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General Information

Unless otherwise indicated, all reactions were carried out under anhydrous, air-free
conditions. All solvents were dried and distilled by standard procedures. a,
B-Unsaturated acyl chlorides' and aldimines® was prepared according to the

literatures.

Column chromatography was performed with silica gel 200 ~ 300 mesh. All 'H
NMR (300 MHz), *C NMR (75 MHz) spectra were recorded on a Bruker-DMX 300
spectrometer in CDCl3, with tetramethylsilane as an internal standard and reported in
ppm (9). Infrared (IR) spectra were recorded on a Nicolet 6700 spectrophotometer and
reported as wavenumber (cm™). Optical rotations were measured on AA-10R/Optical
activity LTD operating at the sodium D line with a 100 mm path length cell, and

reported as follows: [a]p" (concentration (g/100ml), solvent).

Part | Experimental part
1. Reaction with chloral-derived imine 2a (Table 2)

Cat A4 (Bu-QD o) MeO
cocl NBoc (Bu-QD)

10 mol%,
J|/\ + J ( ) > | NBoc
Ar ClyC DIPEA (4.0 equiv.)
3

toluene, -40 °C, 4AMs v

1 (1.2 equiv.) 2a

Cat A4 (Bu-QD)

General Procedure A. To an oven-dried 25 mL Schlenk tube equipped with a
stir bar was charged with n-Bu-quinidine (cat A4) hydrochloride salt (9.1 mg, 0.02
mmol) and 4A MS (150 mg). This tube was closed with a septum, evacuated, and
back-filled with argon. To this mixture was added freshly distilled toluene (1.0 mL)
and DIPEA (0.138 mL, 0.8 mmol), then aldimines 2a (49.3 mg, 0.2 mmol) in toluene
(0.5 mL) was successively added. The mixture was cooled to -40 °C, and the solution
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of acyl chloride 1 (0.24 mmol) in toluene (0.5 mL) was added. The reaction was
stirred at -40 °C until the full consumption of 2a. The mixture was diluted with ethyl
acetate and passed through a short pad of silica gel. The solvent was removed under
reduced pressure and the residue was purified by chromatography on silica gel

(petroleum ether/ethyl acetate, 15:1) to give the desired annulation product.

NBoc
"ccl,

Cl 3a

(S)-tert-butyl-4-(4-chlorophenyl)-2-0xo0-6-(trichloromethyl)-5,6-dihydropyridine-
1(2H)-carboxylate (3a)

Yield: 69.3 mg (82%), yellow solid, mp: 104-106 °C. Rt = 0.3 (petroleum ether/ethyl
acetate, 10:1); [a]p” -40 (¢ 1.0, CH,Cl), HPLC analysis: >99% ee [Daicel
CHIRALPAK AD-H column, 20 ° C, 254 nm hexane/i-PrOH = 90:10, 1.0 mL /min,
12.6 min (major), - (minor)]. 'H NMR (300 MHz, CDCl3) & 7.37 (dd, J = 9.0, 9.0 Hz,
4H), 6.27 (s, 1H), 5.59 (d, J = 8.0 Hz, 1H), 3.45 (d, J = 19.3 Hz, 1H), 3.20 (dd, J =
19.2, 7.9 Hz, 1H), 1.51 (s, 9H). °C NMR (75 MHz, CDCl5) & 162.1, 152.2, 147.9,
136.8, 134.9, 129.5, 127.5, 120.9, 102.4, 84.6, 65.3, 28.1, 27.6. IR (KBr) v 2980, 1721,
1406, 1150, 913, 787. HRMS (ESI) m/z: [M+Na]  Calc. for: C;7H;;NO3;CI4Na,
445.98548, Found 445.98489.

NBoc
"'CCl,

Br 3b

(S)-tert-butyl-4-(4-bromophenyl)-2-oxo-6-(trichloromethyl)-5,6-dihydropyridine-
1(2H)-carboxylate (3b)



Yield: 77.5 mg (82%), orange solid, mp: 123-125 °C. Rt = 0.3 (petroleum ether/ethyl
acetate, 10:1); [a]p> -38 (¢ 1.0, CH,Cl,), HPLC analysis: >99% ee [Daicel
CHIRALPAK AD-H column, 20 ° C, 254 nm hexane/i-PrOH = 90:10, 1.0 mL /min,
13.7 min (major), - (minor)]. '"H NMR (300 MHz, CDCl;) & 7.58 (d, J = 8.6 Hz, 2H),
7.39 (d, J = 8.6 Hz, 2H), 6.34 (d, J = 2.5 Hz, 1H), 5.66 (d, J = 7.5 Hz, 1H), 3.51 (d, J
=19.3 Hz, 1H), 3.27 (ddd, J = 19.3, 8.0, 2.6 Hz, 1H), 1.58 (s, 9H). °*C NMR (75 MHz,
CDCl) ¢ 162.0, 152.2, 148.0, 135.3, 132.4, 127.7, 125.1, 120.9, 102.4, 84.6, 65.3,
28.1, 27.5. IR (KBr) v 2979, 1721, 1489, 1293, 1150, 1008, 812. HRMS (ESI) m/z:
[MJrNa]+ Calc. for: C17H;7BrNO3Cl3Na, 489.93496, Found 489.93489.

O
NBoc

“cCly
3c

(S)-tert-butyl-2-oxo0-4-phenyl-6-(trichloromethyl)-5,6-dihydropyridine-1(2H)-car
boxylate (3c)

Yield: 74.1 mg (95%), yellow solid, mp: 150 - 152 ° C. Ry = 0.3 (petroleum
ether/ethyl acetate, 10:1); [a]p> -46.7 (¢ 1.0, CH,Cl,), HPLC analysis: >99% ce
[Daicel CHIRALPAK AD-H column, 20 ° C, 254 nm hexane/i-PrOH = 90:10, 1.0 mL
/min, 9.5 min (major), - (minor)]. '"H NMR (300 MHz, CDCl;) & 7.46 - 7.44 (m, 2H),
7.38 -7.35 (m, 3H), 6.27 (d, J = 2.4 Hz, 1H), 5.59 (d, J = 7.9 Hz, 1H), 3.49 (d, J =
19.4 Hz, 1H), 3.21 (ddd, J = 19.4, 8.0, 2.5 Hz, 1H), 1.50 (s, 9H). °C NMR (75 MHz,
CDCl3) & 162.3, 152.2, 149.2, 136.4, 130.5, 129.1, 126.2, 120.5, 102.4, 84.4, 65.4,
28.1,27.6. IR (KBr) v 2979, 1698, 1294, 1150, 763. HRMS (ESI) m/z: [M+Na]" Calc.
for: C7H;sNO3Cl3Na, 412.02445, Found 412.02441.



| NBoc

“CCly
3d

(S)-tert-butyl-2-oxo0-4-p-tolyl-6-(trichloromethyl)-5,6-dihydropyridine-1(2H)-carb
oxylate (3d)

Yield: 53.2 mg (66%), yellow solid, mp: 132-134 °C. R¢ = 0.3 (petroleum ether/ethyl
acetate, 10:1); [a]p> -45 (¢ 1.2, CH,Cly), HPLC analysis: >99% ee [Daicel
CHIRALPAK AD-H column, 20 ° C, 254 nm hexane/i-PrOH = 90:10, 1.0 mL /min,
9.9 min (major), - (minor)]. 'H NMR (300 MHz, CDCl5) & 7.36 (d, J = 7.8 Hz, 2H),
7.17 (d, J = 7.7 Hz, 2H), 6.26 (s, 1H), 5.58 (d, J = 8.0 Hz, 1H), 3.48 (d, J = 19.3 Hz,
1H), 3.19 (dd, J = 19.3, 8.0 Hz, 1H), 2.31 (s, 3H), 1.50 (s, 9H). *C NMR (75 MHz,
CDCl3) & 162.4, 152.2, 149.1, 141.1, 133.5, 129.8, 126.1, 119.6, 102.5, 84.3, 65.4,
28.1, 27.5, 21.4. IR (KBr) v 2979, 1720, 1368, 1249, 1151, 813, 752. HRMS (ESI)
m/z: [M+Na]" Calc. for: C;sH,0NO3Cl3Na, 426.04010, Found 426.03995.

| NBoc
“ccly

(0] 3e

(S)-tert-butyl-(4-methoxyphenyl)-2-oxo-6-(trichloromethyl)-5,6-dihydropyridine-
1(2H)-carboxylate (3e)

Yield: 73.1 mg (87%), orange solid, mp: 106-118 °C. Rt = 0.3 (petroleum ether/ethyl
acetate, 10:1); [o]p” -43 (¢ 1.3, CH,Cly), HPLC analysis: >99% ee [Daicel
CHIRALPAK AD-H column, 20 ° C, 254 nm hexane/i-PrOH = 90:10, 1.0 mL /min,
9.9 min (major), - (minor)]. '"H NMR (300 MHz, CDCls) & 7.42 (d, J = 8.7 Hz, 2H),
6.88 (d, J = 8.7 Hz, 2H), 6.22 (d, J = 2.1 Hz, 1H), 5.57 (d, J = 7.9 Hz, 1H), 3.77 (s,
3H), 3.48 (d, J = 19.3 Hz, 1H), 3.17 (ddd, J = 19.2, 8.0, 2.2 Hz, 1H), 1.50 (s, 9H). °C



NMR (75 MHz, CDCls) 6 162.5, 161.7, 152.2, 148.6, 128.5, 127.7, 118.5, 114.5,
102.5, 84.2, 65.4, 55.5, 28.1, 27.4. IR (KBr) v 2980, 1723, 1369, 1224, 848, 741.
HRMS (ESI) m/z: [M+Na] Calc. for: Ci;gHyNO4Cl3Na, 442.03501, Found
442.03485.

NBoc

Cl “,
CCl3

3f

(S)-tert-butyl-4-(3-chlorophenyl)-2-oxo0-6-(trichloromethyl)-5,6-dihydropyridine-
1(2H)-carboxylate (3f)

Yield: 70.2 mg (83%), yellow solid, mp: 104-106 °C. R¢ = 0.3 (petroleum ether/ethyl
acetate, 10:1); [a]p> -42 (¢ 1.0, CH,Cly), HPLC analysis: 95% ee [Daicel
CHIRALPAK AD-H column, 20 ° C, 254 nm hexane/i-PrOH = 90:10, 1.0 mL /min,
8.0 min (major), 9.5 min (minor)]. 'H NMR (300 MHz, CDCls) & 7.41-7.20 (m, 4H),
6.26 (s, 1H), 5.59 (d, J=7.9 Hz, 1H), 3.43 (d, J = 19.4 Hz, 1H), 3.21 (ddd, J = 19.4,
7.9, 2.5 Hz, 1H), 1.51 (s, 9H). °C NMR (75 MHz, CDCl3) & 161.9, 152.1, 147.7,
138.3, 135.3, 130.5, 130.4, 126.3, 124.3, 121.5, 102.3, 84.6, 65.3, 28.1, 27.6. IR (KBr)
v 2980, 1721, 1251, 1094, 787. HRMS (ESI) m/z: [M+Na]" Calc. for:
C17H17NO;Cl4Na, 445.98548, Found 445.98540.

0

| NBoc
Se At
3h

(S)-tert-butyl-4-(naphthalen-2-yl)-2-ox0-6-(trichloromethyl)-5,6-dihydropyridine-
1(2H)-carboxylate (3h)

Yield: 76.6 mg (87%), yellow solid, mp: 164-166 °C. Rt = 0.3 (petroleum ether/ethyl
acetate, 10:1); [OL]D25 -42 (¢ 1.2, CH)Cl,), HPLC analysis: >99% ee [Daicel



CHIRALPAK IA-H column, 20 ° C, 254 nm hexane/i-PrOH = 90:10, 1.2 mL /min,
9.5 min (major), 10.8 min (minor)]. '"H NMR (300 MHz, CDCl;) & 7.90 (s, 1H),
7.82-7.76 (m, 3H), 7.55 (d, J = 8.6 Hz, 1H), 7.48-7.45 (m, 2H), 6.42 (d, J = 2.2 Hz,
1H), 5.64 (d, J=7.9 Hz, 1H), 3.63 (d, J = 19.2 Hz, 1H), 3.31 (ddd, J=19.2, 7.8, 2.4
Hz, 1H), 1.52 (s, 9H). >C NMR (75 MHz, CDCl3) § 162.3, 152.3, 148.9, 134.2, 133.6,
133.1, 129.0, 128.8, 127.8, 127.6, 127.1, 126.2, 123.1, 120.8, 102.5, 84.5, 65.5, 28.1,
27.6. IR (KBr) v 3480, 1700, 1307, 879, 746, 472. HRMS (ESI) m/z: [M+Na]" Calc.
for: C21H29NO3Cl3Na, 462.04010, Found 462.04006.

(S)-tert-butyl-2-oxo0-4-(thiophen-2-yl)-6-(trichloromethyl)-5,6-dihydropyridine-1(
2H)-carboxylate (3i)

Yield: 71.3 mg (90%), yellow solid, mp: 114-116 °C. Ry = 0.3 (petroleum ether/ethyl
acetate, 10:1); [a]p> -27 (¢ 1.0, CH,Cl,), HPLC analysis: >99% ee [Daicel
CHIRALPAK AD-H column, 20 ° C, 254 nm hexane/i-PrOH = 90:10, 1.0 mL /min,
11.5 min (major), 13.1 min (minor)]. '"H NMR (300 MHz, CDCl3) & 7.39 (d, J = 4.4
Hz, 1H), 7.30 (d, J = 2.8 Hz, 1H), 7.05-7.03 (m, 1H), 6.25 (d, J = 2.1 Hz, 1H), 5.57 (d,
J=7.8 Hz, 1H), 3.48 (d, J = 19.2 Hz, 1H), 3.21 (ddd, J = 19.2, 8.1, 2.4 Hz 1H), 1.49
(s, 9H). °C NMR (75 MHz, CDCl3) § 162.1, 152.0, 142.5, 140.1, 129.2, 128.5, 127.6,
117.8, 102.2, 84.3, 65.1, 28.0, 27.6. IR (KBr) v 2979, 1720, 1622, 1294, 1224, 1150,
851, 776, 714. HRMS (ESI) m/z: [M+Na]" Calc. for: C;sH;sNO3;CI;NaS, 417.98087,
Found 417.98072.



(S)-tert-butyl-4-(furan-2-yl)-2-oxo-6-(trichloromethyl)-5,6-dihydropyridine-1(2H)
-carboxylate (3j)

Yield: 56.4 mg (74%), red oil. R = 0.3 (petroleum ether/ethyl acetate, 10:1); [a]p®
-16.4 (c 0.42, CH,Cl,), HPLC analysis: 98% ee [Daicel CHIRALPAK OD-H column,
20 ° C, 254 nm hexane/i-PrOH = 90:10, 1.5 mL /min, 5.0 min (minor), 6.2 min
(major)]. '"H NMR (300 MHz, CDCls) & 7.48 (s, 1H), 6.70 (d, J = 2.9 Hz, 1H), 6.46 (d,
J=1.6 Hz, 1H), 6.31 (s, 1H), 5.57 (d, J = 7.4 Hz, 1H), 3.37 (d, J = 19.1 Hz, 1H), 3.11
(dd, J = 19.1, 8.1 Hz, 1H), 1.49 (s, 9H). °C NMR (75 MHz, CDCl3) & 162.3, 152.2,
150.3, 145.6, 137.5, 116.3, 112.7, 112.5, 102.2, 84.3, 65.1, 28.0, 25.2. IR (KBr) v
3444, 2982, 1724, 1369, 1292, 1148, 813, 751. HRMS (ESI) m/z: [M+Na]" Calc. for:
CisH16NO4Cl3Na, 402.00371, Found 402.00363.

