), 4.85 (d, J=11.1 Hz, 1H),
4,59 (d,J=12.1 Hz, 1H), 4.47 (d,J=12.1 Hz, 1H), 4.42 (d, J= 11.1 Hz, 1H), 4.23 (d,
J=28.3 Hz, 1H), 3.77 (s, 3H), 3.71 - 3.61 (m, 3H), 3.09 (dd, /= 14.6, 2.9 Hz, 1H), 3.03
(dd, J = 14.7, 6.6 Hz, 1H); >C NMR (100 MHz, CDCl;) & 206.86, 159.57, 138.06,
137.59, 130.80, 129.02, 128.53, 128.50, 128.35, 128.05, 127.99, 127.87, 114.19, 79.87,
75.02, 74.39, 73.71, 73.62, 69.28, 55.43, 44.24; HMRS (ESI) calcd for C,7H29005 [M +
H]" 433.2010, found 433.2007.

1-Methoxy-4-(3,4,6-tri-O-benzyl-2-deoxy-2,3-didehydro-a-D-glucopyranosyl)
benzene (5a):
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OMe
BnO -

BnO" =

OBn

Colorless oil (6.8 mg, 26%), Ry = 0.31 (ethyl acetate/petroleum ether: 1/6);
[a]26 = +34.9 (¢ 0.04, CHCL;); 'H NMR (400 MHz, CDCl3) & 7.42 — 7.24 (m, 17H),
6.84 (d, J= 8.5 Hz, 2H), 5.33 (d, /= 2.7 Hz, 1H, H-1), 5.00 (d, J = 3.4 Hz, 1H, H-2),
4.94 —4.79 (m, 3H, Bn), 4.56 (d, /= 11.3 Hz, 1H, Bn), 4.54 (d, /= 11.3 Hz, 1H, Bn),
4.42 (d,J=12.2 Hz, 1H, Bn), 4.21 (d, J= 6.5 Hz, 1H, H-4), 3.90 — 3.84 (m, 1H, H-5),
3.79 (s, 3H, -OMe), 3.65 (dd, J=10.4, 4.6 Hz, 1H, H-6a), 3.53 (dd, /= 10.4, 3.5 Hz,
1H, H-6b); *C NMR (100 MHz, CDCls) & 159.53, 153.44, 138.64, 138.35, 137.06,
133.06, 129.70, 128.63, 128.45, 128.38, 128.34, 128.00, 127.97, 127.73, 127.71,
127.53, 113.75, 99.28, 73.66, 73.44, 73.36, 72.21, 71.64, 69.29, 69.10, 55.43; HMRS
(ESI) calcd for C34H3s0s[M + H]" 523.2484, found 523.2484.

Procedure B: The preparation of 4(a-u)a and 4(a-u)p

a) NOBF, (1.5 equiv)
THF, 30 min; then 1

Pd(dba),, 1 h O_ _Ar O _Ar
ArNH, ( = )2 - = id b) HBF4-Et,0 (50 L) - Rﬁ
- _/ anomerization
3(a-m) R \J \ag) el I a(a-up

O

(2R,3R,65)-3-Benzyloxy-2-benzyloxymethyl-6-(4-methoxyphenyl)-tetrahydro-4H

OMe
O \\\©/
BnO *
BnO"

0]
To a solution of p-anisidine (3) (31.0 mg, 0.25 mmol) in tetrahydrofuran (THF) (4

-pyran-4-one (4aa):

mL) were added nitrosonium tetrafluoroborate (44.0 mg, 0.38 mmol) at -40 °C under

argon. Then, the acetonitrile-dry ice bath was removed and the mixture was stirred at
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room temperature for 30 min, during this period, a large amount of solid suspension
was observed. Then the glucal 1a (42.0 mg, 0.1 mmol) and
bis(dibenzylideneacetone)palladium (Pd(dba),) (8.7 mg, 0.015 mmol) were added to
the reaction mixture, and the mixture was stirred at room temperature for 1 h. After the
completion of the reaction, the mixture was diluted with saturated sodium bicarbonate
solution (sat.NaHCOs3, 20 mL) and the aqueous layer was extracted with ethyl acetate
(20 mL * 3). The combined organic layer was dried over Na,SO4. The solvent was
evaporated to dryness. The residue was purified by column chromatography on silica
gel (ethyl acetate/petroleum ether: 1/10) to afford 4aa as a white foam (31.9 mg, 73%).
R;=0.23 (ethyl acetate/petroleum ether: 1/6); [a]3! =+120.8 (c 1.4, CHCl3); 'HNMR
(400 MHz, CDCls) 6 7.34 — 7.25 (m, 12H), 6.85 (d, /= 8.7 Hz, 2H), 5.44 (dd, /= 6.2,
2.6 Hz, 1H, H-1, *C; (D, ), 4.85 (d, J=11.1 Hz, 1H), 4.59 (d, J= 12.1 Hz, 1H), 4.47
(d,J=12.1 Hz, 1H), 4.42 (d, J = 11.1 Hz, 1H), 4.23 (d, J = 8.3 Hz, 1H), 3.77 (s, 3H),
3.71 —3.61 (m, 3H), 3.09 (dd, J = 14.6, 2.9 Hz, 1H), 3.03 (dd, J= 14.7, 6.6 Hz, 1H); "°C
NMR (100 MHz, CDCls) & 206.86, 159.57, 138.06, 137.59, 130.80, 129.02, 128.53,
128.50, 128.35, 128.05, 127.99, 127.87, 114.19, 79.87, 75.02, 74.39, 73.71, 73.62,
69.28, 55.43, 44.24; HMRS (ESI) calcd for C,7HO0s [M + H]" 433.2010, found
433.2007.

(2R,3R,6S)-3-Methoxy-2-methoxymethyl-6-(4-methoxyphenyl)-tetrahydro-4H-py

ran-4-one (4bo):

OMe

O \\\©/

MeO *
MeO"

0]
To a solution of p-anisidine (3) (31.0 mg, 0.25 mmol) in tetrahydrofuran (THF) (4

mL) were added nitrosonium tetrafluoroborate (44.0 mg, 0.38 mmol) at -40 °C under
argon. Then, the acetonitrile-dry ice bath was removed and the mixture was stirred at

room temperature for 30 min, during this period, a large amount of solid suspension
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was observed. Then the glucal 1b (19.0 mg, 0.1 mmol) and
bis(dibenzylideneacetone)palladium (Pd(dba),) (8.7 mg, 0.015 mmol) were added to
the reaction mixture, and the mixture was stirred at room temperature for 1 h. After the
completion of the reaction, the mixture was diluted with saturated sodium bicarbonate
solution (sat.NaHCO3, 20 mL) and the aqueous layer was extracted with ethyl acetate
(20 mL * 3). The combined organic layer was dried over Na,SO,. The solvent was
evaporated to dryness. The residue was purified by column chromatography on silica
gel (ethyl acetate/petroleum ether: 1/3) to afford 4ba as a white foam (18.5 mg, 65%).
R;=0.24 (ethyl acetate/petroleum ether: 1/3); [a]y’ =+128.8 (c 0.4, CHCl;); 'H NMR
(400 MHz, CDCl3) 6 7.30 — 7.27 (m, 2H), 6.85(d, J = 8.6 Hz, 2H), 5.42 (dd, J = 6.2,
2.6 Hz, 1H, H-1,°C, (D, o)), 3.94 (d, J= 8.8 Hz, 1H), 3.78 (s, 3H), 3.62 — 3.54 (m, 3H),
3.50 (s, 3H), 3.42 (s, 3H), 3.07 (dd, J = 14.6, 2.8 Hz, 1H), 3.01 (dd, J = 14.8, 6.8 Hz,
1H): *C NMR (100 MHz, CDCls) & 206.89, 159.57, 130.69, 129.03, 114.17, 81.97,
75.05, 74.16, 71.74, 59.67, 59.52, 55.39, 44.07; HMRS (ESI) calcd for C;sH,,05 [M +
H]" 281.1384, found 281.1376.
(2R,3R,6S8)-3-tert-Butyldimethylsilyloxy-2-butyldimethylsilyloxymethyl-6-(4-met

hoxyphenyl)-tetrahydro-4H-pyran-4-one (4ca):

©/OMG
TBSO O
TBSO"

@)
To a solution of p-anisidine (3) (31.0 mg, 0.25 mmol) in tetrahydrofuran (THF) (4

mL) were added nitrosonium tetrafluoroborate (44.0 mg, 0.38 mmol) at -40 °C under
argon. Then, the acetonitrile-dry ice bath was removed and the mixture was stirred at
room temperature for 30 min, during this period, a large amount of solid suspension
was observed. Then the glucal 1e¢ (490 mg, 0.1 mmol) and
bis(dibenzylideneacetone)palladium (Pd(dba),) (8.7 mg, 0.015 mmol) were added to
the reaction mixture, and the mixture was stirred at room temperature for 1 h. After the

completion of the reaction, the mixture was diluted with saturated sodium bicarbonate
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solution (sat.NaHCO3, 20 mL) and the aqueous layer was extracted with ethyl acetate

(20 mL * 3). The combined organic layer was dried over Na,SO4. The solvent was

evaporated to dryness. The residue was purified by column chromatography on silica

gel (ethyl acetate/petroleum ether: 1/20) to afford 4ca as a colorless oil (30.3 mg, 63%).

R;=0.33 (ethyl acetate/petroleum ether: 1/20); [a]L” =+68.3 (c 0.2, CHCl;); 'H NMR

(400 MHz, CDCl3) 6 7.29 (d, J = 8.7 Hz, 2H), 6.86 (d, J = 8.7 Hz, 2H), 5.39 (dd, J =

6.8,2.7 Hz, 1H, H-1, *C, (D, )), 4.30 (d, J= 9.0 Hz, 1H), 3.88 — 3.75 (m, 2H), 3.79 (s,
3H), 3.50 — 3.45 (m, 1H), 3.05 (dd, J = 14.7, 2.8 Hz, 1H), 2.92 (dd, J = 14.6, 6.9 Hz,

1H), 0.91 (s, 9H), 0.88 (s, 9H), 0.14 (s, 3H), 0.08 (s, 3H), 0.07 (s, 3H), 0.03 (s, 3H);

C NMR (100 MHz, CDCl3) & 206.82, 159.36, 131.34, 128.81, 114.09, 75.13, 74.62,

63.32, 55.41, 43.83, 26.07, 25.94, 18.57, 18.54, -4.12, -4.90, -5.20, -5.42; HMRS (ESI)
calcd for CsH4505Si1, [M + H]+ 481.2801, found 481.2795.

(2R,3S,65)-3-Benzyloxy-2-benzyloxymethyl-6-(4-methoxyphenyl)-tetrahydro-4H-

pyran-4-one (4da):

To a solution of p-anisidine (3) (31.0 mg, 0.25 mmol) in tetrahydrofuran (THF) (4
mL) were added nitrosonium tetrafluoroborate (44.0 mg, 0.38 mmol) at -40 °C under
argon. Then, the acetonitrile-dry ice bath was removed and the mixture was stirred at
room temperature for 30 min, during this period, a large amount of solid suspension
was observed. Then the galactal 1d (42.0 mg, 0.1 mmol) and
bis(dibenzylideneacetone)palladium (Pd(dba),) (8.7 mg, 0.015 mmol) were added to
the reaction mixture, and the mixture was stirred at room temperature for 1 h. After the
completion of the reaction, the mixture was diluted with saturated sodium bicarbonate
solution (sat.NaHCO3, 20 mL) and the aqueous layer was extracted with ethyl acetate
(20 mL * 3). The combined organic layer was dried over Na,SO4. The solvent was

evaporated to dryness. The residue was purified by column chromatography on silica
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gel (ethyl acetate/petroleum ether: 1/10) to afford 4da as a yellow foam (25.0 mg, 57%).
R;= 0.34 (ethyl acetate/petroleum ether: 1/6); [a]y’ =+39.5 (¢ 0.3, CHCl;); 'H NMR
(400 MHz, CDCls) 6 7.36 — 7.25 (m, 12H), 6.88 (d, J = 8.7 Hz, 2H), 5.27 (dd, J=9.5,
3.6 Hz, 1H, H-1, 'C4 (D, )), 4.93 (d, J=12.1 Hz, 1H), 4.57 (d, J = 12.5 Hz, 2H), 4.50
(d, J=12.2 Hz, 1H), 4.43 — 4.37 (m, 1H), 4.15 (d, J = 6.4 Hz, 1H), 3.86 — 3.76 (m,
2H), 3.80 (s, 3H), 2.80 (dd, J = 14.4, 3.7 Hz, 1H), 2.66 (dd, J = 14.1, 9.8 Hz, 1H); "°C
NMR (100 MHz, CDCls) & 204.60, 159.53, 138.10, 137.60, 132.70, 128.65, 128.49,
128.12, 127.98, 127.81, 127.75, 127.60, 114.08, 79.45, 76.36, 74.68, 73.70, 72.78,
68.58, 55.44, 47.86; HMRS (ESI) caled for C,7H20s [M + H]™ 433.2010, found
433.2008.

