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1. General information

NMR spectra were recorded on a Bruker-400 MHz spectrometer. Chemical shifts (8) are given in ppm relative to
TMS. The residual solvent signals were used as references and the chemical shifts converted to the TMS scale
(CDCls: 8H = 7.26 ppm, 8C = 77.16 ppm). Optical rotations were determined at 589 nm (sodium D line) by using
a Perkin-Elmer-343 polarimeter. The high resolution mass spectra were recorded on a Thermo LTQ Orbitrap XL
(EST") or a P-SIMS-Gly of Bruker DaltonicsInc (ET"). HPLC analysis was performed on Waters-Breeze (2487 Dual
A Absorbance Detector and 1525 Binary HPLC Pump). Chiralpak IE, IF, IG, IC, OD-H, AD-H, OJ columns were
purchased from Daicel Chemical Industries, LTD. Infrared spectra were recorded on a Nicolet MX-1E FT-IR
spectrometer. The absolute configuration of 8 was assigned by the X-ray analysis.

Materials: Starting materials were purchased from commercial suppliers (Aldrich, Acros, TCI, Energy Chemical,
Adamas-Beta, J&K, etc.) and used as supplied unless otherwise stated. Pd>(dba)s; was purchased from Aldrich. All
solvents were purified and dried according to standard methods prior to use, unless stated otherwise.

2. Optimization of reaction conditions

2.1 Optimization of general conditions

Pdy(dba); (2.5 mol%)
L* (7.5 mol%)

H 2,5-DMBQ (120 mol%)
Q Na,CO3 (100 mol%)
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L1: Ar = 4-NO,-Ph L2: Ar = 4-NO,-Ph, R = CF L4: Ar = 4-CI-Ph
L3: Ar = 4-NO,-Ph, R = NO, L5: Ar = 4-CF3-Ph

entry L solvent base temp. yield (%)° e.e. (%)° d.r. b/l
1 L1 toluene Na,COs 60 °C 18 9 10:1 8:1
2 L2 toluene Na,COs 60 °C 57 62 19:1 >20:1
3 L3 toluene Na,COs 60 °C 25 39 19:1 20:1
4 L4 toluene Na,COs 60 °C 88 76 12:1 >20:1
5 LS toluene Na,COs 60 °C 75 84 15:1 >20:1
6 LS THF Na,CO; 60 °C 95 78 >20:1 20:1
7 LS DCM Na,CO; 60 °C 89 75 15:1 >20:1
8 L5 1,4-dioxane Na,COs 60 °C 89 86 >20:1 >20:1
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9 LS MTBE NaxCOs 60 °C 95 82 18:1 14:1

10 LS p-xylene NaxCOs 60 °C 95 86 13:1 >20:1
11 LS toluene NaOAc 60 °C 95 85 14:1 >20:1
12 L5 toluene K>HPO4 60 °C 95 85 14:1 20:1
13 LS toluene Li>CO3 60 °C 95 84 13:1 15:1
14 LS toluene Cs2CO3 60 °C 48 69 10:1 13:1
15 L5 toluene NaHCO3 60 °C 83 85 15:1 >20:1
16 L5 toluene Et;N 60 °C 79 84 17:1 10:1
17 L5 toluene NaOAc 50 °C 30 88 21:1 >20:1
18 L5 1,4-dioxane NaOAc 50 °C 65 87 >20:1 20:1
19 L5 1,4-dioxane NaOAc 55°C 94 86 >20:1 20:1
20 L5 1,4-dioxane NaOAc 50 °C 95d 87 >20:1 >20:1

aReaction conditions: 5 (0.10 mmol), 1 (0.20 mmol), base (0.10 mmol), Pd2(dba)3(0.0025 mmol), L (0.0075 mmol),
2,5-DMBQ (0.12 mmol), toluene (1.0 mL), 60 °C, 12 h. >20:1 d.r., >20:1 b/l, which were determined by ' H nuclear
magnetic resonance (NMR) analysis of the crude products. The absolute stereochemistry of 3a was assigned by
analogy. "Determined by ! H NMR analysis of the crude products based on internal standard. “Determined by high
performance liquid chromatography using a chiral column. 924 h.

2.2 Screening of Pd catalytic capacity

Pd,(dba)z (n mol%)
L5* (1.5n mol%)
2,5-DMBQ (120 mol%) 74

Q H aOAc mol%
S>—>~NC> ¥ \/LnCSH11 NaOAe (100 mol%) S/ nCsH1q
[ I N 1,4-dioxane, 60 °C, 24 h [ :[N NC>
6 1 8 °
Entry n yield (%)° e.c. (%)° d.r. b/l
1 1 trace - - -
2 1.5 18 90 18:1 18:1
3 2 59 91 >20:1 >20:1
4 2.5 93 90 >20:1 >20:1

aReaction conditions: 6 (0.10 mmol), 1 (0.20 mmol), base (0.10 mmol), Pd>(dba);(0.0025 mmol), L5 (0.0075 mmol),
2,5-DMBQ (0.12 mmol), 1,4-dioxane (1.0 mL), 60 °C, 24 h. >20:1 d.r., >20:1 b/l, which were determined by ' H
nuclear magnetic resonance (! HNMR) analysis of the crude products. The absolute stereochemistry of 3a was
assigned by analogy. "Determined by ' H NMR analysis of the crude products based on internal standard.
*Determined by high performance liquid chromatography using a chiral column.
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3. Experimental procedures for the synthesis of compounds s1, s2-s7 and L1-L7

3.1 Synthesis of s1

)‘\/\ ek )‘\/\
+ W
OH Br 0/\/\/\

DMF, 0 °C to rt
To a cooled suspension of NaH (0.48 g, 12 mmol, 60% in mineral oil) in DMF (10 ml) was slowly added 3-methyl-
3-buten-1-o0l (1.0 mL, 10 mmol) at 0 °C. Then 6-bromo-1-hexene (1.2 mL, 10 mmol) was added slowly and the
reaction was allowed to warm to RT. After stirring at RT for 16 h, the resulting suspension was poured into saturated
aqueous NH4Cl at 0 °C and extracted with n-hexane (10 mL x 3). The n-hexane layer was washed with H>O (10 mL
x 3), brine (10 mL), dried over NaxSOs, filtered, and concentrated in vacuo. Purification of the residue by column
chromatography (n-hexane) gave s1.!
6-((3-methylbut-3-en-1-yl)oxy)hex-1-ene (s1).

)\/\O/\/\/\

Colorless liquid. Yield: 53%, 0.9 g.

'H NMR (400 MHz, CDCl3) 8 5.92 — 5.69 (m, 1H), 5.10 — 4.89 (m, 2H), 4.82 — 4.66 (m, 2H), 3.52 (t, J = 7.0 Hz,
2H), 3.43 (t, J= 6.6 Hz, 2H), 2.30 (td, J= 7.0, 1.2 Hz, 2H), 2.14 — 2.02 (m, 2H), 1.75 (s, 3H), 1.64 — 1.54 (m, 2H),
1.50 — 1.40 (m, 2H).

I3C NMR (101 MHz, CDCl3) 6 142.99, 138.76, 114.45, 111.27, 70.75, 69.32, 37.81, 33.56, 29.17, 25.50, 22.76.
IR (KBr): y : 3076, 2971, 2936, 2859, 1641, 1441, 1374, 1115, 993, 909, 748 cm™'.

HRMS (ESI): m/z [M + H] * calcd for [C11H210] * requires 169.1587, found 169.1589.

3.2 Synthesis of s2-s7

0]
e - Ay et 390
SN O THF, 0°Ctort oy Ay
General procedure I: To a solution of 2-chlorobenzothiazole (1 equiv.) and 1-(piperidin-1-yl)ethan-1-one (1.5
equiv.) in THF (0.67 M) at 0 <C was added NaHMDS (3 equiv., 2.0 M in THF) over 5 min. After stirringat 0 <C
for 5 h, the reaction was warmed to room temperature and stirred for 18 h before being quenched carefully with 1
M aqueous NH.4Cl solution. The aqueous layer was separated and extracted with ethyl acetate (3 x 10 mL/10 mmol ).

The combined organic layers were dried cove Na»SOs, filtered, and concentrated in vacuo. Purification of the
residue by column chromatography (CH.Cl, to 2% MeOH/CHCl,) gave the corresponding product. 2

2-(6-chlorobenzo[d]thiazol-2-yl)-1-(piperidin-1-yl)ethan-1-one (s2).

0
cl s>_>\—N
T

Wheat solid. Yield: 96%.

TH NMR (400 MHz, CDCls3) 8 8.00 — 7.70 (m, 2H), 7.40 (dd, J = 8.7, 2.1 Hz, 1H), 4.21 (s, 2H), 3.72 — 3.39 (m,
4H), 1.72 — 1.42 (m, 6H).

