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For thin layer chromatography (TLC), Merck silica gel 60 F254 aluminum sheets were used.
Flash column chromatography was performed using Merck silica gel 60 (230-400 mesh). 'H
NMR and *C NMR were recorded on a Bruker Avance 400. Proton chemical shifts are given in
relative to the residual proton signals of the deuterated solvent in CD;OD (& 3.31 ppm). Proton
chemical shifts are reported in ppm downfield from tetramethylsilane or from the residual
solvent as internal standard in CDCls (6 7.26 ppm), in CD3OD (6 3.31 ppm), and in (CD3),SO (3
2.50 ppm). Carbon chemical shifts were internally referenced to the deuterated solvent signals in
CDCls (6 77.0 ppm), in CD30D (6 49.0 ppm), and in (CD3),SO (6 39.5 ppm). High-resolution
mass spectra were recorded on a Thermo Scientific LTQ Orbitrap ESI ion trap mass
spectrometer. IR spectra were recorded on a Jasco FT IR-4100 spectrometer. Optical rotations
were measured on a Jasco P2200 polarimeter.
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1. Catalytic Enantioselective Hetero-Diels-Alder Reactions
General Procedure for the Catalytic Enantioselective Hetero-Diels-Alder Reactions Using
Catalyst System Composed of A, B, and C (Table 1 entry 5 and Charts 1 and 2)

catalyst
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Procedure for the catalytic enantioselective hetero-Diels-Alder Reactions using catalyst system
composed of A, B, and C was reported in our recent communication.”’ To a solution of amine
A (0.04 mmol, 11.8 mg) and acid B (0.08 mmol, 22.0 mg) in toluene (super dehydrated, 0.4 mL)
were added thiourea C (0.04 mmol, 20.0 mg), enone (1.0 mmol), and isatin (0.2 mmol) at room
temperature (24 °C), and the resulting mixture (initially suspension) was stirred at the same
temperature until isatin was consumed (monitored by TLC). The mixture was purified by silica
gel flash column chromatography (hexane/EtOAc = 2:1 or hexane/acetone = 3:1) to give
product 3. The major diastereomer was separated from the minor diastereomer. The minor
diastereomer (if existed) was obtained with the major diastereomer. The dr values were
determined by 'H NMR analysis before purification. Synthesis of 3ga in Chart 2 was reported
in ref. S2. Reaction products 3aa, 3ab, 3ac, 3ad, 3ae, 3af, 3ba, 3ca, 3da, 3ea, 3fa, 3ga, 3ha,
and 3ia shown in Charts 1 and 2 were reported in ref. S1. Crystallized 3aa was reported in refs
S1 and S2. Determination of the absolute stereochemistry of 3aa was reported in ref. S1.

General Procedure for the Catalytic Enantioselective Hetero-Diels-Alder Reactions Using

Catalyst System Composed of D and B (Scheme 4 and Chart 3)
Ar,

catalyst
@j/g: system

catalyst system

NH Bu
o A
NH, NHBoc

(S,S)-D (0.2 equiv) B (0.4 equiv)

To a solution of amine (S,5)-D (0.02 mmol, 2.28 mg) and acid B (0.04 mmol, 11.0 mg) in
CH,Cl; (super dehydrated, 0.4 mL) were added enone (4-arylbut-3-ene-2-one) (0.5 mmol), and
isatin (0.1 mmol) at room temperature (24 °C), and the mixture (initially suspension) was stirred
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at the same temperature until isatin was consumed (monitored by TLC). The mixture was
purified by silica gel flash column chromatography (hexane/EtOAc) to give product 3. The
diastereomers were separated each other by the column purification. The dr values were
determined by '"H NMR analysis before purification. Relative and absolute stereochemistries
were assigned by analogy.

For the reactions of 4-arylbut-3-ene-2-ones, the initially formed major diastereomer decreased
and the initially formed minor diastereomer become the major diastereomer under prolonged
reaction time.*> The major diastereomers of 3ja, 3ka, and 3la described below are initially
formed major diastereomers.

Product 3ja

Product 3ja was synthesized by the reaction of enone (1.0 mmol) and isatin
(0.2 mmol) in the presence of (S,S)-D (0.04 mmol) and acid B (0.08 mmol)
in CH,Cl, (super dehydrated, 0.4 mL)."'

Product 3ja (major diastereomer)

Rf0.23 (hexane/EtOAc = 2:1). See ref. S1 Supporting Information.
Product 3ja (minor diastereomer)

Rf0.30 (hexane/EtOAc = 2:1). See ref. S1 Supporting Information.

Product 3ka (major diastereomer)

16 h, 12.0 mg (38%). Rf 0.42 (hexane/EtOAc = 1:1). Pale yellow
amorphous solid. '"H NMR (400 MHz, CDCls): & 8.68 (brs, 1H), 7.63
(d, J= 8.4 Hz, 2H), 7.51 (d, J= 8.4 Hz, 2H), 7.33 (dt, J= 1.2 Hz, 7.6
Hz, 1H), 7.29 (d, J = 7.6 Hz, 1H), 7.07 (dt, J = 0.8 Hz, 7.6 Hz, 1H),
6.98 (d,/J=7.6 Hz, 1H), 5.41 (dd, J=11.2 Hz, 3.6 Hz, 1H), 3.19 (d, J =
14.8 Hz, 1H), 2.94 (dd, J = 14.8 Hz, 11.2 Hz, 1H), 2.87 (ddd, J = 14.8
Hz, 3.6 Hz, 1.2 Hz, 1H), 2.60 (dd, J= 14.8 Hz, 1.2 Hz, 1H). *C NMR
(100 MHz, CDCls): 6 203.4, 174.7, 144.9, 140.5, 132.4, 130.8, 127.6,
126.4, 125.2, 123.0, 118.4, 112.4, 111.2, 78.9, 73.9, 48.9, 44.9. ESI-
HRMS: caled for Ci9H;sN,O3 ([M+H]") 319.1083, found 319.1083. HPLC (Daicel Chiralpak
IB, hexane/i-PrOH = 50/50, 0.6 mL/min, A = 254 nm): #x (major diastereomer, major

enantiomer) = 9.3 min, fgx (major diastereomer, minor enantiomer) = 12.3 min, fr (minor
diastereomers) = 8.3 min and 12.3 min.

Product 3ka (minor diastereomer)

4.0 mg (13%). Rf 0.52 (hexane/EtOAc = 1:1). Pale yellow amorphous solid. 'H NMR (400
MHz, CDCl;-CDsOD): 67.52 (d, J = 8.4 Hz, 2H), 7.40 (d, /= 8.4 Hz, 2H), 7.30 (d, /= 7.6 Hz,
1H), 7.16 (dt, J=1.2 Hz, 7.6 Hz, 1H), 6.97 (dt, J= 1.2 Hz, 7.6 Hz, 1H), 6.74 (d, /= 7.6 Hz, 1H),
5.87(dd, J=11.2 Hz, 3.2 Hz, 1H), 2.83 (d, /= 14.8 Hz, 1H), 2.70 (ddd, /= 14.8 Hz, 3.2 Hz, 2.0
Hz, 1H), 2.50 (dd, J= 14.8 Hz, 11.2 Hz, 1H), 2.41 (dd, J = 14.8 Hz, 2.0 Hz, 1H). C NMR
(100 MHz, CDCI:-CDs;0OD): & 203.3, 176.1, 145.8, 140.9, 132.2, 130.5, 128.3, 126.3, 123.9,
122.9, 1182, 111.2, 110.4, 78.3, 72.1, 47.8, 45.1. ESI-HRMS: calcd for C;9H;5sN,O; ([M+H]")
319.1083, found 319.1083.
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Product 3la (major diastereomer)

16 h, 13.0 mg (40%). Rf 0.50 (hexane/EtOAc = 1:1). Pale yellow
amorphous solid. 'H NMR (400 MHz, CDCl3): & 7.94 (brs, 1H),
7.36-7.29 (m, 4H), 7.06 (dt, J= 0.8 Hz, 7.6 Hz, 1H), 6.92 (dd, J =
0.8 Hz, 7.6 Hz, 1H), 6.90-6.84 (m, 2H), 5.29 (dd, /= 11.6 Hz, 2.4
Hz, 1H), 3.77 (s, 3H), 3.19 (d, /= 14.8 Hz, 1H), 3.04 (dd, J = 14.8
Hz, 11.6 Hz, 1H), 2.80 (ddd, J = 14.8 Hz, 2.4 Hz, 1.6 Hz, 1H), 2.56
(dd, J = 14.8 Hz, 1.6 Hz, 1H). >C NMR (100 MHz, CDCl;): &
204.8, 174.5, 159.6, 140.4, 131.9, 130.5, 128.2, 127.5, 125.4, 122.8,
114.0, 110.8, 78.7, 74.8, 55.3, 49.5, 45.1. ESI-HRMS: calcd for
C19H sNO4 ([M+H]") 324.1230, found 324.1222. HPLC (Daicel Chiralpak IA, Hexane/i-PrOH
= 50/50, 0.6 mL/min, A = 254 nm): R (major diastereomer, major enantiomer) = 14.0 min, R
(major diastereomer, minor enantiomer) = 18.1 min, R (minor diastereomers) = 11.8 min and
13.2 min.

Product 3la (minor diastereomer)

7.2 mg (22%). Rf 0.50 (hexane/EtOAc = 1: 1). Pale yellow amorphous solid. 'H NMR (400
MHz, CDCls): & 7.62 (brs, 1H), 7.43 (d, J= 7.6 Hz, 1H), 7.34 (d, J = 8.8 Hz, 2H), 7.29 (t, J =
7.6 Hz, 1H), 7.11 (t,J= 7.6 Hz, 1H), 6.88 (d, J = 8.8 Hz, 2H), 6.85 (d, /= 7.6 Hz, 1H), 5.89 (dd,
J=10.4 Hz, 3.6 Hz,1H), 3.78 (s, 3H), 2.92 (d, /= 14.8 Hz, 1H), 2.81 (ddd, /= 14.8 Hz, 3.6 Hz,
1.6 Hz, 1H), 2.75 (dd, J= 14.8 Hz, 10.4 Hz, 1H), 2.59 (dd, J= 14.8 Hz, 1.6 Hz, 1H). °C NMR
(100 MHz, CDCl;3): 6 203.6, 175.9, 159.5, 1401, 132.6, 130.5, 129.0, 127.5, 124.4, 123.4, 114.0,
110.2,78.1, 73.3, 55.3, 48.7, 45.5. ESI-HRMS: calcd for C19H;sNO, ([M+H]") 324.1230, found
324.1220.

