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1. General  
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) or Yamazen flash 
column (60 Å, 40 µm). 1H NMR and 13C NMR were recorded on a Bruker Avance 400. Proton 
chemical shifts are reported in ppm downfield from tetramethylsilane or from the residual solvent as 
internal standard in CDCl3 (δ 7.26 ppm) and in CD3OD (δ 3.31 ppm). Carbon chemical shifts were 
internally referenced to the deuterated solvent signals in CDCl3 (δ 77.0 ppm) and in CD3OD (δ 49.0 
ppm). High-resolution mass spectra were recorded on a Thermo Scientific LTQ Orbitrap ESI ion trap 
mass spectrometer. Enantiomeric excesses were determined by chiral-phase HPLC using a Hitachi 
instrument. Optical rotations were measured on a Jasco P2200 polarimeter.  
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2. Synthesis of catalysts and enones 
Amine catalysts A1,2 and E3 were synthesized by reported procedures.1-3  Enones were purchased or 
synthesized by reported procedures1 or by modified methods of the reported procedures.4   
 
4-(4-Bromophenyl)but-3-en-2-one 
To a mixture of water (10.0 mL), acetone (8.0 mL), and 4-bromobenzaldehyde (3.7 g, 20 mmol), 
NaOH solution (10% in water, 5 mL) was added at room temperature (25 oC), and the mixture was 
stirred at the same temperature for 1 h.4 Generated precipitate was collected by filtration, washed with 
hexane, dried under vacuum to give 4-(4-bromophenyl)but-3-en-2-one (4.3g, 95%). The 1H and 13C 
NMR of this product matched to the reported data.5 
 
3. Screening of catalyst systems 
Additional screening results to Table 1 of the main text are shown in Table S1 (entries 13-19). 
 
Table S1. Screening of catalyst systems for the hetero-Dield-Alder reaction of 1a and 2a.a 
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entry catalyst system time (h) 3aa:4aa 
dr 

3aa-1:3aa-2 
er 

3aa-1/3aa-2 
13 A (0.2 equiv)-F (0.4 equiv) 24 70:30 8:1 ND/ND 
14 H (0.2 equiv)-M (0.2 equiv) 24 >95:5 1:1  ND/94:6 
15 H (0.2 equiv)-N (0.2 equiv) 24 >95:5 1:1.3 82:18/88:12 
16 H (0.2 equiv)-O (0.2 equiv) 27 95:5 1:2.2 81:19/90:10 
17 H (0.2 equiv)-P (0.2 equiv) 36 95:5 1:1.5 85:15/91:9 
18 H (0.2 equiv)-Q (0.2 equiv) 48 >95:5 1:1.3  ND/94:6 
19 H (0.2 equiv)-R (0.2 equiv) 36 >95:5 1.3:1   ND/80:20 

a To a solution of enone 1a (0.5 mmol) and 4-chlorophenyl trifluoromethyl ketone (2a) (0.1 mmol) in 
toluene (super dehydrated, 0.2 mL), catalyst system components were added at room temperature (25 
oC), and the reaction mixture was stirred at the same temperature until 2a was consumed (monitored 
by TLC and crude 1H NMR). The ratio of 3aa/4aa and the dr of 3aa were determined by 1H NMR 
analysis before purification. The ee was determined by chiral-phase HPLC analysis after purification. 
 

4. Oxa-hetero-Diels-Alder reactions 
General procedure for the catalytic enantioselective oxa-hetero-Diels-Alder reactions (Table 2)  

To a solution of enone 1 (1.0 mmol) and aryl trifluomethyl ketone 2 (0.2 mmol) in toluene (super 
dehydrated, 0.4 mL), (2S,4R)-4-(tert-butyldiphenylsilyloxy)pyrrolidine-2-carboxylic acid (L) (7.4 mg, 
0.02 mmol) and DABCO (K) (4.49 mg, 0.04 mmol) were added at room temperature (25 oC), and the 
mixture was stirred at the same temperature until 2 was consumed (monitored by TLC and crude 1H 
NMR). The mixture was purified by flash column chromatography (hexane/CH2Cl2 = 3:1 to 2:1) to 
give product 3 (3-1 and 3-2). For all the cases using catalyst system L-K, isomer 3-2 was the major 
diastereomer and 3-1 was the minor diastereomer. Rf values of 3-1 and 3-2 were the same or similar. 
The dr was determined by 1H NMR analysis before purification, and the value was retained after 
purification except a large-scale reaction (i.e., a 1.0 mmol-scale reaction to afford 3bb-2). The ee was 
determined by chiral-phase HPLC analysis after purification. The ratio of 3/4 (3 = 3-1 and 3-2, 4 = 
aldol product) was determined by 1H NMR analysis before purification. 
 
Relative stereochemistries of 3aa (3aa-1 and 3aa-2) were deduced from the relative stereochemistries 
of 6-1 and 6-2, which were determined by 1H NMR J values and NOESY experiments (see pp 
S13-S15 for compounds 6-1 and 6-2). Relative stereochemistries of 3ag (3ag-1 and 3ag-2) were 
determined by 1H NMR J values and NOESY experiments (see pp S8-S9 for compound 3ag). Relative 
stereochemistries of compound 3 other than 3aa and 3ag were determined by analogy. The absolute 
stereochemistry of 3 was tentatively assigned by the deduction from the previously suggested 
transition states6 and the product1 of the [4+2] cycloaddition of the in situ-formed enamine of 1a with 
isatin under catalyst system A-B. 
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General procedure for the syntheisis of racemic standards of 3  

 
To a solution of enone 1 (1.0 mmol) and aryl trifluomethyl ketone 2 (0.2 mmol) in toluene (super 
dehydrated, 0.4 mL), pyrrolidine (3.2 µL, 0. 04 mmol) and acetic acid (F) (4.6 µL, 0.08 mmol) were 
added at room temperature (25 oC), and the reaction mixture was stirred at the same temperature until 
2 was consumed (monitored by TLC and crude 1H NMR). The mixture was purified by flash column 
chromatography (hexane/CH2Cl2 = 3:1 to 2:1) to give racemic product 3-1 and 3-2 as a diastereomer 
mixture. Among all the products except 3ba and 3bb, isomer 3-1 was the major diastereomer and 3-2 
was the minor diastereomer. 3:4 > 95:5.  
 

Synthesis of compound 4aa with 3aa  

 

To a solution of enone 1a (56.0 µL, 0.5 mmol) and 4-chlorophenyl trifluoromethyl ketone (2a) (15.0 
µL, 0.1 mmol) in toluene (super dehydrated, 0.2 mL), amine catalyst A (5.87 mg, 0.02 mmol) and 
acetic acid (F) (2.3 µL, 0.04 mmol) were added at room temperature (25 oC), and the mixture was 
stirred at the same temperature until 2a was consumed (monitored by TLC and crude 1H NMR). The 
mixture was purified by flash column chromatography (hexane/CH2Cl2 = 3:1 to 2:1) to give 3aa and 
4aa (21.0 mg, 3aa-1:3aa-2:4aa = 62:8:30). Compound 4aa was eluted with 3aa in usual silica gel 
flash column chromatography. The ratio of 3aa/4aa and the dr of 3aa were determined by 1H NMR 
analysis. 
 
A 2 mmol-scale reaction to afford 3aa  
To a solution of 1a (1.3 mL, 10.0 mmol) and 2a (417.0 mg, 2.0 mmol) in toluene (super dehydrated, 
2.0 mL), (2S,4R)-4-(tert-butyldiphenylsilyloxy)pyrrolidine-2-carboxylic acid (L) (74.0 mg, 0.2 mmol,) 
and DABCO (K) (44.8 mg, 0.4 mmol) were added at room temperature (25 oC) and the reaction 
mixture was stirred at the same temperature for 24 h. The reaction mixture was purified by flash 
column chromatography (hexane/CH2Cl2 = 3:1 to 2:1) to give product 3aa-1 and 3aa-2 as a 
diastereomer mixture (320.0 mg, 50%, 3aa-1:3aa-2 =1:1.9, 3aa-2 er 96:4).  
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2-(4-Chlorophenyl)-6-propyl-2-(trifluoromethyl)dihydro-2H-pyran-4(3H)-one (3aa) 
 

 
 
 

 
 
 

Synthesized by the general procedure; 24 h, 37.6 mg (59%), dr 3aa-1:3aa-2 = 1:1.9, 3aa-2 er 97:3. 
Colorless oil. 1H NMR (400 MHz, CDCl3): δ 0.94 (t, J = 7.2 Hz, 3H × 1.9/2.9, CH3), 1.01 (t, J = 7.2 
Hz, 3H × 1/2.9, CH3), 1.35-1.81 (m, 4H, CH2CH2CH3), 2.21 (dd, J = 11.6 Hz, 16.0 Hz, 1H × 1/2.9, 
CHCHHC=O), 2.26 (ddd, J = 1.6 Hz, 2.4 Hz, 14.7 Hz, 1H × 1.9/2.9, CHCHHC=O), 2.39 (dd, J = 11.6 
Hz, 14.7 Hz, 1H × 1.9/2.9, CHCHHC=O), 2.49 (dd, J = 2.4 Hz, 16.0 Hz, 1H × 1/2.9, CHCHHC=O), 
2.85 (d, J = 15.6 Hz, 1H × 1/2.9, CF3CCHHC=O), 3.01 (d, J = 14.3 Hz, 1H × 1.9/2.9, CF3CCHHC=O), 
3.19 (d, J = 14.3 Hz, 1H × 1.9/2.9, CF3CCHHC=O), 3.29 (d, J = 15.6 Hz, 1H × 1/2.9, CF3CCHHC=O), 
3.65-3.71 (m, 1H × 1.9/2.9, OCH), 4.39-4.44 (m, 1H × 1/2.9, OCH), 7.35-7.49 (m, 4H, ArH). 13C 
NMR (100 MHz, CDCl3): δ 13.8, 13.9, 18.4, 38.1, 38.4, 42.7, 43.8, 45.7, 46.8, 72.1, 73.2, 78.5 (q, JC,F 
= 28 Hz), 80.5 (q, JC,F = 30 Hz), 123.6 (q, JC,F = 282 Hz), 124.9 (q, JC,F = 287 Hz), 127.8, 128.6, 129.1, 
129.8, 132.0, 135.3, 135.9, 136.2, 202.9, 203.1. HRMS (ESI): calcd for C15H15O2ClF3 ([M - H]-) 
319.0707, found 319.0713. HPLC (Daicel Chiralpak AS, hexane/i-PrOH = 99:1, 0.6 mL/min, λ = 220 
nm): tR (major diastereomer, major enantiomer) = 11.6 min, tR (major diastereomer, minor enantiomer) 
= 13.5 min. tR (minor diastereomer) = 19.4 min and 20.3 min.  
 
Compound 4aa 

 
 
 
 

Data of 4aa extracted from the data of a mixture of 4aa with 3aa (3aa-1:3aa-2:4aa = 62:8:30 and 
64:18:18): 1H NMR (400 MHz, CDCl3): peaks separated from 3aa: δ 3.23 (d, J = 16.8 Hz, 1H, 
CF3CCHHC=O), 3.46 (d, J = 16.8 Hz, 1H, CF3CCHHC=O), 6.08 (dd, J = 4.0 Hz, 16.0 Hz, 1H, 
CH=CHCH2), 6.95 (dt, J = 6.8 Hz, 16.0 Hz, 1H, CH=CHCH2). 13C NMR (100 MHz, CDCl3): δ 13.5, 
21.1, 34.6, 41.3, 76.1 (q, JC,F = 29 Hz), 124.4 (q, JC,F = 283 Hz), 127.9, 128.7, 130.4, 134.9, 136.3, 
151.4, 199.3. 
 