I3C NMR (101 MHz, CDCl3) 8 165.60, 165.50, 151.07, 137.10, 130.96, 126.70, 123.46, 121.16,47.36,43.28,39.33,
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26.36,25.41, 24.34.
IR (KBr): v :2937, 2856, 1646, 1591, 1473, 1266, 1222, 1136, 1014, 952, 815, 765, 670 cm".
HRMS (ESI): m/z [M + H] * caled for [C14H16CIN,OS] * requires 295.0666, found 295.0679.

2-(6-bromobenzo|d]thiazol-2-yl)-1-(piperidin-1-yl)ethan-1-one (s3).

0
Br S>jN

T
Beige solid. Yield: 94%.
'H NMR (400 MHz, CDCls) & 8.01 (d, J = 2.0 Hz, 1H), 7.82 (d, J= 8.7 Hz, 1H), 7.55 (dd, J = 8.7, 2.0 Hz, 1H),
4.22 (s, 2H), 3.64 — 3.32 (m, 4H), 1.90 — 1.39 (m, 6H).
BCNMR (101 MHz, CDCl3) 8 165.58, 165.56, 151.40, 137.60, 129.40, 124.10, 123.84, 118.65, 47.36, 43.29, 39.34,
26.37,25.42,24.35.

IR (KBr): v : 2929, 2854, 1644, 1435, 1266, 1136, 1015, 813, 749 cm’".
HRMS (ESI): m/z [M + H] * caled for [C14H16BrN2OS] * requires 339.0161, found 339.0172.

2-(4-fluorobenzo[d]thiazol-2-yl)-1-(piperidin-1-yl)ethan-1-one (s4).
0
S N
N
F

Light yellow solid. Yield: 67%.

'TH NMR (400 MHz, CDCls) 8 7.64 (d, J = 8.1 Hz, 1H), 7.33 (td, /= 8.0, 4.6 Hz, 1H), 7.16 (dd, /= 10.4, 8.1 Hz,
1H), 4.28 (s, 2H), 3.69 — 3.49 (m, 4H), 1.74 — 1.49 (m, 6H). ’F NMR (376 MHz, CDCl3) § -122.99.

3C NMR (101 MHz, CDCls) & 165.82, 165.64, 156.82, 154.28, 141.24, 141.11, 138.72, 138.68, 125.80, 125.73,
117.28, 117.24, 111.61, 111.43, 47.32, 43.28, 39.32, 26.34, 25.42, 24.34.

IR (KBr): y : 2943, 2845, 1634, 1567, 1443, 1257, 1186, 1013, 776, 748 cm’".

HRMS (ESI): m/z [M + H] * caled for [C14H16FN2OS] * requires 279.0962, found 279.0967.

1-(piperidin-1-yl)-2-(6-(trifluoromethyl)benzo[d]thiazol-2-yl)ethan-1-one (s5).

Red solid. Yield: 52%.

'"H NMR (400 MHz, CDCI3) § 8.18 (s, 1H), 8.06 (d, J= 8.5 Hz, 1H), 7.70 (d, J = 8.6, 1.7 Hz, 1H), 4.28 (s, 2H),
3.71 - 3.48 (m, 4H), 1.72 — 1.51 (m, 6H). F NMR (376 MHz, CDCl3) 6 -61.38.

13C NMR (101 MHz, CDCls) & 168.34, 165.42, 154.40, 136.00, 123.08, 122.92, 122.88, 119.27, 119.23, 47.34,
43.31, 39.35, 26.37, 25.40, 24.32.

IR (KBr): y: 2937, 2858, 1644, 1510, 1445, 1412, 1320, 1275, 1164, 1122, 1082, 1050, 828 cm'.

HRMS (ESI): m/z [M + Na] * calcd for [C1sHisF3N2NaOS] * requires 351.0749, found 351.0759.

2-(6-methylbenzo[d]thiazol-2-yl)-1-(piperidin-1-yl)ethan-1-one (s6).
o}
Me S N
T
N
Yellow solid. Yield: 91%.

S5



TH NMR (400 MHz, CDCl3) 6 7.84 (d, J = 8.3 Hz, 1H), 7.64 (s, 1H), 7.25 (d, J= 7.3 Hz, 1H), 4.20 (s, 2H), 3.77 —
3.41 (m, 4H), 2.47 (s, 3H), 1.66 — 1.38 (m, 6H).

I3C NMR (101 MHz, CDCl3) 8 165.94, 163.69, 150.72, 135.98, 135.11, 127.49, 122.19, 121.30, 47.41,43.24, 39.75,
26.32,25.42,24.36,21.51.

IR (KBr): v : 2934, 2855, 1646, 1515, 1455, 1258, 1219, 1137, 1015, 952, 852, 814, 736, 619 cm™.

HRMS (ESI): m/z [M + H] * caled for [C15H19N,OS] * requires 275.1213, found 275.1219.

2-(6-methoxybenzo[d]thiazol-2-yl)-1-(piperidin-1-yl)ethan-1-one (s7).

Yellow solid. Yield: 90%.

'"H NMR (400 MHz, CDCI3) 8 7.84 (d, J = 8.9 Hz, 1H), 7.31 (d, J = 2.5 Hz, 1H), 7.05 (dd, J = 8.9, 2.5 Hz, 1H),
4.19 (s, 2H), 3.87 (s, 3H), 3.66 — 3.48 (m, 4H), 1.71 — 1.43 (m, 6H).

BCNMR (101 MHz, CDCl3) 8 165.99, 162.15, 157.58, 147.09, 137.15, 123.16, 115.31, 103.96, 55.80, 47.40, 43.24,
39.62,26.33,25.42,24.37.

IR (KBr): y : 2926, 2854, 1638, 1603, 1465, 1260, 1226, 1055, 749 cm™.

HRMS (ESI): m/z [M + H] * calcd for [C15H19N202S] * requires 291.1162, found 291.1169.

3.3 Synthesis of L.1-L.7

¥ Y
OH
(R) I ] OH R
PCls, EtsN S8 O R ‘O
> (R)

RoR{NH; RoR{N—PH,

(6}
O

DCM, 0 °C to 40 °C DCM, 40 °C ‘O
I R

General procedure II: To a stirred solution of EtN (5 equiv) and 9H-carbazole (1.5 equiv) in dichloromethane
(0.1 M, dried over CaH>) at 0 °C was slowly added PCls (1.5 equiv, 2.0 M in DCM), and the mixture was stirred at
40 °C for 4 h. After the reaction mixture was cooled down to 0 °C, S8 (1 equiv) was added as solid in one portion.

SP-NR4R,

The reaction mixture was further stirred at 40 °C overnight. The resulting mixture was cooled down to 0 °C and
quenched carefully with water. The aqueous layer was separated and extracted with DCM. The combined organic
layers were dried over Na;SOa, filtered, and concentrated in vacuo. Purification of the residue by column
chromatography (SiO», light petroleum/dichloromethane 10:1 to 1:1) to provide L. 3

9-(2,6-bis(4-(trifluoromethyl)phenyl)-8,9,10,11,12,13,14,15-octahydrodinaphtho[2,1-d:1',2'-
f][1,3,2]dioxaphosphepin-4-yl)-9H-carbazole (L.1).

S6



White solid. Yield: 81%, [a]p®® = -320.7 (¢ 0.34, CHCl5).

IH NMR (400 MHz, CDCls) 5 7.93 — 7.76 (m, 2H), 7.72 (d, J = 8.2 Hz, 2H), 7.58 (d, J = 8.2 Hz, 2H), 7.29 (s, 1H), 7.25
~6.79 (M, 8H), 6.64 (s, 1H), 6.52 (d, J = 8.0 Hz, 2H), 3.10 — 2.92 (m, 2H), 2.91 — 2.73 (m, 4H), 2.66 (dt, J = 16.4, 5.3
Hz, 1H), 2.55 (dt, J = 16.9, 5.7 Hz, 1H), 2.11 — 1.86 (m, 6H), 1.85 — 1.69 (m, 2H). °F NMR (376 MHz, CDCls) § -
62.30, -62.51. P NMR (162 MHz, CDCl3) & 140.29.

13C NMR (101 MHz, CDCls) & 144.55, 144.03, 141.34, 140.91, 139.41, 139.02, 139.00, 138.69, 135.66, 135.64,
135.40, 131.06, 130.89, 130.82, 130.46, 130.41, 130.14, 129.84, 129.81, 129.45, 129.35, 129.33, 129.13, 128.66,
128.17,127.84,125.54, 125.24,125.21, 123.82, 123.78, 122.84, 122.61, 121.30, 119.10, 29.34, 29.06, 28.03, 27.98,
22.84,22.74,22.74, 22.59.

IR (KBr): v : 2927, 2856, 1617, 1441, 1324, 1260, 1209, 1190, 1164, 1125, 1067, 1018, 980, 944, 837, 796, 751
cm-1.

HRMS (ESI): m/z [M + H] * caled for [C46H35FsNO2P] * requires 778.2304, found 778. 2299.