2. Reaction with iminoester 2b (Table 3)

cocl NTs CatAl (TMS-QD)

J/\ . Jj (10 mol%) NTs !
Ar EtO,C DIPEA (4.0 equiv.) | :
R i

MeO

_ EL,O/THF (3:1)
1 (2.0 equiv.) 2b -40 °C, 4A MS 4

Cat Al (TMS-QD)

General Procedure B. The same as general procedure A, except using Cat Al

(O-trimethylsilyl quinidine) as the catalyst and ether/THF (3:1) as the solvent.



NTs
"'CO,Et

Cl 4a

(S)-ethyl-4-(4-chlorophenyl)-6-oxo-1-tosyl-1,2,3,6-tetrahydropyridine-2-carboxyl
ate (4a)

Yield: 65.8 mg (76%), white waxy solid. Ry = 0.3 (petroleum ether/ethyl acetate, 3:1);
[a]p® 169.0 (¢ 1.0, CH,Cly), HPLC analysis: 97% ee [Daicel CHIRALPAK OD-H
column, 20 ° C, 254 nm hexane /i-PrOH = 60:40, 0.7 mL /min, 19.8 min (minor), 26.1
min (major)]. 'H NMR (300 MHz, CDCl3) & 8.03 (d, J = 8.2 Hz, 2H), 7.39 (s, 4H),
7.33 (d, J=8.1 Hz, 2H), 6.14 (d, J = 2.3 Hz, 1H), 5.53 (d, J = 4.7 Hz, 1H), 4.12 (dd, J
=14.2,7.0 Hz, 2H), 3.45 (d, J=16.8 Hz, 1H), 3.19 (dd, J = 17.8, 3.7 Hz, 1H), 2.44 (s,
3H), 1.10 (t, J = 7.1 Hz, 3H). >C NMR (75 MHz, CDCl5) § 169.7, 162.3, 150.6, 145.1,
136.9, 135.7, 134.5, 129.8, 129.4, 129.1, 127.6, 119.7, 62.6, 56.3, 30.7, 21.8, 14.0. IR
(KBr) v 2980, 1743, 1493, 1205, 1088, 887, 709, 655. HRMS (ESI) m/z: [M+H]" Calc.
for: C,1H,0sNCIS, 434.08235, Found 434.08203.

NTs
"'CO,EL

Br 4b

(S)-ethyl-4-(4-bromophenyl)-6-oxo-1-tosyl-1,2,3,6-tetrahydropyridine-2-carboxyl
ate (4b)

Yield: 71.3 mg (75%), yellow waxy solid. Rf = 0.3 (petroleum ether/ethyl acetate,
3:1); [a]p> 126.0 (¢ 1.0, CH,Cl,), HPLC analysis: 96% ee [Daicel CHIRALPAK
OD-H column, 20 ° C, 254 nm hexane/i-PrOH = 70:30, 0.7 mL /min, 20.3 min
(minor), 34.4 min (major)]. 'H NMR (300 MHz, CDCl;) & 7.94 (d, J = 8.2 Hz, 2H),
7.45 (d, J = 8.5 Hz, 2H), 7.24 (d, J = 8.3 Hz, 4H), 6.06 (d, J = 2.3 Hz, 1H), 5.45 (m,
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1H), 4.03 (m, 2H), 3.36 (dd, J = 17.6, 1.6 Hz, 1H), 3.11 (ddd, J = 17.7, 6.1, 2.4 Hz,
1H), 2.31 (d, J = 24.6 Hz, 3H), 1.01 (t, J = 7.1 Hz, 3H). °C NMR (75 MHz, CDCl5) &
169.6, 162.2, 150.7, 145.0, 135.6, 135.0, 132.3, 129.8, 129.1, 127.8, 125.2, 119.7,
62.5,56.3,30.7,21.7, 14.0. IR (KBr) v 2979, 1742, 1585, 1402, 1205, 1076, 886, 710,
654. HRMS (ESI) m/z: [M+H]" Calc. for: C,H, OsNBrS, 478.03183, Found
478.03171.

(@]
NTs

"'COLEt
4c

(S)-ethyl-6-0x0-4-phenyl-1-tosyl-1,2,3,6-tetrahydropyridine-2-carboxylate (4c)

Yield: 53.0 mg (66%), white solid, mp: 108-110 °C. Ry = 0.3 (petroleum ether/ethyl
acetate, 3:1); [a]p> 167.0 (¢ 1.0, CH,Cl,), HPLC analysis: 95% ee [Daicel
CHIRALPAK OD-H column, 20 °C, 254 nm hexane/i-PrOH = 70:30, 0.7 mL /min,
19.7 min (minor), 23.9 min (major)]. '"H NMR (300 MHz, CDCls) § 7.95 (d, J = 8.3
Hz, 2H), 7.35 (m, 5H), 7.23 (d, J = 8.3 Hz, 2H), 6.07 (d, J = 2.4 Hz, 1H), 5.45 (dd, J =
6.2, 1.9 Hz, 1H), 4.22-3.83 (m, 2H), 3.41 (dd, J = 17.7, 1.5 Hz, 1H), 3.11 (ddd, J =
17.7, 6.2, 2.4 Hz, 1H), 2.33 (s, 3H), 1.01 (t, J = 7.1 Hz, 3H). °C NMR (75 MHz,
CDCls) 6 169.7, 162.4, 151.9, 144.9, 136.1, 135.8, 130.7, 129.7, 129.0, 126.3, 119.4,
62.4,56.3,30.8,21.7, 14.0. IR (KBr) v 2981, 1744, 1596, 1354, 1167, 1015, 814, 706,
555. HRMS (ESI) m/z: [M+H]" Calc. for: C,;H»OsNS, 400.12187, Found 400.12158.

@]
| NTs

"'CO,Et
4d

(S)-ethyl-6-oxo0-4-p-tolyl-1-tosyl-1,2,3,6-tetrahydropyridine-2-carboxylate (4d)



Yield: 53.0 mg (64%), yellow waxy solid. Ry = 0.3 (petroleum ether/ethyl acetate,
3:1); [a]p® 154.0 (¢ 1.0, CH,Cl,), HPLC analysis: 94% ee [Daicel CHIRALPAK
OD-H column, 20 °C, 254 nm hexane/i-PrOH = 60:40, 0.7 mL /min, 13.8 min (minor),
16.0 min (major)]. 'H NMR (300 MHz, CDCls) & 7.95 (d, J = 8.3 Hz, 2H), 7.28 (d, J
= 8.2 Hz, 2H), 7.23 (d, J = 8.1 Hz, 2H), 7.12 (d, J = 8.1 Hz, 2H), 6.05 (d, J = 2.4 Hz,
1H), 5.44 (dd, J=6.2, 1.8 Hz, 1H), 4.11-3.90 (m, 2H), 3.41 (dd, J=17.7, 1.8 Hz, 1H),
3.08 (ddd, J =17.7, 6.2, 2.5 Hz, 1H), 2.34 (s, 3H), 2.28 (s, 3H), 1.00 (t, J = 7.1 Hz,
3H). C NMR (75 MHz, CDCl3) & 169.8, 162.6, 151.8, 144.9, 141.2, 135.8, 133.1,
129.7, 129.0, 126.2, 118.4, 62.4, 56.3, 30.7, 21.7, 21.4, 14.0. IR (KBr) v 2979, 1744,
1607, 1204, 1025, 816, 713, 659, 544. HRMS (ESI) m/z: [M+H]" Calc. for: Cy,Hy
OsNS, 414.13697, Found 414.13692.

| NTs
“'COLEt

O 4e

(S)-ethyl-4-(4-methoxyphenyl)-6-oxo-1-tosyl-1,2,3,6-tetrahydropyridine-2-carbox
ylate (4e)

Yield: 48.9 mg (57%), yellow waxy solid. Ry = 0.3 (petroleum ether/ethyl acetate,
3:1); [a]p™ 136.0 (¢ 1.0, CH,Cl,), HPLC analysis: 94% ee [Daicel CHIRALPAK
OD-H column, 20 ° C, 254 nm hexane /i-PrOH = 60:40, 0.7 mL /min, 20.1 min
(minor), 24.3 min (major)]. '"H NMR (300 MHz, CDCl5) & 8.03 (d, J = 8.4 Hz, 2H),
7.44 (d,J=8.9 Hz, 2H), 7.32 (d, J = 8.3 Hz, 2H), 6.92 (d, ] = 8.9 Hz, 2H), 6.10 (d, ] =
2.4 Hz, 1H), 5.51 (dd, J = 6.2, 1.9 Hz, 1H), 4.19-3.99 (m, 2H), 3.83 (s, 3H), 3.50 (dd,
J=17.6,2.0 Hz, 1H), 3.14 (ddd, J = 17.6, 6.2, 2.5 Hz, 1H), 2.43 (s, 3H), 1.09 (t, ] =
7.1 Hz, 3H). °C NMR (75 MHz, CDCl;) § 169.9, 162.7, 161.8, 151.3, 144.9, 135.9,
129.8, 129.0, 128.2, 128.0, 117.2, 114.5, 62.4, 56.3, 55.5, 30.6, 21.8, 14.0. IR (KBr) v
2977, 1743, 1514, 1353, 1166, 1030, 832, 658. HRMS (ESI) m/z: [M+H]" Calc. for:
C2H2406NS, 430.13188, Found 430.13189.
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NTs

Cl ‘1y
CO,Et

4f

(S)-ethyl-4-(3-chlorophenyl)-6-oxo-1-tosyl-1,2,3,6-tetrahydropyridine-2-carboxyl
ate (4f)

Yield: 61.3 mg (71%), yellow solid, mp: 123-125 ° C. Rt = 0.3 (petroleum ether/ethyl
acetate, 3:1); [a]p> 104.0 (¢ 1.0, CH,Cl), HPLC analysis: 96% ee [Daicel
CHIRALPAK OD-H column, 20 ° C, 254 nm hexane/i-PrOH = 80:20, 0.8 mL /min,
27.7 min (minor), 33.4 min (major)]. 'H NMR (300 MHz, CDCl3) § 7.95 (d, J = 8.3
Hz, 2H), 7.30 (m, 6H), 6.06 (d, J = 2.5 Hz, 1H), 5.45 (dd, J = 6.1, 1.9 Hz, 1H), 4.04
(m, 2H), 3.35 (dd, J = 17.7, 1.8 Hz, 1H), 3.11 (ddd, J=17.7, 6.1, 2.6 Hz, 1H), 2.35 (s,
3H), 1.03 (t, J = 7.1 Hz, 3H). >C NMR (75 MHz, CDCl5) § 169.6, 162.1, 150.5, 145.1,
138.0, 135.6, 135.2, 130.6, 130.4, 129.8, 129.1, 126.4, 124.5, 120.5, 62.6, 56.3, 30.8,
21.8, 14.0. IR (KBr) v 2962, 1743, 1355, 1028, 706, 557. HRMS (ESI) m/z: [M+H]"
Calc. for: C,;H,,0sNCIS, 434.08235, Found 434.08200.

0
Cl | NTs
“'COLEt
49

(S)-ethyl-4-(2-chlorophenyl)-6-oxo-1-tosyl-1,2,3,6-tetrahydropyridine-2-carboxyl
ate (49)

Yield: 26.6 mg (31%), yellow waxy solid. Rf = 0.3 (petroleum ether/ethyl acetate,
3:1); [a]p” 56.0 (¢ 1.0, CH,Cly), HPLC analysis: 89% ee [Daicel CHIRALPAK
OD-H column, 20 ° C, 254 nm hexane/i-PrOH = 80:20, 0.5 mL /min, 30.9 min
(major), 34.2 min (minor)]. 'H NMR (300 MHz, CDCls) & 8.03 (d, J = 8.4 Hz, 1H 2H),
7.38 -7.26 (m, 5H), 7.13 - 7.11 (m, 1H), 5.93 (d, J=2.2 Hz, 1H), 5.47 (dd, J= 8.0 Hz,
2.6 Hz, 1H), 4.24 - 4.18 (m, 1H), 4.10 -4.04 (m, 1H), 3.35-3.29 (m, 2H), 2.44 (s, 3H),
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1.17 (t, J = 7.1 Hz, 3H). >C NMR (75 MHz, CDCl3) & 169.7, 162.0, 151.8, 145.1,
137.0, 135.6, 131.7, 130.6, 130.4, 129.9, 129.3, 129.1, 127.4, 124.3, 62.5, 56.5, 32.8,
21.8, 14.1. IR (KBr) v 2982, 1745, 1596, 1311, 1088, 1101, 814, 704, 560. HRMS
(ESI) m/z: [MJrH]Jr Calc. for: for: C,;H,1OsNCIS, 434.08235, Found 434.08217.

0O

| NTs
Seads
4h

(S)-ethyl-4-(naphthalen-2-yl)-6-oxo-1-tosyl-1,2,3,6-tetrahydropyridine-2-carboxy
late (4h)

Yield: 76.7 mg (85%), yellow solid, mp: 121-123 °C. R¢ = 0.3 (petroleum ether/ethyl
acetate, 3:1); [a]p” 183.0 (¢ 1.0, CH,Cl,), HPLC analysis: 96% ee [Daicel
CHIRALPAK AS-H column, 20 ° C, 254 nm hexane/i-PrOH = 70:30, 1.0 mL /min,
22.2 min (minor), 32.2 min (major)]. '"H NMR (300 MHz, CDCls) § 8.05 (d, J = 8.4
Hz, 2H), 7.93 (s, 1H), 7.89-7.82 (m, 3H), 7.57-7.54 (m, 3H), 7.34 (d, J = 8.2 Hz, 2H),
6.31 (d, J=2.5Hz, 1H), 5.58 (dd, J = 6.2, 1.9 Hz, 1H), 4.17-4.05 (m, 2H), 3.66 (dd, J
=17.6, 1.9 Hz, 1H), 3.30 (ddd, J = 17.6, 6.3, 2.5 Hz, 1H), 2.44 (s, 3H), 1.10 (t, J=7.1
Hz, 3H). °C NMR (75 MHz, CDCls) § 169.9, 162.6, 151.6, 145.0, 135.9, 134.3,
133.3, 133.1, 129.9, 129.1, 129.0, 128.9, 127.8, 127.8, 127.1, 126.7, 123.1, 119.7,
62.6, 56.5,30.9, 21.8, 14.1. IR (KBr) v 2923, 1744, 1596, 1308, 1087, 1015, 815, 706,
554. HRMS (ESI) m/z: [MJrH]+ Calc. for: CpsH,40O5NS, 450.13697, Found 450.13672.