2. Synthesis of Racemic Hetero-Diels-Alder Reaction Products

General Procedure for the Synthesis of Racemic Products (Scheme 5)

To a solution of cis/(£)-trans-mixture of cyclohexane-1,2-diamine (0.08 mmol) and acid N-Boc-
(¥)-proline (0.16 mmol) in toluene (0.8 mL) were added enone (1.2 mmol) and isatin or
substituted isatin (0.4 mmol) at room temperature (24 °C), and the resulting mixture was stirred
at the same temperature until isatin was consumed (monitored by TLC). The mixture was
purified by silica gel flash column chromatography (hexane/EtOAc = 2:1 or hexane/acetone =
3:1) to give the desired product 3.

Product 3fc
4-Bromoisatin 0.2 mmol-scale reaction, 24 h, 54.3 mg (78%, dr >20:1). Pale yellow solid. 'H
=__., NMR (400 MHz, CDCls): 6 8.67 (s, 1H), 7.22 (dd, J = 8.0 Hz, 0.8 Hz,

1H), 7.15 (dd, J = 8.0 Hz, 7.6 Hz, 1H), 6.84 (dd, J = 7.6 Hz, 0.8 Hz,
1H), 5.85-5.79 (m, 1H), 5.03 (dq, J = 17.2 Hz, 0.8 Hz, 1H), 4.98-4.94
(m, 1H), 4.80-4.73 (m, 1H), 3.66 (d, J = 16.8 Hz, 1H), 2.98 (dd, J =
18.4 Hz, 12.4 Hz, 1H), 2.57 (dd, J = 18.4, 2.0 Hz, 1H), 2.37 (d, J=16.8
Hz, 1H), 2.26-2.18 (m, 2H), 1.81-1.77 (m, 1H), 1.71-1.70 (m, 1H). "*C
NMR (100 MHz, CDCls): § 205.9, 177.8, 142.3, 137.8, 131.6, 128.0,
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1273, 119.6, 115.1, 110.0, 79.0, 72.0, 45.8, 40.7, 34.8, 29.1. ESI-HRMS: caled for
C16H;7BrNO; ([M+H]") 350.0392, found 350.0395.

Product 3ic

22 h, 135.1 mg (91%, dr >20:1). Pale yellow solid. 'H NMR (400
MHz, CDCL): & 8.49 (s, 1H), 7.22 (dd, J = 8.0 Hz, 0.8 Hz, 1H),
7.15 (dd, J = 8.0 Hz, 7.6 Hz, 1H), 6.85 (dd, J = 7.6 Hz, 0.8 Hz, 1H),
4.82-4.75 (m, 1H), 3.67 (d, J = 16.8 Hz, 1H), 3.63-3.52 (m, 2H),
3.00 (dd, J = 18.4 Hz, 12.4 Hz, 1H), 2.57 (dd, J = 18.4 Hz, 2.0 Hz,
1H), 2.37 (d, J = 16.8 Hz, 1H), 2.09-1.71 (m, 4H). '*C NMR (100
MHz, CDCls): & 205.4, 177.6, 142.2, 131.6, 127.9, 127.3, 119.5,
110.0, 79.0, 71.9, 45.8, 44.9, 40.7, 32.9, 28.2. ESI-HRMS: calcd

for C15sH;sBrCINO; ([M+H]") 371.9997, found 372.0006.

Product 3jc

Reaction in CH,Cl, 9 h, 56.8 mg (38%, dr >20:1). Pale yellow solid. 'H
NMR (400 MHz, (CD3),SO): & 7.41-7.32 (m, 5H), 7.22-7.21 (m, 2H), 6.87
(dd, J= 6.0 Hz, 2.8 Hz, 1H), 5.81 (dd, J=12.0 Hz, 2.0 Hz, 1H), 3.82 (d, J
= 16.8 Hz, 1H), 3.03 (dd, J = 18.0 Hz, 12.0 Hz, 1H), 2.72 (dd, J = 18.0 Hz,
2.0 Hz, 1H), 2.43 (d, J= 16.8 Hz, IH). *C NMR (100 MHz, (CD5),SO): &
204.8, 176.8, 143.8, 140.1, 132.0, 128.4, 128.1, 127.6, 126.5, 125.8, 118.7,
109.8, 78.9, 73.7, 46.8, 40.2. ESI-HRMS: calcd for C;sH;sBrNO;
(IM+HT") 372.0230, found 372.0236.

4-Bromoisatin 0.2 mmol-scale reaction, 95 h, 36%, dr >8:1. Yellow solid.
"H NMR (400 MHz, CDCls): & 8.51 (brs, 1H), 7.22 (dd, J = 8.4 Hz, 0.8 Hz,
1H), 7.17-7.13 (m, 1H), 6.85 (dd, J= 7.6 Hz, 0.8 Hz, 1H), 532 (t, /= 4.4
Hz, 1H), 3.46 (d, J=15.6 Hz, 1H), 2.82 (m, 1H), 2.49 (d, J = 15.6 Hz, 1H),
2.39-2.31 (m, 1H), 2.19-2.10 (m, 1H), 2.00-1.80 (m, 3H), 1.73-1.66 (m,
1H). BC NMR (100 MHz, CDCls): 6 208.0, 176.5, 142.8, 131.6, 128.3,
127.3, 119.7, 110.0, 80.5, 80.0, 54.2, 40.4, 34.2, 27.7, 23.0. ESI-HRMS:
calcd for C;sH;sBrNOs ([M+H]") 336.0230, found 336.0226.

Aldol products 4 and 4¢ were obtained with the corresponding hDA reaction products in the
hDA reactions, and were also synthesized by the reported method.®"** Aldol 4 was reported in

ref. S1.

Aldol 4¢

Briyo

Yellow solid. 'H NMR (400 MHz, CDCls): § 9.07 (s, 1H), 7.07-
7.01 (m, 2H), 6.86-6.80 (m, 2H), 5.96 (dt, J = 16.0, 1.2 Hz, 1H),
4.66 (s, 1H), 4.04 (d, J= 16.8 Hz, 1H), 3.34 (d, J = 16.8 Hz, 1H),
2.18-2.12 (m, 2H), 1.50-1.40 (m, 2H), 0.90 (t, J = 7.6 Hz, 3H).
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C NMR (100 MHz, CDCly): 8 197.2, 178.8, 149.7, 143.7, 131.3, 130.0, 127.9, 126.8, 119.0,
110.1, 75.9, 44.3, 34.6, 21.2, 13.7. ESI-HRMS: calcd for C;sH;7BrNO; ([M+H]") 338.0386,
found 338.0397.

3. Transformations of the Hetero-Diels-Alder Products

Compound 8

To a solution of compound (£)-3aa (100.0 mg, 0.39 mmol, dr >20:1) in CH,Cl; (8.0 mL) were
added pyrrolidine (94.4 pL, 1.16 mmol) and NaBH(OAc); (243.7 mg, 1.16 mmol) at room
temperature (24 °C), and the mixture was stirred at the same temperature for 36 h (consumption
of the starting material was analyzed by TLC). To the mixture was added aqueous NaOH (1 N,
2.0 mL), and the mixture was extracted with CH,Cl, (x 3). Organic layers were combined,
washed with brine, dried over Na,SOs, filtered, concentrated, and purified by silica gel flash
column chromatography (hexane/EtOAc = 1:1) gave 8 (92.1 mg, 76%).

Colorless solid. 'H NMR (400 MHz, CDCl;): & 8.19-7.85 (m, 2H),
7.22 (dt, J= 0.8 Hz, 7.6 Hz, 1H), 7.00 (t, J= 7.6 Hz, 1H), 6.85 (d, J =
7.6 Hz, 1H), 4.37-4.19 (m, 1H), 3.13-2.27 (m, 5H), 2.25-2.13 (m, 1H),
2.13-1.64 (m, 7H), 1.64-1.48 (m, 1H), 1.48-1.13 (m, 3H), 0.83 (t, J =
7.2 Hz, 3H) ppm; >C NMR (100 MHz, CDCls):  178.2, 140.2, 131.3,
129.1, 126.9, 122.6, 110.0, 77.2, 68.9, 56.6, 52.0, 38.1, 34.8, 33.1,
23.5, 18.6, 13.9. ESI-HRMS: caled for CjoH»N,O, ([M+H])
315.2067, found 315.2048.

Compound 9

A mixture of (+)-3aa (51.8 mg, 0.2 mmol, dr >20:1), K,CO; (41.4 mg, 0.3 mmol), and
hydroxylamine hydrochloride (41.9 mg, 0.6 mmol) in CH,Cl, (2.0 mL) was stirred at room
temperature (24°C) for 2 h. The mixture was diluted with CH,Cl,, washed with water and brine,
dried over Na,SO,, filtered, concentrated, and purified by silica gel flash column
chromatography (hexane/EtOAc = 2:1) to give 9 (32.0 mg, 58%, E/Z mixture).

Colorless solid. '"H NMR (400 MHz, CDCls): & 8.32 (s, 1H x 1.0/2.7),
8.30 (s, IHx 1.7/2.7),7.37 (d, J= 7.6 Hz, 1H x 1.7/2.7), 7.30-7.26 (m,
IH + 1H x 1.0/2.7), 7.03-6.98 (m, 1H), 6.91 (d, J = 7.6 Hz, 1H), 4.20-
4.00 (m, 1H), 3.48 (dd, J=14.0 Hz, 1.2 Hz, 1H x 1.0/1.7), 3.33 (dd, J =
14.0 Hz, 1.6 Hz, 1H x 1.7/2.7), 2.91 (d, J = 14.0 Hz, 1H x 1.0/2.7),
2.641-2.55 (m, 2H x 1.7/2.7), 2.11-2.04 (m, 1H x 1.0/2.7), 1.75-1.60 (m,
1H), 1.60-1.55 (m, 1H), 1.55-1.20 (m, 2H), 0.83 (t, J = 7.2 Hz, 3H x
1.0/2.7), 0.82 (t, J=7.2 Hz, 3H x 1.7/2.7). *C NMR (100 MHz, CDCLs): & 175.7, 175.6, 154.4,
154.2, 140.4, 140.3, 130.0, 129.9, 129.1, 128.7, 126.1, 125.4, 122.7, 122.6, 110.7, 78.1, 77.2,
72.9, 71.2, 38.3, 38.1, 37.2, 36.1, 30.8, 29.6, 18.4, 18.3, 13.8. ESI-HRMS: calcd for
Ci5HoN,O3 ([M+H]") 275.1390, found 275.1394.

Compound 10
A mixture of (£)-3aa (59.0 mg, 0.23 mmol) and O-benzylhydroxylamine (26.8 pL, 0.23 mmol)
in MeOH (2.3 mL) was stirred under reflux for 2 h. The mixture was concentrated and purified
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by flash column chromatography (hexane/EtOAc = 2:1) to give 10 (79.6 mg, 95 %, E/Z
mixture).

