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General Information: 'H and ?C NMR spectra were recorded on a Varian instrument
(400 MHz and 100 MHz, respectively). '"H NMR spectra were internally referenced to
tetramethylsilane signal and ?C NMR spectra were internally referenced to CDCls
signal (8 = 77.0 ppm). Data for 'H NMR are reported as follows: chemical shift (3,
ppm), multiplicity (s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet), coupling
constant (Hz), and integration. Data for °C NMR are reported in terms of chemical
shift (6, ppm). Infrared spectra were recorded on a Perkin Elmer FT-IR Spectrometer
and are reported in frequency of absorption (cm™). High resolution mass spectra for all
the new compounds were done by a Micromass Q-Tof instrument (ESI). Specific
rotations were measured on a Jasco Digital Polarimeter. High performance liquid
chromatography (HPLC) analysis was performed on a Hewlett-Packard 1100 Series
instrument equipped with a quaternary pump using Daicel Chiralcel OJ or OD
Columns (250 x 4.6 mm), Chiralpak AD or AS Columns (250 x 4.6 mm), or Regis
Pirckle covalent (R, R) Whelk-O 1 Column (250 x 4.6 mm). UV absorption was
monitored at 220 nm. Analytical gas-liquid chromatography (GLC) was performed on
a Hewlett-Packard 6890 Series instrument equipped with a split mode capillary

injection system and a flame ionization detector using HP chiral column (20%

Permethylated f -Cyclodextrin, 30m x 0.25 mm).

Materials: Enones 1 was prepared according to literature methods' except those which
could be purchased from the Aldrich, ACROS or Alfa Aesar. Purchased compounds
were used without further purification. T-butyl hydroperoxide (2a, 5.0-6.0 M in decane)
and cumene hydroperoxde (2b, ~80% in cumene) were purchased from Aldrich, and
2-hydroperoxy-2-methoxypropane (2¢) was prepared according to literature methods.

Quinine and quinidine were purchased from Aldrich., and used without further
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purification. All the Cinchona alkaloid catalysts are prepared according to literature
methods.’

1. General procedure for peroxidation of enones with TBHP.

o 8 (10 mol %) )4 O,
ar A OOH
TFA ( 30% mol), Toluene, 23°C R1)\)LR2

1 2a 6

To a solution of enone 1 (0.3 mmol), catalyst 8 (0.03 mmol, 10 mol%), and
trifluroacetic acid (6.9 pL, 0.09 mmol, 30 mol%) in toluene (0.3 ml) at room
temperature was added t-butyl hydroperoxide 2a (0.36 mmol, 1.2 equiv.). The reaction
mixture was kept at room temperature for 4h, then passed through a short plug of silica
gel for removal of the catalyst. The silica gel plug was washed with diethyl ether, the
eluent was concentrated in vacuo, and the residue was subjected to silica gel flash
chromatography. The racemic product for HPLC or GC analysis was prepared by
mixing the products of Q-NH, and QD-NH,; catalyzed reactions.

)4 6Aa was obtained as a colorless oil (71.1 mg) in 90% yield after
O‘o o flash chromatography (Hexanes/Ethyl acetate = 10:1) and in 91%
Ph/\)\/u\ ee determined by HPLC [Daicel Chiralcel AS-H, Hexanes / IPA =
99:1, 0.8 mL/min, A = 220 nm, 20.0°C, t; (major) = 11.12 min, t. (minor) = 10.01 min].
[a]o?®=35.8 (c = 0.57, CHCl3); '"H NMR (400 MHz, CDCl3)  1.21 (s, 9H), 1.79-1.89
(m, 2H), 2.16 (s, 3H), 2.46 (dd, J, = 4.8 Hz, J, = 5.2 Hz, 1H), 2.62-2.70 (m, 1H),
2.74-2.80 (m, 1H), 2.90 (dd, J, = 6.0 Hz, J,= 6.8Hz, 1H), 4.43-4.47 (m, 1H), 7.14-7.18
(m, 3H), 7.24-7.28 (m, 2H); *C NMR (100 MHz, CDCl5)  26.34, 30.84, 31.85, 34.75,
47.53, 79.38, 80.33, 125.85, 128.28, 128.35, 141.69, 207.40; IR (neat) v 2978, 2931,
1715, 1604, 1497, 1455, 1363, 1242, 1197, 1053, 880, 748, 700. HRMS (ESI/[M+Na]")
Calcd. for: C1H»405Na 287.1623, found 287.1612.
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)4 6Ba was obtained as a colorless oil (45.2 mg) in 88% yield after

@)

‘o o flash chromatography (Hexanes/Ethyl acetate = 20:1) in 84% ee.
)\/U\ The ee was determined by GC HP Chiral column (20%

Permethylated /S -Cyclodextrin, 30m x 0.25 mm) after hydrogenation of the peroxide

to the S -hydroxyl ketone [Inject Temp: 240 °C, FID Temp: 260 °C, Inlet pressure: 10

psi., Oven Temp: 50 °C, 5 min, 2 °C/min to 80°C, retention times: 38.4 min and 39.3
min]. [o]o® =20 (c =0.15, CHCl;); "H NMR (400 MHz, CDCls)  1.16 (s, 3H), 1.18 (s,
9H), 2.16 (s, 3H), 2.39 (dd, J; = 6.0 Hz, J,= 6.4 Hz, 1H), 2.85 (dd, J;=6.0 Hz, J,= 6.4
Hz, 1H), 4.42-4.49 (m, 1H); >C NMR (100 MHz, CDCl;)  18.47, 26.30, 30.91, 48.93,
76.17, 80.29, 207.28; IR (neat) v 2976, 2926, 1717, 1457, 1364, 1242, 1198, 1094, 867.

HRMS (ESI/[M+Na]+) Calcd. For: CoH 303Na 197.1154, found 197.1155.

)( 6Ca was obtained as a colorless oil (53.7 mg) in 91% yield after
o\
O O flash chromatography (Hexanes/Ethyl acetate = 20:1) and in 90%

A~ AN

ee. The ee was determined by GC HP Chiral column (20%

Permethylated f -Cyclodextrin, 30m x 0.25 mm) after the hydrogenation of the

peroxide to the f -hydroxyl ketone [Inject Temp: 240 °C, FID Temp: 260 °C, Inlet

pressure: 10 psi. Oven Temp: 50 °C, 5 min, 2.5°C/min to 100 °C, retention times: 38.0
min and 38.4 min]. [a]p?*= 61.0 (¢ = 0.63, CHCl3); "H NMR (400 MHz, CDCl3) & 0.89
(t, J = 6.8Hz, 3H), 1.18 (s, 9H), 1.32-1.52 (m, 4H), 2.17 (s, 3H), 2.41 (dd, J, = 4.8 Hz,
J,=5.2 Hz, 1H), 2.84 (dd, J, = 6.4 Hz, J,= 6.8 Hz , 1H), 4.37-4.39 (m, 1H); °C NMR
(100 MHz, CDCl3) 6 14.07, 18.87,26.27, 30.89, 35.22, 47.72, 79.94, 80.29, 207.76; IR
(neat) v 2963, 2936, 2875, 1716, 1459, 1363, 1197, 1026, 886; HRMS (ESI/[M+Na]")

Calcd. for: C;H,,03Na 225.1467, found 225.1471.

)( (+) 6Da was obtained as a colorless oil (59.7 mg) in 86% yield
o\

O O after flash chromatography (Hexanes/Ethyl acetate = 20:1) and

/\/\)\/U\
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in 93% ee. The ee was determined by GC HP Chiral column (20% Permethylated

f -Cyclodextrin, 30m x 0.25 mm) after the hydrogenation of peroxide to the

f -hydroxyl ketone [Inject Temp: 240 °C, FID Temp: 260 °C, Inlet pressure: 10 psi.

Oven Temp: 50 °C, 5min, 5 °C/min to 100 °C, retention times: 101.0 min and 101.8
min]. [0]o®=39.3 (¢ =0.61, CHCl;); "H NMR (400 MHz, CDCl5) § 0.87(t, J = 6.4 Hz,
3H), 1.20 (s, 9H), 1.26-1.54 (m, 8H), 2.19 (s, 3H), 2.43 (dd, J; = J,= 4.8 Hz, 1H), 2.85
(dd, J;= J,= 6.8 Hz, 1H), 4.37-4.41 (m, 1H); *C NMR (100 MHz, CDCl;) & 13.98,
22.48,25.25,26.30, 30.93, 31.77, 33.00, 47.73, 80.18, 80.33, 207.82; IR (neat) v 2932,
2862, 1716, 1460, 1363, 1197, 1054, 882. HRMS (ESI/[M+Na]") Calcd. for:

Ci3H2603Na 253.1780, found 253.1778.

(-) 6Da was obtained as a colorless oil (61.3mg) in 90% yield and in 90% ee from a
reaction catalyzed by QD-NH, (10 mol %) in toluene (0.3 ml) at 23 °C for 4h. [a]p?*=
-41.4 (c = 0.49, CHCL).

%O 6Ea was obtained as a colorless oil (60.0 mg) in 65% yield

o Q after flash chromatography (Hexanes/Ethyl acetate=10:1)
oL
M

© and in 91% ee determined by HPLC [Daicel Chiralcel AD,
Hexanes / IPA = 99.5:0.5, 0.6 mL/min, A = 220 nm, 20.0 °C, t;(major) = 14.71 min, t,
(minor) = 16.15 min]. [o]p®= 35.1 (c = 0.56, CHCl;); '"H NMR (400 MHz, CDCl5) &
1.20 (s, 9H), 1.60-1.72 (m, 4H), 2.19 (s, 3H), 2.44 (dd, J; = 4.8 Hz, J,= 5.6 Hz, 1H),
2.88 (dd, J; =J, = 6.8Hz, 1H), 3.46-3.49 (m, 2H), 4.41-4.45 (m, 1H), 4.50 (s, 2H),
7.26-7.28 (m, 2H), 7.29-7.33 (m, 3H). °C NMR (100 MHz, CDCl;) & 26.18, 26.61,
30.05, 31.18, 47.93, 70.40, 73.17, 80.08, 80.66, 127.76, 127.87, 128.59, 138.70,
207.77; IR (neat) v 2978, 2935, 2859, 1715, 1454, 1363, 1197, 1101, 1028, 883, 738,

699; HRMS (ESI/[M+Na]") Calcd. for: C;3H,304Na 331.1885, found 331.1883.

)4 6Fa was obtained as a colorless oil (51.2 mg) in 90% yield after
O\
@] 0]
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flash chromatography (Hexanes/Ethyl acetate = 20:1) and in 89% ee. The ee was

determined by GC HP Chiral column (20% Permethylated f -Cyclodextrin, 30m x

0.25 mm) after the hydrogenation of the peroxide to the f -hydroxyl ketone followed

by the converting the hydroxyl group to the corresponding acetate form [Inject Temp:
250 °C, FID Temp: 220 °C, Inlet pressure: 13 psi., Oven Temp: 85 °C, retention times:
42.0 min and 42.6 min]. [a]p®=10.4 (¢ = 0.67, CHCl;); "H NMR (400 MHz, CDCl3) &
1.03(t, J = 7.2 Hz, 3H), 1.17 (s, 3H), 1.19 (s, 9H), 2.37 (dd, J;= 5.2 Hz, J,= 5.6 Hz,
1H), 2.40-2.51 (m, 2H), 2.83 (dd, J; = J,= 6.8 Hz, 1H), 4.47-4.50 (m, 1H); °*C NMR
(100 MHz, CDCl;) 6 7.55, 18.50, 26.25, 36.90, 47.68, 76.36, 80.22, 209.77; IR (neat) v
2963, 2931, 2862, 1716, 1506, 1456, 1365, 1230, 1040, 884; HRMS (ESI/[M+Na]")
Calcd. for: C;0H00OsNa 211.1310, found 211.1303.