2-Phenyl-6-propyl-2-(trifluoromethyl)dihydro-2H-pyran-4(3H)-one (3ab) 
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Synthesized by the general procedure; 48 h, 31.4 mg (55%), dr 3ab-1:3ab-2 = 1:1.3, 3ab-2 er 96:4.   
Colorless oil. 1H NMR (400 MHz, CDCl3): δ 0.94 (t, J = 7.2 Hz, 3H × 1.3/2.3, CH3), 1.02 (t, J = 7.2 
Hz, 3H × 1/2.3, CH3), 1.34-1.82 (m, 4H, CH2CH2CH3), 2.22 (dd, J = 12.0 Hz, 16.4 Hz, 1H × 1/2.3, 
CHCHHC=O), 2.25 (ddd, J = 1.6 Hz, 2.8 Hz, 14.9 Hz, 1H × 1.3/2.3, CHCHHC=O), 2.38 (ddd, J = 0.8 
Hz, 11.5 Hz, 14.9 Hz, 1H × 1.3/2.3, CHCHHC=O), 2.48 (ddd, J = 0.8 Hz, 2.8 Hz, 16.4 Hz, 1H × 1/2.3, 
CHCHHC=O), 2.90 (d, J = 15.6 Hz, 1H × 1/2.3, CF3CCHHC=O), 3.01 (dd, J = 0.8 Hz, 14.8 Hz, 1H × 
1.3/2.3, CF3CCHHC=O), 3.26 (dd, J = 0.8 Hz, 14.8 Hz, 1H × 1.3/2.3, CF3CCHHC=O), 3.31 (dd, J = 
0.8 Hz, 15.6 Hz, 1H × 1/2.3, CF3CCHHC=O), 3.68-3.75 (m, 1H × 1.3/2.3, OCH), 4.39-4.44 (m, 1H × 
1/2.3, OCH), 7.36-7.56 (m, 5H, ArH). 13C NMR (100 MHz, CDCl3): δ 13.8, 13.9, 18.4, 18.5, 38.2, 
38.5, 42.8, 44.0, 45.8, 46.8, 71.9, 73.1, 78.7 (q, JC,F = 28 Hz), 80.8 (q, JC,F = 29 Hz), 123.9 (q, JC,F = 
282 Hz), 125.1 (q, JC,F = 287 Hz), 126.3, 128.3, 128.8, 129.0, 129.5, 133.4, 137.7, 203.4, 203.6 ppm; 
HRMS (ESI): calcd for C15H18O2F3 ([M + H]+) 287.1253, found 287.1258. HPLC (Daicel Chiralpak 
AS, hexane/i-PrOH = 99:1, 0.6 mL/min, λ = 220 nm): tR (major diastereomer, major enantiomer) = 
11.7 min, tR (major diastereomer, minor enantiomer) = 18.9 min. tR (minor diastereomer) = 20.6 min 
and 21.4 min.  
 
6-Propyl-2-(thiophen-2-yl)-2-(trifluoromethyl)dihydro-2H-pyran-4(3H)-one (3ac) 

 
Synthesized by the general procedure; 28 h, 30.1 mg (52%), dr 3ac-1:3ac-2 = 1:1.4, 3ac-2 er 91:9.   
Colorless oil. 1H NMR (400 MHz, CDCl3): δ 0.92 (t, J = 7.2 Hz, 3H × 1.4/2.4, CH3), 0.99 (t, J = 7.2 
Hz, 3H × 1/2.4, CH3), 1.34-1.80 (m, 4H, CH2CH2CH3), 2.27-2.40 (m, 1H × 1/2.4, CHCHHC=O, 2H × 
1.4/2.4, CHCHHC=O), 2.48 (dd, J = 2.7 Hz, 17.3 Hz, 1H × 1/2.4, CHCHHC=O), 2.96 (d, J = 15.6 Hz, 
1H × 1/2.4, CF3CCHHC=O), 2.99 (d, J = 14.7 Hz, 1H × 1.4/2.4, CF3CCHHC=O), 3.14 (dd, J = 0.7 Hz, 
14.7 Hz, 1H × 1.4/2.4, CF3CCHHC=O), 3.29 (d, J = 15.6 Hz, 1H × 1/2.4, CF3CCHHC=O), 3.76-3.82 
(m, 1H × 1.4/2.4, OCH), 4.39-4.44 (m, 1H × 1/2.4, OCH), 6.99-7.05 (m, 1H × 1.4/2.4, 2H × 1/2.4, 
ArH), 7.13 (dd, J = 1.2 Hz, 3.7 Hz, 1H × 1.4/2.4, ArH), 7.34 (dd, J = 1.2 Hz, 5.2 Hz, 1H × 1/2.4, ArH), 
7.44 (dd, J = 1.2 Hz, 5.2 Hz, 1H × 1.4/2.4, ArH). 13C NMR (100 MHz, CDCl3): δ 13.8, 13.9, 18.2, 
18.3, 38.0, 43.9, 44.6, 45.4, 46.9, 72.2, 73.5, 78.1 (q, JC,F = 30 Hz), 79.4 (q, JC,F = 31 Hz), 123.4 (q, 
JC,F = 282 Hz), 124.5 (q, JC,F = 286 Hz), 125.5, 126.8, 127.0, 127.2, 128.7, 130.0, 137.1, 141.8, 202.9, 
203.0. HRMS (ESI): calcd for C13H14O2F3S ([M - H]-) 291.0661, found 291.0663. HPLC (Daicel 
Chiralpak AS, hexane/i-PrOH = 99:1, 0.6 mL/min, λ = 220 nm): tR (major diastereomer, major 
enantiomer) = 13.49 min, tR (major diastereomer, minor enantiomer) = 20.6 min. tR (minor 
diastereomer) = 23.1 min and 25.4 min. 
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6-Propyl-2-(trifluoromethyl)-2-(4-(trifluoromethyl)phenyl)dihydro-2H-pyran-4(3H)-one (3ad) 

 
Synthesized by the general procedure; 18 h, 30.2 mg (43%), dr 3ad-1:3ad-2 = 1:1.7, 3ad-2 er 97:3.   
Colorless oil. 1H NMR (400 MHz, CDCl3): δ 0.96 (t, J = 7.2 Hz, 3H × 1.7/2.7, CH3), 1.02 (t, J = 7.1 
Hz, 3H × 1/2.7, CH3), 1.37-1.83 (m, 4H, CH2CH2CH3), 2.17-2.31 (m, 1H, CHCHHC=O), 2.42 (dd, J = 
11.5 Hz, 15.0 Hz, 1H × 1.7/2.7, CHCHHC=O), 2.52 (dd, J = 2.1 Hz, 16.6 Hz, 1H × 1/2.7, 
CHCHHC=O), 2.88 (d, J = 15.6 Hz, 1H × 1/2.7, CF3CCHHC=O), 3.08 (dd, J = 0.7 Hz, 14.7 Hz, 1H × 
1.7/2.7, CF3CCHHC=O), 3.24 (d, J = 14.7 Hz, 1H × 1.7/2.7, CF3CCHHC=O), 3.34 (dd, J = 0.6 Hz, 
15.6 Hz, 1H × 1/2.7, CF3CCHHC=O), 3.65-3.72 (m, 1H × 1.7/2.7, OCH), 4.42-4.47 (m, 1H × 1/2.7, 
OCH), 7.63-7.71 (m, 4H, ArH). 13C NMR (100 MHz, CDCl3): δ 13.8, 13.9, 18.4, 38.1, 38.4, 42.8, 43.9, 
45.8, 46.7, 72.4, 73.4, 78.6 (q, JC,F = 28 Hz), 80.6 (q, JC,F = 30 Hz), 123.57 (q, JC,F = 282 Hz), 123.66 
(q, JC,F = 271 Hz), 123.8 (q, JC,F = 271 Hz), 124.8 (q, JC,F = 287 Hz), 125.4 (q, JC,F = 4 Hz), 125.8 (q, 
JC,F = 4 Hz), 126.9, 128.8, 131.3 (q, JC,F = 33 Hz), 131.8 (q, JC,F = 32 Hz), 137.6, 141.5, 202.6, 202.8. 
HRMS (ESI): calcd for C16H15O2F6 ([M - H]-) 353.0971, found 353.0990. HPLC (Daicel Chiralpak IB, 
hexane/i-PrOH = 99:1, 0.6 mL/min, λ = 220 nm): tR (major diastereomer, minor enantiomer) = 13.4 
min, tR (major diastereomer, major enantiomer) = 14.1 min. tR (minor diastereomer) = 15.8 min and 
20.4 min. 
 
2-(4-Bromophenyl)-6-propyl-2-(trifluoromethyl)dihydro-2H-pyran-4(3H)-one (3ae) 

 
Synthesized by the general procedure; 24 h, 44.0 mg (59%), dr 3ae-1:3ae-2 = 1:2.4, er of 3ae-2 97:3.   
Colorless oil. 1H NMR (400 MHz, CDCl3): δ 0.94 (t, J = 7.2 Hz, 3H × 2.4/3.4, CH3), 1.01 (t, J = 7.1 
Hz, 3H × 1/3.4, CH3), 1.35-1.81 (m, 4H × 3.4/3.4, CH2CH2CH3), 2.17-2.29 (m, 1H, CHCHHC=O), 
2.39 (dd, J = 11.5 Hz, 14.8 Hz, 1H × 2.4/3.4, CHCHHC=O), 2.49 (dd, J = 2.3 Hz, 16.4 Hz, 1H × 1/3.4, 
CHCHHC=O), 2.85 (d, J = 15.6 Hz, 1H × 1/3.4, CF3CCHHC=O), 3.01 (d, J = 14.8 Hz, 1H × 2.4/3.4, 
CF3CCHHC=O), 3.19 (d, J = 14.8 Hz, 1H × 2.4/3.4, CF3CCHHC=O), 3.28 (d, J = 15.6 Hz, 1H × 1/3.4, 
CF3CCHHC=O), 3.65-3.71 (m, 1H × 2.4/3.4, OCH), 4.39-4.43 (m, 1H × 1/3.4, OCH), 7.35-7.58 (m, 
4H, ArH). 13C NMR (100 MHz, CDCl3): δ 13.8, 13.9, 18.4, 38.1, 38.4, 42.7, 43.8, 45.7, 46.8, 72.1, 
73.3, 78.5 (q, JC,F = 28 Hz), 80.6 (q, JC,F = 30 Hz), 123.5, 123.6 (q, JC,F = 282 Hz), 124.2, 124.8 (q, JC,F 
= 287 Hz), 128.1, 130.1, 131.6, 132.1, 132.5, 136.8, 202.9, 203.1. HRMS (ESI): calcd for 
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C15H15O2BrF3 ([M - H]-) 363.0202, found 363.0208. HPLC (Daicel Chiralpak AS, hexane/i-PrOH = 
99:1, 0.6 mL/min, λ = 220 nm): tR (major diastereomer, major enantiomer) = 11.5 min, tR (major 
diastereomer, minor enantiomer) = 12.6 min. tR (minor diastereomer) = 18.2 min and 19.7 min. 
 