Colorless oil. 'H NMR (400 MHz, CDCl5): & 8.76-8.63 (m, 1H),
7.40-6.75 (m, 9H), 5.07 (s, 2H x 1.3/2.3), 4.97 (s, 2H x 1/2.3),
4.09-3.98 (m, 1H x 1/2.3), 3.97-3.84 (m, 1H x 1.3/2.3), 3.45-
3.33 (m, 1H x 1.3/2.3), 3.29-3.18 (m, 1H x 1/2.3), 2.80 (d, J =
13.9 Hz, 1H x 1.3/2.3), 2.61-2.45 (m, 2H x 1/2.3), 2.33-2.20 (m,
1H), 1.99 (dd, J=14.6 Hz, 11.7 Hz, 1H x 1.3/2.3), 1.65-1.51 (m,
1H), 1.50-1.36 (m, 1H), 1.36-1.09 (m, 3H), 0.80-0.69 (m, 3H).
BC NMR (100 MHz, CDCl3): 8 176.0, 153.6, 153.4, 140.44, 140.42, 138.2, 137.9, 129.8, 129.7,
129.1, 128.6, 128.4, 128.3, 128.2, 128.0, 127.8, 127.7, 126.1, 125.4, 122.5, 122.4, 110.74,
110.68, 78.2, 77.2, 75.7, 75.5, 72.9, 71.2, 38.2, 38.1, 37.2, 36.2, 31.7, 30.5, 18.3, 18.2, 13.78,
13.77. ESI-HRMS: caled for C,HasN,Os3 ([M+H]") 365.1860, found 365.1849.

(2’S,6°R)-10. A mixture of (2°S,6’R)-3aa (36.8 mg, 0.14 mmol, single diastereomer, >99.5%
ee) and O-benzylhydroxylamine (16.7 pL, 0.14 mmol) in MeOH (1.4 mL) was stirred at room
temperature (24 °C) for 48 h. The mixture was concentrated and purified by flash column
chromatography (hexane/EtOAc = 2:1) to give 10 (49.0 mg, 95 %, >99.5% ee, E/Z mixture).
HPLC (Daicel Chiralpak AS, hexane/i-PrOH = 85/15, 0.5 mL/min, A = 254 nm): tx (major
enantiomers, (2°S,6’R)-10, E/Z mixture) = 51.6 min and 70.7 min, fgx (minor enantiomers,
(2’R,6°5)-10, E/Z mixture) = 25.6 min and 32.0 min.

Compound 13

To a mixture of (+)-3ac (247.5 mg, 0.73 mmol, dr > 20:1) and K,COs3 (121.6 mg, 0.88 mmol) in
DMSO (4.0 mL) was added Mel (162.0 pL, 1.46 mmol) at room temperature (24 °C), and the
mixture was stirred at the same temperature for 4 h. To the mixture was added water, and the
mixture was extracted with EtOAc (x3). Organic layers were combined, washed with water and
brine, dried over Na,SQO,, filtered, concentrated, and purified by silica gel flash column
chromatography (hexane/EtOAc = 2:1) to give 13 (198.0 mg, 77%).

Pale yellow solid. '"H NMR (400 MHz, CDCLs): & 7.24-7.18 (m, 2H), 6.77
(dd, J=17.2 Hz, 1.2 Hz, 1H), 4.77-4.71 (m, 1H), 3.67 (d, J = 16.8 Hz, 1H),
3.13 (s, 3H), 3.02 (dd, J=18.4 Hz, 12.0 Hz, 1H), 2.55 (dd, /= 18.4 Hz, 2.0
Hz, 1H), 2.27 (d, J = 16.8 Hz, 1H), 1.69-1.40 (m, 4H), 0.92 (t, J = 7.2 Hz,
3H). "“C NMR (100 MHz, CDCls): & 205.9, 175.7, 145.2, 131.5, 127.6,
127.2, 119.5, 107.8, 78.6, 72.4, 45.8, 40.7, 37.8, 26.4, 18.2, 14.1. ESI-
HRMS: caled for C14H;oBrNO; ([M+H]") 352.0543, found 352.0551.

Compound 11 was synthesized from (£)-3aa (1.16 mmol) by the method
used for the synthesis of compound 13.

243.5 mg (77%). Pale yellow solid. 'H NMR (400 MHz, CDCls): & 7.37
(dt, J=1.2 Hz, 7.8 Hz, 1H), 7.19 (d, J = 7.6 Hz, 1H), 7.04 (dt, J = 0.8 Hz,
7.6 Hz, 1H), 6.89 (d, J = 7.8 Hz, 1H), 4.34-4.29 (m, 1H), 3.23 (s, 3H), 3.10
(d, J=14.4 Hz, 1H), 2.70-2.58 (m, 2H), 2.36 (dd, J = 14.4 Hz, 1.2 Hz, 1H),
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1.77-1.67 (m, 1H), 1.59-1.50 (m, 1H), 1.42-1.26 (m, 2H), 0.83 (t, J = 7.6 Hz, 3H). *C NMR
(100 MHz, CDCls): & 205.7, 173.3, 143.4, 130.3, 128.0, 125.0, 122.7, 109.0, 78.4, 73.1, 47.6,
45.6, 38.3, 26.5, 18.2, 13.8. ESI-HRMS: caled for CisHaoNOs ([M+H]") 274.1443, found
274.1444.

Compound 12

To a mixture of (x)-3aa (100.0 mg, 0.385 mmol, dr >20:1) and K,CO3(79.8 mg, 0.58 mmol,) in
DMF (3.0 mL) was added benzyl chloride (66.5 pL, 0.58 mmol) at room temperature (24 °C),
and the resulting mixture was stirred at the same temperature for 16 h. To the mixture was
added water, and the mixture was extracted with EtOAc (x3). Organic layers were combined,
washed with water and brine, dried over Na,SOy, filtered, concentrated, and purified by silica
gel flash column chromatography (hexane/EtOAc = 3:1) to give 12 (94.1 mg, 70 %).

Colorless oil. '"H NMR (400 MHz, CDCl;): 8 7.31-7.06 (m, 7H), 6.91 (t, J = 7.6 Hz, 1H), 6.66
(d, /=8.0 Hz, 1H), 4.88 (d, /= 15.8 Hz, 1H), 4.79 (d, /= 15.8 Hz, 1H),
4.31-4.21 (m, 1H), 3.08 (d, J = 14.4 Hz, 1H), 2.66-2.49 (m, 2H), 2.35
(dd, J=14.4, 1.2 Hz, 1H), 1.73-1.60 (m, 1H), 1.55-1.40 (m, 1H), 1.40-
1.11 (m, 2H), 0.76 (t, J = 7.2 Hz, 3H). *C NMR (100 MHz, CDCL;): &
205.5, 173.4, 142.4, 135.0, 130.1, 128.8, 128.0, 127.7, 127.0, 125.0,
122.6, 110.0, 78.4, 73.0, 47.6, 45.5, 43.8, 38.2, 18.2, 13.7. ESI-HRMS:
caled for C2,H»4NOs3 ([M+H]") 350.1751, found 350.1732.

Ph

Compound 14

To a mixture of (+)-3ac (16.9 mg, 0.05 mmol, dr >20:1), methyl vinyl ketone (20.8 pL, 0.25
mmol) in CH,Cl, (0.5 mL) was added PPh; (2.6 mg, 0.01 mmol) at room temperature (24 °C),
and the resulting mixture was stirred at the same temperature for 120 h. The mixture was
purified by silica gel flash column chromatography (hexane/EtOAc = 2:1) to give 14 (20.0 mg,
98%).

Colorless oil. "HNMR (400 MHz, CDCls): & 7.24-7.17 (m, 2H), 6.90 (dd
J=17.2Hz, 1.6 Hz, 1H), 4.77-4.71 (m, 1H), 3.87 (dt, J = 3.2 Hz, 6.8 Hz,
2H), 3.66 (d, J = 16.8 Hz, 1H), 2.99 (dd, J = 18.4, 12.4 Hz, 1H), 2.83 (dt,
J=3.2 Hz, 6.8 Hz, 2H), 2.55 (dd, J = 18.0 Hz, 2.0 Hz, 1H), 2.24 (d, J =
16.8 Hz, 1H), 2.17 (s, 3H), 1.70-1.40 (m, 4H), 0.93 (t, J = 7.2 Hz, 3H).
C NMR (100 MHz, CDCls): & 206.0, 205.9, 176.0, 144.1, 131.5, 127.6,
127.3, 119.6, 108.3, 78.4, 72.4, 45.8, 40.7, 40.6, 37.7, 35.1, 30.2, 18.2,
14.1. ESI-HRMS: calcd for CjoHp;BrNO, ([M+H]) 408.0805, found
408.0814.

2

Compound 15

To a mixture of (£)-3ac (16.9 mg, 0.05 mmol, dr >20:1), cyclohexenone (97.0 uL, 0.25 mmol)
in CH,Cl, (0.5 mL) was added DBU (2.6 mg, 0.01 mmol) at room temperature (24 °C), and the
resulting mixture was stirred at the same temperature for 22 h. The mixture was purified by
silica gel flash column chromatography (hexane/EtOAc = 2:1) to give 15 (12.7 mg, 58%, dr 1:1).
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Colorless oil. "H NMR (400 MHz, CDCls): § 7.27-7.17 (m, 2H), 6.85

(dd, J= 7.6 Hz, 0.4 Hz, 1H x 1/2), 6.84 (dd, J = 7.6 Hz, 0.4 Hz, 1H x

1/2), 4.76-4.73 (m, 1H), 4.13-4.10 (m, 1H), 3.67 (d, J = 16.8 Hz, 1H x

1/2), 3.66 (d, J = 16.8 Hz, 1H x 1/2), 3.33 (d, J = 16.8 Hz, 1H x 1/2),

3.31(d,J=16.8 Hz, 1H x 1/2), 3.00 (dd, J = 18.4 Hz, 2.0 Hz, 1H x 1/2),

2.62-2.32 (m, 5H), 2.24 (d, J= 16.8 Hz, 1H x 1/2), 2.23 (d,J = 16.8 Hz,

o 1H x 1/2), 2.19-2.10 (m, 1H), 2.04-1.92 (m, 1H), 1.73-1.25 (m, 5H),

0.941 (t, J = 7.2 Hz, 3H x 1/2), 0.936 (t, J = 7.2 Hz, 3H x 1/2). "C

NMR (100 MHz, CDCl3): & 207.5, 207.4, 205.8, 205.7, 176.2, 176.1, 143.7, 143.6, 131.4, 127.7,

127.4, 120.1, 108.1, 108.0, 78.4, 72.5, 52.0, 51.9, 45.6, 44.0, 43.9, 40.84, 40.78, 40.50, 40.46,

37.7,31.6, 27.52, 27.46, 22.33, 22.31, 18.2, 14.12, 14.06. ESI-HRMS: calcd for C,H,sBrNO,
(IM+H]") 434.0962, found 434.0962.

