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1. General and materials

Melting points were uncorrected. 'H and *C NMR spectra were taken on a 400 MHz spectrometer, and chemical
shifts were reported in parts per million (ppm) using CHCl; (7.26 ppm) in CDCI; or C¢DsH (7.16 ppm) in C¢Dg for
'H NMR, and CDCl; (77.01 ppm) or C¢Dg (128.00 ppm) for *C NMR as an internal standard, respectively. Mass
spectra were recorded by an electrospray ionization-time of flight (ESI-TOF) mass spectrometer. Column
chromatography was performed on silica gel (75-150 um). Medium-pressure liquid chromatography (MPLC) was

performed on a 30 x 4 cm i.d. prepacked column (silica gel, 50 um) with a UV detector.

2. Preparation of starting materials

2.1. Preparation of o,-enone substrates

4-Methylpent-3-en-2-one 2a, but-3-en-2-one 2¢, (E)-4-phenylbut-3-en-2-one 2f and (E)-chalcone 2k are available
commercially. 1-Cyclohexylideneacetone 2b,' 1-phenylprop-2-en-1-one 2d,” 1-(4-bromophenyl)-prop-2-en-1-one
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2e,’ (E)-pent-3-en-2-one 2g* and ethyl (E)-4-oxopent-2-enoate 2m° were prepared by the reported procedure.

0]
1L, O, S L,
L OLE, AL S Y
Br
2b 2c 2d 2e

2a

o)
Q Q Q EION
AN
Ph/§§/ﬂ\Me Me/§§/ﬂ\Me Ph/Qk/j\Ph I Me
2k 2m

2f 2g

(E)-6-Phenylhex-3-en-2-one (2h)
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To a solution of 2-phenylpropanal (1.3 mL, 10 mmol) in toluene (50 mL), (2-oxopropyl)triphenylphosphonium
chloride (4.0 g, 12 mmol) and K,CO; (2.1 g, 15 mmol) were added at room temperature. After being stirred at
80 °C for 5 h, the aqueous layer was extracted with EtOAc (20 mL x 3). The combined organic layer was dried
over anhydrous MgSO, and concentrated under reduced pressure. Purification of the residue by column
chromatography (hexane/EtOAc = 10 : 1) gave o,-enone 2h in 64% yield (1.1 g, 8.4 mmol) as colorless oil. The

structure was confirmed by comparison to the reported spectrum data.’

(E)-4-Cyclohexylbut-3-en-2-one (2i)
O

2i

According to the synthetic procedure for 2h, o,-enone 2i was prepared in 56% yield (1.3 g, 8.4 mmol) by the
reaction of cyclohexanecarbaldehyde (1.8 mL, 15 mmol), (2-oxopropyl)triphenylphosphonium chloride (8.0 g, 23
mmol) and K,CO; (4.2 g, 30 mmol) in a mixed solvent of CH,Cl, (25 mL) and H,O (25 mL) at 50 °C for 24 h. The

structure was confirmed by comparison to the reported spectrum data.’

(E)-1-Cyclohexyl-4,4-dimethylpent-1-en-3-one (2j)
O

)

|
To a solution of cyclohexanecarbaldehyde (2.5 mL, 20 mmol) in a mixed solvent of EtOH (8 mL) and H,O (3 mL),
3,3-dimethylbutan-2-one (7.3 mL, 24 mmol) and 0.25 M aqueous solution of NaOH (2 mL, 5 mmol) were added at
room temperature. After being stirred at the same temperature for 50 h, the reaction mixture was diluted with H,O
(30 mL) and extracted with EtOAc (50 mL x 3). The combined organic layer was washed with brine (50 mL),
dried over anhydrous MgSO, and evaporated. The obtained residue was purified by column chromatography on
silica gel (hexane/EtOAc = 20 : 1) to give o,p-enone 2j in 46% yield (1.8 g, 9.2 mmol) as colorless oil. The

structure was confirmed by comparison to the reported data.®

Isopropyl (E)-4-oxopent-2-enoate (2n)
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A solution of ethyl 4-oxopentanoate (5.7 mL, 40 mmol) in propan-2-ol (25 mL) was treated by a catalytic amount
of iodine (250 mg, 0.97 mmol) for 7 days at 100 °C, then the reaction mixture was evaporated to give a crude
mixture of isopropyl 4-oxopentanoate. To a solution of this crude mixture in Et,O (50 mL), bromine (1.2 mL, 23
mmol) was added at 0 °C. After being stirred at the same temperature for 3 h, the resultant mixture was quenched
with H,O (30 mL) and extracted with Et,O (20 mL x 3). The organic layer was dried over anhydrous MgSQO, and
concentrated under reduced pressure to give a crude mixture of isopropyl 3-bromo-4-oxopentanoate. A crude
mixture was dissolved in AcOH (1.9 mL) and treated with NaOAc (2.7 g) at 80 °C for 2 h. After usual extractive
work up, the reaction mixture was purified by column chromatography on silica gel (pentane/Et,O =10 : 1) to give
2n (874 mg, 5.6 mmol, 14 % yield over 3 steps). Colorless oil; IR (neat) v 2984, 1722, 1702, 1687, 1108, 980
cm'; 'H NMR (400 MHz, CDCls) §1.29 (6H, d, J = 6.2 Hz), 2.35 (3H, s), 5.12 (1H, septet, J = 6.2 Hz), 6.62
(1H, d, J = 16.1 Hz), 6.99 (1H, d, J = 16.1 Hz); "“C NMR (100 MHz, CDCl;) 521.4, 27.6, 68.7, 131.8, 139.5,
164.6,197.3; MS (ESI-TOF) m/z 157 [M+H]"; HRMS calcd for CgH;30; [M+H]", 157.0865; found, 157.0859;

(E)-S-Phegylhex-3-en-2-one (20)
Ph N Me

Me 94
According to the synthetic procedure for 2h, a,B-enone 20 was prepared in 64% yield (1.7 g, 6.4 mmol) by the
reaction of 2-phenylpropanal (1.3 mL, 10 mmol), (2-oxopropyl)triphenylphosphonium chloride (4.0 g, 12 mmol),
and K,CO; (2.1 g, 15 mmol) in toluene (50 mL) at 80 °C for 5 h. The structure was confirmed by comparison to

the reported spectrum data.’

2.2. Preparation of 2-silyloxyfurans and ketene silyl acetal
0

tert-Butyl(furan-2-yloxy)dimethylsilane, ' fert-butyl(dimethyl)[(3-methylfuran-2-yl)oxy]silane,'' and tert-butyl-
(dimethyl)[(4-methylfuran-2-yl)oxy]silane,'" triethyl(furan-2-yloxy)silane, '* and fert-butyl(1-ethoxyvinyloxy)-

dimethylsilane"® were prepared by the reported procedures.

OTBS
OoTBS Me OoTBS _ OTES OTBS
Eib \Eib < Ejb 4*05
Me
tert-Butyl(dimethyl)[(5-methylfuran-2-yl)oxy]silane
OTBS
_ Do
Me

To a solution of 5-methylfuran-2(3H)-one (0.9 mL, 10 mmol) in CH,Cl, (2 mL), tert-butyl(dimethyl)silyl
trifluoromethanesulfonate (2.1 mL, 10 mmol) and Et;N (2.1 mL 15 mmol) were added at 0 °C. After being stirred
at room temperature for 2 h, extractive work-up and purification by silica gel column chromatography (hexane)

gave tert-butyl(dimethyl)[(5-methylfuran-2-yl)oxy]silane (1.27 g, 6.0 mmol, 60% yield). Colorless oil; IR
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(neat) v 1628, 1592 cm™; '"H NMR (400 MHz, CDCl;) §0.27 (6H, s), 1.01 (9H, s), 2.19 (3H, s), 4.99 (1H, d, J =
3.0 Hz), 5.75-5.80 (1H, m); >C NMR (100.6 MHz, CDCl;) §-4.9, 13.5, 18.1, 25.6, 83.7, 106.1, 141.3, 155.3; MS
(ED) m/z 212 [M]*. Anal. Calcd for C;;H»,0,Si: C, 62.21; H, 9.49. Found: C, 61.97; H, 9.25.

Diethyl(furan-2-yloxy)isopropylsilane
OSiEt,i-Pr

—

O

N

Furan-2(5H)-one (0.7 mL, 10 mmol) and Et;N (2.1 mL 15 mmol) were added diethylisopropylsilyl chloride (1.8
mL, 10 mmol) at room temperature. After being stirred at the same temperature for 2 h, the desired silyloxyfuran
was obtained in 71 % yield (1.6 g, 7.1 mmol) by direct distillation of the reaction mixture under reduced pressure
(bp. 80 °C at 3 mmHg). Colorless oil; IR (neat) v 2958, 2879, 1619, 1523, 1261, 957, 837, 735, 708 cm™’; 'H
NMR (400 MHz, C¢Ds) 6 0.60-0.77 (4H, m), 0.92-1.03 (13H, m), 5.11 (1H, d, J = 3.0 Hz), 6.02-6.08 (1H, m),
6.62-6.68 (1H, m); "“C NMR (100 MHz, C¢D¢) 64.4, 7.3, 13.7, 17.5, 84.4, 112.0, 133.0, 158.1; MS (EI) m/z
212 [MT".

(3-Bromofuran-2-yloxy)triethylsilane
OTES

—

O

=

To a solution of 3-bromofuran-2(5H)-one'* (490 mg, 3.0 mmol) in CH,Cl, (0.5 mL), triethylsilyl triflate (0.68 mL,
3.0 mmol) and Et;N (0.46 mL 3.6 mmol) were added at 0 °C. After being stirred at 0 °C for 15 min, the reaction
mixture was diluted with hexane (20 mL), then washed with H,O (10 mL). The resultant organic layer was

Br.

evaporated to give (3-bromofuran-2-yloxy)triethylsilane in 82% yield (680 mg, 2.5 mmol) as a dark red oil. Due to
the low stability of this compound, the crude mixture was used without further purifications (>94% purity based
on 'H NMR). IR (neat) v 2958, 2914, 2879, 1636, 1518, 886, 839, 749 cm™'; 'H NMR (400 MHz, CDCL;) &
0.74-0.82 (6H, m), 0.98-1.02 (9H, m), 6.26 (1H, d, J = 2.4 Hz), 6.80 (1H, d, J = 2.4 Hz); "°C NMR (100 MHz,
CDCl;) 64.9,6.2,73.6, 114.1, 132.1, 153.4; MS (EI) m/z 276 [M]".

(3-Bromo-5-methylfuran-2-yloxy)triethylsilane

OTES
Br:

_ o

Me
To a solution of 5—methy1furan—2(5H)—one15 (1.0 g, 10 mmol) in CCly (40 mL), bromine (0.8 mL, 15 mmol) was
added at room temperature. After being stirred at 50 °C for 2 h, the resultant mixture was quenched with saturated
NaHCO; aqueous solution (30 mL) and extracted with CH,Cl, (20 mL x 3). The organic layer was dried over
anhydrous MgSO,; and concentrated under reduced pressure to give a crude mixture of
3,4-dibromo-5-methyldihydrofuran-2(3H)-one. This crude mixture was dissolved to CH,Cl, (40 mL) and treated
with Et;N (1.1 mL) at O °C for 30 min. After usual extractive work up, the reaction mixture was purified by
column chromatography on silica gel (hexane/AcOEt =3 : 1) to give 3-bromo-5-methylfuran-2(5H)-one (1.4 g, 8.2
mmol, 82 % yield over 2 steps). Pale yellow oil; IR (neat) v 3092, 2985, 2935, 1767, 1608, 1314, 993 cm
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'H NMR (400 MHz, CDCl;) §1.49 (3H, d, J = 6.8 Hz), 5.08 (1H, qd, J = 6.8, 1.6 Hz), 7.50 (1H, d, J = 1.6 Hz);
C NMR (100 MHz, CDCl3) §18.5,79.2, 112.6, 154.1, 168.2; MS (ESI-TOF) m/z 177 [M+H]*, 179 [M+2+H]";
HRMS calcd for CsH¢BrO, [M+H], 176.9551; found, 176.9544; Anal. Calcd for CsHsBrO,: C, 33.93; H, 2.85.
Found: C, 34.05; H, 3.01.

According to the synthetic procedure for (3-bromofuran-2-yloxy)triethylsilane, (3-bromo-5-methylfuran-2-
yloxy)triethylsilane was obtained in 90% yield (780 mg, 2.7 mmol, >90% purity based on 'H NMR) by the
reaction of 3-bromo-5-methylfuran-2(5H)-one (530 mg, 3.0 mmol), triethylsilyl triflate (0.68 mL, 3.0 mmol) and
Et;N (0.46 mL, 3.6 mmol) in CH,Cl, (0.5 mL). Colorless oil; IR (neat) v 2957, 2916, 2879, 1641, 1598, 1057,
854 cm™; '"H NMR (400 MHz, CDCl;) 50.78 (6H, q, J = 7.9 Hz), 1.02 (9H, t, J = 7.9 Hz), 2.15 (1H, brs), 5.83
(1H, brs); C NMR (100 MHz, CDCl;) §4.9, 6.2, 13.6, 73.3, 109.1, 141.3, 151.7. Due to low stability of this

compound, it was not possible to measure its MS spectrum.

3. Vinylogous Mukaiyama-Michael (VMM) reaction
3.1. Carbon acid catalyzed VMM reaction (Tables 1, 2)
5-[1-(2-Oxopropyl)cyclohexyl]furan-2(5H)-one (3ba)

o}

/ Me
0]

(0]
3ba

According to the synthesis of 3aa, 3ba was obtained in 90% yield (100.0 mg, 0.45 mmol) by the reaction of
(tert-buthyldimethylsilyloxy)furan (109 mg, 0.55 mmol) and 2b (69 mg, 0.50 mmol) in the presence of 1 (0.74 mg,
1.3 pmol) at —24 °C for 3 h. Colorless oil; IR (neat) v 1757, 1713 cm™; 'H NMR (400MHz, CDCl;) &
1.10-1.45 (5H, m), 1.45-1.63 (4H, m), 1.74-1.82 (1H, m), 2.12 (3H, s), 2.54 (1H, d, / = 17.4 Hz), 2.67 (1H, d, J =
17.4 Hz), 5.34-5.37 (1H, m), 6.07 (1H, dd, J = 5.8, 2.1 Hz), 7.51 (1H, dd, J = 5.8, 1.4 Hz); "°C NMR (100.6 MHz,
CDCl;) 621.0, 21.1, 25.6, 30.5, 30.6, 32.1, 40.3, 43.6, 87.7, 121.9, 154.7, 172.9, 208.2; MS (ESI-TOF) m/z 223
[M+H]"; HRMS calcd for C;3H;005 [M+H]", 223.1334; found, 223.1320. Anal. Calcd for C;3H;305: C, 70.24;
H, 8.16. Found: C, 70.45; H, 8.12.

5-(3-Oxobutyl)furan-2(5H)-one (3ca)
O

J Me
O

(0]
3ca

According to the synthesis of 3aa, the reaction of 2¢ (35 mg 050 mmol) and
tert-butyl(furan-2-yloxy)dimethylsilane (109 mg, 0.55 mmol) in the presence of 1 (0.14 mg, 0.25 pmol) for 2 h at
—78 °C give 1,4-adduct 3ca (63.1 mg, 0.41 mmol, 82% yield). The structure was confirmed by comparison of

spectrum data with those reported in the literature.'®
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5-(3-Oxo0-3-phenylpropyl)furan-2(5H)-one (3da)
O

/ Ph
0O

0
3da

To a solution of tert-butyl(furan-2-yloxy)dimethylsilane (109 mg, 0.55 mmol) in CH,Cl, (1 mL), a solution of 1
(1.5 mM in CH,Cl,, 2.0 mL, 0.50 umol) and 2d (66 mg, 0.50 mmol) in CH,Cl, (0.8 mL) were added at —78 °C over
10 min. After being stirred for 1 h at —78 °C, reaction mixture was quenched with saturated NaHCO; aqueous
solution and extracted with EtOAc (20 mL x 3). The organic layer was dried over anhydrous MgSO,, then it was
concentrated under reduced pressure. The resulting residue was treated by TfOH (150 mg, 1.0 mmol) in CH,Cl,
(100 mL) for 1h at —78 °C. The reaction mixture was diluted with H,O (50 mL), extracted with CH,Cl, (40 mL),
dried over anhydrous MgSO, and evaporated. Purification of the resulting residue by column chromatography on
silica gel (hexane/EtOAc =3 : 1) gave 3da (96.2 mg, 0.45 mmol, 89% yield). White solid; Mp. 91.1-91.5 °C;
IR (KBr) v 1769, 1682 cm™'; 'H NMR (400MHz, CDCl3) & 1.97-2.03 (1H, m), 2.37-2.48 (1H,m), 3.08-3.28 (2H,
m), 5.17-5.27 (1H, m), 6.11 (1H, dd, J = 5.7, 2.0 Hz), 7.44-7.52 (3H, m), 7.55-7.61 (1H, m), 7.93-7.98 (2H, m);
*C NMR (100.6 MHz, CDCls) §27.1, 33.2, 82.3, 121.6, 127.9, 128.6, 133.3, 136.4, 156.2, 172.8, 198.5; MS
(ESI-TOF) m/z 239 [M+Na]"; HRMS calcd for C;3H;,NaO; [M+Na]*, 239.0684; found, 239.0671.