6-Propyl-2-(p-tolyl)-2-(trifluoromethyl)dihydro-2H-pyran-4(3H)-one (3af) 

 
Synthesized by the general procedure; 72 h (2 was not consumed), 17.6 mg (29%), dr 3af-1:3af-2 = 
1:1.3, 3af-2 er 94:6.   
Colorless oil. 1H NMR (400 MHz, CDCl3): δ 0.94 (t, J = 7.2 Hz, 3H × 1.3/2.3, CH3), 1.01 (t, J = 7.2 
Hz, 3H × 1/2.3, CH3), 1.36-1.82 (m, 4H, CH2CH2CH3), 2.18-2.26 (m, 1H, CHCHHC=O), 2.32-2.39 
(m, 1H×1.3/2.3, CHCHHC=O), 2.36 (s, 3H, ArCH3), 2.47 (ddd, J = 0.8 Hz, 2.4 Hz, 16.4 Hz, 1H × 
1/2.3, CHCHHC=O), 2.89 (d, J = 15.6 Hz, 1H × 1/2.3, CF3CCHHC=O), 2.98 (dd, J = 0.8 Hz, 14.6 Hz, 
1H × 1.3/2.3, CF3CCHHC=O), 3.25 (dd, J = 0.8 Hz, 14.6 Hz, 1H × 1.3/2.3, CF3CCHHC=O), 3.29 (dd, 
J = 0.8 Hz, 15.6 Hz, 1H × 1/2.3, CF3CCHHC=O), 3.67-3.74 (m, 1H × 1.3/2.3, OCH), 4.37-4.42 (m, 
1H × 1/2.3, OCH), 7.18-7.23 (m, 2H, ArH), 7.36-7.44 (m, 2H, ArH). 13C NMR (100 MHz, CDCl3): δ 
13.8, 13.9, 18.4, 18.5, 21.0, 21.1, 38.2, 38.5, 42.9, 44.0, 45.8, 46.9, 71.7, 73.0, 78.7 (q, JC,F = 28 Hz), 
80.7 (q, JC,F = 29 Hz), 123.9 (q, JC,F = 282 Hz), 125.2 (q, JC,F = 287 Hz), 126.2, 128.3, 129.0, 129.5, 
130.2, 134.8, 139.0, 139.6, 203.65, 203.73. HRMS (ESI): calcd for C16H20O2F3 ([M + H]+) 301.1410, 
found 301.1408. HPLC (Daicel Chiralpak IB, hexane/i-PrOH = 99.5:0.5, 0.6 mL/min, λ = 220 nm): tR 
(major diastereomer, minor enantiomer) = 13.3 min, tR (major diastereomer, major enantiomer) = 13.9 
min. tR (minor diastereomer) = 15.3 min and 18.5 min. 
 
2-(4-Fluorophenyl)-6-propyl-2-(trifluoromethyl)dihydro-2H-pyran-4(3H)-one (3ag) 

 

Synthesized by the general procedure; 26 h, 33.4 mg (55%), dr 3ag-1:3ag-2 = 1:2.2, 3ag-2 er 96:4.   
Colorless oil. 1H NMR (400 MHz, CDCl3): δ 0.94 (t, J = 7.2 Hz, 3H × 2.2/3.2, CH3), 1.01 (t, J = 7.2 
Hz, 3H × 1/3.2, CH3), 1.35-1.81 (m, 4H, CH2CH2CH3), 2.22 (dd, J = 11.6 Hz, 16.6 Hz, 1H × 1/3.2, 
CHCHHC=O), 2.27 (ddd, J = 1.6 Hz, 2.8 Hz, 14.8 Hz, 1H × 2.2/3.2, CHCHHC=O), 2.39 (ddd, J = 0.7 
Hz, 11.4 Hz, 14.8 Hz, 1H × 2.2/3.2, CHCHHC=O), 2.49 (ddd, J = 0.6 Hz, 2.8 Hz, 16.6 Hz, 1H × 1/3.2, 
CHCHHC=O), 2.86 (d, J = 15.6 Hz, 1H × 1/3.2, CF3CCHHC=O), 3.02 (dd, J = 0.8 Hz, 14.6 Hz, 1H × 
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2.2/3.2, CF3CCHHC=O), 3.21 (dd, J = 0.7 Hz, 14.6 Hz, 1H × 2.2/3.2, CF3CCHHC=O), 3.30 (dd, J = 
0.6 Hz, 15.6 Hz, 1H × 1/3.2, CF3CCHHC=O), 3.65-3.71 (m, 1H × 2.2/3.2, OCH), 4.38-4.44 (m, 1H × 
1/3.2, OCH), 7.05-7.14 (m, 2H, ArH), 7.46-7.54 (m, 2H, ArH). 13C NMR (100 MHz, CDCl3): δ 13.8, 
13.9, 18.4, 38.1, 38.5, 42.9, 44.0, 45.8, 46.8, 72.0, 73.2, 78.5 (q, JC,F = 28 Hz), 80.5 (q, JC,F = 30 Hz), 
115.3 (d, JC,F = 21 Hz), 115.9 (d, JC,F = 22 Hz), 123.7 (q, JC,F = 282 Hz), 125.0 (q, JC,F = 287 Hz), 
128.3 (d, JC,F = 8 Hz), 129.2 (d, JC,F = 3 Hz), 130.4 (d, JC,F = 9 Hz), 133.5, 163.0 (d, JC,F = 247 Hz), 
163.3 (d, JC,F = 248 Hz), 203.1, 203.3. HRMS (ESI): calcd for C15H15O2F4 ([M - H]-) 303.1003, found 
303.1013. HPLC (Daicel Chiralpak AS, hexane/i-PrOH = 99:1, 0.6 mL/min, λ = 220 nm): tR (major 
diastereomer, major enantiomer) = 10.6 min, tR (major diastereomer, minor enantiomer) = 13.4 min. tR 
(minor diastereomer) = 19.3 min and 20.9 min. The relative stereochemistry was determined by the 
NOESY experiment. 
 

 

2-(3-Fluorophenyl)-6-propyl-2-(trifluoromethyl)dihydro-2H-pyran-4(3H)-one (3ah) 

 

Synthesized by the general procedure; 24 h, 33.0 mg (54%), dr 3ah-1:3ah-2 = 1:2.2, 3ah-2 er 95:5.  
Colorless oil. 1H NMR (400 MHz, CDCl3): δ 0.95 (t, J = 7.2 Hz, 3H × 2.2/3.2, CH3), 1.02 (t, J = 7.0 
Hz, 3H × 1/3.2, CH3), 1.36-1.82 (m, 4H, CH2CH2CH3), 2.23 (dd, J = 11.6 Hz, 16.6 Hz, 1H × 1/3.2, 
CHCHHC=O), 2.28 (ddd, J = 1.6 Hz, 2.7 Hz, 15.0 Hz, 1H × 2.2/3.2, CHCHHC=O), 2.40 (ddd, J = 0.6 
Hz, 11.5 Hz, 15.0 Hz, 1H × 2.2/3.2, CHCHHC=O), 2.50 (ddd, J = 0.7 Hz, 2.7 Hz, 16.6 Hz, 1H × 1/3.2, 
CHCHHC=O), 2.86 (d, J = 15.6 Hz, 1H × 1/3.2, CF3CCHHC=O), 3.02 (dd, J = 0.8 Hz, 14.8 Hz, 1H × 
2.2/3.2, CF3CCHHC=O), 3.10 (dd, J = 0.6 Hz, 14.8 Hz, 1H × 2.2/3.2, CF3CCHHC=O), 3.29 (dd, J = 
0.7 Hz, 15.6 Hz, 1H × 1/3.2, CF3CCHHC=O), 3.69-3.75 (m, 1H × 2.2/3.2, OCH), 4.39-4.45 (m, 1H × 
1/3.2, OCH), 7.05-7.42 (m, 4H, ArH). 13C NMR (100 MHz, CDCl3): δ 13.8, 13.9, 18.38, 18.44, 38.1, 
38.4, 42.8, 44.0, 45.8, 46.7, 72.2, 73.3, 78.4 (q, JC,F = 28 Hz), 80.4 (q, JC,F = 30 Hz), 114.0 (d, JC,F = 24 
Hz), 115.6 (d, JC,F = 23 Hz), 116.1 (d, JC,F = 21 Hz), 116.7 (d, JC,F = 21 Hz), 121.9, 123.6 (q, JC,F = 282 
Hz), 124.0 (d, JC,F = 3 Hz), 124.9 (q, JC,F = 287 Hz), 129.9 (d, JC,F = 8 Hz), 130.4 (d, JC,F = 8 Hz), 
136.2 (d, JC,F = 7 Hz), 140.2 (d, JC,F = 7 Hz), 162.6 (d, JC,F = 245 Hz), 163.0 (d, JC,F = 246 Hz), 202.9, 
203.1. HRMS (ESI): calcd for C15H17O2F4 ([M + H]+) 305.1159, found 305.1158. HPLC (Daicel 
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Chiralpak AS, hexane/i-PrOH = 99:1, 0.6 mL/min, λ = 220 nm): tR (major diastereomer, major 
enantiomer) = 14.3 min, tR (major diastereomer, minor enantiomer) = 16.7 min. tR (minor 
diastereomer) = 19.3 min and 25.2 min. 
 
2-(4-Chlorophenyl)-6-phenyl-2-(trifluoromethyl)dihydro-2H-pyran-4(3H)-one (3ba) 

 
Synthesized by the general procedure; 24 h, 58.1 mg (82%), dr 3ba-1:3ba-2 = 1:4.2, 3ba-2 er 91:9.  
Colorless oil. 1H NMR (400 MHz, CDCl3): δ 2.56 (ddd, J = 1.6 Hz, 3.2 Hz, 15.2 Hz, 1H × 4.2/5.2, 
CHCHHC=O), 2.59 (dd, J = 11.6 Hz, 16.8 Hz, 1H × 1/5.2, CHCHHC=O), 2.72 (ddd, J = 0.7 Hz, 11.6 
Hz, 15.2 Hz, 1H × 4.2/5.2, CHCHHC=O), 2.76 (ddd, J = 0.6 Hz, 2.8 Hz, 16.8 Hz, 1H × 1/5.2, 
CHCHHC=O), 3.02 (d, J = 15.6 Hz, 1H × 1/5.2, CF3CCHHC=O), 3.18 (dd, J = 0.7 Hz, 14.7 Hz, 1H × 
4.2/5.2, CF3CCHHC=O), 3.32 (dd, J = 0.6 Hz, 14.7 Hz, 1H × 4.2/5.2, CF3CCHHC=O), 3.44 (dd, J = 
0.6 Hz, 15.6 Hz, 1H × 1/5.2, CF3CCHHC=O), 4.74 (dd, J = 3.2 Hz, 11.6 Hz, 1H × 4.2/5.2, OCH), 5.46 
(dm, J = 11.6 Hz, 1H × 1/5.2, OCH), 7.35-7.57 (m, 9H, ArH). 13C NMR (100 MHz, CDCl3): δ 42.7, 
43.7, 47.3, 48.6, 73.9, 75.5, 79.0 (q, JC,F = 29 Hz), 80.9 (q, JC,F = 30 Hz), 123.6 (q, JC,F = 282 Hz), 
124.9 (q, JC,F = 287 Hz), 125.7, 126.0, 127.9, 128.6, 128.7, 128.8, 128.9, 129.1, 129.3, 129.8, 131.47, 
131.55, 135.5, 136.2, 139.1, 139.5, 202.0, 202.2. HRMS (ESI): calcd for C18H15O2ClF3 ([M + H]+) 
355.0707, found 355.0700. HPLC (Daicel Chiralpak IB, hexane/i-PrOH = 99:1, 0.6 mL/min, λ = 220 
nm): tR (major diastereomer, major enantiomer) = 22.0 min, tR (major diastereomer, minor enantiomer) 
= 25.9 min. tR (minor diastereomer) = 35.6 min and 47.2 min. 
 