Compound 16
To a mixture of (+)-3ac (33.7 mg, 0.1 mmol, dr >20:1), EtsN (16.7 uL, 0.12 mmol) in CH,Cl,
(0.5 mL) was added p-toluenesulfonyl chloride (21.0 mg, 0.11 mmol) at room temperature
(24 °C), and the resulting mixture was stirred at the same temperature for 41 h. The mixture
was purified by silica gel flash column chromatography (hexane/EtOAc = 3:1) to give 16 (10.9
mg, 22%).
Colorless amorphous solid. 'H NMR (400 MHz, CDCls): & 7.94-7.90 (m,
3H), 7.38 (dd, /= 8.0 Hz, 0.4 Hz, 1H), 7.34 (d, /= 8.0 Hz, 2H), 7.28 (t, J =
8.0 Hz, 1H), 4.70-4.64 (m, 1H), 3.57 (d, J = 16.8 Hz, 1H), 2.95 (dd, J =
18.4 Hz, 12.4 Hz, 1H), 2.51 (dd, J = 18.4 Hz, 2.0 Hz, 1H), 2.44 (s, 3H),
2.16 (d, J = 16.8 Hz, 1H), 1.66-1.26 (m, 4H), 0.90 (t, J= 7.2 Hz, 3H). “C
Ts NMR (100 MHz, CDCls): 6 204.4, 174.1, 146.3, 140.3, 134.5, 131.9, 130.1,
129.7, 127.9, 126.7, 119.6, 113.2, 78.5, 72.8, 45.3, 40.8, 37.5, 21.8, 18.0,
14.1. ESI-HRMS: calcd for CH,3BrNOsS ([M+H]") 492.0475, found 492.0474.

Compound 17

To a solution of compound 11 (21.0 mg, 0.077 mmol) in CH,Cl, (1.5 mL) were added
benzylamine (25.1 pL, 0.23 mmol) and NaBH(OAc); (49.1 mg, 0.23 mmol) at room
temperature (24 °C), and the mixture was stirred at the same temperature for 24 h (consumption
of the starting material was analyzed by TLC). To the mixture was added aqueous NaOH (1 N,
0.5 mL), and the mixture was extracted with CH,Cl, (x 3). Organic layers were combined,
washed with brine, dried over Na,SOs, filtered, concentrated, and purified by silica gel flash
column chromatography (hexane/EtOAc = 1:1) gave 17 (20.7 mg, 74 % yield).

Colorless oil. "H NMR (400 MHz, CDCls): 6 8.20 (d, J = 7.2 Hz,
1H), 7.31-7.14 (m, 6H), 6.97 (dt, J= 0.8 Hz, 7.6 Hz, 1H), 6.72 (d, J
= 8.0 Hz, 1H), 4.32-4.20 (m, 1H), 3.67 (d, /= 12.4 Hz, 1H), 3.63 (d,
J=12.4 Hz, 1H), 3.47-3.39 (m, 1H), 3.09 (s, 3H), 2.20 (dd, J = 14.4,
4.8 Hz, 1H), 1.89-1.79 (m, 1H), 1.73 (m, 1H), 1.64 (m, 1H), 1.54-
1.39 (m, 1H), 1.36-1.07 (m, 3H), 0.73 (t, J= 7.2 Hz, 3H). C NMR
(100 MHz, CDCls): 6 176.2, 143.3, 139.6, 131.2, 129.0, 128.5,
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128.3,127.2, 122.4, 108.0, 77.2, 68.1, 51.8, 49.5, 38.0, 35.8, 33.1, 26.2, 18.4, 13.9. ESI-HRMS:
caled For Cp3HyoN,0, ([M+H]") 365.2224, found 365.2210.

Compound 18

Compound 18 was synthesized from compound 12 (0.26 mmol) by the method used for the

synthesis of compound 17.

Ph

24 h, 61.0 mg (54%). Colorless oil. 'H NMR (400 MHz, CDCls): &
8.21-8.06 (m, 1H), 7.37-7.13 (m, 11H), 7.08 (dt, J= 1.2 Hz, 7.6 Hz,
1H), 6.93 (dt, J= 0.8 Hz, 7.6 Hz, 1H), 6.59 (d, J = 7.6 Hz, 1H), 4.86
(d, J=15.6 Hz, 1H), 4.74 (d, J = 15.6 Hz, 1H), 4.39-4.20 (m, 1H),
3.70 (d, J = 12.8 Hz, 1H), 3.67 (d, J = 12.8 Hz, 1H), 3.58-3.44 (m,
1H), 2.26 (dd, J = 14.4 Hz, 4.8 Hz, 1H), 2.00-1.79 (m, 1H), 1.76-
1.64 (m, 1H), 1.60-1.45 (m, 1H), 1.40-1.10 (m, 4H), 0.75 (t, J=7.2
Hz, 3H). "“C NMR (100 MHz, CDCL): & 176.4, 142.4, 135.6,
131.2,129.0, 128.7, 128.6, 128.5, 127.5, 127.4, 127.1, 122.5, 109.1,

77.2, 68.5, 51.6, 49.3, 43.7, 38.0, 35.7, 33.3, 18.6, 13.9. ESI-HRMS: calcd for CaoH33N>0,
(IM+H)") 441.2542, found 441.2518.

Compound 19

Compound 19 was synthesized from compound 13 (0.29 mmol) by the method used for the

synthesis of compound 17.

24 h, 91.0 mg (70%). Colorless oil. 'H NMR (400 MHz, CDCl;): &
7.38 (d, J=7.2 Hz, 2H), 7.33 (t, J=7.2 Hz, 2H), 7.25 (t, J=7.2 Hz,
1H), 7.19 (dd, J= 7.6 Hz, 0.8 Hz, 1H), 7.12 (t, J = 7.6 Hz, 1H), 6.70
(dd, J = 7.6 Hz, 0.8 Hz, 1H), 4.24-4.11 (m, 1H), 3.89 (d, J = 13.6
Hz, 1H), 3.87 (d, J = 13.6 Hz, 2H), 3.48-3.33 (m, 1H), 3.12 (s, 3H),
2.91 (dd, J=15.6 Hz, 8.4 Hz, 1H), 2.30 (m, 1H), 2.11-1.97 (m, 1H),
1.88 (d, J = 15.6 Hz, 1H), 1.66-1.30 (m, 4H), 0.90 (t, J= 7.2 Hz,
3H). C NMR (100 MHz, CDCls): & 178.2, 144.6, 138.7, 130.8,

129.7, 128.5, 128.4, 127.6, 127.2, 119.0, 107.5, 79.1, 71.9, 50.3, 48.9, 38.4, 35.9, 29.8, 26.5,
18.4, 14.1. ESI-HRMS: calced for Cp3HagN,O,Br ([M+H]") 443.1329, found 443.1320.
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Minor Diastereomers NC

Channel 1
Chrom Type: HPLC Channel : 1,7 T
E / Major Diastereomers
5 20 ] o
g ] :
g 20 3 racemic
g 1
K] =
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No. RT Area Area %
1 0.49 94 0.004
2 8.27 616541 25.401
3 9.34 619494 25.522
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2427254 100.000
Channel 1
Chrom Type:iHPLC Channel : 1
sooé § 3ka major diastereomer
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B ] . .
d 400 ——> Major Diastereomers
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Retention Time (min)
No. RT Area Area %
1 9.27 12821020 90.587
2 12.25 1332188 9.413
14153208 100.000
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Intensity (mV)

Chrom Type: HPLC Channel : 1

Minor Diastereomers

Major Diastereomers

7 /]\ MeQO

©
i

racemic

RT Area Area % >
1 11.81 427783 3.784
2 13.21 494635 4.375
3 14.03 5365749 47.459
4 18.09 5017869 44 .382
11306036 100.000

Intensity (mV)
[ o ]
° o o

N
o

o

Chrom Type: HPLC Channel : 1

Major Diastereomers

e

3la major diastereomer

. . 41% ee
Minor Diastereomers °
R R R R I R R e R e R R R

RT Area Area %

1 11.79 157369 5.870
2 13.23 242267 9.037
3 14.01 1610261 60.065
4 18.08 670950 25.028
2680847 100.000
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Intensity (mV)

Intensity (mV)

Chrom Type:

Chromaster Channel

1

E o N PN
70 K e Ph
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3 ‘ (\ [ ¢ racemic, E/Z mixture
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Retention Time (min)
No RT Area Conc 1
1 25.613 3660102 23.372
2 31.993 4263810 27.227
3 51.600 4214978 26.915
4 70.763 3521407 22.486
15660297 100.000
Chrom Type: Chromaster Channel 1
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3 2t E/Z mixture
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15 3 | s
10 = } l
3 |
53 \ |
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Retention Time (min)
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2 70.670 2036456 38.019
5356416 100.000
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Current Data Parameters

OFNWVWHANINMOOATOVWANROOAATNMHNOATNONNWODN>NHWOMOLW N O L
ANNONFMNANAAO0WODOWOVMFHAIANMNOAOANODNDFHFHONANONOWOWLOLWLWNN O O NAME Oct03-2013
WU MMMMNMMMANNOOOOOONNHHEHEMAN-OO O OV WOMOMOMOWOWOWW LWL LW EXPNO 30
~~>>D>>D>DD>D>D>DD>DD>DDDDDDDDDDDDOVOODOOODMMAANANANANANANNNANNANANNANAN PROCNO B
%W% k\\ﬁ\%"ﬁ/" F2 - Acquisition Parameters
Date_ 20131003
Time 15.42
INSTRUM avance400
NC PROBHD 5 mm QNP 1H/13
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 16
DS 2
SWH 8250.825 Hz
FIDRES 0.1258%8 Hz
AQ 3.9715421 sec
RG 228.1
DW 60.600 usec
DE 6.00 usec
TE 296.9 K
D1 1.00000000 sec
MCREST 0 sec
. . MCWRK 0.01500000 sec
3ka (major diastereomer)
======== CHANNEL fl ========
NUC1 1H
Pl 15.00 usec
PL1 2.70 dB
SFO1 400.2324716 MHz

F2 - Processing parameters

SI 32768

SF 400.2300054 MHz
WDW EM
SSB 0

LB 0.30 Hz

GB 0
AJ | PC 1.00

L L B L B B L L L L L L L L B L L AL LN L L L B

9 6 5 4 3 2 1 ppm
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)‘__\ EEJE 'a g@ /‘85 5 )ﬁK )‘Tﬂ
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203.41