(2R,3R,6S)-3-Benzyloxy-2-methyl-6-(4-methoxyphenyl)-tetrahydro-4H-pyran-4-

OMe
O ‘\\\\©/
Bno‘t[nj

O
To a solution of p-anisidine (3) (31.0 mg, 0.25 mmol) in tetrahydrofuran (THF) (4

one (4e0):

mL) were added nitrosonium tetrafluoroborate (44.0 mg, 0.38 mmol) at -40 °C under
argon. Then, the acetonitrile-dry ice bath was removed and the mixture was stirred at
room temperature for 30 min, during this period, a large amount of solid suspension
was observed. Then the 6-deoxy-glucal 1le (31.0 mg, 0.1 mmol) and
bis(dibenzylideneacetone)palladium (Pd(dba),) (8.7 mg, 0.015 mmol) were added to
the reaction mixture, and the mixture was stirred at room temperature for 1 h. After the
completion of the reaction, the mixture was diluted with saturated sodium bicarbonate
solution (sat.NaHCO3, 20 mL) and the aqueous layer was extracted with ethyl acetate
(20 mL * 3). The combined organic layer was dried over Na,SO4. The solvent was
evaporated to dryness. The residue was purified by column chromatography on silica
gel (ethyl acetate/petroleum ether: 1/10) to afford 4ea as a white foam (25.5 mg, 78%).
R;= 0.35 (ethyl acetate/petroleum ether: 1/6); [a]L’ =+102.8 (c 0.4, CHCl;); '"H NMR
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(400 MHz, CDCls) § 7.35 — 7.28 (m, 7H), 6.86 (d, J = 8.7 Hz, 2H), 5.27 (dd, J = 6.4,

2.9 Hz, 1H, H-1,%C, (D, a)), 4.87 (d, J= 11.5 Hz, 1H), 4.49 (d, J = 11.5 Hz, 1H), 3.79

(s, 3H), 3.82 — 3.72 (m, 1H), 3.66 (d, J=7.9 Hz, 1H), 3.11 (dd, J = 14.2, 3.1 Hz, 1H),

2.93 (dd, J = 13.9, 6.6 Hz, 1H), 1.28 (d, J = 6.2 Hz, 3H); °C NMR (100 MHz, CDCl5)
8 206.77, 159.52, 137.53, 131.32, 128.79, 128.57, 128.37, 128.12, 114.16, 85.03,

74.56, 73.25, 71.65, 55.44, 44.75, 18.38; HMRS (ESI) calcd for CooHy304 [M + H]'

327.1591, found 327.1592.

(2S,3S,6R)-3-Benzyloxy-2-methyl-6-(4-methoxyphenyl)-tetrahydro-4H-pyran-4-o
ne (4fa).

///,

BnO

To a solution of p-anisidine (3) (31.0 mg, 0.25 mmol) in tetrahydrofuran (THF) (4
mL) were added nitrosonium tetrafluoroborate (44.0 mg, 0.38 mmol) at -40 °C under
argon. Then, the acetonitrile-dry ice bath was removed and the mixture was stirred at
room temperature for 30 min, during this period, a large amount of solid suspension
was observed. Then the rhamnal 1f (31.0 mg, 0.1 mmol) and
bis(dibenzylideneacetone)palladium (Pd(dba),) (8.7 mg, 0.015 mmol) were added to
the reaction mixture, and the mixture was stirred at room temperature for 1 h. After the
completion of the reaction, the mixture was diluted with saturated sodium bicarbonate
solution (sat.NaHCOs3, 20 mL) and the aqueous layer was extracted with ethyl acetate
(20 mL * 3). The combined organic layer was dried over Na,SO,. The solvent was
evaporated to dryness. The residue was purified by column chromatography on silica
gel (ethyl acetate/petroleum ether: 1/10) to afford 4fa as a light yellow foam (23.0 mg,
70%). R;= 0.36 (ethyl acetate/petroleum ether: 1/6); [a]2® =-141.2 (c 1.1, CHCl3); 'H
NMR (400 MHz, CDCl3) 6 7.36 — 7.28 (m, 7H), 6.88 — 6.84 (m, 2H), 5.27 (dd, J = 6.7,
3.3 Hz, 1H, H-1, 'C4 (L, o)), 4.87 (d, J=11.5 Hz, 1H), 4.50 (d, J=11.5 Hz, 1H), 3.79
(s, 3H), 3.81 —3.73 (m, 1H), 3.66 (dd, J= 8.0, 0.9 Hz, 1H), 3.11 (dd, J=14.2, 3.3 Hz,
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1H), 2.93 (ddd, J = 14.2, 6.7, 1.0 Hz, 1H), 1.28 (d, J = 6.4, 3H); *C NMR (100 MHz,
CDCls) & 206.80, 159.52, 137.52, 131.31, 128.80, 128.57, 128.38, 128.13, 114.15,
85.03, 74.56, 73.26, 71.64, 55.44, 44.74, 18.38; HMRS (ESI) calcd for Co0H304 [M +
H]" 327.1586, found 327.1586.

(3S,6R)-3-Benzyloxy-6-(4-methoxyphenyl)-tetrahydro-4H-pyran-4-one (4gp).

OMe
O “\\\©/
ye

0]
To a solution of p-anisidine (3) (31.0 mg, 0.25 mmol) in tetrahydrofuran (THF) (4

mL) were added nitrosonium tetrafluoroborate (44.0 mg, 0.38 mmol) at -40 °C under
argon. Then, the acetonitrile-dry ice bath was removed and the mixture was stirred at
room temperature for 30 min, during this period, a large amount of solid suspension
was observed. Then the arabinal 1g (30.0 mg, 0.1 mmol) and
bis(dibenzylideneacetone)palladium (Pd(dba),) (8.7 mg, 0.015 mmol) were added to
the reaction mixture, and the mixture was stirred at room temperature for 1 h. After the
completion of the reaction, the mixture was diluted with saturated sodium bicarbonate
solution (sat.NaHCO3, 20 mL) and the aqueous layer was extracted with ethyl acetate
(20 mL * 3). The combined organic layer was dried over Na,SO4. The solvent was
evaporated to dryness. The residue was purified by column chromatography on silica
gel (ethyl acetate/petroleum ether: 1/10) to afford 4gp as a white foam (17.3 mg, 55%).
R;= 0.43 (ethyl acetate/petroleum ether: 1/6); [a]3’ =-98.2 (c 0.5, CHCL); 'H NMR
(400 MHz, CDCl3) 6 7.41 — 7.25 (m, 7H), 6.91 — 6.87 (m, 2H), 4.95 (d, J = 11.9 Hz,
1H, Bn-), 4.60 (d, J=12.0 Hz, 1H, Bn-), 4.60 — 4.57 (m, 1H, H-1), 4.40 (dd, /= 10.9,
7.2 Hz, 1H, H-5a), 4.19 (dd, J = 10.4, 7.3 Hz, 1H, H-5b), 3.80 (s, 3H), 3.62 (t, J =
10.7 Hz, 1H, H-4), 2.76 — 2.66 (m, 2H, H-2a, 2b); >°C NMR (100 MHz, CDCls) &
205.15, 159.77, 137.57, 132.18, 128.75, 128.27, 128.15, 127.18, 114.23, 80.65, 79.16,
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72.94, 70.72, 55.47, 49.90; HMRS (ESI) calcd for C19H;0O4Na [M + Na]+ 335.1254,
found 335.1256.

(2R,3R,6S)-3-Benzyloxy-2-benzyloxymethyl-6-phenyl-tetrahydro-4H-pyran-4-on

O W ©
BnO *
BnO"

@)

e (4ha):

To a solution of aniline (3b) (23.0 mg, 0.25 mmol) in tetrahydrofuran (THF) (4 mL)
were added nitrosonium tetrafluoroborate (44.0 mg, 0.38 mmol) at -40 °C under argon.
Then, the acetonitrile-dry ice bath was removed and the mixture was stirred at room
temperature for 30 min, during this period, a large amount of solid suspension was
observed. Then the glucal 1la (420 mg, 0.1 mmol) and
bis(dibenzylideneacetone)palladium (Pd(dba),) (8.7 mg, 0.015 mmol) were added to
the reaction mixture, and the mixture was stirred at room temperature for 1 h. After the
completion of the reaction, the mixture was diluted with saturated sodium bicarbonate
solution (sat.NaHCO3, 20 mL) and the aqueous layer was extracted with ethyl acetate
(20 mL * 3). The combined organic layer was dried over Na,SO,4. The solvent was
evaporated to dryness. The residue was purified by column chromatography on silica
gel (ethyl acetate/petroleum ether: 1/10) to afford 4ha as a white foam (30.5 mg, 76%).
R;=0.29 (ethyl acetate/petroleum ether: 1/6); [a]}’ = +85.3 (¢ 0.2, CHCly); 'H NMR
(400 MHz, CDCl3) & 7.40 — 7.25 (m, 15H), 5.48 (dd, J = 6.6, 3.1 Hz, 1H, H-1, *C, (D,
a)), 4.84 (d, J=11.1 Hz, 1H), 4.59 (d, J = 12.1 Hz, 1H), 4.48 (d, J = 12.1 Hz, 1H),
443 (d,J=11.1 Hz, 1H), 4.24 (d, J = 8.6 Hz, 1H), 3.76 — 3.68 (m, 2H), 3.65 (dd, J =
10.4, 2.2 Hz, 1H), 3.12 (dd, J= 14.7, 3.2 Hz, 1H), 3.03 (dd, J = 14.7, 6.7 Hz, 1H); *C
NMR (100 MHz, CDCl3) 8 206.55, 138.78, 138.04, 137.54, 128.87, 128.54, 128.52,
128.36, 128.32, 128.08, 127.99, 127.89, 127.54, 79.78, 75.35, 74.85, 73.72, 73.58,
69.33, 44.15. The 'H/">C NMR spectroscopic data coincide with the previous report.!"!
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(2R,3R,6S)-3-Benzyloxy-2-benzyloxymethyl-6-(4-bromophenyl)-tetrahydro-4H-p

Br
O W ©/
BnO a
BnO"

@)

yran-4-one (4ia):

To a solution of p-bromoaniline (3¢) (43.0 mg, 0.25 mmol) in tetrahydrofuran (THF)
(4 mL) were added nitrosonium tetrafluoroborate (44.0 mg, 0.38 mmol) at -40 °C under
argon. Then, the acetonitrile-dry ice bath was removed and the mixture was stirred at
room temperature for 0.5 h, during this period, a large amount of solid suspension was
observed.  Then the glucal 1la (420 mg, 0.1 mmol) and
bis(dibenzylideneacetone)palladium (Pd(dba),) (8.7 mg, 0.015 mmol) were added to
the reaction mixture, and the mixture was stirred at room temperature for 1 h. After the
completion of the reaction, the mixture was diluted with saturated sodium bicarbonate
solution (sat.NaHCO3, 20 mL) and the aqueous layer was extracted with ethyl acetate
(20 mL * 3). The combined organic layer was dried over Na,SO4. The solvent was
evaporated to dryness. The residue was purified by column chromatography on silica
gel (ethyl acetate/petroleum ether: 1/10) to afford 4ia as a white foam (37.5 mg, 78%).
R;= 0.30 (ethyl acetate/petroleum ether: 1/6); [a]}’ =+104.5 (¢ 0.2, CHCl); 'HNMR
(400 MHz, CDCls) 6 7.46 (d, J = 8.4 Hz, 2H), 7.35 — 7.24 (m, 12H), 5.41 (dd, J= 5.5,
3.9 Hz, 1H, H-1, °C, (D, o)), 4.82 (d, J=11.2 Hz, 1H), 4.57 (d, J= 12.1 Hz, 1H), 4.47
(d, J=12.1 Hz, 1H), 4.41 (d, J=11.2 Hz, 1H), 4.22 (d, J = 8.6 Hz, 1H), 3.72 — 3.62
(m, 3H), 3.06 (dd, J = 14.9, 3.9 Hz, 1H), 3.01 (dd, J = 15.1, 6.6 Hz, 1H); °C NMR
(101 MHz, CDCls) 6 206.10, 137.92, 137.89, 137.41, 132.01, 129.20, 128.56, 128.53,
128.34, 128.12, 127.96, 127.93, 122.47, 79.60, 75.18, 74.80, 73.74, 73.50, 69.32,
44.11; HMRS (ESI) calcd for C,6H2904NBr [M + NH4]" 498.1280, found 498.1281.

(2R,3R,65)-3-Benzyloxy-2-benzyloxymethyl-6-(4-nitrophenyl)-tetrahydro-4H-py

ran-4-one (4ja):
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NO,

O \\\©/

BnO a
BnO"

o
To a solution of p-nitroaniline (3d) (35.0 mg, 0.25 mmol) in tetrahydrofuran (THF)

(4 mL) were added nitrosonium tetrafluoroborate (44.0 mg, 0.38 mmol) at -40 °C under
argon. Then, the acetonitrile-dry ice bath was removed and the mixture was stirred at
room temperature for 0.5 h, during this period, a large amount of solid suspension was
observed. @~ Then the glucal 1la  (42.0 mg, 0.1 mmol)  and
bis(dibenzylideneacetone)palladium (Pd(dba),) (8.7 mg, 0.015 mmol) were added to
the reaction mixture, and the mixture was stirred at room temperature for 1 h. After the
completion of the reaction, the mixture was diluted with saturated sodium bicarbonate
solution (sat.NaHCO3, 20 mL) and the aqueous layer was extracted with ethyl acetate
(20 mL * 3). The combined organic layer was dried over Na,SO4. The solvent was
evaporated to dryness. The residue was purified by column chromatography on silica
gel (ethyl acetate/petroleum ether: 1/10) to afford 4ja as a white foam (32.7 mg, 73%).
R;= 0.21 (ethyl acetate/petroleum ether: 1/3); [a]3® = +74.1 (c 2.3, CHCl3); '"H NMR
(400 MHz, CDCl3) 6 8.21 (d, /= 8.7 Hz, 2H), 7.57 (d, J= 8.6 Hz, 2H), 7.37 — 7.26 (m,
10H), 5.52 (t, J= 5.3 Hz, 1H, H-1, *C; (D, «)), 4.81 (d, J = 11.2 Hz, 1H), 4.57 (d, J =
12.1 Hz, 1H), 4.49 (d, J=12.1 Hz, 1H), 4.42 (d, /= 11.2 Hz, 1H), 4.21 (d, /= 7.8 Hz,
1H), 3.82 -3.77 (m, 1H), 3.70 (d, J=2.9 Hz, 2H), 3.08 (dd, J = 14.8, 4.8 Hz, 1H), 3.02
(dd, J = 14.8, 6.0 Hz, 1H); °C NMR (100 MHz, CDCls) § 205.11, 147.86, 146.46,
137.79, 137.24, 128.63, 128.60, 128.36, 128.23, 128.06, 127.94, 124.06, 79.34, 76.31,
74.58, 73.82, 73.33, 69.63, 44.40; HMRS (ESI) calcd for CogHyoON, [M + NHy]"
465.2021, found 465.2018.