)4 6Ha was obtained as a colorless oil (61.2 mg) in 94% yield
O\
o O after flash chromatography (Hexanes/Ethyl acetate = 20:1)

)\/U\/\/

and in 87% ee. The ee was determined by GC HP Chiral

column (20% Permethylated g -Cyclodextrin, 30m x 0.25 mm) after the

hydrogenation of the peroxide to the f -hydroxyl ketone followed by the converting

the hydroxyl group to the corresponding acetate form [Inject Temp: 250 °C, FID Temp:
220 °C, Inlet pressure: 13 psi., Oven Temp: 110 °C, retention times: 35.7 min and 37.6
min]. [a]p”=10.4 (c = 0.52, CHCl;); "H NMR (400 MHz, CDCl3) & 0.89 (t, J = 7.2 Hz,
3H), 1.18 (s, 3H), 1.20 (s, 9H), 1.25-1.33 (m, 2H), 1.50-1.56 (m, 2H), 2.37 (dd, J; = J,
=6.0 Hz, 1H), 2.42-2.48 (m, 2H), 2.85 (dd, J,=6.4 Hz, J,= 6.8 Hz 1H), 4.47-4.50 (m,
1H); °C NMR (100 MHz, CDCl3) § 13.84, 18.51, 22.26, 25.64, 26.28, 43.53, 47.90,
76.25, 80.22, 209.45; IR (neat) v 2977, 2935, 2875, 1715, 1459, 1410, 1364, 1198,
1143, 1028, 864; HRMS (ESI/[M+Na]") Calcd. for: Cj;Hp403Na 239.1623, found

239.1615.

)40 6la(+) was obtained as a colorless oil (57.1 mg) in 64%
Ko JNe!
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yield after flash chromatography(Hexanes/Ethyl acetate = 20:1) and in 94% ee. The
ee was determined by the HPLC [Daicel Chiralcel AD-H, Hexanes / IPA = 99.2:0.8,
0.78 mL/min, A =220 nm, 20.0 °C, t; (major) = 16.95 min, t, (minor) = 19.46 min] after

the hydrogenation of the peroxide to the f -hydroxyl ketone followed by the

converting the hydroxyl group to the corresponding 4-chlorobenzylacetate form. [oc]D25
=26.8 (¢ =0.40, CHCl;); 'H NMR (400 MHz, CDCls) § 0.87(t, J = 6.4 Hz, 3H), 1.04 (t,
J=17.2 Hz, 3H), 1.20 (s, 9H), 1.26-1.53 (m, 8H), 2.39 (dd, J,=4.8 Hz, J,=5.6 Hz, 1H),
2.45-2.55 (m, 2H), 2.83 (dd, J; = J,= 6.8 Hz, 1H), 4.37-4.42 (m, 1H); °C NMR (100
MHz, CDCls) ¢ 13.86, 14.11, 18.90, 22.28, 25.35, 26.31, 35.32, 43.51, 46.75, 80.03,
80.28, 209.95; IR (neat) v 2961, 2935, 2874, 1714, 1465, 1363, 1198, 1050, 884;

HRMS (ESI/[M+Na]") Calcd. For :C;4H303Na 267.1936, found 267.1933.

6la(-) was obtained as a colorless oil (62.1 mg) in 77% yield and in 88% ee from a

reaction catalyzed by QD-NH; (10% mol) in toluene (0.3 ml) at 20.0 °C for 4h.

2. General procedure for peroxidation of enones with cumene hydroperoxide.

Ph

0 8 (10 mol%) )40
Ph N
1/\)J\ P OOH O O
R R
1 \1/2[) TFA( 30 mol% ), Toluene, 0°C RlJ\/U\RZ

6

To a solution of enone 1 (0.3 mmol) catalyst 8 (0.03 mmol, 10 mol%) and trifluroacetic
acid (6.9 pL, 0.09mmol, 30 mol%) in toluene(0.3 ml) at zero degree was added
cumene hydroperoxide 2b (0.36 mmol, 1.2 equiv.). The reaction mixture was kept at
zero degree overnight then passed through a short plug of silica gel for removal of the
catalyst. The silica gel plug was washed with diethyl ether, eluent was concentrated in
vacuo, and the residue was subjected to silica gel flash chromatography. The racemic
product for the HPLC or GC analysis was prepared by mixing the Q-NH; and QD-NH,

catalyzed product.
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Ph 6ADb was obtained as a colorless oil (69.5 mg) in 74% yield after
% O\O o  flash chromatography (Hexanes/Ethyl acetate = 20:1) and in 94%
ph/\)\/u\ ee determined by HPLC [Daicel Chiralcel AS-H, Hexane / IPA =
99:1, 1.0 mL/min, A = 220 nm, 20.0 °C, t;(major) = 10.53 min, t; (minor) = 9.31 min].
[a]o®= 35.9 (c = 0.44, CHCl3); 'H NMR (400 MHz, CDCls) & 1.56 (s, 3H), 1.58 (s,
3H), 1.69-1.81 (m, 2H), 2.09 (s, 3H), 2.45 (dd, J,=J,=4.8 Hz, 1H), 2.49-2.62 (m, 2H),
2.87 (dd, J,= J,= 6.0 Hz, 1H), 4.39-4.45 (m, 1H), 7.08-7.16 (m, 3H), 7.22-7.27 (m,
3H), 7.30-7.34 (m, 2H), 7.37-7.47 (m, 2H); °C NMR (100 MHz, CDCL3) & 26.43,
26.64, 30.82, 31.67, 34.61, 47.55, 79.44, 82.90, 125.57, 125.82, 127.13, 128.00,
128.29, 128.33, 141.47, 145.21, 207.33; IR (neat) v 2983, 2926, 1706, 1496, 1448,

1376, 1362, 1267, 1155, 838, 764, 700; HRMS (ESI/[M+Na]’) Calcd. for:

C21H2603Na 349.1780, found 349.1777.

O

\

)O\)OJ\ flash chromatography (Hexanes/Ethyl acetate = 20:1) and in 92%

%Ph 6Bb was obtained as a colorless oil (48.0 mg) in 70% yield after

ee determined by HPLC [Daicel Chiralcel AS-H, Hexane / IPA =
99:1, 1.0 mL/min, A =220 nm, 20.0 °C, t; (major) = 11.86 min, t, (minor) = 10.36 min].
[a]o®=22.4 (c=0.17, CHCLs); "H NMR (400 MHz, CDCl;) & 1.17 (d, J = 6.4 Hz, 3H),
1.58 (s, 3H), 1.62 (s, 3H), 2.11 (s, 3H), 2.40 (dd, J; = 6.0 Hz, J,= 6.4 Hz, 1H), 2.83 (dd,
Ji=J,= 6.4 Hz, 1H), 4.47-4.52 (m, 1H), 7.25-7.35 (m, 3H), 7.43-7.46 (m, 2H); "°C
NMR (100 MHz, CDCls) 6 18.58, 26.33, 26.65, 30.79, 48.88, 76.18, 82.86, 125.49,
127.06, 127.99, 145.25, 207.20; IR (neat) v 2981, 2927, 2858, 1716, 1497, 1448, 1378,
1362, 1266, 1165, 1142, 1075, 1030, 857, 763, 700; HRMS (ESI/[M+Na]") Calcd. for:
C14H2003Na 229.1310, found 259.1300.

)4 6Cb was obtained as a colorless oil (59.0 mg) in 75% yield after
O\
O O  flash chromatography (Hexanes/Ethyl acetate = 20:1) and in 92%

A~ AN

99:1, 1.0 mL/min, A = 220 nm, 20.0 °C, t.(major) = 6.55 min, t; (minor) = 7.07 min].

ee determined by HPLC [Daicel Chiralcel AS-H, Hexanes / IPA =
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[a]o®=40.9 (c = 0.53, CHCl3); '"H NMR (400 MHz, CDCl5) § 0.89 (t, J = 7.2 Hz, 3H),
1.20-1.51 (m, 4H), 1.57 (s, 6H), 2.14 (s, 3H), 2.44 (dd, J;= 5.2 Hz, J,= 5.6 Hz, 1H),
2.84 (dd, J,= J,= 6.4 Hz, 1H), 4.36-4.40 (m, 1H), 7.24-7.35 (m, 3H), 7.42-7.45 (m,
2H); *C NMR (100 MHz, CDCls) & 13.97, 18.71, 26.47, 26.50, 30.87, 35.11, 47.72,
79.88, 80.85, 125.51, 127.02, 127.93, 145.26, 207.66; IR (neat) v 2960, 2931, 2874,
1716, 1496, 1448, 1379, 1362, 1266, 1164, 1137, 1030, 848, 763, 700; HRMS

(ESI/ [M+Na]+) Calcd. for: Ci6Hy403Na 287.1623, found 287.1618.

6Db was obtained as a colorless oil (86.7 mg) in 77% yield

N

O O after flash chromatography (Hexanes/Ethyl acetate = 20:1) and

/\/\)\/U\

Hexanes / IPA =99:1, 1.0 mL/min, A =220 nm, 20.0 °C, t, (major) =7.13 min, t; (minor)

in 95% ee determined by HPLC [Daicel Chiralcel AS-H,

= 6.85 min]. [o]p?= 35.1 (¢ = 1.06, CHCl3); 'H NMR (400 MHz, CDCl3) § 0.85 (t, J
= 6.8 Hz, 3H), 1.18-1.50 (m, 8H), 1.56 (s, 3H), 1.57 (s, 3H), 2.14 (s, 3H), 2.4 (dd, J, =
4.8 Hz, J,= 5.2 Hz, 1H), 2.83 (dd, J;= 6.0 Hz, J,= 6.8 Hz 1H), 4.35-4.40 (m, 1H),
7.23-7.27 (m, 1H), 7.31-7.35 (m, 2H), 7.43-7.45 (m, 2H); *C NMR (100 MHz, CDCls)
5 13.95, 22.46, 25.09, 26.43, 26.55, 30.87, 31.64, 32.90, 47.72, 80.10, 82.84, 125.53,
127.04, 127.93, 145.26, 207.70; IR (neat) v 2932, 2958, 2861, 1716, 1496, 1448, 1376,
1361, 1266, 1162, 867, 763, 700; HRMS (ESI/[M+Na]") Calcd. for: C;sHasO3Na

315.1936, found 315.1932.

Ph 6Eb was obtained as a colorless oil (90.0 mg) in 82% yield

% O\O 0 after flash chromatography (Hexanes/Ethyl acetate = 10:1)
B”OM\)\)LMe and in 96% ee determined by HPLC [Daicel Chiralcel
AS-H, Hexanes / [IPA =99:1, 1 mL/min, A =220 nm, 20.0 °C, t, (major) = 18.07 min, t,
(minor) = 19.15 min]. [o]p®= 17.2 (¢ = 1.41, CHCLs); *H NMR (400 MHz, CDCl;) &
1.55 (s, 3H), 1.57 (s, 3H), 1.57-1.63 (m, 4H), 2.13 (s, 3H), 2.44 (dd, J; = J,= 5.6 Hz,

1H), 2.85 (dd, J, = J,= 6.8 Hz, 1H), 3.35-3.38 (m, 2H), 4.36-4.42 (m, 1H), 4.44 (s, 2H),
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7.25-7.38 (m, 5H), 7.42-7.56 (m, SH); *C NMR (100 MHz, CDCl;) & 25.68, 26.41,
26.58, 29.63, 29.68, 30.85, 31.74, 47.63, 69.98, 72.79, 79.76, 82.90, 125.53, 127.07,
127.49, 127.61, 127.96, 128.33, 138.50, 145.22, 207.45; IR (neat) v 2981, 2934, 2867,
1715, 1496, 1449, 1376, 1362, 1273, 1159, 1103, 1075, 1029, 862, 764, 700; HRMS

(ESI/[M+Na]") Calcd. for: Co3H3004Na 393.2042, found 393.2040.