(@]
| NTs

S , “/CO,Et
\ 4i

(S)-ethyl-6-ox0-4-(thiophen-2-yl)-1-tosyl-1,2,3,6-tetrahydropyridine-2-carboxylat
e (4i)



Yield: 43.7 mg (54%), white solid, mp: 143-145 °C. Ry = 0.3 (petroleum ether/ethyl
acetate, 3:1); [a]p” 76.0 (c 0.25, CH,Cly), HPLC analysis: 92% ee [Daicel
CHIRALPAK OD-H column, 20 ° C, 254 nm hexane/i-PrOH = 70:30, 0.7 mL /min,
20.1 min (minor), 23.1 min (major)]. '"H NMR (300 MHz, CDCl3) & 8.02 (d, J = 8.3
Hz, 2H), 7.46 (d, J = 5.0 Hz, 1H), 7.33 (t, J = 5.3 Hz, 3H), 7.09 (m, 1H), 6.12 (d, J =
2.3 Hz, 1H), 5.51 (dd, J = 6.2, 1.9 Hz, 1H), 4.10 (m, 2H), 3.49 (dd, J =17.4, 1.9 Hz,
1H), 3.20 (ddd, J = 17.5, 6.2, 2.4 Hz, 1H), 2.43 (s, 3H), 1.10 (t, J = 7.1 Hz, 3H). "°C
NMR (75 MHz, CDCIl3) 8 169.6, 162.4, 145.0, 144.9, 140.0, 135.8, 129.9, 129.8,
129.1, 128.6, 128.3, 116.5, 62.6, 56.2, 31.1, 21.8, 14.0. IR (KBr) v 2924, 1744, 1598,
1259, 1166, 1019, 801, 663. HRMS (ESI) m/z: [M+H]" Calc. for: CjoHy0OsNS,,
406.07774, Found 406.07772.

| NTs

O vy
G cozEt4_
J
(S)-ethyl-4-(furan-2-yl)-6-oxo-1-tosyl-1,2,3,6-tetrahydropyridine-2-carboxylate
(4))

Yield: 46.6 mg (60%), red oil. Ry = 0.3 (petroleum ether/ethyl acetate, 3:1); [a]p®
149.0 (c 1.0, CH,Cl,), HPLC analysis: 82% ee [Daicel CHIRALPAK OD-H column,
20 ° C, 254 nm hexane/i-PrOH = 70:30, 0.7 mL /min, 20.2 min (minor), 24.7 min
(major)]. '"H NMR (300 MHz, CDCl3) & 8.01 (d, J = 8.3 Hz, 2H), 7.53 (d, J = 1.1 Hz,
1H), 7.32 (d, J = 8.3 Hz, 2H), 6.73 (t, J = 5.6 Hz, 1H), 6.50 (dd, J = 3.4, 1.7 Hz, 1H),
6.19 (d, J=2.3 Hz, 1H), 5.50 (dd, J = 6.2, 1.8 Hz, 1H), 4.15-4.02 (m, 2H), 3.35 (dd, J
=17.4,1.9 Hz, 1H), 3.11 (ddd, J=17.4, 6.3, 2.4 Hz, 1H), 2.41 (s, 3H), 1.09 (t, J=7.1
Hz, 3H). °C NMR (75 MHz, CDCl3) & 169.6, 162.6, 150.1, 145.9, 144.9, 139.4,
135.9,129.8, 129.1, 114.9, 113.6, 112.7, 62.5, 56.1, 28.7, 21.8, 14.0. IR (KBr) v 2980,
1743, 1620, 1405, 1289, 1039, 922, 755, 661, 555. HRMS (ESI) m/z: [M+H]" Calc.
for: C19H2006NS, 390.10058, Found 390.10032.



| NTs
“'COEt

O2N 4k

(S)-ethyl-4-(4-nitrophenyl)-6-oxo-1-tosyl-1,2,3,6-tetrahydropyridine-2-carboxylat
e (4k)

Yield: 77.2 mg (87%), yellow waxy solid. Rf = 0.3 (petroleum ether/ethyl acetate,
3:1); [a]p> 96.2 (¢ 4.5, CH,Cl,), HPLC analysis: ee was not determined because of
the failure of its separation on CHIRALPAK OD, AD, OJ, OB, AS, IA columns. "H
NMR (300 MHz, CDCls) 6 8.17 (d, J = 8.8 Hz, 2H), 7.94 (d, J = 8.3 Hz, 2H), 7.54 (d,
J=8.8 Hz, 2H), 7.26 (d, J = 8.2 Hz, 2H), 6.16 (d, J = 2.5 Hz, 1H), 5.49 (dd, J = 6.0,
1.9 Hz, 1H), 4.04 (m, 2H), 3.39 (dd, J = 17.7, 1.9 Hz, 1H), 3.20 (ddd, J = 17.7, 6.1,
2.6 Hz, 1H), 2.33 (d, J = 17.2 Hz, 3H), 1.03 (t, J = 7.1 Hz, 3H). >C NMR (75 MHz,
CDCls) 6 169.5, 161.7, 149.5, 148.8, 145.3, 142.3, 135.4, 129.8, 129.1, 127.3, 124.2,
122.4,62.7,56.2,30.8, 21.8, 14.0. IR (KBr) v 2981, 1689, 1521, 1206, 1087, 851, 556.
HRMS (ESI) m/z: [M+Na]" Calc. for: C2;H,007N,NaS, 467.08834, Found 467.08762.

3. Reaction catalyzed by TMS-quinine (Table 4)

=
OMe
N

TMS-QN (10 mol%) o i
cocl NR' DIPEA (4.0 equiv.) oo
JT\ + J solvent g | - i
R ! X~ "OTMS
Ar 40°C, 4AMs AT R
1(2.0equiv.) 2aor2b ent-3ord4 ! N
TMS-QN

solvent = toluene (for the reation with 2a)
= Et,O/THF (3:1) (for the reaction with 2b)

General Procedure: The same as procedure A for the reaction with imine 2a or

procedure B for the reaction with 2b except using O-trimethylsilyl quinine as the
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catalyst.

| NBoc

cl
ccCly

ent-3f

(R)-tert-butyl-4-(3-chlorophenyl)-2-oxo-6-(trichloromethyl)-5,6-dihydropyridine-
1(2H)-carboxylate (ent-3f)

Yield: 55.2 mg (65%), yellow solid, mp: 102-104 °C. Rt = 0.3 (petroleum ether/ethyl
acetate, 10:1); [a]p> 42 (¢ 1.0, CH,Cl,), HPLC analysis: 99% ee [Daicel
CHIRALPAK AD-H column, 20 ° C, 254 nm hexane/i-PrOH = 90:10, 1.0 mL /min,

8.0 min (minor), 9.5 min (major)].

CCly

ent-3j

(R)-tert-butyl-4-(furan-2-yl)-2-oxo-6-(trichloromethyl)-5,6-dihydropyridine-1(2H

)-carboxylate (ent-3j)

Yield: 54.0 mg (71%), red oil. R = 0.3 (petroleum ether/ethyl acetate, 10:1); [o]p™
21.6 (c 0.37, CH,Cl,), HPLC analysis: 98% ee [Daicel CHIRALPAK OD-H column,
20 ° C, 254 nm hexane/i-PrOH = 90:10, 1.5 mL /min, 5.0 min (major), 6.3 min

(minor)].

| NTs
CO,Et

Cl ent-4a

(R)-ethyl-4-(4-chlorophenyl)-6-oxo-1-tosyl-1,2,3,6-tetrahydropyridine-2-carboxyl



ate (ent-4a)

Yield: 46.2 mg (52%), yellow waxy solid. Rf = 0.3 (petroleum ether/ethyl acetate,
3:1); [a]p™ -90.0 (¢ 1.0, CH,Cly), HPLC analysis: 94% ee [Daicel CHIRALPAK
OD-H column, 20 ° C, 254 nm hexane /i-PrOH = 60:40, 0.7 mL /min, 18.6 min

(major), 25.7 min (minor)].

(@]
NTs

CO,Et
ent-4c

(R)-ethyl 6-oxo-4-phenyl-1-tosyl-1,2,3,6-tetrahydropyridine-2-carboxylate
(ent-4c)

Yield: 38.2 mg (48%), yellow waxy solid. Rf = 0.3 (petroleum ether/ethyl acetate,
3:1); [a]p” -142 (¢ 1.0, CH,Cly), HPLC analysis: 94% ee [Daicel CHIRALPAK
OD-H column, 20 °C, 254 nm hexane/i-PrOH = 70:30, 0.7 mL /min, 17.4 min (major),

21.9 min (minor)].

(@]
| NTs

CO,Et
ent-4d

(R)-ethyl 6-oxo-4-p-tolyl-1-tosyl-1,2,3,6-tetrahydropyridine-2-carboxylate
(ent-4d)

Yield: 41.5 mg (50%), yellow waxy solid. Rt = 0.3 (petroleum ether/ethyl acetate,
3:1); [a]p> -141.0 (¢ 1.0, CH,Cl,), HPLC analysis: 93% ee [Daicel CHIRALPAK
OD-H column, 20 °C, 254 nm hexane/i-PrOH = 60:40, 0.7 mL /min, 13.4 min (major),

16.2 min (minor)].



| NTs
CO,Et

O ent-4e

(R)-ethyl-4-(4-methoxyphenyl)-6-oxo-1-tosyl-1,2,3,6-tetrahydropyridine-2-carbox
ylate (ent-4e)

Yield: 37.7 mg (44%), yellow solid, mp: 120-122 °C. Ry = 0.3 (petroleum ether/ethyl
acetate, 3:1); [a]p> -162.0 (¢ 1.0, CH,Cl,), HPLC analysis: 92% ee [Daicel
CHIRALPAK OD-H column, 20 ° C, 254 nm hexane /i-PrOH = 60:40, 0.7 mL /min,

19.6 min (major), 25.2min (minor)].

O

| NTs

cl
CO,Et

ent-4f

(R)-ethyl-4-(3-chlorophenyl)-6-oxo-1-tosyl-1,2,3,6-tetrahydropyridine-2-carboxyl
ate (ent-4f)

Yield: 57.0 mg (67%), yellow solid, mp: 130-132 °C. R¢ = 0.3 (petroleum ether/ethyl
acetate, 3:1); [a]p” -136.0 (¢ 1.0, CH,Cl,), HPLC analysis: 96% ee [Daicel
CHIRALPAK OD-H column, 20 ° C, 254 nm hexane/i-PrOH = 80:20, 0.8 mL /min,

26.3 min (major), 33.2min (minor)].

| NTs

S CO,Et

\ ! ent-4i

(R)-ethyl-6-0x0-4-(thiophen-2-yl)-1-tosyl-1,2,3,6-tetrahydropyridine-2-carboxylat
e (ent-4i)



Yield: 38.2 mg (47%), white solid, mp: 131-133 °C. Ry = 0.3 (petroleum ether/ethyl
acetate, 3:1); [a]p> -107.0 (¢ 1.0, CH,Cl,), HPLC analysis: 84% ee [Daicel
CHIRALPAK OD-H column, 20 ° C, 254 nm hexane/i-PrOH = 70:30, 0.7 mL /min,

19.7 min (major), 23.4 min (minor)].

| NTs
CO,Et

O2N ent-4k

(R)-ethyl-4-(4-nitrophenyl)-6-oxo-1-tosyl-1,2,3,6-tetrahydropyridine-2-carboxylat
e (ent-4k)

Yield: 53.8 mg (61%), yellow waxy solid. Ry = 0.3 (petroleum ether/ethyl acetate,
3:1); [a]p> -55.9 (¢ 4.3, CH,Cl,), HPLC analysis: ee was not determined because of
the failure of its separation on CHIRALPAK OD, AD, OJ, OB, AS, IA columns.

4. Chemical transformations of the dihydropyridinones (Scheme 4)

(1) Synthesis of tetrahydropyridinones (Sheme 4a)

| NTs Pd/C, H, NTs
> —_—
CO,Et o
EA

To the solution of 4d (25.4 mg, 0.061 mmol) or 4e (17.7 mg, 0.041 mmol) or 4k
(41.3 mg, 0.099 mmol) in EtOAc (3 mL) was added 10% Pd/C (5.0 mg) at room
temperature, then the mixture was stirred at room temperature under 1 atm of
hydrogen. The reaction mixture was diluted with ethyl acetate, and passed through a

short silica pad. The solvent was removed under reduced pressure to give
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teterhydropyridinones 5.

0O

/© COEt
54

(2S,4S)-ethyl 4-(4-methoxyphenyl)-6-oxo-1-tosylpiperidine-2-carboxylate (5d)

Yield: 24.3 mg (98%), dr = 10:1, white waxy solid. R = 0.3 (petroleum ether/ethyl
acetate, 3:1); [a]p> -10.7 (c 1.22, CHCls), HPLC analysis: 93% ee [Daicel
CHIRALPAK AD-H column, 20 ° C, 220 nm hexane/i-PrOH = 70:30, 1.0 mL /min,
15.4 min (major), 18.4 min (minor)]. '"H NMR (300 MHz, CDCls) & 8.00 (d, J = 7.9
Hz, 2H), 7.32 (d, J = 8.3 Hz, 2H), 7.13 (d, J = 8.0 Hz, 2H), 7.02 (d, J = 8.1 Hz, 2H),
5.04-4.99 (m, 1H), 4.32-4.15 (m, 2H), 3.09 (m,3.14 - 3.03, 1H), 2.70-2.61 (m, 2H),
2.57-2.52 (m, 1H), 2.43 (s, 3H), 2.31 (s, 3H), 2.15-2.04 (m, 1H), 1.29 (t, J = 7.1 Hz,
3H). °C NMR (75 MHz, CDCl;) & 171.5, 170.0, 145.1, 138.4, 137.3, 136.0, 129.8,
129.7, 129.2, 126.5, 62.2, 58.4, 41.3, 36.3, 34.5, 21.8, 21.1, 14.1. IR (KBr) v 2923,
2854, 1744, 1698, 1353, 1190, 1168, 1086, 814, 662, 565, 543. HRMS (ESI) m/z:
[MJrNa]+ Calc. for: CyyH,5NOsNaS, 438.13456, Found 438.13426.

0O

‘ “'COLEt

oe

H,CO

(2S,4S)-ethyl 6-ox0-4-p-tolyl-1-tosylpiperidine-2-carboxylate (5e)

Yield: 17.0 mg (97%), dr = 10:1, white waxy solid. R = 0.3 (petroleum ether/ethyl
acetate, 3:1); [a]p” -2.4 (c 0.85, CHCl;), HPLC analysis: 94% ee [Daicel
CHIRALPAK AD-H column, 20 ° C, 220 nm hexane/i-PrOH = 70:30, 1.0 mL /min,
70:30, 1.0 mL /min, 21.0 min (major), 27.1 min (minor)]. '"H NMR (300 MHz, CDCl;)
0 8.01 (d, J =8.0 Hz, 2H), 7.32 (d, J = 8.2 Hz, 2H), 7.06 (d, J = 8.6 Hz, 2H), 6.85 (d,
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J = 8.6 Hz, 2H), 5.04-4.99 (m, 1H), 4.32-4.18 (m, 2H), 3.78 (s, 3H), 3.13 - 3.03 (m,
1H), 2.70-2.60 (m, 2H), 2.56-2.50 (m, 1H), 2.43 (s, 3H), 2.13-2.02 (m, 1H), 1.29 (t, J
= 7.1 Hz, 3H). C NMR (75 MHz, CDCl3) § 171.5, 170.0, 159.0, 145.1, 136.1, 133.4,
129.8, 129.2, 127.6, 114.5, 62.3, 58.4, 55.4, 41.4, 35.9, 34.6, 21.8, 14.2. IR (KBr) v
2961, 2924, 2853, 1747, 1704, 1515, 1456, 1260, 1088, 1019, 799, 661. HRMS (ESI)
m/z: [M+Na]+ Calc. for: CpHy5sNOgNaS, 454.12948, Found 454.12946.