(2R,3R,6S)-3-Benzyloxy-2-benzyloxymethyl-6-(4-ethoxyphenyl)-tetrahydro-4H-p

yran-4-one (4ka):
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0] W ©/
BnO B
BnO"
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To a solution of p-phenetidine (3e) (34.0 mg, 0.25 mmol) in tetrahydrofuran (THF)
(4 mL) were added nitrosonium tetrafluoroborate (44.0 mg, 0.38 mmol) at -40 °C under
argon. Then, the acetonitrile-dry ice bath was removed and the mixture was stirred at
room temperature for 0.5 h, during this period, a large amount of solid suspension was
observed. @~ Then the glucal 1la  (42.0 mg, 0.1 mmol)  and
bis(dibenzylideneacetone)palladium (Pd(dba),) (8.7 mg, 0.015 mmol) were added to
the reaction mixture, and the mixture was stirred at room temperature for 1 h. After the
completion of the reaction, the mixture was diluted with saturated sodium bicarbonate
solution (sat.NaHCO3, 20 mL) and the aqueous layer was extracted with ethyl acetate
(20 mL * 3). The combined organic layer was dried over Na,SO4. The solvent was
evaporated to dryness. The residue was purified by column chromatography on silica
gel (ethyl acetate/petroleum ether: 1/6) to afford 4ka as a gray foam (34.1 mg, 76%). Ry
= 0.19 (ethyl acetate/petroleum ether: 1/6); [a]Z’ = +93.8 (¢ 0.2, CHCl;); '"H NMR
(400 MHz, CDCls) 6 7.52 (d, J = 8.7 Hz, 1H), 7.34 — 7.25 (m, 12H), 7.05 (dd, J = 8.7,
2.7 Hz, 1H), 5.98 (t, J= 5.7 Hz, 1H, H-1,*C, (D, )), 4.79 (d, J= 11.2 Hz, 1H), 4.56
(d, /=122 Hz, 1H),4.43 (d, J=12.2 Hz, 1H), 4.42 (d, J=11.2 Hz, 1H), 4.22 (d, J =
7.3 Hz, 1H, H-4), 4.06 (qd, /= 7.0, 2.7 Hz, 2H, -OCH,CH3), 3.78 — 3.72 (m, 1H, H-5),
3.66 (dd, J=10.7, 3.4 Hz, 1H), 3.58 (dd, /= 10.7, 2.3 Hz, 1H), 3.07 (dd, J=15.5,5.4
Hz, 1H), 2.95 (dd, J = 15.3, 5.7 Hz, 1H), 1.43 (t, J = 7.0 Hz, 3H); °C NMR (100
MHz, CDCl3) 205.93, 159.18, 149.48, 137.84, 137.34, 129.88, 128.55, 128.34, 128.15,
127.90, 127.86, 125.67, 118.93, 110.63, 79.17, 76.53, 73.71, 73.31, 70.75, 69.45,
64.50, 44.69, 14.68; HMRS (ESI) calcd for CyH3,05 [M + H]" 447.2166, found
447.2165.

(2R,3R,65)-3-Benzyloxy-2-benzyloxymethyl-6-(4-hydroxy-2-nitrophenyl)-tetrahy
dro-4H-pyran-4-one (4la):
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To a solution of 4-amino-3-nitrophenol (3f) (39.0 mg, 0.25 mmol) in tetrahydrofuran

(THF) (4 mL) were added nitrosonium tetrafluoroborate (44.0 mg, 0.38 mmol) at -40
°C under argon. Then, the acetonitrile-dry ice bath was removed and the mixture was
stirred at room temperature for 0.5 h, during this period, a large amount of solid
suspension was observed. Then the glucal 1a (42.0 mg, 0.1 mmol) and
bis(dibenzylideneacetone)palladium (Pd(dba),) (8.7 mg, 0.015 mmol) were added to
the reaction mixture, and the mixture was stirred at room temperature for 1 h. After the
completion of the reaction, the mixture was diluted with saturated sodium bicarbonate
solution (sat.NaHCO3, 20 mL) and the aqueous layer was extracted with ethyl acetate
(20 mL * 3). The combined organic layer was dried over Na,SO4. The solvent was
evaporated to dryness. The residue was purified by column chromatography on silica
gel (ethyl acetate/petroleum ether: 1/3) to afford 4la as a colorless oil (29.6 mg, 64%).
R;=0.23 (ethyl acetate/petroleum ether: 1/3); [a]b’ =+250.7 (c 0.8, CHCl3); 'H NMR
(400 MHz, CDCls) 6 7.33 — 7.25 (m, 12H), 7.04 (d, J = 2.4 Hz, 1H), 6.84 (dd, J = 8.5,
2.4 Hz, 1H), 6.67 (s, 1H), 5.94 (t, J = 5.2 Hz, 1H, H-1, *C, (D, w)), 4.79 (d, J = 11.0
Hz, 1H), 4.58 (d, J = 12.1 Hz, 1H), 4.45 (d, J = 12.1 Hz, 1H), 4.42 (d, J = 11.0 Hz,
1H), 4.26 (d, J = 7.6 Hz, 1H), 3.69 (dd, J = 10.3, 2.8 Hz, 1H), 3.61 — 3.55 (m, 2H),
3.08 (dd, J=15.1, 6.0 Hz, 1H), 2.98 (dd, J = 15.1, 4.7 Hz, 1H); *C NMR (100 MHz,
CDCls) 6 206.55, 156.61, 149.55, 137.62, 136.78, 129.94, 128.65, 128.60, 128.56,
128.42, 128.08, 128.00, 124.54, 119.48, 111.94, 79.34, 76.26, 73.81, 70.90, 69.08,
44.36; HMRS (ESI) calcd for C,H,507NNa [M + Na]+ 486.1524, found 486.1524.

(2S,3S,6R)-3-Benzyloxy-2-methyl-6-(4-ethoxyphenyl)-tetrahydro-4H-pyran-4-on

e (4ma):
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To a solution of 4-aminoacetophenone (3g) (34.0 mg, 0.25 mmol) in tetrahydrofuran
(THF) (4 mL) were added nitrosonium tetrafluoroborate (44.0 mg, 0.38 mmol) at -40
°C under argon. Then, the acetonitrile-dry ice bath was removed and the mixture was
stirred at room temperature for 1 h, during this period, a large amount of solid
suspension was observed. Then the rhamnal 1f (31.0 mg, 0.1 mmol) and
bis(dibenzylideneacetone)palladium (Pd(dba),) (8.7 mg, 0.015 mmol) were added to
the reaction mixture, and the mixture was stirred at room temperature for 1 h. After
the completion of the reaction, the mixture was diluted with saturated sodium
bicarbonate solution (sat.NaHCOs, 20 mL) and the aqueous layer was extracted with
ethyl acetate (20 mL * 3). The combined organic layer was dried over Na;SO4. The
solvent was evaporated to dryness. The residue was purified by column
chromatography on silica gel (ethyl acetate/petroleum ether: 1/10) to afford 4ma as a
white foam (23.3 mg, 69%). Ry = 0.28 (ethyl acetate/petroleum ether: 1/3); [a]}’ =
-102.1 (¢ 0.4, CHCl3); '"H NMR (400 MHz, CDCl5) & 7.94 (d, J = 8.3 Hz, 2H), 7.49 (d,
J=18.2Hz, 2H), 7.37 — 7.28 (m, 5H), 5.31 — 5.29 (m, 1H, H-1, 'C4 (L, «)), 4.83 (d, J =
11.5 Hz, 1H), 4.49 (d, J=11.5 Hz, 1H), 3.88 —3.79 (m, 1H), 3.68 (d, /= 7.4 Hz, 1H),
3.15(dd, J=14.2, 4.3 Hz, 1H), 2.94 (dd, J = 14.1, 6.3 Hz, 1H), 2.59 (s, 3H), 1.30 (d,
J = 6.3 Hz, 3H); “C NMR (101 MHz, CDCl3) & 206.04, 197.68, 144.48, 137.30,
136.92, 128.85, 128.59, 128.35, 128.20, 127.35, 84.63, 74.31, 73.14, 72.84, 44.63,
26.77, 18.01; HMRS (ESI) caled for C2;H,304 [M + H]" 339.1591, found 339.1592.

(2S,3S,6R)-3-Benzyloxy-2-methyl-6-phenyl-tetrahydro-4H-pyran-4-one (4na):

//’1

BnO
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To a solution of aniline (3b) (23.0 mg, 0.25 mmol) in tetrahydrofuran (THF) (4 mL)
was added nitrosonium tetrafluoroborate (44.0 mg, 0.38 mmol) at -40 °C under argon.
Then, the acetonitrile-dry ice bath was removed and the mixture was stirred at room
temperature for 1 h, during this period, a large amount of solid suspension was
observed. @~ Then the rhamnal 1f (31.0 mg, 0.1 mmol) and
bis(dibenzylideneacetone)palladium (Pd(dba),) (8.7 mg, 0.015 mmol) were added to
the reaction mixture, and the mixture was stirred at room temperature for 1 h. After the
completion of the reaction, the mixture was diluted with saturated sodium bicarbonate
solution (sat.NaHCO3, 20 mL) and the aqueous layer was extracted with ethyl acetate
(20 mL * 3). The combined organic layer was dried over Na,SO4. The solvent was
evaporated to dryness. The residue was purified by column chromatography on silica
gel (ethyl acetate/petroleum ether: 1/10) to afford 4na as a white foam (23.7 mg, 80%).
R;= 0.36 (ethyl acetate/petroleum ether: 1/6); [a]h’ =-162.3 (c 0.5, CHCl;); 'H NMR
(400 MHz, CDCl3) § 7.39 — 7.28 (m, 10H), 5.30 (dd, J= 6.6, 3.5 Hz, 1H, H-1, 'C4 (L, o)),
4.86 (d,J=11.5Hz, 1H), 4.49 (d,J=11.5 Hz, 1H), 3.82 (dq, J=12.6, 6.3 Hz, 1H), 3.67
(d,J=7.8Hz, 1H),3.16 (dd, J=14.2,3.7 Hz, 1H), 2.94 (ddd, /= 14.2, 6.5, 0.9 Hz, 1H),
1.29 (d, J = 6.3 Hz, 3H); “C NMR (100 MHz, CDCl3) & 206.62, 139.19, 137.43,
128.83, 128.58, 128.38, 128.25, 128.15, 127.32, 84.88, 74.81, 73.20, 72.10, 44.63,
18.24; HMRS (ESI]) calcd for C;9H0O3Na [M + Na]+ 319.1305, found 319.1310.

(2S,3S,6R)-3-Benzyloxy-2-methyl-6-(4-bromophenyl)-tetrahydro-4H-pyran-4-on
e (400):

To a solution of p-bromoaniline (3¢) (43.0 mg, 0.25 mmol) in tetrahydrofuran (THF)
(4 mL) were added nitrosonium tetrafluoroborate (44.0 mg, 0.38 mmol) at -40 °C under
argon. Then, the acetonitrile-dry ice bath was removed and the mixture was stirred at

room temperature for 30 min, during this period, a large amount of solid suspension
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was observed. Then the rhamnal 1f (31.0 mg, 0.1 mmol) and
bis(dibenzylideneacetone)palladium (Pd(dba),) (8.7 mg, 0.015 mmol) were added to
the reaction mixture, and the mixture was stirred at room temperature for 1 h. After the
completion of the reaction, the mixture was diluted with saturated sodium bicarbonate
solution (sat.NaHCO3, 20 mL) and the aqueous layer was extracted with ethyl acetate
(20 mL * 3). The combined organic layer was dried over Na,SO,. The solvent was
evaporated to dryness. The residue was purified by column chromatography on silica
gel (ethyl acetate/petroleum ether: 1/12) to afford 40a as a white foam (28.1 mg, 75%).
Ry= 0.35 (ethyl acetate/petroleum ether: 1/6); [a]3? =-98.5 (c 0.2, CHCl;); '"H NMR
(400 MHz, CDCls) 6 7.47 (d, J=8.5 Hz, 2H), 7.36 — 7.24 (m, 7H), 5.23 (dd, /= 6.2, 4.0
Hz, 1H, H-1, 'C4 (L, o)), 4.84 (d,J=11.5 Hz, 1H), 4.48 (d, J=11.5 Hz, 1H), 3.84 - 3.76
(m, 1H), 3.66 (d, J="7.6 Hz, 1H), 3.09 (dd, J=14.2, 3.9 Hz, 1H), 2.92 (dd, /= 14.1, 6.4
Hz, 1H), 1.28 (d, J = 6.4 Hz, 3H); °C NMR (100 MHz, CDCls) § 206.25, 138.27,
137.31, 131.96, 129.01, 128.59, 128.36, 128.18, 122.35, 84.69, 74.22, 73.16, 72.40,
44,55, 18.13; HMRS (ESI) calcd for Ci9H19O3BrNa [M + Na]+ 397.0405, found
397.0409.

(2S,3S,6R)-3-Benzyloxy-2-methyl-6-(3-nitrophenyl)-tetrahydro-4H-pyran-4-one
(dpw):

//,’

BnO

To a solution of 3-nitroaniline (3h) (35.0 mg, 0.25 mmol) in tetrahydrofuran (THF)
(4 mL) were added nitrosonium tetrafluoroborate (44.0 mg, 0.38 mmol) at -40 °C under
argon. Then, the acetonitrile-dry ice bath was removed and the mixture was stirred at
room temperature for 0.5 h, during this period, a large amount of solid suspension was
observed.  Then the rhamnal 1f (31.0 mg, 0.1 mmol) and
bis(dibenzylideneacetone)palladium (Pd(dba),) (8.7 mg, 0.015 mmol) were added to

the reaction mixture, and the mixture was stirred at room temperature for 1 h. After the
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completion of the reaction, the mixture was diluted with saturated sodium bicarbonate
solution (sat.NaHCOs3, 20 mL) and the aqueous layer was extracted with ethyl acetate
(20 mL * 3). The combined organic layer was dried over Na,SO4. The solvent was
evaporated to dryness. The residue was purified by column chromatography on silica
gel (ethyl acetate/petroleum ether: 1/10) to afford 4pa as a white foam (26.6 mg, 78%).
R;= 0.38 (ethyl acetate/petroleum ether: 1/3); [a]»’ = -87.3 (c 0.3, CHCl;); '"H NMR
(400 MHz, CDCls) & 8.30 (s, 1H), 8.15 (dd, J= 8.1, 1.5 Hz, 1H), 7.72 (d, /= 7.7 Hz,
1H), 7.54 (t, J= 8.0 Hz, 1H), 7.37 — 7.28 (m, 5H), 5.32 (t, J= 5.4 Hz, 1H, H-1, 'Cy4 (L,
a)), 4.81 (d,J=11.6 Hz, 1H), 4.49 (d, /= 11.6 Hz, 1H), 3.95 — 3.83 (m, 1H), 3.70 (d, J
= 6.9 Hz, 1H), 3.16 (dd, J = 14.1, 5.0 Hz, 1H), 2.96 (ddd, J = 14.1, 5.9, 0.6 Hz, 1H),
1.33 (d,J=6.4 Hz, 3H); *C NMR (100 MHz, CDCl3) § 205.63, 148.69, 141.67, 137.08,
132.82, 129.86, 128.61, 128.34, 128.24, 123.18, 122.22, 84.32, 73.65, 73.33, 73.02,
44.68, 17.69; HMRS (ESI) caled for C;9H;9OsNNa [M + Na]+ 364.1156, found
364.1165.