P;< 6Fb was obtained as a colorless oil (61.2 mg) in 75% yield after
O\O ] flash chromatography (Hexanes/Ethyl acetate = 20:1) and in 94%
ee determined by HPLC [Daicel Chiralcel AD-H, AD, Hexanes /
IPA =99.7:0.3, 0.6 mL/min, A = 220 nm, 20.0 °C, t;(major) =24.93 min, t; (minor) =
22.62 min]. [a]p?=7.85 (c = 0.79, CHCl5); "H NMR (400 MHz, CDCls) 5 0.99(t, J =
7.2 Hz, 3H), 1.16(d, J = 6.4 Hz, 3H), 1.55 (s, 3H), 1.57 (s, 3H), 2.35 (dd, J;= 6.0 Hz, J,
=6.4Hz, 1H), 2.39-2.47 (m, 2H), 2.80 (dd, J,= 6.4 Hz, J,= 6.8 Hz, 1H), 4.47-4.53 (m,
1H), 7.23-7.26 (m, 1H), 7.33-7.42 (m, 2H), 7.42-7.44 (m, 2H); >°C NMR (100 MHz,
CDCl) 6 7.50, 18.62, 26.30, 26.59, 36.82, 47.68, 76.37, 80.81, 125.46, 127.01, 127.94,
145.23, 209.66; IR (neat) v 2980, 2935, 1717, 1497, 1448, 1376, 1360, 1266, 1145,
1103, 928, 856, 764, 700; HRMS (ESI/[M+Na]") Calcd. for: C;sH,,03Na 273.1454,
found 273.1467.

P)h< 6Hb was obtained as a colorless oil (55.4 mg) in 65% yield
o\O o after flash chromatography (Hexanes/Ethyl acetate = 20:1)

and in 96% ee determined by HPLC [Daicel Chiralcel AD,

AD-H, Hexanes / IPA =99.5:0.5.0, 0.4ml/min, A = 220 nm, 20.0 °C, t, (major) = 36.66
min, t, (minor) = 34.07 min]. [a]o™ = 8.2 (¢ = 0.69, CHCl;); '"H NMR (400 MHz,
CDCls) 6 0.88(t, J=7.2Hz, 3H), 1.16 (d, J = 6.8 Hz, 3H), 1.22-1.31 (m, 2H), 1.43-1.51
(m, 2H), 1.56 (s, 3H), 1.58 (s, 3H), 2.35 (dd, J,= 6.8 Hz, J,= 7.2 Hz, 1H), 2.38-2.42 (m,
2H), 2.81 (dd, J;= 6.0 Hz, J,= 6.8 Hz, 1H), 4.48-4.53 (m, 1H), 7.23-7.26 (m, 1H),
7.31-7.35 (m, 2H), 7.43-7.45 (m, 2H); *C NMR (100 MHz, CDCl3) & 13.84, 18.62,
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22.24,25.60, 26.38, 26.59, 43.48, 47.89, 76.29, 82.83, 125.46, 127.02, 127.95, 145.25,
209.37; IR (neat) v 2959, 2935, 2872, 1717, 1459, 1448, 1410, 1376, 1363, 1266, 1144,
1031, 931, 854, 763, 699; HRMS (ESI/[M+Na]") Calcd. for: C;7H2603Na 301.1780,

found 301.1779.

P)h< 61b was obtained as a colorless oil (48.7 mg) in 55% yield
@)
Ko JNe! after flash chromatography (Hexanes/Ethyl acetate =20:1)

A~ A~

AD-H, Hexanes / IPA = 99.5:0.5, 0.4 mL/min, A = 220 nm, 20.0 °C, t, (major) = 33.14

and in 97% ee determined by HPLC [Daicel Chiralcel AD,

min, t, (minor) = 30.76 min]. [a]o® = 16.2 (c = 0.37, CHCl3); '"H NMR (400 MHz,
CDCl3) & 0.82 (t, J = 6.8Hz, 3H), 0.89 (t, J = 7.2Hz, 3H), 1.16-1.53 (m, 8H), 1.57 (s,
6H), 2.39 (dd, J;= 5.6 Hz, J,= 6.4 Hz, 1H), 2.42-2.47 (m, 2H), 2.82(dd, J, = 6.0 Hz, J,
= 6.8 Hz, 1H), 4.38-4.44 (m, 1H), 7.23-7.26 (m, 1H), 7.31-7.34 (m, 2H), 7.42-7.44 (m,
2H); *C NMR (100 MHz, CDCl3) & 13.87, 14.00, 18.72, 22.27, 25.62, 26.44, 26.56,
35.21, 43.54, 46.76, 79.98, 82.84, 125.53, 127.01, 127.91, 145.26, 209.85; IR (neat) v
2960, 2874, 1715, 1496, 1449, 1378, 1360, 1266, 1157, 855, 763, 700; HRMS

(ESI/[M+Na]") Calcd. For : C;9H3003Na 329.2093, found 329.2083.

3. General procedure for peroxidation of enones the conjugate addition between
the enones and the 2-hydroperoxy-2-methoxypropane:

To a solution of enone 1 (0.3 mmol) catalyst 8 (0.03 mmol, 10 mol%) and trifluroacetic
acid ( 4.6puL, 0.06mmol, 20 mol%)in toluene (0.3 ml) was added
2-hydroperoxy-2-methoxypropane 2¢ (0.36 mmol, 5M in toluene, 1.2 equiv.). The
reaction mixture was kept overnight then passed through a short plug of silica gel for
removal of the catalyst. The silica gel plug was washed with diethyl ether, eluent was
concentrated in vacuo, and the residue was subjected to silica gel flash chromatography.
The racemic product for the HPLC or GC analysis was prepared by mixing the Q-NH;
and QD-NH; catalyzed product.



MeO

8 (10 mol 9
o \‘/OOH (10 mol %) . )40\
A, o o
R R OMe TFA (20 mo %), Toluene, 0°C J\)j\
R R?

1 2c
6

MeO 6AC was obtained as a colorless oil (52.1 mg) in 62% yield after

% O\O o flash chromatography (Hexanes/Ethyl acetate = 10:1) and in 92%
Ph/\)\/u\ ee determined by HPLC [Daicel Chiralcel AD-H, Hexanes / IPA =
99:1, 1 mL/min, A = 220 nm, 20.0 °C, t;(major) = 11.68 min, t, (minor) = 12.96 min].
[a]o?®=38.4 (c = 1.15, CHCl;); "H NMR (400 MHz, CDCl5) 6 1.38 (s, 6H), 1.83-1.93
(m, 2H), 2.19 (s, 3H), 2.53 (dd, J;=J,= 5.6 Hz, 1H), 2.68-2.74 (m, 1H), 2.77-2.81(m,
1H), 2.91 (dd, J,= J>,= 6.0 Hz, 1H), 3.29 (s, 3H), 4.49-4.53 (m, 1H), 7.16-7.21 (m, 3H),
7.26-7.30 (m, 2H); *C NMR (100 MHz, CDCl3) & 22.68, 22.87, 30.78, 31.72, 34.65,
47.49,49.30, 79.42, 104.73, 125.90, 128.34, 128.38, 141.56, 206.97; IR (neat) v 2994,
2944, 1715, 1604, 1496, 1455, 1381, 1368, 1262, 1210, 1183, 1153, 1071, 842, 749,

700; HRMS (ESI/[M+Na]+) Calcd. for: C16H2404Na 303.1572, found 303.1560.

MeO 6Cc was obtained as a colorless oil (44.8 mg) in 70% yield after
% O\O o flash chromatography (Hexanes/Ethyl acetate =10:1) and in 95%

/\)\/U\ ee. The ee was determined by GC HP Chiral (20% Permethylated

S -Cyclodextrin, 30m x 0.25 mm) after hydrogenation of peroxide to the £ -hydroxyl

ketone [ Inject Temp: 240 °C, Fid Temp: 260 °C, Inlet pressure: 10 psi. Oven Temp: 50
°C, 5min, 2.5°C/min to 100°C, retention times: 38.0min and 38.3min]. [o]o® = 23.1 (¢
= 1.0, CHCLs); "H NMR (400 MHz, CDCl3) & 0.95(t, J = 6.8 Hz, 3H), 1.26 (s, 3H),
1.37 (s, 3H), 1.40-1.58 (m, 4H), 2.22 (s, 3H), 2.50 (dd, J, = 5.2Hz, J,=5.6 Hz, 1H),
2.87 (dd, J;=J,= 6.8Hz, 1H), 3.29 (s, 3H), 4.46-4.50 (m, 1H); °C NMR (100 MHz,
CDCls) 6 13.95, 18.78, 22.61, 22.74, 30.80, 35.06, 47.62,49.21, 79.91, 104.61, 207.29;
IR (neat) v 2994, 2961, 1716, 1465, 1368, 1211, 1185, 1160, 1137, 1072, 839. HRMS

(ESI/[M+Na]") Calcd. for: C;1H,,04Na 241.1416, found 241.1410.



% 6Dc was obtained as a colorless oil (45.0 mg) in 62% yield

O\

O O after flash chromatography (Hexanes/Ethyl acetate = 20:1)
and in 95% ee. The ee was determined by GC HP Chiral

column (20% Permethylated f -Cyclodextrin, 30m x 0.25 mm) after the

hydrogenation of peroxide to the /£ -hydroxyl ketone [ Inject Temp: 240 °C, Fid Temp:

260 °C, Inlet pressure: 10 psi. Oven Temp: 50 °C, 5 min, 5 °C/min to 100 °C,
retention times: 82.9 min and 83.2 min]. [o]p?* = 30.0 (c = 1.0, CHCls); 'H NMR (400
MHz, CDCl3) & 0.88(t, J = 6.4 Hz, 3H), 1.37 (s, 6H), 1.40-1.59 (m, 8H), 2.21 (s, 3H),
2.50 (dd, J;=4.8 Hz, J,=5.2 Hz, 1H), 2.86 (dd, J; = J,= 6.8 Hz, 1H), 3.29 (s, 3H),
4.44-4.49 (m, 1H); °C NMR (100 MHz, CDCl3) & 13.98, 22.46, 22.65, 22.75, 25.13,
30.82, 31.68, 32.89, 47.61, 49.23, 80.14, 104.62, 207.33; IR (neat) v 2999, 2935,
2858, 1716, 1465, 1368, 1265, 1211, 1072, 839; HRMS (ESI/[M+Na]") Calcd. for:

Ci3H2604Na 269.1729, found 269.1728.

Me;< 6Fc was obtained as a colorless oil (37.5 mg) in 63% yield after
O\

o O flash chromatography (Hexanes/Ethyl acetate = 20:1) and in
949% ee. The ee was determined by GC HP Chiral column (20%

Permethylated f -Cyclodextrin, 30m x 0.25 mm) after the hydrogenation of the

peroxide to the £ -hydroxyl ketone followed by the converting the hydroxyl group to

the corresponding acetate [ Inject Temp: 250 °C, Fid Temp: 220 °C, Inlet pressure: 13
psi., Oven Temp: 85 °C. retention times: 42.0 min and 42.6 min.]. [a]o?**=4.7 (c = 1.0,
CHCls); "TH NMR (400 MHz, CDCl3) & 1.06 (t, J=7.2 Hz, 3H), 1.24 (d, J = 6.0 Hz, 3H),
1.36 (s, 3H), 1.37 (s, 3H), 2.44 (dd, J; = J,= 5.6 Hz, 1H), 2.48-2.56 (m, 2H), 2.88 (dd,
Ji= 6.0 Hz, J,=6.4 Hz, 1H), 3.29 (s, 3H), 4.50-4.62 (m, 1H); °C NMR (100 MHz,
CDCls) o 7.58, 18.66, 22.65, 22.71, 36.86, 47.66, 49.25, 76.40, 104.58, 209.46; IR
(neat) v 2980, 2942, 2862, 1716, 1459, 1378, 1369, 1211, 1185, 1142, 1072, 930, 837;
HRMS (ESI/[M+Na]") Calcd. for: C;oH,004Na 227.1259, found 227.1257.



