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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 A, 40 um). '"H NMR and “C 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 CDCl; (& 7.26 ppm) and in CD;OD (6 3.31 ppm). Carbon chemical shifts were
internally referenced to the deuterated solvent signals in CDCl; (& 77.0 ppm) and in CD;OD (6 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.

S1



2. Synthesis of catalysts and enones
Amine catalysts A"* and E’ were synthesized by reported procedures.'” Enones were purchased or

synthesized by reported procedures' or by modified methods of the reported procedures.*

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 °C), and the mixture was
stirred at the same temperature for 1 h.* 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 'H and °C
NMR of this product matched to the reported data.’

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.”
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entry catalyst system time (h) 3aa:4aa ar .
3aa-1:3aa-2 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

* 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
°C), and the reaction mixture was stirred at the same temperature until 2a was consumed (monitored
by TLC and crude "H NMR). The ratio of 3aa/4aa and the dr of 3aa were determined by 'H 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)

Ph

. 0 0
Ph 2 .
0 - O\ ﬁN
O +
J)J\ - Py H NG R 07V CFs R 07TCRs
1 3-2

CF3 (L, 0.1 equiv) (K, 0.2 equiv) 3.

1 2 toluene minor diastereomer major diastereomer
rt

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 °C), and the
mixture was stirred at the same temperature until 2 was consumed (monitored by TLC and crude 'H

NMR). The mixture was purified by flash column chromatography (hexane/CH,Cl, = 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. R¢ values of 3-1 and 3-2 were the same or similar.
The dr was determined by 'H 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 ec 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 "H 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 'H 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 'H 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 states® and the product' 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
0] 0]
0 o pyrrolidine, (0.2 equiv) . fjj\
CH3COOH, (04 equiv) \''CF > CF
o A RO RO
Ar” "CF;

toluene 3-1 3-2
1 2 rt major diastereomer minor diastereomer

o

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 uL, 0. 04 mmol) and acetic acid (F) (4.6 uL, 0.08 mmol) were
added at room temperature (25 °C), and the reaction mixture was stirred at the same temperature until
2 was consumed (monitored by TLC and crude '"H NMR). The mixture was purified by flash column
chromatography (hexane/CH,Cl, = 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

o)
Q O A (0.2 equiv)
F (0.4 equiv
| +CF3)K©(—Q>)
Z ¢l

2a

1a Cl

3aa-1 Cl 3aa-2 Cl

To a solution of enone 1a (56.0 uL, 0.5 mmol) and 4-chlorophenyl trifluoromethyl ketone (2a) (15.0
pL, 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 uL, 0.04 mmol) were added at room temperature (25 °C), and the mixture was
stirred at the same temperature until 2a was consumed (monitored by TLC and crude '"H NMR). The
mixture was purified by flash column chromatography (hexane/CH,Cl, = 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 'H 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), (2S5,4R)-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 °C) and the reaction
mixture was stirred at the same temperature for 24 h. The reaction mixture was purified by flash
column chromatography (hexane/CH,Cl, = 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-2 H-pyran-4(3H)-one (3aa)

0
0"\ CFs ~CFs3
3aa-1 ¢ Cl

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. '"H NMR (400 MHz, CDCls): 6 0.94 (t,J= 7.2 Hz, 3H x 1.9/2.9, CH3), 1.01 (t, J=7.2
Hz, 3H x 1/2.9, CH3), 1.35-1.81 (m, 4H, CH,CH,CH3), 2.21 (dd, J = 11.6 Hz, 16.0 Hz, 1H x 1/2.9,
CHCHHC=0), 2.26 (ddd, J= 1.6 Hz, 2.4 Hz, 14.7 Hz, 1H x 1.9/2.9, CHCHHC=0), 2.39 (dd, /= 11.6
Hz, 14.7 Hz, 1H x 1.9/2.9, CHCHHC=O0), 2.49 (dd, J = 2.4 Hz, 16.0 Hz, 1H x 1/2.9, CHCHHC=0),
2.85(d,J=15.6 Hz, 1H x 1/2.9, CF;CCHHC=0), 3.01 (d, /= 14.3 Hz, 1H x 1.9/2.9, CF;CCHHC=0),
3.19(d, J=14.3 Hz, 1H x 1.9/2.9, CF;CCHHC=0), 3.29 (d, /= 15.6 Hz, 1H x 1/2.9, CF;CCHHC=0),
3.65-3.71 (m, 1H x 1.9/2.9, OCH), 4.39-4.44 (m, 1H x 1/2.9, OCH), 7.35-7.49 (m, 4H, ArH). °C
NMR (100 MHz, CDCl5): 6 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, JcFr
=28 Hz), 80.5 (q, Jcr =30 Hz), 123.6 (q, Jcr = 282 Hz), 124.9 (q, Jcr = 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 CisH;sO0,CIF; ([M - H])
319.0707, found 319.0713. HPLC (Daicel Chiralpak AS, hexane/i-PrOH = 99:1, 0.6 mL/min, A = 220
nm): fr (major diastereomer, major enantiomer) = 11.6 min, #z (major diastereomer, minor enantiomer)

= 13.5 min. fg (minor diastereomer) = 19.4 min and 20.3 min.

Compound 4aa

O HO CF,

4aa Cl
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): '"H NMR (400 MHz, CDCl;): peaks separated from 3aa: & 3.23 (d, J = 16.8 Hz, 1H,
CF;CCHHC=0), 3.46 (d, J = 16.8 Hz, 1H, CF;CCHHC=0), 6.08 (dd, J = 4.0 Hz, 16.0 Hz, 1H,
CH=CHCH.), 6.95 (dt, J = 6.8 Hz, 16.0 Hz, 1H, CH=CHCH,). >C NMR (100 MHz, CDCl): & 13.5,
21.1, 34.6, 41.3, 76.1 (q, Jcr = 29 Hz), 124.4 (q, Jor = 283 Hz), 127.9, 128.7, 130.4, 134.9, 136.3,
151.4,199.3.

2-Phenyl-6-propyl-2-(trifluoromethyl)dihydro-2 H-pyran-4(3H)-one (3ab)
0]

3ab-1 3ab-2
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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. '"H NMR (400 MHz, CDCls): 6 0.94 (t,J= 7.2 Hz, 3H x 1.3/2.3, CH3), 1.02 (t, J= 7.2
Hz, 3H x 1/2.3, CH3), 1.34-1.82 (m, 4H, CH,CH,CH3), 2.22 (dd, J = 12.0 Hz, 16.4 Hz, 1H x 1/2.3,
CHCHHC=0), 2.25 (ddd, J= 1.6 Hz, 2.8 Hz, 14.9 Hz, 1H x 1.3/2.3, CHCHHC=0), 2.38 (ddd, /= 0.8
Hz, 11.5 Hz, 14.9 Hz, 1H x 1.3/2.3, CHCHHC=0), 2.48 (ddd, J = 0.8 Hz, 2.8 Hz, 16.4 Hz, 1H x 1/2.3,
CHCHHC=0), 2.90 (d, /= 15.6 Hz, 1H x 1/2.3, CF;CCHHC=0), 3.01 (dd, /= 0.8 Hz, 14.8 Hz, 1H x
1.3/2.3, CF;CCHHC=0), 3.26 (dd, J = 0.8 Hz, 14.8 Hz, 1H x 1.3/2.3, CF;CCHHC=0), 3.31 (dd, J =
0.8 Hz, 15.6 Hz, 1H x 1/2.3, CF;CCHHC=0), 3.68-3.75 (m, 1H x 1.3/2.3, OCH), 4.39-4.44 (m, 1H x
1/2.3, OCH), 7.36-7.56 (m, 5H, ArH). °C NMR (100 MHz, CDCls):  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, Jcr = 28 Hz), 80.8 (q, Jcr = 29 Hz), 123.9 (q, Jcr =
282 Hz), 125.1 (q, Jcr = 287 Hz), 126.3, 128.3, 128.8, 129.0, 129.5, 133.4, 137.7, 203.4, 203.6 ppm;
HRMS (ESI): caled for CsH sO,F; ([M + H]") 287.1253, found 287.1258. HPLC (Daicel Chiralpak
AS, hexane/i-PrOH = 99:1, 0.6 mL/min, A = 220 nm): fz (major diastereomer, major enantiomer) =
11.7 min, #x (major diastereomer, minor enantiomer) = 18.9 min. #x (minor diastereomer) = 20.6 min
and 21.4 min.

6-Propyl-2-(thiophen-2-yl)-2-(trifluoromethyl)dihydro-2 H-pyran-4(3 H)-one (3ac)

3ac-1

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. 'H NMR (400 MHz, CDCls): § 0.92 (t, J = 7.2 Hz, 3H x 1.4/2.4, CH3), 0.99 (t, J = 7.2
Hz, 3H x 1/2.4, CH3), 1.34-1.80 (m, 4H, CH,CH,CH3), 2.27-2.40 (m, 1H x 1/2.4, CHCHHC=O0, 2H x
1.4/2.4, CHCHHC=0), 2.48 (dd, J= 2.7 Hz, 17.3 Hz, 1H x 1/2.4, CHCHHC=0), 2.96 (d, J= 15.6 Hz,
1H x 1/2.4, CF;CCHHC=0), 2.99 (d, J = 14.7 Hz, 1H x 1.4/2.4, CF;CCHHC=0), 3.14 (dd, /= 0.7 Hz,
14.7 Hz, 1H x 1.4/2.4, CF;CCHHC=0), 3.29 (d, /= 15.6 Hz, 1H x 1/2.4, CF;CCHHC=0), 3.76-3.82
(m, 1H x 1.4/2.4, OCH), 4.39-4.44 (m, 1H x 1/2.4, OCH), 6.99-7.05 (m, 1H x 1.4/2.4, 2H x 1/2.4,
ArH), 7.13 (dd, J= 1.2 Hz, 3.7 Hz, 1H x 1.4/2.4, ArH), 7.34 (dd, /= 1.2 Hz, 5.2 Hz, 1H x 1/2.4, ArH),
7.44 (dd, J = 1.2 Hz, 5.2 Hz, 1H x 1.4/2.4, ArH). °C NMR (100 MHz, CDCl3): & 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, Jcr = 30 Hz), 79.4 (q, Jcr = 31 Hz), 123.4 (q,
Jor =282 Hz), 124.5 (q, Jor = 286 Hz), 125.5, 126.8, 127.0, 127.2, 128.7, 130.0, 137.1, 141.8, 202.9,
203.0. HRMS (ESI): caled for C3H40,F5S ([M - H]) 291.0661, found 291.0663. HPLC (Daicel
Chiralpak AS, hexane/i-PrOH = 99:1, 0.6 mL/min, A = 220 nm): fx (major diastereomer, major
enantiomer) = 13.49 min, fr (major diastereomer, minor enantiomer) = 20.6 min. fx (minor

diastereomer) = 23.1 min and 25.4 min.
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6-Propyl-2-(trifluoromethyl)-2-(4-(trifluoromethyl)phenyl)dihydro-2 H-pyran-4(3H)-one (3ad)
0]

3ad-1 CF,4 3ad-2 CF,

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. '"H NMR (400 MHz, CDCls): 6 0.96 (t,J = 7.2 Hz, 3H x 1.7/2.7, CH3), 1.02 (t, J= 7.1
Hz, 3H x 1/2.7, CH3), 1.37-1.83 (m, 4H, CH,CH,CH3), 2.17-2.31 (m, 1H, CHCHHC=0), 2.42 (dd, J =
11.5 Hz, 15.0 Hz, 1H x 1.7/2.7, CHCHHC=0), 2.52 (dd, J = 2.1 Hz, 16.6 Hz, 1H x 1/2.7,
CHCHHC=0), 2.88 (d, /= 15.6 Hz, 1H x 1/2.7, CF;CCHHC=0), 3.08 (dd, /= 0.7 Hz, 14.7 Hz, 1H X
1.7/2.7, CF;CCHHC=0), 3.24 (d, J = 14.7 Hz, 1H x 1.7/2.7, CF;CCHHC=0), 3.34 (dd, J = 0.6 Hz,
15.6 Hz, 1H x 1/2.7, CF;CCHHC=0), 3.65-3.72 (m, 1H x 1.7/2.7, OCH), 4.42-4.47 (m, 1H % 1/2.7,
OCH), 7.63-7.71 (m, 4H, ArH). °C NMR (100 MHz, CDCl;): § 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, Jcr = 28 Hz), 80.6 (q, Jcr = 30 Hz), 123.57 (q, Jcr = 282 Hz), 123.66
(q, Jor =271 Hz), 123.8 (q, Jor = 271 Hz), 124.8 (q, Jcr = 287 Hz), 125.4 (q, Jor = 4 Hz), 125.8 (q,
Jor =4 Hz), 126.9, 128.8, 131.3 (q, Jcr = 33 Hz), 131.8 (q, Jcr = 32 Hz), 137.6, 141.5, 202.6, 202.8.
HRMS (ESI): calcd for C;sH150,Fs ([M - H]) 353.0971, found 353.0990. HPLC (Daicel Chiralpak IB,
hexane/i-PrOH = 99:1, 0.6 mL/min, A = 220 nm): #z (major diastereomer, minor enantiomer) = 13.4
min, fr (major diastereomer, major enantiomer) = 14.1 min. fx (minor diastereomer) = 15.8 min and
20.4 min.