(2S,3S,6R)-3-Benzyloxy-2-methyl-6-(3-carboxyphenyl)-tetrahydro-4H-pyran-4-o
ne (4qa):

CO,H

To a solution of 3-aminobenzoic acid (3i) (34.0 mg, 0.25 mmol) in tetrahydrofuran
(THF) (4 mL) were added nitrosonium tetrafluoroborate (44.0 mg, 0.38 mmol) at -40
°C under argon. Then, the acetonitrile-dry ice bath was removed and the mixture was
stirred at room temperature for 0.5 h, during this period, a large amount of solid
suspension was observed. Then the rhamnal 1f (31.0 mg, 0.1 mmol) and
bis(dibenzylideneacetone)palladium (Pd(dba),) (8.7 mg, 0.015 mmol) were added to
the reaction mixture, and the mixture was stirred at room temperature for 1 h. After
the completion of the reaction, the mixture was diluted with saturated sodium

bicarbonate solution (sat.NaHCOs3, 20 mL) and the aqueous layer was extracted with
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ethyl acetate (20 mL * 3). The combined organic layer was dried over Na,SO4. The
solvent was evaporated to dryness. The residue was purified by column
chromatography on silica gel (MeOH/DCM: 1/20) to afford 4qa as a white foam
(17.0 mg, 49%). R, = 0.24 (MeOH/DCM: 1/20); [a]3’ = -81.8 (c 0.1, CHCl3); 'H
NMR (400 MHz, CDCls) & 8.16 (s, 1H), 8.04 (d, J=7.7 Hz, 1H), 7.65 (d, /= 7.8 Hz,
1H), 7.48 (t, J= 7.8 Hz, 1H), 7.37 — 7.28 (m, 5H), 5.33 (t, J=5.2 Hz, 1H, H-1, 'C4 (L,
a)), 4.84 (d, J=11.6 Hz, 1H), 4.50 (d, /= 11.6 Hz, 1H), 3.96 — 3.83 (m, 1H), 3.69 (d,
J=172Hz, 1H), 3.19 (dd, J = 14.1, 4.6 Hz, 1H), 2.95 (dd, J=13.9, 6.2 Hz, 1H), 1.32
(d, J = 6.4 Hz, 3H); >C NMR (100 MHz, CDCl3) & 206.19, 171.50, 140.04, 137.27,
132.28, 130.04, 129.99, 129.11, 129.04, 128.60, 128.38, 128.20, 84.55, 77.48, 77.16,
76.84, 74.21, 73.07, 72.84, 44.74, 17.90; HMRS (ESI) calcd for C,0H24OsN [M +
NH4]" 358.1649, found 358.1652.

(2S,3S,6R)-3-Benzyloxy-2-methyl-6-(1-naphthyl)-tetrahydro-4H-pyran-4-one
(4ra):

To a solution of a-naphthylamine (3j) (36.0 mg, 0.25 mmol) in tetrahydrofuran
(THF) (4 mL) were added nitrosonium tetrafluoroborate (44.0 mg, 0.38 mmol) at -40
°C under argon. Then, the acetonitrile-dry ice bath was removed and the mixture was
stirred at room temperature for 0.5 h, during this period, a large amount of solid
suspension was observed. Then the rhamnal 1f (31.0 mg, 0.1 mmol) and
bis(dibenzylideneacetone)palladium (Pd(dba),) (8.7 mg, 0.015 mmol) were added to
the reaction mixture, and the mixture was stirred at room temperature for 1 h. After
the completion of the reaction, the mixture was diluted with saturated sodium
bicarbonate solution (sat.NaHCOs, 20 mL) and the aqueous layer was extracted with
ethyl acetate (20 mL * 3). The combined organic layer was dried over Na,SO4. The

solvent was evaporated to dryness. The residue was purified by column
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chromatography on silica gel (ethyl acetate/petroleum ether: 1/10) to afford 4ra as a
white foam (20.8 mg, 60%). R, = 0.29 (ethyl acetate/petroleum ether: 1/6); [a]p® =
-278.3 (¢ 0.2, CHCl3); '"H NMR (400 MHz, CDCl3) & 8.36 (d, J = 8.1 Hz, 1H), 7.88 —
7.78 (m, 2H), 7.57 — 7.45 (m, 3H), 7.41 — 7.28 (m, 6H), 5.97 (dd, /= 6.7, 2.4 Hz, 1H,
H-1, 'C4 (L, o)), 4.91 (d, J = 11.5 Hz, 1H), 4.55 (d, J=11.5 Hz, 1H), 3.72 (d, J=8.2
Hz, 1H), 3.68 — 3.60 (m, 1H), 3.28 (dd, J = 14.6, 2.7 Hz, 1H), 3.13 (dd, J = 14.6, 6.9
Hz, 1H), 1.20 (d, J = 6.1 Hz, 3H); *C NMR (100 MHz, CDCls) § 207.31, 137.55,
134.43, 134.21, 131.63, 129.51, 128.84, 128.57, 128.39, 128.13, 126.48, 126.13,
126.05, 125.01, 124.78, 85.27, 73.45, 72.69, 71.60, 44.88, 18.56; HMRS (ESI) calcd
for C,3H»03Na [M + Na]™ 369.1462, found 369.1468.

(2S,3S,6R)-3-Benzyloxy-2-methyl-6-(2-methyl-5-fluorophenyl)-tetrahydro-4H-py

ran-4-one (4sa):

BnO

To a solution of 5-fluoro-2-methoxy-aniline (3k) (35.0 mg, 0.25 mmol) in
tetrahydrofuran (THF) (4 mL) were added nitrosonium tetrafluoroborate (44.0 mg,
0.38 mmol) at -40 °C under argon. Then, the acetonitrile-dry ice bath was removed
and the mixture was stirred at room temperature for 0.5 h, during this period, a large
amount of solid suspension was observed. Then the rhamnal 1f (31.0 mg, 0.1 mmol)
and bis(dibenzylideneacetone)palladium (Pd(dba),) (8.7 mg, 0.015 mmol) were added
to the reaction mixture, and the mixture was stirred at room temperature for 1 h. After
the completion of the reaction, the mixture was diluted with saturated sodium
bicarbonate solution (sat.NaHCOs3, 20 mL) and the aqueous layer was extracted with
ethyl acetate (20 mL * 3). The combined organic layer was dried over Na,SO4. The
solvent was evaporated to dryness. The residue was purified by column

chromatography on silica gel (ethyl acetate/petroleum ether: 1/10) to afford 4sa as a
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white foam (21.7 mg, 63%). Ry = 0.33 (ethyl acetate/petroleum ether: 1/6); [a]3’ =
:32.9 (¢ 0.5, CHCl3); 'H NMR (400 MHz, CDCl5) 8 7.39 — 7.28 (m, 5H), 7.23 (dd, J =
9.2,3.1 Hz, 1H), 6.98 — 6.92 (m, 1H), 6.79 (dd, J = 9.0, 4.3 Hz, 1H), 5.39 (dd, J= 7.7,
4.9 Hz, 1H, H-1, 'C4 (L, o)), 4.77 (d, J= 11.7 Hz, 1H), 449 (d, J = 11.7 Hz, 1H), 4.31
— 423 (m, 1H), 3.80 (s, 3H), 3.61 (dd, J = 4.9, 0.9 Hz, 1H), 2.89 (dd, J = 14.2, 7.7 Hz,
1H), 2.79 (ddd, J = 14.2, 4.8, 0.9 Hz, 1H), 1.29 (d, J = 6.7 Hz, 3H); 13C NMR (100
MHz, CDCls) & 207.34, 157.22 (d, J = 239.0 Hz), 152.42, 137.30, 130.45 (d, J = 6.8
Hz), 128.63, 128.31, 128.19, 114.99 (d, J = 22.9 Hz), 114.62 (d, J = 24.5 Hz), 111.56
(d, /= 8.1 Hz), 84.14, 73.70, 72.66, 68.54, 55.97, 45.30, 16.81; F NMR (376 MHz,
CDCl3) & -122.92; HMRS (ESI) caled for CyoHOspa [M + Na]™ 367.1317, found
367.1313.

(2S,3S,6R)-3-Benzyloxy-2-methyl-6-(3,5-bis-trifluoromethylphenyl)-tetrahydro-4

H-pyran-4-one (4ta):

BnO

To a solution of 3,5-bis(trifluoromethyl)aniline (31) (65.0 mg, 0.25 mmol) in
tetrahydrofuran (THF) (4 mL) were added nitrosonium tetrafluoroborate (44.0 mg, 0.38
mmol) at -40 °C under argon. Then, the acetonitrile-dry ice bath was removed and the
mixture was stirred at room temperature for 0.5 h, during this period, a large amount of
solid suspension was observed. Then the rhamnal 1f (31.0 mg, 0.1 mmol) and
bis(dibenzylideneacetone)palladium (Pd(dba),) (8.7 mg, 0.015 mmol) were added to
the reaction mixture, and the mixture was stirred at room temperature for 1 h. After the
completion of the reaction, the mixture was diluted with saturated sodium bicarbonate
solution (sat.NaHCO3, 20 mL) and the aqueous layer was extracted with ethyl acetate
(20 mL * 3). The combined organic layer was dried over Na,SOa. The solvent was

evaporated to dryness. The residue was purified by column chromatography on silica
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gel (ethyl acetate/petroleum ether: 1/10) to afford 4ta as a white foam (29.8 mg, 69%).
R;=0.31 (ethyl acetate/petroleum ether: 1/6); [a]}’ = -56.4 (c 0.3, CHCl;); '"H NMR
(400 MHz, CDCl3) 6 7.86 (s, 2H), 7.82 (s, 1H), 7.38 — 7.29 (m, 5H), 5.28 (t, /= 5.8 Hz,
1H, H-1, 'C4 (L, o)), 4.78 (d, J=11.6 Hz, 1H), 4.48 (d, /= 11.6 Hz, 1H), 4.06 (p,J= 6.5
Hz, 1H), 3.68 (dd, J=5.9, 0.9 Hz, 1H), 3.14 (dd, J = 14.0, 6.4 Hz, 1H), 2.88 (ddd, J =
14.0, 5.3, 0.9 Hz, 1H), 1.33 (d, J= 6.6 Hz, 3H); °C NMR (100 MHz, CDCl3) § 205.26,
142.49, 136.97, 132.27 (q, J = 33.4 Hz, -CF3), 128.69, 128.39, 128.35, 126.93 —
126.89 (m), 123.28 (q, J = 272.9 Hz), 122.31 — 122.21 (m), 84.01, 74.04, 73.23, 72.85,
45.04, 17.14; "F NMR (376 MHz, CDCl3) ¢ -62.84 (s, 6F); HMRS (ESI) calcd for
C2H9OsF [M + HCO,] 477.1143, found 477.1143.

(2S,3S,6R)-3-Benzyloxy-2-methyl-6-(4-biphenyl)-tetrahydro-4H-pyran-4-one
(4uo):

BnO

To a solution of 4-aminodiphenyl (3m) (42.0 mg, 0.25 mmol) in tetrahydrofuran
(THF) (4 mL) were added nitrosonium tetrafluoroborate (44.0 mg, 0.38 mmol) at -40
°C under argon. Then, the acetonitrile-dry ice bath was removed and the mixture was
stirred at room temperature for 0.5 h, during this period, a large amount of solid
suspension was observed. Then the rhamnal 1f (31.0 mg, 0.1 mmol) and
bis(dibenzylideneacetone)palladium (Pd(dba),) (8.7 mg, 0.015 mmol) were added to
the reaction mixture, and the mixture was stirred at room temperature for 1 h. After the
completion of the reaction, the mixture was diluted with saturated sodium bicarbonate
solution (sat.NaHCO3, 20 mL) and the aqueous layer was extracted with ethyl acetate
(20 mL * 3). The combined organic layer was dried over Na,SO,4. The solvent was
evaporated to dryness. The residue was purified by column chromatography on silica

gel (ethyl acetate/petroleum ether: 1/10) to afford 4ua as a white foam (24.6 mg, 66%).
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R;= 0.26 (ethyl acetate/petroleum ether: 1/6); [a]3! =-119.8 (c 0.4, CHCly); 'H NMR
(400 MHz, CDCI3) 8 7.60 — 7.53 (m, 4H), 7.47 — 7.40 (m, 4H), 7.37 — 7.28 (m, 6H),
5.35(dd,J=6.4,3.5 Hz, 1H, H-1, 'C4 (L, o)), 4.87 (d,J= 11.5 Hz, 1H), 4.51 (d,J=11.5
Hz, 1H), 3.91 — 3.82 (m, 1H), 3.69 (d, J=7.9 Hz, 1H), 3.19 (dd, J = 14.2, 3.5 Hz, 1H),
2.98 (dd, J=14.2, 6.6 Hz, 1H), 1.32 (d, /= 6.3 Hz, 3H); '*C NMR (100 MHz, CDCls)
0 206.60, 141.18, 140.67, 138.13, 137.42, 128.94, 128.59, 128.39, 128.16, 127.79,
127.60, 127.57, 127.25, 84.91, 74.66, 73.25, 72.15, 44.65, 18.33; HMRS (ESI) calcd
for C»sH,303N [M + NH4]" 390.2064, found 390.2072.