6-(4-Bromophenyl)-2-(4-chlorophenyl)-2-(trifluoromethyl)dihydro-2H-pyran-4(3H)-one (3bb) 

 
Synthesized by the general procedure; 24 h, 54.2 mg (63%), dr 3bb-1:3bb-2 = 1:4.1, 3bb-2 er 94:6. 
Colorless gum. 1H NMR (400 MHz, CDCl3): δ 2.45 (ddd, J = 1.6 Hz, 3.2 Hz, 15.0 Hz, 1H × 4.1/5.1, 
CHCHHC=O), 2.46 (dd, J = 11.6 Hz, 16.4 Hz, 1H × 1/5.1, CHCHHC=O), 2.58 (ddd, J = 0.8 Hz, 11.6 
Hz, 15.0 Hz, 1H × 4.1/5.1, CHCHHC=O), 2.66 (ddd, J = 0.8 Hz, 2.8 Hz, 16.4 Hz, 1H × 1/5.1, 
CHCHHC=O), 2.93 (d, J = 15.6 Hz, 1H × 1/5.1, CF3CCHHC=O), 3.09 (dd, J = 0.8 Hz, 14.8 Hz, 1H × 
4.1/5.1, CF3CCHHC=O), 3.24 (dd, J = 0.8 Hz, 14.8 Hz, 1H × 4.1/5.1, CF3CCHHC=O), 3.35 (dd, J = 
0.8 Hz, 15.6 Hz, 1H × 1/5.1, CF3CCHHC=O), 4.61 (dd, J = 3.2 Hz, 11.6 Hz, 1H × 4.1/5.1, OCH), 5.34 



S11 

(dd, J = 2.8 Hz, 11.6 Hz, 1H × 1/5.1, OCH), 7.17-7.52 (m, 8H, ArH). 13C NMR (100 MHz, CDCl3): δ 
42.7, 43.6, 47.1, 48.4, 73.3, 74.9, 79.1 (q, JC,F = 29 Hz), 81.0 (q, JC,F = 30 Hz), 122.55, 122.64, 123.5 
(q, JC,F = 282 Hz), 124.8 (q, JC,F = 287 Hz), 127.3, 127.6, 127.8, 128.8, 129.4, 129.7, 131.2, 132.0, 
132.1, 135.6, 136.3, 138.1, 138.5, 201.4, 201.7. HRMS (ESI): calcd for C18H14O2BrClF3 ([M + H]+) 
432.9812, found 432.9797. HPLC (Daicel Chiralpak IB, hexane/i-PrOH = 99:1, 0.6 mL/min, λ = 220 
nm): tR (major diastereomer, minor enantiomer) = 30.3 min, tR (major diastereomer, major enantiomer) 
= 34.1 min. 
 
A 1 mmol-scale reaction to afford 3bb-2  
To a solution of 4-(4-bromophenyl)but-3-en-2-one (1j) (1.05g, 5.0 mmol) and 4-chlorophenyl 
trifluomethyl ketone (2a) (208.6 mg, 1.0 mmol) in toluene (super dehydrated, 2.0 mL), 
(2S,4R)-4-(tert-butyldiphenylsilyloxy)pyrrolidine-2-carboxylic acid (L) (37.0 mg, 0.1 mmol,) and 
DABCO (K) (22.4 mg, 0.2 mmol) were added at room temperature (25 oC), and the mixture was 
stirred at the same temperature for 24 h. The dr was determined by 1H NMR analysis before 
purification to be 1:4.1 (3bb-1:3bb-2). The mixture was purified by flash column chromatography 
(hexane/CH2Cl2 = 3:1 to 2:1) to give 3bb-2 (255.0 mg, 61%, er 92:8). 

 
Colorless gum; er 92:8. 1H NMR (400 MHz, CDCl3): δ 2.45 (ddd, J = 1.6 Hz, 3.2 Hz, 15.0 Hz, 1H, 
CHCHHC=O), 2.58 (ddd, J = 0.8 Hz, 11.6 Hz, 15.0 Hz, 1H, CHCHHC=O), 3.08 (dd, J = 0.8 Hz, 14.6 
Hz, 1H, CF3CCHHC=O), 3.24 (dd, J = 0.8 Hz, 14.6 Hz, 1H, CF3CCHHC=O), 4.61 (dd, J = 3.2 Hz, 
11.6 Hz, 1H, OCH), 7.17-7.20 (m, 2H, ArH), 7.33-7.39 (m, 4H, ArH), 7.45-7.48 (m, 2H, ArH). 13C 
NMR (100 MHz, CDCl3): δ 42.7, 48.4, 73.3, 81.0 (q, JC,F = 30 Hz), 122.6, 123.6 (q, JC,F = 282 Hz), 
127.3, 129.4, 129.7, 131.3, 132.0, 136.3, 138.2, 201.5. 
 
6-(But-3-en-1-yl)-2-(4-chlorophenyl)-2-(trifluoromethyl)dihydro-2H-pyran-4(3H)-one (3bc) 

 
Synthesized by the general procedure; 29 h, 31.2 mg (47%), dr 3bc-1:3bc-2 = 1:1.7, 3bc-2 er 96:4. 
Colorless oil. 1H NMR (400 MHz, CDCl3): δ 1.60-1.94 (m, 2H, CH2CH2CH=CH2), 2.11-2.52 (m, 4H, 
CH2CH2CH=CH2, CHCH2C=O), 2.86 (d, J = 15.6 Hz, 1H × 1/2.7, CF3CCHHC=O), 3.02 (dd, J = 0.5 
Hz, 14.6 Hz, 1H × 1.7/2.7, CF3CCHHC=O), 3.20 (d, J = 14.6 Hz, 1H × 1.7/2.7, CF3CCHHC=O), 3.29 
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(d, J = 15.6 Hz, 1H × 1/2.7, CF3CCHHC=O), 3.67-3.37 (m, 1H × 1.7/2.7, OCH), 4.40-4.46 (m, 1H × 
1/2.7, OCH), 4.95-5.14 (m, 2H, CH2CH=CH2), 5.74-5.91 (m, 1H, CH2CH=CH2), 7.36-7.51 (m, 4H, 
ArH). 13C NMR (100 MHz, CDCl3): δ 29.2, 29.3, 35.2, 35.5, 42.7, 43.8, 45.7, 46.7, 71.7, 72.8, 78.5 (q, 
JC,F = 28 Hz), 80.6 (q, JC,F = 30 Hz), 115.5, 115.7, 123.6 (q, JC,F = 282 Hz), 124.9 (q, JC,F = 287 Hz), 
127.8, 128.6, 129.1, 129.8, 131.8, 135.3, 136.0, 137.2, 137.3, 202.6, 202.8. HRMS (ESI): calcd for 
C16H17O2ClF3 ([M + H]+) 333.0864, found 333.0858. HPLC (Daicel Chiralpak AS, hexane/i-PrOH = 
99:1, 0.6 mL/min, λ = 220 nm): tR (major diastereomer, major enantiomer) = 16.6 min, tR (major 
diastereomer, minor enantiomer) = 19.9 min. tR (minor diastereomer) = 29.5 min and 55.9 min. 
 
2-(4-Chlorophenyl)-6-hexyl-2-(trifluoromethyl)dihydro-2H-pyran-4(3H)-one (3bd) 

 

Synthesized by the general procedure; 26 h, 39.3 (51%), dr 3bd-1:3bd-2 = 1:2.3, 3bd-2 er 95:5. 
Colorless oil. 1H NMR (400 MHz, CDCl3): δ 0.86-1.80 (m, 13H, (CH2)5CH3), 2.17-2.29 (m, 1H, 
CHCHHC=O), 2.38 (dd, J = 11.6 Hz, 14.9 Hz, 1H × 2.3/3.3, CHCHHC=O), 2.49 (dd, J = 2.8 Hz, 16.6 
Hz, 1H × 1/3.3, CHCHHC=O), 2.85 (d, J = 15.6 Hz, 1H × 1/3.3, CF3CCHHC=O), 3.01 (dd, J = 0.6 Hz, 
14.6 Hz, 1H × 2.3/3.3, CF3CCHHC=O), 3.19 (d, J = 14.6 Hz, 1H × 2.3/3.3, CF3CCHHC=O), 3.29 (d, 
J = 15.6 Hz, 1H × 1/3.3, CF3CCHHC=O), 3.63-3.70 (m, 1H × 2.3/3.3, OCH), 4.37-4.41 (m, 1H × 
1/3.3, OCH), 7.33-7.51 (m, 4H, ArH). 13C NMR (100 MHz, CDCl3): δ =14.0, 22.6, 25.05, 25.06, 29.0, 
29.1, 31.66, 31.68, 36.0, 36.3, 42.7, 43.8, 45.7, 46.8, 72.3, 73.6, 78.5 (q, JC,F = 28 Hz), 80.5 (q, JC,F = 
30 Hz), 123.6 (q, JC,F = 282 Hz), 124.9 (q, JC,F = 287 Hz), 127.8, 128.6, 129.1, 129.8, 132.0, 135.9, 
202.9, 203.1. HRMS (ESI): calcd for C18H23O2ClF3 ([M + H]+) 363.1333, found 363.1326. HPLC 
(Daicel Chiralpak IB, hexane/i-PrOH = 99:1, 0.6 mL/min, λ = 220 nm): tR (major diastereomer, minor 
enantiomer) = 10.8 min, tR (major diastereomer, major enantiomer) = 11.5 min. tR (minor 
diastereomer) = 12.9 min and 17.1 min. 
 
5. Analysis of the stability of the products under the catalytic conditions  
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To a mixture of racemic 3aa and racemic 4aa (3aa-1:3aa-2:4aa = 3:1:1.6, 44.8 mg, 3aa 0.10 mmol, 
4aa 0.04 mmol) in toluene (super dehydrated, 0.2 mL), proline derivative L (0.01 mmol, 3.7 mg) and 
DABCO (K) (0.02 mmol, 2.3 mg) were added at room temperature (25 oC). At 30 min, 20 h, 44 h, and 
115 h, an aliquot was taken from the mixture, diluted with CDCl3, and analyzed by 1H NMR. No 
decomposition of the compounds and no changes in the ratios were detected.  
 
6. Transformations of the oxa-hetero-Diels-Alder reaction products 
Transformation of 3aa to 5 
 

 

 

 

 

 

 

 

To a solution of 3aa (3aa-1:3aa-2 = 1:1.9, 3aa-2 er 96:4, 32.1 mg, 0.10 mmol) in MeOH (1.0 mL), 
PhCH2ONH2 (12.3 mg, 0.10 mmol) was added at room temperature (25 oC). The mixture was stirred at 
60 oC for 24 h (consumption of 3aa was analyzed by TLC). After being cooled to room temperature, 
the mixture was purified by flash column chromatography (hexane/EtOAc = 15:1 to 10:1) to give 5 
(major diastereomer from 3aa-2, 25.9 mg, 61%). 
 
2-(4-Chlorophenyl)-6-propyl-2-(trifluoromethyl)dihydro-2H-pyran-4(3H)-one O-benzyl oxime 
(5) 
Colorless oil. 1H NMR (400 MHz, CDCl3): δ 0.93 (t, J = 7.2 Hz, 3H, CH3), 1.34-1.73 (m, 4H, 
CH2CH2CH3), 1.93 (dd, J = 11.6 Hz, 15.2 Hz, 1H, CHCHHC=N), 2.87 (d, J = 14.8 Hz, 1H, 
CF3CCHHC=N), 3.00 (ddd, J = 0.4 Hz, 2.8 Hz, 15.2 Hz, 1H, CHCHHC=N), 3.11 (d, J = 14.8 Hz, 1H, 
CF3CCHHC=N), 3.38-3.45 (m, 1H, OCH), 5.05 (s, 2H, CH2Ph), 7.21-7.41 (m, 9H, ArH). 13C NMR 
(100 MHz, CDCl3): δ 14.0, 18.6, 31.5, 32.6, 38.1, 70.6, 75.6, 79.4 (q, JC,F = 29 Hz ), 123.9 (q, JC,F = 
282 Hz), 127.71, 127.73, 128.3, 128.7, 130.1, 132.4, 135.2, 137.8, 152.2. HRMS (ESI): calcd for 
C22H24O2NClF3 ([M + H]+) 426.1430, found 426.1442.  
 