2-(4-Bromophenyl)-6-propyl-2-(trifluoromethyl)dihydro-2 H-pyran-4(3 H)-one (3ae)

(0]
o \'CF3; CF5
3ae-1 Br 3ae-2 Br

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. '"H NMR (400 MHz, CDCL): 6 0.94 (t, J = 7.2 Hz, 3H x 2.4/3.4, CH3), 1.01 (t, J=17.1
Hz, 3H x 1/3.4, CH3), 1.35-1.81 (m, 4H x 3.4/3.4, CH,CH,CHj5), 2.17-2.29 (m, 1H, CHCHHC=0),
2.39 (dd, J=11.5 Hz, 14.8 Hz, 1H x 2.4/3.4, CHCHHC=0), 2.49 (dd, /= 2.3 Hz, 16.4 Hz, 1H x 1/3.4,
CHCHHC=0), 2.85 (d, J=15.6 Hz, 1H x 1/3.4, CF;CCHHC=0), 3.01 (d, /= 14.8 Hz, 1H x 2.4/3 .4,
CF;CCHHC=0), 3.19 (d, J= 14.8 Hz, 1H x 2.4/3.4, CF;CCHHC=0), 3.28 (d, /= 15.6 Hz, 1H x 1/3.4,
CF;CCHHC=0), 3.65-3.71 (m, 1H x 2.4/3.4, OCH), 4.39-4.43 (m, 1H x 1/3.4, OCH), 7.35-7.58 (m,
4H, ArH). "C NMR (100 MHz, CDCls): & 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, Jcr = 28 Hz), 80.6 (q, Jcr = 30 Hz), 123.5, 123.6 (q, Jcr = 282 Hz), 124.2, 124.8 (q, Jcr
= 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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Ci5H50,BrF; ([M - H]) 363.0202, found 363.0208. HPLC (Daicel Chiralpak AS, hexane/i-PrOH =
99:1, 0.6 mL/min, A = 220 nm): fr (major diastereomer, major enantiomer) = 11.5 min, fr (major

diastereomer, minor enantiomer) = 12.6 min. fg (minor diastereomer) = 18.2 min and 19.7 min.

6-Propyl-2-(p-tolyl)-2-(trifluoromethyl)dihydro-2 H-pyran-4(3 H)-one (3af)
0]

O "ICF3

3af-1 3af-2

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. '"H NMR (400 MHz, CDCls): 6 0.94 (t,J = 7.2 Hz, 3H x 1.3/2.3, CH;), 1.01 (t, J=7.2
Hz, 3H x 1/2.3, CHs), 1.36-1.82 (m, 4H, CH,CH,CHj3), 2.18-2.26 (m, 1H, CHCHHC=0), 2.32-2.39
(m, 1Hx1.3/2.3, CHCHHC=0), 2.36 (s, 3H, ArCHs), 2.47 (ddd, J = 0.8 Hz, 2.4 Hz, 16.4 Hz, 1H x
1/2.3, CHCHHC=0), 2.89 (d, J=15.6 Hz, 1H x 1/2.3, CF;CCHHC=0), 2.98 (dd, /= 0.8 Hz, 14.6 Hz,
1H x 1.3/2.3, CF;CCHHC=0), 3.25 (dd, /= 0.8 Hz, 14.6 Hz, 1H x 1.3/2.3, CF;CCHHC=0), 3.29 (dd,
J=0.8 Hz, 15.6 Hz, 1H x 1/2.3, CF;CCHHC=0), 3.67-3.74 (m, 1H x 1.3/2.3, OCH), 4.37-4.42 (m,
1H x 1/2.3, OCH), 7.18-7.23 (m, 2H, ArH), 7.36-7.44 (m, 2H, ArH). °C NMR (100 MHz, CDCl;): &
13.8, 13.9, 184, 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, Jcr = 28 Hz),
80.7 (q, Jcr = 29 Hz), 123.9 (q, Jcr = 282 Hz), 125.2 (q, Jcr = 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 C;¢H,0,F5 ([M + H]") 301.1410,
found 301.1408. HPLC (Daicel Chiralpak IB, hexane/i-PrOH = 99.5:0.5, 0.6 mL/min, A = 220 nm): #z
(major diastereomer, minor enantiomer) = 13.3 min, #z (major diastereomer, major enantiomer) = 13.9

min. fg (minor diastereomer) = 15.3 min and 18.5 min.

2-(4-Fluorophenyl)-6-propyl-2-(trifluoromethyl)dihydro-2 H-pyran-4(3H)-one (3ag)
0] 0]

O U ICF3 > CF3
3ag-1 F 3ag-2 F

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. '"H NMR (400 MHz, CDCls): 6 0.94 (t,J= 7.2 Hz, 3H x 2.2/3.2, CH3), 1.01 (t, J=7.2
Hz, 3H x 1/3.2, CH3), 1.35-1.81 (m, 4H, CH,CH,CH3), 2.22 (dd, J = 11.6 Hz, 16.6 Hz, 1H x 1/3.2,
CHCHHC=0), 2.27 (ddd, J= 1.6 Hz, 2.8 Hz, 14.8 Hz, 1H x 2.2/3.2, CHCHHC=0), 2.39 (ddd, J= 0.7
Hz, 11.4 Hz, 14.8 Hz, 1H x 2.2/3.2, CHCHHC=0), 2.49 (ddd, /= 0.6 Hz, 2.8 Hz, 16.6 Hz, 1H x 1/3.2,
CHCHHC=0), 2.86 (d, /= 15.6 Hz, 1H x 1/3.2, CF;CCHHC=0), 3.02 (dd, /= 0.8 Hz, 14.6 Hz, 1H x
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2.2/3.2, CF;CCHHC=0), 3.21 (dd, J = 0.7 Hz, 14.6 Hz, 1H x 2.2/3.2, CF;CCHHC=0), 3.30 (dd, J =
0.6 Hz, 15.6 Hz, 1H x 1/3.2, CF;CCHHC=0), 3.65-3.71 (m, 1H x 2.2/3.2, OCH), 4.38-4.44 (m, 1H x
1/3.2, OCH), 7.05-7.14 (m, 2H, ArH), 7.46-7.54 (m, 2H, ArH). >C NMR (100 MHz, CDCl;): & 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, Jcr = 28 Hz), 80.5 (q, Jcr = 30 Hz),
115.3 (d, Jor = 21 Hz), 115.9 (d, Jcr = 22 Hz), 123.7 (q, Jcr = 282 Hz), 125.0 (q, Jcr = 287 Hz),
128.3 (d, Jor = 8 Hz), 129.2 (d, Jcr = 3 Hz), 130.4 (d, Jcr = 9 Hz), 133.5, 163.0 (d, Jcr = 247 Hz),
163.3 (d, Jcr = 248 Hz), 203.1, 203.3. HRMS (ESI): calcd for C;sH;5s0,F4([M - H]') 303.1003, found
303.1013. HPLC (Daicel Chiralpak AS, hexane/i-PrOH = 99:1, 0.6 mL/min, A = 220 nm): fx (major
diastereomer, major enantiomer) = 10.6 min, fx (major diastereomer, minor enantiomer) = 13.4 min. #g
(minor diastereomer) = 19.3 min and 20.9 min. The relative stereochemistry was determined by the
NOESY experiment.

3ag-2 F
major diastereomer

3ah-1 3ah-2

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. '"H NMR (400 MHz, CDCls): 6 0.95 (t,J = 7.2 Hz, 3H x 2.2/3.2, CH3), 1.02 (t, J= 7.0
Hz, 3H x 1/3.2, CH3), 1.36-1.82 (m, 4H, CH,CH,CH3), 2.23 (dd, J = 11.6 Hz, 16.6 Hz, 1H x 1/3.2,
CHCHHC=0), 2.28 (ddd, /= 1.6 Hz, 2.7 Hz, 15.0 Hz, 1H x 2.2/3.2, CHCHHC=0), 2.40 (ddd, /= 0.6
Hz, 11.5 Hz, 15.0 Hz, 1H x 2.2/3.2, CHCHHC=0), 2.50 (ddd, /= 0.7 Hz, 2.7 Hz, 16.6 Hz, 1H x 1/3.2,
CHCHHC=0), 2.86 (d, /= 15.6 Hz, 1H x 1/3.2, CF;CCHHC=0), 3.02 (dd, /= 0.8 Hz, 14.8 Hz, 1H x
2.2/3.2, CF;CCHHC=0), 3.10 (dd, J= 0.6 Hz, 14.8 Hz, 1H x 2.2/3.2, CF;CCHHC=0), 3.29 (dd, J =
0.7 Hz, 15.6 Hz, 1H x 1/3.2, CF;CCHHC=0), 3.69-3.75 (m, 1H x 2.2/3.2, OCH), 4.39-4.45 (m, 1H x
1/3.2, OCH), 7.05-7.42 (m, 4H, ArH). °C NMR (100 MHz, CDCl;): & 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, Jcr = 28 Hz), 80.4 (q, Jcyr =30 Hz), 114.0 (d, Jcr =24
Hz), 115.6 (d, Jcr =23 Hz), 116.1 (d, Jcr =21 Hz), 116.7 (d, Jcr =21 Hz), 121.9, 123.6 (q, Jcr = 282
Hz), 124.0 (d, Jcr = 3 Hz), 124.9 (q, Jor = 287 Hz), 129.9 (d, Jcr = 8 Hz), 130.4 (d, Jcr = 8 Hz),
136.2 (d, Jcg =7 Hz), 140.2 (d, Jcr = 7 Hz), 162.6 (d, Jcr = 245 Hz), 163.0 (d, Jor = 246 Hz), 202.9,
203.1. HRMS (ESI): calcd for CysH;0,F4 ([M + H]+) 305.1159, found 305.1158. HPLC (Daicel
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Chiralpak AS, hexane/i-PrOH = 99:1, 0.6 mL/min, A = 220 nm): fx (major diastereomer, major
enantiomer) = 14.3 min, fr (major diastereomer, minor enantiomer) = 16.7 min. fg (minor

diastereomer) = 19.3 min and 25.2 min.