5-[3-(4-Bromophenyl)-3-oxopropyllfuran-2(5H)-one (3ea)
o)

%4
© Br

O
3ea

According to the synthetic procedure for 3da, 3ea was obtained in 88% yield (129.9 mg, 0.44 mmol) by the
reaction of 2e (106 mg, 0.50 mmol) and tert-butyl(furan-2-yloxy)dimethylsilane (109 mg, 0.55 mmol) in the
presence of 1 (0.14 mg, 0.25 pumol) for 1 h at =78 °C. White solid; Mp. 84.3-84.9 °C; IR (KBr) v 1746, 1687
cm'; 'HNMR (400MHz, CDCl3) & 1.88-1.99 (1H, m), 2.40 (1H, dtd, J = 14.5, 7.3, 3.8 Hz), 3.03-3.23 (2H, m),
5.16-5.22 (1H, m), 6.12 (1H, dd, J = 5.7, 2.0 Hz), 7.49 (1H, dd, J = 5.7, 1.5 Hz), 7.58-7.63 (2H, m), 7.78-7.83 (2H,
m); "C NMR (100.6 MHz, CDCly) & 27.1, 33.3, 82.1, 121.8, 128.7, 129.5, 132.0, 135.2, 156.0, 172.7, 197.5;
MS (ESI-TOF) m/z 295 [M+H]*; HRMS calcd for C;3H;,BrO; [M+H]*, 294.9970; found, 294.9966. Anal.
Calcd for C3H,;BrOs: C, 52.91; H, 3.76. Found: C, 52.61; H, 4.00.

5-(1,1-Dimethyl-3-oxobutyl)-3-methylfuran-2(5H)-one (3ab) and
5-(1-{[tert-butyl(dimethyl)silylJoxy}-1,3-dimethylbut-2-enyl)-3-methylfuran-2(5H)-one (4ab).

Me Me O Me Me OTBS
\
Me Me N\
Me— M
(0] (0]
3ab 4ab

According to the synthetic procedure for 3aa, the reaction of 2a (49 mg, 0.50 mmol) and fert-butyl(dimethyl)
[(3-methylfuran-2-yl)oxy]silane (117 mg, 0.55 mmol) in the presence of 1 (0.71 mg, 1.3 pmol) for 2 h at —78 °C
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give 1,4-adduct 3ab (82.3 mg, 0.42 mmol, 84% yield) and two diastereomers of 1,2-adduct 4ab (major isomer, 2.1
mg, 0.007 mmol 1.3% yield; minor isomer, 2.0 mg 0.006 mmol, 1.3% yield). For 3ab Colorless oil; IR (neat)
v 1756, 1713 ecm™';  'H NMR (400 MHz, CDCl;) §0.89 (3H, s), 1.14 (3H, s), 1.92-1.94 (3H, m), 2.14 (3H, s),
2.38 (1H, d, J = 16.9 Hz), 2.65 (1H, d, J = 16.9 Hz), 5.03-5.08 (1H, m), 7.04 (1H, t, J = 1.5 Hz); "“C NMR (100.6
MHz, CDCl;) ¢ 10.8, 22.4, 23.3, 32.0, 37.1, 50.5, 86.1, 131.2, 146.4, 174.2, 207.7, MS (ESI-TOF) m/z 197
[M+H]"; HRMS calcd for C,;H;70; [M+H]", 197.1178; found, 197.1186. Anal. Calcd for C;;H,cOs: C, 67.32;
H, 8.22. Found: C, 67.30; H, 8.24. For 4ab-major Colorless oil; IR (neat) v 1767 cm; 'HNMR (400 MHz,
CeDs) 60.11 (6H, s), 0.96 (9H, s), 1.26 (3H, s), 1.52 (3H, d, J=1.3 Hz), 1.64 3H, t, J=1.8 Hz), 1.69 (3H, d, J =
1.3 Hz), 4.47-4.51 (1H, m), 4.92-4.96 (1H, m) 6.42-6.46 (1H, m); ">C NMR (100.6 MHz, C¢Ds) 5-2.3,-1.9, 10.6,
18.5, 19.4, 26.1, 26.1, 27.6, 77.2, 86.8, 127.6, 131.4, 136.4, 145.6, 173.2; MS (ESI-TOF) m/z 333 [M+Na]";
HRMS calcd for C;7H3,NaO;Si [M+Na]*, 333.1862; found, 333.1877. For 4ab-minor Colorless oil; IR (neat)
v 1767 cm™; 'H NMR (400 MHz, C¢Dg) 60.06 (3H, s), 0.09 (3H, s), 0.91 (9H, s), 1.26 (3H, s), 1.55 (3H, d, J =
1.3 Hz), 1.58 (3H, d, J = 1.3 Hz), 1.69 (3H, t, J = 1.7 Hz), 4.46-4.50 (1H, m), 5.09-5.14 (1H, m), 6.48-6.52 (1H,
m); "C NMR (100.6 MHz, C¢D¢) §-2.3, -1.9, 10.7, 18.4, 19.5, 25.5, 26.1, 27.5, 76.3, 85.9, 129.7, 131.5, 135.4,
145.8, 173.4; MS (ESI-TOF) m/z 333 [M+Na]*; HRMS calcd for C;;H;NaO;Si [M+Na]*, 333.1862; found,
333.1880.

5-(1,1-Dimethyl-3-oxobutyl)-4-methylfuran-2(5H)-one (3ac) and

5-(1-{[tert-butyl(dimethyl)silylJoxy}-1,3-dimethylbut-2-enyl)-4-methylfuran-2(5H)-one (4ac)
TBS

Me Me Me O

Me Me IO Me
J ! Me Me N N
(0]

© 3ac 4ab 0
According to the synthetic procedure for 3aa, the reaction of 2a (49 mg, 0.50 mmol) and tert-butyl
[(4-methylfuran-2-yl)oxy]silane (159 mg, 0.75 mmol) in the presence of 1 (0.71 mg, 1.3 pumol) for 2 h at =78 °C
give 1,4-adduct 3ac (72.0 mg, 0.39 mmol, 78% yield) and two diastereomers of 1,2-adduct 4ac (major isomer, 9.4
mg, 0.03 mmol 6.3% yield; minor isomer, 2.6 mg, 0.009 mmol, 1.8% yield). For 3ac Colorless oil; IR (neat)
v 1763, 1713 cm™'; 'H NMR (400 MHz, CDCl;) §0.83 (3H, s), 1.18 (3H, s), 2.09 (3H, s), 2.13-2.15 (3H, m),
2.64 (1H, d, J = 17.4 Hz), 2.74 (1H, d, J = 17.4 Hz), 5.15 (1H, brs), 5.78 (1H, quin, J = 1.5 Hz); "°C NMR (100.6
MHz, CDCl;) 6 16.5, 22.4, 23.6, 31.5, 36.9, 51.7, 88.8, 119.1, 167.6, 172.6, 207.5; MS (ESI-TOF) m/z 219
[M+Na]"; HRMS calcd for C;;HsNaO; [M+Na]*, 219,0997; found, 219.0977. Anal. Calcd for C;;H;cOs: C,
67.32; H, 8.22. Found: C, 67.31; H, 8.21. For 4ac-major Colorless oil; IR (neat) v 1767 cm; 'H NMR
(400 MHz, C¢Dg) 60.03 (3H, s), 0.06 (3H, s), 0.89 (9H, s), 1.21 (3H, s), 1.52 (3H, s), 1.53 (3H, s), 1.67-1.70 (3H,
m), 5.17 (1H, s), 5.28 (1H, s), 5.51 (1H, m); "C NMR (100.6 MHz, C¢D¢) 6 -2.3, -1.8, 16.0, 18.4, 19.4, 24.9,
26.2, 27.4, 76.5, 88.4, 119.5, 131.1, 134.4, 166.5, 171.9; MS (ESI-TOF) m/z 333 [M+Na]"; HRMS calcd for
C17H;0Na0;Si [M+Na]*, 333.1862; found, 333.1881. For 4ac-minor Colorless oil; IR (neat) v 1769 cm
'H NMR (400 MHz, C¢D¢) 50.09 (3H, s), 0.11 (3H, s), 0.93 (9H, s), 1.40 (3H, s), 1.50 (3H, d, J = 1.4), 1.52-1.56
(3H, m), 1.70 (3H, d, J = 1.4 Hz), 431 (1H, brs), 4.88 (1H, brs), 5.43-5.46 (1H, m); "C NMR (100.6 MHz,
CsDg) 0 2.1, -2.0, 16.1, 18.4, 19.2, 26.2, 26.7, 27.8, 77.9, 89.5, 119.3, 126.9, 136.7, 166.2, 171.5; MS
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(ESI-TOF) m/z 333 [M+Na]"; HRMS calcd for C;7;H;,NaO;Si [M+Na]*, 333.1862; found, 333.1854.

5-(1,1-Dimethyl-3-oxobutyl)-5-methylfuran-2(5H)-one (3ad) and
3-(1,1-dimethyl-3-oxobutyl)-5-methylfuran-2(3H)-one (5)

Me, Me O Me, Me O
—
00
3ad 5

According to the synthetic procedure for 3aa, the reaction of 2a (49 mg, 0.50 mmol) and fert-butyl(dimethyl)
[(5-methylfuran-2-yl)oxy]silane (159 mg, 0.75 mmol) in the presence of 1 (0.71 mg, 1.3 pumol) for 2 h at -78 °C,
then 2h at —24 °C gave 3ad (51.0 mg, 0.28 mmol, 55% yield) and 5 (27.0 mg, 0.15 mmol, 29% yield). For 3ad
White solid; Mp. 55.3-55.7 °C; IR (KBr) 1752, 1705 cm™; 'H NMR (400MHz, CDCl3) 61.04 (3H, s), 1.13
(3H, s), 1.39 (3H, s), 2.09 (3H, s), 2.40 (1H, d, J = 15.5 Hz), 2.46 (1H, d, J = 15.5 Hz), 6.00 (1H, d, J = 5.8 Hz),
7.46 (1H, d, J = 5.8 Hz); "“C NMR (100.6 MHz, CDCl;) 5 19.8, 22.0, 22.5, 32.7, 39.6, 48.5, 93.5, 121.0, 159.5,
172.5,207.7; MS (ESI-TOF) m/z 197 [M+H]"; HRMS calcd for C;;H,,0; [M+H]", 197.1178; found, 197.1177.
Anal. Calcd for C;1H405: C, 67.32; H, 8.22. Found: C, 67.33; H, 8.17. For 5 Colorless oil; IR (neat) v 1789,
1713 cm™; 'H NMR (400 MHz, CDCl;) 50.96 (3H, s), 1.12 (3H, s), 1.97-2.02 (3H, m), 2.15 (3H, 5), 2.44 (1H, d,
J=17.2Hz),291 (1H, d, J = 17.2 Hz), 3.68 (1H, quin, J = 2.4 Hz), 5.08-5.12 (1H, m); "*C NMR (100.6 MHz,
CDCl;) 6 14.0, 24.5, 25.6, 31.8, 35.7, 50.9, 52.2, 101.6, 152.5, 177.8, 208.0; MS (ESI-TOF) m/z 197 [M+H]";
HRMS calcd for C11H1703 [M+H]", 197.1178; found, 197.1183. Anal. Calcd for C;;H;40;: C, 67.32; H, 8.22.
Found: C, 67.52; H, 8.32.

3.2. Diastereoselective VMM reaction (Tables 3. 4 and Eqn. 1, 2)
(8*)-5-[(S*)-3-Oxo0-1-phenylbutyl]furan-2(5H)-one (anti-3fa) and
(R*)-5-[(S*)-3-0x0-1-phenylbutyl]furan-2(5H)-one (syrn-3fa)

Ph O Ph O

J Me J T Me
o] o]

O anti-3fa 0 syn-3fa

To a solution of a,B-enone 2f (73 mg, 0.5 mmol) and triethyl(furan-2-yloxy)silane (119 mg, 0.60 mmol) in CH,Cl,
(0.5 mL), freshly prepared solution of carbon acid 1 in CH,Cl, (10 mM, 0.5 mL, 5.0 pumol) were added at —78 °C
over 30 min. After being stirred for 2 h at -24 °C, the reaction mixture was quenched with saturated NaHCO;
aqueous solution and extracted with EtOAc (20 mL x 3). The organic layer was dried over anhydrous MgSO, and
concentrated under reduced pressure. The resultant residue was treated with 1 M aqueous solution of HCI (10 mL)
in THF (10 mL) for 30 min at room temperature. This reaction mixture was diluted with H,O (10 mL), extracted
with EtOAc (20 mL x 3), dried over anhydrous MgSO, and evaporated. Purification of the obtained residue by
column chromatography on silica gel (hexane/EtOAc = 2 : 1) gave an inseparable mixture of anti-3fa and syn-3fa
(107 mg, 0.47 mmol, 93% yield, anti/syn = 5.0 : 1). Colorless oil; IR (neat) v 3031, 2919, 1756, 1715, 1602,
1496, 1163, 1454, 767,703 cm™'; 'H NMR (400 MHz, CDCl;) & for anti-3fa 2.06 (3H, s), 2.90 (1H, dd, J = 17.5,
8.1 Hz), 3.03 (1H, dd, J = 17.5, 5.3 Hz), 3.41-3.48 (1H, m), 5.15 (1H, dt, /=7.5, 1.9 Hz), 6.09 (1H, dd, /=5.7, 1.9
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Hz), 7.09-7.35 (6H, m), for syn-3fa 2.17 (3H, s), 2.86-2.96 (1H, m), 3.23 (1H, dd, J = 18.2, 8.3 Hz), 3.69-3.76 (1H,
m), 5.34 (1H, quin, J = 1.9 Hz), 7.09-7.35 (6H, m); "*C NMR (100 MHz, CDCl;) & for anti-3fa 30.5, 44.3, 45.0,
85.7,122.0, 127.8, 128.1, 129.0, 139.4, 155.4, 172.6, 205.8, for syn-3fa 30.5, 42.7,44.8, 84.2, 122.2, 127.7, 128.3,
128.7, 137.0, 155.1, 172.8, 206.5; MS (ESI-TOF) m/z 253 [M+Na]*; HRMS calcd for C;sH;sNaO; [M+Na]*,
253.0841; found, 253.0821. Anal. Calcd for C;4H405: C, 73.08; H, 6.13. Found: C, 72.80; H, 6.21.