NC

3ka (major diastereomer)

174.72

—144.93
——140.59

123.02

NS
NG
TN118.41

__—112.10

T—111.22

L

78.95
77.31

<
~

77.00

76.68
73.92

—48.92
—44.97

CH,Cl,

Current Data Parameters

|
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|
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|
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|
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|
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NAME Oct04-2013
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date_ 20131005
Time 5.52
INSTRUM avance400
PROBHD 5 mm QNP 1H/13
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 12000
Ds 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631696 sec
RG 16384
DW 20.800 usec
DE 6.00 usec
TE 298.2 K
D1 2.00000000 sec
diil 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0 sec
MCWRK 0.01500000 sec
======== CHANNEL fl ========
NUC1 13¢C
Pl 10.00 usec
PL1 -2.00 dB
SFO1 100.6479773 MHz
======== CHANNEL f2 ========
CPDPRG [2 waltzle
NUC2 1H
PCPD2 80.00 usec
PL2 2.70 4B
PL12 17.10 dB
PL13 17.10 dB
SFO2 400.2316005 MHz
F2 - Processing parameters
SI 32768
SF 100.6379184 MHz
WDW EM
SSB 0
LB 1.00 Hz
l'eB 0

1.40
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Current Data Parameters

NAME Octl11-2013
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date_ 20131011
Time 18.18
INSTRUM avance4 00
PROBHD 5 mm QNP 1H/13
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 16
DS 2
SWH 8250.825 Hz
FIDRES 0.1258%8 Hz
AQ 3.9715421 sec
RG 256
DW 60.600 usec
DE 6.00 usec
TE 296.8 K
D1 1.00000000 sec
MCREST 0 sec
. . MCWRK 0.01500000 sec
3ka (minor diastereomer)
======== CHANNEL fl ========
NUC1 1H
Pl 15.00 usec
PL1 2.70 dB
SFO1 400.2324716 MHz
| F2 - Processing parameters
SI 32768
SF 400.2316251 MHz
WDW EM
i ) , S8B 0
{ LB 0.30 Hz
GB 0
A_J PC 1.00
L L L e L L B B B B B B
10 9 8 7 6 5 4 3 2 1 ppm
) L
{Fo o\\ﬁﬁﬂ rﬂ < I\k NK§
[=1=10=-2C-2k=-21- ] o oolo|Oo
ol ‘-"‘-' -|o - ==
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Current Data Parameters

o o~ Q O T H AN TORN O NAME Octl1-2013
) ~ D O AN N ~NO @ NONOOO®WLW EXPNO 20
- © W H NOCBYMma® Mo maewH nanuaged PROCNO 1
o o~ + MO NN A A D>~V Oy o) @ < @ O [~
[} — N A A A A A A A [ el o . . .,
F2 - Acquisition Parameters
AR N7 2
Time 12.45
INSTRUM avance400
PROBHD 5 mm QNP 1H/13
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 19000
N(: Ds 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631696 sec
RG 29193
) DW 20.800 usec
C) DE 6.00 usec
0] TE 297.9 K
. D1 2.00000000 gec
v dii 0.03000000 sec
C) DELTA 1.89999998 sec
N MCREST 0 sec
H MCWRK 0.01500000 gec
. ) ======== CHANNEL f1 ========
3ka (minor diastereomer) NUC1 13C
Pl 10.00 usec
PL1 -2.00 dB
SFO1 100.6479773 MHzZ
======== CHANNEL f2 ========
CPDPRG [2 waltzle
NUC2 1H
PCPD2 80.00 usec
PL2 2.70 dB
PL12 17.10 dB
PL13 17.10 dB
SFO2 400.2316005 MHz
F2 - Processing parameters
SI 32768
F 100.6383317 MHz
WDW EM
SSB 0
\ ' \ ‘ | ' | ' | ' \ \ ‘ | ‘ T ' | ' éB ) 1.00 Hz
200 180 160 140 120 100 80 60 40 20 ppmec 1.40
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Current Data Parameters

NAME Oct03-2013
EXPNO 50
PROCNO 1
F2 - Acquisition Parameters
Date_ 20131003
Time 17.28
INSTRUM avance4 00
PROBHD 5 mm QNP 1H/13
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 16
DS 2
SWH 8250.825 Hz
FIDRES 0.125898 Hz
AQ 3.9715421 sec
RG 256
DW 60.600 usec
DE 6.00 usec
TE 297.0 K
D1 1.00000000 sec
MCREST 0 sec
3la (major diastereomer) MCWRK 0.01500000 sec
======== CHANNEL f1l ========
NUC1 1H
Pl 15.00 usec
PL1 2.70 dB
SFO1 400.2324716 MHz
F2 - Processing parameters
SI 32768
SF 400.2300052 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
[
L L B e B B B B L L B L L B S S S IS
10 9 8 7 6 5 4 3 2 1 ppm
L |

©O Mo %@ [o2] o ;Ng U}

(<] o|o|0|o w o (= -103r=]

=) <=l - %) el
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o~ o~ <« M NoOo N oW
4] v 0 T AN DO O D
<+ s el O 400>~ AN FO
o ~ [Te] T OMmONNNN A
N — — A A A A A A A A

3la (major diastereomer)

76.68

78.73
77.32
77.00
74 .80

£
S

—55.32
—49.54
—45.11

CH,Cl,

Current Data Parameters

| [ { |
200 180 160 140 120
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NAME Oct03-2013
EXPNO 60
PROCNO 1
F2 - Acquisition Parameters
Date_ 20131004
Time 6.16
INSTRUM avance400
PROBHD 5 mm QNP 1H/13
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 13000
Ds 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631696 sec
RG 16384
DW 20.800 usec
DE 6.00 usec
TE 298.1 K
D1 2.00000000 sec
diil 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0 sec
MCWRK 0.01500000 sec
======== CHANNEL fl ========
NUC1 13¢C
Pl 10.00 usec
PL1 -2.00 dB
SFO1 100.6479773 MHz
======== CHANNEL f2 ========
CPDPRG [2 waltzle
NUC2 1H
PCPD2 80.00 usec
PL2 2.70 4B
PL12 17.10 dB
PL13 17.10 dB
SFO2 400.2316005 MHz
F2 - Processing parameters
SI 32768
SF 100.6379149 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0

1.40
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NAME
EXPNO
PROCNO

Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

N i

H MCREST
MCWRK

3la (minor diastereomer)

ST
Lyl SF
WDW
SSB
LB

GB
LL "
L]

10

ppm

\ e
/-
/

1.00
3.07
1.01
1.02\
1.02
1.02

>=
N
/

8 7
e S
CERERR
== N |M

Current Data Parameters

Aug08-2013
10
1

20130808
12.48
avance400
5 mm QNP 1H/13
zg30
65536
CDC13
16
2
8250.825
0.125898
3.9715421
456.1
60.600
6.00
297.8
1.00000000

0 sec
0.01500000

2.70
400.2324716

32768
400.2300054
EM

0.30

1.00

F2 - Acquisition Parameters

usec
dB
MHz

F2 - Processing parameters

MHz

Hz
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Current Data Parameters

3 2 2 2$R8R25 €3 Ssgan 8 o NAME Aug08-2013
. . . . . HMmOo WM [ I Ts) EXPNO 20
= = 3 683838 22 @ o 6w @ PROCNO 1
N — — A A A A A —~ o~~~ 's} A
’ ’ ‘ \\\/// ‘ ‘ \\V/ ’ \ ‘ F2 - Acquisition Parameters
Date_ 20130809
Time 7.39
INSTRUM avance400
PROBHD 5 mm QNP 1H/13
PULPROG zgpg30
TD 65536
MeQO SOLVENT cDCl3
NS 13000
Ds 4
SWH 24038.461 Hz
, FIDRES 0.366798 Hz
AQ 1.3631696 sec
RG 5160.6
O DW 20.800 usec
DE 6.00 usec
e TE 298.4 K
D1 2.00000000 gec
diil 0.03000000 sec
N DELTA 1.89999998 sec
H MCREST 0 sec
MCWRK 0.01500000 gec
3la (minor diastereomer) ======== CHANNEL fl ========
NUC1 13¢C
Pl 10.00 usec
PL1 -2.00 dB
SFO1 100.6479773 MHzZ
======== CHANNEL f2 ========
CPDPRG [2 waltzlé
NUC2 1H
PCPD2 80.00 usec
PL2 2.70 dB
PL12 17.10 dB
PL13 17.10 dB
SFO2 400.2316005 MHz
F2 - Processing parameters
SI 32768
SF 100.6379140 MHz
WDW EM
SSB 0
LB 1.00 Hz
I [ | I ' | ' I | ! I ' I I [ GB 0
200 180 160 140 120 100 80 60 40 20 ppmec 1.40
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7.146
7.126
6.855
6.853
6.836
6.834
5.853
5.827
5.811
5.785
5.058
5.054
5.050
5.045
5.015
5.011
5.007
5.003
4.982
4.979
4.975
4.957
4.954
4.950
4.947
4.781
4.767
4.763
4.750
3.680
3.638
3.017
2.986
2.971
2.940
2.600
2.595
2.554
2.549
2.390
2.348
2.259

Current Data Parameters

PROCNO 1
F2 - Acquisition Parameters
Date_ 20120903
Time 21.12
INSTRUM avance400
PROBHD 5 mm QNP 1H/13
/ PULPROG 2g30
TD 65536
SOLVENT CDC13
NS 16
DS 2
SWH 8250.825 Hz
FIDRES 0.125898 Hz
AQ 3.9715922 sec
RG 203.2
DW 60.600 usec
DE 6.00 usec
TE 296.8 K
D1 1.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
======== CHANNEL fl ========
NUC1 1H
P1 15.00 usec
PL1 2.70 dB
SFO1 400.2324716 MHz
F2 - Processing parameters
/ SI 32768
SF 400.2300034 MHz
/ WDW EM
SSB 0
LB 0.30 Hz
GB 0
I PC 1.00

10 9 8 6 5 4 3 2 1 ppm

\ \ .
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205.92

—
e8]
~
~
—

142.30

137.84

——131.57
__—127.98

TT——127.25

119.58

115.08

109.95

100.00

45.76

40.70

34.79

180

140

120

100

80

40

Current Data Parameters

NAME 03092012-Cui
EXPNO 19
PROCNO 1

F2 - Acquisition Parameters

Date_ 20120903
Time 21.25
INSTRUM avance400
PROBHD 5 mm QNP 1H/13
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 64
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3632196 sec
RG 50.8
DW 20.800 usec
DE 6.00 usec
TE 297.4 K
D1 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
======== CHANNEL fl ========
NUC1 13C
Pl 10.00 usec
PL1 -2.00 dB
SFO1 100.6479773 MHz
======== CHANNEL f2 ========
CPDPRG2 waltzlé
NUC2 1H
PCPD2 80.00 usec
PL2 2.70 dB
PL12 17.10 dB
PL13 17.10 dB
SFO2 400.2316009 MHz
F2 - Processing parameters
SI 32768
SF 100.6379140 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