2-(4-Chlorophenyl)-6-phenyl-2-(trifluoromethyl)dihydro-2 H-pyran-4(3H)-one (3ba)

3ba-1 Cl 3ba-2 Cl

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. '"H NMR (400 MHz, CDCl;): & 2.56 (ddd, J = 1.6 Hz, 3.2 Hz, 15.2 Hz, 1H x 4.2/5.2,
CHCHHC=0), 2.59 (dd, J=11.6 Hz, 16.8 Hz, 1H x 1/5.2, CHCHHC=0), 2.72 (ddd, /= 0.7 Hz, 11.6
Hz, 15.2 Hz, 1H x 4.2/5.2, CHCHHC=0), 2.76 (ddd, J = 0.6 Hz, 2.8 Hz, 16.8 Hz, 1H x 1/5.2,
CHCHHC=0), 3.02 (d, /= 15.6 Hz, 1H x 1/5.2, CF;CCHHC=0), 3.18 (dd, /= 0.7 Hz, 14.7 Hz, 1H x
4.2/5.2, CF;CCHHC=0), 3.32 (dd, J = 0.6 Hz, 14.7 Hz, 1H x 4.2/5.2, CF;CCHHC=0), 3.44 (dd, J =
0.6 Hz, 15.6 Hz, 1H x 1/5.2, CF;CCHHC=0), 4.74 (dd, J= 3.2 Hz, 11.6 Hz, 1H x 4.2/5.2, OCH), 5.46
(dm, J=11.6 Hz, 1H x 1/5.2, OCH), 7.35-7.57 (m, 9H, ArH). C NMR (100 MHz, CDCL;): § 42.7,
43.7, 47.3, 48.6, 73.9, 75.5, 79.0 (q, Jcr = 29 Hz), 80.9 (q, Jcr = 30 Hz), 123.6 (q, Jcr = 282 Hz),
124.9 (q, Jcr = 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): caled for CsH;5s0,CIF; ([M + H]")
355.0707, found 355.0700. HPLC (Daicel Chiralpak IB, hexane/i-PrOH = 99:1, 0.6 mL/min, A = 220
nm): fr (major diastereomer, major enantiomer) = 22.0 min, fz (major diastereomer, minor enantiomer)

= 25.9 min. fg (minor diastereomer) = 35.6 min and 47.2 min.

6-(4-Bromophenyl)-2-(4-chlorophenyl)-2-(trifluoromethyl)dihydro-2 H-pyran-4(3 H)-one (3bb)

3bb-1 Cl 3bb-2 Cl

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. "H NMR (400 MHz, CDCl;): & 2.45 (ddd, J = 1.6 Hz, 3.2 Hz, 15.0 Hz, 1H x 4.1/5.1,
CHCHHC=0), 2.46 (dd, J=11.6 Hz, 16.4 Hz, 1H x 1/5.1, CHCHHC=0), 2.58 (ddd, J= 0.8 Hz, 11.6
Hz, 15.0 Hz, 1H x 4.1/5.1, CHCHHC=0), 2.66 (ddd, J = 0.8 Hz, 2.8 Hz, 16.4 Hz, 1H x 1/5.1,
CHCHHC=0), 2.93 (d, /= 15.6 Hz, 1H x 1/5.1, CF;CCHHC=0), 3.09 (dd, /= 0.8 Hz, 14.8 Hz, 1H x
4.1/5.1, CF;CCHHC=0), 3.24 (dd, J= 0.8 Hz, 14.8 Hz, 1H x 4.1/5.1, CF;CCHHC=0), 3.35 (dd, J =
0.8 Hz, 15.6 Hz, 1H x 1/5.1, CF3CCHHC=0), 4.61 (dd, J=3.2 Hz, 11.6 Hz, 1H x 4.1/5.1, OCH), 5.34
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(dd, J=2.8 Hz, 11.6 Hz, 1H x 1/5.1, OCH), 7.17-7.52 (m, 8H, ArH). °C NMR (100 MHz, CDCl;): &
42.7,43.6,47.1,48.4, 73.3, 74.9, 79.1 (q, Jcr = 29 Hz), 81.0 (q, Jcr = 30 Hz), 122.55, 122.64, 123.5
(q, Jor = 282 Hz), 124.8 (q, Jor = 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 C;gH,40,BrCIF; ([M + H]")
432.9812, found 432.9797. HPLC (Daicel Chiralpak IB, hexane/i-PrOH = 99:1, 0.6 mL/min, A = 220
nm): g (major diastereomer, minor enantiomer) = 30.3 min, fg (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 °C), and the mixture was
stirred at the same temperature for 24 h. The dr was determined by '"H NMR analysis before
purification to be 1:4.1 (3bb-1:3bb-2). The mixture was purified by flash column chromatography
(hexane/CH,Cl, = 3:1 to 2:1) to give 3bb-2 (255.0 mg, 61%, er 92:8).

3bb-2 Cl

Colorless gum; er 92:8. '"H NMR (400 MHz, CDCls): & 2.45 (ddd, J = 1.6 Hz, 3.2 Hz, 15.0 Hz, 1H,
CHCHHC=0), 2.58 (ddd, /= 0.8 Hz, 11.6 Hz, 15.0 Hz, I|H, CHCHHC=0), 3.08 (dd, /= 0.8 Hz, 14.6
Hz, 1H, CF;CCHHC=0), 3.24 (dd, J = 0.8 Hz, 14.6 Hz, 1H, CF;CCHHC=0), 4.61 (dd, J = 3.2 Hgz,
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). °C
NMR (100 MHz, CDCl;): 6 42.7, 48.4, 73.3, 81.0 (q, Jcr = 30 Hz), 122.6, 123.6 (q, Jcr = 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-2 H-pyran-4(3H)-one (3bc)
0]

3bc-1 Cl 3bc-2 Cl

Synthesized by the general procedure; 29 h, 31.2 mg (47%), dr 3bc-1:3bc-2 = 1:1.7, 3be-2 er 96:4.

Colorless oil. '"H NMR (400 MHz, CDCls): & 1.60-1.94 (m, 2H, CH,CH,CH=CH,), 2.11-2.52 (m, 4H,
CH,CH,CH=CH,, CHCH,C=0), 2.86 (d, J = 15.6 Hz, 1H x 1/2.7, CF;CCHHC=0), 3.02 (dd, J = 0.5
Hz, 14.6 Hz, 1H x 1.7/2.7, CF;CCHHC=0), 3.20 (d, J = 14.6 Hz, 1H x 1.7/2.7, CF;CCHHC=0), 3.29
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(d, J=15.6 Hz, 1H x 1/2.7, CF;:CCHHC=0), 3.67-3.37 (m, 1H x 1.7/2.7, OCH), 4.40-4.46 (m, 1H x
1/2.7, OCH), 4.95-5.14 (m, 2H, CH,CH=CH,), 5.74-5.91 (m, 1H, CH,CH=CH,), 7.36-7.51 (m, 4H,
ArH). PC NMR (100 MHz, CDCls): § 29.2, 29.3, 35.2, 35.5, 42.7, 43.8, 45.7, 46.7, 71.7, 72.8, 78.5 (q,
Jor =28 Hz), 80.6 (q, Jcr = 30 Hz), 115.5, 115.7, 123.6 (q, Jor = 282 Hz), 124.9 (q, Jcr = 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
C16H,,0,CIF; (IM + H]") 333.0864, found 333.0858. HPLC (Daicel Chiralpak AS, hexane/i-PrOH =
99:1, 0.6 mL/min, A = 220 nm): fr (major diastereomer, major enantiomer) = 16.6 min, fgr (major

diastereomer, minor enantiomer) = 19.9 min. #z (minor diastereomer) = 29.5 min and 55.9 min.

2-(4-Chlorophenyl)-6-hexyl-2-(trifluoromethyl)dihydro-2 H-pyran-4(3H)-one (3bd)

0]

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. '"H NMR (400 MHz, CDCls): & 0.86-1.80 (m, 13H, (CHy)sCH3), 2.17-2.29 (m, 1H,
CHCHHC=0), 2.38 (dd, /= 11.6 Hz, 14.9 Hz, 1H x 2.3/3.3, CHCHHC=0), 2.49 (dd, J= 2.8 Hz, 16.6
Hz, 1H x 1/3.3, CHCHHC=0), 2.85 (d, J=15.6 Hz, 1H x 1/3.3, CF;CCHHC=0), 3.01 (dd, /= 0.6 Hz,
14.6 Hz, 1H x 2.3/3.3, CF;CCHHC=0), 3.19 (d, /= 14.6 Hz, 1H x 2.3/3.3, CF;CCHHC=0), 3.29 (d,
J=15.6 Hz, 1H x 1/3.3, CF;CCHHC=0), 3.63-3.70 (m, 1H x 2.3/3.3, OCH), 4.37-4.41 (m, 1H x
1/3.3, OCH), 7.33-7.51 (m, 4H, ArH). >C NMR (100 MHz, CDCls): 3 =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, Jcr = 28 Hz), 80.5 (q, Jcr =
30 Hz), 123.6 (q, Jcr = 282 Hz), 124.9 (q, Jcr = 287 Hz), 127.8, 128.6, 129.1, 129.8, 132.0, 135.9,
202.9, 203.1. HRMS (ESI): calcd for CisH»;0,CIF; ([M + H]") 363.1333, found 363.1326. HPLC
(Daicel Chiralpak IB, hexane/i-PrOH = 99:1, 0.6 mL/min, A = 220 nm): tz (major diastereomer, minor
enantiomer) = 10.8 min, #x (major diastereomer, major enantiomer) = 11.5 min. #x (minor

diastereomer) = 12.9 min and 17.1 min.

5. Analysis of the stability of the products under the catalytic conditions

o) Ph .

Ph/tsll ©,
T L S
CF3
N~ "COOH
07\ N H N/ _
(L, 0.1 equiv) (K, 0.2 equiv)
Cl toluene
Cl rt

3aa-1:3aa-2:4aa =3:1:1.6
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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 °C). At 30 min, 20 h, 44 h, and
115 h, an aliquot was taken from the mixture, diluted with CDCls, and analyzed by 'H 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

_OCH,Ph
N
PhCH20NH;
CFy ———>
MeOH

60°C,24 h

3aa Cl (from 3aa-2) Cl
(3aa-1:3aa-2 =1:1.9, 61%

3aa-2 er 96:4)

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),
PhCH,0ONHj, (12.3 mg, 0.10 mmol) was added at room temperature (25 °C). The mixture was stirred at
60 °C 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
6))

Colorless oil. "H NMR (400 MHz, CDCls): & 0.93 (t, J = 7.2 Hz, 3H, CH;), 1.34-1.73 (m, 4H,
CH,CH,CH3), 1.93 (dd, J = 11.6 Hz, 15.2 Hz, 1H, CHCHHC=N), 2.87 (d, J = 14.8 Hz, 1H,
CF;CCHHC=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,
CF;CCHHC=N), 3.38-3.45 (m, 1H, OCH), 5.05 (s, 2H, CH,Ph), 7.21-7.41 (m, 9H, ArH). °C NMR
(100 MHz, CDCl5;): ¢ 14.0, 18.6, 31.5, 32.6, 38.1, 70.6, 75.6, 79.4 (q, Jcr =29 Hz ), 123.9 (q, JcF =
282 Hz), 127.71, 127.73, 128.3, 128.7, 130.1, 132.4, 135.2, 137.8, 152.2. HRMS (ESI): calcd for
Cy,H240,NCIF; ([M + H]") 426.1430, found 426.1442.

Transformation of 3aa to 6

_.CH,Ph
PhCH,NH, R
NaBH(OAc);
3 —_—
CHyCl, >CF,
rt, 45 h
3aa Cl 6-1 Q
(3aa-1:3aa-2 = 1:1.9, (from 3aa-2) Cl (from 3aa-1) ClI
3aa-2 er 96:4) 58% 19%
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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 CH,Cl, (1.5 mL),
benzylamine (32.7 pL, 0.30 mmol) and NaBH(OAc); (64 mg, 0.30 mmol) were added at room
temperature (25 °C), 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 CH,Cl, (x 3). Organic layers were combined, washed with brine, dried over MgSO,, 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

R¢=0.29 (hexane/ EtOAc = 10:1).

Colorless oil. [a]p>* +31.7 (¢ = 1.93, CHCl,, er 95:5 determined by the HPLC analysis). '"H NMR (400
MHz, CDCls): 8 0.95 (t, J = 7.2 Hz, 3H, CH;), 1.31-1.72 (m, 6H, CH,CH,CH;, CH,CH,CHj,
CHCH,CHNH), 2.33-2.36 (m, 1H, CCF;CHHCH), 2.45 (dd, J = 5.2 Hz, 14.4 Hz, 1H, CCF;CHHCH),
3.23-3.26 (m, 1H, CHNHCH,Ph), 3.67 (s, 2H, CH,Ph), 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). >C NMR (100 MHz, CDCl;): & 14.2,
18.6, 30.6, 35.1, 38.4, 48.8, 50.9, 67.2, 77.6 (q, Jcr = 28 Hz ), 124.6 (q, Jcr = 282 Hz ), 127.2, 127.8,
128.4, 128.9, 134.6 ,135.4. HRMS (ESI) caled for C;,H,ONCIF; (M + H]") 412.1650, found
412.1644. HPLC (Daicel Chiralpak IA, hexane/i-PrOH = 99:1, 0.6 mL/min, A = 220 nm): #x (major
enantiomer) = 8.0 min, fx (minor enantiomer) = 12.1 min.