9-(2,6-bis(4-fluorophenyl)-8,9,10,11,12,13,14,15-octahydrodinaphtho[2,1-d:1',2'-f][1,3,2]dioxaphosphepin-4-
yD)-9H-carbazole (L2).

White solid. Yield: 86%. [a]p** =-211.4 (¢ 0.57, CHCl5).

TH NMR (400 MHz, CDCl3)3 7.86 (d, J= 7.7 Hz, 2H), 7.61 (dd, J= 8.7, 5.4 Hz, 2H), 7.29 (s, 1H), 7.22 — 7.14 (m, 3H),
7.12 - 6.86 (m, 5H), 6.64 (s, 1H), 6.49 — 6.27 (m, 4H), 3.07 — 2.92 (m, 2H), 2.91 — 2.74 (m, 4H), 2.68 (dt, J = 16.4, 5.3
Hz, 1H), 2.55 (dt, J = 17.0, 5.7 Hz, 1H), 2.10 — 1.86 (m, 6H), 1.85 — 1.69 (m, 2H)."F NMR (376 MHz, CDCls) § -
115.16, -116.78. 3'P NMR (162 MHz, CDCls) & 139.18.

13C NMR (101 MHz, CDCls) 8 162.31, 161.45, 159.86, 159.01, 143.59, 143.56, 142.94, 140.46, 137.05, 137.03,
136.68, 134.28, 134.27, 133.99, 132.20, 132.17, 130.94, 130.91, 130.14, 130.12, 130.08, 130.05, 130.04, 129.90,
129.45, 129.40, 128.98, 128.90, 128.24, 128.22, 124.16, 119.95, 118.03, 114.21, 113.99, 112.73, 112.52, 28.27,
28.00, 26.91, 26.82, 21.86, 21.75, 21.59.

IR (KBr): y : 2927, 2855, 1597, 1512, 1473, 1441, 1392, 1260, 1209, 1156, 1096, 1021, 944, 834, 804, 750 cm™.
HRMS (ESI): m/z [M + H] * calcd for [CasH35F2NO,P] * requires 678.2368, found 678.2378.

9-(2,6-bis(4-chlorophenyl)-8,9,10,11,12,13,14,15-octahydrodinaphtho[2,1-d:1',2'-f][1,3,2]dioxaphosphepin-4-
yD)-9H-carbazole (L3).
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White solid. Yield: 89%. [a]p?® = -161.3 (¢ 0.19, CHCl5).

'H NMR (400 MHz, CDCls) 6 7.78 (d, J = 7.7 Hz, 2H), 7.58 (d, J = 7.6 Hz, 2H), 7.26 (t, J = 3.9 Hz, 2H), 7.18 (d,
J=115Hz, 2H), 7.09 (t, J = 7.4 Hz, 2H), 6.96 (d, J = 8.8 Hz, 2H), 6.69 — 6.53 (M, 4H), 6.38 (d, J = 7.2 Hz, 2H),
3.03-2.86 (m, 2H), 2.86 — 2.70 (m, 4H), 2.63 (dt, J = 16.4, 5.3 Hz, 1H), 2.51 (dt, J = 16.9, 5.8 Hz, 1H), 1.91 (m,
6H), 1.79 — 1.64 (m, 2H). *'P NMR (202 MHz, CDCls) & 138.92.

13C NMR (101 MHz, CDCls) & 144.84, 144.81, 144.20, 141.72, 138.01, 137.99, 137.63, 137.44, 136.14, 135.23,
135.22, 134.97, 132.37, 132.21, 132.18, 131.21, 130.59, 130.54, 130.38, 129.63, 129.60, 129.58, 129.43, 129.41,
128.48, 128.27, 127.23, 126.89, 125.89, 125.16, 120.86, 119.09, 29.45, 29.19, 28.07, 28.00, 23.07, 22.96, 22.80.
IR (KBr): y : 2925, 2854, 1494, 1441, 1425, 1387, 1260, 1209, 1151, 1091, 1016, 979, 944, 795, 750 cm™.
HRMS (ESI): m/z [M + H] * caled for [C44H34CI:NO2P] * requires 710.1777, found 710.1783.

9-(2,6-bis(4-nitrophenyl)-8,9,10,11,12,13,14,15-octahydrodinaphtho[2,1-d:1',2'-f][1,3,2]dioxaphosphepin-4-
yD)-9H-carbazole (L4).

Yellow solid. Yield: 78%. [a]p** =-190.9 (c 0.49, CHCI;).

1H NMR (400 MHz, CDCls) 5 8.41 — 8.29 (m, 1H), 8.21 — 8.0 (m, 2H), 7.92 — 7.64 (m, 4H), 7.54 — 7.41 (m, 2H), 7.31
(s, 1H), 7.19 (d, J = 8.3 Hz, 2H), 7.09 — 6.79 (m, 3H), 6.68 (s, 1H), 6.59 — 6.44 (m, 2H), 3.05 — 2.93 (m, 2H), 2.89 — 2.72
(m, 4H), 2.64 (dt, J = 16.5, 5.2 Hz, 1H), 2.54 (dt, J = 17.1, 5.7 Hz, 1H), 2.09 — 1.85 (m, 6H), 1.83 — 1.66 (m, 2H).

3P NMR (162 MHz, CDCls) 6 140.47.

13C NMR (101 MHz, CDCls) 6 148.07, 146.99, 145.43, 144.97, 144.48, 144.46, 143.95, 143.88, 142.33, 139.90, 139.88,
139.64, 136.06, 135.79, 130.97, 130.48, 130.43, 130.38, 130.36, 130.05, 130.02, 129.95, 129.31, 129.10, 128.33, 124.39,
123.59, 122.31, 121.45, 29.32, 29.03, 28.07, 28.03, 22.72, 22.63, 22.62, 22.48.

IR (KBr): y : 2926, 2855, 1597, 1515, 1440, 1343, 1275, 1260, 1208, 1150, 1107, 750 cm*.

HRMS (ESI): m/z [M + H] * caled for [C44H35N306P] * requires 732.2258, found 732.2253.

Dimethyl 4,4'-(4-(9H-carbazol-9-y1)-8,9,10,11,12,13,14,15-octahydrodinaphtho[2,1-d:1',2'-f]
[1,3,2]dioxaphosphepine-2,6-diyl)dibenzoate (L5).

White solid. Yield: 71%. [a]p? = -289.1 (c 3.58, CHCl;).
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'H NMR (600 MHz, Toluene-ds, 80 <C) § 7.96 — 7.85 (m, 2H), 7.61 (dt, J = 8.3, 1.6 Hz, 4H), 7.44 (d, J = 8.0 Hz, 2H),
7.19-7.13 (m, 2H), 7.07 (s, 1H), 6.98 (t, J = 6.5 Hz, 2H), 6.85 (t, J = 7.7 Hz, 2H), 6.60 (s, 1H), 6.55 (dd, J = 8.3, 1.3 Hz,
2H), 3.55 (s, 3H), 3.45 (s, 3H), 2.79 — 2.66 (m, 4H), 2.63 — 2.51 (m, 3H), 2.42 (dt, J = 17.0, 5.8 Hz, 1H), 1.83 — 1.65 (m,
6H), 1.63 — 1.54 (m, 1H), 1.53 — 1.43 (m, 1H). 3P NMR (162 MHz, CDCl3) 6 139.74.

13C NMR (101 MHz, CDCls) *C NMR (101 MHz, CDCls) & 166.89, 166.66, 144.64, 144.08, 141.95, 141.34,
140.44, 138.92, 138.91, 138.62, 135.57, 135.31, 131.15, 130.94, 130.50, 130.45, 129.98, 129.57, 129.55, 129.52,
129.33, 129.31, 128.87, 128.33, 128.28, 127.19, 125.14, 120.94, 119.23, 51.98, 51.71, 29.34, 29.06, 28.02, 27.97,
22.84, 22.75, 22.60.

IR (KBr): y: 2945, 2854, 1727, 1715, 1608, 1434, 1393, 1275, 1208, 1156, 1104, 1020, 980, 944, 750 cm™,
HRMS (ESI): m/z [M + H] + calcd for [C48H41NOG6P] + requires 758.2666, found 758.2662.

9-(2,6-bis(4-nitrophenyl)dinaphtho|2,1-d:1',2'-f][1,3,2]dioxaphosphepin-4-yl)-9H-carbazole (L6).

O:PfN
99 O! )

Yellow solid. Yield: 69%. [a]p** =-9.5 (¢ 3.10, CHCl5).

'H NMR (600 MHz, Toluene-ds, 80 T) & 7.82 (s, 1H), 7.78 (d, J = 8.3 Hz, 1H), 7.77 — 7.72 (m, 2H), 7.60 (d, J = 8.2
Hz, 1H), 7.58 — 7.50 (M, 4H), 7.49 — 7.45 (m, 2H), 7.42 (d, J = 8.7 Hz, 2H), 7.33 (s, 1H), 7.31 (ddd, J = 8.1, 6.8, 1.1 Hz,
1H), 7.26 (ddd, J = 8.1, 6.7, 1.1 Hz, 1H), 7.17 — 6.98 (m, 6H), 6.8 (t, J = 7.5 Hz, 2H), 6.52 (d, J = 8.5 Hz, 2H). 3P NMR
(162 MHz, CDCls)  147.73.