0O

/©\\\‘ O Et
H,N

(2S,4S5)-ethyl 4-(4-aminophenyl)-6-oxo-1-tosylpiperidine-2-carboxylate (5k)

5k

Yield: 37.0 mg (90%), dr = 10:1, white waxy solid. R = 0.3 (petroleum ether/ethyl
acetate, 1:1); [a]p> -21.0 (¢ 0.93, CHCl3), HPLC analysis: 99% ee [Daicel
CHIRALPAK AD-H column, 20 ° C, 220 nm hexane/i-PrOH = 60:40, 1.0 mL /min,
70:30, 1.0 mL /min, 17.8 min (major), 37.8 min (minor)]. '"H NMR (300 MHz, CDCl;)
0 8.00 (d, J =8.3 Hz, 2H), 7.31 (d, J = 8.2 Hz, 2H), 6.90 (d, J = 8.3 Hz, 2H), 6.62 (d,
J = 8.4 Hz, 2H), 5.01-4.96 (m, 1H), 4.30-4.18 (m, 2H), 3.65 (bs, 2H), 3.05-2.95 (m,
1H), 2.65-2.59 (m, 2H), 2.53-2.47 (m, 1H), 2.43 (s, 3H)2.09-1.98 (m, 1H), 1.28 (t,J =
7.1 Hz, 3H). °C NMR (75 MHz, CDCls) & 171.5, 170.3, 145.8, 145.1, 136.1, 131.1,
129.7, 129.2, 127.5, 115.5, 62.2, 58.4, 41.4, 35.9, 34.7, 21.8, 14.1. IR (KBr) v 3446,
2924, 1737, 1627, 1594, 1519, 1350, 1209, 1165, 1086, 1025, 659, 553. HRMS (ESI)
m/z: [M+H]+ Calc. for: C;1HsN,OsS, 417.14787, Found 417.14716.
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(2) Synthesis of piperidine (Scheme 4b)

0 0
" NBoo HCI(g)/EtOH, rt | NH
“CClg “CClg
X X Pd/C, H, (30 atm)
3a (X = Cl), 99% ee 6a, 95%, 99% ee EtOAG, rt or 40 °C
3c (X=H), 99% ee 6¢, 97%, 99% ee
0
O“H BHs; Me,S @,H
- '/,//CCI3 - . <

X :

8a, 42%, 99% ee
8¢, 47%, 95% ee

X

7a, 95%, dr > 20:1, 99% ee
7c, 90%, dr > 20:1, 99% ee

Deprotection: Dihydropridinone 3a (438.6 mg, 1.04 mmol) or 3c (419.0 mg, 1.08
mmol) was dissolved in 6 N HCI(g)/EtOH (6 mL) and the mixture was stirred at room
temperature. The solvent was removed under reduced pressure and the residue was
purified by chromatography on silica gel (PE/EA, 2:1) to give deprotective

dihydropridinone 6a or 6c.

Cl 6a

(S)-4-(4-chlorophenyl)-6-(trichloromethyl)-5,6-dihydropyridin-2(1H)-one (6a)

Yield: 318.2 mg (95%), white solid, mp: 155-157 ° C. Ry = 0.2 (petroleum ether/ethyl
acetate, 1:1); [a]p> 32.7 (¢ 0.52, CH,Cly), HPLC analysis: 98% ee [Daicel
CHIRALPAK AD-H column, 20 ° C, 254 nm hexane/i-PrOH = 70:30, 1.0 mL /min,
14.2 min (minor), 18.6 min (major)]. 'H NMR (300 MHz, CDCl3) § 7.41-7.20 (m, 4H),
6.66 (s, 1H), 6.21 (d, J = 1.4 Hz, 1H), 4.39-4.34 (m, 1H), 3.17 (d, J = 7.0 Hz, 2H). °C
NMR (75 MHz, CDCls) 6 165.7, 147.4, 136.4, 135.4, 129.4, 127.4, 118.7, 102.1, 65.7,
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28.0. IR (KBr) v 3207, 2961, 1674, 1490, 1410, 1260, 1093, 1012, 808, 733. HRMS
(ESI) m/z: [M+H]" Calc. for: C1,H;oNOCly, 323.95110, Found 323.95105.

o)
| NH
"CCly
6C

(S)-4-phenyl-6-(trichloromethyl)-5,6-dihydropyridin-2(1H)-one (6¢)

Yield: 302.0 mg (97%), white solid, mp: 164-166 ° C. Ry = 0.3 (petroleum
ether/ethyl acetate, 3:1); [a]p> 33.0 (¢ 1.0, CH,Cl,), HPLC analysis: >99% ee [Daicel
CHIRALPAK AD-H column, 20 ° C, 254 nm hexane/i-PrOH = 90:10, 1.0 mL /min, -
(minor), 24.9 min (major)]. 'H NMR (300 MHz, CDCl;) & 7.47-7.45 (m, 2H),
7.39-7.36 (m, 3H), 6.24 (d, J = 1.3 Hz, 1H), 6.12 (s, 1H), 4.37 (dd, J = 7.0, 5.1 Hz,
1H), 3.26-3.17 (dd, J = 8.4, 1.2 Hz, 2H). >C NMR (75 MHz, CDCl3) & 166.1, 148.8,
137.0, 130.3, 129.1, 126.1, 118.2, 102.2, 65.7, 28.0. IR (KBr) v 3481, 3227, 1675,
1620, 1446, 1293, 868, 810, 761, 692. HRMS (ESI) m/z: [M+Na] Calc. for:
Ci2H;oNOsNacCls, 311.97202, Found 311.97198.

Hydrogenation: To the solution of 6a (98.5 mg, 0.301 mmol) or 6¢ (75.3 mg, 0.257
mmol) in EtOAc (3 mL) was added 10% Pd/C (10.0 mg) at 40 ° C (for S1a) or room
temperature (for 6¢), then the mixture was stirred at 40 ° C or room temperature under
30 atm of hydrogen. The reaction mixture was diluted with ethyl acetate, and passed
through a short silica pad. The solvent was removed under reduced pressure to give

tetrahydropyridinone 7a or 7c.

0O

.
Cl 7a

(4S,6S)-4-(4-chlorophenyl)-6-(trichloromethyl)piperidin-2-one (7a)
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Yield: 88.1 mg (90%), white waxy solid. R = 0.3 (petroleum ether/ethyl acetate, 1:1);
[oc]D25 -21.0 (c 1.0, CH,Cl,), HPLC analysis: >99% ee [Daicel CHIRALPAK AD-H
column, 20 ° C, 220 nm hexane/i-PrOH = 90:10, 1.0 mL /min, - min (minor), 19.4
min (major)]. 'H NMR (300 MHz, CDCls) & 7.28-7.26 (m, 2H), 7.12-7.09 (m, 2H),
6.50 (s, 1H), 4.22 (dd, J = 10.2, 5.6 Hz, 1H), 3.10-2.99 (m, 1H), 2.65-2.50 (m, 2H),
2.44-2.34 (m, 1H), 1.94-1.82 (m, 1H). >C NMR (75 MHz, CDCls) & 171.7, 140.5,
133.4, 129.3, 128.0, 101.9, 67.3, 38.8, 36.7, 32.4. 1R (KBr) v 3217, 2925, 1674, 1493,
1396, 1313, 1092, 1013, 825, 799, 779. HRMS (ESI) m/z: [M+H]" Calc. for:
C12H1uNOCly, 325.96675, Found 325.96618.

0O

CH
oy
1c

(4S,6S)-4-phenyl-6-(trichloromethyl)piperidin-2-one (7¢c)

Yield: 67.7 mg (90%), white solid, mp: 104-106 ° C. Ry = 0.3 (petroleum ether/ethyl
acetate, 3:1); [a]p> -21.0 (¢ 1.0, CH,Cl,), HPLC analysis: >99% ee [Daicel
CHIRALPAK AD-H column, 20 ° C, 254 nm hexane/i-PrOH = 90:10, 1.0 mL /min, -
min (minor), 13.5 min (major)]. '"H NMR (300 MHz, CDCls) & 7.33-7.28 (m, 2H),
7.25-7.16 (m, 3H), 6.43 (s, 1H), 4.22 (dd, J = 10.5, 5.4 Hz, 1H), 3.12-3.00 (m, 1H),
2.69-2.57 (m, 2H), 2.56-2.39 (m, 1H), 2.00-1.86 (m, 1H). >C NMR (75 MHz, CDCl5)
o 172.1, 142.0, 129.2, 127.6, 126.6, 102.0, 67.5, 38.8, 37.3, 32.6. IR (KBr) v 3217,
3029, 1671, 1455, 1394, 1307, 1029, 882, 780, 699, 611. HRMS (ESI) m/z: [M+H]"
Calc. for: C1,H13NO3Cl3, 292.00572, Found 292.00570.

Reduction: To a solution of 7a (21.9 mg, 0.067 mmol) or 7¢ (40.0 mg, 0.137 mmol)
in THF ( 1.0 mL) under nitrogen 10 N BH3/Me,S (20 puL or 41 uL, 3.0 eq) was added,
then the mixture was heated to reflux for 17 h. The solvent was removed under

reduced pressure and the residue was purified by chromatography on silica gel

(PE/EA, 10:1) to give piperidine 8a or 8c.
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o
Cl 8a

(2S,4R)-4-(4-chlorophenyl)-2-(trichloromethyl)piperidine (8a)

Yield: 8.8 mg (42%), white waxy solid. Ry = 0.3 (petroleum ether/ethyl acetate, 10:1);
[OL]D25 -5.8 (c 1.2, CH,Cl,), HPLC analysis: >99% ee [Daicel CHIRALPAK AD-H
column, 20 ° C, 220 nm hexane/i-PrOH = 98:2, 1.0 mL /min, - min (minor), 20.5 min
(major)]. '"H NMR (300 MHz, CDCl3) § 7.29 (d, J = 8.7 Hz, 2H), 7.18 (d, J = 8.4 Hz,
2H), 3.44-3.35 (m, 2H), 2.91 (td, J = 12.1, 2.8 Hz, 1H), 2.69 (tt, J = 12.3, 3.5 Hz, 1H),
2.44-2.37 (m, 1H), 2.34 (br, 1H), 1.84 (d, J = 11.8 Hz, 1H), 1.73-1.61 (m, 2H). °C
NMR (75 MHz, CDCl;) 6 143.8, 132.5, 128.9, 128.3, 103.2, 72.0, 46.7, 41.8, 35.6,
33.0. IR (KBr) v 2923, 1493, 1432, 1308, 1091, 1013, 796, 763, 697. HRMS (ESI)
m/z: [M+H]" Calc. for: C;;H4NCly, 311.98749, Found 311.98726.

O\IH

"'CCly

(2S,4R)-4-phenyl-2-(trichloromethyl)piperidine (8c)

Yield: 18.8 mg (47%), white waxy solid. Ry = 0.3 (petroleum ether/ethyl acetate,
10:1); [a]p> -5.3 (¢ 1.5, CH,Cly), HPLC analysis: 95% ee [Daicel CHIRALPAK
AD-H column, 20 ° C, 220 nm hexane/i-PrOH = 98:2, 1.0 mL /min, 10.7 min (major),
14.3 min (minor)]. '"H NMR (300 MHz, CDCl3) & 7.29-7.24 (m, 2H), 7.20 - 7.17 (m,
3H), 3.38-3.30 (m, 2H), 2.86 (td, J=12.0, 2.9 Hz, 1H), 2.65 (tt, J = 12.3, 3.6 Hz, 1H),
2.40-2.36 (m, 1H), 1.81 (d, J = 12.5 Hz, 1H), 1.73-1.58 (m, 3H). °C NMR (75 MHz,
CDCl3) 6 145.3, 128.8, 127.0, 126.8, 72.1, 46.9, 42.3, 35.6, 33.0. IR (KBr) v 2929,
1494, 1453, 1147, 766, 754, 698, 656. HRMS (ESI) m/z: [M+H]" Calc. for:
Ci12H;5NCl3, 278.02646, Found 278.02713.
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(3) Synthesis of pipecolic acid (Scheme 4c)

(0]
NTs
1) Pd/C, H, (30 atm), EtOAc, 40 °C
| NTs

: “CO,R
”"’CozEt 2) BH3; Me,S (5.0 equiv.), THF .

9a (R = Et), 40%, dr = 8:1, 93% ee
10a (R = H), 50%, dr = 6:1

Cl
4a, 95% ee H.SO, (aq), DME E

Hydrogenation and reduction: To the solution of 4a (211 mg, 0.487 mmol) in
EtOAc (3 mL) was added 10% Pd/C (20 mg) at room temperature, then the mixture
was stirred at 40 ° C under 30 atm of hydrogen. The reaction mixture was diluted with
ethyl acetate, and passed through a short silica pad. The solvent was removed under
reduced pressure to give the corresponding tetrahydropyridinone. To the solution of
the tetrahydropyridinone (56 mg, 0.128 mmol) in THF (2.0 mL) under nitrogen 10 N
BH3/Me,S (65 puL, 5.0 eq) was added, then the mixture was stirred at room
temperature for 17 h. The solvent was removed under reduced pressure and the

residue was purified by chromatography on silica gel (PE/EA, 3:1) to give 9a.

/© ) "CO,Et
Cl %9a

(2S,4R)-ethyl 4-(4-chlorophenyl)-1-tosylpiperidine-2-carboxylate (9a)

Total Yield: 22.0 mg (40%), dr =8:1, white waxy solid. Ry = 0.3 (petroleum
ether/ethyl acetate, 1:1); [a]p”>-21.0 (¢ 1.0, CH,CL,), HPLC analysis: 93% ee [Daicel
CHIRALPAK AS-H column, 20 ° C, 220 nm hexane/i-PrOH = 85:15, 1.0 mL /min,
22.2 min (minor), 27.2min (major)]. "H NMR (300 MHz, CDCl3) § 7.72-7.69 (m, 2H),
7.29-7.27 (m, 2H), 7.24-7.12 (m, 2H), 7.08-7.06 (m, 1H), 7.02-6.99 (d, J = 8.4 Hz,
1H), 4.14-4.00 (m, 2H), 3.74-3.63 (m, 2H), 2.72-2.62 (m, 1H), 2.48-2.43 (m, 1H),
2.38 (s, 3H), 2.09-2.03 (m, 2H), 1.87-1.83 (m, 2H), 1.19 (t, J = 7.1 Hz, 3H). °C NMR
(75 MHz, CDCl3) 6 171.3 (171.2), 144.10 (144.05), 143.6 (142.1), 133.5 (133.4),
132.6 (129.7), 128.9 (128.8), 128.52 (128.48), 128.3 (126.9), 61.7 (61.6), 59.4 (59.1),
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459 (45.6), 39.2 (38.5), 36.4 (36.1), 30.70 (30.65), 21.7, 14.1. (The data in
parentheses was for the minor trans-isomer). IR (KBr) 2926, 1737, 1494, 1347, 1166,
1092, 1057, 954, 817, 756, 651, 588, 551. HRMS (ESI) m/z: [M+Na]" Calc. for:
C21H24NO4NaClS, 444.10068, Found 444.10101.

Hydrolysis: To the solution of 9a (22.0 mg, 0.052 mmol) in DME (1 mL) was
charged with 8N H,SO4 (1.0 mL) and then the mixture was heated to reflux. The
mixture was extracted with ethyl acetate, and dried with anhydrous Na,SO4. The
solvent was removed under reduced pressure and the residue was purified by
chromatography on silica gel (dichloromethane/methanol, 20:1) to give 10a (ee% was

not determined).