(R*)-3-Methyl-5-[(S*)-3-0x0-1-phenylbutyl]furan-2(5H)-one (anti-3fb) and

(8%)-3-methyl-5-[(S*)-3-0x0-1-phenylbutyl]furan-2(5H)-one (syn-3fb)
|:3h O I:Dh O
Me 4 o Me Me 4
O  anti-3fb O  syn-3fb
According to the synthetic procedure for 3fa, 1,4-adduct 3fb was obtained in 87% yield (anti-3fb, 88.2 mg, 0.36

mmol; syn-3fb, 0.07 mmol, 18.0 mg) by the reaction of 2f (73 mg, 0.50 mmol) with

Me

Qe

tert-butyl(dimethyl)[(3-methylfuran-2-yl)oxy]silane (127 mg, 0.60 mmol) in the presence of carbon acid 1 (2.9 mg,
5.0 pmol) in CH,Cl, (1.0 mL) at —78 °C for 2 h. For anti-3fb Colorless crystals; Mp. 60.1-61.0 °C; 1R
(KBr) v3030, 3006. 1752, 1711, 1498, 1456, 1163, 768, 703 cm™; 'H NMR (400 MHz, CDCls) & 1.86 (3H, brs),
2.03 (3H, s), 2.87 (1H, dd, J = 17.4, 8.4 Hz), 2.99 (1H, dd, J = 17.4, 5.0 Hz), 3.30-3.41 (1H, m), 4.98 (1H, dt, J =
7.6, 1.6 Hz), 6.77 (1H, brs), 7.15-7.28 (3H, m), 7.28-7.36 (2H, m); "“C NMR (100 MHz, CDCl5) d 10.6, 30.5,
44.6, 45.2, 83.4, 127.6, 128.0, 128.9, 130.5, 139.6, 147.7, 173.7, 205.9; MS (ESI-TOF) m/z 245 [M+H]";
HRMS calcd for C;sH;0; [M+H]", 245.1178; found, 245.1189. For syn-3fb Colorless oil; IR (neat) v 3031,
1757, 1714, 1496, 1454, 1162, 763, 703 cm™; 'H NMR (400 MHz, CDCl3) & 1.67 (3H, brs), 2.14 (3H, s), 2.89
(1H, dd, J = 18.0, 6.2 Hz), 3.16 (1H, dd, J = 18.0, 7.9 Hz), 3.68 (1H, ddd, J = 7.9, 6.2, 3.4 Hz), 5.15 (1H, dt, J =
3.4, 1.7 Hz), 6.82-6.88 (1H, m), 7.07-7.14 (2H, m), 7.15-7.28 (3H, m); "*C NMR (100 MHz, CDCl;) §10.4, 30.5,
429, 44.6, 82.0, 127.5, 128.3, 128.6, 130.8, 137.3, 147.3, 173.9, 206.6; MS (ESI-TOF) m/z 245 [M+H]";
HRMS calcd for C;sH;0; [M+H]", 245.1178; found, 245.1188.

To determine the stereochemistry of 3fb, we conducted the following methylation reaction.

';Dh o Me4Sn, Cul ':Dh o
/ Me (PhoP)oPdCl» / Me
Br - >
o) NMP, 80 °C, 20 h O
(0] (0]
anti-3fe anti-3fb 52%

To a solution of (R*)-3-bromo-5-[($*)-3-0xo0-1-phenylbutyl]furan-2(5H)-one anti-3fe (88 mg, 0.29 mmol) in
N-methyl-2-pyrrolidone (NMP, 2.0 mL), (Ph;P),PdCl, (30 mg, 0.04 mmol), Cul (34 mg, 0.17 mmol) and Me,Sn
(0.16 mL, 1.2 mmol) were added. After being stirred for 20 h at 80 °C, the resultant mixture was quenched with
H,0 (10 mL), extracted with EtOAc (10 mL x 3) and dried over anhydrous MgSO,. After the concentration of this
organic layer under reduced pressure, the residue was purified by column chromatography on silica gel
(hexane/EtOAc =2 : 1) to give (R*)-3-methyl-5-[(S*)-3-0x0-1-phenylbutyl]furan-2(5H)-one anti-3fb in 52% yield
(35.0 mg, 0.15 mmol) without the formation of syn-3fb.
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(R*)-3-Bromo-5-[(R*)-4-oxopentan-2-yl]furan-2(5H)-one (anti-3ge) and

($%)-3-bromo-5-[(R*)-4-oxopentan-2-yl]furan-2(5H)-one (syn-3ge)
Iyle (0] Iyle (0]

Br J Me Br 4 Me

O
O  anti-3ge O  syn-3ge

o1l

According to the synthetic procedure for 3fa, an inseparable mixture of anti-3ge and syn-3ge was obtained in 76%
yield (94 mg, 0.38 mmol, anti/syn = 12 : 1) by the reaction of o,B-enone 2g (42 mg, 0.50 mmol) with
(3-bromofuran-2-yloxy)triethylsilane (166 mg, 0.60 mmol) in the presence of carbon acid 1 (1.4 mg, 2.5 pmol) in
CH,Cl, (1.0 mL) at =78 °C for 2 h. Colorless oil; IR (neat) v 3088, 2970, 1770, 1713, 1607, 1369, 1160, 981
cm™’; 'H NMR (400 MHz, CDCls) ¢ for anti-3ge 1.04 (3H, m), 2.09 (3H, m), 2.33 (1H, ddd, J = 16.7, 6.7, 2.6
Hz), 2.38-2.58 (2H, m), 4.89 (1H, dt, J = 5.4, 2.0 Hz), 7.49 (1H, brd, J = 2.0 Hz), for syn-3ge 0.80 (3H, dd, J = 6.9,
3.5Hz), 2.13 (3H, d, J = 3.9 Hz), 2.38-2.58 (2H, m), 2.59 (1H, ddd, J = 17.7, 6.9, 4.6 Hz), 5.12-5.30 (1H, m), 7.47
(1H, d, /= 1.6 Hz); "C NMR (100 MHz, CDCl;) & for anti-3ge 16.4, 29.6, 32.1, 44.5, 85.7, 113.2, 151.9, 168.0,
206.4, for syn-3ge 13.4, 30.4, 31.1, 45.9, 84.7, 113.2, 151.9, 168.3, 206.7, MS (ESI-TOF) m/z 269 [M+Na]", 271
[M+2+Na]*; HRMS calcd for CoH,;BrNaO; [M+Na]", 268.9789; found, 268.9792; Anal. Calcd for CoH,;BrO;:
C, 43.75; H, 4.49. Found: C, 43.62; H, 4.59.

(R*)-3-Bromo-5-[(R*)-5-0x0-1-phenylhexan-3-yl]furan-2(5H)-one (anti-3he)
Ph

(0]

!

J Me
0]

O  anti-3he

Br

According to the synthetic procedure for 3fa, 1,4-adduct anti-3he was obtained in 91% yield (153 mg, 0.45 mmol)
by the reaction of a,-enone 2¢ (87 mg, 0.50 mmol) with (3-bromofuran-2-yloxy)triethylsilane (166 mg, 0.60
mmol) in the presence of carbon acid 1 (1.4 mg, 2.5 umol) in CH,CI, (1.0 mL) at —=78 °C for 2 h. Colorless oil;
IR (neat) v 3086, 3026, 1772, 1713, 1604, 1496, 1454, 1155, 984, 752, 704 cm™; 'H NMR (400 MHz, CDCl;) &
1.61-1.72 (1H, m), 1.72-1.86 (1H, m), 2.01 (3H, s), 2.22-2.36 (2H, m), 2.41-2.51 (1H, m), 2.54-2.68 (2H, m), 5.01
(1H, dd, J = 3.8, 1.7 Hz), 7.06-7.16 (3H, m), 7.17-7.25 (2H, m), 7.33 (1H, d, J = 1.7 Hz); "°C NMR (100 MHz,
CDCl;) 630.4, 33.0, 33.3, 35.9, 41.6, 84.0, 112.8, 126.2, 128.2, 128.6, 140.8, 152.5, 168.2, 206.7; MS
(ESI-TOF) m/z 337 [M+H]", 339 [M+2+H]"; HRMS calcd for C;sH;sBrO; [M+H]", 337.0439; found, 337.0449;
Anal. Calcd for C;4H;7BrOs: C, 56.99; H, 5.08. Found: C, 56.89; H, 5.06.

(R*)-3-Bromo-5-[(S*)-1-cyclohexyl-3-oxobutyl]furan-2(5H)-one (anti-3ie)

o}

M
Br/ €

O

O  anti-3ie
According to the synthetic procedure for 3fa, 1,4-adduct anti-3ie was obtained in 93% yield (146 mg, 0.47 mmol)
by the reaction of o,B-enone 2i (76 mg, 0.50 mmol) with (3-bromofuran-2-yloxy)triethylsilane (166 mg, 0.60
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mmol) in the presence of carbon acid 1 (0.71 mg, 1.3 pmol) in CH,Cl, (1.0 mL) at =78 °C for 2 h. The
stereochemistry of anti-3ie was determined by an X-ray crystallographic analysis. Colorless crystals; Mp.
105.0-105.3 °C; IR (KBr) v 3102, 2930, 2847, 1758, 1716, 1607, 992 cm™; 'H NMR (400 MHz, CDCl;) &
0.91-1.27 (5H, m), 1.36-1.48 (1H, m), 1.58-1.82 (5H, m), 2.06 (3H, s), 2.17 (1H, dd, J = 18.1, 7.0 Hz), 2.33, (1H,
dd, J = 18.1, 4.1 Hz), 2.34-2.41 (1H, m), 5.16 (1H, brs), 7.37 (1H, d, J = 1.5 Hz); "°C NMR (100 MHz, CDCl;)
626.1,26.3, 30.3, 30.6, 30.8, 39.1, 40.0, 40.8, 83.1, 112.1, 153.8, 168.4, 207.1; MS (ESI-TOF) m/z 337 [M+Na]",
339 [M+24Na]”; HRMS calcd for C,4H;oBrNaO; [M+Na]", 337.0415; found, 337.0405; Anal. Calcd for
C14H9B1rO;: C, 53.35; H, 6.08. Found: C, 53.20; H, 6.19.

(R*)-3-Bromo-5-[(S*)-1-cyclohexyl-4,4-dimethyl-3-oxopentyl[furan-2(5H)-one (anti-3je) and
(8%)-3-bromo- 5-[(S*)-1-cyclohexyl-4,4-dimethyl-3-oxopentyl]furan-2(5H)-one (syn-3je)

. .

Br 4 o tBu Br 4

tBu

Qe

O  anti-3je O  syn-3je

According to the synthetic procedure for 3fa, 1,4-adduct 3je was obtained in 66% yield (anti-3je, 106 mg, 0.30
mmol; syn-3je, 12 mg, 0.04 mmol) by the reaction of a,B-enone 2j (97 mg, 0.50 mmol) with
(3-bromofuran-2-yloxy)triethylsilane (166 mg, 0.60 mmol) in the presence of carbon acid 1 (2.8 mg, 5.0 pmol) in
CH,Cl, (1.0 mL) at —24 °C for 2 h. The stereochemistry of 3je was determined by an X-ray crystallographic
analysis of anti-3je. For anti-3je Colorless crystals; Mp. 108.8-109.3 °C; 1R (KBr) v 3113, 2928, 1764,
1700, 1609, 988 cm™'; 'H NMR (400 MHz, CDCl;) & 0.50-1.29 (5H, m), 1.07 (9H, s), 1.36-1.48 (1H, m),
1.60-1.85 (5H, m), 2.33 (2H, d, J = 5.6 Hz), 2.42-2.49 (1H, m), 5.19 (1H, t, J = 1.6 Hz), 7.37 (1H, d, J = 1.6 Hz);
C NMR (100 MHz, CDCl3) §26.2, 26.4, 26.5, 26.6, 30.6, 31.1, 32.3, 40.1, 40.6, 44.3, 83.2, 111.7, 154.2, 168.7,
214.6; MS (ESI-TOF) m/z 357 [M+H]", 359 [M+2+H]"; HRMS calcd for C;H,BrO; [M+H]", 357.1065;
found, 357.1059; Anal. Calcd for C;H,sBrOs: C, 57.15; H, 7.05. Found: C, 57.11; H, 7.00. For syn-3je
Colorless crystals; Mp. 64.5-65.0 °C; IR (KBr) v 3120, 2923, 2852, 1766, 1697, 1612, 1000 cm; 'H NMR
(400 MHz, CDCl3) 6 0.94-1.32 (5H, m), 1.16 (9H, s), 1.38-1.48 (1H, m), 1.51-1.78 (5H, m), 2.37-2.44 (1H, m),
2.52(1H, dd, J=18.4, 4.4 Hz), 2.65 (1H, dd, J = 18.4, 7.8 Hz), 5.08 (1H, dd, J = 5.0, 1.7 Hz), 7.49 (1H, d, J = 1.7
Hz); "CNMR (100 MHz, CDCl;) §26.3, 26.5, 26.58, 26.63, 30.1, 31.8, 33.5, 38.3, 41.3, 44.6, 84.4, 112.9, 152.6,
168.4, 214.5; MS (ESI-TOF) m/z 357 [M+H]*, 359 [M+2+H]"; HRMS calcd for C;;HyBrO; [M+H]",
357.1065; found, 357.1073.

(R*)-3-Bromo-5-[(S$*)-3-0x0-1,3-diphenylpropyl]furan-2(5H)-one (anti-3ke)
Ph O

/ Ph
Br O

O  anti-3ke
According to the procedure of 3fa, the reaction of a,-enone 2k (97 mg, 0.50 mmol) with (3-bromofuran-2-yloxy)

triethylsilane (166 mg, 0.60 mmol) in the presence of carbon acid 1 (2.8 mg, 5.0 umol) was conducted at —78 °C
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for 2 h. After extractive work up, the resultant mixture was treated with triflic acid in CH,Cl,at —78 °C for 1 h.
Then, this reaction mixture was quenched with H,O (50 mL), extracted with CH,Cl, (40 mL), dried over MgSO,
and concentrated. The resulting residue was purified by column chromatography on silica gel (hexane/EtOAc =4 :
1) to give 1,4-adduct anti-3ke in 95% yield (176 mg, 0.48 mmol, anti/syn = >30 : 1). Colorless crystals; Mp.
34.0-34.6 °C; IR (KBr) v 3087, 2914, 1774, 1685, 1598, 1496, 1449, 993, 752, 727, 700 cm™'; 'H NMR (400
MHz, CDCl;) 63.42 (1H, dd, J = 17.6, 8.0 Hz), 3.50 (1H, dd, J = 17.6, 5.2 Hz), 3.66 (1H, td, /= 7.8, 5.2 Hz), 5.15
(1H, dd, J =7.8, 1.6 Hz), 7.18-7.31 (6H, m), 7.32-7.40 (2H, m), 7.47 (1H, t, J = 7.4 Hz), 7.82 (2H, d, J = 7.4 Hz);
C NMR (100 MHz, CDCls) §39.9, 44.4, 85.0, 113.5, 127.8, 127.9, 128.1, 128.6, 129.0, 133.3, 136.5, 138.8,
152.0, 167.9, 197.0; MS (ESI-TOF) m/z 371 [M+H]", 373 [M+2+H]"; HRMS calcd for C,oH;(BrO; [M+H]",
371.0283; found, 371.0277; Anal. Calcd for C,oH;sBrO;: C, 61.47; H, 4.07. Found: C, 61.50; H, 4.20.