13C NMR (101 MHz, CDCls) & 146.31, 145.87, 145.84, 144.78, 144.10, 142.59, 141.00, 139.90, 138.43, 131.99,
131.97, 131.80, 131.40, 131.38, 131.08, 130.62, 130.52, 130.45, 129.69, 129.67, 129.43, 128.57, 127.79, 126.48,
126.28, 126.08, 125.48, 125.40, 125.03, 124.96, 124.76, 123.29, 123.27, 122.65, 121.33, 120.66, 119.25, 118.36,
114.66, 109.52.

IR (KBr): v : 2961, 2924, 2853, 1598, 1518, 1453, 1346, 1260, 1207, 1150, 1096, 1020, 959, 841, 799, 750 cm™.
HRMS (ESI): m/z [M + H] * caled for [C44H27N306P] * requires 724.1632, found 724.1636.

N-(benzo[d][1,3]dioxol-5-yl)-2,6-bis(4-nitrophenyl)-N-((perfluorophenyl)methyl) dinaphtho [2,1-d:1',2'-
f][1,3,2]dioxaphosphepin-4-amine (L7).

F

NO,
T
SO
o.
of™N F F
OO O
L
NO,
Yellow solid. Yield: 62%, [a]p?® = -154.1 (¢ 2.45, CHCl5).
IH NMR (400 MHz, CDCls) § 8.48 — 8.41 (m, 2H), 8.38 (d, J = 8.5 Hz, 2H), 8.23 (s, 1H), 8.16 (s, 1H), 8.15 — 8.10
(m, 2H), 8.05 (dd, J = 8.2, 3.4 Hz, 2H), 7.9 (d, J = 8.6 Hz, 2H), 7.61 — 7.51 (m, 2H), 7.50 — 7.44 (m, 1H), 7.44 —
7.33 (M, 3H), 6.30 (d, J = 8.2 Hz, 1H), 5.78 (dd, J = 18.5, 1.5 Hz, 2H), 5.61 (dd, J = 8.2, 2.0 Hz, 1H), 5.07 (s, 1H),
4.45 (t, J = 12.2 Hz, 1H), 3.76 (d, J = 14.0 Hz, 1H). °F NMR & -142.80 (dd, J = 22.6, 8.4 Hz), -153.74 (t, J = 20.8
Hz), -161.89 (td, J = 22.0, 8.5 Hz). *P NMR (162 MHz, CDClg) & 135.27.
13C NMR (101 MHz, CDCI3) 3C NMR (101 MHz, CDCl3) & 147.91, 147.54, 147.38, 146.28, 146.23, 146.20,
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146.17, 145.72, 144.33, 143.91, 133.59, 133.35, 132.89, 132.41, 132.39, 131.37, 131.34, 131.31, 131.24, 131.11,
130.94, 130.70, 128.84, 128.81, 127.45, 127.26, 126.95, 126.80, 126.10, 125.93, 125.38, 125.32, 124.50, 124.47,
124.16, 124.11, 123.50, 123.46, 123.43, 120.67, 120.59, 107.77, 107.74, 106.95, 106.88, 101.66, 37.65.

IR (KBr): vy : 3057, 2900, 2855, 1655, 1600, 1505, 1454, 1346, 1260, 1207, 1192, 1126, 1020, 953, 8852, 835, 755
cm,

HRMS (ESI): m/z [M + H] * caled for [C4sH26FsN3OgP] * requires 874.1372, found 874.1367.

4. General procedure of products for asymmetric allylic C-H alkylation

4.1 Asymmetric allylic C-H alkylation of a-alkenes

Pd,(dba)s (2.5 mol%)
L5 (7.5 mol%)

A 0o
2,5-DMBQ (120 mol%)
Q NC H NaOAc (100 mol%) R N
S>_>~ + > /:\
\ N
@[N/ \)\R 1,4-dioxane, 50 °C, 36 h § N
6 alkene O

General procedure III: To a flame-dried and N»>-purged Schlenk tube (10 mL) were added 2-(benzo[d]thiazol-2-
yl)-1-(piperidin-1-yl)ethan-1-one 6 (0.10 mmol, 26 mg), Pdx(dba)s (0.0025 mmol, 2.3 mg), phosphoramidite L5
(0.0075 mmol, 5.8 mg), NaOAc (0.10 mmol, 8.2 mg) 2,5-DMBQ (0.12 mmol, 16.3 mg) and a stirring bar. The
Schlenk tube was then evacuated and filled with nitrogen. This cycle was repeated three times and followed by the

addition of 1,4-dioxane (0.5 mL) and alkene (0.15 mmol) via a syringe, then the resulting mixture was stirred at
50 °C for 36 h. The reaction mixture was concentrated in vacuo, and the residue was purified by column
chromatography on silica gel (petroleum/ethyl acetate = 4/1) to provide the desired product.

(2R,35)-2-(benzo[d]thiazol-2-yl)-1-(piperidin-1-yl)-3-vinyloctan-1-one (8).

/\/\j\)cL
SN

&

White solid. Yield: 93%, 34.5 mg. b/I> 20/1, dr> 20/1. Enantiomeric excess: 90%, determined by HPLC
(CHIRALPAK IE, hexane/isopropanol = 90/10, flow rate 1.0 mL/min, T =30 °C, 254 nm): tg= 9.514 min (major),
tr= 12.360 min (minor). [a]p?* = 9.0 (¢ 0.32, CHCI5).

'H NMR (400 MHz, CDCls) 6 7.98 (d, J = 8.1 Hz, 1H), 7.87 (d, J = 8.0 Hz, 1H), 7.45 (t, J = 7.7 Hz, 1H), 7.37 (t,J
=7.5Hz, 1H), 5.65 (dt, J = 17.1, 9.5 Hz, 1H), 5.26 — 5.06 (m, 2H), 4.51 (d, J = 10.1 Hz, 1H), 3.82 — 3.42 (m, 4H),
2.98 (qd, J =9.5, 4.1 Hz, 1H), 1.67 — 1.38 (m, 6H), 1.35-1.03 (m, 8H), 0.78 (t, J = 6.8 Hz, 3H).

13C NMR (101 MHz, CDCls) 6 169.53, 168.52, 152.01, 139.10, 136.00, 125.72, 124.92, 122.71, 121.70, 117.53,
52.57,48.63, 47.38, 43.53, 31.46, 26.56, 26.50, 25.63, 24.53, 22.50, 13.97.

IR (KBr): y : 2960, 2926, 2854, 1641, 1435, 1261, 1095, 1017, 799 cm.

HRMS (ESI): m/z [M + H] * caled for [CH3N,OS] * requires 371.2512, found 371.2514. The absolute
configuration was assigned tentatively by the X-ray analysis.

(2R,3S)-2-(benzo[d]thiazol-2-yl)-3-methyl-1-(piperidin-1-yl)pent-4-en-1-one (9).

510


javascript:;
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White solid. Yield: 64%, 20 mg. b//>20/1, dr 17:1. Enantiomeric excess: 89%, determined by HPLC (CHIRALPAK
IE, hexane/isopropanol = 80/20, flow rate 1.0 mL/min, T =30 °C, 254 nm): tr= 12.470 min (major), tg= 14.735 min
(minor). [a]p?® = 26.5 (c 0.89, CHCl5).

'H NMR (400 MHz, CDCls) 6 7.98 (d, J = 8.1 Hz, 1H), 7.87 (d, 1H), 7.46 (td, J = 7.6, 1.3 Hz, 1H), 7.37 (td, J =
7.7,7.2,1.2 Hz, 1H), 5.86 (ddd, J = 17.5, 10.4, 7.3 Hz, 1H), 5.25 - 5.03 (m, 2H), 4.39 (d, J = 10.2 Hz, 1H), 3.75 -
3.43 (m, 4H), 3.18 (dt, J = 10.1, 6.8 Hz, 1H), 1.69 — 1.45 (m, 5H), 1.43 - 1.31 (m, 1H), 0.95 (d, J = 6.9 Hz, 3H).
13C NMR (101 MHz, CDCls) & 169.44, 168.45, 151.99, 140.68, 135.90, 125.81, 125.01, 122.73, 121.72, 115.42,
53.65, 47.35, 43.57, 42.44, 26.54, 25.64, 24.49, 17.34.

IR (KBr): v : 3065, 2934, 2855, 1643, 1505, 1437, 1261, 1246, 1212, 1013, 760 cm™'.

HRMS (ESI): m/z [M + Na] * caled for [Ci1gH22N2NaOS] * requires 337.1345, found 337.1353. The absolute
configuration was assigned tentatively by analogy.

(2R,3S)-2-(benzo[d]thiazol-2-yl)-1-(piperidin-1-yl)-3-vinylhexan-1-one (10).