Transformation of 3aa to 6 
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To a solution of 3aa (3aa-1:3aa-2 = 1:1.9, 3aa-2 er 96:4, 32.1 mg, 0.10 mmol) in CH2Cl2 (1.5 mL), 
benzylamine (32.7 µL, 0.30 mmol) and NaBH(OAc)3 (64 mg, 0.30 mmol) were added at room 
temperature (25 oC), and the mixture was stirred at the same temperature for 45 h (consumption of 3aa 
was analyzed by TLC). After addition of aqueous NaOH (1 N, 0.6 mL), the mixture was extracted 
with CH2Cl2 (x 3). Organic layers were combined, washed with brine, dried over MgSO4, filtered, 
concentrated, and purified by flash column chromatography (hexane/EtOAc = 20:1 to 6:1) gave 6-1 
(from 3aa-2, 23.9 mg, 58%, single diastereomer, er 95:5) and 6-2 (from 3aa-1, 7.8 mg, 19%, single 
diastereomer).  
 
Compound 6-1 
Rf = 0.29 (hexane/ EtOAc = 10:1).  
Colorless oil. [α]D

24 +31.7 (c = 1.93, CHCl3, er 95:5 determined by the HPLC analysis). 1H NMR (400 
MHz, CDCl3): δ 0.95 (t, J = 7.2 Hz, 3H, CH3), 1.31-1.72 (m, 6H, CH2CH2CH3, CH2CH2CH3, 
CHCH2CHNH), 2.33-2.36 (m, 1H, CCF3CHHCH), 2.45 (dd, J = 5.2 Hz, 14.4 Hz, 1H, CCF3CHHCH), 
3.23-3.26 (m, 1H, CHNHCH2Ph), 3.67 (s, 2H, CH2Ph), 3.74-3.81 (m, 1H, OCH), 7.06-7.07 (m, 2H, 
ArH), 7.22-7.38 (m, 5H, ArH), 7.49 (d, J = 8.8 Hz, 2H, ArH). 13C NMR (100 MHz, CDCl3): δ 14.2, 
18.6, 30.6, 35.1, 38.4, 48.8, 50.9, 67.2, 77.6 (q, JC,F = 28 Hz ), 124.6 (q, JC,F = 282 Hz ), 127.2, 127.8, 
128.4, 128.9, 134.6 ,135.4. HRMS (ESI) calcd for C22H26ONClF3 ([M + H]+) 412.1650, found 
412.1644. HPLC (Daicel Chiralpak IA, hexane/i-PrOH = 99:1, 0.6 mL/min, λ = 220 nm): tR (major 
enantiomer) = 8.0 min, tR (minor enantiomer) = 12.1 min. 
Relative stereochemistry of 6-1 was determined by 1H NMR and NOESY analyses.  

 
 
Compound 6-2 
Rf = 0.24 (hexane/ EtOAc = 10:1). 
Colorless oil. 1H NMR (400 MHz, CDCl3): δ 0.98 (t, J = 7.2 Hz, 3H, CH3), 1.06 (dt, J = 12.8 Hz, 11.6 
Hz, 1H, CHCHHCHNHBn), 1.43-1.69 (m, 5H, CH2CH2CH3, CF3CHHCHNH), 2.01-2.06 (m, 1H, 
CHCHHCH), 2.87 (ddd, J = 1.6 Hz, 4.4 Hz, 13.8 Hz, 1H, CCF3CHHCH), 3.19-3.24 (m, 1H, CHNH), 
3.86 (d, J = 15.5 Hz, 1H, CHHPh), 3.89 (d, J = 15.5 Hz, 1H, CHHPh ), 4.00-4.05 (m, 1H, OCH), 
7.27-7.35 (m, 7H, ArH), 7.49 (m, 2H, ArH). 13C NMR (100 MHz, CDCl3): δ 13.9, 18.6, 37.4, 37.6, 
38.8, 50.0, 50.6, 73.0, 76.7 (q, JC,F = 27 Hz ), 125.9 (q, JC,F = 290 Hz ), 127.3, 127.6, 128.0, 128.2, 
128.6, 134.3, 139.0. HRMS (ESI) calcd for C22H26ONClF3 ([M + H]+) 412.1650, found 412.1637. 
Relative stereochemistry of 6-2 was determined by 1H NMR and NOESY analyses. 
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Transformation of 3aa to 7 

 
A mixture of 3aa (3aa-1:3aa-2 = 1:1.9, 3aa-2 er 96:4, 32.1 mg, 0.10 mmol), allylbromide (86 µL, 1.0 
mmol), and In (15.3 mg, 0.13 mmol) in DMF (0.8 mL)-H2O (0.1 mL) was stirred at room temperature 
(25 oC) for 20 h. The mixture was added to aqueous saturated NH4Cl and extracted with CH2Cl2 (x 3). 
Organic layers were combined, washed with brine, dried with MgSO4, concentrated, and purified by 
flash column chromatography (hexane/EtOAc = 20:1 to 10:1) to give 7-1 (26.4 mg, 73%, a mixture of 
two diastereomers, 7-1a from 3aa-1, 7-1b from 3aa-2, 7-1a:7-1b = 1:4.7) and 7-2 (from 3aa-1, 4.1 mg, 
11%, single diastereomer). 
 

 

 

 

 

 

 

 

A mixture of racemic 3aa (3aa-1:3aa-2 = 2.5:1, 32.1 mg, 0.10 mmol), allylbromide (86 µL, 1.0 mmol), 
and In (15.3 mg, 0.13 mmol) in DMF (0.8 mL)-H2O (0.1 mL) was stirred at room temperature (25 oC) 
for 20 h. The mixture was added to aqueous saturated NH4Cl and extracted with CH2Cl2 (x 3). Organic 
layers were combined, washed with brine, dried with MgSO4, concentrated, and purified by flash 
column chromatography (hexane/EtOAc = 20:1 to 10:1) to give 7-1 (18.8 mg, 52%, a mixture of two 
diastereomers, 7-1a from 3aa-1, 7-1b from 3aa-2, 7-1a:7-1b = 1:1) and 7-2 (from 3aa-1, 10.1 mg, 
28%, single diastereomer). 
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Compound 7-1 
Rf = 0.38 (hexane/ EtOAc = 10:1). 
Colorless oil. 7-1a:7-1b = 1:4.7. 1H NMR (400 MHz, CDCl3): δ 0.95-1.00 (m, 3H, CH3), 1.39-1.72 {m, 
(4H, CH2CH2CH3), (2H × 4.7/5.7, OCHCH2COH), (1H × 1/5.7, OCHCHHCOH)}, 1.90 (dd, J = 3.4 
Hz, 14.5 Hz, 1H × 1/5.7, OCHCHHCOH), 1.99 (d, J = 14.4 Hz, 1H × 4.7/5.7, CCF3CHHCOH), 
2.22-2.32 (m, 2H, CH2CH=CH2), 2.37 (s, 2H × 1/5.7, CCF3CH2COH), 2.49 (d, J = 14.4 Hz, 1H × 
4.7/5.7, CCF3CHHCOH), 3.75-3.81 (m, 1H × 4.7/5.7, OCH), 3.92-3.99 (m, 1H × 1/5.7, OCH), 
5.13-5.26 (m, 2H, CH=CH2), 5.78-5.92 (m, 1H, CH=CH2), 7.34-7.39 (m, 2H, ArH), 7.48 (d, J = 8.6 
Hz, 2H × 4.7/5.7, ArH), 7.57 (d, J = 8.4 Hz, 2H × 1/5.7, ArH). 13C NMR (100 MHz, CDCl3): * 
donates 7-1b, δ 13.8, *14.2, 18.5, *18.7, *35.6, 37.3, *38.0, 38.4, *41.9, 43.2, 47.9, *48.6, *67.7, 
*69.2, 69.5, 71.3, 77.0 (q, JC,F = 28 Hz), *78.1 (q, JC,F = 28 Hz), 119.8, *120.4, *124.4 (q, JC,F = 282 
Hz), 125.3 (q, JC,F = 286 Hz), 128.2, *128.3, 128.4, *129.7, *131.8, 132.3, *133.8, 134.5, *134.7, 
137.9. 
 
Compound 7-2 
Rf = 0.31 (hexane/ EtOAc = 10:1). 
Colorless oil. 1H NMR (400 MHz, CDCl3): δ 0.99 (t, J = 7.2 Hz, 3H, CH3), 1.35 (dd, J = 11.8 Hz, 14.1 
Hz, 1H, OCHCHHCOH), 1.46-1.74 (m, 5H, CH2CH2CH3, OCHCHHCOH), 1.93-2.04 (m, 2H, 
CH2CH=CH2), 2.08 (dd, J = 0.6 Hz, 14.5 Hz, 1H, CCF3CHHCOH), 2.54 (dd, J = 0.9 Hz, 14.5 Hz, 1H, 
CCF3CHHCOH), 4.29-4.33 (m, 1H, OCH), 5.05-5.11 (m, 1H, CH=CHH), 5.19-5.22 (m, 1H, 
CH=CHH), 5.72-5.83 (m, 1H, CH=CH2), 7.32-7.35 (m, 2H, ArH), 7.50 (d, J = 8.4 Hz, 2H, ArH). 13C 
NMR (100 MHz, CDCl3): δ 14.0, 18.6, 38.2, 39.4, 42.5, 48.3, 68.4, 70.0, 76.2 (q, JC,F = 28 Hz ), 120.6, 
125.5 (q, JC,F = 287 Hz), 127.7, 128.2, 132.0, 134.3 ,139.1.  
 
Transformation of 3bb to 8 
 

 

 

 

 

 

 

To a solution of 3bb (3bb-1:3bb-2 = 1:25, 3bb-2 er 92:8, 70.0 mg, 0.161 mmol) in CH2Cl2 (2.5 mL), 
4-bromobenzylamine (93.0 mg, 0.50 mmol) and NaBH(OAc)3 (106.8 mg, 0.50 mmol) were added at 
room temperature (25 oC) and the mixture was stirred at the same temperature for 45 h (consumption 
of 3bb was analyzed by TLC). After addition of aqueous NaOH (1 N, 1.5 mL), the mixture was 
extracted with CH2Cl2 (x 3). Organic layers were combined, washed with brine, dried over MgSO4, 
filtered, concentrated, and purified by flash column chromatography (hexane/EtOAc = 10:1) to give 8 
(97.1 mg, 87%, er 92:8, single diastereomer).  
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N-(4-Bromobenzyl)-6-(4-bromophenyl)-2-(4-chlorophenyl)-2-(trifluoromethyl)tetrahydro-2H- 
pyran-4-amine (8) 
Colorless oil. [α]D

25 –23.4 (c = 2.70, CHCl3, er 92:8 determined by the HPLC analysis). 
1H NMR (400 MHz, CDCl3): δ 1.78-1.88 (m, 2H, CHCH2CHNH), 2.39 (dd, J = 4.0 Hz, 14.4 Hz, 1H, 
CF3CCHHC=O), 2.57 (dd, J = 3.2 Hz, 14.4 Hz, 1H, CF3CCHHC=O), 3.34 (m 1H, CHNH), 3.60 (d, J 
= 14.0 Hz, 1H, CHHPh), 3.66 (d, J = 14.0 Hz, 1H, CHHPh), 4.87 (dd, J = 3.6 Hz, 10.6 Hz, 1H, OCH), 
6.86 (d, J = 8.0 Hz, 2H ArH), 7.23 (d, J = 8.4 Hz, 2H ArH), 7.36-7.40 (m, 4H, ArH), 7.47-7.52 (m, 4H, 
ArH). 13C NMR (100 MHz, CDCl3): δ 30.5, 37.5, 49.4, 50.6, 68.5, 78.3 (q, JC,F = 28 Hz ), 120.8, 121.6, 
124.5 (q, JC,F = 282 Hz), 127.4, 128.6, 129.3, 131.4, 131.6, 134.79, 134.80, 138.9, 140.6. HRMS (ESI) 
calcd for C25H22ONBr2ClF3 ([M + H]+) 601.9678, found 601.9703. HPLC (Daicel Chiralpak IA, 
hexane/i-PrOH = 99:1, 0.6 mL/min, λ = 220 nm): tR (major enantiomer) = 18.6 min, tR (minor 
enantiomer) = 23.0 min. 
 