@w\ ',/COZH
Cl 10a

(2S,4R)-4-(4-chlorophenyl)-1-tosylpiperidine-2-carboxylic acid (10a)

Yield: 10.0 mg (60%), dr =6:1, pale wax, Rf = 0.3 (dichloromethane/methanol, 10:1);
[a]p” -56.3 (c 0.27, CHCL;). '"H NMR (300 MHz, CDCl;) & 7.74-7.61 (m, 2H),
7.30-7.27 (m, 2H), 7.22-7.11 (m, 2H), 7.05 (d, J = 7.2 Hz, 1H), 6.99 (d, J = 8.3 Hz,
1H), 4.44 (bs, 1H), 3.72-3.65 (m, 2H), 2.74-2.67 (m, 1H), 2.45-2.34 (m, 4H),
2.16-2.09 (m, 1H), 2.06-1.95 (m, 1H), 1.86-1.75 (m, 2H). °C NMR (75 MHz, CDCl5)
0 175.7, 144.3 (143.6), 142.1, 133.34 (133.27), 132.7 (129.9), 128.9 (128.8), 128.6
(128.5), 128.3, 127.0 (126.9), 59.0 (58.8), 45.7 (45.4), 39.2 (38.5), 36.0 (35.8), 30.9
(30.8), 21.7. (The data in parentheses was for the minor trans-isomer). IR (KBr) v
3386, 2923, 2853, 1719, 1494, 1340, 1165, 1092, 817, 752, 654, 580, 456. HRMS
(ESI) m/z: [M-H] Calc. for: C19H;9NO4CIS, 392.07178, Found 392.07182.
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(4) Synthesis of piperidine methanol (Scheme 4d)

(0]
NTs
| NTs 1) Pd/C, H,,EtOAG, rt Q on
“ CO,Et ) > w vy~
2) BH3 Me,S (10.0 equiv.), THF
4c, 95% ee 11c, 40%, 94% ee

The procedure was carried as in Scheme 1c¢, except that room temperature was applied

for hydrogenation, and 10 equiv. of BH3 was used for reduction.
((2S,4R)-4-phenyl-1-tosylpiperidin-2-yl)methanol (11c)

Overall yield for two steps: 17.3 mg (40%). white waxy solid. R = 0.3 (petroleum
ether/ethyl acetate, 3:1); [a]p>> —34.7 (¢ 0.75, CHCl3), HPLC analysis: 94% ee [Daicel
CHIRALPAK AD-H column, 20 ° C, 220 nm hexane/i-PrOH = 60:40, 1.0 mL /min,
8.9 min (major), 10.9 min (minor)]. "H NMR (300 MHz, CDCls) & 7.70 (d, J = 8.2 Hz,
2H), 7.30 (d, J = 8.1 Hz, 2H), 7.22-7.18 (m, 2H), 7.14-7.09 (m, 1H), 7.01-6.99 (m,
2H), 4.04-4.00 (m, 1H), 3.91 (dt, J= 8.4, 4.9 Hz, 1H), 3.02-2.85 (m, 1H),3.59-3.51 (m,
1H) 3.09-2.83 (m, 3H), 2.40 (s, 3H), 2.36-2.29 (m, 1H), 1.97-1.81 (m, 2H), 1.72-1.59
(m, 2H). °C NMR (75 MHz, CDCl;) & 144.7, 144.0, 130.0, 128.7, 127.6, 126.8,
126.7, 64.9, 60.9, 47.3, 40.8, 35.4, 31.9, 21.7. IR (KBr) v 3502, 2954, 2923, 2853,
1456, 1324, 1288, 1158, 1090, 799, 716, 700, 573. [M+Na]" Calc. for: C;9H,3NO;NaS,
368.12909, Found 368.12897.

28



5. X-ray structures of 7c (Figure S1)

"CCl

Figure S1. X-ray crystal structure of 7¢

Reference

(1) Tiseni, P. S.; Peters, R. Angew. Chem. Int. Ed. 2007, 46, 5325.

(2) (a) Oliver, L. H.; Puls, L. A.; Tobey, S. L. Tetrahedron Letters, 2008, 49, 4636;
(b)Vidal, J.; Hannachi, J.-C.; Hourdin, G.; Mulatier, J.-C.; Collet, A. Tetrahedron
Letters, 1998, 39, 8845.
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180 160 140 120 100 80 60 40 20 ppm
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3.60
3.36
3.35
3.33
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NAME jwg-457e-073g1
EXPNO 11
PROCNO 1
Date_ 20130328
Time 0.08
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG 2g30
TD 32768
SOLVENT CcDCI3
NS 4
DS 0
SWH 6172.839
FIDRES 0.188380
AQ 2.6542580
RG 1
DwW 81.000
DE 6.50
TE 295.2
D1 1.00000000
TDO 1
== CHANNEL f1 =
NUC1 1H
P1 10.30
PL1 3.00
SFO1 300.1318534
S1 32768
SF 300.1300322
wow EM
SSB 0
LB 0.30
GB 0
PC 1.00
NAME Jwg-457e-073gl
EXPNO 10
PROCNO 1
Date_ 20130328
Time 0.16
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zgpg30
D 65536
SOLVENT CcDCI3
NS 87
DS 4
SWH 17985.611
FIDRES 0.274439
AQ 1.8219508
RG 512
DwW 27.800
DE 6.50
TE 295.4
D1 2.00000000
D11 0.03000000

Hz
Hz
sec

usec
usec
K

sec

Hz
Hz
sec

usec
usec

sec
sec

PL1 2.00
SFO1 75.4752953
= CHANNEL f2

CPDPRG2 waltzl6
NUC2 1H
PCPD2 100.00
PL2 3.00
PL12 22.74
PL13 23.00
SF02 300.1312005
S1 32768
SF 75.4677418
WDwW EM
SSB 0
LB 1.00
GB 0
PC 1.40
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NAME jwg-458a-073g1
EXPNO 20
PROCNO 1
Date_ 20130328
Time 0.39
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30
TD 32768
SOLVENT CcDCI3
NS 4
DS 0
SWH 6172.839
FIDRES 0.188380
AQ 2.6542580
RG 45.
DwW 81.000
DE 6.50
TE 295.4
D1 1.00000000
TDO 1
== CHANNEL f1 =
NUC1 1H
P1 10.30
PL1 3.00
SFO1 300.1318534
S1 32768
SF 300.1300227
wow EM
SSB 0
LB 0.30
GB 0
PC 1.00
NAME Jwq-458a-073g1
EXPNO 21
PROCNO 1
Date_ 20130328
Time 0.41
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zgpg30
D 65536
SOLVENT CcDCI3
NS 26
DS 4
SWH 17985.611
FIDRES 0.274439
AQ 1.8219508
RG 362
DwW 27.800
DE 6.50
TE 295.7
D1 2.00000000
D11 0.03000000

Hz
Hz
sec

usec
usec

sec
sec

PL1 2.00
SFO1 75.4752953
= CHANNEL f2

CPDPRG2 waltzl6
NUC2 1H
PCPD2 100.00
PL2 3.00
PL12 22.74
PL13 23.00
SF02 300.1312005
S1 32768
SF 75.4677474
WDwW EM
SSB 0
LB 1.00
GB 0
PC 1.40
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NAME jwg-452d-067g1
EXPNO 10
PROCNO 1
Date_ 20130308
Time 2

INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30
TD 65536
SOLVENT cDCI3
NS 4
DS 0
SWH 8992.806
FIDRES 0.137219
AQ 3.6438515
RG 64
DW 55.600
DE 8.0
TE 296.3
D1 1.00000000
TDO 1

NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG

TD
SOLVENT

== CHANNEL f1 =

1H

10.30

3.00
300.1324010
32768
300.1300215
EM

0

0.30

0

1.00

Jwg-452d-067g1
11

1

20130308
spect

5 mm DUL 13C-1
2gpg30

65536

cDClI3

30

4
17985.611
0.274439
1.8219508
812.7

27.800
6.50

296.5
2.00000000
0.03000000
1

Hz
Hz
sec

usec
usec

K
sec

usec
dB
MHz

MHz

Hz
Hz
sec

usec
usec

sec
sec

2.00
75.4752953
CHANNEL f2 ==
waltzl6

32768
75.4677430
EM

0

1.00

0
1.40
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NAME jwg-471b-086g1
EXPNO 10
PROCNO 1
Date_ 20130413
Time 16.53
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPRO zg30
32768
SOLVENT CDCI3
NS 15
DS 0
SWH 6172.839
FIDRES 0.188380
AQ 2.6542580
RG 574.
Dw 81.000
DE 6.50

Hz
Hz
sec

usec
usec

A I LA [
s s 7 & 5 4 3 2 1 ppm
4B AR HEE M B R
o~ </l - - N Lalil=) o™ o™ ©o
No® gHonueNaon oa~  © ™ ~ o o
3 8§ RB988322K3 NS N © s 4 <
g § BI333498NT NN 8 ] 3
VN Vool |
\ \ \ \ \ \ \ \ \ \ \
200 180 160 140 120 100 80 60 40 20 0 ppm
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NAME
EXPNO
PROCNO
Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
N

CPDPRG2
NUC2
PCPD2
PL2

3.00
300.1318534 MHz
32768

300.1300064 MHz
EM
0
0.30 Hz
0
1.00

Jwg-337a-037g1
20

1
20121015
18.55

spect

5 mm DUL 13C-1
2gpg30

65536

CcDCI3

167

4
17985.611 Hz
0.274439 Hz
1.8219508 sec
1024
27.800

0.03000000 sec
1

CHANNEL f1 ==
13C

12.50

2.00
75.4752953
CHANNEL 2
waltz16

1H

100.00
.00 d
22.74 dB
23.0
300.1312005
32768
75.4677406
EM
0
1.00 Hz

0

1.40



NTs
"'CO,Et

Br 4b

7.96
7.93
7.47
7.44
7.25
7.23
6.06
6.06
5.46
5.45
5.44
5.43
4.08
4.07
4.06
4.04
4.02
4.00
3.98
3.97
3.96
3.39
3.38
3.33
3.32
3.15
3.14
3.13
3.12
3.09
3.08
3.07
3.06
2.35
1.04
1.01
0.99

s e e—— —

NAME Jwg-390c-xxxgl
EXPNO 10
PROCNO 1
Date_ 20121128
Time 2 4
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30
TD 65536
SOLVENT cDCI3
NS
DS 0
SWH 8992.806 Hz
FIDRES 0.137219 Hz
AQ 3.6438515 sec
RG 71.
DW 55.600 usec
DE 8.00 usec
TE 296.6 K
D1 1.00000000 sec
TDO 1
== CHANNEL f1 =
NUC1 1H
P1 10.30 usec
PL1 3.00 dB
SFO1 300.1324010 MHz
S1 32768
SF 300.1300276 MHz
wow EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
o [e|e < S S oS S H
— (SRS o - N | (s2] ™
© (3] ~N O 0COMWMHONN
. . R B R o~ [ ~ © o .
3 8 3 288533383 NN o o © o 4 < NAME Jwg-390c-xxxgl
- o s e e R R R R R R NN © @ N o EXPNO 11
NN/ ool 1 pRocho :
Date_ 20121128
Time 23.37
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG 2gpg30
TD 65536
SOLVENT CDCI3
NS 48
DS 4
SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG 512
DwW 27.800 usec
DE 6.50 usec
TE 297.0 K
D1 2.00000000 sec
D11 0.03000000 sec
1
PL1 2.00 dB
SFO1 75.4752953 MHz
======== CHANNEL f2 ==
CPDPRG2 waltzl6
uc2 1H
PCPD2 100.00 usec
PL2 3.00 dB
PL12 22.74 dB
PL13 23.00 dB
SF02 300.1312005 MHz
Sl 32768
SF 75.4677448 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
T T T T T T T T T \ PC 1.40
180 160 140 120 100 80 60 40 20 ppm
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NAME jwg-388a-088g1
EXPNO 10
PROCNO 1
Date_ 20121127
Time 1 2
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30
TD 65536
SOLVENT cbci3
NS 3
DS 0
Sw 8992.806 Hz

H
FIDRES 0.137219 Hz
Al

Q 3.6438515 sec
RG 64

DwW 55.600 usec
DE 8.00 usec
TE 297.3 K

D1 1.00000000 sec
TDO 1

== CHANNEL f1 =:
1H
10.30 usec
3.00 dB
300.1324010 MHz
32768
300.1300310 MHz
EM
0
0.30 Hz
0
1.00
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
o N S S = Qlle = =
N N - - o~ | ™ [s2]
~ < o o HON~NNOM S
o o 4 ¥ Ywoonoo Qe N QN . _
o © Hh ¥ OOONAN o NI~ © o © o o« NAME Jwg-388a-088g1
T ELER R R P (NN © ® N o EXPNO 11
T TN Voo . prRocho :
Date 20121127
Time 12.07
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zgpg30
TD 65536
SOLVENT CDCI3
NS 96
DS 4
SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG 512
DW 27.800 usec
DE 6.50 usec
TE 298.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL f1 ==
NUC1 13C
P1 12.50 usec
PL1 2.00 dB
SFO1 75.4752953 MHz
======== CHANNEL 2 ==
CPDPRG2 waltz16
NUC2 1H
PCPD2 100.00 usec
PL2 3.00 dB
PL12 22.74 dB
PL13 23.00 dB
SF02 300.1312005 MHz
" N1 32768
v SF 75.4677474 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
\ \ \ \ \ \ \ \ \ 1 FC 1.40
180 160 140 120 100 80 60 40 20 ppm

41



NTs
",

CO,Et
OCMMONMNLANMNHOULULTNANOINOTNHdOONOITANTMNOONAODOOTNITOMO
OONANNNTAAOOYTIITTOOOOOO0C0O0OOOOTYTTMNMMNAHAATOOOOOMNOO
MNNANNMNNMNNMNNMNNMNNMNOOLLUOLYTTITTIITONONONONNONOONOMNOMOOMANNAA

e e e e—— —

NAME jwg-391c-092g1
EXPNO 10
PROCNO 1
Date_ 20121203
Time 13.05
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30
TD 65536
SOLVENT CcDCI3
NS 5
DS 0
SWH 8992.806
FIDRES 0.137219
AQ 3.6438515
RG 64
Dw 55.600
DE 8.00
TE 295.5
D1 1.00000000
TDO 1
=== CHANNEL f1 =
NUC1 1H
P1 10.30
PL1 3.00
SFO1 300.1324010
Sl1 32768
SF 300.1300310
WDW EM
SSB 0
LB 0.30
GB 0
PC 1.00
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
fsj VNW ﬁ F\‘j N 3 2 2 i
(=] N (=] (=] [N (=] (= (32 (aV]
N <l = = o~ Sl o o>
© ©o «© oOoNOHNON
g 3 o Sosgaes o eNn % NonT e jug-391c-
e © B ITBRARE 3 N~ o N © o dd « NAME Jwg-391c-092g1
— — — A A AA A N~~~ © © NN o EXPNO 11
1T TNV ] VoIl TVl 1
Date_ 20121203
Time 13.06
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zgpg30
TD 65536
SOLVENT CDCI3
NS 44
DS 4
SWH 17985.611
FIDRES 0.274439
AQ 1.8219508
RG 1149.4
DwW 27.800
DE 6.50
TE 295.7
D1 2.00000000
D11 0.03000000
1
PL1 2.00
SFO1 75.4752953
======== CHANNEL f2 ==
CPDPRG2 waltzl6
NUC2 1H
PCPD2 100.00
PL2 3.00
PL12 22.74
PL13 23.00
SF02 300.1312005
W Si 32768
SF 75.4677470
WDW EM
SSB 0
LB 1.00
GB 0
\ \ \ \ \ \ \ \ \  PC 1.40
180 160 140 120 100 80 60 40 20  ppm

4

Hz
Hz
sec

usec
usec

K
sec

Hz
Hz
sec

usec
usec

sec
sec
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NAME Jwg-395a-001g1
EXPN 10
PROCNO 1
Date_ 20121206
Time 20.59
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30
TD 65536
SOLVENT CDCI3
NS 3
DS 0
SWH 8992.806
FIDRES 0.137219
AQ 3.6438515
RG 128
Dw 55.600
DE 8.00
TE 295.3
D1 1.00000000
TDO 1