O

White solid. Yield: 95%, 32.5 mg. b/[> 20/1, dr> 20/1. Enantiomeric excess: 91%, determined by HPLC
(CHIRALPAK IE, hexane/isopropanol = 70/30, flow rate 1.0 mL/min, T = 30 °C, 254 nm): tg= 6.005 min (major),
tr= 6.663 min (minor). [a]p*® = 16.3 (¢ 0.29, CHCL).

'H NMR (400 MHz, CDCls) 6 7.98 (d, J = 8.2 Hz, 1H), 7.87 (d, J = 8.0 Hz, 1H), 7.46 (t, J = 7.7 Hz, 1H), 7.37 (t, J
=7.6 Hz, 1H), 5.64 (dt, J = 16.8, 9.5 Hz, 1H), 5.37 — 4.96 (m, 2H), 4.51 (d, J = 10.2 Hz, 1H), 3.79 — 3.37 (m, 4H),
3.00 (qd, J =9.9, 2.9 Hz, 1H), 1.76 — 1.06 (m, 10H), 0.76 (t, J = 7.0 Hz, 3H).

13C NMR (101 MHz, CDCls) 8 169.44, 168.45, 151.99, 140.68, 135.90, 125.81, 125.01, 122.73, 121.72, 115.42,
53.65, 47.35, 43.57, 42.44, 26.54, 25.64, 24.49, 17.34.

IR (KBr): v : 3072, 2933, 2856, 1643, 1504, 1437, 1261, 1246, 1135, 1124, 1066, 1014, 803, 760, 730 cm’".
HRMS (ESI): m/z [M + H] 7 caled for [CH27N20S] * requires 343.1839, found 343.1849. The absolute
configuration was assigned tentatively by analogy.

(2R,3R)-2-(benzo[d]thiazol-2-yl)-3-cyclohexyl-1-(piperidin-1-yl)pent-4-en-1-one (11).
N o}
opas
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White solid. Yield: 51%, 19.4 mg. b/[> 20/1, dr> 20/1. Enantiomeric excess: 94%, determined by HPLC
(CHIRALPAK IE, hexane/isopropanol = 90/10, flow rate 1.0 mL/min, T =30 °C, 254 nm): tg= 14.163 min (major),
tr=17.825 min (minor). [a]p** = 19.3 (¢ 0.69, CHCI3).

'H NMR (400 MHz, CDCl3) & 7.98 (d, J = 8.1 Hz, 1H), 7.87 (d, 1H), 7.45 (m, 1H), 7.38 (m, 1H), 5.73 (ddd, J =
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16.6, 10.9, 9.4 Hz, 1H), 5.28 — 5.04 (m, 2H), 4.80 (d, /= 10.6 Hz, 1H), 3.86 — 3.32 (m, 4H), 2.94 (td, /= 10.1,2.4
Hz, 1H), 2.01 — 1.85 (m, 1H), 1.71 — 1.34 (m, 10H), 1.19—0.91 (m, 6H).

13C NMR (101 MHz, CDCls) & 169.57, 168.63, 152.11, 135.96, 135.81, 125.70, 124.91, 122.71, 121.70, 118.61,
54.37,49.10, 47.35, 43.53, 38.21, 32.08, 26.91, 26.57, 26.43, 26.24, 25.59, 24.53.

IR (KBr): y : 3072, 3000, 2924, 2852, 1644, 1503, 1436, 1261, 1246, 1209, 1135, 1092, 1014, 801, 759, 729 cm™.
HRMS (ESI): m/z [M + H] * caled for [C23H3N,OS] * requires 383.2152, found 383.2154. The absolute
configuration was assigned tentatively by analogy.

(2R,3S)-2-(benzo|d]thiazol-2-yl)-3-phenethyl-1-(piperidin-1-yl)pent-4-en-1-one (12).

R
SN

White solid. Yield: 69%, 27.9 mg. b/I> 20/1, dr> 20/1. Enantiomeric excess: 90%, determined by HPLC
(CHIRALPAK IE, hexane/isopropanol = 90/10, flow rate 1.0 mL/min, T =30 °C, 254 nm): tr= 15.628 min (major),
tr= 18.747 min (minor). [a]p?® = 16.6 (¢ 1.54, CHCl5).

'TH NMR (400 MHz, CDCl3) & 7.96 (d, J = 8.1 Hz, 1H), 7.88 — 7.79 (m, 1H), 7.51 — 7.41 (m, 1H), 7.40 — 7.33 (m,
1H), 7.17 (dd, J= 8.0, 6.5 Hz, 2H), 7.13 — 7.06 (m, 1H), 7.04 — 6.90 (m, 2H), 5.74 (ddd, J=17.1, 10.2, 8.8 Hz, 1H),
5.37 = 5.06 (m, 2H), 4.56 (d, J=9.9 Hz, 1H), 3.77 — 3.36 (m, 4H), 3.04 (qd, /= 9.7, 3.7 Hz, 1H), 2.71 (ddd, J =
14.4,9.7,5.2 Hz, 1H), 2.41 (ddd, /= 13.9,9.7, 7.2 Hz, 1H), 1.73 — 1.34 (m, 8H).

3C NMR (101 MHz, CDCls) 4 169.10, 168.31, 151.98, 141.75, 138.72, 135.98, 128.40, 128.23, 125.80, 125.71,
125.02, 122.77, 121.72, 118.25, 52.37, 48.10, 47.40, 43.57, 33.08, 33.03, 26.56, 25.63, 24.51.

IR (KBr): v : 3061, 3025, 2935, 2855, 1644, 1496, 1436, 1261, 1245, 1014, 760, 731, 699 cm’".

HRMS (ESI): m/z [M + H] 7 caled for [CasH2oN2OS] * requires 405.1995, found 405.2001. The absolute
configuration was assigned tentatively by analogy.

(2R,3S)-2-(benzo[d]thiazol-2-yl)-3-(naphthalen-2-ylmethyl)-1-(piperidin-1-yl)pent-4-en-1-one (13).
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White solid. Yield: 46%, 20.2 mg. b/l 10/1, dr> 20/1. Enantiomeric excess: 92%, determined by HPLC
(CHIRALPAK IE, hexane/isopropanol = 70/30, flow rate 1.0 mL/min, T = 30 °C, 254 nm): tg= 9.533 min (major),
tr=10.505 min (minor). [a]p** = 1.9 (¢ 0.97, CHCI3).

"H NMR (400 MHz, CDCI3) 6 8.03 (d, J= 8.1 Hz, 1H), 7.89 (d, J= 8.0, 1.1 Hz, 1H), 7.78 — 7.73 (m, 1H), 7.73 —
7.66 (m, 2H), 7.52 — 7.45 (m, 2H), 7.43 — 7.34 (m, 3H), 7.24 (dd, /= 8.4, 1.8 Hz, 1H), 5.74 (ddd, /= 16.8, 10.6, 8.6
Hz, 1H), 5.12 — 4.89 (m, 2H), 4.68 (d, /= 9.9 Hz, 1H), 3.75 — 3.37 (m, 5H), 2.85 (dd, /= 13.7, 4.0 Hz, 1H), 2.68
(dd, J=13.7,10.4 Hz, 1H), 1.66 — 1.45 (m, 5H), 1.44 — 1.33 (m, 1H).

I3C NMR (101 MHz, CDCls) 8 169.23, 168.15, 152.12, 138.05, 136.90, 135.97, 133.34, 132.00, 127.75, 127.63,
127.62, 127.57, 127.47, 125.95, 125.78, 125.18, 122.84, 121.80, 118.12, 52.24, 50.13, 47.40, 43.59, 38.63, 26.52,
25.63, 24.50.

IR (KBr): y : 3056, 3006, 2935, 2855, 1635, 1506, 1436, 1264, 1245, 1216, 1135, 1123, 1014, 814, 759, 730 cm’".
HRMS (ESI): m/z [M + H] 7 caled for [CasH29N20OS] * requires 441.1995, found 441.2002. The absolute
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configuration was assigned tentatively by analogy.

(2R,3S)-2-(benzo|d]thiazol-2-yl)-1-(piperidin-1-yl)-3-vinyldodec-11-en-1-one (14).

White solid. Yield: 71%, 30.1 mg. b/[> 20/1, dr> 20/1. Enantiomeric excess: 87%, determined by HPLC
(CHIRALPAK IF, hexane/isopropanol = 90/10, flow rate 1.0 mL/min, T = 30 °C, 254 nm): tg= 6.251 min (major),
tr=7.727 min (minor). [a]p?* = 7.6 (¢ 0.31, CHCI).