Relative stereochemistry of 6-1 was determined by '"H NMR and NOESY analyses.

H=—0 No axial-axial J coupling

Compound 6-2

R¢=0.24 (hexane/ EtOAc = 10:1).

Colorless oil. '"H NMR (400 MHz, CDCl;): 8 0.98 (t, J= 7.2 Hz, 3H, CHj), 1.06 (dt, J=12.8 Hz, 11.6
Hz, 1H, CHCHHCHNHBn), 1.43-1.69 (m, 5H, CH,CH,CH3;, CF;CHHCHNH), 2.01-2.06 (m, 1H,
CHCHHCH), 2.87 (ddd, J = 1.6 Hz, 4.4 Hz, 13.8 Hz, 1H, CCF;CHHCH), 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). >C NMR (100 MHz, CDCl3): & 13.9, 18.6, 37.4, 37.6,
38.8, 50.0, 50.6, 73.0, 76.7 (q, Jcr = 27 Hz ), 125.9 (q, Jcr = 290 Hz ), 127.3, 127.6, 128.0, 128.2,
128.6, 134.3, 139.0. HRMS (ESI) calcd for C»,HyONCIF; ([M + H]") 412.1650, found 412.1637.
Relative stereochemistry of 6-2 was determined by '"H NMR and NOESY analyses.
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Transformation of 3aa to 7

HO =
+
3aa Cl 71 7-2 Cl
(3aa-1:3aa-2 = 1:1.9, (dr 1:4.7) single diastereomer
3aa-2 er 96:4) 73% 1%

A mixture of 3aa (3aa-1:3aa-2 = 1:1.9, 3aa-2 er 96:4, 32.1 mg, 0.10 mmol), allylbromide (86 uL, 1.0
mmol), and In (15.3 mg, 0.13 mmol) in DMF (0.8 mL)-H,0 (0.1 mL) was stirred at room temperature
(25 °C) for 20 h. The mixture was added to aqueous saturated NH,ClI and extracted with CH,Cl, (x 3).
Organic layers were combined, washed with brine, dried with MgSO,, 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).

0]
HO P HO =
oF /\/Br
+
o) 3 In 0~ \"CF; 0"\ CFs
DMF-H,0
rt, 20 h
racemic 3aa Cl 71 7-2 Cl
(3aa-1:3aa-2 = 2.5:1) (dr 1:1) single diastereomer
52% 28%

A mixture of racemic 3aa (3aa-1:3aa-2 = 2.5:1, 32.1 mg, 0.10 mmol), allylbromide (86 uL, 1.0 mmol),
and In (15.3 mg, 0.13 mmol) in DMF (0.8 mL)-H,O (0.1 mL) was stirred at room temperature (25 °C)
for 20 h. The mixture was added to aqueous saturated NH4ClI and extracted with CH,Cl, (x 3). Organic
layers were combined, washed with brine, dried with MgSQ,, 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

R¢=0.38 (hexane/ EtOAc = 10:1).

Colorless oil. 7-1a:7-1b = 1:4.7. "H NMR (400 MHz, CDCl;): & 0.95-1.00 (m, 3H, CHj), 1.39-1.72 {m,
(4H, CH,CH,CHs), (2H x 4.7/5.7, OCHCH,COH), (1H x 1/5.7, OCHCHHCOH)}, 1.90 (dd, J = 3.4
Hz, 14.5 Hz, 1H x 1/5.7, OCHCHHCOH), 1.99 (d, J = 14.4 Hz, 1H x 4.7/5.7, CCF;CHHCOH)),
2.22-2.32 (m, 2H, CH,CH=CH,), 2.37 (s, 2H x 1/5.7, CCF;CH,COH), 2.49 (d, J = 14.4 Hz, 1H x
4.7/5.7, CCF;CHHCOH), 3.75-3.81 (m, 1H x 4.7/5.7, OCH), 3.92-3.99 (m, 1H x 1/5.7, OCH),
5.13-5.26 (m, 2H, CH=CH,), 5.78-5.92 (m, 1H, CH=CH,), 7.34-7.39 (m, 2H, ArH), 7.48 (d, J = 8.6
Hz, 2H x 4.7/5.7, ArH), 7.57 (d, J = 8.4 Hz, 2H x 1/5.7, ArH). >C NMR (100 MHz, CDCl;): *
donates 7-1b, 6 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, Jer = 28 Hz), *78.1 (q, Jor = 28 Hz), 119.8, *120.4, *124.4 (q, Jor = 282
Hz), 125.3 (q, Jor = 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

R¢=0.31 (hexane/ EtOAc = 10:1).

Colorless oil. '"H NMR (400 MHz, CDCl5): & 0.99 (t, J= 7.2 Hz, 3H, CHj), 1.35 (dd, J=11.8 Hz, 14.1
Hz, 1H, OCHCHHCOH), 1.46-1.74 (m, 5H, CH,CH,CH;, OCHCHHCOH), 1.93-2.04 (m, 2H,
CH,CH=CH,), 2.08 (dd, /= 0.6 Hz, 14.5 Hz, 1H, CCF;CHHCOH), 2.54 (dd, /= 0.9 Hz, 14.5 Hz, 1H,
CCF;CHHCOH), 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=CH,), 7.32-7.35 (m, 2H, ArH), 7.50 (d, J = 8.4 Hz, 2H, ArH). °C
NMR (100 MHz, CDCl;): & 14.0, 18.6, 38.2,39.4,42.5, 48.3, 68.4, 70.0, 76.2 (q, Jcr =28 Hz ), 120.6,
125.5 (q, Jcp =287 Hz), 127.7, 128.2, 132.0, 134.3 ,139.1.

Q  4-Br-CgH,CH,NH,  HN
NaBH(OAC)s : .
> r

Transformation of 3bb to 8

, CH,Cl,
~CFs 1t 451 CF,
Br O
3bb cl 8 ol
(3bb-1:3bb-2 = 1:25, 3bb-2 er 92:8) 87%

To a solution of 3bb (3bb-1:3bb-2 = 1:25, 3bb-2 er 92:8, 70.0 mg, 0.161 mmol) in CH,Cl, (2.5 mL),
4-bromobenzylamine (93.0 mg, 0.50 mmol) and NaBH(OAc); (106.8 mg, 0.50 mmol) were added at
room temperature (25 °C) 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 CH,Cl, (x 3). Organic layers were combined, washed with brine, dried over MgSQ,,
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-2 H-
pyran-4-amine (8)

Colorless oil. [a]p> —23.4 (¢ = 2.70, CHCls, er 92:8 determined by the HPLC analysis).

'H NMR (400 MHz, CDCl;): & 1.78-1.88 (m, 2H, CHCH,CHNH), 2.39 (dd, J = 4.0 Hz, 14.4 Hz, 1H,
CF;CCHHC=0), 2.57 (dd, J = 3.2 Hz, 14.4 Hz, 1H, CF;CCHHC=0), 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). ”C NMR (100 MHz, CDCLs): & 30.5, 37.5, 49.4, 50.6, 68.5, 78.3 (q, Jor = 28 Hz ), 120.8, 121.6,
124.5 (q, Jor = 282 Hz), 127.4, 128.6, 129.3, 131.4, 131.6, 134.79, 134.80, 138.9, 140.6. HRMS (ESI)
caled for C,sH,ONBrCIF; (M + H]Y) 601.9678, found 601.9703. HPLC (Daicel Chiralpak IA,
hexane/i-PrOH = 99:1, 0.6 mL/min, A = 220 nm): f (major enantiomer) = 18.6 min, fx (minor

enantiomer) = 23.0 min.
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NONMOOONOINNOWWNO WS ~
OIS WWOLO LI N ggﬁgent Data Parar];uzai:ggsl:
NnNUOFLIFITOOOOOOAN OO o
e ¢ o o o s e e o e o o o o . EXPNO 20
[ o S Tl o o o o o Ve I Ve ) ~N PROCNO 1
k\\“%// F2 - Acquisition Parameters
Date_ 20160412
Time 10.14
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 16
O 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
Br TDO 1
======== CHANNEL fl ========
SFO1l 400.1324710 MHz
NUC1 1H
Pl 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
ol Jl l
e e S B BB
9 8 7 6 5 4 3 2 1 0 ppm
el ™ =)
- | o o
Q| - 3]
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| N/ \/
o)
|
Br
| l
I i I I I I I I I I I i
200 180 160 140 120 100 80 60 40 20 ppm

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 z2gpg30

TD 65536
SOLVENT CDC13

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
TDO 1
======== CHANNEL f1l ========
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 100.6127739 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40
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N1 NO~NOOFTVU—ANNTOANOCOOINHINOFOOANANINANNMVINANINNEM—AOOMNMONO M
AN NOONOOMENEMTUMOMHWVOSNEEANEMHOA~TOLOOONENEITINAHOONDOMANONHO LD FAN Current Data Parameters
LI LILONONOONONANMNMANAONODMMNMANNNNNNLOLLOLOININININDNO O OO O NAME DZ-606
NSNS MOOOOOONNNNNNNNNNAAAAAAAAAAA A O OO O g;gggo 4(1)
‘W/ \\\\N\N/w/m‘%’) F2 - Acquisition Parameters
Date_ 20150122
Time 13.50
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG 2930
TD 65536
. SOLVENT CcDC13
o0~ \'CF3 NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 31.13
3aa-1 Cl 3aa-2 Cl DW 62.400 usec
DE 6.50 usec
. —_ . TE 298.5 K
3aa-1:3aa-2 = 1:1.9 D1 1.00000000 sec
TDO 1
SFO1 400.1324710 MHz
NUC1 1H
Pl 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
JMLW A A L_.__JLJ
8 7 6 5 4 3 2 1 0 ppm
7 o o o[=|Nm(ololo) (oo (oo
N S ®(o|S|n|xw(d|d|x|r| [S]|la |«~|S
- - | O|r|r|r|r|r =M M ® m|©
s
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0
o~ \'CF3
3aa-1 Cl 3aa-2 Cl
3aa-1:3aa-2=1:1.9
1 L Ll L A
[ i [ i [ i [ i [ i [ [ [ [ [ [
200 180 160 140 120 100 80 60 40 20 ppm

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 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 299.5 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL f1l ========
SFO1 100.6228293 MHz
NUC1 13C

Pl 10.00 usec
PLW1 70.00000000 W
======== CHANNEL f2 ========
SFO02 400.1316005 MHz
NUC2 1H
CPDPRG[ 2 waltzl6
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
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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/
0] PULPROG 2g30
TD 65536
SOLVENT cDCl3
NS 16
DS 2
\'CF3 SWH 8012.820 Hz
0 FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 31.13
DW 62.400 usec
DE 6.50 usec
3aa-1 Cl TE 298.3 K
D1 1.00000000 sec
TDO 1
3aa-1:3aa-2:4aa = 62:8:30 ======== CHANNEL fl ========
SFO1 400.1324710 MHz
NUC1 1H
Pl 15.00 usec
PLW1 8.00000000 W
F2 - Processing parameters
ST 65536
SF 400.1300098 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
N U b JLMJM A
A A L I N R I
9 8 7 6 5 4 3 2 1 0 ppm
< [0 | (10 | [Coo(o|a]mw|t|NOlo) v (v|o
ol |o ol Al [N|S|Q|v|~|c|a ||| <o |0| [N~
) =) ol dgﬁ—'djc\iddéd# o<
- -
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NNAO—ANONNWONOOMANONAVANNOAVOVWANONNINAINON—MWON LIS O
AN NONOVUITNOVINOVWMOOVNI—AORNIN—TONDNOINOOONOOIIMAN A O

NI LONOMNNNNNODONINFTFANNNHNLOONINNONININLIDFO OO OO OO O Current Data Parameters
NAME DZz-829
NSNS~ MmOOO MO NANNAN NN NN NAAAAAATAATAATAAA A OO OO OOO EXPNO 20