(2R,3R,6R)-3-Benzyloxy-2-benzyloxymethyl-6-(4-methoxyphenyl)-tetrahydro-4H

-pyran-4-one (4ap):

OMe

BnO

BnO"

@)
To a solution of 4aa (10.0 mg, 0.023 mmol) in ether (Et,O) (1 mL) was added

HBF, (50 uL, 50% V/V in Et,0), and the mixture was stirred at room temperature for 1
h. After the completion of the reaction, the mixture was diluted with saturated sodium
bicarbonate solution (sat.NaHCOs, 10 mL) and the aqueous layer was extracted with
ethyl acetate (10 mL * 3). The combined organic layer was dried over Na,SOy4. The
solvent was evaporated to dryness. The residue was purified by column
chromatography on silica gel (ethyl acetate/petroleum ether: 1/10) to afford 4ap as a
white foam (9.2 mg, 92%). Ry = 0.30 (ethyl acetate/petroleum ether: 1/6); [a]p® =
+105.0 (¢ 0.1, CHCls); '"HNMR (400 MHz, CDCl3) § 7.34 — 7.29 (m, 12H), 6.90 (d, J
=8.7 Hz, 2H), 4.94 (d, J=11.1 Hz, 1H), 4.66 (d, /= 12.2 Hz, 1H), 4.63 (dd, J = 10.6,
2.9 Hz, 1H, H-1),4.56 (d,J=12.2 Hz, 1H), 4.50 (d, /= 11.1 Hz, 1H), 4.27 (d, /= 8.9
Hz, 1H), 3.83 —3.81 (m, 3H), 3.81 (s, 3H, MeO-), 2.82 (dd, J=13.8, 10.7 Hz, 1H), 2.71
(dd, J=13.8, 3.1 Hz, 1H); >C NMR (100 MHz, CDCl3) & 206.04, 159.66, 138.38,
137.63, 132.40, 128.54, 128.52, 128.39, 128.09, 127.87, 127.78, 127.24, 114.14,
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81.00, 79.90, 79.35, 73.71, 73.67, 69.39, 55.48, 50.11; HMRS (ESI) caled for HMRS
(ESI) caled for Co7H,05 [M + H]™ 433.2010, found 433.2006.

(2R,3R,6R)-3-Methoxy-2-methoxymethyl-6-(4-methoxyphenyl)-tetrahydro-4H-p

yran-4-one (4bp):

MeO

MeO"

To a solution of 4ba (10.0 mg, 0.036 mmol) in ether (Et,0) (1 mL) was added
HBF, (50 uL, 50% V/V in Et,0), and the mixture was stirred at room temperature for 1
h. After the completion of the reaction, the mixture was diluted with saturated sodium
bicarbonate solution (sat.NaHCOs, 10 mL) and the aqueous layer was extracted with
ethyl acetate (10 mL * 3). The combined organic layer was dried over Na,SO,. The
solvent was evaporated to dryness. The residue was purified by column
chromatography on silica gel (ethyl acetate/petroleum ether: 1/6) to afford 4bp as a
white foam (8.3 mg, 83%). Ry = 0.27 (ethyl acetate/petroleum ether: 1/3); [a]}’ =
+132.8 (¢ 0.1, CHCl3); "H NMR (400 MHz, CDCl3) & 7.30 (d, J = 8.8 Hz, 2H), 6.89 (d,
J=8.8 Hz, 2H), 4.61 (dd, J=11.3, 2.7 Hz, 1H, H-1, *C, (D, p)), 4.00 (d, J=9.9 Hz,
1H), 3.80 (s, 3H), 3.75 — 3.70 (m, 3H), 3.56 (s, 3H), 3.46 (s, 3H), 2.78 (ddd, J = 13.7,
11.3, 0.8 Hz, 1H), 2.70 (dd, J = 13.7, 2.8 Hz, 1H); "“C NMR (100 MHz, CDCl;) &
206.13, 159.68, 132.20, 127.32, 114.14, 82.09, 80.97, 79.48, 71.83, 59.89, 59.84,
55.47,49.96; HMRS (ESI) calcd for C;5sH,;0s [M + H]" 281.1384, found 281.1385.

(2R,3R,6R)-3-Tert-butyldimethylsilyloxy-2-hydroxymethyl-6-(4-methoxyphenyl)-

tetrahydro-4H-pyran-4-one (4¢p):
OMe




To a solution of 4ca (10.0 mg, 0.021 mmol) in ether (2 mL) was added HBF,4 (50
uL, 50% V/V in Et;0), and the mixture was stirred at room temperature for 1 h. After
the completion of the reaction, the mixture was diluted with saturated sodium
bicarbonate solution (sat.NaHCOs;, 10 mL) and the aqueous layer was extracted with
ethyl acetate (10 mL * 3). The combined organic layer was dried over Na,SO,. The
solvent was evaporated to dryness. The residue was purified by column
chromatography on silica gel (ethyl acetate/petroleum ether: 1/6) to afford 4¢P as a
colorless oil (5.8 mg, 75%). Ry = 0.31 (ethyl acetate/petroleum ether: 1/3); [a]p’ =
+96.7 (¢ 0.2, CHCl3); 'H NMR (400 MHz, CDCls) § 7.29 (d, J = 8.6 Hz, 2H), 6.91 (d,
J=8.7 Hz, 2H), 4.67 (dd, J = 11.2, 2.4 Hz, 1H, H-1, *C, (D, p)), 4.36 (d, J = 9.4 Hz,
1H), 4.04 — 3.95 (m, 1H), 3.89 — 3.76 (m, 1H), 3.81 (s, 3H), 3.70 — 3.64 (m, 1H), 2.76
(dd, J=13.8, 11.3 Hz, 1H), 2.69 (dd, J = 13.8, 2.7 Hz, 1H), 2.03 — 2.00 (m, 1H, -OH),
0.94 (s, 9H), 0.20 (s,3H), 0.07 (s, 3H); °C NMR (100 MHz, CDCl3) § 205.44, 159.88,
132.10, 127.39, 114.25, 82.51, 79.35, 75.32, 62.71, 55.50, 49.19, 25.92, 18.62, -4.13,
-5.45; HMRS (ESI) calcd for C19H3;05Si [M + H]" 367.1936, found 367.1938.

(2R,3S,6R)-3-Benzyloxy-2-benzyloxymethyl-6-(4-methoxyphenyl)-tetrahydro-4H
-pyran-4-one (4dp):
OMe

BnO

BnO
(0]

To a solution of 4da (10.0 mg, 0.023 mmol) in ether (1 mL) was added HBF, (50
1L, 50% V/V in Et;0), and the mixture was stirred at room temperature for 1 h. After
the completion of the reaction, the mixture was diluted with saturated sodium
bicarbonate solution (sat.NaHCOs3, 10 mL) and the aqueous layer was extracted with
ethyl acetate (10 mL * 3). The combined organic layer was dried over Na,SO,4. The
solvent was evaporated to dryness. The residue was purified by column
chromatography on silica gel (ethyl acetate/petroleum ether: 1/10) to afford 4df as a

colorless oil (6.4 mg, 64%). Ry = 0.35 (ethyl acetate/petroleum ether: 1/6); [a]3' =
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+30.5 (¢ 0.2, CHCl3);'H NMR (400 MHz, CDCls) 8 7.34 — 7.25 (m, 12H), 6.88 (d, J =
8.5 Hz, 2H), 4.62 — 4.51 (m, 3H, H-1, Bn), 4.47 (d, /= 12.0 Hz, 1H, Bn), 441 (d, J =
11.9 Hz, 1H, Bn), 3.91 (t, J = 6.0 Hz, 1H, H-4), 3.86 — 3.77 (m, 3H, H-5, H-6a, H-6b),
3.80 (s, 3H), 3.20 — 3.12 (m, 1H), 2.48 (d, J = 13.2 Hz, 1H); >C NMR (100 MHz,
CDCLy) § 207.06, 159.71, 138.19, 137.21, 132.70, 128.59, 128.53, 128.25, 128.18,
127.85, 127.42, 114.14, 80.13, 79.86, 79.69, 73.67, 72.24, 68.58, 55.48, 47.30; HMRS
(EST) caled for Co7Hy00s [M + H]' 433.2010, found 433.2008.

(2R,3R,6R)-3-Benzyloxy-2-methyl-6-(4-methoxyphenyl)-tetrahydro-4H-pyran-4-

one (4epf):
OMe

@)
To a solution of 4ea (10.0 mg, 0.03 mmol) in ether (1 mL) was added HBF,4 (50 uL,

50% V/V in Et,0), and the mixture was stirred at room temperature for 1 h. After the
completion of the reaction, the mixture was diluted with saturated sodium bicarbonate
solution (sat.NaHCO3;, 10 mL) and the aqueous layer was extracted with ethyl acetate
(10 mL * 3). The combined organic layer was dried over Na,SO,4. The solvent was
evaporated to dryness. The residue was purified by column chromatography on silica
gel (ethyl acetate/petroleum ether: 1/10) to afford 4ep as a white foam (9.2 mg, 92%).
R;=0.41 (ethyl acetate/petroleum ether: 1/6); [a]p® = +187.1 (c 0.1, CHCl3); 'H NMR
(400 MHz, CDCl3) 6 7.42 — 7.27 (m, 7H), 6.89 (d, J= 8.7 Hz, 2H), 499 (d, J=11.5
Hz, 1H), 4.62 (dd, J = 10.7, 3.3 Hz, 1H, H-1, *C; (D, p)), 4.54 (d, J = 11.5 Hz, 1H),
3.80 (s, 3H), 3.82 — 3.74 (m, 2H), 2.76 (dd, J=13.6, 11.1 Hz, 1H), 2.70 (dd, J = 13.7,
3.4 Hz, 1H), 1.46 — 1.44 (m, 3H); "°C NMR (100 MHz, CDCls) & 205.72, 159.65,
137.59, 132.43, 128.60, 128.45, 128.17, 127.24, 114.18, 85.06, 79.11, 77.80, 73.45,
55.47, 50.14, 19.51; HMRS (ESI) calcd for C50H»,04Na [M + Na]" 349.1810, found
349.1817.
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(2S,3S,65)-3-Benzyloxy-2-methyl-6-(4-methoxyphenyl)-tetrahydro-4H-pyran-4-o

OMe

@)
To a solution of 4fa (10.0 mg, 0.03 mmol) in ether (1 mL) was added HBF,4 (50 uL,

ne (41p):

50% V/V in Et,0), and the mixture was stirred at room temperature for 1 h. After the
completion of the reaction, the mixture was diluted with saturated sodium bicarbonate
solution (sat.NaHCO3, 10 mL) and the aqueous layer was extracted with ethyl acetate
(10 mL * 3). The combined organic layer was dried over Na,SO4. The solvent was
evaporated to dryness. The residue was purified by column chromatography on silica
gel (ethyl acetate/petroleum ether: 1/10) to afford 4fp as a white foam (9.0 mg, 90%). Ry
= 0.42 (ethyl acetate/petroleum ether: 1/6); [a]3? = -224.9 (¢ 0.7, CHCls); 'H NMR
(400 MHz, CDCl3) 6 7.42 — 7.25 (m, 7H), 6.90 — 6.87 (m, 2H), 4.99 (d, J = 11.5 Hz,
1H), 4.62 (dd, J=10.5, 3.5 Hz, 1H, H-1, 'C4 (L, p)), 4.54 (d, J=11.5 Hz, 1H), 3.80 (s,
3H), 3.79 — 3.74 (m, 2H), 2.79 — 2.67 (m, 2H), 1.45 (dd, J = 3.9, 1.8 Hz, 3H); °C
NMR (100 MHz, CDCl3) 6 205.69, 159.69, 137.64, 132.49, 128.61, 128.45, 128.17,
127.24, 114.21, 85.11, 79.12, 77.82, 73.47, 55.48, 50.15, 19.52; HMRS (ESI) calcd
for Cy0H»,04Na [M + Na]+ 349.1811, found 349.1815.

(2R,3R,6R)-3-Benzyloxy-2-benzyloxymethyl-6-phenyl-tetrahydro-4H-pyran-4-on
e (4hp):

BnO
BnO"

0]
To a solution of 4ha (10.0 mg, 0.025 mmol) in ether (1 mL) was added HBF,4 (50

uL, 50% V/V in Et,0), and the mixture was stirred at room temperature for 5 h. After
the completion of the reaction, the mixture was diluted with saturated sodium

bicarbonate solution (sat.NaHCOs3, 10 mL) and the aqueous layer was extracted with
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ethyl acetate (10 mL * 3). The combined organic layer was dried over Na,SO,. The
solvent was evaporated to dryness. The residue was purified by column
chromatography on silica gel (ethyl acetate/petroleum ether: 1/10) to afford 4hp as a
white foam (6.1 mg, 61%). Ry = 0.37 (ethyl acetate/petroleum ether: 1/6); [a]5’ =
+84.8 (¢ 0.2, CHCls); "H NMR (400 MHz, CDCl3) § 7.39 — 7.28 (m, 15H), 4.94 (d, J =
11.1 Hz, 1H), 4.69 (t, /= 7.0 Hz, 1H, H-1), 4.66 (d, J=12.3 Hz, 1H), 4.58 (d,J=12.3
Hz, 1H),4.50 (d,/J=11.1 Hz, 1H), 4.28 (d,/=9.5 Hz, 1H), 3.87 —3.81 (m, 3H), 2.76 (d,
J = 6.9 Hz, 2H); °C NMR (100 MHz, CDCl;) & 205.84, 140.27, 138.44, 137. 66,
128.77, 128.55, 128.53, 128.40, 128.31, 128.10, 127.85, 127.79, 125.83, 81.12, 79.92,
79.57, 73.75, 73.71, 69.44, 50.18. The "H/"C NMR spectroscopic data are coincide

with the previous report.!!!