S23



Current Data Parameters

18032014-CHEL

30

PROCNO 1
F2 - Acquisition Parameters
Date_ 20140318
Time 15.08
INSTRUM spect

Cl PROBHED 5 mm PABBO BB/
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 62.88
DwW 62.400 usec
DE 6.50 usec
TE 298.4 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324710 MHz
NUC1 1H
Pl 15.00 usec
PLW1 8.00000000 W
F2 - Processing parameters
SI 65536
SF 400.1300084 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00

A

10 9 8 7 6 5 4 3 2 1 0 ppm
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Current Data Parameters
NAME 18032014-CHL
EXPNO 31
PROCNO 1
F2 - Acquisition Parameters
Date_ 20140318
Time 16.17
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
Cl TD 65536
SOLVENT CDC13
NS 1024
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 195.88
DW 20.800 usec
DE 6.50 usec
TE 299.7 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL f1 ========
SFO1 100.6228293 MHz
NUC1 13C
Pl 10.00 usec
PLW1 70.00000000 W
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 80.00 usec
PLW2 8.00000000 W
PLW12 0.28125000 W
PLW13 0.28125000 W
F2 - Processing parameters
SI 32768
SF 100.6127690 MHz
WDW EM
SSB 0
-, ” ' e y Ay ety LB 1.00 Hz
GB 0
PC 1.40
I ! I ' I ! I ! I ! I ! I ! I ! I ' I ! I !
200 180 160 140 120 100 80 60 40 20 0 ppm
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05022013-Cui

e 97y AN Y

PROCNO 1
F2 - Acquisition Parameters
Date_ 20130205
Time 18.18
INSTRUM avance400
PROBHD 5 mm QNP 1H/13
PULPROG zg30
TD 65536
SOLVENT DMSO
NS 16
DS 2
SWH 8250.825 Hz
FIDRES 0.125898 Hz
AQ 3.9715922 sec
RG 161.3
DW 60.600 usec
DE 6.00 usec
TE 296.5 K
3ic D1 1.00000000 sec
] MCREST 0.00000000 sec
MCWRK 0.01500000 sec
======== CHANNEL fl ========
NUC1 1H
P1 15.00 usec
PL1 2.70 dB
SFO1 400.2324716 MHz
F2 - Processing parameters
SI 32768
SF 400.2299988 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
AJU PC 1.00
N R T U D R I
10 9 8 7 6 5 4 3 2 1 ppm
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Current Data Parameters
NAME 05022013-Cui
EXPNO 21
PROCNO 1
F2 - Acquisition Parameters
Date_ 20130205
Time 18.55
INSTRUM avance400
PROBHD 5 mm QNP 1H/13
PULPROG zgpg30
D 65536
SOLVENT DMSO
NS 300
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3632196 sec
RG 2580.3
DW 20.800 usec
DE 6.00 usec
TE 297.4 K
D1 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
======== CHANNEL fl ========
NUC1 13C
Pl 10.00 usec
PL1 -2.00 dB
SFO1 100.6479773 MHz
== CHANNEL f2 ===
CPDPRG2 waltzlé
NUC2 1H
PCPD2 80.00 usec
PL2 2.70 dB
PL12 17.10 dB
PL13 17.10 dB
SFO02 400.2316009 MHz
F2 - Processing parameters
SI 32768
SF 100.6379643 MHz
WDW EM
SSB 0
' LB 1.00 Hz
GB 0
PC 1.40
| ‘ — \ ' — \ — ‘ | — ‘ | S— ' \ S27
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15022013-Cui

EXPNO 20
PROCNO 1
F2 - Acquisition Parameters
Date 20130215
Time 14.03
INSTRUM avance400
PROBHD 5 mm QNP 1H/13
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 16
DS 2
SWH 8250.825 Hz
FIDRES 0.125898 Hz
AQ 3.9715421 sec
RG 287.4
DW 60.600 usec
DE 6.00 usec
TE 296.4 K
D1 1.00000000 sec
MCREST 0 sec
MCWRK 0.01500000 sec
======== CHANNEL fl ========
NUC1 1H
Pl 15.00 usec
PL1 2.70 dB
SFol 400.2324716 MHz
F2 - Processing parameters
ST 32768
SF 400.2300015 MHz
WDW EM
SSB 0
LB 0.30 Hz
/ GB 0
j{\ pC 1.00
Yy
S L L L I R B
10 9 8 7 6 5 4 3 2 1 ppm
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Current Data Parameters
NAME 15022013-Ccui
EXPNO 35
PROCNO 1
F2 - Acquisition Parameters
Date_ 20130216
Time 18.06
INSTRUM avance400
PROBHD 5 mm QNP 1H/13
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 300
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631696 sec
RG 143.7
DW 20.800 usec
DE 6.00 usec
TE 297.2 K
D1 2.00000000 sec
dil 0.03000000 sec
3mc DELTA 1.89999998 sec
MCREST 0 sec
MCWRK 0.01500000 sec
======== CHANNEL fl ========
NUC1 13C
Pl 10.00 usec
PL1 -2.00 dB
SFO1 100.6479773 MHz
======== CHANNEL f2 ========
CPDPRG[2 waltzle
NUC2 1H
PCPD2 80.00 usec
PL2 2.70 dB
PL12 17.10 dB
PL13 17.10 dB
SFO2 400.2316009 MHz
F2 - Processing parameters
SI 32768
SF 100.6379140 MHz
WDW EM
SSB 0
' 1 ' | ' | ' | ' | ' | ' T ' | ' | ' | ' | ' E . 1.00 Hz
3. U
200 180 160 140 120 100 80 60 40 20 0 ppm = 549 40
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Current Data Parameters
NAME
EXPNO
PROCNO 1

12022013-Cui
11

F2 - Acquisition Parameters

Date_ 20130212
Time 12.03
INSTRUM avance400
PROBHD 5 mm QNP 1H/13
PULPROG zg30
TD 65536
\ SOLVENT CDC13
NS 16
0] DS 2
Br SWH 8250.825 Hz
HO FIDRES 0.125898 Hz
AQ 3.9715922 sec
RG 101.6
(@) DW 60.600 usec
N DE 6.00 usec
H TE 293.7 K
D1 1.00000000 sec
MCREST 0.00000000 sec
4c MCWRK 0.01500000 sec
[
======== CHANNEL fl ========
/ NUC1 1H
I Pl 15.00 usec
PL1 2.70 dB
SFO1 400.2324716 MHz
F2 - Processing parameters
f ( [ SI 32768
{ SF 400.2300015 MHz
WDW EM
| SSB 0
( LB 0.30 Hz
GB 0
‘L HM PC 1.00
I L N B
10 9 8 7 6 5 4 3 2 1 ppm
1 (0’ < Q - Y o o - <
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Current Data Parameters
NAME 12022013-Cui
EXPNO 12
PROCNO 1
F2 - Acquisition Parameters
Date_ 20130212
Time 12.43
INSTRUM avance400
PROBHD 5 mm QNP 1H/13
PULPROG zgpg30
D 65536
SOLVENT CDC13
NS 300
\ DS 2
o) SWH 24038.461 Hz
B FIDRES 0.366798 Hz
r AQ 1.3632196 sec
HQ, RG 161.3
DW 20.800 usec
DE 6.00 usec
(0] TE 295.0 K
N D1 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
4c MCWRK 0.01500000 sec
======== CHANNEL fl ========
NUC1 13C
Pl 10.00 usec
PL1 -2.00 dB
SFO1 100.6479773 MHz
======== CHANNEL f2 ========
CPDPRG2 waltzlé
NUC2 1H
PCPD2 80.00 usec
PL2 2.70 dB
PL12 17.10 dB
PL13 17.10 dB
SFO2 400.2316009 MHz
F2 - Processing parameters
SI 32768
SF 100.6379140 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
\ ' \ ' | ' | ' | ' { ' { ' \ ' \ ' | ' | S31

200 180 160 140 120 100 80 60 40 20 ppm



8.064
7.260
7.236
7.234
7.217
7.215
7.198
7.196
7.022
7.004
6.985
6.862

W NAME

6.842
4.286
2.203
2.193
2.168
2.158
1.838

1.586
1.573
1.567
1.561
1.542
1.411
1.397
1.386
1.379
1.366
1.354
1.349
1.344
1.336
1.331
1.325
1.312
1.306
1.296
1.288
1.281
1.263
0.852
0.834
0.816

Current Data Parameters
YF-14-1210-52

\

EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date_ 20141210
Time 17.29
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 62.88
DW 62.400 usec
DE 6.50 usec
TE 298.5 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFOl 400.1324710 MHz
NUC1 1H

8 Pl 15.00 usec
PLWL 8.00000000 w
F2 - Processing parameters
SI 65536
SF 400.1300098 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00

< Lad Bood el
* hr! b
- =l

ppm

OIM|O || (=
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1.00
4.63
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= LA S e 8 55 R NAME YF-14-1216-52
EXPNO 10
VT VAR . !
F2 - Acquisition Parameters
Date 20141217
Time 8.02
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 12000
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 195.88
DW 20.800 usec
DE 6.50 usec
TE 299.4 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
SFO1 100.62282593 MH
NUC1 13C
8 Pl 10.00 usec
PLW1 70.00000000 W
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzleée
PCPD2 80.00 usec
PLW2 8.00000000 W
PLW12 0.28125000 W
PLW13 0.28125000 w
F2 - Processing parameters
ST 32768
SF 100.6127714 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
| ! )i Jh
T T T T T N T T T T T T T N T N T T T
180 160 140 120 100 80 60 40 20 ppm
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8.316
8.296
7.375
7.357
7.303
7.300
7.283
7.280
7.278
7.275
7.261
7.026
7.023
7.006
7.004
6.987
6.985
6.922
6.903
3.346
3.342
3.311
3.307
2.926
2.891
2.602
2.592
2.556
2.407
2.393
2.390
2.377
2.373
2.358
2.356
1.546
1.522
0.851
0.839
0.833
0.820
0.815
0.802
-0.000