Ethyl 2-(4-bromo-5-0x0-2,5-dihydrofuran-2-yl)-4-oxopentanoate (3me)
EtO,C O

J Me
Br o

) 3me

According to the synthetic procedure for 3fa, 1,4-adduct 3me was obtained in 96% yield (3me-major, 124 mg,
0.41 mmol; 3me-minor, 22 mg, 0.07 mmol) by the reaction of a,B-enone 2m (71 mg, 0.50 mmol) with
(3-bromofuran-2-yloxy)triethylsilane (166 mg, 0.60 mmol) in the presence of carbon acid 1 (1.4 mg, 2.5 pmol) in
CH,CI, (1.0 mL) at —78°C for 2 h. For 3me-major Colorless oil; IR (neat) v 3093, 2983, 1779, 1721, 1608,
1370, 1188, 1163, 984 cm™; 'H NMR (400 MHz, CDCl3) 61.26 (3H, t, J = 7.1 Hz), 2.14 (3H, s), 2.60 (1H, dd, J
=18.3,4.9 Hz), 3.02 (1H, dd, J = 18.3, 6.8 Hz), 3.14-3.21 (1H, m), 4.19 (2H, q, J = 7.1 Hz), 5.39 (1H, dd, J = 6.2,
1.8 Hz), 7.61 (1H, d, J = 1.8 Hz); "°C NMR (100 MHz, CDCl5) §14.0, 29.9, 39.1, 43.0, 61.8, 81.1, 113.8, 151.6,
167.4, 169.4, 205.3; MS (ESI-TOF) m/z 327 [M+Na]*, 329 [M+2+Na]*; HRMS calcd for C;;H;3BrNaOs
[M+Na]*, 326.9844; found, 326.9849; Anal. Calcd for C;;H3BrOs: C, 43.30; H, 4.29. Found: C, 43.22; H, 4.35.
For 3me-minor Colorless oil; IR (neat) v 3094, 2983, 1776, 1720, 1608, 1371, 1162, 1026, 985 cm™’; 'H
NMR (400 MHz, CDCl;) 61.24 (3H, t, J=7.1 Hz), 2.18 (3H, s), 2.68 (1H, dd, J = 18.3, 5.3 Hz), 2.89 (1H, dd, J =
18.3, 7.6 Hz), 3.43-3.55 (1H, m), 4.06-4.24 (2H, m), 5.28 (1H, dd, J = 4.2, 1.7 Hz), 7.54 (1H, d, J = 1.7 Hz); "C
NMR (100 MHz, CDCl;) 6 14.1, 29.9, 39.5, 42.6, 61.7, 80.8, 113.4, 151.1, 167.5, 169.6, 205.2; MS (ESI-TOF)
m/z 305 [M+H]", 307 [M+2+H]"; HRMS calcd for C;;H,3BrOs [M+H]*, 305.0025; found, 305.0021.

Isopropyl 2-(4-bromo-5-0x0-2,5-dihydrofuran-2-yl)-4-oxopentanoate (3ne)
i—PI’OzC (0]

J Me
Br o

¢} 3ne
According to the synthetic procedure for 3fa, 1,4-adduct 3ne was obtained in 80% yield (3ne-major, 111 mg, 0.35
mmol; 3ne-minor, 17 mg, 0.05 mmol) by the reaction of o,B-enone 2n (78 mg, 0.50 mmol) with
(3-bromofuran-2-yloxy)triethylsilane (166 mg, 0.60 mmol) in the presence of carbon acid 1 (2.8 mg, 5.0 pmol) in
CH,CI, (1.0 mL) at —78 °C for 2 h. For 3ne-major Colorless oil; IR (neat) v 3092, 2982, 1780, 1721, 1608,
1374, 1107, 984 cm™; 'H NMR (400 MHz, CDCl3) 5 1.248 (3H, d, J = 6.3 Hz), 1.252 (3H, d, J = 6.3 Hz), 2.18
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(3H, s), 2.60 (1H, dd, J = 18.2, 4.9 Hz), 3.03 (1H, dd, J = 18.2, 6.9 Hz), 3.05-3.14 (1H, m), 5.06 (1H, septet, J =
6.3 Hz), 5.38 (1H, dd, J = 6.2, 1.7 Hz), 7.61 (1H, d, J = 1.7 Hz); "“C NMR (100 MHz, CDCl3) §21.5, 29.9, 39.1,
43.1, 69.5, 81.3, 113.6, 151.7, 167.5, 169.4, 205.3; MS (ESI-TOF) m/z 341 [M+Na], 343 [M+2+Na]"; HRMS
calcd for C;,H;sBrNaOs [M+Na]*, 341.0001; found, 340.9983; Anal. Calcd for C,H;sBrOs: C, 45.16; H, 4.74.
Found: C, 45.45; H, 4.97. For 3ne-minor Colorless oil; IR (neat) v 3095, 2982, 1779, 1721, 1609, 1375,
1166, 1107,984 cm™; 'H NMR (400 MHz, CDCl;) §1.21 (3H, d, J = 6.3 Hz), 1.22 (3H, d, J = 6.3 Hz), 2.18 (3H,
s), 2.68 (1H, dd, J = 18.3, 5.5 Hz), 2.91 (1H, dd, J = 18.3, 7.6 Hz), 3.40-3.45 (1H, m), 5.00 (1H, septet, J = 6.3 Hz),
5.26 (1H, dd, J = 4.0, 1.7 Hz), 7.54 (1H, d, J = 1.7 Hz); “C NMR (100 MHz, CDCl3) §21.66 and 21.73, 30.0,
39.8, 42.9, 69.5, 81.0, 113.4, 151.3, 167.6, 169.0, 205.3; MS (ESI-TOF) m/z 341 [M+Na]", 343 [M+2+Na]";
HRMS calcd for C;,H;sBrNaOs [M+Na]*, 341.0001; found, 340.9997.

(R*)-3-Bromo-5-[(2R*,35%)-5-0x0-2-phenylhexan-3-yl]furan-2(5H)-one (anti,syn-3oe) and

($%)-3-bromo-5-[(2R*,3R*)-5-0x0-2-phenylhexan-3-yl]furan-2(5H)-one (anti,anti-3oe)
Ph h

WM
N eo

~Me P
O | H

Me Me

(0] anti,syn-3oe (0] anti,anti-3oe

According to the synthetic procedure for 3fa, 1,4-adduct 3oe was obtained in 91% yield (anti,syn-3oe 109 mg,
0.33 mmol; anti,anti-3oe 44 mg, 0.13 mmol) by the reaction of 20 (87 mg, 0.50 mmol) with
(3-bromofuran-2-yloxy)triethylsilane (166 mg, 0.60 mmol) in the presence of carbon acid 1 (0.71 mg, 1.3 umol) in
CH,Cl, (1.0 mL) at —78 °C for 2 h. The stereochemistry of 3oe was determined by an X-ray crystallographic
analysis of anti,anti-3oe. For anti,syn-3oe Colorless crystals; Mp. 86.8-87.1 °C; IR (KBr) v 3102, 3032,
1758, 1713, 1606, 1454, 1424, 1168, 1032, 982, 768, 701 cm™'; 'H NMR (400 MHz, CDCl3) §1.25 (3H, d, J =
6.9 Hz), 2.13 (3H, s), 2.25 (1H, dd, J = 18.8, 7.0 Hz), 2.50 (1H, dd, J = 18.8, 3.7 Hz), 2.72-2.80 (1H, m), 2.82 (1H,
d of quintet, J = 10.7, 6.9 Hz), 4.71 (1H, t, J = 1.7 Hz), 7.18 (1H, d, J = 1.7 Hz), 7.21-7.36 (5H, m); "“C NMR
(100 MHz, CDCl;) 620.0, 30.4, 39.2, 41.5, 42.3, 83.2, 111.9, 127.0, 127.6, 128.9, 144.3, 153.7, 168.4, 207.0;
MS (ESI-TOF) m/z 359 [M+Na]", 361 [M+2+Na]"; HRMS calcd for C;¢H;;BrNaO; [M+Na]*, 359.0259; found,
359.0253; Anal. Calcd for C;¢H;BrOs: C, 56.99; H, 5.08. Found: C, 56.97; H, 5.14. For anti,anti-3oe
Colorless crystals; Mp. 69.8-70.0 °C; IR (KBr) v3111, 3027, 2966, 1771, 1710, 1605, 1492, 1454, 1164, 1056,
982,765,703 cm™'; '"H NMR (400 MHz, CDCl3) §1.41 (3H, d, J = 6.9 Hz), 1.85 (3H, s), 2.12 (2H, d, J = 5.7 Hz),
2.80-2.88 (1H, m), 2.88-2.98 (1H, m), 5.30 (1H, brs), 7.17 (2H, d, J = 7.3 Hz), 7.30 (1H, t, J = 7.3 Hz), 7.37 (1H, d,
J=1.6Hz); "“CNMR (100 MHz, CDCl;3) §19.5, 30.3, 39.9, 41.3, 41.7, 82.1, 112.2, 126.9, 127.6, 128.9, 144.5,
153.7, 168.5, 207.2; MS (ESI-TOF) m/z 359 [M+Na]*, 361 [M+2+Na]"; HRMS calcd for C;sH;7BrNaO;
[M+Na]", 359.0259; found, 359.0243.

(R*)-3-Bromo-5-[(S*)-1-cyclohexyl-3-oxobutyl]-5-methylfuran-2(5H)-one (anti-3if) and
($%)-3-bromo-5- [(S*)-1-cyclohexyl-3-oxobutyl]-5-methylfuran-2(5H)-one (syn-3if)
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Br. Q Br : Q
/ /
., Me INMG
o O Me o O Me

anti-3if syn-3if

According to the synthetic procedure for 3fa, 1,4-adduct 3if was obtained in 97% yield (anti-3if, 139 mg, 0.43
mmol; syn-3if, 21 mg, 0.06 mmol) by the reaction of a,B-enone 2i (76 mg, 0.50 mmol) with
(3-bromo-5-methylfuran-2-yloxy)triethylsilane (175 mg, 0.60 mmol) in the presence of carbon acid 1 (0.71 mg, 1.3
pmol) in CH,Cl, (1.0 mL) at —78 °C for 2 h. The stereochemistry of 3if was determined by an X-ray
crystallographic analysis of anti-3if. For anti-3if Colorless crystals; Mp. 79.0-79.6 °C; IR (KBr) v 3103,
2997, 2920, 2852, 1775, 1703, 1612, 992 cm™"; 'H NMR (400 MHz, CDCl;) §0.83 (1H, qd, J = 13.1, 3.4 Hz),
0.95-1.08 (1H, m), 1.17 (1H, qt, J = 12.9, 3.4 Hz), 1.27 (1H, qt, J = 12.9, 3.4 Hz), 1.43 (1H, d, J = 12.8 Hz), 1.48
(3H, s), 1.58-1.80 (3H, m), 1.61 (1H, d, J = 12.8 Hz), 1.85 (1H, d, J = 13.1 Hz), 2.05 (3H, s), 2.14 (1H, dd, J = 18.7,
8.2 Hz), 2.30 (1H, dd, J = 18.7, 3.0 Hz), 2.36 (1H, dt, J = 8.2, 3.0 Hz), 7.27 (1H, brs); "C NMR (100 MHz,
CDCly) 0222, 26.1, 26.2, 26.7, 28.2, 30.3, 32.7, 37.4, 38.6, 43.9, 90.9, 110.8, 158.8, 168.0, 207.4; MS
(ESI-TOF) m/z 329 [M+H]*, 331 [M+2+H]"; HRMS calcd for C;sH,,BrO; [M+H]", 329.0752; found, 329.0772;
Anal. Calcd for Ci5sH,BrO;: C, 54.72; H, 6.43. Found: C, 54.73; H, 6.40. For syn-3if Colorless crystals; Mp.
78.8-79.3 °C; IR (KBr) v 3087, 2928, 2852, 1766, 1716, 1607, 988 cm™; 'H NMR (400 MHz, CDCl;) &
0.84-1.31 (5H, m), 1.35-1.47 (2H, m), 1.41 (3H, s), 1.47-1.59 (1H, m), 1.69 (1H, brd, J = 12.6 Hz), 1.67-1.76 (2H,
m), 2.19 (3H, s), 2.41 (1H, dd, J = 18.3, 4.9 Hz), 2.47 (1H, dd, J = 18.3, 6.0 Hz), 2.53-2.59 (1H, m), 7.39 (1H, brs);
>C NMR (100 MHz, CDCl3) §24.5, 26.1, 26.4, 26.8, 28.8, 30.1, 32.9, 39.2, 39.8, 45.2, 91.7, 112.0, 156.5, 167.6,
206.7; MS (ESI-TOF) m/z 329 [M+H]", 331 [M+2+H]"; HRMS calcd for C;sH»,BrO; [M+H]", 329.0752;
found, 329.0768; Anal. Calcd for C;sH,;BrO;: C, 54.72; H, 6.43. Found: C, 54.54; H, 6.36.

3.3. Reaction of benzalacetone (2f) with acyclic ketene silyl acetal

Ethyl 5-oxo-3-phenylhexanoate (6) and ethyl (E)-3-(tert-butyldimethylsilyloxy)-3-methyl-5-phenylpent-4-

enoate (7)
1 (0.5 mol%) Ph O
o OTBS  CH.Cly, 78 °C, 2 h; TBSO_ Me
N > EO,C A I A L COEt
e Ao aq. HCI, THF Me = PRTX
of (1.2eq) 6 51% 7 43%

According to the synthetic procedure for 3fa, 1,4-adduct 6 and 1,2-adduct 7 were obtained in 51% yield (60 mg,
0.26 mmol) and 43% yield (75 mg, 0.22 mmol), respectively, by the reaction of 2f (73 mg, 0.50 mmol) with
tert-butyl(1-ethoxyvinyloxy)dimethylsilane (151 mg, 0.75 mmol) in the presence of carbon acid 1 (0.71 mg, 1.3
pmol) in CH,CI, (1.0 mL) at —78 °C for 2 h. The structure of 1,4-adduct 6 was confirmed by comparison to the
reported spectrum data."”  For 1,2-adduct 7 Colorless oil; IR (neat) v 3026, 2956, 2930, 2895, 2856, 1736,
1495, 1472, 971,775,693 cm™'; 'H NMR (400 MHz, CDCl3) 50.09 (3H, s), 0.10, (3H, s), 0.91 (9H, s), 1.23 (3H,
t,J=7.1 Hz), 1.60 (3H, s), 2.60 (1H, d, /= 13.4 Hz), 2.64 (1H, d, / = 13.4 Hz), 4.10 (2H, q, / = 7.1 Hz), 6.42 (1H,
d,J=16.1 Hz), 6.55 (1H, d, J = 16.1 Hz), 7.21 (1H, t, J = 7.3 Hz), 7.32 2H, t, J = 7.3 Hz), 7.39 2H, d, /=73
Hz); "“C NMR (100 MHz, CDCl;) 5§-2.2 and -2.1, 14.2, 18.2, 25.8, 27.4, 49.4, 60.2, 74.0, 126.5, 127.45, 127.47,
128.6, 136.1, 137.0, 170.5; MS (ESI-TOF) m/z 371 [M+Na]"; HRMS calcd for C,H3,BrNaO;Si [M+Na]®,

-S14-



371.2018; found, 371.2009; Anal. Calcd for C,0H3,05Si1: C, 68.92; H, 9.25. Found: C, 68.64; H, 9.26.

4. Some transformations of a.-bromo-y-butenolides
(R*)-5-[(S*)-1-Cyclohexyl-3-oxobutyl]-5-methyl-3-phenylfuran-2(5H)-one (anti-8)

Ph Q
_
IN Me
O O Me

anti-8

To a solution of anti-3if (33 mg, 0.10 mmol) and (Ph;P),Pd (6 mg, 3.5 pmol) in a mixed solvent of
1,2-dimethoxyethane-EtOH (5 : 1, 0.6 mL), phenylboronic acid (12 mg, 0.10 mmol) and 2.0 M aqueous solution of
Na,CO; (0.4 mL, 0.80 mmol) were added at room temperature. After being refluxed for 1 h, the reaction mixture
was quenched with H,O (10 mL) and extracted with EtOAc (10 mL x 3). The combined organic layer was washed
with brine (10 mL), dried over anhydrous MgSO, and evaporated. The obtained residue was purified by column
chromatography on silica gel (hexane/EtOAc =5 : 1) to give coupling product anti-8 in 95% yield (31 mg, 0.10
mmol). Colorless crystals; Mp. 129.5-131.1 °C; IR (KBr) v 3109, 3073, 2993, 2925, 2854, 1746, 1708, 1495,
1451, 1415, 795, 693 cm™'; 'H NMR (400 MHz, CDCl3) §0.90 (1H, qd, J = 12.6, 3.4 Hz), 1.01-1.16 (1H, m),
1.24 (1H, qt, J = 13.0, 3.5 Hz), 1.34 (1H, qt, J = 13.0, 3.5 Hz), 1.51 (1H, brd, J = 12.6 Hz), 1.56 (3H, s), 1.67 (1H,
brd, J = 12.6 Hz), 1.76 (2H, brd, J = 12.6 Hz), 1.81-1.93 (1H, m), 1.95 (3H, s), 2.02 (1H, d, J = 13.5 Hz), 2.25 (1H,
dd, J=18.7,8.0 Hz), 2.33 (1H, dd, J = 18.7, 3.3 Hz), 2.47 (1H, dt, J = 8.0, 3.3 Hz), 7.32-7.42 (4H, m), 7.75 (1H, d,
J=15Hz),7.77 (1H,d,J= 1.9 Hz); "“CNMR (100 MHz, CDCl;) 522.6, 26.3, 26.4, 26.9, 28.3, 30.5, 32.9, 37.6,
38.8,44.1,87.8,126.9, 128.7, 129.1, 129.2, 154.5, 171.5, 208.0; MS (ESI-TOF) m/z 327 [M+H]"; HRMS calcd
for C,1HaO; [M+H]", 327.1936; found, 327.1945; Anal. Calcd for C,;H,605: C, 77.27; H, 8.03. Found: C, 77.10;
H, 7.94.