7. References 
1. H.-L. Cui, F. Tanaka, Chem. Eur. J., 2013, 19, 6213.  
2. Y. Lu, F. Zhong, X. Han, Adv. Synth. Catal., 2010, 352, 2778.. 
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Current Data Parameters
NAME             DZ-891
EXPNO                20
PROCNO                1

F2 - Acquisition Parameters
Date_          20160412
Time              10.14
INSTRUM           spect
PROBHD   5 mm PABBO BB/
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
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                300.2 K
D1           1.00000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1        400.1324710 MHz
NUC1                 1H
P1                15.00 usec
PLW1         8.00000000 W

F2 - Processing parameters
SI                65536
SF          400.1300094 MHz
WDW                  EM
SSB      0
LB                 0.30 Hz
GB       0
PC                 1.00

O

Br
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Current Data Parameters
NAME             DZ-891
EXPNO                21
PROCNO                1

F2 - Acquisition Parameters
Date_          20160412
Time              11.40
INSTRUM           spect
PROBHD   5 mm PABBO BB/
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                 1500
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                301.9 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1        100.6228293 MHz
NUC1                13C
P1                10.00 usec
PLW1        70.00000000 W

======== CHANNEL f2 ========
SFO2        400.1316005 MHz
NUC2                 1H
CPDPRG[2        waltz16
PCPD2             80.00 usec
PLW2         8.00000000 W
PLW12        0.28125000 W
PLW13        0.28125000 W

F2 - Processing parameters
SI                32768
SF          100.6127739 MHz
WDW                  EM
SSB      0
LB                 1.00 Hz
GB       0
PC                 1.40

O

Br
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Current Data Parameters
NAME             DZ-606
EXPNO                40
PROCNO                1

F2 - Acquisition Parameters
Date_          20150122
Time              13.50
INSTRUM           spect
PROBHD   5 mm PABBO BB/
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
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
TD0                   1

======== CHANNEL f1 ========
SFO1        400.1324710 MHz
NUC1                 1H
P1                15.00 usec
PLW1         8.00000000 W

F2 - Processing parameters
SI                65536
SF          400.1300097 MHz
WDW                  EM
SSB      0
LB                 0.30 Hz
GB       0
PC                 1.00

O

O

CF3

Cl3aa-2

O

O
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Cl3aa-1

3aa-1:3aa-2 = 1:1.9	
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Current Data Parameters
NAME             DZ-606
EXPNO                60
PROCNO                1

F2 - Acquisition Parameters
Date_          20150122
Time              16.04
INSTRUM           spect
PROBHD   5 mm PABBO BB/
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
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                299.5 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1        100.6228293 MHz
NUC1                13C
P1                10.00 usec
PLW1        70.00000000 W

======== CHANNEL f2 ========
SFO2        400.1316005 MHz
NUC2                 1H
CPDPRG[2        waltz16
PCPD2             80.00 usec
PLW2         8.00000000 W
PLW12        0.28125000 W
PLW13        0.28125000 W

F2 - Processing parameters
SI                32768
SF          100.6127711 MHz
WDW                  EM
SSB      0
LB                 1.00 Hz
GB       0
PC                 1.40

O

O

CF3

Cl3aa-2

O
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Cl3aa-1

3aa-1:3aa-2 = 1:1.9	
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Current Data Parameters
NAME             DZ-374
EXPNO                40
PROCNO                1

F2 - Acquisition Parameters
Date_          20140910
Time              10.23
INSTRUM           spect
PROBHD   5 mm PABBO BB/
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
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                298.3 K
D1           1.00000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1        400.1324710 MHz
NUC1                 1H
P1                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

O

O

CF3

Cl3aa-2

O

O

CF3

Cl3aa-1

3aa-1:3aa-2:4aa = 62:8:30	
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Current Data Parameters
NAME             DZ-829
EXPNO                20
PROCNO                1

F2 - Acquisition Parameters
Date_          20160405
Time              12.09
INSTRUM           spect
PROBHD   5 mm PABBO BB/
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    2
SWH            8012.820 Hz
FIDRES         0.122266 Hz
AQ            4.0894465 sec
RG                19.65
DW               62.400 usec
DE                 6.50 usec
TE                300.3 K
D1           1.00000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1        400.1324710 MHz
NUC1                 1H
P1                15.00 usec
PLW1         8.00000000 W

F2 - Processing parameters
SI                65536
SF          400.1300091 MHz
WDW                  EM
SSB      0
LB                 0.30 Hz
GB       0
PC                 1.00
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3aa-1:3aa-2:4aa = 64:18:18	
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Current Data Parameters
NAME             DZ-829
EXPNO                21
PROCNO                1

F2 - Acquisition Parameters
Date_          20160405
Time              13.45
INSTRUM           spect
PROBHD   5 mm PABBO BB/
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                 1685
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                302.0 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1        100.6228293 MHz
NUC1                13C
P1                10.00 usec
PLW1        70.00000000 W

======== CHANNEL f2 ========
SFO2        400.1316005 MHz
NUC2                 1H
CPDPRG[2        waltz16
PCPD2             80.00 usec
PLW2         8.00000000 W
PLW12        0.28125000 W
PLW13        0.28125000 W

F2 - Processing parameters
SI                32768
SF          100.6127710 MHz
WDW                  EM
SSB      0
LB                 1.00 Hz
GB       0
PC                 1.40

O

O

CF3

Cl3aa-2

O

O

CF3

Cl3aa-1

3aa-1:3aa-2:4aa = 64:18:18	

S24
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Current Data Parameters
NAME             DZ-616
EXPNO                20
PROCNO                1

F2 - Acquisition Parameters
Date_          20150126
Time              13.05
INSTRUM           spect
PROBHD   5 mm PABBO BB/
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
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                298.4 K
D1           1.00000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1        400.1324710 MHz
NUC1                 1H
P1                15.00 usec
PLW1         8.00000000 W

F2 - Processing parameters
SI                65536
SF          400.1300097 MHz
WDW                  EM
SSB      0
LB                 0.30 Hz
GB       0
PC                 1.00

3ab-1:3ab-2 = 1:1.3	

S25
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Current Data Parameters
NAME             DZ-616
EXPNO                40
PROCNO                1

F2 - Acquisition Parameters
Date_          20150127
Time               8.38
INSTRUM           spect
PROBHD   5 mm PABBO BB/
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                15000
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
TD0                   1

======== CHANNEL f1 ========
SFO1        100.6228293 MHz
NUC1                13C
P1                10.00 usec
PLW1        70.00000000 W

======== CHANNEL f2 ========
SFO2        400.1316005 MHz
NUC2                 1H
CPDPRG[2        waltz16
PCPD2             80.00 usec
PLW2         8.00000000 W
PLW12        0.28125000 W
PLW13        0.28125000 W

F2 - Processing parameters
SI                32768
SF          100.6127706 MHz
WDW                  EM
SSB      0
LB                 1.00 Hz
GB       0
PC                 1.40

3ab-1:3ab-2 = 1:1.3	

S26



8 7 6 5 4 3 2 1 0 ppm

0
.
9
0
7

0
.
9
2
5

0
.
9
4
3

0
.
9
7
6

0
.
9
9
4

1
.
0
1
2

1
.
5
7
5

1
.
5
8
3

1
.
5
9
6

2
.
3
0
9

2
.
3
1
3

2
.
3
1
7

2
.
3
2
1

2
.
3
2
6

2
.
3
3
7

2
.
3
6
4

2
.
4
5
8

2
.
9
6
9

2
.
9
7
3

3
.
0
0
5

3
.
1
2
2

3
.
1
2
3

3
.
2
6
7

3
.
3
0
6

6
.
9
9
5

7
.
0
0
4

7
.
0
0
7

7
.
0
1
4

7
.
0
1
7

7
.
0
2
7

7
.
0
4
5

7
.
1
2
0

7
.
1
2
3

7
.
1
2
9

7
.
1
3
2

7
.
2
6
0

7
.
3
2
9

7
.
3
3
2

7
.
3
4
2

7
.
3
4
5

7
.
4
3
6

7
.
4
3
9

7
.
4
4
9

7
.
4
5
2

4.
53

3.
27

11
.2
8

4.
16

1.
03

2.
42

1.
53

1.
01

1.
43

1.
00

3.
58

1.
42

1.
00

1.
35

Current Data Parameters
NAME             DZ-625
EXPNO                20
PROCNO                1

F2 - Acquisition Parameters
Date_          20150130
Time              15.44
INSTRUM           spect
PROBHD   5 mm PABBO BB/
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
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                298.3 K
D1           1.00000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1        400.1324710 MHz
NUC1                 1H
P1                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

3ac-1:3ac-2 = 1:1.4	

S27
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Current Data Parameters
NAME             DZ-625
EXPNO                40
PROCNO                1

F2 - Acquisition Parameters
Date_          20150131
Time               8.55
INSTRUM           spect
PROBHD   5 mm PABBO BB/
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                15000
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
TD0                   1

======== CHANNEL f1 ========
SFO1        100.6228293 MHz
NUC1                13C
P1                10.00 usec
PLW1        70.00000000 W

======== CHANNEL f2 ========
SFO2        400.1316005 MHz
NUC2                 1H
CPDPRG[2        waltz16
PCPD2             80.00 usec
PLW2         8.00000000 W
PLW12        0.28125000 W
PLW13        0.28125000 W

F2 - Processing parameters
SI                32768
SF          100.6127713 MHz
WDW                  EM
SSB      0
LB                 1.00 Hz
GB       0
PC                 1.40

3ac-1:3ac-2 = 1:1.4	

S28
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Current Data Parameters
NAME             DZ-634
EXPNO                20
PROCNO                1

F2 - Acquisition Parameters
Date_          20150205
Time              18.27
INSTRUM           spect
PROBHD   5 mm PABBO BB/
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    2
SWH            8012.820 Hz
FIDRES         0.122266 Hz
AQ            4.0894465 sec
RG                54.59
DW               62.400 usec
DE                 6.50 usec
TE                298.2 K
D1           1.00000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1        400.1324710 MHz
NUC1                 1H
P1                15.00 usec
PLW1         8.00000000 W

F2 - Processing parameters
SI                65536
SF          400.1300099 MHz
WDW                  EM
SSB      0
LB                 0.30 Hz
GB       0
PC                 1.00

3ad-1:3ad-2 = 1:1.7	

S29
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Current Data Parameters
NAME             DZ-634
EXPNO                30
PROCNO                1

F2 - Acquisition Parameters
Date_          20150207
Time               9.03
INSTRUM           spect
PROBHD   5 mm PABBO BB/
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                15000
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
TD0                   1

======== CHANNEL f1 ========
SFO1        100.6228293 MHz
NUC1                13C
P1                10.00 usec
PLW1        70.00000000 W

======== CHANNEL f2 ========
SFO2        400.1316005 MHz
NUC2                 1H
CPDPRG[2        waltz16
PCPD2             80.00 usec
PLW2         8.00000000 W
PLW12        0.28125000 W
PLW13        0.28125000 W

F2 - Processing parameters
SI                32768
SF          100.6127695 MHz
WDW                  EM
SSB      0
LB                 1.00 Hz
GB       0
PC                 1.40

3ad-1:3ad-2 = 1:1.7	

S30
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Current Data Parameters
NAME             DZ-642
EXPNO                20
PROCNO                1