MeQ 6GcC was obtained as a colorless oil (36.0 mg) in 41%

o O yield after flash chromatography (Hexanes/Ethyl
acetate = 10:1) and in 94% ee. The ee was determined
by HPLC [ (R,R)Whelk-O 1, Hexanes / IPA = 99:1, 1 mL/min, A =220 nm, 20.0 °C, t,

(major) = 11.91min, t, (minor) = 13.82 min] after the hydrogenation of the peroxide to

the f -hydroxyl ketone followed by the converting the hydroxyl group to the

corresponding benzylacetate form. [o]p® = 15.8 (¢ =1.0, CHCls); "H NMR (400 MHz,
CDCl3) § 0.87 (t, J = 6.4 Hz, 3H), 1.05 (t, J = 7.2 Hz, 3H), 1.42 (s, 3H), 1.43(s, 3H),
1.45-1.66 (m, 12H), 2.21 (dd, J; = 7.2 Hz, J,= 7.6 Hz, 1H), 2.28-2.60 (m, 2H), 2.84 (dd,
31=3,=6.4Hz, 1H), 3.28 (s, 3H), 4.44-4.50 (m, 1H); °C NMR (100 MHz, CDCl3) &
7.59, 14.07, 22.60, 22.65, 22.79, 25.51, 29.13, 29.49, 30.92, 31.76, 33.05, 36.85, 46.48,
49.23, 80.37, 104.61, 209.90; IR (neat) v 2929, 2858, 1716, 1460, 1368, 1211, 1183,
1153, 1113, 1073, 835; HRMS (ESI/[M+Na]") Caled. for: C1¢H3,04Na 311.2198,

found 311.2201.

Me;< 6Hc was obtained as a colorless 0il(41.0 mg) in 60%
O\

o O yield after flash chromatography (Hexanes/Ethyl acetate

A~

Chiral column (20% Permethylated S -Cyclodextrin, 30m x 0.25 mm) after the

=20:1) and in 94% ee. The ee was determined by GC HP

hydrogenation of the peroxide to the £ -hydroxyl ketone followed by the converting

the hydroxyl group to the acetate form [ Inject Temp: 250 °C, Fid Temp: 220 °C, Inlet
pressure: 13 psi, Oven Temp: 110 °C, retention times: 37.5 min and 39.1 min]. [oc]D25 =
14.1 (c=1.0, CHCl3); '"H NMR (400 MHz, CDCl3) § 0.91(t, J = 7.2 Hz, 3H), 1.23 (d, J
= 6.0 Hz, 3H), 1.25-1.36 (m, 2H), 1.37 (s, 6H), ,1.52-1.58 (m, 2H), 2.43 (dd, J,= J,=
6.4 Hz, 1H), 2.46-2.51 (m, 2H), 2.88 (dd, J,= 5.6 Hz, J,= 6.0 Hz, 1H), 3.29 (s, 3H),
4.55-4.62 (m, 1H); *C NMR (100 MHz, CDCl3) 5 13.84, 18.64, 22.25, 22.65, 22.72,
25.62,43.44, 47.85,49.23, 76.27, 104.55, 209.10; IR(neat) v 2960, 2935, 1715, 1461,
1369, 1211, 1142, 1072, 932, 839;. HRMS (ESI/[M+Na]") Calcd. for: C;;H,404Na
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255.1572, found 255.1574.
4. General procedure for the hydrogenation of Peroxide adducts:

3
RO\O o Pd/C( 15 mol %) OH O

R‘IJ\)J\RZ R1)\)LR2

H, (1atm ), 23°C, MeOH

6

To a solution of peroxide 6 (0.1 mmlol) in methanol (5ml) at room temperature, was
added 15 mol % Pd/C (10 %). The reaction mixture was kept under hydrogen
atmosphere for 4 h then passed through celite. The celite was washed with diethyl ether,
the eluent was concentrated in vacuo, and the residue was subjected to silica gel flash

chromatography.

><o OH ©O
N Pd/C 10% ( 15 mol %) /\)\)K
/\)\/[K 13

H, (1 atm ), 23°C, MeOH
6Ca 85%, 90% ee

OH O 13 was obtained as a colorless oil in 85% yield. The

NN

(10 %) in methanol under the hydrogen atmosphere for 4 h, then passed through the

reaction mixture was stirred at 23 °C for 4h with 15% Pd/C

celite. The celite was washed with diethyl ether, and the eluent was concentrated in
vacuo, and the residue was subjected to silica gel flash chromatography

(Hexanes/Ethyl acetate = 3:1) to get the product. The ee of the product is 90%, which

was determined by GC HP Chiral column (20% Permethylated /S -Cyclodextrin, 30m

x 0.25 mm) [ Inject Temp: 240 °C, FId Temp: 260 °C, Inlet pressure: 10 psi. Oven
Temp: 50 °C, 5 min, 2.5 °C/min to 100 °C, retention times: 38.0 min and 38.4 min].
[a]p® = -48.0 (c = 0.38, CHCl;); "H NMR (400 MHz, CDCls) § 0.93 (t, J; = 7.2 Hz,
3H), 1.26-1.54 (m, 4H), 2.19 (s, 3H), 2.53 (dd, J; = 8.4 Hz, J, = 9.2 Hz, 1H), 2.63 (dd,
Ji =8.4 Hz, J,=9.2 Hz, 1H), 2.97 (s, 1H), 4.03-4.06 (m, 1H). According to literature
report{([a]o®® = -49.6 (c = 0.23, CHCl3)}*, the absolute configuration of 13 is R,
therefore, the absolute configuration of 6Ca is also R.
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Ph
%0 o ) OH O
0 o PUCI0%(IEmIw) T
/\/\)\)J\ 14

H, (1 atm.), 23°C, MeOH
6Db 84%, 95% ee

OH O 14 was obtained as a colorless oil in 84% yield. The reaction
/\/\)\/U\ mixture was stirred at 23 °C for 4h with 15% Pd/C (10 %) in
methanol under the hydrogen atmosphere for 4 h, then passed through the celite. The
celite was washed with diethyl ether, and the eluent was concentrated in vacuo, and the
residue was subjected to silica gel flash chromatography (Hexanes/Ethyl acetate=3:1)

to get the product. The ee of the product is 90%, which was determined by GC HP

Chiral column (20% Permethylated f -Cyclodextrin, 30m x 0.25 mm) [ Inject Temp:

240 °C, FID Temp: 260°C, Inlet pressure 10 psi. Oven Temp: 50°C, Smin, 5°C/min to
100 °C, retention times: 101.0 min and 101.8 min]. [a]o>= -48 (c = 0.38, CHCl;). 'H
(400 MHz, CDCls) & 0.89(t, J; = 6.8 Hz, 3H), 1.30-1.51 (m, 8H), 2.18 (s, 3H), 2.53 (dd,
J1=3,=9.2 Hz, 1H), 2.63 (dd, J; = J,=9.2 Hz, 1H), 2.95 (s, 1H), 4.02-4.04 (m, 1H).

5. Transformation from peroxide to 1,2-Dioxolane.

Meo\‘/

ON

/\/\)O\/ﬁ\ o R \/\/\(\/LOH

0-0
16

To a compound 6Dc (100 mg, 0.41 mmol) was added 90% acetic acid in the water at
room temperature. After stirring at room temperature for 1.5 h, the solvent was
removed under reduced pressure. Compound 2 (56 mg, dr =1 : 1) was obtained as a
colorless oil by flash chromatography (silica gel: Hexanes : EtOAc =5 : 1). yield:
81%, the mixture of two diasteremor 'H NMR (400 MHz, CDCl3) & 0.87-0.90 (m, 6H )
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1.26-1.71 (m,22 H ), 2.20-2.33 (m, 2H), 2.66-2.71 (m, 1H), 2.80-2.85 (m, 2H),
4.33-4.36 (m, 1H), 4.42-4.46 (m, 1H).

/\/\/zO)ﬁH 2-methoxyethanol /\/\/Oio)ﬁw
TsOH (10 %) MeO
16 17

TsOH (5 mg) was added to the compound 16 ( 56 mg, 0.32 mmol ) in 3 mL
2-methoxyethanol, After stirred at room temperature for 24 hrs, the solvent was
removed under reduced pressure. Compound 17 (57 mg, dr =1 : 1) was obtained as a
colorless oil by flash chromatography (silica gel: Hexanes : EtOAc=7:1). yield: 75
%, one diasteremor 17a 'H NMR (400 MHz, CDCls) 6 0.88(t, J = 6.8 Hz, 3H),
1.29-1.71 (m, 11H), 2.15 (dd, J = 6.0 Hz, 12.4 Hz, 1H), 2.89 (dd,J=7.2 Hz, 12.0
Hz, 1H), 3.39 (s, 3H), 3.50-3.77 (m, 4H), 4.42-4.45 (m, 1H). The other diasteremor
17b 'H NMR (400 MHz, CDCl3) & 0.88(t, J = 6.0 Hz, 3H), 1.29-1.71 (m, 11H), 2.43
(dd, J = 8.8 Hz, 12.8 Hz, 1H), 2.57 (dd, J = 8.0 Hz, 12.8 Hz, 1H), 3.40 (s, 3H),
3.47-3.76 (m, 4H), 4.29-4.36 (m, 1H).

00/ ~
MeO TiCly, CH,Cl, M

17 15

Under Argon atmosphere, TiCly ( 0.27 ml, 1 M in CH»Cl;) was added to the
compound 17 ( 55 mg, 0.24 mmol ) and allyltrimethylsilane ( 114 uL, 0.71 mmol) in 2
mL CH,Cl,at-78°C, After stirred for 30 min, the reaction was quenched by saturate
NaHCOs, the mixture was allowed to warm up to room temperature and was extracted
with ethyl acetate (5 mL X 3). The organic phase was collected together and dried over
Na,SOy4. The solvent was removed in vacuo to afford a light yellow oil. 15 ( 24 mg ) by
flash chromatography (silica gel: Hexanes : EtOAc=7:1).dr=4:1, yield: 47 %,
the major : '"H NMR (400 MHz, CDCl;) & 0.89 (t, J = 6.4 Hz, 1H), 1.21-1.55 (m, 7H),
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1.33 (s, 3H), 1.64-1.70 (m, 1H), 1.87 (dd, J = 6.8 Hz, 11.6 Hz, 1H), 2.31-2.37 (m,
2H), 2.55 (dd, J = 6.8 Hz, 11.6 Hz, 1H), 4.19-4.26 (m, 1H), 5.09-5.13 (m, 2H),
5.76-5.87 (m, 1H). the minor : 'H NMR (400 MHz, CDCl3) & 1.21-1.55 (m, 10H),
1.29 (s, 3H), 1.64-1.70 (m, 1H), 2.07 (dd, J=8 Hz, 19.6 Hz, 1H), 2.27-2.46 (m, 3H),
4.19-4.29 (m, 1H), 5.09-5.13 (m, 2H), 5.76-5.87 (m, 1H).; HRMS (ESI/[M+Na]")
Calcd. for: C1,H»,0,: 221.1517, Found: 221.1506.

6. General procedure for epoxidation of the enones with cumene hydroperoxide

0 PhOOH 8 (10 mol%) 0
mol“o
Rl/\)L R2 + \1/ RlM R2
1 2c TFA (20 mol%), Toluene 3

To a solution of Enone 1 (0.3 mmol) catalyst 8 (0.03 mmol, 10 mol %) and
trifluroacetic acid ( 4.6uL, 0.06mmol, 20 mol%) in toluene at room temperature (0.3
ml) was added 2¢ (0.36 mmol, 1.2 equiv.). The reaction mixture was kept at certain
temperature for 24-72h then passed through a short plug of silica gel for removal of the
catalyst. The silica gel plug was washed with diethyl ether, the eluent was concentrated
in vacuo, and the residue was subjected to silica gel flash chromatography. The

racemic product was prepared according to literature methods’.

QO 3Ab was obtained as a colorless oil (49.9mg) in 88% yield after

¢} flash chromatography (Hexanes/Ethyl acetate = 10:1) and in 97%
ee [determined by HPLC Daicel Chiralcel AD-H, Hexanes / IPA =99:1, 1 mL/min, A =
220 nm, 20.0 °C, t, (major) = 19.84 min, t, (minor) = 12.65 min]. [o]o> = -15.6 (c =
0.51, CHCl3); 'H NMR (400 MHz, CDCl3) & 1.93-1.98 (m, 2H), 2.01(s, 3H), 2.78-2.82
(m, 2H), 3.09-3.12 (m, 1H ) 3.17 (s, 1H), 7.18-7.24 (m, 3H), 7.26-7.31 (m, 2H).