3.00
300.1324010
32768
300.1300043
EM

0

0.30

0

1.00

o 4

N
w 4
N
-

9 7 6 5
N o] [0 o fe2] (so) (e}l (@] ) o] N N i~
o (o])e)e] o (o2} ol O] |© o — il
N NN N — o NI e | I o (e} o
(2] ™ o DOONO NI
@ Nd o ¥ WVOOE® N N N e 2 2 P .
g 82 ® 3 £3388 5% Nhe o @ S 4 < NAME jwa-395a-001g1
= — — A A A N~~~ © v [32] o - EXPNO 11
VTN VoI T T :
Date 20121206
Time 21.02
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zgpg30
TD 65536
SOLVENT CDCI3
NS 42
DS 4
SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG 2298.8
DwW 27.800 usec
DE 6.50 usec
TE 295.8 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
CHANNEL f1 ==
13C
12.50 usec
2.00 dB
75.4752953 MHz
CHANNEL 2 ==
waltz16
1H
100.00 usec
3.00 dB
22.74 dB
23.00 dB
300.1312005 MHz
32768
75.4677428 MHz
EM
0
1.00 Hz
0
T T T T T T T T T 1 1.40
180 160 140 120 100 80 60 40 20 ppm
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NAME jwg-391a-091g1
EXPNO 10
PROCNO 1
Date_ 20121203
Time 18.54
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30
TD 65536
SOLVENT CcDCI3
NS 3
DS 0
SWH 8992.806 Hz
FIDRES 0.137219 Hz
AQ 3.6438515 sec
RG 71.8
Dw 55.600 usec
DE 8.00 usec
TE 296.3 K
D1 1.00000000 sec
TDO 1
=== CHANNEL f1 =
10.30
00 dB

3.00
300.1324010 MHz
32768
300.1300279 MHz
EM

0
0.30 Hz
0
1.00
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
f o [e2] N j 0 dﬂ
o (o0] o o o o o i~
[} © — — (aV] — (0] (0]
o — NMEHOONOT VAT
o o CHPVVOOBROT O QAN © ° %9 NAME jwg-391a-091g1
S S 2388383858888 8S NINIS 8 8 8 & 3 EXPNO 11
N\ % VoIl T T e 1
Date_ 20121203
Time 18.57
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zgpg30
TD 65536
SOLVENT CDCI3
NS 31
DS 4
SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG 2580.3
DW 27.800 usec
DE 6.50 usec
TE 296.6 K
D1 2.00000000 sec
D11 0.03000000 sec
1
PL1 2.00 dB
SFO1 75.4752953 MHz
======== CHANNEL f2 ==
CPDPRG2 waltzl6
NUC2 1H
PCPD2 100.00 usec
PL2 .00 dB
PL12 22.74 dB
PL13 23.00 dB
SF02 300.1312005 MHz
Si 32768
SF 75.4677445 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
T T T T T T T T T l PC 1.40
180 160 140 120 100 80 60 40 20 ppm
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NAME iwg-392¢-093g1
EXPNO 10

PROCNO 1
Date_ 20121203
Time 1
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30
TD 65536
SOLVENT cDCI3
NS 16
DS 0
SWH 8992.806
FIDRES 0.137219
AQ 3.6438515
RG 181
DW 55.600
DE 8.00
TE 296.1
D1 1.00000000
TDO 1
== CHANNEL f1 =
1H
10.30
3.00
300.1324010
32768
300.1300047
EM
0
0.30
0
1.00
NAME Jwg-392¢c-093g1
EXPNO 11
PROCNO 1
Date 20121203
Time 18.46
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zgpg30
™D 65536
SOLVENT CDCI3
NS 88
DS 4
SWH 17985.611
FIDRES 0.274439
AQ 1.8219508
RG 3251
DW 27.800
DE 6.50
TE 296.7
D1 2.00000000
D11 0.03000000

Hz
Hz
sec

usec
usec

K
sec

Hz
Hz
sec

usec
usec

sec
sec

PL1 2.00 dB
SFO1 75.4752953 MHz
== = CHANNEL f2 ==
CPDPRG2 waltz16
NUC2 1H
PCPD2 100.00 usec
PL2 3.00 dB
PL12 22.74 dB
PL13 23.00 dB
SF02 300.1312005 MHz
S1 32768

SF 75.4677403 MHz
WDwW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40



NAME jwg-393d-094g1
EXPNO 10
PROCNO 1
Date_ 20121204
Time 13.35
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30
65536
SOLVENT CcDCI3
NS 3
DS 0
SWH 8992.806 Hz
FIDRES 0.137219 Hz
AQ 3.6438515 sec
RG -
Dw 55.600 usec
DE 8.00 usec
TE 296.6 K
D1 1.00000000 sec
TDO 1
=== CHANNEL f1 =

3.00
300.1324010 MHz
32768
300.1300069 MHz
EM

0
0.30 Hz
0

1.00

T
ppm

T
7 6 5 4 3 2 1
0 (Moo ™ ™ | (0] [ I19) i N
ll=ls](=]'s) le] o | o] o o o o
o oo ey [=] o NI ol lo ™ o
@ ©o COOMMEAN—HO DWWV NN
[ R e R R R R R o~ © o «© -
fo2} N HOULTNONDDONIIN-OMD ERC . "
© ©o OMSOMOMONNNNNNNNNA ~~o N © o bl <
— — A A A A A A A A A A A A A A ~~ © ™ o —
T T T T T T T T
180 160 140 120 100 80 60 40 20 ppm
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NAME Jwg-393d-094g1
EXPNO 11
PROCNO 1
Date_ 20121204
Time 13.39
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zgpg30

TD 65536
SOLVENT CDCI3

NS 247

DS 4

SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG 645.

DW 27.800 usec
DE 6.50 usec
TE 297.2 K
D1 2.00000000 sec
D11

0.03000000 sec
1

PL1 2.00 dB
SFO1 75.4752953 MHz
======== CHANNEL f2 ==
CPDPRG2 waltzl6
NUC2 1H
PCPD2 100.00 usec
PL2 .00 dB
PL12 22.74 dB
PL13 23.00 dB
SF02 300.1312005 MHz
Si 32768

SF 75.4677391 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40
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ppm

NAME jwg-396a-002g1
EXPNO 10
PROCNO 1
Date_ 20121206
Time 21.17
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30
65536
SOLVENT CcDCI3
NS 3
DS 0
SWH 8992.806
FIDRES 0.137219
AQ 3.6438515
RG 61.
Dw 55.600
DE 8.00
TE 295.1
D1 1.00000000
TDO 1
=== CHANNEL f1 =
10.30
3.00
300.1324010
32768
300.1300047
EM
0
0.30
0
1.00
NAME jwg-396a-002g1
EXPNO 11
PROCNO 1
Date_ 20121206
Time 21.20
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zgpg30
TD 65536
SOLVENT CDCI3
NS 42
DS 4
SWH 17985.611
FIDRES 0.274439
AQ 1.8219508
RG 512
DW 27.800
DE 6.50
TE 295.4
D1 2.00000000
D11 0.03000000

Hz
Hz
sec

usec
usec

K
sec

Hz
Hz
sec

usec
usec

sec
sec

PL1 2.00
SFO1 75.4752953
== = CHANNEL f2 ==
CPDPRG2 waltz16
NUC2 1H
PCPD2 100.00
PL2 3.00
PL12 22.74
PL13 23.00
SF02 300.1312005
S1 32768
SF 75.4677417
WDwW EM
SSB 0
LB 1.00
GB 0
PC 1.40
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NAME Jwg-395c-001g1
10

EXPNO

PROCNO 1
Date_ 20121206

Time 21.07
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30

TD 65536
SOLVENT CDCI3

NS 4

DS 0

SWH 8992.806 Hz
FIDRES 0.137219 Hz
AQ 3.6438515 sec
RG 181

DwW 55.600 usec
DE 8.00 usec
TE 295.3 K

D1 1.00000000 sec
TDO 1

= CHANNEL f1 =

10.30 usec
3.00 dB
300.1324010 MHz

32768
300.1300043 MHz

EM
0
0.30 Hz
0
1.00
T T T T T T T T T T
9 8 7 6 5 3 2 1 ppm
NS [@3celi(e] o — N~ N~
o |O|o (=) «]i(e)] o — oo — —
N AN HIH o — o (&) (&)
~ © —“HooO O - oo~
i R o . N~ wn - ~ © o -
g & g53g8g3 oo OO s 4 NAME  jwg-395c-001g1
— — At A Ao A N~~~ © o N o - EXPNO 11
TV W R R I - 1
Date 20121206
Time 21.11
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zgpg30
TD 65536
SOLVENT CDCI3
NS 67
DS 4
SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG 645.1
DW 27.800 usec
DE 6.50 usec
TE 295.7 K
D1 2.00000000 sec
D11 0. 03000002 sec
2.00
SFO1 75.4752953 MHz
== = CHANNEL f2 ==
CPDPRG2 waltz16
NUC2 1H
PCPD2 100.00 usec
PL2 3.00 dB
PL12 22.74 dB
PL13 23.00 dB
SF02 300.1312005 MHz
S1 32768
SF 75.4677401 MHz
WDwW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40
180 160 140 120 100 80 60 40 20  ppm
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NAME Jwg-392a-092g1
0 10

EXPNI
PROCNO 1
Date_ 20121203
Time 1 1
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30
TD 65536
SOLVENT CcDCI3
NS 3
DS 0
SWH 8992.806 Hz
FIDRES 0.137219 Hz
AQ 3.6438515 sec
RG -
DwW 55.600 usec
DE 8.00 usec
TE 296.2 K
D1 1.00000000 sec
TDO 1
== CHANNEL f1 =
NUC1 1H
P1 10.30 usec
PL1 3.00 dB
SFO1 300.1324010 MHz
S1 32768
SF 300.1300251 MHz
wDow EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
Q| |9 S o b oS o S = N
NN NN - - o~ | o~ o (s2] o
w ~ nwomMmmMm SOo—AMmNT
o o QuWA WEONTN NN N € 9 S i
© © IITT ONANNN NS o © o o4 < NAME Jwg-392a-092g1
a3 R RURER R P PR R NN © ® ® N o EXPNO 11
N AN ol . :
Date_ 20121203
Time 19.04
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zgpg30
TD 65536
SOLVENT CcDCI3
NS 28
DS 4
SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG 3251
DW 27.800 usec
DE 6.50 usec
TE 296.5 K
D1 2.00000000 sec
D11 0.03000000 sec
1
PL1 2.00 dB
SFO1 75.4752953 MHz
== = CHANNEL f2 ==
CPDPRG2 waltz16
NUC2 1H
PCPD2 100.00 usec
PL2 3.00 dB
PL12 22.74 dB
PL13 23.00 dB
SF02 300.1312005 MHz
Sl 32768
SF 75.4677450 MHz
WDwW EM
SSB 0
LB 1.00 Hz
GB 0
T T T T T T T T T l pC 1.40
180 160 140 120 100 80 60 40 20  ppm
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NAME jwg-538b-066g1

EXPNO 10

PROCNO 1

Date_ 20130724

Time 13.30

INSTRUM spect

PROBHD 5 mm DUL 13C-1

PULPROG zg30

32768

SOLVENT cDCI3

NS 15

DS 0

SWH 8992.806

FIDRES 0.274439

AQ 1.8219508
RG 61.

Dw 55.600

DE 6.50

TE 299.6

D1 1.00000000

TDO 1
=== CHANNEL f1 =

10.30

3.00

300.1318534

32768

300.1300087

EM

0

0.30

0

1.00

4 3 2 1 ppm
S| RENS g R Eﬁé@zgg e B
~lo| lalnlailo ol N il lolmlem ] o clo
©e AR o~ e ™ mw ©d o
15 S8EERAAY NN i83 dd s
\/ N4 VooV
T T T T T T T T T
180 160 140 120 100 80 60 40 20 ppm
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NAME Jwg-538b-066g1
EXPNO 11
PROCNO 1
Date_ 20130724
Time 13.36
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zgpg30
TD 65536
SOLVENT CDCI3
NS 82
DS 4
SWH 17985.611
FIDRES 0.274439
AQ 1.8219508
RG 362
DwW 27.800
DE 6.50
TE 300.2
D1 2.00000000
D11

0.03000000
1

Hz
Hz
sec

usec
usec

K
sec

Hz
sec

usec
usec

sec
sec

PL1 2.00
SFO1 75.4752953
======== CHANNEL 2 ==

CPDPRG2 waltzl6
NUC2 1H
PCPD2 100.00
PL2 3.00
PL12 22.74
PL13 23.00
SF02 300.1312005
S1 32768
SF 75.4677405
WDwW EM
SSB 0
LB 1.00
GB 0
PC 1.40

usec
d

dB
dB
MHz

=

Hz
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NAME Jwg-538c-066g1
14

EXPNO
PROCNO 1
Date_ 20130724
Time 14.08
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30
TD 32768
SOLVENT CcDCI3
NS 11
DS 0
SWH 8992.806 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG 256
Dw 55.600 usec
DE 6.50 usec
TE 299.9 K
D1 1.00000000 sec
TDO 1
PL1 3.00 dB
SFO1 300.1318534 MHz
S1 32768
SF 300.1300072 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
|| 0NN © O (o) (] (Te)( XS aN AN (=] (=3 Te]
0| O |N oo — N o F;’ih (QVA(QNASY 0 —
—IO| ININIOIN Ol (a\} o —HINIOIOIM |- (s} o
n o o — < oN© n
<o @ n COoRN < 2N a3y a9 @ 9 jwo- _
~S n ¥ OoddN = NN© o 00 <4 w0 o4 < NAME Jwg-538c-066g1
R ~ o o HAdH Ao ~ ~~ © <+ Mo N EXPNO 11
A N B R BT oo :
Date_ 20130724
Time 13.43
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zgpg30
TD 65536
SOLVENT CDCI3
NS 196
DS 4
SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG 812.7
DW 27.800 usec
DE 6.50 usec
TE 300.0 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
== CHANNEL f1 ====
13C
12.50 usec
2.00 d
75.4752953 MHz
= == CHANNEL f2 ====
CPDPRG2 waltz16
NUC2 1H
PCPD2 100.00 usec
PL2 - dB
PL12 22.74 dB
PL13 23.00 dB
SF02 300.1312005 MHz
S1 27!
SF 75.4677397 MHz
wbw EM
SSB 0
LB 1.00 Hz
GB 0
T T T T T T T T T l PC 1.40
180 160 140 120 100 80 60 40 20 ppm
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NAME jwg-531b-059g1
EXPNO 10
PROCNO 1
Date_ 20130718
Time 16.05
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30
TD 32768
SOLVENT [eh]¥] k<]
NS 11
DS 0
SWH 8992.806 Hz
FIDRES 0.274439 Hz
1.8219508 sec
RG 128
Dw 55.600 usec
DE 6.50 usec
TE 300.4 K
D1 1.00000000 sec
TDO 1

== CHANNEL f1 ===
1H
10.30 usec
3.00 d
300.1318534 MHz
32768
300.1300071 MHz
EM
0
0.30 Hz
0
1.00

w 4

9 8 7 6 5 4 ‘2 1
o RRE|S S B & 338357 R
N Inloleifled T N Y R B 1 =1 = 1R
N Qw1 a~ < < o~ o
\/ VN IR
T T T T T T T T
180 160 140 120 100 80 60 40 20 ppm
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ppm
NAME Jwg-531b-059g1
EXPNO 11
PROCNO 1
Date_ 20130718
Time 16.13
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zgpg30
TD 65536
SOLVENT CDCI3
NS 114
DS 4
SWH 17985.611 Hz
FIDRES 0.274439 Hz
1.8219508 sec
RG 574.7
DW 27.800 usec
DE 6.50 usec
TE 301.3 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
== CHANNEL f1 ====
12.50 usec

2.00 d
75.4752953 MHz

=: == CHANNEL f2 ====
CPDPRG2 waltz16
NUC2 1H
PCPD2 100.00 usec
PL2 - dB
PL12 22.74 dB
PL13 23.00 dB
SF02 300.1312005 MHz
S1 27!