Current Data Parameters

PROCNO

[

F2 - Acquisition Parameters

Date 20140401
Time 16.30
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
D 65536
NOH SOLVENT cDC13
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 77.81
DW 62.400 usec
DE 6.50 usec
TE 298.5 K
9 D1 1.00000000 sec
TDO 1
======== CHANNEL f1 ========
SFO1 400.1324710 MHz
NUC1 1H
P1 15.00 usec
PLW1 8.00000000 W
F2 - Processing parameters
SI 65536
SF 400.1300093 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
i e o L L B e o R E o i e
10 9 8 7 6 5 4 3 2 1 ppm
P . ) ) ) )
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Current Data Parameters
NAME 01042014-CHL
EXPNO 12
PROCNO 1
F2 - Acquisition Parameters
Date_ 20140402
Time 3.23
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
NOH TD 65536
SOLVENT CDC13
NS 10000
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 195.88
DW 20.800 usec
9 DE 6.50 usec
TE 299.8 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFOl 100.6228293 MHz
NUC1 13C
Pl 10.00 usec
PLW1 70.00000000 W
======== CHANNEL £f2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 80.00 usec
PLW2 8.00000000 w
PLW12 0.28125000 w
PLW13 0.28125000 W
F2 - Processing parameters
SI 32768
SF 100.6127681 MHz
A MDW EM
SSB 0
LB 1.00 Hz
GB 0

T I T | T I T | T I T | T I T T T | T I T PC 1.40

180 160 140 120 100 80 60 40 20 0 ppm S35
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Current Data Parameters

NAME YF-14-1211-54-64
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date 20141211
Time 11.37
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 31.13
Dw 62.400 usec
DE 6.50 usec
TE 298.5 K
D1 1.00000000 sec
TDO 1
== CHANNEL f1l =
400.1324710 MHz
1H
15.00 usec
8.00000000 W
F2 - Processing parameters
ST 65536
SF 400.1300400 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00

S36



122.46
122.38
110.74
110.68
78.25
77.22

75.66
75.50
72.88
13.78
13.77

71.17
18.34
18.21

NAME
EXPNO
PROCNO

—175.97

/
%
k

Date_
Time
INSTRUM
PROBHD
PULPROG

N TD

=N, SOLVENT
0] o\ NS

\ Ph DS
W SWH

(@) FIDRES

AQ
RG
DW
DE

Iz

CPDPRG[2
PCPD2
PLW2
PLW12
PLW13

SI
SF
WDW
SSB

| il H i

200 180 160 140 120 100 80 60 40 20 ppm

Current Data Parameters

YF-14-1211-54-64
11
1

F2 - Acquisition Parameters

20141211
13.50
spect

5 mm PABBO BB/
2gpg30
65536
CDC13
2048
4
24038.461 Hz
0.366798 Hz
1.3631488 sec
195.88
20.800 usec
6.50 usec
299.5 K
2.00000000 sec
0.03000000 sec

1
CHANNEL fl1 ========
100.6228293 MHz
13C
10.00 usec
70.00000000 W
CHANNEL f2 ========
400.1316005 MHz
1H
waltzleé
80.00 usec

8.00000000 W
0.28125000 w
0.28125000 w

F2 - Processing parameters

32768
100.6127728 MHz
EM
1.00 Hz

1.40

S37



Current Data Parameters

NAME 21092012-Cui
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date_ 20120921
Time 17.58
INSTRUM avance400
PROBHD 5 mm QNP 1H/13
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 16
DS 2
SWH 8250.825 Hz
FIDRES 0.125898 Hz
AQ 3.9715922 sec
RG 80.6
DW 60.600 usec
DE 6.00 usec
TE 296.1 K
D1 1.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
" ======== CHANNEL fl ========
NUC1 1H
Pl 15.00 usec
PL1 2.70 dB
SFO1 400.2324716 MHz
. /[ F2 - Processing parameters
32768
( 400.2299958 MHz
EM
[ 0
| 0.30 Hz
ng 0
1.00
S A L B
10 9 8 7 6 5 4 3 2 1 ppm
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o(||n [ee] o N|[o || [<2]
323 (c». 58 &ls B3 & s38
Al (=1 =] o Ao AN || N



~ wn [oo} @ 0 M O <
(o] N ™ N OO W o N O 0 WO O o 0 — (o)} ~on
. . e e . T Mo~ O O n ™ < — o~
[Te) ™ ™ o~ "N o C e e . .. . .
o ~ < M ANANAN o O~~~ OwmMm ~ v @ o W ™
N — — — — [ o e o =+ < ™ N — -
Current Data Parameters
NAME 21092012-Cui
EXPNO 11
PROCNO 1
F2 - Acquisition Parameters
Date_ 20120921
Time 18.14
INSTRUM avance400
PROBHD 5 mm QNP 1H/13
PULPROG zgpg30
D 65536
SOLVENT CDC13
NS 100
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3632196 sec
RG 128
DW 20.800 usec
DE 6.00 usec
TE 296.8 K
D1 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
11 —==————= CHANNEL f1 ==
NUC1 13C
Pl 10.00 usec
PL1 -2.00 dB
SFO1 100.6479773 MHz
======== CHANNEL f2 ========
CPDPRG2 waltzle
NUC2 1H
PCPD2 80.00 usec
PL2 2.70 dB
PL12 17.10 dB
PL13 17.10 dB
SFO2 400.2316009 MHz
F2 - Processing parameters
SI 32768
SF 100.6379140 MHz
WDW EM
. " b W o . pre g . = » SSB 0
LB 1.00 Hz
GB 0
PC 1.40
' I ' \ ' T | | ' | ’ \ ' \ ' | ‘ | S39

180 160 140 120 100 80 60 40 20 ppm



7.246
7.226
7.219
7.211
7.189
7.180
7.171
7.157
7.154
7.137
7.135
7.119
7.102
6.924
6.905
6.887
6.667
6.647
4.897
4.858
4.808
4.768
4.260
4.247
3.094
3.058
2.602
2.575
2.563
2.559
2.555
2.552
2.372
2.369
2.337
2.333
—~1.484
1.265
1.247
1.231
1.179
0.774
0.756
0.738

NAME
EXPNO
PROCNO

B e Y NN N 7

§

YF-14-1212

Current Data Parameters

-58
10
1

F2 - Acquisition Parameters

Date
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

DE

SI
SF
WDW
5SB
LB
GB
PC

- o

-

M L i B L B B L B B L L BN S ) B L B

10 9 8 7 6 5 4 3 2 1 ppm

~ ol —|o|a )
b < =[=
o

4

0
1.01

1
1.00
2.8

~lle o

20141

9

sp

5 mm PABBO
b4

65

CD

8012.
0.122
4.0894
22

62.

6

29
1.00000

CHANNEL f1
400.1324

15

212
.44
ect
BB/
g30
536
C13
16
2
820
266
465
.45
400
.50
8.4
000
1

710
1H
.00

usec

8.00000000 W

F2 - Processing parameters

65536
400.1300416 MHz
EM
0
0.30 Hz
0
1.00

S40
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| | \ \\\V/// | \W/ \‘/ | | | Current Data Parameters
NAME YF-14-1212-58
EXPNO 11
PROCNO 1
F2 - Acquisition Parameters
Date 20141212
Time 11.16
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 1536
Ds 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 195.88
DwW 20.800 usec
DE 6.50 usec
TE 299.5 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL f] ========
SFO1 100.6228293 MHz
NUC1 13C
Pl 10.00 usec
PLW1 70.00000000 W

= CHANNEL f2
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzle
PCPD2 80.00 usec
PLW2 8.00000000 W
PLW12 0.28125000 W
PLW13 0.28125000 W
F2 - Processing parameters
SI 32768
SF 100.6127794 MHz
WDW
SSB 0
) AL L " 1 LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T T I T I T T
200 180 160 140 120 100 80 60 40 20 ppm

S41



7.213
7.196
7.175
6.776
6.773
6.759
6.755
4.774
4.769
4.763
4.758
4.756
4.751
4.744
4.739
4.733
4.725
4.720
4.714
4.709
3.719
3.689
3.648
3.130
3.057
3.026
3.011
2.981
2.574
2.569
2.528
2.523
2.292
2.250
2.167
2.116
2.040
1.735
1.694
1.688
1.674
1.669
1.662

07022013-Cui

Current Data Parameters
NAME
EXPNO 20

PROCNO 1
F2 - Acquisition Parameters
Date_ 20130207
Time 12.23
INSTRUM avance400
PROBHD 5 mm QNP 1H/13
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 16
DS 2
SWH 8250.825 Hz
FIDRES 0.125898 Hz
AQ 3.9715922 sec
RG 101.6
DW 60.600 usec
DE 6.00 usec
TE 295.7 K
13 D1 1.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
======== CHANNEL fl ========
NUC1 1H
Pl 15.00 usec
PL1 2.70 dB
SFO1 400.2324716 MHz
F2 - Processing parameters
SI 32768
SF 400.2300015 MHz
WDW EM
/ SSB 0
LB 0.30 Hz
GB 0
Agj \ PC 1.00
L B B
9 8 7 6 5 4 3 2 1 ppm
(o] (22} o N~ 0| (=100 (o] ©
5 s B 2588 g g
- o - o N[+ - O < (3]
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Current Data Parameters

NAME 07022013-Cui
EXPNO 21
PROCNO 1

F2 - Acquisition Parameters
Date_ 20130207

Time 12.52
INSTRUM avance400
PROBHD 5 mm QNP 1H/13
PULPROG zgpg30

TD 65536
SOLVENT CDC13

NS 400

DS 2

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3632196 sec
RG 143.7

DW 20.800 usec
DE 6.00 usec
TE 296.8 K
D1 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
======== CHANNEL fl ========
NUC1 13C

Pl 10.00 usec
PL1 -2.00 dB
SFO1 100.6479773 MHz
======== CHANNEL f2 ========
CPDPRG2 waltzlé
NUC2 1H
PCPD2 80.00 usec
PL2 2.70 dB
PL12 17.10 dB
PL13 17.10 dB
SFO2 400.2316009 MHz
F2 - Processing parameters
SI 32768