0]

W}\ 3Cb was obtained as a colorless oil (33.5 mg) in 91% yield after

O flash chromatography (Hexanes/Ethyl acetate =30:1) and in 97% ee

[determined by GC HP Chiral column (20% Permethylated g -Cyclodextrin, 30m x

0.25 mm) Inject Temp: 250 °C, FID Temp: 260 °C, Inlet pressure: 13 psi., Oven Temp:
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90 °C, retention times: 16.44 min and 17.32 min]. [a]p>°=-52.3 (¢ = 0.91, CHCL); 'H
NMR (400 MHz, CDCls) & 0.98 (t, J = 7.2 Hz, 3H), 1.47-1.63 (m, 4H), 2.07 (s, 3H),
3.06-3.10 (m, 1H), 3.19 (d, J =2 Hz, 1H).

O

W 3Db was obtained as colorless oil (43.4 mg) in 91% yield

o after flash chromatography (Hexanes/Ethyl acetate = 30:1)
and in 97% ee [determined by GC HP Chiral column (20% Permethylated

f -Cyclodextrin, 30m x 0.25 mm) Inject Temp: 250 °C, FID Temp: 260 °C, Inlet

pressure: 13 psi., Oven Temp: 102 °C retention times: 34.48 min and 35.60 min].
[a]o®=-44.3 (c = 1.14, CHCl3); '"H NMR (400 MHz, CDCl5) 6 0.90 (t, J = 6.8 Hz, 3H),
1.43-1.49 (m, 4H), 1.55-1.66 (m, 4H), 2.06 (s, 3H), 3.0 (t, J =4.8 Hz, 1H), 3.18 (s, 1H).
Acoording to literature report{[a]p>> = -38.7 (¢ = 0.75, CHCI;)}°, the absolute
configuration of 3Db is (3S, 4R).

/y>)oj\/ 3Fb was obtained as colorless oil (19.5 mg) in 55% yield. The

o} reaction mixture was heated at 55°C for 24h, then subjected to flash
chromatography(Hexanes/Ethyl acetate = 30:1) to get the product. The ee of the
product is 97%, which was determined by GC [HP Chiral column (20% Permethylated

f -Cyclodextrin, 30m x 0.25 mm) Inject Temp: 250 °C, Fid Temp: 260 °C, Inlet

pressure: 13psi., Oven Temp: 73 °C, retention times: 18.12 min and 19.40 min]. [oc]D25
=-13.8 (¢ =0.13, CHCl3); "H NMR (400 MHz, CDCl3) § 1.05 (t, J = 7.6 Hz, 3H), 1.23
(d,J=4.8Hz, 3H),2.27-2.37 (m, 1H), 2.42-2.51 (m, 1H), 3.12-3.3.15 (m, 1H), 3.19 (s,
1H).

O

/\/\/\/’W 3Gb was obtained as colorless oil (33.2 mg) in 58%

o yield. The reaction mixture was heated at 55°C for 24h,
then subjected to flash chromatography (Hexanes/Ethyl acetate = 30:1) to get the
product. The ee of the product is 96%, which was determined by GC [HP Chiral
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column (20% Permethylated g -Cyclodextrin, 30m x 0.25 mm) Inject Temp: 250 °C,

Fid Temp: 260 °C, Inlet pressure: 13 psi., Oven Temp: 115 °C, retention times: 97.74
min and 99.61 min]. [a]p®=-15.2 (c = 0.50, CHCl3); ‘H NMR (400 MHz, CDCl;) &
0.88 (t, J=7.2 Hz, 3H), 1.06 (t, J=7.2 Hz, 3H), 1.21-1.32 (m, 8H), 1.43-1.50 (m, 2H),
1.58-1.67 (m, 2H), 2.27-2.37 (m, 1H), 2.42-2.50 (m, 1H), 3.03-3.06 (m, 1H), 3.23 (s,
1H).

/y>)?\/\/ 3Hb was obtained as colorless oil (32.5 mg) in 71% yield. The

@) reaction mixture was heated at 55°C for 24h, then subjected to
flash chromatography (Hexanes/Ethyl acetate = 30:1) to get the product. The ee of the
product is 97%, which was determined by GC [HP Chiral column (20% Permethylated

S -Cyclodextrin, 30m x 0.25 mm) Inject Temp: 250 °C, FID Temp: 260 °C, Inlet

pressure: 13 psi., Oven Temp: 80 °C, retention times: 47.97 min and 49.11 min]. [o]p®
=-19.0 (c = 0.70, CHCl3); "H NMR (400 MHz, CDCl3)  0.90 (t, J = 6.8 Hz, 3H),
1.26-1.36 (m, 3H), 1.40-1.43 (m, 2H), 1.51-1.58 (m, 2H), 2.26-2.32 (m, 1H), 2.39-2.46
(m, 1H), 3.13-3.3.14 (m, 1H), 3.18 (s, 1H).
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HPLC Daicel Chiralcel AS-H, Hexanes / IPA=99:1, 0.8 mL/min, A = 220 nm, 20.0 °C.

6Aa

Mixture of Q-NH, and
QD-NH2 catalyzed reaction

6Aa

91% ee obtained from
Q-NH, catalyzed reaction

[ VWD1 A, Wavelength=220 nm (LKJLXJ-3-97-1.0)
| omau ]

&

200 - g?:') >
g
s; L
EE
| 150 | | =t
| H Il
|
‘ 100 |: il
‘ | 1! I
| il | |
- w». u‘.
YA} |
| N J| IR
| \ [
o AN UL A
0 25 5 " s 10 s " i
Area Fercent Report

Sorted By Signal
Multiplier 1.0000
Dilution 1.0000

Sample Amount
Use Multiplier &

Signal 1: VWDl A

] 1.00000  [ngful]
Diluticn Factor with ISTDs

. Wavelength=220 nm

Peak RetTime Type Width Area Height

¥ [min

1 9.891 MM
2 10.892 MM

Totals

[min] ®wAU  *s  [mAU |

|
0.1913 1844.05481 160.64363
0.2715 2406.81274 147.72566

4250.88755 30B.36929

{not used in cale.}

43.3807
56.6193

VIWDT A, Wavelength=220 nm (LXJLXJ-3-87-7-Q.0]

mau &
] 8 o .
200 (s |
1 I
1 i
150+ H
100 [
| | o
50 \ » @
I'J & |
M\ NI -
0+ J S RN . o <|
|
25 5 75 10 125 min
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution H 1.0000
Sample Amount H 1.00000  [ng/ul] (not used in cale.)

Use Multiplier &

Signal 1: vWpl A,

Peak RetTime Type
4 [min]

Dilution Factor with ISTDs

Wavelength=220 nm

Width Area Height
[min] mAU  *s  [mAU ]

2

1 10,014 MM
2 11,122 MM

Totals :

S-21

0.1749 162.61504 15.49242
0.2915 3386.05518 193.62650

3548.67021 209.11892

4.5824
95.4176



11 1o L] 8 7 6 5 4 3 2 1 -0 ppm
0.87 1.16 10.87
1.15 3.00 5.38
L . el
e " 4 i Pt v g
T T T EEERR R EEREE AR SRR T T T T T T T T T T T T T TR T
200 180 160 140 120 100 80 60 40 20 L] ppm
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GC HP Chiral (20% Permethylated /f -Cyclodextrin, 30m x 0.25 mm) Inject Temp: 240 °C, FID

Temp: 260 °C, Inlet pressure :10 psi. Oven Temp, 50 °C 5 min, 2 °C/min, 80°C

OH O

N

Mixture obtained from
Q'NH2 and QD'NH2
catalyzed product 6Ba

Closing signal +ile [T:SIGHA
Storing processed pea

OH O

84% ee, obtained from
Q-NH, catalyzed
product 6Ba

= A S o= r

S-23



B . 7}1 7|r I )
6 5 4 3 2 1
1.00 1.35 .51 3.46
133 2 12.32
|
|
|
| |
|
|
|
LA | W T
W
120 100 80 60 40 20
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GC HP Chiral (20% Permethylated f -Cyclodextrin, 30m x 0.25 mm), Inject Temp: 240 °C, Fid

Temp: 260 °C, Inlet pressure 10 psi. Oven Temp, 50 °C Smin, 2.5 °C/min, 100 °C

OH O —

A~AAN

Mixture obtained from
Q'NHZ and QD'NH2 ~
catalyzed product 6Ca i

Igta Bl

STOF

Ciosing signal file ii:SIGHAL LBNE
Storing processed peaks to [1:067F15%60 .FRO
miH scz MAY ZZ, Ze@s 1l:96:2@
SIGHAL FILET
FERAK FILE
ARERAX
®T AREAX
35.847 SZ.S52274%
38.78680 47 .49¥726
TOTAL AREA= 17184
T FACTOR=1.8888C+38
GB:36:51
90% ee, obtained from Q-
NH, c atalyzed product 6Ca
368
Closing signal file HiSIaNAL  gus
St i F -8R
S10ring processed peaks to M1SIGNAL  _PRA
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6Da

11 10 9 8 7 6 5 4 3 2 1 -0 Pppm
1.00 1.27 1.8z 3.72
119 107 12.25
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GC HP Chiral(20% Permethylated /3 -Cyclodextrin, 30m x 0.25 mm), Inject Temp: 240°C, Fid

Temp: 260°C, Inlet pressure 10 psi. Oven Temp, 50°C Smin, 5°C/min, 100°C

/\/\)Oi)oj\

Mixture obtained from
Q-NH, and QD-NH,
catalyzed product 6Da

OH O

/\/\/k/u\

93% ee, obtained from Q-NH,
catalyzed product (+)6Da

OH O

/\/\)\/U\

90% ee, obtained from QD-
NH, catalyzed prodct (-)6Da

EHD OF SIGWAL
Closing signal file M:SIGHAL _BHA
Storing processed pesks to IM:SIGHAL PRA
RUNE 31z OEC 5, z@B7 ©87:17:51

HMUL FACTOR=1 .@

STOP

Clesing signal file ii:SIGHAL
Storing processed peaks to

RUNS 314 DEC S,

—— = | @Z .B51

o
f)Juq,srs

END OF SIGHAL

Clesing signal file M:SIGHAL .BHR
Storing processed pesks to l:SIGHAL  .PRA

RUN# igs

RT A T¥PE WIGTH
34.@21 3 FB _5&7
4 7 FF z4z
4 5 FuU 558 i
55. 8 PU 233
77 4 FU ]
83 36 FF 588
85 Zis Fi 398 z
S izv FB .8sg L.
58 . $i P .683
i@z 8858 PU i .@55 55 .
ig+s 4585 Ug 543 S
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| |l A
11 10 9 8 G i 5 4 : | 2 1 -0 Ppm
s
2.06 2.46 1.23 5.33
o
HE
s 8
b
&
2 ]
& aBa o
Lt Tem o, E
5 =57 75 w =8l .
i galos: % R
Sl e 5 %
L
g &
s o |
i
& | Tt
z 2
21 £
4 =
g 3
. A ) .
LA B e L R L e R R R N R RN SRR e s T T T T T T T T T T o
200 180 160 140 120 100 BO 60 40 20 0 ppm
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HPLC [Daicel Chiralcel AD, Hexanes / IPA = 99.5:0.5, 0.6 mL/min, A = 220 nm, 20.0 °C, t(major)
= 14.71 min, t(minor) = 16.15 min]

ANDT A, Wavelength=220 nm (LXLXJ-3-126-3-R.0)
mAU l
80
|
50
40+
N 20

6Ea

mixture of Q-NH, and QD- =l _ = ' ]
NH, catalyzed reaction

Area Percent Report

Signal
1.0000

g 1.0000
ier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wavelength=220 nm
Peak RetTime Type Width Area Height Area
L] [min] [min] mAU * mAU 1 %

1 14.583 MM
2 16.023 MM 0.4470 214

54.66210 38.5951
B0.14191 61.4049

Totals : 3500.71472 135.00402

[T VWD1 A, Wavelength=220 nm (LXMLXJ-3-126-2-Q.0)
mAU

175

o O

sno_~_L_
Me

6Ea 75

91% ee, obtained from o N
- z i ni
NH, catalyzed reaction
e
N e .
» : 25 g i 10
7 = F,rea. E_‘elcent Re[;:;rt )
Sorted By H Signal

Multiplier H 1.0000
1.0000
plier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wavelength=220 nm

= Type Width Area Height Rrea
[min] mAU *s [mAU ]

| Seyeke | i 1. [t P Vo

1 13 MM 0.4629 1B64.85999 67.14729 95.2715

2 16.152 MM D.4586 92.55637 3.38337 4.7285

Totals : 1957.41635 70.51066
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11 10 9 8 7 6 5 4 3 2 1 -0

200 180 160 140 iz0 100 80 60 40 20
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GC HP Chiral (20% Permethylated [ -Cyclodextrin, 30m x 0.25 mm) Inject Temp: 250 °C, Fid

Temp: 220 °C, Inlet pressure 13 psi. Oven Temp: 85 °C.