(2R,3R,6R)-3-Benzyloxy-2-benzyloxymethyl-6-(4-bromophenyl)-tetrahydro-4H-p

yran-4-one (4ip):

BnO

BnO"

To a solution of 4ia (10.0 mg, 0.021 mmol) in ether (Et,O) (1 mL) was added HBF4
(75 4L, 50% V/V in Et;0), and the mixture was stirred at room temperature for 5 h.
After the completion of the reaction, the mixture was diluted with saturated sodium
bicarbonate solution (sat.NaHCOs, 10 mL) and the aqueous layer was extracted with
ethyl acetate (10 mL * 3). The combined organic layer was dried over Na;SO4. The
solvent was evaporated to dryness. The residue was purified by column
chromatography on silica gel (ethyl acetate/petroleum ether: 1/10) to afford 4if as a
white foam (5.1 mg, 51%). Ry = 0.38 (ethyl acetate/petroleum ether: 1/6); [a]3’ =
+133.6 (¢ 0.2, CHCl3); '"H NMR (400 MHz, CDCls) & 7.50 (d, J = 8.4 Hz, 2H), 7.35 —
7.24 (m, 12H), 4.93 (d, J = 11.1 Hz, 1H), 4.65 (dd, J=11.1, 3.3 Hz, 1H, H-1, *C, (D,
B)), 4.57 (d, J=12.2 Hz, 1H), 4.49 (d, J = 11.1 Hz, 1H), 4.27 — 4.23 (m, 1H), 3.86 —
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3.78 (m, 1H), 2.77 — 2.65 (m, 1H); "*C NMR (100 MHz, CDCl5) § 205.43, 139.19,
138.22, 137.45, 131.86, 128.55, 128.54, 128.39, 128.14, 127.85, 127.50, 122.16,
80.93, 79.67, 78.76, 73.69, 73.67, 69.22, 49.94; HMRS (ESI) calcd for CysH,sO4NaBr
[M + Na]* 503.0828, found 503.0826.

(2R,3R,6R)-3-Benzyloxy-2-benzyloxymethyl-6-(4-nitrophenyl)-tetrahydro-4H-py
ran-4-one (4jp):

BnO

BnO™

To a solution of 4ja (10.0 mg, 0.022 mmol) in ether (Et;O) (1 mL) was added
HBF, (50 uL, 50% V/V in Et,0), and the mixture was stirred at room temperature for 5
h. After the completion of the reaction, the mixture was diluted with saturated sodium
bicarbonate solution (sat.NaHCOs, 10 mL) and the aqueous layer was extracted with
ethyl acetate (10 mL * 3). The combined organic layer was dried over Na;SO4. The
solvent was evaporated to dryness. The residue was purified by column
chromatography on silica gel (ethyl acetate/petroleum ether: 1/6) to afford 4jp as a
white foam (6.3 mg, 63%). R, = 0.30 (ethyl acetate/petroleum ether: 1/3); [a]h’ =
+137.8 (¢ 0.2, CHCls); "H NMR (400 MHz, CDCl3) 6 8.24 (d, J= 8.8 Hz, 2H), 7.56 (d,
J=8.7Hz, 2H), 7.38 — 7.28 (m, 10H), 4.95 (d, /= 11.1 Hz, 1H), 4.80 (dd, J=11.6, 2.5
Hz, 1H, H-1, *C, (D, p)), 4.65 (d, J= 12.2 Hz, 1H), 4.58 (d, J=12.2 Hz, 1H), 4.51 (d, J
=11.1 Hz, 1H), 4.28 (d, /= 9.3 Hz, 1H, H-4), 3.89 — 3.82 (m, 3H), 2.81 (dd, J = 13.8,
2.6 Hz, 1H), 2.68 (ddd, J = 13.8, 11.7, 0.9 Hz, 1H); *C NMR (100 MHz, CDCl5) &
204.70, 147.80, 147.16, 138.11, 137.35, 128.59, 128.42, 128.23, 127.95, 127.87,
126.53, 124.03, 80.96, 79.54, 78.16, 73.78, 73.72, 69.16, 49.71; HMRS (ESI) calcd for
C26H2006N; [M + NH4]" 465.2021, found 465.2018.

(2R,3R,6R)-3-Benzyloxy-2-benzyloxymethyl-6-(4-ethoxyphenyl)-tetrahydro-4H-p
yran-4-one (4kp):
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OEt

BnO

BnO"

(0]
To a solution of 4ka (10.0 mg, 0.022 mmol) in ether (Et,O) (1 mL) was added

HBF, (50 uL, 50% V/V in Et,0), and the mixture was stirred at room temperature for 1
h. After the completion of the reaction, the mixture was diluted with saturated sodium
bicarbonate solution (sat.NaHCOs, 10 mL) and the aqueous layer was extracted with
ethyl acetate (10 mL * 3). The combined organic layer was dried over Na,SO4. The
solvent was evaporated to dryness. The residue was purified by column
chromatography on silica gel (ethyl acetate/petroleum ether: 1/10) to afford 4kp as a
white foam (9.0 mg, 90%). Ry = 0.25 (ethyl acetate/petroleum ether: 1/6); [a]5’ =
+123.6 (¢ 0.1, CHCl3); 'H NMR (400 MHz, CDCl3) & 7.35 — 7.27 (m, 12H), 6.89 (d, J =
8.7 Hz, 2H), 4.94 (d, J=11.1 Hz, 1H), 4.65 (d, J=12.2 Hz, 1H), 4.61 (dd, /= 10.8,2.9
Hz, 1H, H-1, °C, (D, p)), 4.56 (d, J= 12.2 Hz, 1H), 4.49 (d, J=11.1 Hz, 1H), 4.27 (d, J
= 8.8 Hz, 1H), 4.03 (q, /= 7.0 Hz, 2H), 3.84 — 3.80 (m, 3H), 2.81 — 2.74 (m, 1H), 2.71
(dd, J = 13.8, 3.0 Hz, 1H), 1.41 (t, J = 7.0 Hz, 3H); °C NMR (100 MHz, CDCl;) &
206.12, 159.00, 138.35, 137.60, 132.18, 128.54, 128.52, 128.39, 128.09, 127.87,
127.78, 127.22, 114.67, 80.96, 79.87, 79.38, 73.68, 73.66, 69.33, 63.64, 50.10, 14.95;
HMRS (ESI) calcd for Co5H3,05 [M + H]" 447.2166, found 447.2167.

(2R,3R,6R)-3-Benzyloxy-2-benzyloxymethyl-6-(4-hydroxy-2-nitrophenyl)-tetrahy
dro-4H-pyran-4-one (41p):

BnO

BnO™

To a solution of 4la (10.0 mg, 0.022 mmol) in ether (Et,O) (1 mL) was added HBF4
(50 uL, 50% V/V in Et;0), and the mixture was stirred at room temperature for 5 h.
After the completion of the reaction, the mixture was diluted with saturated sodium

bicarbonate solution (sat.NaHCOs3, 10 mL) and the aqueous layer was extracted with
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ethyl acetate (10 mL * 3). The combined organic layer was dried over Na,SO,. The
solvent was evaporated to dryness. The residue was purified by column
chromatography on silica gel (ethyl acetate/petroleum ether: 1/3) to afford 4If as a
white foam (6.2 mg, 62%). Ry = 0.25 (ethyl acetate/petroleum ether: 1/3); [a]3’ =
+277.1 (¢ 0.2, CHCl3); "H NMR (400 MHz, CDCl3) § 7.35—7.27 (m, 11H), 7.12 (s, 1H,
-OH), 7.08 (s, 1H), 6.79 (d, J= 7.5 Hz, 1H), 5.12 (d, J=10.5 Hz, 1H, H-1, *C (D, p)),
4.97 (d,J=11.2 Hz, 1H, Bn), 4.61 (d, /= 11.9 Hz, 1H, Bn), 4.54 (d, J=11.8 Hz, 1H,
Bn), 4.46 (d, J=11.1 Hz, 1H, Bn), 4.07 (d, J=9.9 Hz, 1H, H-4), 3.91 — 3.83 (m, 2H,
H-5, H-6a), 3.77 (dd, J=10.8, 5.4 Hz, 1H, H-6b), 2.93 (d, J = 13.5 Hz, 1H, H-2a), 2.72
—2.63 (m, 1H, H-2b); *C NMR (100 MHz, CDCls)  204.70, 156.40, 148.10, 137.37,
136.89, 128.73, 128.63, 128.45, 128.39, 128.25, 125.83, 120.62, 111.40, 79.88, 79.46,
74.75, 73.93, 73.69, 69.68, 48.43; HMRS (ESI) calcd for C,H,50/NNa [M + Na]”
486.1524, found 486.1525.

(2S,3S,65)-3-Benzyloxy-2-methyl-6-(4-acetylphenyl)-tetrahydro-4H-pyran-4-one

(4mp):
(e}

Bnogg

0]
To a solution of 4ma (10.0 mg, 0.029 mmol) in ether (Et,O) (1 mL) was added

HBF, (50 uL, 50% V/V in Et,0), and the mixture was stirred at room temperature for 5
h. After the completion of the reaction, the mixture was diluted with saturated sodium
bicarbonate solution (sat.NaHCOs, 10 mL) and the aqueous layer was extracted with
ethyl acetate (10 mL * 3). The combined organic layer was dried over Na,SOj4. The
solvent was evaporated to dryness. The residue was purified by column
chromatography on silica gel (ethyl acetate/petroleum ether: 1/5) to afford 4mp as a
white foam (6.0 mg, 60%). Ry = 0.36 (ethyl acetate/petroleum ether: 1/3); [a]3’ =
-235.8 (¢ 0.1, CHCl3); 'H NMR (400 MHz, CDCl3) & 7.96 (d, J = 8.3 Hz, 2H), 7.46 (d,

J=82Hz, 2H), 7.43 — 7.31 (m, 5H), 5.00 (d, J = 11.4 Hz, 1H), 4.74 (dd, J = 11.4, 2.5
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Hz, 1H, H-1, 'C4 (L, p)), 4.55 (d, J= 11.4 Hz, 1H), 3.85 — 3.76 (m, 1H), 2.77 (dd, J =
13.7,2.6 Hz, 1H), 2.71 — 2.64 (m, 1H), 2.60 (s, 3H), 1.48 (d, /= 5.3 Hz, 3H); '*°C NMR
(100 MHz, CDCl3) & 204.96, 197.75, 145.37, 137.43, 136.94, 128.87, 128.62, 128.46,
128.23, 125.85, 84.84, 78.60, 77.94, 73.50, 50.02, 26.81, 19.46; HMRS (ESI) caled for
C1Ha304 [M + H]" 339.1591, found 339.1599.

(2S,3S,65)-3-Benzyloxy-2-methyl-6-phenyl-tetrahydro-4H-pyran-4-one (4np):

(0]
To a solution of 4na (10.0 mg, 0.034 mmol) in ether (Et,O) (1 mL) was added

HBF,4 (75 uL, 50% V/V in Et,0), and the mixture was stirred at room temperature for 5
h. After the completion of the reaction, the mixture was diluted with saturated sodium
bicarbonate solution (sat.NaHCOs, 10 mL) and the aqueous layer was extracted with
ethyl acetate (10 mL * 3). The combined organic layer was dried over Na;SO4. The
solvent was evaporated to dryness. The residue was purified by column
chromatography on silica gel (ethyl acetate/petroleum ether: 1/10) to afford 4np as a
white foam (4.5 mg, 45%). R,=0.43 (ethyl acetate/petroleum ether: 1/6); [a]3® = -86.7
(¢ 0.1, CHCl3); "H NMR (400 MHz, CDCl3) § 7.42 — 7.29 (m, 10H), 5.00 (d, J=11.4
Hz, 1H), 4.67 (dd, J= 8.5, 5.6 Hz, 1H, H-1), 4.55 (d, /= 11.4 Hz, 1H), 3.82 — 3.74 (m,
2H), 2.77 — 2.69 (m, 2H), 1.46 (d, J = 5.4 Hz, 3H); "*C NMR (100 MHz, CDCl;) &
205.51, 140.33, 137.63, 128.81, 128.61, 128.45, 128.33, 128.18, 125.82, 85.08, 79.35,
77.90, 73.49, 50.24, 19.50; HMRS (ESI) calcd for C9H»0O3Na [M + Na]+ 319.1305,
found 319.1310.

(28,3S,6S)-3-Benzyloxy-2-methyl-6-(4-bromophenyl)-tetrahydro-4H-pyran-4-one
(40P):
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Br
BnOJ/ﬁWj

0]
To a solution of 40a (10.0 mg, 0.027 mmol) in ether (Et,O) (1 mL) was added

HBF, (75 uL, 50% V/V in Et,0), and the mixture was stirred at room temperature for 5
h. After the completion of the reaction, the mixture was diluted with saturated sodium
bicarbonate solution (sat.NaHCOs, 10 mL) and the aqueous layer was extracted with
ethyl acetate (10 mL * 3). The combined organic layer was dried over Na,SO4. The
solvent was evaporated to dryness. The residue was purified by column
chromatography on silica gel (ethyl acetate/petroleum ether: 1/10) to afford 40p as a
white foam (4.2 mg, 42%). Ry = 0.43 (ethyl acetate/petroleum ether: 1/6); [a]p’ =
-125.9 (¢ 0.1, CHCI3); '"H NMR (400 MHz, CDCl3) & 7.51 — 7.47 (m, 2H), 7.42 — 7.30
(m, 5H), 7.24 (d, J = 8.4 Hz, 2H), 4.99 (d, /= 11.4 Hz, 1H), 4.64 (dd, /= 11.0, 3.1 Hz,
1H, H-1, 'C4(L, p)), 4.54 (d, J=11.4 Hz, 1H), 3.83 —3.74 (m, 2H), 2.73 (dd, J = 13.7,
3.1 Hz, 1H), 2.67 (dd, J=13.5, 11.1 Hz, 1H), 1.46 (d, J = 5.4 Hz, 3H); *C NMR (100
MHz, CDCl3) 6 205.13, 139.34, 137.47, 131.92, 128.63, 128.47, 128.23, 127.49,
122.19, 84.88, 78.57, 77.89, 76.84, 73.50, 50.09, 19.47; HMRS (ESI) calcd for HMRS
(ESI) calced for Ci9H9O3BrNa [M + Na]+ 397.0405, found 397.0409.