F2 - Acquisition Parameters
Date_          20150213
Time              13.42
INSTRUM           spect
PROBHD   5 mm PABBO BB/
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
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                298.3 K
D1           1.00000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1        400.1324710 MHz
NUC1                 1H
P1                15.00 usec
PLW1         8.00000000 W

F2 - Processing parameters
SI                65536
SF          400.1300097 MHz
WDW                  EM
SSB      0
LB                 0.30 Hz
GB       0
PC                 1.00

3ae-1:3ae-2 = 1:2.4	

S31
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Current Data Parameters
NAME             DZ-642
EXPNO                50
PROCNO                1

F2 - Acquisition Parameters
Date_          20150214
Time               7.50
INSTRUM           spect
PROBHD   5 mm PABBO BB/
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                15000
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
TD0                   1

======== CHANNEL f1 ========
SFO1        100.6228293 MHz
NUC1                13C
P1                10.00 usec
PLW1        70.00000000 W

======== CHANNEL f2 ========
SFO2        400.1316005 MHz
NUC2                 1H
CPDPRG[2        waltz16
PCPD2             80.00 usec
PLW2         8.00000000 W
PLW12        0.28125000 W
PLW13        0.28125000 W

F2 - Processing parameters
SI                32768
SF          100.6127706 MHz
WDW                  EM
SSB      0
LB                 1.00 Hz
GB       0
PC                 1.40

3ae-1:3ae-2 = 1:2.4	

S32
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Current Data Parameters
NAME             DZ-717
EXPNO                30
PROCNO                1

F2 - Acquisition Parameters
Date_          20150616
Time              18.36
INSTRUM           spect
PROBHD   5 mm PABBO BB/
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    2
SWH            8012.820 Hz
FIDRES         0.122266 Hz
AQ            4.0894465 sec
RG                54.59
DW               62.400 usec
DE                 6.50 usec
TE       0 K
D1           1.00000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1        400.1324710 MHz
NUC1                 1H
P1                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

3af-1:3af-2 = 1:1.3	

S33
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Current Data Parameters
NAME             DZ-717
EXPNO                40
PROCNO                1

F2 - Acquisition Parameters
Date_          20150617
Time              12.23
INSTRUM           spect
PROBHD   5 mm PABBO BB/
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                 3000
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       0 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1        100.6228293 MHz
NUC1                13C
P1                10.00 usec
PLW1        70.00000000 W

======== CHANNEL f2 ========
SFO2        400.1316005 MHz
NUC2                 1H
CPDPRG[2        waltz16
PCPD2             80.00 usec
PLW2         8.00000000 W
PLW12        0.28125000 W
PLW13        0.28125000 W

F2 - Processing parameters
SI                32768
SF          100.6127706 MHz
WDW                  EM
SSB      0
LB                 1.00 Hz
GB       0
PC                 1.40

3af-1:3af-2 = 1:1.3	

S34
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Current Data Parameters
NAME             DZ-632
EXPNO                20
PROCNO                1

F2 - Acquisition Parameters
Date_          20150204
Time              21.26
INSTRUM           spect
PROBHD   5 mm PABBO BB/
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    2
SWH            8012.820 Hz
FIDRES         0.122266 Hz
AQ            4.0894465 sec
RG                54.59
DW               62.400 usec
DE                 6.50 usec
TE                298.6 K
D1           1.00000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1        400.1324710 MHz
NUC1                 1H
P1                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

3ag-1:3ag-2 = 1:2.2	

S35
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Current Data Parameters
NAME             DZ-632
EXPNO                40
PROCNO                1

F2 - Acquisition Parameters
Date_          20150206
Time               8.51
INSTRUM           spect
PROBHD   5 mm PABBO BB/
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                15000
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
TD0                   1

======== CHANNEL f1 ========
SFO1        100.6228293 MHz
NUC1                13C
P1                10.00 usec
PLW1        70.00000000 W

======== CHANNEL f2 ========
SFO2        400.1316005 MHz
NUC2                 1H
CPDPRG[2        waltz16
PCPD2             80.00 usec
PLW2         8.00000000 W
PLW12        0.28125000 W
PLW13        0.28125000 W

F2 - Processing parameters
SI                32768
SF          100.6127699 MHz
WDW                  EM
SSB      0
LB                 1.00 Hz
GB       0
PC                 1.40

3ag-1:3ag-2 = 1:2.2	

S36
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Current Data Parameters
NAME             DZ-725
EXPNO                20
PROCNO                1

F2 - Acquisition Parameters
Date_          20150618
Time              12.47
INSTRUM           spect
PROBHD   5 mm PABBO BB/
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
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       0 K
D1           1.00000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1        400.1324710 MHz
NUC1                 1H
P1                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

3ah-1:3ah-2 = 1:2.2	

S37
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Current Data Parameters
NAME             DZ-725
EXPNO                30
PROCNO                1

F2 - Acquisition Parameters
Date_          20150623
Time              12.03
INSTRUM           spect
PROBHD   5 mm PABBO BB/
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                 2500
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       0 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1        100.6228293 MHz
NUC1                13C
P1                10.00 usec
PLW1        70.00000000 W

======== CHANNEL f2 ========
SFO2        400.1316005 MHz
NUC2                 1H
CPDPRG[2        waltz16
PCPD2             80.00 usec
PLW2         8.00000000 W
PLW12        0.28125000 W
PLW13        0.28125000 W

F2 - Processing parameters
SI                32768
SF          100.6127706 MHz
WDW                  EM
SSB      0
LB                 1.00 Hz
GB       0
PC                 1.40

3ah-1:3ah-2 = 1:2.2	

S38
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Current Data Parameters
NAME             DZ-733
EXPNO                20
PROCNO                1

F2 - Acquisition Parameters
Date_          20150624
Time              16.44
INSTRUM           spect
PROBHD   5 mm PABBO BB/
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
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       0 K
D1           1.00000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1        400.1324710 MHz
NUC1                 1H
P1                15.00 usec
PLW1         8.00000000 W

F2 - Processing parameters
SI                65536
SF          400.1300097 MHz
WDW                  EM
SSB      0
LB                 0.30 Hz
GB       0
PC                 1.00

3ba-1:3ba-2 = 1:4.2	

S39
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Current Data Parameters
NAME             DZ-733
EXPNO                30
PROCNO                1

F2 - Acquisition Parameters
Date_          20150625
Time              13.52
INSTRUM           spect
PROBHD   5 mm PABBO BB/
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                 3000
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       0 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1        100.6228293 MHz
NUC1                13C
P1                10.00 usec
PLW1        70.00000000 W

======== CHANNEL f2 ========
SFO2        400.1316005 MHz
NUC2                 1H
CPDPRG[2        waltz16
PCPD2             80.00 usec
PLW2         8.00000000 W
PLW12        0.28125000 W
PLW13        0.28125000 W

F2 - Processing parameters
SI                32768
SF          100.6127728 MHz
WDW                  EM
SSB      0
LB                 1.00 Hz
GB       0
PC                 1.40

3ba-1:3ba-2 = 1:4.2	

S40
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Current Data Parameters
NAME             DZ-766
EXPNO                20
PROCNO                1

F2 - Acquisition Parameters
Date_          20150807
Time              17.28
INSTRUM           spect
PROBHD   5 mm PABBO BB/
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    2
SWH            8012.820 Hz
FIDRES         0.122266 Hz
AQ            4.0894465 sec
RG                54.59
DW               62.400 usec
DE                 6.50 usec
TE                298.8 K
D1           1.00000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1        400.1324710 MHz
NUC1                 1H
P1                15.00 usec
PLW1         8.00000000 W

F2 - Processing parameters
SI                65536
SF          400.1300391 MHz
WDW                  EM
SSB      0
LB                 0.30 Hz
GB       0
PC                 1.00

3bb-1:3bb-2 = 1:4.1	

S41
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Current Data Parameters
NAME             DZ-766
EXPNO                40
PROCNO                1

F2 - Acquisition Parameters
Date_          20150812
Time               1.59
INSTRUM           spect
PROBHD   5 mm PABBO BB/
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                 9000
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                299.9 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1        100.6228293 MHz
NUC1                13C
P1                10.00 usec
PLW1        70.00000000 W

======== CHANNEL f2 ========
SFO2        400.1316005 MHz
NUC2                 1H
CPDPRG[2        waltz16
PCPD2             80.00 usec
PLW2         8.00000000 W
PLW12        0.28125000 W
PLW13        0.28125000 W

F2 - Processing parameters
SI                32768
SF          100.6127713 MHz
WDW                  EM
SSB      0
LB                 1.00 Hz
GB       0
PC                 1.40

3bb-1:3bb-2 = 1:4.1	

S42
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Current Data Parameters
NAME             DZ-894
EXPNO                30
PROCNO                1

F2 - Acquisition Parameters
Date_          20160217
Time              21.13
INSTRUM           spect
PROBHD   5 mm PABBO BB/
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
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                301.1 K
D1           1.00000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1        400.1324710 MHz
NUC1                 1H
P1                15.00 usec
PLW1         8.00000000 W

F2 - Processing parameters
SI                65536
SF          400.1300414 MHz
WDW                  EM
SSB      0
LB                 0.30 Hz
GB       0
PC                 1.00
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Current Data Parameters
NAME             DZ-894
EXPNO                60
PROCNO                1

F2 - Acquisition Parameters
Date_          20160218
Time              12.46
INSTRUM           spect
PROBHD   5 mm PABBO BB/
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                 2100
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                301.9 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1        100.6228293 MHz
NUC1                13C
P1                10.00 usec
PLW1        70.00000000 W

======== CHANNEL f2 ========
SFO2        400.1316005 MHz
NUC2                 1H
CPDPRG[2        waltz16
PCPD2             80.00 usec
PLW2         8.00000000 W
PLW12        0.28125000 W
PLW13        0.28125000 W

F2 - Processing parameters
SI                32768
SF          100.6127688 MHz
WDW                  EM
SSB      0
LB                 1.00 Hz
GB       0
PC                 1.40
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Current Data Parameters
NAME             DZ-735
EXPNO                20
PROCNO                1

F2 - Acquisition Parameters
Date_          20150625
Time              16.53
INSTRUM           spect
PROBHD   5 mm PABBO BB/
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
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       0 K
D1           1.00000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1        400.1324710 MHz
NUC1                 1H
P1                15.00 usec
PLW1         8.00000000 W

F2 - Processing parameters
SI                65536
SF          400.1300097 MHz
WDW                  EM
SSB      0
LB                 0.30 Hz
GB       0
PC                 1.00

3bc-1:3bc-2 = 1:1.7	

S45
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Current Data Parameters
NAME            DZ-735C
EXPNO                 1
PROCNO                1

F2 - Acquisition Parameters
Date_          20150626
Time               7.16
INSTRUM           spect
PROBHD   5 mm PABBO BB/
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                10240
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       0 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1        100.6228293 MHz
NUC1                13C
P1                10.00 usec
PLW1        70.00000000 W

======== CHANNEL f2 ========
SFO2        400.1316005 MHz
NUC2                 1H
CPDPRG[2        waltz16
PCPD2             80.00 usec
PLW2         8.00000000 W
PLW12        0.28125000 W
PLW13        0.28125000 W

F2 - Processing parameters
SI                32768
SF          100.6127706 MHz
WDW                  EM
SSB      0
LB                 1.00 Hz
GB       0
PC                 1.40

3bc-1:3bc-2 = 1:1.7	

S46
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Current Data Parameters
NAME             DZ-731
EXPNO                20
PROCNO                1

F2 - Acquisition Parameters
Date_          20150623
Time              18.00
INSTRUM           spect
PROBHD   5 mm PABBO BB/
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
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       0 K
D1           1.00000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1        400.1324710 MHz
NUC1                 1H
P1                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

3bd-1:3bd-2 = 1:2.3	

S47
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Current Data Parameters
NAME             DZ-731
EXPNO                30
PROCNO                1