(8%)-5-[(S*)-1-Cyclohexyl-3-oxobutyl]-5-methyldihydrofuran-2(3H)-one (9)

: (0]
w Me
O O Me

9

In the presence of 10% palladium on carbon (10 mg, 0.01 mmol), a solution of anti-3if (33 mg, 0.10 mmol) in
EtOH (2.5 mL) was stirred at room temperature for 3 h under H, atmosphere. The resultant mixture was filtrated
through celite pad. The filtrate was evaporated and purified by column chromatography on silica gel
(hexane/EtOAc = 1 : 1) to give y-butanolide 9 in 99% yield (25.0 mg, 0.099 mmol). Colorless crystals; Mp.
70.5-71.5 °C; IR (KBr) v2963, 2922, 2853, 1758, 1712 cm™"; 'H NMR (400 MHz, CDCl;) §0.82-1.02 (1H, m),
1.01-1.33 (4H, m), 1.35 (3H, s), 1.36-1.49 (1H, m), 1.50-1.60 (1H, m), 1.61-1.79 (4H, m), 1.94-2.15 (2H, m), 2.19
(3H, s), 2.28-2.36 (1H, m), 2.42-2.65 (4H, m); "°C NMR (100 MHz, CDCls) §23.1, 26.2, 26.5, 27.0, 28.5, 29.2,
30.2, 33.4, 33.8, 38.3, 40.4, 46.8, 89.1, 176.2, 207.7; MS (ESI-TOF) m/z 253 [M+H]"; HRMS calcd for
C5H,505 [M+H]", 253.1804; found, 253.1800.
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5. Gas-phase acidity measurement

The gas-phase acidity measurements were performed on an Extrel FTMS 2001 Fourier transform mass
spectrometer. Most of the experimental techniques used for the measurements of the equilibrium constants of the
reversible proton-transfer reactions are the same as the procedures reported previously.'"® Methyl nitrite as a
chemical ionization reagent was not necessary for such strong acids. Electron impact of ionization produced the
corresponding anions. The following schemes describe the sequence of reactions which occur in a typical

experiment where AH and A H are the measured acid and the reference acid, respectively.

AH + ¢ — A, + H €}
AH + ¢ — A + H 2)
A, +AH =—— A" + AH 3

An experiment is initiated by a 5 ms pulse of a low-energy electron beam ( 0.3~0.5 eV) through the ICR cell. The
partial pressures of the acids were maintained at lower than 4 x 10~ Torr. The proton-transfer equilibrium (eq. 3)
was achieved within 20~100 s of initiation of the reaction (depending on the pressure of neutrals). The equilibrium

constant and free energy change for the reaction were evaluated by using the expression (eq. 4).

x = (&) p(A.H)
1(A5) p(AH)

AGA =-RT InK “
The relative abundances of ions A" and A, were determined by the relatives intensities of ICR mass spectra
signals when the equilibrium attained. The pressures of the neutral reactants were measured by means of a
Bayard-Alpert type ionization gauge applying appropriate correction factors to correct the gauge reading for the
different ionization cross sections of various compounds.” The blank pressure was kept at less than 10™ Torr.
Each experiment was performed at several ratios of the partial pressures and at different overall pressures. The
proton-transfer reactions were examined by ion-eject experiments. Equilibrium constants measured in this way can
be used to calculate AG,.4 at 300 K (eq. 4). The average uncertainty is 0.2 kcal/mol. The gas-phase acidity values
for the reference compounds were taken from the literature.***' Gas-phase acidity value (295.7 kcal/mol) of
Tf,CHCH,CHTTf, was determined based on following free energy changes; 3 kcal/mol stronger than (F;C)sCcOH
(299.0),” 2.0 stronger than m-FCgH,CHTT, (298.1),*' 0.6 stronger than m-CF;CcH,CHTS, (296.4),' 0.2 stronger
than p-CF;C¢H,CHTT, (295.9),”' 0.8 weaker than 3,5-(CF;),C¢H;CHTT, (294.9),”' where values in the parentheses

are gas-phase acidities of the indicated reference acids.

6. NMR studies for mixtures of 2a and Brgnsted acids

'H and “C NMR spectra of mixtures of 2a (0.375 mmol) and Brgnsted acid (0.375 mmol) in CDCl; (0.75 mL)
were taken on a 400 MHz spectrometer at room temperature, and chemical shifts were reported in parts per million
(ppm) using CHCl; (7.26 ppm) in CDCl; for '"H NMR, and CDCl; (77.01 ppm) for C NMR as an internal
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standard, respectively. Results are summarized in Tables S1 and S2.

Table S1. Chemical shifts of 2a in the presence of Brgnsted acids in C NMR (100 MHz)
c, O

c? ¢t

Chemical shifts (ppm)

Brgnsted acid

Cco ACcco C, AC, Cp  ACg c' At 2 a2 & ac
none 1987 - 1243 - 1550 - 317 - 276 - 206 -
TfOH 2106 +11.9 1228 -1.5 1868 +31.8  31.0 -07 283 +07 253 +47
Tf,CHCH,CHTf, 1993 +0.6 1242 -0 1555 +05 315 -02 275 -0 205 -0.1
Tf,CH, 1990 +03 1242 -0.1 1555 +05 315 -02 275 01 205 -0.1

Conditions: 2a (0.375 mmol) and Brensted acids (0.375 mmol) in CDCl;3 (0.75 mL)
at room temperature.

Table S2. Chemical shifts of 2a in the presence of Brgnsted acids in '"H NMR (400 MHz)

Chemical shifts (ppm)

Bronsted acid

o H'  ag' B2 a*? B A H* AWt
H2 o none 2.15 - 608 - 213 - 1.87 -
\ | j ®  TfoH 269 +0.54 656 +048 245 +032 229 +0.42
HC™ "CH's Tf,CH, 212 003 606 -002 209 -004 185 -0.02

Tf,CHCH,CHTf, 2.12 -0.03 6.06 -0.02 2.08 -0.05 1.85 -0.02

Conditions: 2a (0.375 mmol) and Brensted acids (0.375 mmol) in CDCl5 (0.75 mL)
at room temperature.
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7. X-ray crystallographic data of 1. anti-3fe, anti-3ie. anti-3je, anti,anti-3oe, and anti-3if

Crystallographic data for the X-ray crystal structure analysis of 1, anti-3fe, anti-3ie, anti-3je, anti,anti-3oe, and
anti-3if have been deposited with Cambridge Crystallographic Data Center (CCDC) as supplementary publication
Nos. CCDC 674990 (1), 739547 (anti-3fe), 739352 (anti-3ie), 739353 (anti-3je), 739351 (anti,anti-30e) and
739354  (anti-3if). These data can be obtained free of charge from the CCDC via

www.ccdc.cam.ac.uk/data_request/cif.

X-ray structure of anti-3je X-ray structure of anti,anti-3oe X-ray structure of anti-3if

Table S3. Crystal data and structure refinement for 1.

Empirical formula C,H,F,,05S4

Formula weight 572.34

Temperature 100 K

Wavelength 0.71073 A

Crystal system Monoclinic

Space group P2(1)/c

Unit cell dimensions a=9.9367(9) A a=90°.
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Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 27.48°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I>2sigma(I)]
R indices (all data)

Largest diff. peak and hole

b =16.5820(15) A
¢ =10.9892(10) A v =90°.
1760.0(3) A3

4

2.160 Mg/m3

0.702 mm-!

1128

0.22 x 0.16 x 0.05 mm?3

2.11 to 27.48°.

-12<=h<=10, -21<=k<=20, -9<=I<=14
9655

3932 [R(int) = 0.0237]

97.4 %

Empirical

0.9657 and 0.8609

Full-matrix least-squares on F2
3932/0/280

1.021

R1 =0.0284, wR2 = 0.0621

R1 = 0.0384, wR2 = 0.0666

0.421 and -0.400 e.A-3

Table S4. Crystal data and structure refinement for anti-3fe.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient
F(000)

Crystal size

Ci4H3BrO;

309.15

90 K

0.71073 A

Triclinic

P-1

a=6.2196(16) A a=73.247(2)°.
b=10.038(3) A B= 85.069(3)°.
c=10.899(3) A v =89.251(3)°.
649.1(3) A3

2

1.582 Mg/m3

3.164 mm-!

312

0.23 x 0.08 x 0.03 mm?3
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Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 27.69°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [[>2sigma(I)]
R indices (all data)

Largest diff. peak and hole

1.96 to 27.69°.

-8<=h<=8, -12<=k<=12, -13<=I<=14
6933

2937 [R(int) = 0.0521]

96.8 %

Empirical

0.9111 and 0.5298

Full-matrix least-squares on F2
293770/ 164

1.104

R1=0.0370, wR2 = 0.1106
R1=0.0383, wR2=0.1117
0.862 and -1.490 e.A-3

Table S5. Crystal data and structure refinement for compound anti-3ie.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 27.51°
Absorption correction

Max. and min. transmission

Refinement method

Ci4H;oBrO;

315.20

90 K

0.71073 A

Monoclinic

P21/n

a=6.2821(12) A a=90°.
b =15.603(3) A B=101.736(2)°.
c=14.7223) A vy =90°.
1412.9(5) A3

4

1.482 Mg/m3

2.908 mm-!

648

0.49 x 0.37 x 0.33 mm?3

1.92 to 27.51°.

-8<=h<=8, -20<=k<=20, -18<=I<=10
7760

3188 [R(int) = 0.0285]

98.3 %

Empirical

0.4471 and 0.3300

Full-matrix least-squares on F2
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Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [[>2sigma(I)]
R indices (all data)

Largest diff. peak and hole

3188/0/ 164
1.051

R1 = 0.0270, wR2 = 0.0707
R1 = 0.0318, wR2 = 0.0729
0.783 and -0.583 e.A-3

Table S6. Crystal data and structure refinement for compound anti-3je.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 27.69°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [[>2sigma(I)]
R indices (all data)

Ci7H»sBrO;
357.28
90K
0.71073 A
Monoclinic
P21/c

a=94773) A a=90°.
b=10.226(3) A B=93.780(3)°.
c=17.617(5) A vy =90°.

1703.6(9) A3

4

1.393 Mg/m3

2.420 mm-!

744

0.23 x 0.23 x 0.04 mm?3
2.15 to 27.69°.

-12<=h<=12, -6<=k<=13, -22<=I<=21

9346

3894 [R(int) = 0.0542]

97.4 %

Numerical

0.9094 and 0.6060

Full-matrix least-squares on F2
3894/0/193

1.021

R1=0.0362, wR2 = 0.0964
R1=0.0470, wR2 = 0.1023

Largest diff. peak and hole 0.545 and -0.398 e.A-3

Table S7. Crystal data and structure refinement for compound anti,anti-3oe.
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Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 27.58°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [[>2sigma(I)]
R indices (all data)

Largest diff. peak and hole

Ci6H17BrO;

337.21

90 K

0.71073 A

Orthorhombic

Pbcn

a=21.609(4) A a=90°.
b=28.9577(16) A B=90°.
c=15.2453) A v =90°.
2951.0(9) A3

8

1.518 Mg/m3

2.790 mm-!

1376

0.23 x 0.19 x 0.16 mm?3

1.88 to 27.58°.

-28<=h<=18, -11<=k<=11, -15<=I<=19

15617

3397 [R(int) = 0.0554]

99.5 %

Numerical

0.6638 and 0.5662
Full-matrix least-squares on F2
3397/0/183

1.027

R1=0.0303, wR2 = 0.0759
R1=0.0398, wR2 = 0.0811
0.634 and -0.491 e.A-3

Table S8. Crystal data and structure refinement for compound anti-3if.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

CisH» BrO;

329.23

90 K

0.71073 A

Orthorhombic

Pca?2l

a=20.354(6) A a=90°.

b=10.517(3) A B=90°.
-822 -



c=7.13112) A v =90°.

Volume 1526.3(8) A3

Z 4

Density (calculated) 1.433 Mg/m3

Absorption coefficient 2.695 mm-!

F(000) 680

Crystal size 0.28 x 0.20 x 0.05 mm?3

Theta range for data collection 1.94 to 27.81°.

Index ranges -26<=h<=26, -13<=k<=13, -9<=1<=9
Reflections collected 16690

Independent reflections 3579 [R(int) = 0.0386]
Completeness to theta = 27.81° 99.4 %

Absorption correction Numerical

Max. and min. transmission 0.8770 and 0.5191

Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 3579/1/175

Goodness-of-fit on F2 1.036

Final R indices [[>2sigma(I)] R1 =0.0259, wR2 = 0.0625

R indices (all data) R1 =0.0306, wR2 = 0.0646
Absolute structure parameter 0.364(7)

Largest diff. peak and hole 0.698 and -0.318 e.A-3
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8. 'H and *C NMR spectra of all new compounds o
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9. 'H and *C NMR spectra of VMM adducts
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§ 3 g3E3E288R § & FREgt g ER PROCNG :
B 2 § BHBIERNER g 2 ngees 2
[ 3 17 TITT ﬁ/_j ‘ R ; i visition g’;:amete"a
LAL P | 20071204
‘ \\\\ [ | \ /) 3.2t
N | )
spect
5 mn GNP 1HA13
2gpg30
55535
oocts
NS 689
0s 4
SKH 26178.010 Hz
FIDRES 0.3589445 Hz
AR 517875 sec
RE 192
& 18.100 usec
DE 5.00 usec
TE 300.2 K
0t 2.00000000 sec
it 0.0300000C sec
DELTA 183999998 sec
MCREST 000000000 sec
MCWRK. 0 61500000 sec
130
10.00 usec
-3.50 @3
100 5986886 #17
PCPO2 100 00 usec
pL2 -4 00 o8
pL12 17 00 d8
PL13 17 .00 d8
SFO2 400 0316001 ¥Hz
F2 - Processing parameters
1 32768
s 1005876029 Mz
Wwon 2
558 0
LB 1.00 Kz
GB 0
PC 1.40
|
[ T T - ; o - e we e e e .
apm 200 180 163 140 120 80 60 a0 20
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Current Oata Para