(2S,3S,65)-3-Benzyloxy-2-methyl-6-(3-nitrophenyl)-tetrahydro-4H-pyran-4-one

(4pP):
BnO

(0]
To a solution of 4pa (10.0 mg, 0.029 mmol) in ether (Et,O) (I mL) was added

HBF, (50 uL, 50% V/V in Et,0), and the mixture was stirred at room temperature for 3
h. After the completion of the reaction, the mixture was diluted with saturated sodium
bicarbonate solution (sat.NaHCOs, 10 mL) and the aqueous layer was extracted with

ethyl acetate (10 mL * 3). The combined organic layer was dried over Na,SO4. The
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solvent was evaporated to dryness. The residue was purified by column
chromatography on silica gel (ethyl acetate/petroleum ether: 1/5) to afford 4pp as a
white foam (6.5 mg, 65%). Ry = 0.48 (ethyl acetate/petroleum ether: 1/3); [a]3’ =
-104.5 (¢ 0.2, CHCl3); '"H NMR (400 MHz, CDCl3) § 8.29 (t,J= 1.8 Hz, 1H), 8.18 (ddd,
J=28.1,2.2,1.0 Hz, 1H), 7.66 (d, J= 7.7 Hz, 1H), 7.55 (t,J= 7.9 Hz, 1H), 7.43 — 7.31
(m, 5H), 5.00 (d, J=11.4 Hz, 1H), 4.79 (dd, J=11.6, 2.5 Hz, 1H, H-1, 'C4 (L, B)), 4.56
(d,/J=11.4Hz, 1H), 3.88 —3.76 (m, 2H), 2.81 (dd, /= 13.7,2.6 Hz, 1H), 2.73 — 2.64 (m,
1H), 1.49 (d, J=5.5 Hz, 3H); “C NMR (100 MHz, CDCl;) 5 204.47, 148.63, 142.43,
137.34, 131.82, 129.79, 128.66, 128.50, 128.30, 123.23, 120.89, 84.70, 78.00, 77.87,
73.57,49.92, 19.43; HMRS (ESI) calcd for C;9H»305N; [M + NH4]+ 359.1602, found
359.1603.

(2S,3S,65)-3-Benzyloxy-2-methyl-6-(3-carboxyphenyl)-tetrahydro-4H-pyran-4-o

ne (4qp):
7. O ~““©\COQH
BnO

@)
To a solution of 4qa (10.0 mg, 0.029 mmol) in ether (Et,0) (1 mL) was added

HBF, (75 uL, 50% V/V in Et,0), and the mixture was stirred at room temperature for 5
h. After the completion of the reaction, the mixture was diluted with brine (10 mL) and
the aqueous layer was extracted with ethyl acetate (10 mL * 3). The combined organic
layer was dried over Na,SO,4. The solvent was evaporated to dryness. The residue was
purified by column chromatography on silica gel (MeOH/DCM: 1/20) to afford 4qp as
a white foam (5.2 mg, 52%). R, = 0.24 (MeOH/DCM: 1/20); [a]3’ = -48.0 (c 0.1,
CHCl3); "H NMR (400 MHz, CDCl3) 8 8.12 (s, 1H), 8.07 (d, J=7.8 Hz, 1H), 7.62 (d, J
=17.7 Hz, 1H), 7.49 (t, J="7.7 Hz, 1H), 7.42 — 7.32 (m, 5H), 5.00 (d, /= 11.4 Hz, 1H,
Bn), 4.75 (dd, J=10.9, 3.1 Hz, 1H, H-1, 'C4(L, p)), 4.56 (d, J=11.4 Hz, 1H, Bn), 3.85
—3.78 (m, 2H, H-4, H-5), 2.80 (dd, /= 13.7, 3.2 Hz, 1H, H-2a),2.74 (dd, J=13.6, 11.1
Hz, 1H, H-2b), 1.48 (d, J = 5.3 Hz, 3H, H-6); °C NMR (100 MHz, CDCls) & 205.03
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(C-3), 170.78 (-CO,H), 141.02, 137.52, 131.22, 130.10, 129.82, 129.07, 128.64,
128.49, 128.24, 127.61, 84.94, 78.66, 78.00, 73.56 (Ph-CH,-), 50.07, 19.47 (C-6),
HMRS (ESI) calcd for Cy0H2405N [M + NH4]+ 358.1649, found 358.1652.

(2S,3S,65)-3-Benzyloxy-2-methyl-6-(1-naphthyl)-tetrahydro-4H-pyran-4-one

4rp):
BnOJiﬂj

0]
To a solution of 4ra (10.0 mg, 0.029 mmol) in ether (Et,O) (1 mL) was added

HBF, (75 uL, 50% V/V in Et,0), and the mixture was stirred at room temperature for
2.5 h. After the completion of the reaction, the mixture was diluted with saturated
sodium bicarbonate solution (sat.NaHCOs3, 10 mL) and the aqueous layer was extracted
with ethyl acetate (10 mL * 3). The combined organic layer was dried over Na,;SOj. The
solvent was evaporated to dryness. The residue was purified by column
chromatography on silica gel (ethyl acetate/petroleum ether: 1/10) to afford 4rp as a
white foam (4.1 mg, 41%). Ry = 0.35 (ethyl acetate/petroleum ether: 1/6); [a]7’ =
-167.8 (¢ 0.1, CHCl3); "H NMR (400 MHz, CDCl3) & 7.95 (d, J = 8.3 Hz, 1H), 7.89 —
7.86 (m, 1H), 7.82 (d, J= 8.2 Hz, 1H), 7.67 (d, J= 7.1 Hz, 1H), 7.57 — 7.47 (m, 3H),
7.45—7.33 (m, 5H), 5.39 (dd, J=10.6, 3.4 Hz, 1H, H-1, 'C4(L, p)), 5.04 (d, J=11.5 Hz,
1H),4.59 (d,J=11.5Hz, 1H), 4.00 —3.92 (m, 1H), 3.87 (d, /= 8.7 Hz, 1H), 2.98 —2.87
(m, 2H), 1.53 (d, J = 5.9 Hz, 3H); °C NMR (100 MHz, CDCl;) & 205.77, 137.61,
135.74, 133.90, 130.09, 129.12, 128.90, 128.63, 128.46, 128.20, 126.63, 125.91,
125.59, 123.14, 122.88, 85.19, 78.16, 76.47, 73.51, 49.36, 19.64; HMRS (ESI) calcd
for C23H,,03Na [M + Na]* 369.1462, found 369.1467.

(2S,3S,65)-3-Benzyloxy-2-methyl-6-(2-methyl-5-fluorophenyl)-tetrahydro-4H-py

ran-4-one (4sp):
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‘1, O Y

OMe

0]
To a solution of 4sa (10.0 mg, 0.058 mmol) in ether (Et,O) (1 mL) was added

HBF, (75 uL, 50% V/V in Et,0), and the mixture was stirred at room temperature for 3
h. After the completion of the reaction, the mixture was diluted with saturated sodium
bicarbonate solution (sat.NaHCOs;, 10 mL) and the aqueous layer was extracted with
ethyl acetate (10 mL * 3). The combined organic layer was dried over Na,SO4. The
solvent was evaporated to dryness. The residue was purified by column
chromatography on silica gel (ethyl acetate/petroleum ether: 1/10) to afford 4sp as a
white foam (4.5 mg, 45%). Ry = 0.39 (ethyl acetate/petroleum ether: 1/6); [a]5’ =
-106.0 (¢ 0.1, CHCI3); "H NMR (400 MHz, CDCls) § 7.42 — 7.30 (m, 5H), 7.24 (dd, J =
9.2,3.1 Hz, 1H), 6.96 —6.90 (m, 1H), 6.77 (dd, /J=9.0, 4.3 Hz, 1H), 5.00 (d, /J=11.6 Hz,
1H), 4.95 (dd, J=11.5, 2.2 Hz, 1H, H-1, 'C4(L, B)), 4.54 (d, J=11.6 Hz, 1H), 3.79 (s,
3H), 3.82 - 3.72 (m, 2H), 2.87 (dd, J=13.7, 2.3 Hz, 1H), 2.44 (ddd, /= 13.6, 11.5, 1.0
Hz, 1H), 1.46 (d, J= 5.7 Hz, 3H); °C NMR (100 MHz, CDCl;) § 205.63, 8 157.46 (d, J
=238.4 Hz), 151.52, 137.64, 130.80 (d, /= 7.1 Hz), 128.60, 128.44, 128.16, 114.60 (d,
J=23.0Hz), 113.17 (d,J=24.8 Hz), 111.26 (d, /= 8.1 Hz), 84.99, 77.68, 73.48, 73.44,
55.92, 48.66, 19.51; '"’F NMR (376 MHz, CDCl5) & -123.03; HMRS (ESI) calcd for
C0H,04F [M + Na]” 367.1317, found 367.1308.

(2S,3S,65)-3-Benzyloxy-2-methyl-6-(3,5-bis-trifluoromethylphenyl)-tetrahydro-4

‘r, O K\ [: :L
" * CH 3
BnO

@)
To a solution of 4ta (10.0 mg, 0.023 mmol) in ether (Et,O) (ImL) was added HBF4

H-pyran-4-one (4tp):

(75 uL, 50% V/V in Et,0), and the mixture was stirred at room temperature for 5 h.
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After the completion of the reaction, the mixture was diluted with saturated sodium
bicarbonate solution (sat.NaHCOs;, 10 mL) and the aqueous layer was extracted with
ethyl acetate (10 mL * 3). The combined organic layer was dried over Na,SO4. The
solvent was evaporated to dryness. The residue was purified by column
chromatography on silica gel (ethyl acetate/petroleum ether: 1/10) to afford 4tf as a
white foam (3.6 mg, 36%). R;= 0.37 (ethyl acetate/petroleum ether: 1/6); [a]3’ =-94.2
(c 0.2, CHCl;); 'H NMR (400 MHz, CDCl3) § 7.89 — 7.78 (m, 3H), 7.43 — 7.32 (m, 5H),
5.00 (d, J=11.4 Hz, 1H), 4.80 (dd, J=11.7, 2.4 Hz, 1H, H-1, 'C4 (L, p)), 4.56 (d, J =
11.4 Hz, 1H), 3.87 - 3.77 (m, 2H), 2.82 (dd, /= 13.7, 2.6 Hz, 1H), 2.72 — 2.62 (m, 1H),
1.49 (d, J = 5.5 Hz, 3H); °C NMR (100 MHz, CDCl;) & 204.12, 142.87, 137.30,
132.21(q, J = 32.1 Hz), 128.68, 128.51, 128.34, 126.93 — 126.89 (m), 123.28 (q, J =
272.9 Hz), 122.31 — 122.21 (m), 84.60, 78.09, 77.67, 73,60, 49.89, 19.39; "’F NMR
(376 MHz, CDCl3) 6 -62.85 (s, 6F); HMRS (ESI) caled for C,H 9OsFs [M + HCO,]
477.1143, found 477.1144.

(2S,3S,65)-3-Benzyloxy-2-methyl-6-(4-biphenyl)-tetrahydro-4H-pyran-4-one

(4up):
//1,' O ‘\\\\

0]

To a solution of 4ua (10.0 mg, 0.027 mmol) in ether (Et,O) (1 mL) was added
HBF, (50 uL, 50% V/V in Et,0), and the mixture was stirred at room temperature for 5
h. After the completion of the reaction, the mixture was diluted with saturated sodium
bicarbonate solution (sat.NaHCOs;, 10 mL) and the aqueous layer was extracted with
ethyl acetate (10 mL * 3). The combined organic layer was dried over Na,SO4. The
solvent was evaporated to dryness. The residue was purified by column
chromatography on silica gel (ethyl acetate/petroleum ether: 1/10) to afford 4uf as a

white foam (3.5 mg, 35%). R;=0.33 (ethyl acetate/petroleum ether: 1/6); [a]3’ = -76.4

S43



(c 0.1, CHCls); 'H NMR (400 MHz, CDCl3) & 7.58 (t, J = 8.1 Hz, 4H), 7.47 — 7.32 (m,
10H), 5.01 (d,J=11.4 Hz, 1H),4.72 (t, J=7.1 Hz, 1H, H-1),4.56 (d, /= 11.4 Hz, 1H),
3.87 —3.76 (m, 2H), 2.79 (d, J= 6.6 Hz, 2H), 1.48 (d, J= 5.6 Hz, 3H); "*C NMR (100
MHz, CDCl;) 6 205.54, 141.37, 140.79, 139.23, 137.57, 128.95, 128.62, 128.47,
128.20, 127.59, 127.27, 126.32, 85.05, 79.16, 77.94, 73.49, 50.13, 19.53; HMRS (ESI)
calcd for CysH»40O3Na [M + Na]+ 395.1617, found 395.1612.

(4R,5S,E)-4,6-Di(benzyloxy)-5-hydroxy1-(4-bromophenyl)-3-ono-1-hexene (6):

OH Br
BnO

~—

BnO“
(@]

To a solution of 4ia (10.0 mg, 0.021 mmol) in ether (Et,O) (1 mL) was added HBF4
(75 uL, 50% V/V in Et,0), and the mixture was stirred at room temperature for 5 h.
After the completion of the reaction, the mixture was diluted with saturated sodium
bicarbonate solution (sat.NaHCO3, 10 mL) and the aqueous layer was extracted with
ethyl acetate (10 mL * 3). The combined organic layer was dried over Na,SO,. The
solvent was evaporated to dryness. The residue was purified by column
chromatography on silica gel (ethyl acetate/petroleum ether: 1/10) to afford 6h as a
white foam (2.5 mg, 25%). Ry= 0.13 (ethyl acetate/petroleum ether: 1/6); [a]3’ =0 (c
0.2, CHCI:); "H NMR (400 MHz, CDCl3) § 7.62 (d, J=16.0 Hz, 1H, Ph-HC=CH), 7.51
(d,J=8.5Hz, 2H), 7.38 (d, J=8.5 Hz, 2H), 7.35 - 7.27 (m, 10H), 7.13 (d, /= 16.0 Hz,
1H, Ph-HC=CH-CO), 4.64 (d,J=11.6 Hz, 1H, Bn), 4.54 (d, /= 11.8 Hz, 1H, Bn), 4.50
(d, J=11.8 Hz, 2H, Bn), 4.16 — 4.10 (m, 2H, H-4, H-5), 3.69 — 3.61 (m, 2H, H-6a,b),
2.63 (br, 1H, -OH); °C NMR (100 MHz, CDCls) & 199.60, 142.55, 137.82, 137.13,
133.60, 132.29, 130.10, 128.70, 128.56, 128.34, 127.96, 125.15, 122.14, 84.14, 73.59,
73.19, 71.41, 70.31. HMRS (ESI) caled for CysHs04Br [M + H]" 481.1009, found
481.1011.