'"H NMR (400 MHz, CDCI3) 6 7.98 (d, J= 8.1 Hz, 1H), 7.87 (d, J= 8.0 Hz, 1H), 7.46 (t,J= 7.8 Hz, 1H), 7.37 (t,J
= 7.6 Hz, 1H), 5.85—-5.71 (m, 1H), 5.64 (dt, J = 17.6, 9.5 Hz, 1H), 5.28 — 5.07 (m, 2H), 5.00 — 4.83 (m, 2H), 4.50
(d, J=10.1 Hz, 1H), 3.77 — 3.40 (m, 4H), 2.98 (qd, J=9.3, 4.2 Hz, 1H), 1.96 (q, J= 6.9 Hz, 2H), 1.74 — 1.37 (m,
8H), 1.35 — 1.05 (m, 10H).

3C NMR (101 MHz, CDCls) 8 169.53, 168.52, 151.99, 139.21, 139.08, 135.99, 125.74, 124.95, 122.72, 121.71,
117.57, 114.05, 52.55, 48.62, 47.40, 43.54, 33.73, 31.44,29.27, 29.14, 28.97, 28.84, 26.76, 26.56, 25.64, 24.53.
IR (KBr): v : 3074, 2926, 2854, 1639, 1505, 1455, 1260, 1246, 1134, 1014, 852, 800, 759, 729, 546, 463 cm.
HRMS (ESI): m/z [M + Na] * calcd for [C26H3sN2NaOS] * requires 447.244, found 447.2445. The absolute
configuration was assigned tentatively by analogy.

(2R,3S)-2-(benzo[d]thiazol-2-yl)-1-(piperidin-1-yl)-7-(trimethylsilyl)-3-vinylhept-6-yn-1-one(15).

N 0
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White solid. Yield: 81%, 34.1 mg. b/ 10/1, d.r. 20/1. Enantiomeric excess: 85%, determined by HPLC
(CHIRALPAK IE, hexane/isopropanol = 70/30, flow rate 1.0 mL/min, T = 30 °C, 254 nm): tg= 4.588 min (major),
tr= 5.190 min (minor). [a]p** = 10.0 (¢ 1.50, CHCI).
'"H NMR (400 MHz, CDCls) 6 7.86 (ddd, J = 8.1, 1.2, 0.6 Hz, 1H), 7.75 (ddd, J = 8.0, 1.3, 0.7 Hz, 1H), 7.34 (ddd,
J=8.3,7.2,1.3 Hz, 1H), 7.26 (ddd, J=8.3, 7.2, 1.2 Hz, 1H), 5.50 (ddd, J=17.1, 10.2, 8.9 Hz, 1H), 5.19 - 5.01 (m,
2H), 4.40 (d, J=10.2 Hz, 1H), 3.73 - 3.27 (m, 4H), 3.02 (qd, J = 10.4, 3.4 Hz, 1H), 2.12 (ddd, J=17.0, 7.7, 4.8 Hz,
1H), 1.97 (dt, J = 16.9, 8.3 Hz, 1H), 1.56 — 1.21 (m, 8H), -0.00 (s, 9H).
3C NMR (101 MHz, CDCls) & 168.91, 167.99, 151.87, 137.63, 135.93, 125.64, 124.89, 122.61, 121.56, 118.62,
106.30, 84.83, 52.15,47.61,47.25, 43.43, 30.22, 26.44, 25.48, 24.36, 17.39, -0.00.
IR (KBr): v : 3066, 2938, 2856, 2173, 1651, 1644, 1634, 1505, 1434, 1246, 1135, 1013, 921, 840, 760, 730, 638
cm.
HRMS (ESI): m/z [M + H] * caled for [C24H33N>OSSi] * requires 425.2077, found 425.2083. The absolute
configuration was assigned tentatively by analogy.

(2R,3S5)-2-(benzo[d]thiazol-2-yl)-8-chloro-1-(piperidin-1-yl)-3-vinyloctan-1-one (16).
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White solid. Yield: 95%, 38.4 mg. b/[> 20/1, dr> 20/1. Enantiomeric excess: 91%, determined by HPLC
(CHIRALPAK IE, hexane/isopropanol = 97/3, flow rate 1.0 mL/min, T=30 °C, 254 nm): tr=39.893 min (minor),
tr=50.079 min (major). [a]p?’ = 13.9 (c 0.98, CHCl;).

'H NMR (400 MHz, CDCls) 6 7.97 (d, 1H), 7.86 (d, 1H), 7.45 (ddd, J = 8.2, 7.2, 1.3 Hz, 1H), 7.37 (ddd, J = 8.3,
7.2, 1.2 Hz, 1H), 5.64 (ddd, J=17.1, 10.2, 8.8 Hz, 1H), 5.28 — 5.04 (m, 2H), 4.49 (d, J = 10.0 Hz, 1H), 3.69 — 3.44
(m, 4H), 3.42 (t, J = 6.7 Hz, 2H), 2.99 (qd, J = 9.1, 4.7 Hz, 1H), 1.68 — 1.07 (m, 14H).

3C NMR (101 MHz, CDCls) & 169.31, 168.40, 151.99, 138.86, 135.93, 125.81, 125.03, 122.74, 121.74, 117.82,
52.48,48.49, 47.39, 44.97, 43.56, 32.44, 31.27, 26.57, 26.50, 26.10, 25.63, 24.51.

IR (KBr): y : 3067, 2933, 2856, 1635, 1503, 1436, 1313, 1262, 1245, 1214, 1134, 1014, 802, 760, 730 cm".
HRMS (ESI): m/z [M + H] * calcd for [C22H30CIN20OS] * requires 405.1762, found 405.1769. The absolute
configuration was assigned tentatively by analogy.

(2R,3S)-2-(benzo|d]thiazol-2-yl)-8-bromo-1-(piperidin-1-yl)-3-vinyloctan-1-one (17).

White solid. Yield: 90%, 40.3 mg. b/[> 20/1, dr> 20/1. Enantiomeric excess: 91%, determined by HPLC
(CHIRALPAK IE, hexane/isopropanol = 97/3, flow rate 1.0 mL/min, T =30 °C, 254 nm): trg= 42.144 min (major),
tr=52.286 min (minor). [a]p** = 13.8 (¢ 0.36, CHCl3).

'H NMR (400 MHz, CDCl3) 6 7.98 (d, J = 8.2 Hz, 1H), 7.88 (d, J = 7.9 Hz, 1H), 7.46 (t, J = 7.7 Hz, 1H), 7.38 (t, J
= 7.6 Hz, 1H), 5.64 (dt, J = 18.0, 9.5 Hz, 1H), 5.25 —5.06 (m, 2H), 4.50 (d, J = 10.1 Hz, 1H), 3.72 — 3.43 (m, 4H),
3.30 (t, J= 6.8 Hz, 2H), 2.99 (qd, J = 9.3, 4.2 Hz, 1H), 1.83 — 1.11 (m, 14H).

I3C NMR (101 MHz, CDCls) & 169.30, 168.40, 151.99, 138.85, 135.94, 125.82, 125.03, 122.75, 121.74, 117.84,
52.48,48.49, 47.40, 43.57, 33.79, 32.63, 31.23, 27.78, 26.57, 25.98, 25.63, 24.51.

IR (KBr): y : 3067, 2961, 2930, 2855, 1635, 1504, 1435, 1261, 1096, 1015, 852, 800, 760, 730 cm".

HRMS (ESI): m/z [M + H] * caled for [C»nH30BrN,OS] * requires 451.1236, found 451.1238. The absolute
configuration was assigned tentatively by analogy.

(2R,3S5)-2-(benzo[d]thiazol-2-yl)-3-(hydroxymethyl)-1-(piperidin-1-yl)pent-4-en-1-one (18).

20
HO ' ’\O
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(Si03, petroleum/ethyl acetate = 1/1). White solid. Yield: 55%, 18.2 mg. b/[> 20/1, dr 20/1. Enantiomeric excess:
88%, determined by HPLC (CHIRALPAK IE, hexane/isopropanol = 90/10, flow rate 1.0 mL/min, T = 30 °C, 254
nm): tg= 35.221 min (major), tr= 44.262 min (minor). [a]p?° = 34.5 (¢ 0.44, CHCI3).

TH NMR (400 MHz, CDCl3) § 7.97 (d, J = 8.1 Hz, 1H), 7.88 (d, J = 8.0 Hz, 1H), 7.46 (t, 1H), 7.39 (t, J = 7.5 Hz,
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1H), 5.98 (ddd, J = 17.5, 10.3, 8.5 Hz, 1H), 5.37 — 5.18 (m, 2H), 4.83 (d, J = 10.0 Hz, 1H), 3.75 — 3.50 (m, 5H),
3.44 (dt,J=11.7, 3.3 Hz, 1H), 3.24 — 2.75 (m, 1H), 2.79 (s, 1H), 1.70 — 1.47 (m, SH), 1.44 — 1.31 (m, 1H).

13C NMR (101 MHz, CDCls) 5 168.84, 168.32, 151.98, 136.68, 135.70, 126.04, 125.25, 122.76, 121.75, 118.31,
63.04, 50.36, 48.35, 47.47, 43.67, 26.51, 25.59, 24 45.

IR (KBr): y:3419, 3069, 2961, 2926, 2855, 1633, 1435, 1261, 1016, 800, 762 cm’!.