OAc O

Mixture obtained from
Q'NHZ and QD-NH2
catalyzed product 6Fa

OAc O

89% ee, obtained from Q-NH,
catalyzed product 6Fa

S-31



— o VL
F TR T T T i T | T
11 10 9 8 7 6 5 4 3 2 1 -0
1.30 2.5M1.22
,.—.I . : . u " ._“n + ‘ ‘.4_ .n.' s : Frarary " " 2 e = "—r . JL._” - 4 i
LEE R R R R R ERR S AR AL ALY LR LR RELRN R RN R RN RN R
200 180 160 140 120 100 B0

60 40 20
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GC HP Chiral (20% Permethylated /5 -Cyclodextrin, 30m x 0.25 mm), Inject Temp: 250 °C, Fid

Temp: 220 °C, Inlet pressure 13 psi. Oven Temp: 110 °C

oCcT Z3 Za@arv Zis98:B5
OAc O
Mixture obtained from
Q-NH, and QD-NH,
catalyzed product 6Ha

TOTAL ARER= 1783
UL FACTOR=1 .G8G6E+G6
i 4z OCT 23, ZBB7 16:33:58

3
OAc O B
87% ee, obtained from
Q-NH, catalyzed product 6Ha

Ciosing signal file i
Storing processed pea

S-33



LER'D

sestt

i
©

(L1

10

11

3.61

11,08

1.4

LEDPT
BYE° T

LET 6T

TS LT

SP5°9E

9§75

586790

o0T6" st
BET LL

856 LL—"

soz-o—/

/
atsros—'

LBTTOTT

LA RERRERRREE
40

T
60

120

T
140

TTTTTTT

TR T

180

ppm

20

80

1o00

160

200
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HPLC Daicel Chiralcel AD-H, Hexanes / IPA=99.2:0.8, 0.78 mL/min, A = 220 nm, 20.0 °C

Cl

Mixture obtained from Q-NH, and
QD-NH, catalyzed product 6la

Cl

94% ee, obtained from Q-NH,
catalyzed product (+)6la

Cl

88% ee, obtained from QD-NH>
catalyzed product (-)6la

- RUMN #1498687 NOW 3Ia, zZas7?

START

T.371

1S:85: 24

17 .3a6

'S .47l

STOP

Closing signal file M:SIGHAL
Storing processed peaks
DIRECTORY FULL

RUMZ 19B8@7 NOU 3@, Zaa?
M:SIGHAL .BHC

SIGHAL FILES:
M7POS5949CEBS _PRO

PEAK FILE
ARERX

RT AREA TYPE UWIDTH
2.8vs 4811554 8H 1 . @as1
4.119 1z@z2zz249 SHE -Z262
5.532 1LB7PI667 TPE _ 373
7 .8Bs 8172832 SPH 2668
7 .37 ZBB47568 SHBE -175
8 .4912 22594954 [EL 0} 2221
s ave ITA1E1E Uy 162
S .2149 464925 JB -199
18 .846 816469 (N1=] P61
1Lz .22S zzaBsS922 BuU 312
13 .123 47866 vy -.356
15 878 SI?P97L (S 1V] -383
16 775 TB3I1Z649 UH @S
17 .388 3&8zZ12zZB966 SHH .7e7
19 971 7PB1LZ234956 ISHP 219

TOTHAL AREA=5.8B67E+0@8
MUL FARACTOR=1 0@0BE+-00
*  RUM H148688 HOU 3B, zZoav
START
2

fE22350

-BHC
to M:05949CEBS _PRO

15:@65:=:24

AREAX

. TE86%
zZ.F6e=498
.Z1225

1 _&6@av2
5.5139S
-4931 3
-BeTlie
[=L=0=0 =]
SleB51
L6455 L
89257
18576
1.38230
7l .19@490
15 .35851

1S:29:193

16 958

IS _ 458

5 .83s8

1: SIGHMAL

Cloesing signal File -
ta M=059

Storing rocessed peaks

DIRECTORY FULL
RUNE 149888 MOU 38, zZeav
SIGHAL FILE: M:SIGHAL .BNC
PEAK FILE : MPOS949AZE8 .PRO
AREAX
RREA TYPE WIDTH
4. B617587 Bu
3 . 1837348 uu
= . 952368 UH
= EET =g SHH
7. 441765 TE SHEB
= sSz2se1z8 TBE
El Szozaz ue
re 14387 Uy
12 51357673 Ui
i3 17518 [F1V)
is 863863 BH
16 . 512495528 SHB i
13 lezi17eB@ TEP
35 . i1Lisaerav TRE 1

TOTHAL RREA=6 @9cZE+as
MUL FACTOR-1 @08RE+a@

% RUN #1989 3 z
b NOU 3@, zag?
4133
o
=5 o 18 _884
STOP
Closing signal file MiSIGNAL

N
4RzZ68 _PRO

15:29:93

b
&
™
W

|
Q

Nk
n
b N
o
5
0

16:25:11

BNC

Storing processed peaks to M:O0594AF68 _FPRO

DIRECTORY FuLL
RUME 14389 HOU 38 2@

SIGMAL FILE: M:SIGNAL .BHNC
PEAK FILE M?0594AF6E .PRO

AREAX
BT AREA TwPE u
4.)}33 69742249 FB IEIQ
£.575 5994592 Pu 368
7 .349 2899535 uu 236
.EF 398 27391786 U Zéz
8 .8@83 18494232 uBs 331
1o 613 z4@B1z28 FB zav
14 922 9z7a14 PU 43@
15 8286 617433 Uy -“59
17133 13319968 UH .alE
‘J:S a4 293735523 SHE .?ISQ
Z8 .821 lli6684498 TBEBE 4l6

TOTAL HH‘EH=Z,‘]JJ'12E+E78
MuL FF!E'TDH‘I..BE:BE‘E+QE:

S-35
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AREAX

.B84@81
.47B91
.17835
15444

.43182
s958z
38372
.25532
S 58813

B84 .z9360
4va87

o



| s |
13 12 11 10 9 3 7 § 5 4 3 2 1 -0 -1 ppm
1.38.66 ST I 3
2.66 .00 1.3 8,90 3143
|
|

L L L L L L L R L R R R L LR R A e RRA R

220 200 180 160 140 120 100 80 60 40 20 0 ppm
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HPLC, Daicel Chiralcel AS-H, Hexanes / IPA = 99:1, 1.0 mL/min, A =220 nm

6Bb
mixture of Q-NH, and
QD-NH, catalyzed reaction

6Bb

92% ee obtained from Q-NH,
catalyzed reaction

VD1 A, Wavelength=220 nm (YANLIUWLY-4-67-M.0)
mau 2
350~

| 300

—11.628

—==10.023

| Y
| ‘ II |

A J 1WA

g 10 15 min

Area Percent Report

Sorted By l Signal
Multiplier : 1.0000
Dilution H 1.0000
Sample Amount 4 1.00000 [ng/full {not used in calc.}

Use Multiplier & Dilutien Factor with ISTDs

Signal 1: VWDl A, Wavelength=ZZ0 nm

Peak RetTime Type
# [min]

Area Height Area
mAl *s [mAl 1 %
| S [mm—m——— |
1 0.28615 2219.10132 127.34330 39.9990
2 11.628 vv 0.3376 3328.79321 145.0%052 &0.0010

Totals : 5547.89453 272.43382

[ VWD A, Wavelength=220 nm (YANLIUWLY-2-67-1.0)

~11.857

2
g8

10.359

el A A

Area Percent Report

Sorted By 3 Signal

Multiplier 3 1.0000

Dilution : 1.0000

Sample Amount B 1.00000 [ng/ul)] (not used in calc.
Use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wavelength=220 nm

Peak RetTime Type Width Area Height Area
i [min] [min] mal 5 [mAU ] k.
e fa===|—m7=== [i== e | e S et | e |
1 10.359 wv 0.2530 184.27620 11.03659 3.9234
2 11.857 vv 0.3799 4512.59424 169.84238 096.0766

Totals : 4696.87044 180.878%6
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6Ab

11 ie

T R AR [ AT [ TR LT e T A [ TA T AR LT IR TR I T[T IT [ TAT T[T

2 200

180

140
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120
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HPLC, Daicel Chiralcel AS-H, Hexanes / IPA =99:1, 1.0 mL/min, A =220 nm

VWD A, Wavelength=220 nm (LG 3-83.PHCHZCHZ-10)
maU ]

| L

6Ab - o
mixture of Q-NH, and QD-NH, :
catalyzed reaction | o

Amount H 1.00000 [ngfull (ot used in calc.)
ultiplier & Dilutien Factor with ISTDs

Height hrea
(mAl . N

1 B.970 MF 0.34 0665e4  £29.201 61.8169
2 10.224 0.4023 8070.93701 334.40027 38.1831
Totals : 2.11375¢4 9B3.60158
Ph [ VD1 A, Wavelength=220 nm (LXJWLXJ-3-83 PHCHZCH2 5.0) . -
| omag ]
|3 >
O\ | 500 -| \6")’

| 200 - | |
94% ee obtained from Q-NH, be o :
. | ] @ A
catalyzed reaction : 1 L
| P I \-—I — - - e
: = :
L 25 .5 75 10 125
Area Percent Report
Sorted By : Signal
Multiplier 5 1.0000
Dilution 3 1.0000
Sample Amount 3 1.00000 [ngful] (not used in calc.)
Use Multiplier & Dilution Factor with ISTDs
Zignal 1: VWDl A, Wavelength=2Z20 nm
Peak RetTime Type Width Area Height Area
L3 [min] [min] mAU *s [mAT 1 %

—————— R et e R
1 9.308 MM 0.,2790 310.13763 18.52793 Z.9444
2 10,532 MM 0.4008 1.02230e4 425.09868 97.0556

Totals : 1.05332e4 443. 62680
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/\)O\/I(J)\
6Chb
i
|
|
|
|
| )
l Il
{ > | | {
L | |
| iy
, {1 (.
13 12 11 10 9 8 7 6 5 4 3 2 1 -0 -1 ppm
1.50.69 1.21 3.05 3.19
2.23 1.00 1.32 8.56 0.41

220 200 180 160 140 120 100 80 60 i 0 0 ppm
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HPLC, Daicel Chiralcel AS-H, Hexanes / IPA = 99:1, 1.0 mL/min

6Chb
mixture of Q-NH, and QD-NH,
catalyzed reaction

Ph
O\
3R
6Cb

92% ee obtained from Q-NH,
catalyzed reaction

T VWD1 A, Wavelength=220 nm (YANLIUILY-4-65-M.D)

T = T
L [+ I 2 4 [:] é . min
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution 1.0000
Sample Amount g 1.00000 [ngful] (not used in calc.)