NAME ABEDDA
BxENo 2 3ac
PROCND 1
F2 - Acquisition ameters
Date_ 20071110
Tine 18.46
INSTAUY spect
PRODHD 5 nn NP H/13
PULPAD 2030
o 65536
SOLVENT <oe1a
05
SHH 8278146 Hz
FIORES 0.126314 Hz
A0 3 9584243 sec
RG
O B0.400 usec
OE £.00 usec
TE a00.2 K
o1 1.00000000 sec
MCREST 0.00000000 sec
MCWRK. 0.0¢1500000 sec
5F01 4000324703 MHzZ
F2 - Proressing parameters
ST 32768
SF 400.0300062 MHz
WOW M
- 558 0
LB 0.30 Hz
GB 0
pe 1.00
10 N¥R plot paramezers
cx 32.00 cm
4 21.00 cm
(313 10.000 ppm
F1 4000.30 Rz
, ﬂ Fep 0.000 apn
— . - - - NN PSRN — F2 0.00 Hz
PAMCH 0.31250 ppn/em
(! { | HZCH 125.00938 Hz/en
5 o o o ‘m @
§ & 52 5
| T e e | ey T I R L e R R A AU S
ppm 9 B 3 5 4 3 2 1
DPX400 carbon
Current Data Paraneters
Kave AGE0D
' = 0 o o = T Wy nr oo EXPND 3
< s bz E S 2 2 38 a8 @ PRCNO 1
& N s @ © = e
¥ T T - o @omn s F2 - Acquisition Parameters
Loy [ F0071110
‘ Y e o
INSTRUM spect
PAOBKD 5 mm GNP 1K/13
PULPRO 7gpa30
o 65536
SOLVENT coci3
NS 216
DS 4
SHH 26178.010 Hz
FIORES 0399445 He
AQ
RG
DK
DE
TE
b1
a1t
DELTA
VCREST 0 00000000 sec
VERFK 0.01500000 sec
= CHANNEL 1 ==
3C
10.00 usec
50 d8
1005385886 MHZ
= CHANNEL §2 =
cPOPEGR waltz16
Nuc2 1
{ PCPD2 100.00 usec
P2 -4.00 d8
P12 17.00 a8
PLL3 17.00 d8
sF02 4000316001 Wiz
2 - Processing parameters
2 32768
5 100, 5676326 Mz
Wow M
558 0
LB 1.00 Hz
GB 0
PC 1.40
" Lo " "
o Fap -10.000 pan
F2 ~1005.88 He
e T T oo vy [ o o PEMCY 7.18750 ppn/em
opm 200 180 160 140 20 80 G0 a0 0 HZCM 722.97383 Hz/em
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Current Data Parameters
NAME AGE04T major
EXPNO 1
PROCNO s
F2 - Acquisition farcmoters
Date 20071218
Tine 22.15
INSTRUM spect
SROBHD G mm ONF 1H/13
PULPROG 2930
m 65536
SOLVENT ©oc13
16
bs 2
SwH 8278.146 Hz
FIOFLS 0.126314 kz
A 3.9584243 sec
RG 203.2
o 60.400 usec
D€ 5.00 usec
TE 300.2 K
01 1.00000000 sec
MCREST 0.000C0000 sec
MCHAK 0.01500000 sec
SFOL 4000324703 Mz
F2 - Processing parameters
s1 32768
Sk 4000300417 ¥Hz
WOK 2l
558 0
LB 0.30 Hz
68 0
PC 1.00
10 NMR plot parameters
X 32.00 cm
cY 21.90 cm
Fip 10.000 ppn
J F1 4000.30 Hz
- it A Fep 0.00C ppm
N | A S S oo M e 0.00 Hz
OPMCH 0.34250 ppm/cn
I " | /\ \ ’H | Hzem 125.00938 Hz/cr
H EIE [ szl g | 2
g I E s s 8
& - - - mlel e ©
e e e R e el e Al U SR SR
pomn B 7 5 5 3 2 1
DPX400 carbon
Current Data Parameters
- NAME AGF045 major
2 3 8588858 < S o N : o 2
s | = JINgEL® = G < 2 = PROCNO 1
58 EEBIRYE 8 5 5 2 oo
R ¢ - n F2 - Acgquisition Paramerers
| NN J L) Date_ 20071218
\ r’ \\f’ Time 22.17
INSTRUM spect
PROBHI 5 om GNP 1H/13
PULPRIG 290930
0 65536
SOLVENT €oc13
NS
os
Sk
FIDRES
40
RG
DA 19.100 usec
DE 5.00 usec
e 300 2 K
o1 2.00000000 sec
d11 0.03000000 sec
CELTA 1.89992998 sec
MCRES 000000000
VEWAK 0.01500000 coc
CHANNEL f1
NGt
P
PLY
sFo1
CPDPRGZ
NUC2
PCPO2
pL2 -4.00 d8
PLI2 17.00 6B
PLI3 17.00 dB
SFO2 4000316001 MHz
F2 - Processing paraneters
SF
Won
558 0
2] 1.00 Hz
GE 0
FC 1.40
i 1D N9 plot parsmeters
Tx 32.00 cm
o
| Fip
3 F1
Fop
[ _ F2
K ; LT o -1 e Rt e R \ e . - PPHCY 7.18750 pon/en
00 180 160 140 120 80 B0 4‘0 20 [ HCM ez 9533‘5 Ejr’ﬁmy
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s & B F2RLY O
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/ ==\ o} ,
4ac minor
urrent Data Parateters
NAME
EXPND
SROCNI
F2 - Acquisition Parameters
Date 20071205
Time 0.12
INSTRUM spect
PROBHD 5 mm GNP 1H/L3
PULPROG 2930
o 65536
SOLVENT cocl3
NS 16
0s 2
SkH B278.146 Hz
FTORES 0.126314 Hz
4G 3.9584243 sec
AG 287 .4
v 60.400 uspe
OF 6.00 usec
3 a0e.2 K
01 1.00000000 sec
MCAEST ©.00000000 sec
MCWRK ©.01500000 sec
CHANNEL 1
11 usec
4 dB
400.0324703 WHz
| F2 - Processing parames
§1 32758
sF 4000300017 Wz
WOW EM
558 0
LB £.30 Hz
GH 0
PC 1.90
10 NMA plat parameters
24 32.90 cm
Cy 21.90 cm
- ( F1p 9.000 pom
| F1 3600.27 Hz
4\ 20 -1.000 pon
PIVAN . . F2 200.03 Hz
FPYCH ©.31250 pon/en
’\ | N / \ \ N ’} | HZLM 12500938 Hz/cm
H S | g [F} & 2 2
g g 3 3 55 3 n
& - - < ailm o I
TR e T S R R R R T A T R e SR R R R e e I I NI IR e I
ppm 8 7 5 5 4 3 2 1 Q
Current Data Parameters
NAME AGE043 miner
T = Tpomommaown o o o - EXPNO 2
. 52 SURTESRERAN & & TRERYE EH] PROCND !
g oW R PN o IS S e w o i
g & cr‘TuwT“u:‘;u: o = WNTTj } \ J F2 - Acquisition Paraneters
Jyt \ L Date_ 20071205
NS WA v i
' INSTRUM spect
PAOBHD 5 mm GNP 1H/13
PULPROG 2gpg30
kel 65536
SOLVENT coc13
NS B747
s 4
s 26178.010 Hz
FIDAES 0.3999445 Hz
Ad 1. 2517875 sec
RS 182
DW 19.100 usec
DE £.00 usec
TE 300.2 K
0t 2.00000000 sec
dit 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
= = CHANNEL €1
NUC1 130
Pl 1000 vsec
PLL -3.50 @8
SFO1 100 5386886 MHz
= CHANNEL 12 =
waitzig
N2
PCPD2 100.00 usec
PL2 -4.00 dB
pL2 17.00 dB
pLL3 17.00 68
SFD2 400.0316001 MRz
Fe - Processing paraneters
El 32758
SF 100.5876029 Mh7
WOW EM
558 o
L8 1.00 Hz
8 9
i FC 1.40
10 NMA plot parameters
ex 32.00 cn
o4 cn
I Fip pon
" L Ft Hz
by s e [£3 apn
F2 Hz
—— e [ - [ - - [T o . PPMCM pom/en
opm 200 180 140 120 100 80 &0 40 20 0 Hzew n
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ppm

ttegral

207.538

172,362

7 46637
—7 45198

159.487

ORPX400

carbon

i

2 4B4R3

-S39 -

/!

/2 42563

§ 2

§ 2

s 2
|
o

—— 32.618

50083
§.39237

——t

_—1 15093
——1.12860

918

1.10031
431

S
)

Current Oata Parameters

HAME Lakahashi009
EXFNO
PROCND 1

F2 - Acquisition Parameters

Cate_ 20870908

Tine 02t

INSTRUM spect

FADBHD 5 nn GNP 1H/13

FULPROG 2630

™ 63536

SOLVENT [ I¥E)

NS 64

s 2

St E278.146 Hz

FIDAES 0.126314 Wz

A 3.95B4243 sec

e -

oW 60,400 usec

'3 5.00 user

TE 298.2 K

D1 1.00000000 sec

MCREST 0.00000000 sec

MEHAK 0.01500000 sec
CHARNEL 1

NUCt

P 11.50 usec

PLY 4

k01 400.0324/03 Mz

F2 - Processing parameters

sI 32768
SF 4000300065 MHz
o e
356 0
La 0.30 Hz
&3 0
L 1.00

rs

00 cn
23 21.00 cn
F1e 10000 pom
Fi 400030 He
FoF 0.000 pon
F2 0.00 Hz
PEMCH 0.31250 ppa/en

01938 Hz/cm

Current Date Parameters
NAYE 4GED02
EXPND 5
PROCNO 1

f2 - Acauisition Parameters

Date_ 20071212
Tine 12.06
NSTAUM spect
FROBHD & mm GNP 1H/12
FULPROG 29pg30
i) 55536
SOLVENT o3
NS 34
s 4

26176010 Hz

0.399445 Hz

1.25:7875 sec
3649.1

19.100 v
5.00 use
3002 k

2.00000000 sec

a1t 0 03000000 sec

DELTA 189999998 sec

MCAEST 000000000 sec

MEHIK 001500000 sc0

PLY -3.50 0B
1005385885 MHz

CHANNEL £2

17.00 d3
400 0316001 M4z

SFO2

F2 - Processing paraneters

51 32766
SF 1005676240 Mz
D EM
558 [}
I8 1.00 Hz
66 0
FC 1.40

o

Fip

F1 2
Fap ~10.000 ppn
F2 -1005.38 Hz
PPYCH 718750 ppn/em
Hzew 722.97357 Hz/cn

Me, Me O

O Me
3ad

Me
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Current Data Parameters
NAME AGEO!
EXPNO

PAOCND

F2 - Acquisition Paraneters

Date_ 20071121
Tare 14.18
INSTAUM
PROBHD 5 an ONP 1H/13
PULPROG

0
SOLVENT
N

8278, 146 Hz

0126314 He
3.9584243 sec
143.7
60.400 user
5.00 usec
00.2
1.00000000 sec
000000000 sec
001500000 sec
’
4
SFO1 4703 Wz
F2 - Processing pareneters
51 2768
SF
WO v
553 9
Le 0.30 He
66 0
_ ’ PC
‘
1D MR plot paratezers
o e
o
| F1P
| F1
J 1 Fep
I . i . | AN L F2
FPHCH 0.31250 powsem
} \\ \\ | \\ | HZCH 12500838 Hz/cn
H = 2 =& =&
H z - <l lslien e
pen El 8 6 5 4 k] 2 1
OPX400 carbon
Gurrent Data Maraneter
NAYE 262003
_ EXPND 2
< g & = &8 55 RS o F2 - Acquisition Parameters
Vi ‘ ‘ V) [ Date_ 20071121
| \/ >
I i ot
5 ONP 14/13
209030
65536
€013
226
4
26178 010 He
0.309425 1z
a 1 2517875 sec
RG 16364
] 19.100 user
0E €.00 usec
e 0.2 ¢
m 200000000 sEC
utt 003000000 sec
DELIA 1 B3890A%H sec
MCREST 000000000 sec
! i a
) 130
Pt 10.00 usec
PLL -3.50 98
sF1 1005986885 MHz
CHANNEL 2
CPOPRG2 waltztp
Nuce Il
ocpD2 10000 usec
oL2 4.00 0B
P12 17.00 0B
PLI3 17.00 o
sF02 400.0316001 Mz
F2 - Processing parateters
ST 32769
SF 1005676233 Hrz
0w 2
558 o
| 1.00 Wz
oB o
FC 140
1D N plot paraneters
cx 2 .00 cn
| o 15.00 cm
F18 220.000 pom
Fi 22129 28 F
y Fap ~10.000 ppo
F2 1005 88 K2
[ A R o FPHLN 718730 pan/cn
€ © 20 I oo 2267357 rz/cn
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Current Data Parameters
NAME takahasniAMKOO 1
EXPND 5

PROCND 1

£2 - Acquisitinn Farameters

Date_ 20090707
Time 13.29
INSTAUM
PROBHD 5 mn ONP 1H/13
PULPRADS
0
SOLVERT
NS
0s 2
HOH. 14 H7
9.125314 Hz
an 3.9084243 ser
G 181
W 60.400 user
o 5.00 usec
Te 300.2 «
0t 1.00000000 sec
MEAEST 0.00060000 sec
MCHRC 0.01500000 zec
‘/ - = CHANMEL f1
( 11.50 usec
{ 90 cB

4000124703 Milz

ssing parameiers

| s1 32758
SF 4000300019 M7
P 2]
556 o
8 0.30 ke
60 o
) o 1.00
/ D NMR plot par
ox
oy
P 10.000 ppn
. 4000.30 Hz
| {L - 0000 ppr
T 3
pucH 0.31250 ppr/cn
I HZoM 125.00938 Hz/cn

3 '~ ol | o |x el el | 2|z
£ EINY a8 gt B ~|&
H | w| |- < |w w| [< o
e . . ; - : .
pEM 3 a 7 3 5 4 El 1
PXA00 carbon
Current Jzta Parameters
NAME takahasniAMKOOL
I . . . EXPNO 7
R #F 23 LR REEE4E85E TIETEE SREE ¥ oco :
e (?* [ ik BHEUIIELIE T BaRRRR FISY & Aenuisitinn Parameians
W] 1 PP \ | ) 20030707
\I/ K/ \w'/ \ \ \\\\’/// // \\ \\1? ’ \/’/J o
I spect.
5 mGRP 1H/13
5002 K
200000000 sec
1 0.03000000 sec
ELTA
MCREST
MCWRK
i
1
100
-3.50 3B
100.598688G MHz
CRAMNEL ¢
CPLRRGE Waltz16
N2 H
| PCFD2 10C.00 usec
pL2 .00 08
pLI2 17.00 08
PLI3 17.00 d8
sFo2 4000318001 MHz
- Processing parameters
32788
100.5876278 1z
M
c
©.00 Hz
L c
PC L.40
I
| om
| a
J \\ |
J He
- [
re -1005.88 Hz
— e f— . ; ; : ; ; SpyCH 7AB/0 prn/em
o 200 180 140 120 100 80 60 20 0 AzeH 2.97363 Hzfem
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g
=
o]

Me/

£ 2 £ o}
& a 3 3 g
= - . < <
) 0 -3fb
sota acsmeters
Lokamasian sionasetny] najor
oo :
¥2 - tcauisition Pavenetens
et Gone:o10
T v
e sorct
SO 5 o 0 412
ou.pro6 E
T
soLven
s
2 f
s w1t 7
o 5226214 ¥
i 3 damea e
2 ot
m 50,400 usec
x 600 usec
T 002 K
2 1.50000000 sec
SRt o ooseono sec
o 001500000 sec
onaeL 13
"
11150 usee
leiaa ih
S ooz
2 - brucessong parensiars
st e
5 400 0300085 i
o
o
oo
o
100
10 00 plat saraneters
o 3200 ca
o 3100 cn
Fie 1,000 352
5 100030 1
s i 5,600 5pa
- o
o o 31250 pescn
o 125.00838 Hoven
r .
] JU . 4,.,7 NN S
\\ ) ) \ / I
B of ( = g lgle 8
g 2 g s |8 c.”‘ S|
E | - |l | |
H il N z
e . — et T T T e | T
pon s 8 7 5 5 2 2 1
DPX400 carbon
Curvent bots Paroneters
WE tatanaemane sishanetty saron
coo 3
st :
z B 2 3 e ] RS 3 2
. E @ g 8 a5 E 25 g oS 2 - scauisition seramsters
g a @ ~ @ S - s s 4 oate Zos1oto
° & 5 S0 jops = NN - -
Spact
) ‘ V) o T
Vi \ \
[
S
= P
x i
o 26178.010 1
Floses o 30905 1z
I 12507 sec
w e
o 10,100 st
o 6,00 vstc
e 5.2
o1 2.00000000
.ca0co000
s e
o 10,69 usec
e 350 08
) 100 5808608 iz
v 12
winats
W
100,09 vsec
* 100 5875278 iz
uw 1
sp >
s Lo w
E >
e 10
10 18 ot saeters
ox .00 cn
i 19,00 cn
Fio 200600 o
" 20124, 1,
rzp 0,000 gor
5 1098 00 17
e 7.1075 pon/cn
s 722.7353 va/on
/ " " Y
s . —. o —
pom 200 180 160 140 100 80 40 20 o
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. et
w
T o e sec
- ot 11
s 1><
o 130 e
" %0
S0 oo e
e
20030107 Wiz
)’ EM
3
J 0.30 He
s
' o
] Er
o
10-000 51
oS 5600 pon
5.6 s
e 0,512 powen
oon 125 e s
- e
| |
) | |
SN U U N — - - UIVLNS DR
\ | |
5 ol |2 of Vs o
g SE [ 8 g B 2 &
oon s 8 7 6 ‘ 3 2 i
NPX400 rarhon
Curent Sate Porometers
Smo :
H 8 g g8 ] iz 8 5 ”
€ « “ o o = wom L L F2 - fcquisition Paramsters
s g = N 58 3 SY b = T P
\ \ | ) INSTAM
\ o s
| NY% \ Y i
m
S
e
5
20
"
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4
5. o0cnan soe
Wi e
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DPX400 carbon
B 2 2 e 8383 & B 2
. H 5 2 5 Ag:s ¥ I
K & 5 5 & &8s H LIS
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Current Data Paraneters