‘WQQA\\\WM‘ / ’ n% PROCNO 1

F2 - Acquisition Parameters

Date 20160405
Time 12.09
INSTRUM spect
PROBHD 5 mm PABBO BB/
(0] PULPROG 2930
TD 65536
SOLVENT CDC13
NS 16
DS 2
o "'CF3 SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 19.65
DW 62.400 usec
DE 6.50 usec
3aa-1 Cl TE 300.3 K
D1 1.00000000 sec
TDO 1
3aa-1:3aa-2:4aa = 64:18:18 —-——=—= CHANNEL f1 =====-==
SFO1 400.1324710 MHz
NUC1 1H
Pl 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

-

M B B B e H L B L B L L L B S BN B B

9 8 7 6 5 4 3 2 1 0 ppm
N (2} ™| N [OhNNNINO|N |V O (3] (D
X e el e B s B b S D e e s
-
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203.29
203.11
T—199.25

pd

122.94
122.26
120.62
120.11
80.95
80.65

COWWOWWNNWOVLWVWWOVINWWLION
OO MNMSISMNMSISNNNNNNSSS

WM 0O — m
IO OONA A

7 TN— ———

(0]
o~ \'CF3
3aa-1 Cl
3aa-1:3aa-2:4aa = 64:18:18
‘ MAM HMM “ J "
[ i [ [ i [ i [ i [ i [ [ [ i [ i
200 180 160 140 120 100 80 60 40 20 ppm

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 CDC13

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
TDO 1
======== CHANNEL f1l ========
SFO1 100.6228293 MHz
NUC1 13C

Pl 10.00 usec
PLW1 70.00000000 W
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[ 2 waltzl6
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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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 2g30
TD 65536
SOLVENT CDC13
NS 16
DS 2

'/ SWH 8012.820 Hz

(@) CF3 FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 31.13
DW 62.400 usec
DE 6.50 usec

3ab-1 3ab-2 TE 298.4 K
D1 1.00000000 sec
TDO 1
3ab-1:3ab-2 = 1:1.3

======== CHANNEL fl ========
SFO1 400.1324710 MHz
NUC1 1H
Pl 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

Y " |

M L B B B B B B B BN B B S N AL R S R L A B BB A A |

8 7 6 5 4 3 2 1 0 ppm
© o o NI REERICERD ™ (N
- © )] N| (m|d|o||e|m|in o 1)
o - o - AN|v™|v| ||| N (<
- -

S§25



203.57

Current Data Parameters

< FOMONANIFODXODWO O™ NAME DZ-616
< NONONMANMANNTOY OFNNNAAONODAHAN FNMMAOD CEMENEN

e e e e e e e e e e e e NOWOMHOWOMMOWHW oW1 <+ < o EXPNO 40
) NN OVONO®OMOWOOINMANOG  + s+ s o &+ o o o o a s o a2 s o o s . ..
o MOANNNNNNNNNNNA TOO0ON®M®M®MONNSWOM n ® ® ™™ PROCNO 1
~ A A A A A A A~ 000 0aNIMNMNNNNNSN ™M™ —

T~142
~
-~
~

F2 - Acquisition Parameters

.
\
/
\

Date_ 20150127
Time 8.38
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG z2gpg30
o o TD 65536
SOLVENT CDC13
NS 15000
DS 4
., . SWH 24038.461 Hz
o \'CF3 o0~ = CF3 FIDRES 0.366798 Hz
AQ 1.3631488 sec
RG 195.88
DW 20.800 usec
DE 6.50 usec
3ab-1 3ab-2 TE 299.4 K
D1 2.00000000 sec
D11 0.03000000 sec
3ab-1:3ab-2 = 1:1.3 1
======== CHANNEL f1l ========
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 100.6127706 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

| ‘ U Lo/ ‘ ‘ ‘J W

1 - T - 1 - 1 - 1 - 1 "~ 1 " T "~ T " 1
200 180 160 140 120 100 80 60 40 20 ppm
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NOOLVINANNNONOAMNOUMENNENEININONNANNNAXOINOANMAOMIO N FOMLIS
VIO IIONANONANNTAN AT TOONOOVLANNONLVLNOVNAN—TATONOSN AN INO Current Data Parameters
TILLOONNONNAAAATOO0OO0OO0OO0O0OAMAN—TAONAAIFMNMMOHMM®OININI OGN NAME DZ-625
L S T T T T T R R
NN NSNS NN N NOMOOOOONNNNNNNNNNA—T A OO OO O EXPNO 20

\N / %% \\N \\t%r/m%’) PROCNO 1

F2 - Acquisition Parameters

Date_ 20150130
Time 15.44
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
0) TD 65536
SOLVENT CDC13
NS 16
DS 2
SWH 8012.820 Hz
CF FIDRES 0.122266 Hz
o - %3 AQ 4.0894465 sec
S RG 31.13
/ DW 62.400 usec
= DE 6.50 usec
TE 298.3 K
3ac-1 3ac-2 D1 1.00000000 sec
TDO 1
3ac-1 .3ac-2 = 1 .1 .4 ======== CHANNEL fl ========
SFO1 400.1324710 MHz
NUC1 1H
Pl 15.00 usec
PLW1 8.00000000 W
F2 - Processing parameters
ST 65536
SF 400.1300098 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00

R N U

L L B B L B B B L B N LN L S BB AL AL AL BLRL AL B S AL LS L L |

8 7 6 5 4 3 2 1 0 ppm
wo|N|© [=] (3] M AN M| © © N~
||| - - || - - 0T
-
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Current Data Parameters

n © OMOIFNINOW O IN® OO NAME DZ-625
o © NFHONOVAOR A TPDONAATMANATMIIIANDIT 0O OWOM <« — N

L R L OINAINNAOMAOVINN © XN oD M N o~ EXPNO 40
N A~ O O I~~~ T N A OO + o o o o s o s s s o o o o o s s
oo TONNNNNNNNNNNNANNNODONNNOOMN O™ ® o mm PROCNO 1
IR A A A AAAAAA A A A A A NN NDS —

F2 - Acquisition Parameters

/
\
/
\

Date 20150131
Time 8.55
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
0 TD 65536
SOLVENT CcDC13
NS 15000
DS 4
SWH 24038.461 Hz
! FIDRES 0.366798 Hz
0~ = CF3 a0 1.3631488 sec
S RG 195.88
74 DW 20.800 usec
— DE 6.50 usec
TE 299.4 K
- - D1 2.00000000 sec
3ac-1 3ac-2 D11 0.03000000 sec
3ac-1:3ac-2 = 1:1.4 l
ac-1:sac T ======== CHANNEL fl ========
SFO1 100.6228293 MHz
NUC1 13cC
Pl 10.00 usec
PLW1 70.00000000 W
======== CHANNEL f2 ===
SF02 400.1316005
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 100.6127713 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
IJ J “‘m JMJ‘ - J V-

-~ 1 -~ T - 1 - 1 - T - 1 - 1 -~ T - 1T " T
200 180 160 140 120 100 80 60 40 20 0 ppm
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3ad1 o, 3ad2 o
3ad-1:3ad-2 = 1:1.7
] A
A I I I L I I
8 7 6 5 4 1
© o NO|ID| [N ] oo
2 S s|3IRBE[a8& |¥ B
o - (=== == N [sel o]
- -

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 CDC13

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
TDO 1
======== CHANNEL fl ========
SFO1 400.1324710 MHz
NUC1 1H

Pl 15.00 usec
PLW1 8.00000000 W

F2 - Processing parameters
SI 65536

SF 400.1300099 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00
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202.85
202.60
141.53
137.64
132.33

132.00

131.84
131.68
131.51
131.35
131.18
130.86
129.15
128.84
127.83
127.80
127.72
126.92
126.28
125.87
125.83
125.79
125.76
125.42

125.39

125.35
125.31

125.12

125.01
124.98

123.41

122.42

122.30
122.15
120.54
119.71

119.60

119.33
81.07
80.77
80.47
80.18
79.05
78.76
78.48
78.20
77.32
77.00
76.68
73.44
72.43
46.71
45.79
43.88
42.717
38.42
38.12
18.45
13.92
13.80

f— — —

0]
0 \ 'CF3
3ad1 o, 3ad2  op,
3ad-1:3ad-2 = 1:1.7
| ‘ M‘u i MJ a A .
i I i I i I i I i I i I I I I I i
200 180 160 140 120 100 80 60 40 20 ppm

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 CDC13

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
TDO 1
======== CHANNEL f1l ========
SFO1 100.6228293 MHz
NUC1 13C

Pl 10.00 usec
PLW1 70.00000000 W
======= CHANNEL f2 ========
SFO02 400.1316005 MHz
NUC2 1H
CPDPRG[ 2 waltzl6
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
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O MONOVOANTOISNOOIINTONONONMOVOUILINANITOLTONNHONSNOANONM™M

CONLLTMNAATNONINVOVOWVOONNDNWOOONIN—HAODOANDOINMANANOO O I N Current Data Parameters
VOO IFILIOONOANNATONMMANNNNNLOLOLOLLOVOINININ FO OO OO O NAME DZ-642
NN OOOOONNNNNNNNAAAAAAAAAAAAAAO OO O EXPNO 20

~

N‘/% \H\H\Tﬁw %‘%/J PROCNO 1

F2 - Acquisition Parameters

Date 20150213
Time 13.42
INSTRUM spect

PROBHD 5 mm PABBO BB/

0] (0]
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 16

i > DS 2

(0] CFs3 0~ = CF3 SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 31.13
DW 62.400 usec

DE 6.50 usec
3ae-1 Br 3ae-2 Br TE 298.3 K

D1 1.00000000 sec

3ae-1:3ae-2 = 1:2.4 ™0 '

======== CHANNEL fl ========

SFO1 400.1324710 MHz

NUC1 1H

Pl 15.00 usec

PLW1 8.00000000 W

F2 - Processing parameters

ST 65536

SF 400.1300097 MHz

WDW EM

SSB 0

LB 0.30 Hz

GB 0

pC 1.00

) ; ns

L B L B B B S B L B S B NN S AL AL S LN LS L S |

8 7 6 5 4 3 2 1 0 ppm
< (=} NN NOINON OO < 0|0
o o Mmoo Mo|o|m|© < < (<
< - NO|(™|N|N|™ | NM n M|~
- -
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203.08
202.89

=

40
16

126
124
124
123
123

122

\

120.53

119.34
81.02

80.73

— o
o ©
™ ™M
—

——18.43

=

(0]
e '”(:F3
3ae-1 Br 3ae-2 Br
3ae-1:3ae-2 =1:2.4
. | X m.. \‘LJ\ ‘ . .
' I ' I ' I ' I ' I ' I I I ' I I I
200 180 160 140 120 100 80 60 40 20 ppm

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 CDC13

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
TDO 1
======== CHANNEL f1l1 ========
SFO1 100.6228293 MHz
NUC1 13C

Pl 10.00 usec
PLW1 70.00000000 W
======== CHANNEL f2 ========
SFO02 400.1316005 MHz
NUC2 1H
CPDPRG[ 2 waltzl6
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
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7.435
7.415
7.380
7.359
7.260
7.231
7.211
7.206
7.205
7.184
3.307
3.305
3.268
3.266
3.262
3.225
3.223
2.999
2.997
2.962
2.961
2.911
2.356
2.327
2.254
2.251
2.247
2.217
1.766
1.614
1.609
1.601
1.599
1.594
1.590
1.583
1.577
1.559
1.029
1.011

\\W

0 0
jﬁ;& )/f;j?%

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

N

™Mo ON

o+ AN Current Data Parameters
SIS NAME DZ-717
oooo EXPNO 30

\\\W m‘%; PROCNO 1

F2 - Acquisition Parameters

Date_ 20150616

Time 18.36
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 54.59

DW 62.400 usec
DE 6.50 usec
TE 0 K

D1 1.00000000 sec
TDO 1
======== CHANNEL f]_ ========
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

£ I T _

L e i B e I B B B B B B B

8 7 6 5 4 3 2 1
[o22(=2] ™ © T[N (M|©|0 N =
-|c Q q |@|a|el|elals < |ol%
| - - AN|r=|r=||=|O|N (3] 0T
-