SF 100.6379140 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40

S$43
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Current Data Parameters
NAME 12022013-Cui
EXPNO 20
PROCNO 1
F2 - Acquisition Parameters
Date_ 20130212
Time 16.41
INSTRUM avance400
PROBHD 5 mm QNP 1H/13
PULPROG zg30
TD 65536
SOLVENT CDC13
} NS 16
| DS 2
SWH 8250.825 Hz
‘ FIDRES 0.125898 Hz
AQ 3.9715922 sec
| RG 181
| DW 60.600 usec
DE 6.00 usec
TE 294.8 K
o) D1 1.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
14
======== CHANNEL fl ========
NUC1 1H
P1 15.00 usec
[ PL1 2.70 dB
) SFO1 400.2324716 MHz
| F2 - Processing parameters
| ST 32768
) SF 400.2300013 MHz
WDW EM
SSB 0
LB 0.30 Hz
LV . °
I I L N L e
9 8 7 6 5 4 3 2 1 ppm
S = ole SIEISIERS < S S44
|| - AN ||~ < (42}
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Current Data Parameters
NAME 12022013-Cui
EXPNO 21
PROCNO 1
F2 - Acquisition Parameters
Date_ 20130212
Time 17.53
INSTRUM avance400
PROBHD 5 mm QNP 1H/13
PULPROG zgpg30
D 65536
SOLVENT CDC13
NS 400
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3632196 sec
RG 143.7
DW 20.800 usec
DE 6.00 usec
TE 295.9 K
D1 2.00000000 sec
dll 0.03000000 sec
(@) DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
14 -= CHANNEL f1
10.00 usec
-2.00 dB
100.6479773 MHz
======== CHANNEL f2 ========
CPDPRG2 waltzlé
NUC2 1H
PCPD2 80.00 usec
PL2 2.70 dB
PL12 17.10 dB
PL13 17.10 dB
SFO2 400.2316009 MHz
F2 - Processing parameters
SI 32768
SF 100.6379140 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
' | ' | ' I ' { ' \ ' | ' | ' | | ' { ' { S45
200 180 160 140 120 100 80 60 40 20 ppm



6.837
6.828

%\N&%/

6.827
4.764

4.759
4.747

4.740
4.733
4.729

4.133
4.115
4.103
3.691

3.683
3.649
3.641
3.350
3.316
3.284
3.020
3.015
2.990

2.985
2.974

2.970
2.944

2.939

2.591
2.577

2.572
2.556
2.548
2.543
2.531
2.526

2.518
2.512

2.500
2.495
2.439
2.436
2.432

(&)

N

<

N
Current Data Parameters
NAME 14022013-Cui
EXPNO 30
PROCNO 1

F2 - Acquisition Parameters

Date_ 20130214
Time 16.04
INSTRUM avance400
PROBHD 5 mm QNP 1H/13
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 16
DS 2
SWH 8250.825 Hz
[ FIDRES 0.125898 Hz
AQ 3.9715922 sec
( RG 228.1
{ DW 60.600 usec
DE 6.00 usec
TE 296.5 K
) D1 1.00000000 sec
| MCREST 0.00000000 sec
15 I MCWRK 0.01500000 sec
[ ======== CHANNEL fl ========
| t NUC1 1H
P1 15.00 usec
/ PL1 2.70 dB
SFO1 400.2324716 MHz
F2 - Processing parameters
SI 32768
SF 400.2300015 MHz
WDW EM
[ [ / SSB 0
LB 0.30 Hz
GB 0
j\ PC 1.00
S L L I L B
10 9 8 7 6 5 4 3 2 1 ppm
R D N (2} ANl [© N MWV | |N N~
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Current Data Parameters
NAME 14022013-Cui
EXPNO 31
PROCNO 1
F2 - Acquisition Parameters
Date_ 20130214
Time 17.55
INSTRUM avance400
PROBHD 5 mm QNP 1H/13
PULPROG zgpg30
D 65536
SOLVENT CDC13
NS 200
DS 2
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3632196 sec
RG 1024
DW 20.800 usec
DE 6.00 usec
TE 297.2 K
D1 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
@) MCREST 0.00000000 sec
MCWRK 0.01500000 sec
15 ======== CHANNEL f1 ==
NUC1 13C
Pl 10.00 usec
PL1 -2.00 dB
SFO1 100.6479773 MHz
======== CHANNEL f2 ========
CPDPRG2 waltzle
NUC2 1H
PCPD2 80.00 usec
PL2 2.70 dB
PL12 17.10 dB
PL13 17.10 dB
SFO2 400.2316009 MHz
F2 - Processing parameters
SI 32768
SF 100.6379140 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
| ' | ' | ' { ' \ ' \ ' | | ’ { ’ \ ' S47
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Current Data Parameters
NAME 14022013-Cui
EXPNO 20
PROCNO 1
F2 - Acquisition Parameters
Date_ 20130214
Time 15.31
INSTRUM avance400
PROBHD 5 mm QNP 1H/13
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 16
DS 2
SWH 8250.825 Hz
FIDRES 0.125898 Hz
AQ 3.9715922 sec
RG 181
DW 60.600 usec
I DE 6.00 usec
] TE 296.6 K
D1 1.00000000 sec
/ MCREST 0.00000000 sec
16 / MCWRK 0.01500000 sec
f ======== CHANNEL fl ========
( NUC1 1H
i P1 15.00 usec
PL1 2.70 dB
[ / SFO1 400.2324716 MHz
|
/ F2 - Processing parameters
| SI 32768
[ SF 400.2300015 MHz
1 / WDW EM
) ( | SSB 0
[ [ LB 0.30 Hz
| GB 0
ﬂA, PC 1.00
D D A A I
10 9 8 7 6 5 4 3 2 1 ppm
l
< N o - ol [o|ow o N~
m} ‘O.m. 3 s 8[R8 g |8 a8
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Current Data Parameters
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NAME 14022013-Cui
EXPNO 21
PROCNO 1

F2 - Acquisition Parameters
Date_ 20130214
Time 15.50
INSTRUM avance400
PROBHD 5 mm QNP 1H/13
PULPROG zgpg30

TD 65536
SOLVENT CDC13

NS 200

DS 2

SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3632196 sec
RG 1024

DW 20.800 usec
DE 6.00 usec
TE 297.3 K
D1 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
======== CHANNEL fl ========
NUC1 13C

Pl 10.00 usec
PL1 -2.00 dB
SFO1 100.6479773 MHz
======== CHANNEL f2 ========
CPDPRG2 waltzlé
NUC2 1H
PCPD2 80.00 usec
PL2 2.70 dB
PL12 17.10 dB
PL13 17.10 dB
SFO2 400.2316009 MHz
F2 - Processing parameters
SI 32768

SF 100.6379140 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40

S49



8.211
8.193
7.262
7.253
7.247
7.236
7.233
7.216
7.213
7.205
7.197
7.194
7.184
7.174
6.987
6.985
6.968
6.966
6.950
6.947
6.732
6.712
3.652
3.642
3.430
3.419
3.093
2.222
2.210
2.186
2.174
1.843
1.654
1.305
1.274
1.230
1.207
1.192
1.187
1.180
1.172
0.750
0.732
0.714

W W '\\\|‘&\\W Current Data Parameters
NAME YF-14-1211-59

EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date_ 20141211

H Time 11.41

N INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec

17 RG 27.4
DW 62.400 usec
DE 6.50 usec
TE 298.5 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324710 MHz
NUC1 1H
Pl 15.00 usec
PLW1 8.00000000 W
F2 - Processing parameters
SI 65536
SF 400.1300441 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
k X '
A S

I e e e L R I B e e N N e R m
I I I I I T T I I I T

10 9 8 7 6 5 4 3 2 1 ppm
3 3138(3 8 B3 (3' S 8’613?’. =
o wi—|o - «—|Of |N - |[=|N|—|M (]
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| | | \W// | W | \l \I I | | | Current Data Parameters
NAME YF-14-1211-59
EXPNO 11
PROCNO 1
F2 - Acquisition Parameters
Date 20141211
Time 15.50
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 2048
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec

17 RG 195.88
DW 20.800 usec
DE 6.50 usec
TE 299.5 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6228293 MHz
NUC1 13C
Pl 10.00 usec
PLW1 70.00000000 W
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzleé
PCPD2 80.00 usec
PLW2 8.00000000 W
PLW12 0.28125000 W
PLW13 0.28125000 w
F2 - Processing parameters
SI 32768
SF 100.6127772 MHz
WDW EM
SSB 0

A LB 1.00 Hz
GB 0
PC 1.40
T ’ T T T T T T T T T T T I T T T
200 180 160 140 120 100 80 60 40 20 ppm
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Current Data Parameters

NAME YF-14-1211-60
EXPNO 10
PROCNO 1

F2 - Acquisition Parameters
Date 20141211

Time 11.45
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30

TD 65536
SOLVENT CDC13

NS 16

DS 2

SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 31.13

DwW 62.400 usec
DE 6.50 usec
TE 298.5 K

D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324710 MHz
NUC1 1H

Pl 15.00 usec
PLW1 8.00000000 w

F2 - Processing parameters
SI 65536

SF 400.1300445 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00

S§52
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Current Data Parameters
NAME YF-14-1211-60
EXPNO 20
PROCNO 1
F2 - Acquisition Parameters
Date 20141211
H Time~ 18.59
N INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 2048
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 195.88
DW 20.800 usec
18 DE 6.50 usec
TE 299.5 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 100.6228293 MHz
NUC1 13C
Pl 10.00 usec
PLW1 70.00000000 W
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzlé
PCPD2 80.00 usec
PLW2 8.00000000 W
PLW12 0.28125000 W
PLW13 0.28125000 W
F2 - Processing parameters
SI 32768
SF 100.6127750 MHz
WDW EM
SSB 0
L l J | LB 1.00 Hz
“ B 0
PC 1.40
I I | | | [ [ I I I |
200 180 160 140 120 100 80 60 40 20 ppm
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Current Data Parameters

NAME YF-14-1211-61
EXPNO 10
PROCNO 1
F2 - Acquisition Parameters
Date 20141211
Time 11.50
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec

19 RG 31.13
DW 62.400 usec
DE 6.50 usec
TE 298.5 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324710 MHz
NUC1 1H
Pl 15.00 usec
PLW1 8.00000000 W
F2 - Processing parameters
SI 65536
SF 400.1300098 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00

s
bk k] NS

L L B A L L L L B L L L B L LN N N L BB L NI R L B

10 9 8 7 6 5 4 3 2 1 ppm
Nl\l\ﬁ\l\jﬁ o|(@ (o] rsrrs‘m o \v‘
] e I o el cle] [ el 1T @
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Current Data Parameters

| NN\ N\ 72 R N I
EXPNO 20
PROCNO 1
F2 - Acquisition Parameters
Date 20141211
Time™ 21.47
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
SOLVENT CDC13
NS 2048
DS 4
SWH 24038.461 Hz
FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 195.88
DW 20.800 usec
DE 6.50 usec
TE 299.4 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
SFO1 100.6228293 MH
NUC1 13C
Pl 10.00 usec
PLW1 70.00000000 W
======== CHANNEL f2 ========
SFO02 400.1316005 MHz
NUC2 1H
CPDPRG[2 waltzle
PCPD2 80.00 usec
PLW2 8.00000000 W
PLW12 0.28125000 W
PLW13 0.28125000 W
F2 - Processing parameters
SI 32768
SF 100.6127743 MHz
WDW EM
SSB 0
LB 1.00 Hz

i GB 0
PC 1.40
I ’ I ! I i I i I i I i I ! I i I T I ! !
200 180 160 140 120 100 80 60 40 20 ppm
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