Use Multiplier & Dilution Factor with I[STDs

Signal 1: VWDl A, Wavelength=220 nm
Poak RetTime Type Width Area Height Area
g [min] [min] mAl *3 [mAl %
mmmm|mm————e [ ] e | === mmmmmm | e |==mmmmme I
1 6.728 BV 0.130% 6100.1796% 741.81171 50.5766
2 7.115 VWV 0.1825 5961.08867 511.87125 49.4234
Totals 1.20613ed 1253.68295

VWD A, Wavelengih=220 nm (YANLIU\LY-4-68-2.0)

| mau
| e
| 1 "
| 1 4
400 < ﬁ
] =
300 - |1
I
200 - .|
] [l
100+ I &
1 Il 8 4~
1 A BS:
A __,I_LL .
L | B 2 4 8 ] min
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilutien H 1.0000
Sample Rmount H 1.00000 [ng/ful] (not used in calc.)

Use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wavelength=220 nm

Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s5 [maD ] &

—= == | === [==m=as==s= IS |
1 6.548 MM 0.1648 2988.27319 302.24094 96.1221
z 7.066 MM 0.1654 120.55843 12.14638 3.8779

Totals

S-41
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6Db
| |
11 10 ] 5 {
1.8819
114 1.00
|
| |
A —— -
200 180 16 0 120 100 80

S-42
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HPLC, Daicel Chiralcel AS-H, Hexanes / IPA =99:1, 1.0 mL/min, A =220 nm

Ph
O\
/\/\j.\/?l\
6Db

mixture of Q-NH, and QD-NH,
catalyzed reaction

Ph
c)\
/\/\)O\/I?\
6Db

95% ee, obtained from
Q-NH, catalyzed reaction

VWD A, Wavelength=220 nm (LXJ\LXJ-3-84-1-C5.0)
mAU ]
700
600 - 1._\‘-3
2
S0 8o
; o
400 ‘
300 4 ‘. e
1 .-g\.
N
- LY
200 ‘ Er
] I“:?3
100 3 ( f
I I
0 f\\h . __ ! -
L T T T
1] 2 4 6 ] mH

Area Percent Report

Sorted By Signal
Multiplier 1.0000
Diluticn 1.0000
Sample Amoun 1.00000 [ngful] (not used in calc.)

* & Dilution Factor with ISTDs

Use Multipl

Signal 1: VWDl A, Wavelength=220 nm

Feak RetTime Type Width

Area Height Area
# {min] [min] mAU *5 [maT 1 %
el B el R j=mm—m———— | === | == |
1 6.839 MF 0.0769 1967.18579 426.534062 63.4673
2 7.151 FM 0.1422 1132.33972 132.734B0 36.5327
Totals : 309%.52551  559.27542
N VWD A, Wavelength=220 nm (LXWLK]-3-84-1-C5-Q0.0) |
mAl § o
700 | 1)
600 ||
500 |
400 i
300 |
|
| 200 - | &
] 5| .I@“
100+ A ?M‘
Dj__ 7 i .N‘ Ly ___ N :
67 2 4 B ]
o ARrea Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution 1.0000 ' i
Sample Amount : 1.00000  [ng/ul] (not used in cale.)

Use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wavelength=220 nm
Peak RetTime Type Width Area Height Rrea
# [min] [min] mAU g [mAU 1 % |
———— | m—— J====1 = 1= -=
1 6.847 MM 0.0793 196.13443 41.24803 2.5437
z 7.126 MM 0.1653 7514.37158 757.73254 97,4583
Totals 7710.50601 798.98058
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6EDb
/ 8
Y gl ]{ff

i o nes ) . e g on e : e
o S e

220 200 180 160 140 iz0 100 80 60 40 20 0 ppm
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HPLC, Daicel Chiralcel AS-H, Hexanes / IPA=99:1, 1 mL/min, A = 220 nm

Ph
0]
\O o
Bno\/\/vj\
Me

6Eb

mixture of Q-NH, and QD-I
catalyzed reaction

Ph
O\
o) 0]
BHOM)L
Me
6Eb

96% ee obtained from Q-NH,
catalyzed reaction

VWD1 A Wavelength=220 nm (YBKANGDATAE1-0101.0}

mALU
0 o
0 &
! =
600 f
500 =
1
w
400 -
300 |
200
100
o
[+] 5 10 15 20 25 i
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution H 1.0000
Use Multiplier & Dilution Factor with ISTDs
Signal 1: VWDl A, Wavelength=220 nm
Peak RetTi Width Area Height Area
£ i [min] mAU a3 [mAl %
e [e====s=——u= e | s —————= |
1 17.570 v 0.3974 1.4B768e4d 593.28906 57.35092
2 1B.871 W 0.4436 1.08617ed 385.17764 42.4908
Totals 2.58685e4 978.46671
VWD A, Wavelength=220 nm (YANLIUALY-4-84-1.0}
mAL
700
o
600 g##h
500 i
400
300
200
o
100 g e
. &
s
o - - Ty
o 5 10 15 20 25 min
Area Percent Report
Sorted By Signal
Multiplier H 1.0000
Dilution H 1.0000
Sample Amount H 1.00000 [ng/ul] (not used in cale.)

Use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDL A, Wavelength=220 nm

Peak RetTime Typs Width Area Height

# [min] [min] mAU *s [mAT

e e B R [ ==mmmmmm- R |
1 18.070 MM 0.449%98 1.43100=4 530.19403
219,146 MM 0.3648 232.41402 10.61706

Totals 1.45424e4 540.8110%

S-45
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11 10 9 8

S-46




HPLC, Daicel Chiralcel AD-H, AD, Hexanes / IPA = 99.7:0.3, 0.6 mL/min, A = 220 nm

Ph
O\
)O\/loj\/
6Fb

mixture of Q-NH, and QD-NH,
catalyzed reaction

Ph
O\
)O\/?J\/
6Fb

94% ee obtained from Q-N
catalyzed reaction

VWD1 A, Wavelength=220 nm (LK -3 61-ET-R-3.0)

mAU
175
150
128 £
100 g & A
: & g
75 ) €57
| & |
f
50 I |
| | |
| [ [ w
[\
25 " \ \
i m\ | K\ | \\ h
(1] } == e A _u——_) =t
—— T T T \
L 1] 10 15 20 25 mirl
Area Percent Rbpc..
Serted By Signal
Hult1p1|'P.r '_'.UCDD
Dilution 1.0000
Sample Fmount 00000 [ng/ul] (not used in cale.
Use Multiplier & Bll«t1un Factor with ISTDs
Signal 1: VWDl A, Wavelength=220 nm
Peak TetTlme Type
.6364 29B80.35669 78.04%03
2 25.432 MM " .9600 3293.37085 57.17882 52.4946
Totals G273.72754 135.22784
i VWD A, Wavelengih=220 nm (L<JL%0-3-81-ET-03.00 |
mAU 1
| 70
| i
| aoi
. i
| 50
| i
[ a0 %
E A
I
© ﬁ s
| 10 J'r\'\- jlu ga" Y |
P & i
od __/ RS A U 2 —\____l S
-0+ - — 7 T l
5 10 15 20 25 2 mi
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution 1.0000
Sample Amount 1.00000 [ng/ful] (not used in calc.

Use Multiplier & DllUthn Factor with ISTDs

gnal 1: VWDl A, Wavelength=220 nm

Peak RetTime Type Width Area Height Area
# [min] [min] mAU *5 [mAU i &
e e 1----1 | | I |
1 22.622 MM 0.4709 50.33687 1.78161 2.7850
2 24.927 MM 1.2465 1757.08032 23.49428 97.2150
Totals : 1807.4169%  25.27589
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6Hb

10

11

4.432.45 3.1
4.50 3,99

Ppm

180 160 140 120 100 80 60 40 20

200
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HPLC, Daicel Chiralcel AD, AD-H, Hexanes / IPA = 99.5:0.5, 0.4ml/min, A =220 nm

Ph
O\
o O . _ o
VWDT A, Wavelength=220 nm {LXJ\LX.J-3-91-BU-ME-RACE-NEW.D) .
)\/U\/\/ ™1 ¢
3513—j g ﬁ \@9
| ] &@” § K
6Hb 200 i i %vs‘?
250 E'| |"'|I
mixture of Q-NH, and QD-NH, 2004 A
catalyzed reaction ol ! || '!
1 i it I|
mu-_. | | |I
507 || || IIII | Iﬂl
| N | N N
T “ @ 40

Area Percent Report

Sorted By

o Signal
Multiplier H 1.0000
Dilution : 1.0000
Sample Bmount 5 1.00000 [ngfull [not used in calc.)

Use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wavelength=220 nm

Peak RetTime Type Width Area

Height Area
¥ [min] [min] m&U *3 [mAD ] &
il ety [====1 I e e
1 33.810 MF  1.1657 2.06046ed  294.607397 51.8178
2 36.968 FM  1.2074 1.9158%e4  264.47162 48.1822
Totals : 3.97635e4  558.07959
Ph
O\ : VWD A, Wavelength=220 im (LXJLX-3-61-BU-ME-Q-NEW-2D]
o 0o |
)\/U\/\/ 5007
3
&
400 - Q_&-TB’
6Hb o
I 300+ ||'.I
. | {1 |
96% ee obtained from Q-NH2 | |' | ;
. | z00- w |
catalyzed reaction | | | ;
100 | I @'6?.1
| Q(@;- |
R W\ 2\
' o C 2 30 40_min

Area Percent Report

Signal

H 1.0000

Dilution H 1.0000
Sample Amount H 1.00000 [ng/ul] (not used in calec.)

Use Multiplier & Dilution Factor with ISTDs

Signal 1l: VWDl A, Wavelength=220 nm

Paak RetTime Type Width hrea Height Area
§ [min] [min] mAU =5 [mal ) £}
| |
1 34.073 MM 0.%375 &16.87158 10.966446 2.1366
2 36.664 MM 1.3642 Z.BZ552ed 390.20645 97.8634

Totals : 2.88721ed 351.172%1
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]
|
| -
I b |
.l" |f
[}
| 1
! ]
[} ¥
J J
11 10 9 8 7 6 5 4 3 2 1 -0 Ppm
1.8D.12 1.23 7.576.71 3.73
1.76 1.00 a.68 4.31 i
| [
|

1_|_|_I_||_.'_'_rl'l_|'|-|'"";"'.l]rr-"T'jr".|'|II|'r|r'f'|'|-|_|_?_'_'-|_l'l'|'-"|—"'-1'|'.rl.ITI'?'-'TI'l|||--_ L I e e e ||;||-|- T T
200 180 160 140 120 100 B8O 60 40 20 1] Ppm
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HPLC, Daicel Chiralcel AD, AD-H, Hexanes / IPA = 99.5:0.5, 0.4ml/min, A =220 nm

6lb

mixture of Q-NH, and QD-NH,
catalyzed reaction

6lb

97% ee obtained from Q-NH,
catalyzed reaction

YWD A, Wavelengin=220 nm (LXLXJ-3-84-CE-BU-R D)
mau L |
| 500 -
400
k]
300 o ﬁ’é;
g &
w8
200 - ﬂl
NN
| A
100 I f1
. I\ Ay
' o _ NN
| 10 2 a0 min
Area Percent Report
Sorted By H Signal
Multiplier i 1.0000
Dilution 1.0000 )
Sample Amount 3 1.00000 (ng/ul] (not used in calc.)

Use Multiplier & Dilutien Factor with ISTDs

Signal 1: VWDl A, Wavelength=220 nm

Peak RetTime Type Width Brea Height Area

# [min] [min] mAU *s5 [mAl ] %
|=m=mmmmmm |==mm— I
1 31.022 MF 1.04%2 1.33368ed 211.86626 54.2197
2 33.661 FM 1.02980 1.12609ed 182.38411 45.7803

Totals : 2.45977e4 394.25037

[ VWD A, Wavelength=220 nm (LXJLXJ-3-34-CE-BU-Q-3.0)

mAL
| 250 2 .{:?SP
200 T"ﬁ
1 il
| |
] I
150 |
[
| 100 - | I|
|
|
50 3
= 27
B & |
0l )N\
S =S S — s
| T T T v —
D 10 20 30 mi
Area Percent Report
Sorted By H Signal
Multiplier H 1.0000
Diluticn H 1.0000
Sample Amount 3 1.00000 [ng/ful] (not used in calc.