HRMS (ESI): m/z [M + H] * caled for [CisH23N20,S] * requires 331.1475, found 331.1482. The absolute
configuration was assigned tentatively by analogy.

(2R,3S)-2-(benzo|d]thiazol-2-yl)-11-hydroxy-1-(piperidin-1-yl)-3-vinylundecan-1-one (19).

(petroleum/ethyl acetate = 1/1). White solid. Yield: 64%, 27.6 mg. b/I> 20/1, dr> 20/1. Enantiomeric excess: 84%,
determined by HPLC (CHIRALPAK IE, hexane/isopropanol = 70/30, flow rate 1.0 mL/min, T = 30 °C, 254 nm):
tr=9.128 min (major), tg= 10.742 min (minor). [a]p?® = 9.9 (¢ 0.99, CHCl5).

'"H NMR (400 MHz, CDCI3) 6 7.96 (d, J= 8.1 Hz, 1H), 7.86 (d, J= 7.9 Hz, 1H), 7.44 (t,J= 7.7 Hz, 1H), 7.36 (t,J
=7.5Hz, 1H), 5.62 (dt, J=17.3, 9.6 Hz, 1H), 5.30 — 5.05 (m, 2H), 4.49 (d, J = 10.2 Hz, 1H), 3.94 — 3.29 (m, 6H),
2.97 (qd, J=9.4,3.9 Hz, 1H), 1.70 — 0.90 (m, 21H).

3C NMR (101 MHz, CDCls) & 169.58, 168.50, 151.88, 138.99, 135.92, 125.77, 124.98, 122.67, 121.72, 117.67,
62.88, 52.46, 48.64, 47.40, 43.55, 32.72, 31.38, 29.33, 29.23, 29.05, 26.71, 26.55, 25.64, 25.62, 24.49.

IR (KBr): y : 3419, 3065, 2926, 2854, 1633, 1435, 1261, 1016, 801, 761 cm™.

HRMS (ESI): m/z [M + H] * caled for [CosH37N202S] * requires 429.2570, found 429.2577. The absolute
configuration was assigned tentatively by analogy.

(S)-9-((R)-1-(benzo[d] thiazol-2-yl)-2-0x0-2-(piperidin-1-yl)ethyl)undec-10-enal (20).
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White solid. Yield: 64%, 27.3 mg. b/[ 13/1, dr 20/1. Enantiomeric excess: 85%, determined by HPLC analysis of
the OH derivative (CHIRALPAK IE, hexane/isopropanol = 70/30, flow rate 1.0 mL/min, T = 30 °C, 254 nm): tg=
9.120 min (major), tg= 10.681 min (minor). [a]p?’ = 12.5 (¢ 0.96, CHCl;).

'TH NMR (400 MHz, CDCl3) 8 9.71 (s, 1H), 7.98 (d, J= 8.1 Hz, 1H), 7.88 (d, /= 7.9 Hz, 1H), 7.52 — 7.42 (m, 1H),
7.37 (t,J=17.5Hz, 1H), 5.64 (ddd, J=17.1, 10.2, 8.8 Hz, 1H), 5.31 — 5.01 (m, 2H), 4.50 (d, J=10.1 Hz, 1H), 3.83
—3.35 (m, 4H), 2.98 (qd, J=9.3, 4.1 Hz, 1H), 2.33 (td, J= 7.4, 1.9 Hz, 2H), 1.75 — 0.95 (m, 18H).

I3C NMR (101 MHz, CDCls) & 202.94, 169.49, 168.47, 151.97, 139.01, 135.96, 125.77, 124.98, 122.72, 121.72,
117.66, 52.51, 48.60, 47.40, 43.82, 43.54, 31.35, 29.09, 28.96, 28.92, 26.65, 26.56, 25.64, 24.52, 21.98.

IR (KBr): y : 3073, 2929, 2855, 2719, 1723, 1635, 1437, 1245, 1196, 1135, 1014, 801 cm.

HRMS (ESI): m/z [M + Na] * calcd for [C2sH34sN2NaO,S] * requires 449.2233, found 449.2234. The absolute

configuration was assigned tentatively by analogy.

(2R,35)-2-(benzo[d]thiazol-2-yl)-6-((tert-butyldiphenylsilyl)oxy)-1-(piperidin-1-yl)-3-vinylhexan-1-one (21).
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White solid. Yield: 51%, 30.5 mg. b/l 20/1, dr> 20/1. Enantiomeric excess: 90%, determined by HPLC
(CHIRALPAK IE, hexane/isopropanol = 97/3, flow rate 1.0 mL/min, T = 30 °C, 254 nm): tg= 18.605 min (major)
tr=31.534 min (minor). [a]p?° = 13.8 (¢ 1.30, CHCI5).

'H NMR (400 MHz, CDCl3) 4 7.98 (d, J= 8.1 Hz, 1H), 7.84 (dd, J = 8.1, 1.2 Hz, 1H), 7.59 — 7.52 (m, 4H), 7.49 —
7.41 (m, 1H), 7.40 — 7.28 (m, 7H), 5.64 (ddd, J=17.1, 10.2, 8.8 Hz, 1H), 5.32 — 5.07 (m, 2H), 4.53 (d, /= 10.2 Hz,
1H), 3.75 - 3.36 (m, 6H), 3.13 — 2.91 (m, 1H), 1.70 — 1.22 (m, 10H), 0.85 (s, 9H).

3C NMR (101 MHz, CDCls) 8 169.33, 168.46, 152.03, 138.93, 135.99, 135.52, 135.49, 133.93, 133.90, 129.44,
127.54,125.77,124.98, 122.77,121.74, 117.84, 63.40, 52.66, 48.62,47.42,43.58, 30.12, 27.86, 26.62, 26.60, 25.66,
24.54, 19.01.

IR (KBr): y : 3070, 2999, 2932, 2856, 1643, 1436, 1261, 1245, 1110, 1013, 822, 759, 730, 702, 505 cm'.

HRMS (ESI): m/z [M + H] * calcd for [C3sHasN202SSi] * requires 597.2966, found 597.2967. The absolute
configuration was assigned tentatively by analogy.

(2R,3S)-2-(benzo|d]thiazol-2-yl)-3-((benzyloxy)methyl)-1-(piperidin-1-yl)pent-4-en-1-one (22).
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White solid. Yield: 46%, 19.5 mg. b/[> 20/1, dr 15/1. Enantiomeric excess: 92%, determined by HPLC
(CHIRALPAK IE, hexane/isopropanol = 70/30, flow rate 1.0 mL/min, T = 30 °C, 254 nm): tg= 9.031 min (major),
tr=10.111 min (minor). [a]p?* = 52.2 (¢ 0.14, CHCl5).

'"H NMR (400 MHz, CDCls) 4 8.00 (d, /= 8.1 Hz, 1H), 7.85 (d, 1H), 7.46 (m, 1H), 7.37 (td, J= 7.6, 7.2, 1.2 Hz,
1H), 7.24—7.17 (m, 5H), 5.98 (ddd, J=17.4, 10.4, 8.2 Hz, 1H), 5.36 — 5.06 (m, 2H), 4.85 (d, /= 9.7 Hz, 1H), 4.38
(s, 2H), 3.96 — 3.48 (m, 4H), 3.46 — 3.26 (m, 3H), 1.68 — 1.30 (m, 6H).

I3C NMR (101 MHz, CDCls)  168.67, 168.04, 152.23, 138.13, 136.82, 135.89, 128.17, 127.54, 127.39, 125.80,
125.01, 122.87, 121.67, 118.04, 70.82, 48.74, 48.47, 47.39, 43.59, 26.54, 25.62, 24.50.

IR (KBr): y : 3446, 3062, 2924, 2854, 1636, 1497, 1436, 1261, 1098, 1014, 801, 760, 731, 697 cm".

HRMS (ESI): m/z [M + Na] * calcd for [CasH2sN2NaO,S] * requires 443.1764, found 443.1766. The absolute
configuration was assigned tentatively by analogy.

(2R,35)-2-(benzo[d]thiazol-2-yl)-3-(2-(benzyloxy)ethyl)-1-(piperidin-1-yl)pent-4-en-1-one (23).
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White solid. Yield: 83%, 36.1 mg. b/I> 20/1, dr 20/1. Enantiomeric excess: 89%, determined by HPLC
(CHIRALPAK IG, hexane/isopropanol = 70/30, flow rate 1.0 mL/min, T =30 °C, 254 nm): tg= 8.630 min (major),
tr= 10.999 min (minor). [a]p*® = 9.6 (¢ 1.06, CHCI3).
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'H NMR (400 MHz, CDCl3) 4 7.96 (dt, J= 8.3, 0.9 Hz, 1H), 7.85 (dt, J= 7.8, 0.9 Hz, 1H), 7.44 (ddd, /= 8.2, 7.2,
1.3 Hz, 1H), 7.38 — 7.33 (m, 1H), 7.31 — 7.20 (m, 5H), 5.69 (ddd, J=17.1, 10.2, 8.9 Hz, 1H), 5.30 —4.97 (m, 2H),
4.54 (d,J=10.0 Hz, 1H), 4.44 — 4.27 (m, 2H), 3.73 —3.32 (m, 6H), 3.19 (qd, 1H), 1.70 — 1.43 (m, 7H), 1.42 — 1.32
(m, 1H).