NAHE takahashi AMKOO3
EXPND 1
PROCNO 1

2 - Acouisition Parameters

Date_
1ime
INSTRUM
PROBHD
PULPROG
0

SOLVENT

N

2009012¢

5 mn GNP 1K/13

8278.146 Hz
0.126314 Hz

3.9584243 sec

SFO1 4000321703 MHz
2 - Processing para

1 32786

SF 460 0300I0 MHz
Wi '

558 o

B

o8

A

10 NVR plot parameter

£x 32

oy 21.00 cn

1 10.000 ppm

F1 4000.30 Hz

2P -1.000 ppm
F2 -400.03 Hz
PPHCH 0.34375 opmicn
zcH 137.51031 Hz/cn

Current Data Parameters
NAME takahash1 AMKO03
EXPNO 2
PROCND 1

F2 - Acouisition Parameters

Date_ 20050125
Tine 14.56
TRSTRUM spect
SRDBHD 5 mm GNP H/13
PULPROG 20pg30

0 85536
SOLYENT £oc13

NS 63

08 4

SuH 26178010 Hz
FIDRES .399445 Hr
2 12517875 sec
26 6502

o 18100 vsec
5 6.00 useC
TE 300.2 €
01 2.00000000 sec
o1t 0.03000000 ser
ELTA 1 9939598 sec
MCREST 000000000 ser
MCHRK 0.01500000 sec

CHANNEL £1

1005986386 iz

= CHANNEL ©2
CPOPRG2 waltz1g

NUE 1
aco02 100.00 usec
L2

a1z 17.00 0B
oL13 17.00 0B
SF02 4000316001 WHz

2 - Frocessing parameters

51 22768
5F 1005876212 #Hz
DA En
553 9
LB 1.00 Hz
o 9
PC 1.40

1D N plot p
o

22.00 en
[ 0.00 en
19 220,000 pom
F1 22129 28 2
Fop -10.000 pom
2 1005.88 Kz
PPMCH 7.18750 pan/en

HECH 722

57 Hz/cm

g
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Current ata Paremeters
NAME  LakanashiAMKODd
EXPND 3
PROCNO 1
=2 - Acquisition Parameters
Date_ 20090514
Time 0.04
INSTRUM S
BEOBHD 5 mm QN 14/13
PULPROG 2930
i 65536
SOLVENT coc13
NS 1
S 2
st 8276146 He
FIDRES 0.126314 Hz
a0 3.95B4243 sec
6 &1e 7
au 50.400 usec
OF 6.00 usec
TE 300.2 K
01 1.00000000 sec
MCREST 0.00000000 sec
MCARK 0.01500000 sec
CHANNEL f1
M
11.50 usec
4.00 08
400.0324703 Wz
F2 - Processing parameters
51 32768
80 4000300087 Miz
WOW M
358 [}
8 0.30 He
GB 0
PC 1.00
10 NME plot parameters
{ / ox 32.00 cn
| ey 21.00 cn
F1p 10.000 ppm
F1 4000.30 Hz
4 Fop 0.000 pprn
] N 2 0.00 Hz
PPMCM £.31250 ppm/cr
) \’ \ ‘ r) 12500938 Hz/cm
3 g2z g H ‘5 M
H i - - = M
R = Ranan e SR e e T T - T . ; R
pom 8 7 6 5 a 3 2 1
Current Tata Paraneters
NAME  tokanashiAMKO04
EXPND 4
3 2 g 2 888 3 ganca 25 o SROCNO 1
- 2 2 & 5 &25 3 Bl ar 9
3 w0 @ = 6 @ orneo so s . ) N
g g 8 83 B8R g BRAERE 3e 8 =2 - Acquisition Paraneters
‘ ‘ T 1)) \ | ‘ date_ 20090514
| Tine
INSTRUM
PROBHD
PULPFROG
SOLVINT
NS
0s
SWH 26178.010 Hz
FIDRES £.399445 Hz
AQ 1.2517875 cec
A6 792 6
W 19 100 usec
DE 6.00 usec
e 300.2 K
D1 2.00000000 sec
d11 0.03000000 sec
DELTA 1.89999996 sec
MCREST 0.00060000
MCWAK. 0.01500000 sec
SFO1 100 .59B63BE MHZ
CHANNEL f2 == -
CPDPRG2 waltz1s
NUC2 1
PCRD? 10000 usec
pL2 -4.00 0B
pL12 1700 o8
PL13 17 .00 dB
5702 400.0316001 ¥Hz
- Processing paraneters
F1p 220.000 pom
I v » L m v 1 123.28 Hz
" i " . L alh ¥ W . u 0 i R Fop 10,000 ppm
e 1005.68 Hz
— s —— e oPHCH 7.48750 pon/cn
com 200 180 160 140 2 100 &0 50 20 20 0 Hzem 72297337 Ha/em
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EYESTERRC SEIRLERGILRTYSUR 2
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Current Data Parameters
NAME  takahash1&HKO0S
EXPNO 1
PROCND 1
F2 - Acguisitiun Parameters
Date_ 20090218
Tine 20.31
INSTAUM spect
PROBHD 5 mm GNP 1H/13
PULPROG 2530
0 B5536
SOLVENT roc13
64
B278.146 Hz
0. 126114 H
3.9534243 sec
101.6
60400 usec
5.00 usec
300.2 «
1.00000000 sec
0.00000000 sec
MCHEK 0.01500000 sec
= CHANNEL 11
3 1
11.50 usec
-4.00 dB
400.0324703 MHz
F2 - Processing paraneters
s1 32768
SF 200.0300062 V7
/ Wow
ss8
LB
GB
PC
10 NME plot paremeters
32.00 cn
cy 21.00 cm
g F1p 10.000 ppn
F1 2000.30 k2
i / =z L Fop 0.000 opn
Wl 4} e g, B sl — F2 £.0C Hz
PPMCM 0.31250 ppn/en
\ '\ | / N | \ HZEM 125.00938 Hz/ctn
/
s ol olf ! 4 (ool =l s
= sls Sl i A e o ls
T : : e e e T e et
om s s 7 3 5 4 3 2 1
OPX400 certon
urrent Data Paraneers
NAME takahashiAMKDOS
e 2xeno 2
- 23 5 g3 SROCHE 1
° “/‘ g o2 - hcauisition Paramsters
\ to_ 20080718
Y \(/ \r/ Tine 21.54
INSTRUM spect
OROID S om ONP 1H/13
PULPROG 7gng30
£5536
£oc13
1335
: 4
ShH 2B176.010 Fz
FIDRES ©0.393445 k2
I 1 2n1 707 sec
RE 14596 .5
W 18,100
DE 5.00
s 300.2 K
13 2.00000000
a11 ©.03000000
CELTA 1.89399998
MCREST 0.00000000
SRR 0.01500000
CHMEL £1
13C
P 10.00 usec
3.50 08
100 .598688F MH7
- CHANMEL f2
waltz16
“a0.00
-ao
17.0¢
! 17.90
4000316001 M1z
- precessing paraneters
52750
160 b17E2/6 Mtz
o
558 0
LB 1.00 Mz
GB a
Pe 1.40
10 WM plot psrameters
x 2.00 cn
o n
[ FIF ppn
F1 ke
Foe pom
e Hz
———————— e e e e . —— PPcH pon/cn
opm 200 160 160 140 120 100 4 50 40 20 bl HICM tz/em
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OFAnUY LU
g 1885 558 8 358 g
% 5 T i NP i Br
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i
“urrent Data Paraneters
NAMD takanashiAMKO21
EXPND 1
ARCCNO 1
F2 - hcquizilion Parameters
late_ 20090508
Tine 20.00
INSTRUM spect
SACBHD & nm GNP 1H/13
SULPROG 2930
0 65536
SOLYENT coc13
s >
5 2
B 278125 Ho
S10RES 0.126314 Hz
3.4hB4243 sec
36 101.8
oH 50,400
b3 6.00
1S 300.2
o1 1.00000000
MCAEST 2.00000000
MCWRK ©.01500000 sec
usec
a8
z SFO1 4000 Mz
‘ F2 - Processing parameters
I 51 P76
SF 400.0300348 MH7
oW !
‘ §58
B Hz
BB 0
| - ‘ B £.00
| | 10 NMR plot paraneters
Cx 0 cm
cY 0.00 ¢
Fir 10.000 opm
F1 00 Hz
| : I a0
pJ APV — Fz 9.00 Hz
PPMCH 0.31250 ppm/cr
0 |1 | ‘\\ | \\ / HICH 125.0033 Hz/cn
B 2 5 lellels |5 2
gy8 E S1EE |5 &
- " . . e T
ppm Q 8 7 3 3
OPX400 carbon
Current Data Parameters
NAME takahasn1AM021
EXPNOD 2
g w0 o o < oo o N s oome
= s € o 5 asn pt LN R ] F2 - Acquisition Parameters
Ul ) vl Date_ 20090508
NF ’ \W/ \”J/ Tine 2008
! f INSTRUM spect
PROBHD b mm GNP 1H/13
PULPRCG 29p930
T 65536
SoLVENT coc13
NS 154
[ 4
St 26178010 2
FIDRES 0.399445 Hz
o 1.2517675 sec
AG 6502
oW 19.100 usec
OE 5.00 usec
TE 300.2 K
Bl 2.00000000 sec
dary 0£.03000000 sec
DELTA 1.80339998 sec
MCREST £.00000000 sec
MOHRC 0 p1500000 <er
CHANNEL 1
10.00 usec
-3.50 ¢B
100.5986885 MHz
croPRs2
Nuc2
PCPD2
pPL2
pL12
PLIZ 17 00 o8
SFO2 4000316001 MHz
F2 - Processing parametel
51
s
WOR
58
LB
GB
PC
10 NMR plot parame:
ex o
Ly cn
Fie on
ry e
2 opn
2 He
| — . . . Lo — oo PRHCN ppn/cn
ppm 200 180 160 140 120 100 B0 50 40 20 HZem 722.97363 Hz/en
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ewy 3 28
& 558 as ‘B3
NN { )
-
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Current Data Paraneters
kNSNS 20 1)
EXPNO 1
PROCNO 1
F2 - uisition Parameters
Date. 20080,
Tir 1.31
INSTRUM spect
PROBHD 5 mn GNP 14/13
PULPROG 703
0
SOLVEN
o
08 °
ShH B278.146 Hz
FIDAES 0.126314
8 3.9564243
L B4
0% 50.400 usec
e 5.00 usec
E 300.2 K
01 1.00000006 sec
MCHES| 4. 00000000 seC
MCWRK 0.01500000 sec
r g CHANNEL f1
{ 1
/ P1 1150 user
{ BL1 -4.00 dB
Gt 400.0304703 MHz
/ B 2766
L 400.0300060 MHZ
{ WO EM
' 558 0
Le 030 Hy
{ B (i
/( PC 1.00
1D NMR plot parameters
I ox 32.00 cn
oy 21.00 cm
F1p 10.000 ppm
=1 4000.30 Hz
\ | - | ] op ©0.000 ppm
- (- (. 2 0.00 Hz
e 0.31250 ppm/cn
| \ ( { \ HZCH 125.00938 Hz/cn
H g 3 Bl r
e e . | - e T e e
epm 9 & 5 4 3 2
DPX40¢ carbon
Current Data Parameters
NAME  takahashiAMKDOS
EXPNO 2
& 5 bl il 3 SERRRRER £2 - Acquisition Paraneters
JuL) ) s 20090129
‘ N\ \ / \I’/ I/ Tine 11,45
1 INSTRUM spect
PROBHD 5 mm 8NP 1H/13
PULPROG 290030
T £5596
SOLVENT coci3
NS 18
0s 4
S 26176.010 Hz
FIDRES ©.399445 Hz
e
RG
on
0E
TE
01 2.00000000 sec
g1l 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MOWRK 0.01500000 sec
3.0 o
‘ 1005986836 MHz
II CHANL 12 <o
waltzib
1H
2cPD2 100.90 usec
L2
FL12
PLI3
sF02
F2 - Processing parameters
S1 32768
SF 100 5876284 Mz
WDA EM
558 0
LB 1.00 Hz
GR 0
PC 1.40
10 NMR plot parameters
[ 232.00 cm
ot 12.00 en
F1P 220.000 ppm
Fi 22129 .28 Wz
" F2p. -10.00C opm
F2 1005.88 Hz
- — — - PPMCM 718750 ppn/em
pom 200 180 160 tho 121 00 8 60 a0 HzeH 722 97363 Hzfen
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£ ReR Sax LELRLENEESES
. e T LLIEITS Y tBu
NI 4 Br o
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Nave .
SxPn
PROCND 1
F2 - AcQuisition Farameters
Date. 20090130
ine 1.4
TR o
PROBHD 5 mm ONP 1H/13
AULPROS
mn
SOLVERT
NS
2
EL B278. 146 Hz
FIORES 0.126314 11z
Al 3.0584243 sec
RS 101.8
D E0.400 user
DE 5.00 usec
13 300.2 K
D1 1.£000000¢ sec
MCREST 0.0 00 sec
MCWRK 0.01500000 sec
e CHANNEL f1 s
P
11.50 usec
-4.00 0B
400.0324703 Mhz
F2 - prosessing paraneters
L 32768
5F 400 0300085 MHZ
Wow
558 2
Le 0.30 Hz
6B 0
- PC 1.00
10 WA oot parameters
32.00 ¢m
& 21,00 e
{ Fip 19.000 pan
F1 4000.30 H2
- - F2p £.000 ppm
A J ho — F2 0.00 Fz
PPMCM 0.31250 ppn/c
l | HZCM 12500938 Hz/cm
3 <l [ 3[ s |8
) E h 2
pom g 8 7 & 5
DPX400 carbon
Current Data Parameters
WA Cakahashs AKDGS
b3 @ 9 B s 3 cozmnengue Lxeno 2
2 3 b 8 38T EEEE RS FADCHD !
& < 2 pat BRRE SYSHEARRERE F2 - Acquisition Paramelers
J [ \ ) Date_ 20030130
% | \/ \\/ Vs T e
ST spect
PROBAD 5 mm ONP 1H/13
PLLPACS
1
SOLVENT
NS
.
26178.010 Hz
0.389445 Hz
5160.6
19.100 use
5.00 use
300 2 K
200000000 sec
0.03000000 scc
1.89999998 sec
©.00000000 sec
©.01500000 sec
L 11
10.00 usec
-3.50 cB
1005986386 MHZ
CHAMNEL 12
waltzib
I
100.00 user
400 8
17.00 dB
17 .00 dg
400 £316001 MHz
£ Pracessing parameters
SI 32768
SF 100 5875228 MHz
EM
o
1.00 Hz
0
)
10 NMR plot parameters
X 32.00 cm
cy 18.0C cm
FiP 220.000 ppm
- Fi 22129.28 Hz
Fap 10.000 ppm
F2 1005 88 Hz
N T o T - — - - e PEMCM, 7.48750 ppn/em
pon 200 180 160 140 120 100 &0 50 40 20 a AzeH 72297357 Hz/en
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|
]
z &l b|B|E IEI S
T T T [ I e S I SR R I A I I R B e
PRm 9 e 7 ) & a 2
DPX400 carbon
g 3 8 SERET KRS ILREES
_ @ 5 g §RRES REREREERER
3 £ @ FRRERR ITRBSBLRES
& € o NN yas
L
‘ \SJ \\\\‘) ‘é//
\
r T o T b T T — T
ppm 200 180 160 140 120 100 0 50 40 20
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0