SF 75.4677403 MHz
wbw EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40




| NH
“ccl
3
6a
o~
HO VOO MANO O 0 N~ [N{e] n o) oo
ITTONOMOOMOMNONN MMOMMOOMOM - N~ -l (S CS
NN ©©© < ™™ — - [
&V// / W \/ ‘ ‘ \/ NAME jwg-459¢c-076rg2
EXPNO 40
PROCNO 1
Date_ 20130403
Time 19.39
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30
TD 32768
SOLVENT cDCI3
NS 7
DS 0
SWH 6172.839 Hz
FIDRES 0.188380 Hz
AQ 2.6542580 sec
RG 181
PL1 3.00 dB
SFO1 300.1318534 MHz
S1 32768
SF 300.1300259 MHz
wow EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
ﬁﬁ %ﬂ %ﬂ ﬁﬁ %ﬂ fﬂ ﬁﬁ Fi :1
~N o o o N ~N -~ -
< =l e — o o o olo
~ N = © ~ o
8 5 888 8§ g NN©o o NAME Jwq-459¢-076rg2
~ — B I R B = NN~ © « EXPNO 22
AT Vo oo :
Date_ 20130402
Time 11.43
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zgpg30
TD 65536
SOLVENT CDCI3
NS 101
DS 4
SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG 512
DW 27.800 usec
DE 6.50 usec
TE 296.2 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
== CHANNEL f1 ====
13C
12.50 usec
2.00 d
75.4752953 MHz
= == CHANNEL f2 ====
CPDPRG2 waltz16
NUC2 1H
PCPD2 100.00 usec
PL2 - dB
PL12 22.74 dB
PL13 23.00 dB
SF02 300.1312005 MHz
S1 27!
SF 75.4677405 MHz
wbw EM
SSB 0
LB 1.00 Hz
GB 0
T T T T T T T T T l PC 1.40
180 160 140 120 100 80 60 40 20 ppm
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NLOOLONOOSTMN NDONONTNNOO N
TTTTONMOMANNA MOMOHOMOMOMONNNN Yo}
NN ©©©O TSI OMNMM —
\\/ \// \\‘W N/ NAME jwg-484a-004g1
EXPNO 10
PROCNO 1
Date_ 20130507
Time 7.22
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30
TD 32768
SOLVENT CcDCI3
NS 6
DS 0
SWH 8992.806 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG 574.7
DwW 55.600 usec
DE 6.50 usec
TE 298.2 K
D1 1.00000000 sec
TDO 1
== CHANNEL f1 =
NUC1 1H
P1 10.30 usec
PL1 3.00 dB
SFO1 300.1318534 MHz
S1 32768
SF 300.1300278 MHz
WDw EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
s | J . J
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
S|a ole S S <
N[ —|O - o~ o
- @ o med ~
o ® N oo © o aan < i
© < o ONN o o N ) © NAME Jwg-484b-005g1
R N procio :
Date_ 20130506
Time 12.38
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG 2gpg30
TD 65536
SOLVENT CcDCI3
NS 34
DS 4
SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG -
DW 27.800 usec
DE 6.50 usec
TE 299.1 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
======== CHANNEL f
NUC1
P1 12.50 usec
PL1 2.00 dB
SFO1 75.4752953 MHz
= CHANNEL f2
walt
100.00
3.0
22.74
23.00 dB
300.1312005 MHz
32768
75.4677431 MHz
EM
0
1.00 Hz
0
\ \ \ \ \ \ \ \ \ 1 PC 1.40
180 160 140 120 100 80 60 40 20  ppm
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NAME Jjwg-496a-031rgl
0 10

EXPN(

PROCNO 1
Date_ 20130522
Time 18.28
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30
TD 32768
SOLVENT cDCI3
NS 6
DS 0
SWH 8992.806 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec

PL1 3.00 dB
SFO1 300.1318534 MHz
S1 32768
SF 300.1300263 MHz
wow EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
—_*J I
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
oo | S ol |o|a] |e
= o — — AN~ —
~ [To] <tmo o
d S ggo g RPN iy NAME jwg-496a-031rgl
5 3 Gas S NN 888 EXPNO 11
T W /1 1
Date_ 20130522
Time 1 2
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zgpg30
TD 65536
SOLVENT CDCI3
NS 47
DS 4
SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG 645.1
DW 27.800 usec
DE 6.50 usec
TE 300.3 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
= CHANNEL f1
NUC1 13C
P1 12.50 usec
PL1 2.00 dB
SFO1 75.4752953 MHz
======== CHANNEL f2 ==
CPDPRG2 waltz16
NUC2 1H
PCPD2 100.00 usec
PL2 3.00 dB
PL12 22.74 dB
PL13 23.00 dB
SF02 300.1312005 MHz
Sl1 32768
SF 75.4677407 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
T T T T T T T T T l PC 1.40
180 160 140 120 100 80 60 40 20 ppm
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NAME Jwg-491c-014wl
EXPNO 10
PROCNO 1
Date_ 20130513
Time 14.56
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30
TD 32768
SOLVENT CcDCI3
NS 7
DS 0
SWH 8992.806 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG -
Dw 55.600 usec
DE 6.50 usec
TE 298.7 K
D1 1.00000000 sec
TDO 1
=== CHANNEL f1 =
10.30
3.00 dB
300.1318534 MHz

32768
300.1300285 MHz
EM

0
0.30 Hz
0
1.00
T T T T T T T T T T
9 8 7 6 5 4 3 1 ppm
=i < o N~ (N — o
O | (o} o o| o] |« [¥e]
N o — ol I — o
- o N©© o
H NN N~ n @m © _
N S AR& ] NNo N QN o NAME Jwg-491c-014wl
— - e - N~~~ © mmm EXPNO 11
W | \/ \/ | :
Date_ 20130513
Time 14.58
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zgpg30
™D 65536
SOLVENT CDCI3
NS 76
DS 4
SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG 256
DW 27.800 usec
DE 6.50 usec
TE 299.0 K
D1 2.00000000 sec
D11 0.03000002 sec
PL1 2.00 dB
SFO1 75.4752953 MHz
== = CHANNEL f2 ==
CPDPRG2 waltz16
NUC2 1H
PCPD2 100.00 usec
PL2 3.00 dB
PL12 22.74 dB
PL13 23.00 dB
SF02 300.1312005 MHz
Sl 32768
SF 75.4677400 MHz
WDwW EM
SSB 0
LB 1.00 Hz
GB 0
\ \ \ \ \ \ \ \ \ y PC 1.40
180 160 140 120 100 80 60 40 20 ppm
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NAME jwg-505b-045g1
10

EXPNO
PROCNO 1
Date_ 20130605
Time 18.09
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30
TD 32768
SOLVENT CDCI3
NS 12
DS 0
SWH 8992.806 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG 456.1
DW 55.600 usec
DE 6.50 usec
TE 299.3 K
D1 1.00000000 sec
TDO 1

== CHANNEL f1 =
NUC1 1H
P1 10.30 usec
PL1 3.00 dB
SFO1 300.1318534 MHz
S1 32768
SF 300.1300069 MHz
wDbw EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00

-
T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 ppm
3|8 3| 188||®| |8|a (&
[aViEaN) o~ Al N Ol
G aamw a Qane nRoas NAME jwg-505b-045g1
M 888 Ef NN ¢ 9 88 EXPNO 4 20
Y / Bl e :
Date_ 20130605
Time
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG 2gpg30
TD 65536
SOLVENT CcDCI3
NS 7822
DS 4
SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG .
bw 27.800 usec
DE 6.50 usec
TE 299.9 K
D1 2.00000000 sec
D11 0.03000000 sec
1
PL1 2.00 dB
SFO1 75.4752953 MHz
== CHANNEL f2 ==
waltz16
NUC2 1H
PCPD2 100.00 usec
PL2 3.00 dB
PL12 22.74 dB
PL13 23.00 dB
SF02 300.1312005 MHz
Si 32768
SF 75.4677364 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0]
T T T T T T T T T pC 1.40
180 160 140 120 100 80 60 40 20 ppm
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NAME Jwg-502b-029g1
EXPNO 10
PROCNO 1
Date_ 20130521
Time 1
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zg30
TD 32768
SOLVENT cocl3
NS 12
DS 0
SWH 8992.806 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG R
Dw 55.600 usec
DE 6.50 usec
TE 299.1 K
D1 1.00000000 sec
TDO 1
== CHANNEL f1 =:
NUC1 1H
P1 10.30 usec
PL1 3.00 dB
SFO1 300.1318534 MHz
S1 32768
SF 300.1300282 MHz
WDw EM
SSB 0
LB 0.30 Hz
GB 0
PC 1.00
e
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 ppm
@~ ol 1elele L N
o — Al -l o
™ wow N
. g OANNS- o ™ ©wo -
2 SIS 8 NNoo oo wo NAME Jwg-502b-029g1
- e Rnkal — N~~~ T mm EXPNO 20
W Al 1
Date 20130523
Time 7.22
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zgpg30
™D 65536
SOLVENT CDCI3
NS 7556
DS 4
SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG -
DW 27.800 usec
DE 6.50 usec
TE 301.1 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
= CHANNEL f1 ==
NUC1 13C
P1 12.50 usec
PL1 2.00 dB
SFO1 75.4752953 MHz
== = CHANNEL f2 ==
CPDPRG2 waltz16
NUC2 1H
PCPD2 100.00 usec
PL2 3.00 dB
PL12 22.74 dB
PL13 23.00 dB
SF02 300.1312005 MHz
| Sl 32768
SF 75.4677365 MHz
WDwW EM
SSB 0
LB 1.00 Hz
GB 0
\ \ \ \ \ \ \ \ \ 1 PC 1.40
180 160 140 120 100 80 60 40 20 ppm
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NAME Jwg-547b-074g1
EXPNO 10
PROCNO 1
Date_ 20130730
Time 17.04
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPRO! zg30
TD 32768
SOLVENT cDCI3
NS 16
DS 0
SWH 8992.806
FIDRES 0.274439
AQ 1.8219508
RG 256
DwW 55.600
DE 6.50
TE 301.3
D1 1.00000000
TDO 1

Hz
Hz
sec

usec
usec

sec

P1 10.30
PL1 3.00
SFO1 300.1318534
sl 32768
SF 300.1300288
WDwW EM
SSB 0
LB 0.30
GB 0
PC 1.00
Mw&_;
T T T T T T T T T T
9 8 7 6 5 4 3 2 1 pp
oN@NO 0| (< mvé%@ ™ —|©
S |H (00 |0 < —| O WO | 0|
|- lHlolo | | ololHlHl=] oy olo
<o OSSN OTIITNDONDND
32 SEIERIIRBRBIRNG BOY  ONON KHOYTOTOW o I
B R R I [CR=EN ©omd VOANMAN© I~ o
— - TTONMMN D W00 PO O . . O R S ) H .
55 533333959559 533Y KRR 23883 99888888 )& 3
Voo NN\ Vo NV NNV T T e sweesemorng
EXPNO 20
PROCNO 1
Date_ 20130801
Time 12.17
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG 2gpg30
D 65536
SOLVENT coClI3
NS 688
DS 4
SWH 17985.611
FIDRES 0.274439
AQ 1.8219508
RG 256
DW 27.800
DE 6.50
TE 299.9
D1 2.00000000
D11 0.03000000
TDO 1
CHANNEL f1 ===
12.50
2.00
75.4752953
CHANNEL f2 ===
waltz16
1H
100.00
3.0
22.74
23.00
300.1312005
32768
75.4677380
EM
0
1.00
0
1.40
T T T T T T T T
180 160 140 120 100 80 60 40 20 ppm
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Hz
Hz
sec

usec
usec
K
sec
sec
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NAME Jwg-549a-075cgl
EXPNO 10
PROCNO 1
Date, 20130803
Time 12.10
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPRO! zg30

TD 32768
SOLVENT cDCI3

NS 16

DS 0

SWH 8992.806 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG 56.

DwW 55.600 usec
DE 6.50 usec
TE 300.7 K
D1 1.00000000 sec
TDO 1

N 4

9 8 7 6 5 4 3 1 ppm
O (<o)~ Lo 0 <t [ [© (o)™
lsl=11=1 G4 — Olo NN
e oo e e — o oo [ I ey
~ feaNnNaaRennea oa~ Om ~YNWOD®D® N
2 JSSRBEREIREIRE NN 39 BHIBSBSS o
[ NN VAR NIZA
T T T T T T T T T
180 160 140 120 100 80 60 40 20 ppm

60

PL1 3.00 dB

SFO1 300.1318534 MHz

Sl1 32768

SF 300.1300287 MHz

WDW EM

SSB 0

LB 0.30 Hz

GB 0

PC 1.00
NAME Jwg-549a-075cgl
EXPNO 21
PROCNO 1
Date_ 20130815
Time 8.02
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG zgpg30
D 65536
SOLVENT CDCI3
NS 8378
DS 4
SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
RG 512
DW 27.800 usec
DE 6.50 usec
TE 303.3 K
D1 2.00000000 sec
D11 0.03000000 sec

PL1 2.00 dB
SFO1 75.4752953 MHz
=: CHANNEL f2

CPDPRG2 waltzl6
NUC2 1H
PCPD2 100.00 usec
PL2 3.00 dB
PL12 22.74 dB
PL13 23.00 dB
SF02 300.1312005 MHz
Si 32768

SF 75.4677363 MHz
WDW EM

SSB 0

LB 1.00 Hz
GB 0

PC 1.40
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NAME jwg-546b-072g1

EXPNO 30

PROCNO 1

Date_ 20130730

Time 18.31

INSTRUM spect

PROBHD 5 mm DUL 13C-1

PULPROG zg30

D 32768

SOLVENT CcDCI3

NS 13

DS 0

SWH 8992.806

FIDRES 0.274439

AQ 1.8219508

RG 6.1

DW 55.600

DE 6.50

TE 301.3

D1 1.00000000

TDO 1
CHANNEL f1 =

10.30

3.00

300.1318534

32768

300.1300285

EM

0

0.30

0

1.00

NAME jwqg-546b-072g1

EXPNO 11

PROCNO 1

Date_ 20130729

Time 12.43

INSTRUM spect

PROBHD 5 mm DUL 13C-1

PULPROG zgpg30

D 65536

SOLVENT CDCI3

NS 699

DS 4

SWH 17985.611

FIDRES 0.274439

AQ 1.8219508
RG -

DwW 27.800

DE 6.50

TE 302.2

D1 2.00000000

D11 0.03000000

Hz
Hz
sec

usec
usec

K
sec

Hz
Hz
sec

usec
usec

sec
sec

CPDPRG2
NUC2
PCPD2

CHANNEL f2

2
75.4752953

waltzl6

23.00
300.1312005
32768
75.4677375
EM

0

1.00

0
1.40




Part 111 HPLC Spectra

@]
| NBoc
",
CClj
Cl 3a
VWD1 A, Wavelength=254 nm {JWQ\0000365.D)
mAU ]
&
50 3
g &
v
40 - 3
o
30
20
10—_
0]
-10 T T
10 12 16 18
VWD A, Wavelength=254 nm (JWQ\0000346.D)
mAU ]
o™
] &
™
500 -
400
300+
200
100
0 T
! ! ! I I T
10 12 14 16
Peak RetTime Type Width Lrez Height Lrea
z [min] [min mAJ 3 mAd ] %
—_— | _______ —_———— | ——_————ee | ———rrrrrr | —t—_——_————— e | —F_——_——_——————
1 12.662 VB 0.35321 1.153151e4 £96.60318 100.00C0

62



| NBoc
“cCly
Br 3b

VWD1 A, Wavelength=254 nm (JWQ\0000366.0)
mAU ] A

120 R O

16.371

80
60

40 -

13.754

75
50

25

Peak RetTime Type Width Lrez Height Ere
# [min] [min mal *5 [mAU 1 %
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| NBoc
“'CCl,
3c