F2 - Acquisition Parameters
Date_          20150624
Time               2.13
INSTRUM           spect
PROBHD   5 mm PABBO BB/
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                 8000
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       0 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1        100.6228293 MHz
NUC1                13C
P1                10.00 usec
PLW1        70.00000000 W

======== CHANNEL f2 ========
SFO2        400.1316005 MHz
NUC2                 1H
CPDPRG[2        waltz16
PCPD2             80.00 usec
PLW2         8.00000000 W
PLW12        0.28125000 W
PLW13        0.28125000 W

F2 - Processing parameters
SI                32768
SF          100.6127713 MHz
WDW                  EM
SSB      0
LB                 1.00 Hz
GB       0
PC                 1.40

3bd-1:3bd-2 = 1:2.3	

S48
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Current Data Parameters
NAME           DZ-784-2
EXPNO                20
PROCNO                1

F2 - Acquisition Parameters
Date_          20151020
Time               9.27
INSTRUM           spect
PROBHD   5 mm PABBO BB/
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
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
TD0                   1

======== CHANNEL f1 ========
SFO1        400.1324710 MHz
NUC1                 1H
P1                15.00 usec
PLW1         8.00000000 W

F2 - Processing parameters
SI                65536
SF          400.1300095 MHz
WDW                  EM
SSB      0
LB                 0.30 Hz
GB       0
PC                 1.00

S49
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Current Data Parameters
NAME           DZ-784-3
EXPNO                10
PROCNO                1

F2 - Acquisition Parameters
Date_          20151021
Time               8.26
INSTRUM           spect
PROBHD   5 mm PABBO BB/
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                15000
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
TD0                   1

======== CHANNEL f1 ========
SFO1        100.6228293 MHz
NUC1                13C
P1                10.00 usec
PLW1        70.00000000 W

======== CHANNEL f2 ========
SFO2        400.1316005 MHz
NUC2                 1H
CPDPRG[2        waltz16
PCPD2             80.00 usec
PLW2         8.00000000 W
PLW12        0.28125000 W
PLW13        0.28125000 W

F2 - Processing parameters
SI                32768
SF          100.6127699 MHz
WDW                  EM
SSB      0
LB                 1.00 Hz
GB       0
PC                 1.40
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Current Data Parameters
NAME             DZ-808
EXPNO                20
PROCNO                1

F2 - Acquisition Parameters
Date_          20151026
Time              15.22
INSTRUM           spect
PROBHD   5 mm PABBO BB/
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
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
TD0                   1

======== CHANNEL f1 ========
SFO1        400.1324710 MHz
NUC1                 1H
P1                15.00 usec
PLW1         8.00000000 W

F2 - Processing parameters
SI                65536
SF          400.1300097 MHz
WDW                  EM
SSB      0
LB                 0.30 Hz
GB       0
PC                 1.00

S51
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Current Data Parameters
NAME             DZ-808
EXPNO                40
PROCNO                1

F2 - Acquisition Parameters
Date_          20151028
Time              21.55
INSTRUM           spect
PROBHD   5 mm PABBO BB/
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                13000
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
TD0                   1

======== CHANNEL f1 ========
SFO1        100.6228293 MHz
NUC1                13C
P1                10.00 usec
PLW1        70.00000000 W

======== CHANNEL f2 ========
SFO2        400.1316005 MHz
NUC2                 1H
CPDPRG[2        waltz16
PCPD2             80.00 usec
PLW2         8.00000000 W
PLW12        0.28125000 W
PLW13        0.28125000 W

F2 - Processing parameters
SI                32768
SF          100.6127702 MHz
WDW                  EM
SSB      0
LB                 1.00 Hz
GB       0
PC                 1.40

S52
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Current Data Parameters
NAME             DZ-808
EXPNO                30
PROCNO                1

F2 - Acquisition Parameters
Date_          20151026
Time              18.18
INSTRUM           spect
PROBHD   5 mm PABBO BB/
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    2
SWH            8012.820 Hz
FIDRES         0.122266 Hz
AQ            4.0894465 sec
RG                49.09
DW               62.400 usec
DE                 6.50 usec
TE                298.5 K
D1           1.00000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1        400.1324710 MHz
NUC1                 1H
P1                15.00 usec
PLW1         8.00000000 W

F2 - Processing parameters
SI                65536
SF          400.1300095 MHz
WDW                  EM
SSB      0
LB                 0.30 Hz
GB       0
PC                 1.00

S53
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Current Data Parameters
NAME             DZ-808
EXPNO                60
PROCNO                1

F2 - Acquisition Parameters
Date_          20151031
Time               5.52
INSTRUM           spect
PROBHD   5 mm PABBO BB/
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
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                299.7 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1        100.6228293 MHz
NUC1                13C
P1                10.00 usec
PLW1        70.00000000 W

======== CHANNEL f2 ========
SFO2        400.1316005 MHz
NUC2                 1H
CPDPRG[2        waltz16
PCPD2             80.00 usec
PLW2         8.00000000 W
PLW12        0.28125000 W
PLW13        0.28125000 W

F2 - Processing parameters
SI                32768
SF          100.6127709 MHz
WDW                  EM
SSB      0
LB                 1.00 Hz
GB       0
PC                 1.40
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Current Data Parameters
NAME             DZ-811
EXPNO                10
PROCNO                1

F2 - Acquisition Parameters
Date_          20151027
Time              16.59
INSTRUM           spect
PROBHD   5 mm PABBO BB/
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
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                298.6 K
D1           1.00000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1        400.1324710 MHz
NUC1                 1H
P1                15.00 usec
PLW1         8.00000000 W

F2 - Processing parameters
SI                65536
SF          400.1300095 MHz
WDW                  EM
SSB      0
LB                 0.30 Hz
GB       0
PC                 1.00

7-1a:7-1b= 1:4.7	

S55
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Current Data Parameters
NAME             DZ-811
EXPNO                20
PROCNO                1

F2 - Acquisition Parameters
Date_          20151125
Time               7.09
INSTRUM           spect
PROBHD   5 mm PABBO BB/
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                11000
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                300.8 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1        100.6228293 MHz
NUC1                13C
P1                10.00 usec
PLW1        70.00000000 W

======== CHANNEL f2 ========
SFO2        400.1316005 MHz
NUC2                 1H
CPDPRG[2        waltz16
PCPD2             80.00 usec
PLW2         8.00000000 W
PLW12        0.28125000 W
PLW13        0.28125000 W

F2 - Processing parameters
SI                32768
SF          100.6127680 MHz
WDW                  EM
SSB      0
LB                 1.00 Hz
GB       0
PC                 1.40

7-1a:7-1b= 1:4.7	

S56
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Current Data Parameters
NAME             DZ-809
EXPNO                10
PROCNO                1

F2 - Acquisition Parameters
Date_          20151026
Time              15.26
INSTRUM           spect
PROBHD   5 mm PABBO BB/
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
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
TD0                   1

======== CHANNEL f1 ========
SFO1        400.1324710 MHz
NUC1                 1H
P1                15.00 usec
PLW1         8.00000000 W

F2 - Processing parameters
SI                65536
SF          400.1300095 MHz
WDW                  EM
SSB      0
LB                 0.30 Hz
GB       0
PC                 1.00

7-1a:7-1b= 1:1	

S57
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Current Data Parameters
NAME             DZ-809
EXPNO                40
PROCNO                1

F2 - Acquisition Parameters
Date_          20151027
Time               7.14
INSTRUM           spect
PROBHD   5 mm PABBO BB/
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                10000
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                299.5 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1        100.6228293 MHz
NUC1                13C
P1                10.00 usec
PLW1        70.00000000 W

======== CHANNEL f2 ========
SFO2        400.1316005 MHz
NUC2                 1H
CPDPRG[2        waltz16
PCPD2             80.00 usec
PLW2         8.00000000 W
PLW12        0.28125000 W
PLW13        0.28125000 W

F2 - Processing parameters
SI                32768
SF          100.6127702 MHz
WDW                  EM
SSB      0
LB                 1.00 Hz
GB       0
PC                 1.40

7-1a:7-1b= 1:1	

S58
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Current Data Parameters
NAME             DZ-809
EXPNO                30
PROCNO                1

F2 - Acquisition Parameters
Date_          20151026
Time              15.36
INSTRUM           spect
PROBHD   5 mm PABBO BB/
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
NS                   16
DS                    2
SWH            8012.820 Hz
FIDRES         0.122266 Hz
AQ            4.0894465 sec
RG                54.59
DW               62.400 usec
DE                 6.50 usec
TE                298.5 K
D1           1.00000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1        400.1324710 MHz
NUC1                 1H
P1                15.00 usec
PLW1         8.00000000 W

F2 - Processing parameters
SI                65536
SF          400.1300095 MHz
WDW                  EM
SSB      0
LB                 0.30 Hz
GB       0
PC                 1.00

S59



200 180 160 140 120 100 80 60 40 20 ppm

1
3
.
9
7

1
8
.
5
5

3
8
.
2
5

3
9
.
4
0

4
2
.
4
8

4
8
.
3
2

6
8
.
3
8

7
0
.
0
2

7
5
.
8
0

7
6
.
0
8

7
6
.
3
6

7
6
.
6
9

7
7
.
0
1

7
7
.
3
3

1
2
0
.
5
8

1
2
1
.
1
6

1
2
4
.
0
3

1
2
6
.
9
1

1
2
7
.
7
1

1
2
8
.
2
2

1
2
9
.
7
8

1
3
1
.
9
7

1
3
4
.
2
9

1
3
9
.
1
2

Current Data Parameters
NAME             DZ-809
EXPNO                70
PROCNO                1

F2 - Acquisition Parameters
Date_          20151101
Time               6.30
INSTRUM           spect
PROBHD   5 mm PABBO BB/
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
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                299.7 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1        100.6228293 MHz
NUC1                13C
P1                10.00 usec
PLW1        70.00000000 W

======== CHANNEL f2 ========
SFO2        400.1316005 MHz
NUC2                 1H
CPDPRG[2        waltz16
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
LB                 1.00 Hz
GB       0
PC                 1.40
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Current Data Parameters
NAME             DZ-914
EXPNO                10
PROCNO                1

F2 - Acquisition Parameters
Date_          20160212
Time              11.45
INSTRUM           spect
PROBHD   5 mm PABBO BB/
PULPROG            zg30
TD                65536
SOLVENT           CDCl3
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                300.6 K
D1           1.00000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1        400.1324710 MHz
NUC1                 1H
P1                15.00 usec
PLW1         8.00000000 W

F2 - Processing parameters
SI                65536
SF          400.1300095 MHz
WDW                  EM
SSB      0
LB                 0.30 Hz
GB       0
PC                 1.00

S61
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Current Data Parameters
NAME             DZ-914
EXPNO                20
PROCNO                1

F2 - Acquisition Parameters
Date_          20160212
Time              14.06
INSTRUM           spect
PROBHD   5 mm PABBO BB/
PULPROG          zgpg30
TD                65536
SOLVENT           CDCl3
NS                 2400
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                302.0 K
D1           2.00000000 sec
D11          0.03000000 sec
TD0                   1

======== CHANNEL f1 ========
SFO1        100.6228293 MHz
NUC1                13C
P1                10.00 usec
PLW1        70.00000000 W

======== CHANNEL f2 ========
SFO2        400.1316005 MHz
NUC2                 1H
CPDPRG[2        waltz16
PCPD2             80.00 usec
PLW2         8.00000000 W
PLW12        0.28125000 W
PLW13        0.28125000 W

F2 - Processing parameters
SI                32768
SF          100.6127710 MHz
WDW                  EM
SSB      0
LB                 1.00 Hz
GB       0
PC                 1.40
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from a 2 mmol-scale reaction	
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from a 1 mmol-scale reaction	
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