(2S,3S,4S,6S)-3-Benzyloxy-4-hydroxy-2-methyl-6-(4-methoxyphenyl)-tetrahydro-
4H-pyran (7):
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OCH;
LJ@
BnO

OH

To the solution of 4fp (20.0 mg, 0.06 mmol) in THF (2 mL) was added NaBH4 (0.6
mmol). Then, the mixture was stirred for 1 h. The solution was taken up in 20 mL of sat.
NH4CI, then it was extracted with ethyl acetate (3*20 mL). The organic layer was dried
over Na;SQy, and the solvent was removed under rotary evaporation. The residue was
purified through silica (petroleum ether/ethyl acetate: 3/1) to afford a colorless oil 7
(8.5 mg, 42%), Rr= 0.24 (ethyl acetate/petroleum ether: 1/3) and 8 (8.0 mg, 40%), R,=
0.26 (ethyl acetate/petroleum ether: 1/3). For compound 7, [a]3® = -86.4 (c 0.08,
CHCl3); '"H NMR (400 MHz, CDCls) & 7.39 (d, J = 4.4 Hz, 4H), 7.33 (dd, J = 8.5, 4.1
Hz, 1H), 7.28 (d, J = 8.6 Hz, 2H), 6.87 (d, J = 8.7 Hz, 2H), 4.83 (d, /= 11.3 Hz, 1H,
Bn), 4.74 (d, /= 11.4 Hz, 1H, Bn), 4.41 (dd, /= 11.6, 1.6 Hz, 1H, H-1), 3.89 — 3.82
(m, 1H, H-3), 3.79 (s, 3H, -OMe), 3.51 (dq, J = 8.9, 6.2 Hz, 1H, H-5), 3.07 (t, /= 8.9
Hz, 1H, H-4), 2.23 — 2.18 (m, 1H, H-2a), 2.15 (s, 1H, -OH), 1.76 (dd, J =24.3, 11.6
Hz, 1H, H-2b), 1.41 (d, J = 6.2 Hz, 3H, -Me); *C NMR (100 MHz, CDCl5) & 159.33,
138.50, 133.70, 128.86, 128.23, 128.10, 127.48, 113.99, 86.64, 77.48, 75.66, 75.37,
73.02, 55.45, 40.96, 18.89. HMRS (ESI) calcd for CyH2404Na [M + Na]™ 351.1572,
found 351.1569.

(2S,3S,4R,6S)-3-Benzyloxy-4-hydroxy-2-methyl-6-(4-methoxyphenyl)-tetrahydro

OCH;

OH
To the solution of 4fp (20.0 mg, 0.06 mmol) in THF (2 mL) was added 1 M

-4H-pyran (8):

LiBHEt; (0.6 mL, 0.6 mmol) at 0 °C. Then, the mixture was stirred 0 °C for 24 h. The

solution was taken up in 20 mL of sat. NH4Cl, and extracted with ethyl acetate (3*20
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mL). The organic layer was dried over Na,SOj, and the solvent was removed under
rotary evaporation. The residue was purified through silica (petroleum ether/ethyl
acetate: 3/1) to afford a colorless oil 8 (16.0 mg, 78%), Ry = 0.26 (ethyl
acetate/petroleum ether: 1/3).[a]3® = -38.8 (¢ 0.02, CHClL;); '"H NMR (400 MHz,
CDCl3) 6 7.41 — 7.33 (m, 5H), 7.28 (d, J = 8.6 Hz, 2H), 6.86 (d, J = 8.7 Hz, 2H), 4.79
(dd, J=11.5, 1.5 Hz, 1H, H-1), 4.69 (d, J = 11.5 Hz, 1H, Bn), 4.58 (d, J = 11.5 Hz,
1H, Bn), 4.30 — 4.28 (m, 1H, H-3), 3.96 — 3.87 (m, 1H, H-5), 3.78 (s, 3H, -OMe), 3.21
(dd, J=9.5, 3.0 Hz, 1H, H-4), 2.52 (s, 1H, -OH), 2.20 — 2.13 (m, 1H, H-2a), 1.80 (dd,
J =137, 12.2 Hz, 1H, H-2b), 1.31 (d, J = 6.2 Hz, 3H, -Me); *C NMR (100 MHz,
CDClI3) o 159.13, 137.81, 134.45, 128.74, 128.28, 128.13, 127.42, 113.93, 80.97,
72.91, 71.69, 70.81, 64.45, 55.43, 39.21, 18.81; HMRS (ESI) calcd for Cy0H2404Na
[M + Na]" 351.1572, found 351.1574.

(2S,3S,4R,6S)-3-Benzyloxy-4-dimethylamino-2-methyl-6-(4-methoxyphenyl)-tetr

OMe
v, O “\\\©/
BnOJ/ﬁj

/N\

ahydro-4H-pyran (9):

To the solution of 4fp (50.0 mg, 0.15 mmol) and ammonium acetate (115.0 mg, 1.5
mmol) in methanol (4 mL) was added NaBH;CN (94.0 mg, 1.5 mmol) at room
temperature. The mixture was stirred at room temperature for 24 h. The solution was
taken up in 20 mL of water and extracted with ethyl acetate (3*20 mL). The organic
layer was dried over Na,SOy, and the solvent was removed under rotary evaporation.
Then the residue was dissolved in acetonitrile (4 mL), and was added 45% aq.
formaldehyde (1 mL) and NaBH3;CN (47.0 mg, 7.5 mmol), the mixture was stirred at
room temperature for 24 h. The resulting mixture was quenched with brine (20 mL) and
the aqueous layer was extracted with ethyl acetate (3* 20 ml). The organic layer was
washed with water then dried over Na;SO4, and the solvent was removed under rotary

evaporation. The residue was purified through silica gel (petroleum ether/ ethyl acetate:
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3/1) to afford a colorless 01l 9 (27.1 mg, 50%), Ry= 0.40 (ethyl acetate/petroleum ether:
1/3); [a]Z® =-81.8 (¢ 0.2, CHCl3); '"H NMR (400 MHz, CDCl5) & 7.38 — 7.26 (m, 7H),
6.86 (d, J = 8.7 Hz, 2H), 4.86 (dd, J = 11.1, 2.5 Hz, 1H, H-1), 4.73 (d, J = 11.6 Hz,
1H, Ph-CH,-), 4.51 (d, J = 11.6 Hz, 1H, Ph-CH>-), 4.30 — 4.21 (m, 1H, H-5), 3.78 (s,
3H, MeO-), 3.43 (d, J = 6.2 Hz, 1H, H-4), 2.75 (s, 1H, H-3), 2.44 (s, 6H, -NMe,),
2.19 (ddd, J = 14.1, 4.8, 2.8 Hz, 1H, H-2a), 1.80 — 1.71 (m, 1H, H-2b), 1.30 (d, J =
6.3 Hz, 3H, Me-); °C NMR (100 MHz, CDCl5) & 159.12, 138.40, 135.19, 128.51,
127.92, 127.40, 113.93, 83.95(br, -C-NMe,), 73.27, 72.35, 71.66, 59.34, 55.44, 44.98,
37.22(br, C2), 19.24; HMRS (ESI) caled for C,,H30O3N [M + H]+ 356.2220, found
356.2224.

8) Reference

[1] C.-F. Liu, D.-C. Xiong, X.-S. Ye, J. Org. Chem. 2014, 79, 4676-4686.

9) Spectral data
"H NMR spectrum of 4aa, 400MHz, CDCl;
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3C NMR spectrum of 4aa, 100MHz, CDCl;
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3C NMR spectrum of 5a, 100MHz, CDCl;
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3C NMR spectrum of 4ba, 100MHz, CDCls
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BC NMR spectrum of 4ca, 100MHz, CDCl;
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3C NMR spectrum of 4da, 100MHz, CDCls
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"H NMR spectrum of 4ea, 400MHz, CDCl;
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"H NMR spectrum of 4fa, 400MHz, CDCl;
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"H NMR spectrum of 4gB, 400MHz, CDCl;
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"H NMR spectrum of 4ha, 400MHz, CDCl;
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"H NMR spectrum of 4ia, 400MHz, CDCl;
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"H NMR spectrum of 4ja, 400MHz, CDCl;
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"H NMR spectrum of 4ka, 400MHz, CDCl;
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"H NMR spectrum of 4la, 400MHz, CDCl;
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"H NMR spectrum of 4ma, 400MHz, CDCl;
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"H NMR spectrum of 4na, 400MHz, CDCl;
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"H NMR spectrum of 400, 400MHz, CDCl;
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"H NMR spectrum of 4pa, 400MHz, CDCl;
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"H NMR spectrum of 4qa, 400MHz, CDCl;
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"H NMR spectrum of 4ra, 400MHz, CDCl;
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"H NMR spectrum of 4sa, 400MHz, CDCl;
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3C NMR spectrum of 4sa, 100MHz, CDCl;
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"H NMR spectrum of 4ta, 400MHz, CDCl;
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3C NMR spectrum of 4ta, 100MHz, CDCl;

0 amwmo owuwemr~To —
o ] MM e N N0 T T M
. I S R N B D B S A= g P -4
w MO A DO@E DTN AT = & e
= L R L L L s
o PR i i b el - e i e A I i i

—45.04

e\ W

CF;

4, O
" CF3

BnO

17.14

T T T T T
220 200 180 160 140 120 100 BO 60

S70

20 ppm

an
=0

NAME tsb=B41
EXPNO 4
BROCHO 1
Date_ 20151028
Time 23.25
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG 2gpg30
™ 65536
SOLVENT =Tk
] 1197
] 4
SWH 26041666 Hz
FIDRES 0.397364 Hz
AQ 1.2583412 sec
RG 205.82
oW 19.200 usec
DE 6.50 usec
TE 296.3 K
bl 1.25000000 sec
D11 0.03000000 sec
DO 1
CHANNEL £1

C
Pl 9.00 usec
51 32768
SF 100.6127552 MHz
WOW
58B [
LB 1.00 Hz
GB ]
eC 1.40



"H NMR spectrum of 4ua, 400MHz, CDCl;
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"H NMR spectrum of 4ap, 400MHz, CDCl;
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"H NMR spectrum of 4bf, 400MHz, CDCl;

cwoar- T DO MDE S O M N D T O T D M A G O 2
Sme o e L L e g i =]
Mmoo R e L s T - B R
O— e B e R R R R R R R S e T LN
M
EO NAME TSE=T8%a
. EXPNO 2
A PROCNO 1
MeO pate_ 20150814
Time 23.08
0 INSTRUM spect
PROBHD 5 mm PABBD BBE=-
"o ormomen®oa o~ PULPROG 2930
— AT MM OO o o D 65536
oo, L o - SOLVENT €DC13
T m mMEO@@mmm |, ™ ™ NS 8
DS 0
SWH 8223.685 Hz
FIDRES 0.125483 Hz
ag 3.9846387 sec
.t RG 205.82
DW 50.800 usec
DE 6.50 usec
1E 295.
D1 1.00000000 sec
o0 1
mmmmmems CHANNEL £l mmmmmm=s
NUC1
r1 14.00 usec
sI 65538
sF 400.1300108 MHz
T T T T T T T e
4.0 3.9 3.8 3.7 3.6 3.5 ppm SSE [
LB 0.30 Hz
|| ! — [=3 L o
| o =] o o FC 1.00
4 o o0 o o0
|
| 1
I !
N )
T T T T T T T T T T T T
11 10 9 8 7 3 5 4 3 2 1 0 ppm
E{E 1= i =1 =1 = B
ol e B ) Y B e 4
C NMR spectrum of 4bp, 100MHz, CDCl;
- o o« <)
< R SEEISIERTRER BRUKER
- o . -
o n m o = Noormwaeaw e (>
& 3 oy o] B N T
MNAME TSBE-TE%a
EXPNO 3
PROCNO 1
Date_ 20150815
Time 0.31
INSTRU! spect
PROBHD 5 mm PABBO BR-
PULPROX zapa30
65536
SOLVENT CDC13
0‘\ NS 1934
DS 4
SWH 26041.666 Hz
O FIDRES 0.397364 Hz
AQ 1.2583412 sec
MeQ ®G 20582
DiW 19_200 usec
o DE 6.50 usec
TE 296.7 K
Meo D1 1.25000000 s=c
O D11 0.03000000 s=c
TDO 1

T T T T T T
z00 180 160 140 120 100 80 (] 40 0 ppm

S73

== CHANNEL £1 =

13¢




"H NMR spectrum of 4¢p, 400MHz, CDCl;
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"H NMR spectrum of 4df, 400MHz, CDCl;
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"H NMR spectrum of 4ep, 400MHz, C

DCls
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"H NMR spectrum of 4fp, 400MHz, CDCl;
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"H NMR spectrum of 4hf, 400MHz, CDCl;
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"H NMR spectrum of 4ip, 400MHz, CDCl;
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"H NMR spectrum of 4jp, 400MHz, CDCl;
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"H NMR spectrum of 4k, 400MHz, CDCl;
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"H NMR spectrum of 41p, 400MHz, CDCl;
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"H NMR spectrum of 4mp, 400MHz, CDCl;
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"H NMR spectrum of 4nf, 400MHz, CDCl;
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"H NMR spectrum of 40p, 400MHz, CDCl;
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"H NMR spectrum of 4pp, 400MHz, CDCl;
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"H NMR spectrum of 4qf, 400MHz, CDCl;
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"H NMR spectrum of 4rp, 400MHz, CDCl;
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"H NMR spectrum of 4sp, 400MHz, CDCl;
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3C NMR spectrum of 4sp,
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"H NMR spectrum of 4tp, 400MHz, CDCl;
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3C NMR spectrum of 4tp, 100MHz, CDCl;
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"H NMR spectrum of 4uf, 400MHz, CDCl;
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"H NMR spectrum of 6, 400MHz, CDCl;
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"H NMR spectrum of 7, 400MHz, CDCl;
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"H NMR spectrum of 8, 400MHz, CDCl;
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"H NMR spectrum of 9, 400MHz, CDCl;
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HSQC spectrum of 9, 100MHz, CDCl;
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