Use Multiplier & Dilution Factor with ISTDs

Signal 1: VWDl A, Wavelength=220 nm
Peak RetTime Type Width Area Height Area
# [min] mAU vs [mAl 1 &
el = | e | mm e e | === |
1 30.760 MM 0.8680 229.94171 4.41534 1.63B%
2 33,139 MM 1.0801 1.3B004ed 212.94423 949.3611
Totals : 1.40303=24 217.35957
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MeO

/

| n L.J».Uu{,, L

T||||||||||||||;||||||||.|||||||‘|—17||||| o o e b o Fl
11 10 ] ] T & L 4 3 2 1 -0 ppm
i G L L e e o
2.7 149 1.00.45 2.23 7.17
115 2.78 1.30.43 .56

T T [T e T [T T e T T T o [T T T T e O T e T T e [ om T
00 180 160 Li0 120 100 2] 60 40 20 0 ppm
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HPLC, Daicel Chiralcel AD-H, Hexanes / IPA=99:1, 1 mL/min, A =220 nm

BUH B14B294 DEC 28, 2a87 Z@:45:17

START

E‘”'_ L1 .528

F_ 3.925
/\)\)J\ e L

EAD OF SlGHAL

Ph

6AC ErFar storing signal to MaS1GHAL  _BNH
DIRECTORY FULL 5
mixture of Q-NH, and QD-NH Storing processed pemks to H:SIGHAL . FRA
catalyzed reaction RUNE 15654 DEC 28, Z0@7 28r487L7
PERK TILE ¢ HiSIGHAL .FRA
ARERX
ET RREA TYPE WIOTH ARERX
11l .526 SBL4ELE 28 267 43 .05248
13.928 12966680 PE 362 56.91768
TOTAL AREA=Z .2VBZE+RY
MUL FACTOR=-1.POARE-BR
# FRUN 819895 DEC 28, 2087 Z1:@6150

START
OMe 1

12.959
6AC st

92%ee, obtained from Q-NH,

catalyzed reaction Cloainp signal #ile MiSIGHAL . BWC
Siorlng processed peaks to M:OSERZICEE.FRO

OIRECTORY FULL
RUHE E4835 OEC 2B, 7887 Zl1:0b:a@

SIGHAL FILE: H:EIGHRL ,BHC
PEAK FILE « HPOSBEZCCEH.PRO

ARERX
RT ARER T¥PE WIDTH AREA®
l1 683 3Z961H97E _SPB 295 99.73leka
12,359 I7E74TE BB 249 4.24836

TOTAL AREA=49_13RBE+@?
HMUL FACTOR=-1.PBEBE+0R

S-53

o

L]



o,

6Cc

B . /
h
. A Y, Ul
T T T T | I I | Ll R T AL B I
i1 10 3 8 7 6 5 4 k] 2 1 -0 £om
[¥] Uy oy el
.00 L 3.56 B.EF
3.08 1.52 B.03  4.36
r"rrTu.||.\-||\=|||\I.\|‘||-||-\|\|\H|| |||\|‘|||,|| TTTT |||.||‘|-||||\| LR RARRE RN AR ERRRY |I|I|\..|| T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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Chiral GC HP Chiral(20% Permethylated [ -Cyclodextrin, 30m x 0.25 mm), Inject Temp: 240°C,

Fid Temp: 260°C, Inlet pressure 10 psi. Oven Temp, 50°C 5min, 2.5°C/min, 100°C

I !
mixture of Q-NH, and QD-NH, "
catalyzed reaction

Ef= ZZesg

HUL FACTOR=1.B8EEE- B0

J §

95%ee, obtained from Q-NH,
catalyzed reaction
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MeO

13 12 11 10 ] B 7 [ 5 4 3 2 1 -0 -1 ppm

1.00 1.10 2.63  3&63
2,50 1.1% 4400 3,53

2 200 180 160 140 10 100 80 60 &0 20 0 ppm
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Chiral GC HP Chiral(20% Permethylated [ -Cyclodextrin, 30m x 0.25 mm), Inject Temp: 240°C,

Fid Temp: 260°C, Inlet pressure 10 psi. Oven Temp, 50°C Smin, 5°C/min, 100°C

OH O

/\/\)\/U\

mixture of Q-NH, and QD-NH,
catalyzed reaction

OH O

95%ee, obtained from Q-NH,
catalyzed reaction
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[
| I ‘ri
A
A

L SIS | 'S k_—dl"u le—u;

EEEE = — e
1 10 3 ] 7 6 5 'l 3 F 1 -0 ppm

o ¢ i e Wy

1.0 L2 E.583.61

i [ H 4,58
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Chiral GC HP Chiral(20% Permethylated [ -Cyclodextrin, 30m x 0.25 mm), Inject Temp: 250°C,

Fid Temp: 220°C, Inlet pressure 13 psi. Oven Temp: 85°C

o R

mixture of Q-NH, and QD-NH,
catalyzed reaction

OAc O

95%ee, obtained from _
Q-NH,, catalyzed reaction [ *
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|
7
]
|
|
|
i s
|
II.
o 7 f
i B A
| J \ i J \J! p
AW, A W
T T SO0 D T T | LI 2 T ' 1
] 3 7 8 5 ' 3 2 i -0 ppm
e e sl T S S
0.EE 2.98 1.51 3.00

T

TTTT 7T T I T [TTIIT oo

100 B0 &0 40 a ppm

T T T T T T [T [T T T T T T T T T oo

220 200 180 160 140 120
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Chiral GC HP Chiral(20% Permethylated /3 -Cyclodextrin, 30m x 0.25 mm), Inject Temp: 250°C,

Fid Temp: 220°C, Inlet pressure 13 psi, Oven Temp: 110°C

“__Fi:in & Z43 GOCT 22, ZOB7 ZL44@:85

OAc O

mixture of Q-NH, and QD-NH,
catalyzed reaction

OAc O

[

|

I
94%ee, obtained from Q-NH, |-: - B _
catalyzed reaction {i— =
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MeO

-a

120

140

ig0

a0

a0

220
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HPLC, (R,R)Whelk-O 1, Hexanes / IPA =99:1, 1 mL/min, A = 220 nm

N

//N\V//\\Jii\w/ji\/:ﬁ\w//

mixture of Q-NH, and QD-NH,
catalyzed reaction

M

P O O

/\/\/\)\/U\/

94%ee, obtained from Q-NH,
catalyzed reaction

RUN #14915 JAN 1, 2888 16:45:29
START
il
IF
11971

3. 814
END OF SIGHAL

Error storing signal to M:SIGNAL .BHNA
DIRECTORY FULL
Storing processed peaks to M:SIGHNAL .PRA

RUN# 14915 JAN 1, 2888 16:45:29
PERK FILE ¢ M:SIGMNAL .PRA
ARERAX
RT AREA TYPE WIDTH ARERZ
11.871 11595376 PB .366 o TS T
13.819 18633952 BB .486 4783799
TOTAL AREA=2 .2229E+@87
MUL FACTOR=1 .BUBBE+G@E@
RUM #14914 JAN 1, 2888 16:21:28
START
IF
i o
5 age

END OF SIGNAL

Error storing signal to M:SIGNAL .BHA
DIRECTORY FULL
Storing processed peaks to M:SIGNAL _PRA

RUN# 14914 JAN L, 28088 16:21:28
PERK FILE ¢ M:SIGNAL .PRA
ARERZ%
RT AREA TYPE WIDTH AREAX
18 .962 2351936 BP e 4. 311849
11.911 31489688 SPB 530 57 .73835
13 .822 893320 BB -446 L.e3774
15.888 19811152 ISPP L4388 36.328088

TOTAL HAREA=5.4546E+B7
MUL FRCTOR=1.BBBOE+DBO
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OH O

13

OH O

14
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/\/\)Oi/(ljj\ |
14
mixture of Q-NH, and QD-NH,
catalyzed reaction

RUMNI F57 MAR S, 2888 13:9l:l%

OH O

14
95%ee, obtained from £ 18
Q-NH, catalyzed reaction
-

EnNMD OF SIGHAL

Closing signal File M
Storing processed peaks
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/\/\/(iO)L/:

15

| .y '
:
|
\/\/\(\//OH
0-0 ;
16 [
C[_
I‘r’ j’l |‘F I““
jom 8
I i
| O
AL J“k ) l\_J 'LJ U I‘\ﬁ“‘.‘
11 10 9‘h_.s”‘7“ é‘l 5“'4‘! H:‘{‘ ‘z‘” 1 L ppm
/\/\/Okfo)a‘>
MeO
17
|I. rr | il
"l o o o
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-0 O

MeO

17a

0-G

17b

O

MeO

I T e

g e 10 9 ] 7 6 5 4
0.7
79,29
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e | 'uLILt

00:05:08

12 .478

ng signal file HeSIGNAL  .BNC
3Ab ¥ processed peaks to MiOSCI0TZ0.PRO
CTORY FuULL
racemic RUNE 149968 IAN 9, 2808 00,0508

SIGNAL FILEy N
FEAK FILE
RREAX

#* RUN #14967 JAHN 8, 2ees £€3:42:16
START

; i L

PhWJ\

@)
3Ab =i

97%ee, obtained from Q-NH,, 12 837
catalyzed reaction

19 .835

sfor

Closing signal file M:SIGNAL -BNC
Storing processed peaks to M:05C301D9.FRO
DIRECTORY FULL

RUN# 14967 JAN 8, 2oasg 23:42:16
SIGMAL FILE: M:SIGNAL _BNC
PERK FILE : M?AQ5C901D0%8 .PRO
AREARX
RT ARER TYPE WIDTH ARERX
V12.6497 38lze@ PU -258. 1.38337
13 6492 836398 up -287 32.834977
19 .835 ZE342688 SHB -589 95 .58189

TOTAL AREA=2 .7560E+@7
MUL FRACTOR=1 .886BBE+G@
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O

PN

0
3Cb
|

Chiral GC HP Chiral(20% Permethylated /3 -Cyclodextrin, 30m x 0.25 mm) Inject Temp: 250°C,

Fid Temp: 260°C, Inlet pressure 13 psi. Oven Temp: 90°C

(0]

P

@)
3Chb

racemic

T
|

O
3Cb

97%ee, obtained from
Q-NH,, catalyzed reaction
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0] //{’ r
|
3Db J J"!‘!l‘ |i
| I AN
— ; e
1 10 ) 8 1 6 5 4 3 2 1 -0 prm
[ ¥

m L6 4;m %7
L 54316

Chiral GC HP Chiral(20% Permethylated /3 -Cyclodextrin, 30m x 0.25 mm) Inject Temp: 250°C,
Fid Temp: 260°C, Inlet pressure 13 psi. Oven Temp: 102°C

O

/\/\/b)]\ =)
!

3Db © [
racemic

O

W

3pb © ’
97%ee, obtained from Q-NH, |,_
catalyzed reaction r
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3Fb

Chiral GC [HP Chiral(20% Permethylated /3 -Cyclodextrin, 30m x 0.25 mm) Inject Temp: 250°C,

Fid Temp: 260°C, Inlet pressure 13 psi. Oven Temp: 73°C

W — s
|

O
O 3Fb C=-——f—
racemic f
/\B)CL/
O 3rp

97%ee, obtained from Q-NH»
catalyzed reaction




3Gb

LM L8 [RIRT
14 17 [EIaER

Chiral GC [HP Chiral(20% Permethylated /3 -Cyclodextrin, 30m x 0.25 mm) Inject Temp: 250°C,

Fid Temp: 260°C, Inlet pressure 13 psi. Oven Temp: 115°C

3Gb

racemic

O

3Gb

96% ee, obtained from Q-NH,
catalyzed reaction




3Hb | ! 1l |

;\‘H,

Chiral GC [HP Chiral(20% Permethylated /3 -Cyclodextrin, 30m x 0.25 mm) Inject Temp: 250°C,

Fid Temp: 260°C, Inlet pressure 13 psi. Oven Temp: 80°C

=
— |
Ao
O 31b
racemic

/\(?)OK/\/ ( '

3Hb
97%ee, obtained from Q-NH» (
catalyzed reaction e

T O