T

0 ppm
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~ © LWOAONINOMWONMMSILN S WO~ = ML < oo - NS TN
. . R —HONNO®LINOMNS V0O 1N O O T IO ©
Mo NOIFTONO®WOWOINMA O PR e e e e e e e e D
o o MO MOONNNNNNNNA —H OO OO Mm— o n o — = mwmm
NN A A A A A A A A A A 00 00 00 0O I~ I~ I~ I~~~ <« < [eloe] NN A A A A

~

NN

0 0
jﬁ;& )/dj?%

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

{
L
\

L Al T

Current Data Parameters

-1 - 1 - 1 - T - 1 - T - 1 -~ 1 " 1T " T " 1
200 180 160 140 120 100 80 60 40 20 ppm

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 CDC13

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
TDO 1
======== CHANNEL fl1 ========
SFO1 100.6228293 MHz
NUC1 13C

Pl 10.00 usec
PLW1 70.00000000 W
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NuUC2 1H
CPDPRG[ 2 waltzl6
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
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I ANOOOOANANIFOANTONTLOFOATANAIFIFINOOTMOIFOAHOIFINOOANISTNAMNMLON I

AN~ MNMOVUWMODOoODOooONNWINIINIT~TANANOOMOMHOOAAONOOONUNOVOOSNTIFAANSTOMMAOWOWI N Current Data Parameters
FIFIFTFTN A A A A OO OO ANANANNAATODOANAMMMMOOHOANANANANANININOOLONDOOONOOO NAME DZ-632
S~ OO MmO MmO NN NN NN NANANANNA A A A A A AA OO OO EXPNO 20

\\&% \\\N// \%‘%’A PROCNO 1

F2 - Acquisition Parameters

Date_ 20150204
Time 21.26
INSTRUM spect

PROBHD 5 mm PABBO BB/

O O
PULPROG zg30
TD 65536
SOLVENT CDC13
\'CF CF b 2
D DS 2
O 3 O 7 3 SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 54.59
DW 62.400 usec

3ag-1 F 3ag-2 F DE 6.50 usec
TE 298.6 K
D1 1.00000000 sec

3ag-1:3ag-2 = 1:2.2 D0 1

CHANNEL f1

SFO1 400.1324710 MHz
NUC1 1H
Pl 15.00 usec
PLW1 8.00000000 W
F2 - Processing parameters
ST 65536
SF 400.1300098 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
ML\ | 1.00
JJ& J[
8 7 6 5 4 3 2 1 0 ppm

™ o] [=] O ([O(M ONN(M| [{e} O~

o (© =} ~||od|~o|o|N|n =} 0|~

© © - NONN|™|=N|™ © ™|~

~—
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V N T===\\lvee= S\ \ll"v" |V
0
0 \ 'CF3
3ag-1 F 3ag-2 F
3ag-1:3ag-2 = 1:2.2
L4 1| L] \”
x ' x ' x ' x ' x x x ' x ' x x x '
200 180 160 140 120 100 80 60 40 20 0 ppm

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 CDC13

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
TDO 1
======== (CHANNEL f1l1 ========
SFO1 100.6228293 MHz
NUC1 13C

Pl 10.00 usec
PLW1 70.00000000 W
======== CHANNEL f2 ========
SFO02 400.1316005 MHz
NUC2 1H
CPDPRG[ 2 waltzl6
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-725
EXPNO 20
\m\“ PROCNO 1
F2 - Acquisition Parameters
Date_ 20150618
Time 12.47
INSTRUM spect
(o) o) PROBHD 5 mm PABBO BB/
PULPROG 2930
TD 65536
SOLVENT CDC13
NS 16
] ~ DS 2
(e} CF3 o - CF3 SWH 8012.820 Hz
FIDRES 0.122266 Hz
F F AQ 4.0894465 sec
RG 31.13
DW 62.400 usec
3ah-1 3ah-2 DE 6.50 usec
TE 0 K
D1 1.00000000 sec
3ah-1:3ah-2 = 1:2.2 DO 1
======== CHANNEL f1l ========
SFO1 400.1324710 MHz
NUC1 1H
Pl 15.00 usec
PLW1 8.00000000 wW
F2 - Processing parameters
SI 65536
SF 400.1300098 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00

A -

L B B B L L L L L L L B L L B L B L B L BRI

8 7 6 5 4 3 2 1 0 ppm
0 (=] OO (FT| T (D WO (5] [ 3l=]
- o N|[Q|N|N|O|Q (N |’ < Ao
< - AN~ NN|™r=N™M 0 ™~
- -
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203.06
202.90

=

)

3ah-1

\'CF3

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

.u‘ “ A

200

180

T

160

140

x
120

100

ppm

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 CDC13

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
TDO 1
======== CHANNEL fl1 ========
SFO1 100.6228293 MHz
NUC1 13C

Pl 10.00 usec
PLW1 70.00000000 W
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[ 2 waltzl6
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

S38



(0]
(0] Q—CF3
3ba-2 Cl

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

L 1= . i L i

ONON = O NN O

NANANOODSI>I~O Current Data Parameters

P NAME Dz-733

NNNNN NN EXPNO 20
_ PROCNO 1

F2 - Acquisition Parameters

Date 20150624

Time 16.44
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 0 K

D1 1.00000000 sec
TDO 1
======== CHANNEL f1l ========
SFO1 400.1324710 MHz
NUC1 1H

Pl 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

L L I L L L L L L L L L L L L B L L L B L B L AL B L R R B

8 7 6 5 4 3 2

0.47
49.16
0.29
0.24
1.00
0.27
4.19
0.29\
0.99\
0.32\
4.24
4.31
1.06
5.27
5.38

1 0 ppm
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N o OWOONI—HRNOMNOWOM®ON
D R R R R R T S T S MO HOMONO NI MO ~
INEN NAVUNMAAANNDDD VIO NDG o+ + o o o o v o0 o e o s
oo mMOMamnININNNNNNINNNNN S o oo v m K]
NN HeA A A A A A A A A A A A A A A A A A A A A © © ~ ~o~ o~ <

$ |
%

Illllrf : : i”(:F3 [::::If’[:JL:]‘.(:F3

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

L | LA M.' ‘J‘ L

IL L

L e
200 180 160 140 120 100 80 60 40 20 0 ppm

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 CDC13

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
TDO 1
======== (CHANNEL f1l1 ========
SFO1 100.6228293 MHz
NUC1 13C

Pl 10.00 usec
PLW1 70.00000000 W
======== CHANNEL f2 ========
SFO2 400.1316005 MHz
NUC2 1H
CPDPRG[ 2 waltzl6
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