VWD A, Wavelength=254 nm (JWQNW0000375.D)

mAaLl |
(V)
- o)
=
7 =21
7 e
500 B
1 £
400 —
300
200 —
100 —
o \
B e e R S B
=] a 10 11
VWD1 A, Wavelength=254 nm (JWQ\0000376.D)
mau ] 2]
[t}
@
800
600
400
200
4]
T T T
B 9 10 11 12 1z
Peak RetTime Type Width Lreaz Height Erea
# [min] [min mal 5 [mAalU ] 3
____| _______ —_———— | ,t—_————e | ——_——————————— | __________________
1 2.515 VB 0.2376 1.538108e4 825.36346 100.0000
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| NBoc
“'cCly
3d

VWD1 A, Wavelength=254 nm (JWQ\0000368.D)
maU )

300+

10468

2504

11.580

200+
150 4
100 4

50

VWD1 A, Wavelength=254 nm (JWQ\0000358.D)
mAU
700 -

9.964

600 —
500 —
400 —
300 —
200 —

100 +

# [min] [min mAaT g [maT ] %
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| NBoc
»
CCl;
o 3e
150—-
] = 5
b =2}
100 4 -
50 4
4] ] L T
| I | T T
16 18 20 22 24
VWD1 A, Wavelength=254 nm (JWQ\0000363.D)
mAU §
(=]
250—-
200—-
150—-
100—-
50
0 | . T
T T T T T
16 18 20 22 24
Peak BetTime Type Width Lreaz Height Ereaz
# [min] [min mAal *5 [mAT ] 3
———| _—— | | ————————— | ——— | -———————
1 18.68B> BE 0.-ed3 1.04882e4 275.30875 100.0000
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| NBoc
Cl “y
CCl;
VWD1 A, Wavelength=254 nm (JWQ\0000367.D)
mAU ]
2
=
800
i
600 H
400 H
200+
0
| | ! I T 1 1
4] 2 4 G 10 12 1¢
VWD1 A, Wavelength=254 nm (JWQ\0000356.D)
mau 7] ‘%
2
1000 o
800 |
600 |
400
200 |
1 2
[T
1 Y
0 —
——— 7 T e e
0 2 4 6 8 10 12
Pezk RetTime Type Width Lrez Heigr Lresz
2 [min] [min mAU *g [mARU 3
____| _______ —_——— | ——_——_—-—- - - — | ——— - - - | | ———_——————
1 8.003 BE 0.2162 1.63734e4 1145.80391 S§7.378586
2 9.536 BE 0.2842 440.583Z0 25.313860 Z.08204

67



| NBoc
CCl,
ent-3f
400
350 |
] =
300 o
: (=]
250
200
150
100
50-:
0 PN LS .
0 2 4 6 8 10
Pezk BetTime Type Width Lresz Height Lrea
2 [min] [min maU g [mAU 1 S
——— |- —m—————— - ——————— —— [ —— [ ————— ———
1 B.004 BV 0.2950 29.B475E8 1.40183 0.6342
2 9.519 Vv 0.2534 467¢.70117 279.50513 99.3658
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| NBoc

I e
3h

VWD1 A, Wavelength=254 nm (JWQ\0000389.D)

mAU

80

60+

40

204

VWD1 A, Wavelength=254 nm (JWQ\0000398.D)
mAU ]
<
3
E
800
600
400
200
£
0 =z
T T T T T T T
8 9 10 1 12 13 14
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %

1 9.576 VV 0.3473 158.88475 7.3263%e-1 0.1204
2 10.834 VvV 0.2879 1.56705e4 827.58899 98.879¢6
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YWD 1 A, Wavelength=254 nm (JWQNO00037E.D)
Al
50 o~
st
n =
40 - =
30 -
20 -
10
0O —
-0 4+t 71—
10 11 12 13 14
VWD A, Wavelength=2584 nm (JVWQN0000373.D)
mAU
500
~
=
1 <
400
300 H
200
100
o
T T T T T T
10 11 12 13 14 15 16
Peak RetTime Typse Width Area Height LArea
# [min] [min] mAU * 5 [mAD ] %

el R | == == —==—=—- |-——-mm - | —=—m—m-m - R |
1 11.56l1 MM 0.3284 10.00163 5.07655e-1 0.1000
2 13.147 vv 0.3655 9994.08008 410.54727 99.9000
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VWD A, Wavelength=254 nm {JWQh\0000393.0)
maU ]
] ©
- 2
175 - w3
150—-
] b
8 N
125 - =3
100 -
?5—-
50 -
25 ]
o
——— 7 —————
4.5 5 5.5 [ 6.5 ¥
VWD1 A, Wavelength=254 nm (JWQ\00003394.D)
mAU ]| o
1 I
80
60 o
40
201
[v]
&
0 . e
T T ]
4.5 5 8.5 [3] 8.5 7 7.5
Peazk RetTime Type Width Lrez Height Lrea
# [min] [min] mAU = [m&U ]
1 5.083 VB 0.2318 11.75584 B.17676e-1 0.7779
P 6.252 VB 0.2448 149%9.524%30 8526770 899_.2271



VWD1 A, Wavelength=254 nm (JWQ\0000385.0)
mAU ]
400
300
1 )
] 3
(5]
200
100 |
| ©
0 L T L T
T T T T | T T T | T T T |' T T T T |' T T T
4.5 5 5.5 5 6.5
Peak RetTime Type Width Lre=z Height Ereaz
z [min] [min mA 5 mAaT ] =
—_— | _______ —_———— | —_————e———e | ———rrrre | —,—_—— e | —_—_——_——————
3.002 wwv 0.18le 2885.33154 244.83%955 99.1139
2 &.200 VB 0.2739 25.8B8618 1.40070 0.88el
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COsEt
da
60
g
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16 18 20 22 24 26 28
VWD A, Wavelengih=254 nm (JWQ0000199.0)
maAl 7]
200 2
J <
o™
150 4
100 4
50
%
0 : . , i
T T T T T T
15 175 20 225 25 275 30 32.5
Fezk FetTime Type Nidth Lrez Height Areaz
2 [min] [min] mAaT g [mAT 1 %
____| _______ T | __________________
1 19.808 BB 1.1094 225.61183 2.97342 1.3217
2 Z26.188 BB 1.4175 1.68448e4 180.06673 SB.6783
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CO,Et
Cl ent-4a
VWD1 A, Wavelength=254 nm (JWQ\0000278.D)
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150 o §
- @
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] o
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4 [Te]
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04 : .
T T T T I T T T T | T T T T [ T T T T [ T L] T T [
15 17.5 20 22.5 25 275
Pezk RetTime Type Width Lresz Height Ares
£ [min] [min mal *5 malU ] e
—_ | _______ —_—— | ——_————e | ——————————— | __________________
1 18.636 VB 0.9764 B599.90234 133.91527 97.1988
2 25.778 BB 1.2642 247 .84453 2.78601 2.801
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NTs
",
COEt
Br 4b
VWD1 A, Wavelength=254 nm (JWQ\0000206.D)
mau ]
B T e e e TR S S e —
20 25 30 35 40
VWD1 A, Wavelength=254 nm {JWQ\0000205.D)
mAU ]
40 \?ga
ey
a0+
20 -
104
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s
B =1
o~
0
B e T S S
20 25 30 35 40
Peak BFetTime Type Width Lreza Height Eres
# [mimn] [min] mal *5 [mAT ] 3
____| _______ B T | — | __________________
1 20.324£4 BE 0.7550 B2 .B4882 1.82085 1.89571
2 34 ,4B5 MM 2.3274 £g3531.36084 33.3082Z1 SB.042%
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“CO,Et
4c
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N
¢ i
o) .
v 1
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0 __-_'_"‘-—._ i i | /&
! | ! I ! | ! ! ! | T T T [ T T T I T T T I T T T I T 1
1R 18 m 7 pl 7R bl
VWD1 A, Wavelength=254 nm (JWQ\0000200.D)
mAU ]
400 —_
300+
200
100
2
@
o ! L
T T T T T T
168 18 20 22 24 26 28 min
Peak RetTime Type Width Lrez Height Eres
= [min] [min mAaU *g [may 1 S
—_ | _______ —_———— | ——_—————e | ——_———_————————— | __________________
1 15.7B8B9 BB 1.0187 1122.24451 16.78656 2.6605
2 23.811 BE 1.2635 £.10553e4 £83.58441 S97.3385
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VWD1 A, Wavelength=254 nm (JWQ\0000280.D)

17413

21.902

Peak RetTime Type Width Lrez Height Ere
# [min] [min mal] g [mAU ] 3
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‘CO.Et
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0
e S ' —
10 12 14 18 18 20
VWD1 A, Wavelength=254 nm (JWQ\0000212.D)
mAU ]
200 -
180 4
100 +
50
[ ]
&
s
0 .
—————————————————— :
10 12 14 16 18 20
Peak RetTime Type Width Lrez Height EArea
& [min] [min] mAU *g [mAT ] 3
____| _______ S T | __________________
1 13.863 BE 0.6876 366.44202 B.28828 Z2.85e6
2 16.0B0 BE 0.781% 1.24614e4 Z241.74977 97,1434
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| NTs
CO,Et
ent-4d

VWD A, Wavelength=254 nm (JWQ\0000279.D)

mAL
] 5
=
i o
200
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100
50 |
] 2
- o
1 e
D_ } T
— : e T
10 12 14 16 18
Pezk RetTime Type Width Lrez Height Areaz
# [min] [min mAU *g [maU ] %
____| _______ I I | __________________
1 13.487 wv 0.6436 8033.106845 211.82572 896.58%96
2 16.278 VB 0.8552 317.97220 5.47500 3.4004
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“'CO,EL
4e

304

B s S S S T A — Tt
10 12 14 16 18 20 22 24 26 miny
YWD1 A, Wavelength=254 nm (JWQ\0000240.D)
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g
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T T T T T T T T
10 12 14 16 18 20 22 24 26 min
Peak RetTime Type Width Lrea Height Erez
# [min] [min mAal g [mAT ] %
____| _______ —_———— | _——_————_e—e | ——_————————— | __________________
1 Z20.1EEB BE 1.0734 Z211.1%9847 2.80526 3.0852
Z2 24,3351 BE 1.253¢ £e34.38184 BO0.4216% ©96.8148
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CO,Et

ent-4e

VWD1 A, Wavelength=254 nm (JWQ\0000276.D)

mAU
80
b3
z
60
40
20
S
] o
o
0_ |_,_-"'_'_'_‘_‘_'k—-—-_
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10 12 14 18 18 20 22 24 26
ak RetTime Type Width Lrez Height Eresa
# [min] [min mAal g [maT ] %
____| _______ —_———— | _————e—e | ——_————————— | __________________
1 1%5.841 EBEE 1.0%915 4£622.03711 ©3.89582 96.1170
2 25.208 BE 1.15361 1B86.7Z2440 2.15582 3.B830
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| NTs

“'COLEL
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VWD1 A, Wavelength=254 nm (JWQ\0000222.D)
mAU

26.597

VWD1 A, Wavelength=254 nm (JWQ\0000221.D)
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e e e A e oy
Peak FRetTime Type Width Lrez Heigh Lrez
# [min] [min mAT *g [mAT ] %
____| _______ —_———— | ——_—————e | —_——_——_——————— | __________________
1 27.701 MM 1.381e 10.200453 2.33363 1.8583
Z2 33.477 EE 1.6123 1.0308¢ced 89.12168 ©98.0017
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CO,Et
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VWD1 A, Wavelength=254 nm (JWQ\0000281.D)
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T T T S L TR S :
20 22.5 25 27.5 30 32.5 35 375
Peazk EetTime Type Width Lresz Height Ares
# [min] [min mAT *g mal ] %
____| _______ —_———— | ,t———ee | —————_—————————— | __________________
1 Z2&.32332 BE 1.2114 Z.4Bg-Zed 312.28837 97.8222
2 33.200 BE 1.4650 527.615%91 5.3234% 2.0778
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Cl | NTs
“'CO,Et
49

VWD1 A, Wavelength=254 nm (JWQ\0000227.D)
mAL

80—

60

30.686
33.550

40

20

VWD A, Wavelength=254 nm (JWQ\0000226.0)
mAU

250 ]
200—- g
160 4
100—:

50+

# [min] [min mAU 5 [mAal 1 3

6Bboed 181.45776 24.31
53.22620 8.36277 5.68
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“'CO,EL
4h

VWD1 A, Wavelength=254 nm (JWQ\0000266.D)
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-10 — B A R
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VWD1 A, Wavelength=254 nm {JWQ\0000265.D)
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Pezk FetTime Type Width Lreaz Heigh Eres
# [min] [min mal 5 mAU ] 3
—_— | _______ —_—————_———————e | ———_————————— | __________________
1 22.220 BR 1.518¢ 2.00410e4 192 .31256 97.83%84
2 32.240 BE 1.9864 447.535¢l 2.66158 2.1604
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VWD A, Wavelength=254 nm (JWQ\0000249.D)
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VWD1 A, Wavelength=254 nm (JWQ\0000251.D)
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Peak BRetTime Type Width Lrea Height Erea
# [min] [min] mad g [mAT ] %
____| _______ —_—————_———————— | ——_—————————— | __________________
1 20.156 BB 0.9230 210.29291 3.49g20C 4.2457
2 23.1B6 BE 0.9850 4747 BZ2471 T2.047T4 85 .TE43
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VWD1 A, Wavelength=254 nm (JWQ\0000314.D)
T =+
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16 18 20 22 24 26 28
Pezk RetTime Type Width Area Height Area
# [min] [min mAT g mAal ] %
____| _______ —_——— | ——_———_————e | ——————— e —— | __________________
1 18.724 VB 0.8872 5354.57813 92.859741 92.2085
2 23.402 BE 1.0653 452.38388 6.59505 7.7805
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VWD A, Wavelength=254 nm (JWQ\0000273.D)
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Peak EBRetTime Type Width Lrez Height Erez
# [mimn] [min mAT *g mAT ] %
1 20.250 vB 0.9818 608.687859 9.49857 .9681
2 24,727 BB 1.2045 glBB.63574 77.81319 91.0319
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Peak RetTime Type Width Lrez Height Erez
F [min] [min mAl g mAal ] %
____| _______ —_———— e —_———————e | ———————eer | ——_——_——_——_————e | ——_——_——————
1 15,408 vV 0.5797 1.03695e5 19,1254%  Sg5.45¢82
2 18.46%9 VWV 0.6316 3B09.754c4 87.78214 3.543R
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VWD1 A, Wavelength=220 nm (JWQ\000538.D)
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0 v L T
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Peak BetTime Type Width Lrez Height Lrea
# [min] [min mAU 3 [m&aU 1 %
____| _______ —_—————_———————_e | ——_—————————— | __________________
1 21.034 vV 0.7028 2.11791e4 £43.43176 S6.B6:2D
2 27.104 wv 0.9050 e6B5.24738 11.16%44 3.1341
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—_—— | _________________ | __________________
1 7344 £.35027e4 op2.05725
2 2844  242.22084 4.56452
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1 18.679 BB 0.5680 1376.66724 36.2699%97 100.0000
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1 24.898 BB 0.7017 3718.0886%91 77.58883 100.0000
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VWD1 A Wavelength=220 nm (JWQ\000569.D)
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Pezk BetTime Type Width Lrez Heigh Lresz
# [min] [min] mAU = [mAU ] %
____| _______ —_———— | _,———e e | e ——_————— | __________________
1 22.21% MM 1.2175 764.18283 10.46087 3.6253
2 27.227 VB 1.373% 2.03151e4 225.27350 86.3747
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Feak FetTime Type Width Lrez Height Arez
# [mim [min mal *5 [mAT ] S
—_——— | _______ —_———— | _,——————_— | —_——_——_——————— | __________________
1 B.845 MM 0.2818 195.51%938 11.56259 3.0057
2 10.998 vV 0.326B0 £309.34473 249.31384 96.9043
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