Current Data Paramsters

NANE  akzhashiaW<010

EXBND :

PROCHD 1

F2 - Acquisition

Date_ 2

Tine

INSTRUM

PHOBHD 5 mr ONF 1/13

PULFAE 230
55536

501 VENT Lues

NS 84

S 2

S 8278.146 Hr

FIORES 0.126314 Hz

o) 3.8534243 sec

R6 207 4

v 60.400 usec

[ 6.00 usec

T 300.2 K

0 1.00000000 sec

HCAEST 0.00000000 sec

MCHRK £.01500000 sec

CHANNEL 1

SO

1 4

1
11.50 usec

-4.00 0B
00.0324/03 MHz

Fa - Processing parameters

sI
SF
oW
553
s
66
PO

10 NYR plot paraneters
ox

[
F10
Fi

Fop

[
HZOH

i

4

et
¥

Current
NAME
EXPND
FROCNO

F2 -

QELTA
MCAEST
MENRK

CPOPRGZ

MCE
PCPD?

e
F2 - Pr

SF

10 WR
o
of
F1P
F1
F2p
2

PRMCM
HICH

32768
00.0300067 MHz
0
0.30 1z
0
1.00
32.00 cn

21.00 cn
10.000 ppm

0.31250 ppm,
125.00938 Hz/cn

Data Paraneters
takanashiAMKO10
3

1

quisition Parzmeters
20080212
20 43
spect
5 mm GNP 1H/13
20pg30
65535
coc13
715
4
25178.010 Hz

300.2 €
2.00000000
0.03000000
189993998
0.00000000
06.01500000

1

usec
-3.50 oB
100, 5985686 M7

= CHANNEL 72
waltz16
H

4000315001 Mz

ocessing param
32768

100, 58/5180 MHz
M

0
1.00

o
1.40

plot parareters
2.00 en

19.00 on
220.000 ppm
22129.28 He
-10.000 ppm

100568 Hz

7.18750 pon/cm

72297351 Helom

O

tBu

syn-3je
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Current Data Farameters
NAME takahash1AMK011
ZXPND 8
IROCNO 1
"2 - Acquisition Parameters
Jate 20060514
Time 0.16
INSTRUM spect
PROBAD 5 mm ONP 1H/13
PULPROG
0
SOLVENT
NS
05
SWH
FIDRLS
%0
a6
o
JE
e
01
MCACST £.00000000 sec
MCARK ©.01500000 sec
" CHANNCL 2
| 1H
| 11.50 usec
! -4.00 05
4000324703 MHz
Frecessing paceneters
760
£00.0300287 Mz
=3
i
1 0.30 Hz
2
~ . 1.00
{f 10 NMH plot paraneters
32.00 cn
\ 60 in
| F1P 10.000 ppm
i F1 4000.30 Hz
1 Fop 0.000 0pm
_ L lv\,, e - J ok 0.00 Hz
PEMCM ©.31250 ponm/cn
[ HZEM 125.00938 1z/cn
= =3 ] m‘ k= \u
— T T | ' | S | T T
opm El a 7 [ 5 a 3 2 1
DPX400 carbon
Current Data Paramete:
takahashi AMKO! ¢
g
8 o = 5 z 2z9 g8 1
8 I & bt 8 rRE 3@ <2 - Acquisition Parancters
T T N ‘ N )i l 20080514
' it
Boom ONFTH/13
79pG30
BLD36
roci3
141
4
26176.010 +7
0.393445 Hz
1.2517875 sec
8192
19.100 user
5.00 user
B
0.03000000 sec
1.BO999968 ser
0.060C0000 sec
0.01500000 ser
= CHANNEL f1 =
13C
19.00 usec
1005385886 Mz
- caL e -
| walt716
1
100.00 user
a2 200 43
a1z 17,00 43
13 17.00 43
SF02 4000316001 Miz
2 - Processing paramcters
32768
100.5876331 Mz
M
100 Hz
L4
1D WA 1ot parancters
cx 32.00 cn
19.06 cn
220,006 pom
l ) 2212926 He
-10.00C pom
2 -1005.88 Hz
, , , Lo . - [ apucy 7.18750 pam/cm
pom 200 180 150 140 120 100 €0 an 20 o e 722.97363 Hz/en
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SrAsUY pluLL

M
Br/ ©

g Gl EEEE 5229 SeggRETEh @
U N\ N NOWANPE | O 3me-major
! N /( NN
Curvent Dta Parancters
taikanesn: ANKO?3
1
1
F2 - accuisition Sarzneters
late_ 200008603
Tine 13.34
INSTRUM spect
PROBHC 5 mm GNP 1H/13
PLLPROG
T
SCLVENT
NE
ns 2
SWH HBP7R. 146 Hz
FIDRFS 0.126314 Hz
AG 3.9584243 sec
AE 128
ow 60.400 ussc
DE 6.00 usec
e 300.2 K
01 1.0C000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
- s = CHANNEL f1 == =
[ ‘ s 1
Pl 11.50 uszc
PL1 4.00 08
J SFO1 400.€324703 MHz
~ r {
10 WR plot paraneters
| ¢ 00 cn
0.00 o
| 00500 oom
Ai 4300.30 Hz
. | ] IR |
0.31250 ppm/cm
‘ ’ | } \‘ ‘ Heew 125.0093€ Hz/cn
H g M 8 5 &
I T T T T ' ' ' ' I "
ppm 9 B 7 6 Bl a 3 1
DPX400 carben
Current Dzta Parameters
VM SskanasniaKKD?:
EXPNC 2
2 ey 3 a 2 5 R g “ROCND '
. 53 3 i B g 8 5T o 2
g o 25 b o BERRR @ 3 2 ° Fo - Accursition Paraneters
i T T L J Date_ 20080503
| \‘/ ‘ Time 13.43
|
i INSTAM snect
PRCEHD 5 mm ONP 1H/13
PULPRO 299930
o 85536
SoLvENT 13
NS 135
[ 4
St 26173010 7
FIDRES 9445 H7
@ :
2.00C00000 seC
| Q03000000 sec
1 esaannsd sec
0.00000000 sec
| 0.01500000 sec
1005988855 Wiz
CHANNEL f2
1
100.00 usec
| 4.00 d8
| 17,00 a
£0 di
400.0316001 MHZ
F2 - Pronessing peraneters
768
100 5876286 MH?
&
o
1.00 Nz
o
120
10 W 2la: parsneters
¢ 3.00 cn
ey 19.00 cm
220.000 ppm
¥ 22129.28 k2
-10.000 ppr
-1005.88 bz
718750 por/s
e T TR T
apn 200 163 140 120 100 8 60 40 20 9 =

-S52 -
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Current Dats Paraneters

7€

2.59
39,482
G 07
4.07

s E g g §E43
V - P
Y )l
( [’ [ f
|
| |
‘!
s 2| 2 3 E
H 2l 2 3 .
- T T T e
ppm 9 & 7 1
DPX400 carbon
5o « 2 5T, 2
1] T T \
i
L S (R ] T T T
ppm 200 180 160 140 120 )

- S53

NAVE takanash 15MK024
£XPND 1
PROCND 1
F2 - Acyuisilion Parznelers
nate_ 20080603
Tine 14y
NS THUM pect
PROBKD 5 mm GNP 111/13
PU_PROG 2630
™ 65536
SOLVENT oc13
NS 16
05 2
s 8276 145 H7
FIORES 0.126314 Hz
20 3904243 ser
£ 4064
o 60,200 usec
b3 .00 usec
c 0.2 K
o1 £.00000000 sec
VEREST .00000000 ser
VEHRK 0.01500000 sec
CHANNEL f1 ==
11.50 usec
2.00 4B

490.0324703 Miz
55179 parameters
30768
4000300057 Mz
M
0
0.30 Hz

4
1.90

10 NMA plot parareters

ox 32.00 en
cv .90 tn
=1p 10.000 ppm
F1 4000.30 Hz
Fap 0.000 ppm
P2 0.90 Hz
PPHCY 0.39250 ppn/en
HACH 12500838 Hz/cn

Current Data Paraneters
NAME LaczhashiAWKO24
=XPH 2
SROCND 1

- Acquisitien Paraneters

Jate. 20090603
Tine 1222
INSTRUM
SADBHD 5 mm NP fH/13
2opg30
n 65536
LVENT coc13
NS 400

25178.010 7

0309445 He

12517875 sec
6502

0.00000000 sec
0.0:500000 sec

CHANNEL 11 =
1
000 usec

100 00 usec
-2.00 ¢
17.00 08
17.00 05
4000316001 Mz

2 - Pracessirg paraneters

al 32768
5 1005076246 Mz
oW M
538 [1
8 1.00 Hz
58 o
C 140

10 NMR plct parameters

00 cn
oY 18.00 cn
12 220.000 ppm
1 2212978 H7
Fan £0.500 pm
2 -1005.88 Hz
PPMCY 7.18750 pan/em
HZEH 732.97357 Iz /e

Et0,C O

7 Me

O
3me-minor
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Y e} ne-major
Current Daza Parzneters
NAME takanashiAMkeas O |4
EXPNG 4
FROCND 1
2 - Acquisitior Parameters
Late 20090507
Time 17.39
INSTRUM
PRBHD 5
PULFNOG
SOLVENT
NS
s
GHH B278.14€ 12
Flopss ©.126314 Hz
AQ 3.6584243 sec
ARG 256
o 50.400 usec
DE 6.00 uszc
F 0.2 K
1 000 sec
MCREST 0.00000000 sec
MCARK 0.01500000 sec
CHANNEL 1 -
1
11,50 usec
-4.00 0B
SFO1 400.0324703 MHz
F2 - Processing paraneters
ST 2768
E 065 ¥HZ
0w FM
350 0
B 0.40 4z
58 0
C 1.00
D NMR olot parameters
X 32.00 cm
s oY 21.00 cm
1€ 10.000 ppm
F1 400C. 30 He
28 0 ppm
% - - A F2 He
PPMCV ppn/cn
I ’\ | | ‘ HICM 17500938 Hz/cm
5 < PP I B o
B 2 etk @ o 2
g & 3|8 3 2 g
pon (] 8 l 5 4 3 H 1
02X400 carbon
Current Data Paramgters
NAME  tekahasniAMKO21
n - & CXPI 5
& 5 o = o = o P T R
8 3% 5 b4 BRRE B e 8 &8 = 2 - Acquisitaon Paraneters
b [ ‘ \/ ‘ ‘ tste_ 20090507
i AV A Tame 16 bh
[ INSTRUM spect
PROBHD 5 mm 8NP 1H/13
| Zoe030
i 55536
| coc13
| 126
| 4
i 26178.010 Hz.
FIDRES 0.399445 Hz
0 1.25:7675 sec
R 8192
18.100 us:
65.00 usel
300.2 K
| 0000 saz
i 0.03000000 sec
i 1.82999998 sec
0 300000 sec
MEWRK 0.01500000 sec
- CHARNEL 11 =
1ac
10,00 usec
-3.50 ¢B
1005986886 MHz
PCPD2 100.00 use
pL2 -2.00 o8
PL12 17.00 0B
PLI3 17.00 0B
502 4000316001 Milz
F2 - Processing paraneters
ST 32768
s 100.5076292 Mz
Fip 220.000 ppm
" L F1 22129.28 He
A -10.000 ppm
~1005 8B 17
r [ —T T o T — e e T 718750 pon/cn
pom 200 180 160 110 120 100 a0 60 ag 20 0 Hze 72287363 Hz/fem
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ppm

5

5. 262

1
\

Integral

pom

205 280
69023
151,287

PH9RL

i

10301

3

13

75488

mr:ﬂmmr\l;\r/‘\ljjjrj\?
\\‘w/ S

aC1

bt

Current Data Paranelers

NAME Lzkanash AHK020

SXPNO 1

PROCND 1

=2 - Acquisition Parameters

Date 0030508

T 13.54

INSTRUM spect

PROIKD 5 M GNP 1H/13

PULPFRIG 2030

o 9536

SOLVENT C

NS

05 2

SHH 8278145 k2

FIDRES 126314 ¥z

a0 3.9584243 s

RS 287.4

il 60,400 usec

e 5.00 usec

T 300.2 K
1.00000000 s2c

VCAEST ©.00000000 seC

VHRK £.01500800 sec

5701 4006324703 MHz

F2 - Processing parameters
3075

51 2758
57 4008300055 MHz
KW 2]

L 558 0
LB 0.30 17
68 0
e 1.00

—— 31.007

- S55 -

f
1 10.000 ppm
J | | F 200030 Hz
2 ©.000 ppn
5. I U S -
PHIM 250 ppn/cn
| Az 125 0O9R Hz /cn
/
B 2| [ < 8
B & |3 < po}
3 2 1
Oala “arancters
takanash1AMKOZD
§ R B 8 83 ;
g3 T ] &% 2 - acquisition Parameters
| \/ Date
! Tine
i INSTRUM spe:
PROBKD S mn GNP 1K/
PULPRIS 299530
\ 65536
oc13
491
1
26178 010 2
0.399445 11z
1
1.89993990
9.00000000 sec
0.01563000
- CHANNEL 1
nICt 1ac
2t 10.00 usec
PLL -3.50 0B
SF01 1005086686 W7
CHANNEL 12
waltzif
106,00 usec
-4.00 5B
17.00 o8
0
SF02 4000316001 Wiz
2 - Processing nerameters
51 3
sF 100 5876188 HHz
W o
556 0
Le 1.00 ¥z
G 0
L 140
10 MR plot paramelers
£x 32.00 cn
oy 19.06 cn
sip 220.00C pon
Fop £0.000 ppm
i F2 88 iz
e e e ppvCH 7.18750 ppn/en
o o 2 0 HITH 702 97351 ke/en

Me
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pruLun

ers

e
se:
sec

usec
@&
B
B
MHZ

rs

MHZ

Hz

pon/em
Hz/en

qug BL3ILTEEIIRAE e
c 258 20888883088 253
a8 RRB FOIERETELRIR NE&
v Qiaig g E T e e T
\\#/ [aNSSSQNPrpy) )
7 f
Current Data Parameters
NAME  takahash1AMKGE O 13
EXPND 2
FROCHO 1
F2 - Acquisition Parameters
20039130
1414
INSTRUM spect
PROSHD 5 mn ONP 1K/13
PULPROG
SOLVENT
05 2
ik 6278 145 Hz
FIDRES 0.126314 bz
g 3.9584243 se0
W 101.5
Dy £0.200 usec
i 5.00 usec
1= 300.2 K
i 1.00000060
MCRES 0.00000000
MCKFK 0.01500060
/
SFO1 400 0324703 Mz
F2 - Processing parameters
n sT 12768
I SF 400.030001/ ¥z
WO £H
558 0
L8 0.30 Hz
/ 0
' 1.00
10 WR plot paranciees
- (r i cx 32.00 cn
/ J cy cn
1P 0 pen
! 1 F1 Hz
- LJ F2p pen
_ | S| 2 Hz
2CH 0.31250 ppn/c
| J | | \ ‘ | ) ) HZCH 125.00938 Hz/cm
\ i
| g 35 B ogE g
E < i e | P -
[} - . NI — : T e T T
won Bl 7 8 : 3 2 1
0PX400 carbon
Current Data Paraneters
NAME  takahashiAWKOO
o o . EXPNO. 3
7 Boog sgr g CELTEE B Feoms ;
@ m 5 PR - o g-a s o
B B A pr o = v “ - F2 - Acquisition Paramet
‘ \ ) ‘ ‘ (G ‘ ‘ Date 20090130
/ N\ Time 14.23
il INSTRUM spect
PROBHD 5 mn GNP 14713
PULPROG 290930
65036
€oe13
79
4
26178.010
0.309425
1.2517875
145965
19,100
5.00
00 2
m £.00000000 5
a1 0.03000000 5
JELTA 1.89999998
YCREST 0.00000000
MCHRK 0.01500000
CHANNEL
e
10.00
-3.50
100 5986836
CHANNEL
100.00
400
17.00
17.00
5602 400.0316001
F2 - Processing parameter
B 32768
B 100.5876252
WO 21
558 13
A 1.00
| =] o
PC 1.0
10 N3 plot paraneters
32.00
19.00
220.000
RPRRY " ! L " N N
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