S40



o) 0
O o~ \'CF3 0~ =CF;
o ) =
3bb-1 Cl 3bb-2  Cl

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

| J»Lumu

0 <t — I~
~~~ 0
Current Data Parameters
q: q: q: q: NAME DZ-766
N NN EXPNO 20
PROCNO 1

F2 - Acquisition Parameters

Date 20150807

Time 17.28
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 54.59

DW 62.400 usec
DE 6.50 usec
TE 298.8 K

D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
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

y

L L L L L L L L L L L L L L L L L L L B B L B B L B LR B B

8 7 6 5 4 3 2 1

=] N o [o2] NO®O O | (N W™
S - Sle| |S =[®|9|N|S|g(S|
g o - o < Ol | ||| O

0 ppm

S41



201.66
201.40

s

(0]
"CF3 '$(3F3
Br
3bb-1 Cl 3bb-2 Cl
3bb-1:3bb-2 = 1:4.1
)1 \L [N L]
I ) I ) I ) I ) I ) I ) I ) I ) I I I
200 180 160 140 120 100 80 60 40 20 0 ppm

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 CDC13

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
TDO 1
======== CHANNEL f1l ========
SFO1 100.6228293 MHz
NUC1 13C

Pl 10.00 usec
PLW1 70.00000000 W
======== CHANNEL f2 ========
SFO02 400.1316005 MHz
NUC2 1H
CPDPRG[ 2 waltzl6
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
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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 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 301.1 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 400.1300414 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00

L B L L B B B B L L B B L B B B B L B B

9 8 7 6 5 4 3 2 1 0 ppm
322 g 33 Bl
<N - |- |-
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Current Data Parameters

E 3ﬁ8§',.2‘?3$28.}"§ﬁﬁ O W WYVWVNO®N ~oo NAME Dz-894
o R R R SO ®MS 0™ o © EXPNO 60
— W AN—HOAOSSINANNO L R I .
S NooaNNNNNNS T SE22RRER 29 PROCNO 1
KQQigég%A%?%;?éfb) K¢§§J #4§¢/ ‘ ‘ F2 - Acquisition Parameters
Date_ 20160218
Time 12.46
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
SOLVENT CDC13
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
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
ST 32768
SF 100.6127688 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
‘ . l"\ bl A A
T T T T T T T T T T T T T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm
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N AOOFOOMNMMNSNHINO AN ANINOMAOOUOUIF—HNMOANNSNLOONOONONHOOMO F N
ONFTANOONNDO~NOVOANNNDOOIFTFTMMOMOANATANANANANHOMMOANOANSNIFNOOC O O Current Data Parameters
IO NN NN NOO0OO0OO0OO0O0OO0O0OO0O0ONANMANNHOOOANMMMMMmMmANNN N O NAME DZ-735
e o o o 6 6 e s o e s & e 8 e s & e 8 o e e e s e e 8 s s & e e s e e o e e e e o e e

NN FIFFTOOOOOOONNNNNNNNNNN A EXPNO 20

////M PROCNO 1

F2 - Acquisition Parameters

e N s S P

=~

Date_ 20150625
(0] Time 16.53
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG 2g30
TD 65536
. SOLVENT CDC13
’I
0" \'CFs3 CF; NS 16
DS 2
SWH 8012.820 Hz
FIDRES 0.122266 Hz
AQ 4.0894465 sec
RG 31.13
3bc-1 Cl 3bc-2 Cl W 62.400 usec
DE 6.50 usec
3bc-1:3bc-2 = 1:1.7 TE 0 K
D1 1.00000000 sec
TDO 1
======== CHANNEL f]_ ========
SFO1 400.1324710 MHz
NUC1 1H
Pl 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
e e e S e e
8 7 6 5 4 3 2 1 0 ppm
© o [\] o o|(molN|o © N
N 7] o o N||= N[N < oM
- ™ N~ - === == ™ o<
- -
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202.83
202.64

s

3bc-1

\'CF3

I

137.29
137.18
135.99
135.33

131.78
129.81
129.11
128.62

3bc-2

3bc-1:3bc-2 =117

)

127.80
126.29

=

125.02
123.42

~CF3

1Ll

122.20
120.55
119.38
115.70

115.51
81.01
80.71

7 TN

80.42
80.12
78.94
78.66
78.37
78.09
77.32
77.00
76.68
72.78
71.71

2

200

w
180

w
160

: ,
140

w
120

w
100

ppm

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 CDC13

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
TDO 1
======= CHANNEL f1 ========
SFO1 100.6228293 MHz
NUC1 13C

Pl 10.00 usec
PLW1 70.00000000 W
======== CHANNEL f2 ========
SFO02 400.1316005 MHz
NUC2 1H
CPDPRG[ 2 waltzl6
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
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O 'IICF3

3bd-1

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

o dbad)

£

nrH~oo -

AN — O 0

AN O\ O 0O 00 Current Data Parameters

e o o o o NAME DZ-731

—Hoooo EXPNO 20
PROCNO 1

F2 - Acquisition Parameters

Date_ 20150623

Time 18.00
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 0 K

D1 1.00000000 sec
TDO 1
======== CHANNEL f]_ ========
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

5

L e L B B L B B S B B B L S B BN B LS S L AL S AL L L S |

8 7 6 5 4 3 2 1
- o MO (TO|MV N[O T|O| O|O| O [{=]
- N -

0 ppm
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203.14
202.95

=

() ”/(:F3

3bd-1

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

W

AL

200

' x
180

160

140

x
120

x
100

ppm

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 CDC13

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
TDO 1
======== CHANNEL fl ========
SFO1 100.6228293 MHz
NUC1 13C

Pl 10.00 usec
PLW1 70.00000000 W
======== CHANNEL f2 ========
SFO02 400.1316005 MHz
NUC2 1H
CPDPRG[ 2 waltzl6
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
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(from 3aa-2) Cl

) . J

Current Data Parameters

NAME DzZ-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 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 f]_ ========
SFO1 400.1324710 MHz
NUC1 1H

Pl 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

L B L L L B L L L L L L L L L L L B L L L L B B B B B L B L L

8 7 6 5 4 3 2 1
©O < oYM (=l ©
0 % Sla|a|o ol=< |=
o - -O|0|0 || NN (3]
—

R

0 ppm

S49



IS 'V e AT

\-OCH2Ph

0~ ZCFs3

5

(from 3aa-2) ClI
r "‘ ! LA N
. B B S B T 1 T
200 180 160 140 120 100 80 60 40 20 ppm

Current Data Parameters

NAME
EXPNO
PROCNO

DZ-784-3
10
1

F2 - Acquisition Parameters

Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

DW

NUC2
CPDPRG[ 2
PCPD2
PLW2
PLW12
PLW13

20151021

8.26

spect

5 mm PABBO BB/

zgpg30

65536

CDC13

15000

4
24038.461 Hz
0.366798 Hz

1.3631488 sec
195.88
20.800 usec
6.50 usec
299.7 K
2.00000000 sec
0.03000000 sec
1
CHANNEL f1 ========
100.6228293 MHz
13C
10.00 usec
70.00000000 W
CHANNEL f2 ========
400.1316005 MHz
1H
waltzlé
80.00 usec

8.00000000 W
0.28125000 W
0.28125000 W

F2 - Processing parameters

SI
SF
WDW
SSB

32768
100.6127699 MHz
EM
0
1.00 Hz
0
1.40
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_CH,Ph
HN 2
0~ ZCFs
6-1

(from 3aa-2) ClI

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 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 f]_ ========
SFO1 400.1324710 MHz
NUC1 1H

Pl 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
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SN N Y
(from 3aa-2) Cl
‘j Jmlj I\ ernedi 1‘ | h
— T 1 - T -~ 1 - T - T "~ 1T "~ T "~ T T
200 180 160 140 120 100 80 60 40 20 0 ppm

Current Data Parameters

NAME
EXPNO
PROCNO

DZ-808
40
1

F2 - Acquisition Parameters

Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

NUC2
CPDPRG[ 2
PCPD2
PLW2
PLW12
PLW13

20151028
21.55
spect

5 mm PABBO BB/
zgpg30
65536
CDC13
13000
4
24038.461 Hz
0.366798 Hz
1.3631488 sec
195.88
20.800 usec
6.50 usec
299.7 K
2.00000000 sec
0.03000000 sec

CHANNEL f1l ========
100.6228293 MHz
13C
10.00 usec
70.00000000 W

CHANNEL f2 ========
400.1316005 MHz
1H
waltzlé
80.00 usec
8.00000000 W
0.28125000 W
0.28125000 W

F2 - Processing parameters

SI
SF
WDW
SSB
LB
GB
PC

32768
100.6127702 MHz
EM
0
1.00 Hz
0
1.40

S§52



_CH,Ph
HN™ 2
() 'IIC;F3
6-2

(from 3aa-1) Cl

N O0O0ONOFOONMO M
N SRR NRD OO RD O Current Data Parameters
DL T OO O

e o o o o o o o o e e e o o EXPNO 30
A A A A A A A A A~ O OO PROCNO 1

F2 - Acquisition Parameters

Date_ 20151026

Time 18.18
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 49.09

DW 62.400 usec
DE 6.50 usec
TE 298.5 K

D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
SFO1 400.1324710 MHz
NUC1l 1H

Pl 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

g f=4
[=]1>]

ail©
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N\ N VWV

Ly-CHzPh

0 \ 'CF3

6-2

(from 3aa-1) Cl
L | “ N

— T 1 - T 1 - T - T "~ 1T "~ T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

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 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 299.7 K

D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL f1l ========
SFO1 100.6228293 MHz
NUC1 13C

Pl 10.00 usec
PLW1 70.00000000 W
======== CHANNEL f2 ========
SFO02 400.1316005 MHz
NUC2 1H
CPDPRG[ 2 waltzl6
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

S54



I AN~V oOnNoOoO~AaAI~TN—HOOLVWOULNANMEEMHLOE~TONOIFANMESEF O SAN
cocowvwoor~vVOwgFwELOOLULOANNOOONMNODV~O~VN ANV LOT
LI OO OMANOOOOANANANANANNAAAOTOANNNNOONO O ST I

¢ o e o e o e e o e e e e e e e e e e e e e e e & s e e e e o e o e o e
ST ANNNNNNNNAAAAAAA A A

\“N

i

HO =

7-1a

7-1b
(from 3aa-1) ClI (from 3aa-2) CI

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

il WW g L

1.439
1.435

noNAN>~O
N oY 0O <
< O OV OV O Current Data Parameters
« e e e o NAME DZ-811
HOo O OO EXPNO 10

F2 - Acquisition Parameters

Date_ 20151027

Time 16.59
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 298.6 K

D1 1.00000000 sec
TDO 1
======== CHANNEL f1l ========
SFO1 400.1324710 MHz
NUC1 1H

Pl 15.00 usec
PLW1 8.00000000 W

F2 - Processing parameters
ST 65536

SF 400.1300095 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00

L

L L L B B B L L B SN S B LS LS AL BLRL AL LIS IS L UL ELL L L |

8 7 6 5 4 3 2 1
Q| = © o DOV IN|OM [3¢]
(=11 R ~ N~ o~ R (N(O|IN(m(© N
N n - - < < (||| (0 ©

- - - [3¢] -

0 ppm
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18.66
18.55

14.16
13.93

~
~

HO =

7-1a
(from 3aa-1) ClI

7-1b
(from 3aa-2) ClI

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

Ll 1 il .

' x i ' T T x i ' T x i i ' x
200 180 160 140 120 100 80 60 40 20 ppm

Current Data Parameters

NAME
EXPNO
PROCNO

DZ-811
20
1

F2 - Acquisition Parameters

Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

DS

SWH
FIDRES
AQ

RG

NUC2
CPDPRG[ 2
PCPD2
PLW2
PLW12
PLW13

20151125
7.09
spect
5 mm PABBO BB/
zgpg30
65536
CDC13
11000
4
24038.461 Hz
0.366798 Hz
1.3631488 sec
195.88
20.800 usec
6.50 usec
300.8 K
2.00000000 sec
0.03000000 sec

CHANNEL f1 ========
100.6228293 MHz
13C
10.00 usec
70.00000000 W

CHANNEL f2 ========
400.1316005 MHz
1H
waltzlé
80.00 usec
8.00000000 W
0.28125000 W
0.28125000 W

F2 - Processing parameters

ST
SF
WDW
SSB
LB
GB
PC

32768
100.6127680 MHz
EM
0
1.00 Hz
0
1.40
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NSO NOOVOANIFTOAOVONOIFIAVOANINNEENODOOINEANONNMOSNAIFIAINN O M O

VOO OVWO~NVOFIFTOINANAOANNONNONONIINASNNHOONNOIMMANNOC OO Current Data Parameters
DINFLFOOOOOOANNNNNAAAATONNNNNOONANANDOIIIIIT IO OO NAME DZ-809
NN ANNNANNNNAATAATAAAAAAAAA O OO OO EXPNO 10

F2 - Acquisition Parameters

Date 20151026
Time 15.26
INSTRUM spect
PROBHD 5 mm PABBO BB/
HO P 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
7-1a 7-1b DE 6.50 usec
(from 3aa-1) Cl (from 3aa-2) Cl TE 298.5 K
D1 1.00000000 sec
. —_ . TDO 1
7-1a:7-1b=1:1
======== CHANNEL fl ========
SFO1 400.1324710 MHz
NUC1 1H
Pl 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

L A\ v [N TN

M I B L B B B S B B S B B B AL SRR LR SLEL SLELL ELEML LU S B

8 7 6 5 4 3 2 1 0 ppm
oo )] © o ofs|o|o|vln -
RN © © 1) S|x(xn|®(a| o
=M - (3] o|o Frmojv— n
-
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18.68
18.55
14.18
13.94

e
~

Current Data Parameters

NAME
EXPNO
PROCNO

DZ-809
40
1

F2 - Acquisition Parameters

Date_ 20151027
Time 7.14
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgpg30
TD 65536
SOLVENT CDC13
HO = 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
7-1a 7-1b D11 0.03000000 sec
(from 3aa-1) ClI (from 3aa-2) DO 1
. — . ======== CHANNEL f1l ========
7'13-7'1 b_ 1:1 SFO1 100.6228293 MHz
NUC1 13C
Pl 10.00 usec
PLW1 70.00000000 W
======== CHANNEL f2 ========
SFO02 400.1316005 MHz
NUC2 1H
CPDPRG[ 2 waltzl6
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
y PC 1.40
‘ ‘ WAL, ) l
) I ) I ) I ) I ) I ) I ) I ) I ) I ) I )
180 160 140 120 100 80 60 40 20 0 ppm
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7.511
7.490
7.347
7.342
7.330
7.325
7.260
5.217
5.215
5.212
5.192

NMOONMNINOONNANXONMNMIOMA—TOOMIN TN FOON Current Data Parameters
COOAVIIAN—TAANIN ATNOVOOOVOUMNANNNNHNII O NS NAME DZ-800
A1 O0O0OoOMNMINININOO0OOCOCOANANNAVLVLYVOYVLWVOLLVLWOYVUININMMM®MMO A O

© 4 e e e e 4 e s e e s e e e e e e e e e e e e e e e e e e e EXPNO 30
LOOOBLNNNNNNNNNAAAAAAAAAAAAAAAA OO PROCNO 1

S e S —— F2 - Acquisition Parameters

!

Date_ 20151026
Time 15.36
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 65536
SOLVENT CDC13
HO = 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
7-2 D1 1.00000000 sec
(from 3aa-1) Cl PO !
======== CHANNEL fl ========
SFO1 400.1324710 MHz
NUC1l 1H
Pl 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

S

N T B B B B BN B B B

8

L B I B L B B B B L B B

T
6 5 4 3 2 1 0 ppm

N~ |0 (=} N~ NI©O| V(W -
] S e @ @] S| 2
o olo - o OlN| IVlv~=| |™m
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Current Data Parameters

AT RO SO neenesen ooese Q9 EXPNO 70
AoooSNNaNy RRERRRRRE 3933 20 PROCNO 1
N\ N £2 - ncquisition Paraneters
Date_ 20151101
Time 6.30
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG 2gpg30
TD 65536
SOLVENT CDC13
HO = 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
7-2 D1 2.00000000 sec
- D11 0.03000000 sec
(from 3aa-1) ClI oS ¢
======== CHANNEL f1l ========
SFO1 100.6228293 MHz
NUC1l 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
LB 1.00 Hz
GB 0
PC 1.40
L A
I " I " I " I " I " I " I " I " I " I " I
200 180 160 140 120 100 80 60 40 20 ppm
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HFNOIYNFO A O AT LVOFTONHOOAHAIININOINO OO NILUOHHOOLNANOMH 0 Current Data Parameters
NI 1O~ OOONWONNOVOOUINNINANOONNEFAOFMONANDOINF AONS O F N —H O 0
DO LTOOONNMNNNNNOOOWOMOOOOOINMMNMMININLO LT T MM 0 O~ I~ gggo DZ-913
NN NOVOOFEIFIFTOOOOOOONNNNNNNNAAAAAAA PROCNO 1
k&w%ﬁ/ﬁ/’) % \’//%%K//M%J F2 - Acquisition Parameters
Date_ 20160212
Time 11.45
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zg30
TD 65536
SOLVENT CDC13
NS 16
DS 2
HN SWH 8012.820 Hz
R FIDRES 0.122266 Hz
Br AQ 4.0894465 sec
RG 31.13
DW 62.400 usec
0] ",/CF3 DE 6.50 usec
TE 300.6 K
D1 1.00000000 sec
Br TDO 1
8 ======== CHANNEL f]_ ========
Cl SFO1 400.1324710 MHz
NUC1 1H
P1 15.00 usec
PLW1 8.00000000 W
F2 - Processing parameters
ST 65536
SF 400.1300095 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
8 7 6 5 4 3 2 1 0 ppm
NN (e o ™| ™| ™
- oo o =} ol |lo o|o o
B+ - o |~ |- o
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s\ ~Nz/ N
HN
- Br
C) b (:F3
Br
8
Cl
A ) \I' M
T " T " T " T " T " T " T " T T " T "
200 180 160 140 120 100 80 60 40 20 ppm

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 CDC13

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
TDO 1
======== CHANNEL f1l ========
SFO1 100.6228293 MHz
NUC1 13C

Pl 10.00 usec
PLW1 70.00000000 W
======== CHANNEL f2 ========
SFO02 400.1316005 MHz
NUC2 1H
CPDPRG[ 2 waltzl6
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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Intensity (mV)

40

30

20

[
o

o

E 1
: 1y
E 3aa-2 %E
_E 3aa-1
. B g
E 50
] | I
— -
- . |
. H | I
] | : | : " H' } rac 3aa-1 rac 3aa-
— ; [
N I A
E I S PR VRSV W
I|I|I|I|I’I|||I|I|I|I|||I|I|I|I|I|I|I|J|I|I|I|I|I|I|I|I|I|I|I|I|||I|I|I|I|I|||I‘I|I|
0 5 10 20 25 35
Retention Time (min)
No. RT Area Area %
1 11.59 503817 16.087
2 13.62 503801 16.086
3 19.50 1069127 34.137
4 20.49 1055095 33.689
3131840 100.000
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Intensity (mV)

100

o0}
o

3aa-1

()
o

18
o

3aa-2

N
o

13.54

‘ { |
___wavﬁ_\_,"#u‘ LTAJ_,\# P #L’_/\

I|I|||||||||I|||||||||||||||I|||||||I|I|l|||||||I|||||||||||I|||I|||||III|I|I|I|I|I|
0 5 10 15 20 25 30 35 40

o

IIIIIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

Retention Time (min)

No. RT Area Area %
1 11.56 3015575 65.291

2 13.54 95596 2.070

3 19.37 777583 16.836

4 20.34 729890 15.803
4618644 100.000
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Intensity (mV)

1000

800 —
600 _; 3aa-1 from a 2 mmol-scale reaction
E 0
400 _5 3aa-2
7 s
. l\oo
200 — Al
E o i
5 g i
0 _;JMMM—’\—/‘-\V,&—
_[|I|I|III|III|III|I|I|I|I|I'I|III|I|I|I|I|I|I|l|||||I|[|I|I|I|I|I|I|I|I|I|I|I|
0 5 10 20 25 35
Retention Time (min)
No. RT Area Area %
1 10.29 17144163 60.303
2 11.99 653609 2.299
3 17.77 5047852 17.755
4 18.82 5584416 19.643
28430040 100.000
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Intensity (mV)

250

200

150

100

50

o

bbbt b oo bt

,\
7

|
‘.
L 0o
\'\
i
.\W
H wt o~ \'CF;
| \
| ‘5
‘ln' . ‘l |l rac 3ab-1 rac 3ab-2
I ~ ,
Ll L\
_____Awbuk, J N Hq N
I|I|I|I|I|I|I|I|I|I|I|I|III|I|I|I|I|I|I|I|I|I|I|I|I|III|I|I|I|I|I|I|I|III|I|I|I|I|I|
0 5 10 15 20 25 30 35 40
Retention Time (min)
No. RT Area Area %
1 11.37 6433349 22.767
2 18.18 6642505 23.507
3 19.53 6937656 24 .552
4 20.58 8243635 29.174
28257145 100.000
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60

50

40

30

+3
=X . o7

Intensity (mV)

o

IIIII|I[II|IIII|I]II|IIIlllllllll]l||||l|]||I|[ll]||||[|l]||||[l]|IIIIII

3ab-1 0
3ab-2 \/l o~ \'CF;
' o
| @ of 3ab-1
| &
4_/\”‘\”%"1 i
I|I|I|I|I|I|I|I|[|I|I|I|[|I|I|]|Ill|I|]|III|I|I|I|I|I|I|I|[|I|I|]|I|I|I|]|III|I|I|
0 5 10 15 20 25 30 35 40
Retention Time (min)
No. RT Area Area %
1 11.67 1484328 73.847
2 18.85 101339 5.042
3 20.57 192331 9.569
4 21 .43 232004 11.543
2010002 100.000
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Intensity (mV)

E |3
140_5 “; Q.
_E at '
120 — I
_% - ‘ 3ac-1
100 KJZ
80—5 o 3ac-2 ~
60—% ﬂ 4 \ 0
40—3 “ i . I =CF3
E | 1] I3
3 . |\ | =
20 = “ |"| '. |‘ rac 3ac-1 rac 3ac-2
E | AEEE
0 F— A I FAWAWERY
:I|I|I|III|III|I|I|I|Illllllllllllll|I|I|I|I|I|I|I|I|I|III|I|I|I|I|I|I|I|I|I|[|I|I|I|I
0 5 10 15 20 25 30 35 40
Retention Time (min)
No. RT Area Area %
1 13.69 1265023 11.292
2 20.73 1254587 11.199
3 23.17 4342462 38.763
i 25.54 4340574 38.746

11202646 100.000
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Intensity (mV)

250

200

150

100

50

bbb bbb bbb b b

1
il
3ac-1
3ac-2 .
©~ ﬂ| Ilﬁll
| =
I|I|I|I|I|I|I|I|I|I|I|I|I|I|I|I|I|I|I|I|III|I|I|I|I|I|I|I|I|I|I|I|I|I|I|I|I|I|I|I|I|I
0 5 10 15 20 25 30 40
Retention Time (min)
No. RT Area Area %
1 13.49 6030618 51.760
2 20.57 621496 5.334
3 23.05 2395646 20.562
4 25.43 2603278 22 .344
11651038 100.000
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0 5 10 15 20 25 30 35 40
Retention Time (min)
No. RT Area Area %
1 13.81 960292 19.542
2 14 .66 1044785 21.261
3 16.41 1450508 29.517
4 21.41 1458511 29.680
4914096 100.000
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Intensity (mV)
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0 10 15 20 25 35 40
Retention Time (min)
No. RT Area Area %
1 13.37 96413 1.785
2 14.11 3762408 69.670
3 15.79 734451 13.600
4 20.43 807031 14 .944
5400303 100.000
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Intensity (mV)
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0 5 10 15 20 25 30 35 40
Retention Time (min)
No. RT Area Area %
1 11.15 1242195 12.318
2 12.30 1264434 12.538
3 17.93 3793265 37.615
4 19.28 3784672 37.529
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Intensity (mV)
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0 5 10 15 20 25 30 35 40
Retention Time (min)
No. RT Area Area %
1 11.54 1085188 63.852
2 12.57 30654 1.804
3 18.24 320555 18.861
4 19.68 263130 15.483
1699527 100.000
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Intensity (mV)
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0 5 10 15 20 25 30 35 40
Retention Time (min)
No. RT Area Area %
1 12.41 698414 15.770
2 12.93 712910 16.098
3 13.77 1524449 34 .422
4 18.12 1492892 33.710

4428665 100.000
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Intensity (mV)
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0 10 15 20 25 30 35 40
Retention Time (min)

No RT Area Area %
1 13.28 56335 3.460
2 13.87 920917 56.553
3 15.29 342674 21.043
4 18.51 308487 18.944

1628413 100.000
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Intensity (mV)
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0 5 10 15 20 25 30 35 40
Retention Time (min)
No. RT Area Area %
1 10.99 4915310 26.179
2 13.68 4911664 26.159
3 19.15 3421640 18.223
4 19.67 5527464 29.439
18776078 100.000
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Intensity (mV)
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0 5 10 15 20 25 30 35 40

Retention Time (min)

No. RT Area Area %
1 10.61 11373350 76.036
2 13.35 469406 3.138
3 19.33 1927100 12.883
4 20.90 1188055 7.943

14957911 100.000
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0 5 10 15 20 25 30 35
Retention Time (min)
No. RT Area Area %
1 14 .25 1332513 26.623
2 16.61 1330192 26 .577
3 19.31 1168360 23.344
4 24 .83 1111458 22.207
5 27 .85 62540 1.250
5005063 100.000
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Intensity (mV)

35

30

25

20

15

10

(8}

o

= | 0

_E O .IICFS

E F

__E 3ah-1

= 3ah-1

= 3ah-2

EE \ Ty :8 3 g

= W AW A J\,

—_Illllllllllllllllll'lllllllllllllll[lll Illllllll IllllllllllllllllII|III|II

0 5 10 15 20 25 30 35
Retention Time (min)

No. RT Area Area %
1 14.27 848554 68.735
2 16.65 43828 3.550
3 19.33 105562 8.551
4 20.20 62079 5.029
5 25.18 64065 5.189
6 27 .67 110440 8.946

1234528 100.000

S79



Intensity (mV)

1200 — -
E i 2
E d o o
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- “| O o0~ \'CF; CF,
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0 5 10 15 20 25 30 35 40 45 50
Retention Time (min)
RT Area Conc 1
1 22.093 28224985 477.778
2 25.740 28212567 477 .7757
3 35.873 1312888 2.222
4 47 .207 1324804 2.243
59075244 100.000
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Intensity (mV)
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0 5 10 15 20 25 30 35 40 45 50
Retention Time (min)
No. RT Area Conc 1
1 22.033 16535875 73.372
2 25.920 1716693 7.617
3 35.633 23447778 10.404
4 47 .153 1939725 8.607
22537071 100.000
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0 10 20 30 40
Retention Time (min)
No RT Area Conc 1
29.940 18368354 49.832
34.133 18492405 50.168
36860759 100.000
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0 10 20 30 40
Retention Time (min)
No RT Area Conc 1
30.260 2607661 5.916
34.140 4256400 94.084
4524001 100.000
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1000 —
—; from a 1 mmol-scale reaction
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T TT ' TTT | T T 7171 | T TT1 T TT | ' TTT | T T | T TT I T T
0 10 20 30 40
Retention Time (min)
No. RT Area Conc 1
1 36.160 5012473 8.376
2 40.653 54827345 91.624

59839818 100.000

S84



Intensity (mV)

140 —3 !
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120 —3 Q
100-é
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0 5 10 15 20 25 30 35 40 45 50 55 60
Retention Time (min)
No. RT Area Conc 1
1 16.520 1713931 11.423
2 19.753 1699463 11.326
3 29.320 5847567 38.972
4 55.687 5743486 38.279
15004447 100.000
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Intensity (mV)
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0 5 10 20 30 35 40 55 60
Retention Time (min)

No. RT Area Conc 1
1 16.567 2144523 56.102
2 19.873 82972 2.171
3 29.480 777514 20.340
4 55.880 817564 21.388

3822573 100.000
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Intensity (mV)
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0 5 10 15 20 25 30
Retention Time (min)

No. RT Area Conc 1
1 10.847 1277823 12.428
2 11.500 1296542 12.610
3 12.953 3855338 37.495
4 17.127 3852505 37.468

10282208 100.000
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Intensity (mV)

800 7
700 —
E ;
3 B
600 —
500 —3
400 —
300 — o
- 3bd-2 5 ~
E S| « 2
200 — “ 3bd1
3 1l l"l/\”*
3 @ A
100 — s |
E Niml |
- A |
0 i ,./-J“/L,‘—/\P\Lr)\l N}'\l
_I|I|I|I|I|I|I|I|I|I|I'I|I'IIIIIIIIIII|I|I|I|I|I|I|I|I|I|l||||
0 5 10 15 20 25 30
Retention Time (min)
No. RT Area Conc 1
1 10.820 631439 3.687
2 11.467 11251041 65.689
3 12.940 2768360 16.163
4 17.107 2476996 14.462
17127836 100.000
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0 5 10 15 20 25
Retention Time (min)
RT Area Conc 1
7.967 39021959 50.026
12.047 38981143 49.974
78003102 100.000
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0 5 10 15 20 25
Retention Time (min)
No. RT Area Conc 1
1 7.960 19812140 95.449
2 12.127 944641 4,551
20756781 100.000
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Intensity (mV)
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0 5 10 15 20 25

Retention Time (min)

RT Area Conc 1
18.573 10690778 49.960
22.940 10707749 50.040

21398527 100.000
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0 5 10 15
Retention Time (min)
No RT Area Conc 1
18.647 14925739 91.546
23.033 1378362 8.454
16304101 100.000