13C NMR (101 MHz, CDCls) & 168.99, 168.26, 152.08, 138.43, 136.02, 128.28, 127.60, 127.44, 125.80, 125.02,
122.78,121.72, 118.02, 72.81, 68.00, 52.44, 47.37, 45.69, 43.56, 31.50, 26.56, 25.63, 24.50.

IR (KBr): v : 3063, 2930, 2854, 1634, 1497, 1435, 1314, 1261, 1016, 921, 852, 799, 760, 730, 697 cm™.

HRMS (ESI): m/z [M + H] * caled for [Ca6H31N202S] * requires 435.2101, found 435.2112. The absolute
configuration was assigned tentatively by analogy.

(S)-4-((R)-1-(benzo[d] thiazol-2-yl)-2-0x0-2-(piperidin-1-yl)ethyl)hex-5-en-1-yl acetate (24).
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White solid. Yield: 86%, 34.3 mg. b/l 17/1, dr> 20/1. Enantiomeric excess: 92%, detemined by HPLC
(CHIRALPAK IF, hexane/isopropanol = 97/3, flow rate 1.0 mL/min, T = 30 °C, 254 nm): tr= 55.867 min (major),
tr= 65.512 min (minor). [a]p?® = 15.0 (¢ 0.64, CHCl5).

'TH NMR (400 MHz, CDCI3) 8 7.97 (d, J= 8.1 Hz, 1H), 7.87 (d, J= 8.0 Hz, 1H), 7.46 (t, 1H), 7.37 (t, J= 7.6 Hz,
1H), 5.70 — 5.58 (m, 1H), 5.27 — 5.07 (m, 2H), 4.50 (d, /= 10.1 Hz, 1H), 3.99 — 3.81 (m, 2H), 3.70 — 3.40 (m, 4H),
3.01 (p, J=8.4 Hz, 1H), 1.87 (s, 3H), 1.74 — 1.35 (m, 8H), 1.28 (dt, /= 11.4, 5.2 Hz, 2H).

3C NMR (101 MHz, CDCls) 8 171.05, 169.07, 168.21, 151.94, 138.40, 135.88, 125.86, 125.10, 122.76, 121.71,
118.28, 64.00, 52.38, 48.27, 47.39, 43.58, 27.64, 26.56, 25.89, 25.62, 24.48, 20.83.

IR (KBr): v : 3065, 2962, 2855, 1733, 1635, 1505, 1435, 1364, 1313, 1260, 1094, 1018, 852, 799, 731, 686, 666
cm!,
HRMS (ESI): m/z [M + H] * caled for [CH20N203S] * requires 401.1893, found 401.1900. The absolute
configuration was assigned tentatively by analogy.

N-((S)-3-((R)-1-(benzo[d]thiazol-2-yl)-2-0x0-2-(piperidin-1-yl)ethyl)pent-4-en-1-yl)-4-
methylbenzenesulfonamide (25).
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(petroleum/ethyl acetate = 1/1). White solid. Yield: 59%, 29.1 mg. b/I> 20/1, dr> 20/1. Enantiomeric excess: 86%,
determined by HPLC (CHIRALPAK IF, hexane/isopropanol = 70/30, flow rate 1.0 mL/min, T = 30 °C, 254 nm):
tr=25.193 min (minor), tg=32.228 min (major). [a]p?’ = 18.5 (¢ 0.40, CHCl5).

'"H NMR (400 MHz, CDCl3) 8 7.76 — 7.67 (m, 2H), 7.67 — 7.61 (m, 2H), 7.39 (ddd, J= 8.2, 7.2, 1.4 Hz, 1H), 7.33
(ddd, J=8.4,7.2, 1.3 Hz, 1H), 7.20 — 7.14 (m, 2H), 5.70 — 5.53 (m, 2H), 5.70 — 5.53 (m, 2H), 4.54 (d, /= 9.9 Hz,
1H), 3.68 — 3.41 (m, 4H), 3.14 — 2.91 (m, 2H), 2.81 — 2.68 (m, 1H), 2.37 (s, 3H), 1.69 — 1.42 (m, 6H), 1.39 — 1.28
(m, 2H).

3C NMR (101 MHz, CDCls) 8 169.34, 168.22, 150.94, 143.02, 137.59, 136.91, 135.23, 129.57, 126.99, 125.88,
125.02, 122.01, 121.65, 118.98, 51.65, 47.36, 46.93, 43.63, 41.63, 31.34, 26.58, 25.64, 24.46, 21.50.
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IR (KBr): v : 3079, 2927, 2856, 1634, 1437, 1330, 1261, 1157, 1094, 1017, 812, 760, 730, 660, 551 cm’!.
HRMS (ESI): m/z [M + H] * caled for [Ca6H32N303S,] * requires 498.1880, found 498.1885. The absolute
configuration was assigned tentatively by analogy.

2-((S)-4-((R)-1-(benzo[d]thiazol-2-yl)-2-ox0-2-(piperidin-1-yl)ethyl)hex-5-en-1-yl)isoindoline-1,3-dione (26).

(dichlormethane/ethyl acetate = 3/7). White solid. Yield: 58%, 28.3 mg. b// 20/1, dr> 20/1. Enantiomeric excess:
90%, determined by HPLC (CHIRALPAK IE, hexane/isopropanol = 70/30, flow rate 1.0 mL/min, T = 30 °C, 254
nm): tg=47.137 min (minor), tg= 33.068 min (major). [a]p?® = 13.6 (c 0.45, CHCl;).

TH NMR (400 MHz, CDCl3) § 7.94 (d, J = 8.1 Hz, 1H), 7.83 (d, J = 7.9 Hz, 1H), 7.79 — 7.72 (m, 2H), 7.70 — 7.61
(m, 2H), 7.49 — 7.41 (m, 1H), 7.39 — 7.32 (m, 1H), 5.65 (ddd, J=17.0, 10.2, 8.9 Hz, 1H), 5.30 — 5.03 (m, 2H), 4.51
(d, J=10.0 Hz, 1H), 4.05 — 3.33 (m, 6H), 3.16 — 2.93 (m, 1H), 1.84 — 1.18 (m, 10H).

3C NMR (101 MHz, CDCls) 4 168.91, 168.21, 168.19, 151.95, 138.26, 135.87, 133.77, 132.00, 125.79, 125.01,
123.08, 122.74, 121.70, 118.33, 52.25, 48.35, 47.38, 43.55, 37.69, 28.71, 26.55, 25.99, 25.61, 24.49.

IR (KBr): v : 3064, 3004, 2935, 2855, 1771, 1715, 1635, 1503, 1437, 1396, 1372, 1245, 1014, 759, 720, 666, 530
cml,
HRMS (ESI): m/z [M + H] * caled for [CasH30N303S] * requires 488.2002, found 488.2011. The absolute
configuration was assigned tentatively by analogy.

(2R,3S)-2-(benzo[d]thiazol-2-yl)-6-nitro-1-(piperidin-1-yl)-3-vinylhexan-1-one (27).
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Yellow oil. Yield: 93%, 36 mg. b//> 20/1, dr 20/1. Enantiomeric excess: 92%, determined by HPLC (CHIRALPAK
IF, hexane/isopropanol = 90/10, flow rate 1.0 mL/min, T =30 °C, 254 nm): tg= 20.646 min (major), te=23.521 min
(minor). [a]p?® = 64.8 (¢ 0.16, CHCl5).

'"H NMR (400 MHz, CDCl3) 6 7.98 (d, J = 8.1 Hz, 1H), 7.91 — 7.84 (m, 1H), 7.50 — 7.43 (m, 1H), 7.42 — 7.35 (m,
1H), 5.66 (ddd, J=17.1, 10.2, 8.9 Hz, 1H), 5.34 - 5.09 (m, 2H), 4.50 (d, ] = 9.9 Hz, 1H), 4.33 — 4.14 (m, 2H), 3.75
—3.39 (m, 4H), 3.04 (qd, J =14.5,11.6, 7.4 Hz, 1H), 2.12 (dp, J=15.1, 7.5 Hz, 1H), 1.82 (dp, J = 14.5, 7.5 Hz, 1H),
1.66 — 1.45 (m, 5H), 1.43 — 1.29 (m, 3H).

13C NMR (101 MHz, CDCls) & 168.44, 167.93, 152.00, 137.78, 135.78, 126.01, 125.26, 122.86, 121.79, 118.97,
75.08, 52.26,47.93, 47.39, 43.64, 27.99, 26.56, 25.62, 24.90, 24.46.

IR (KBr): y : 3065, 2925, 2855, 1635, 1549, 1435, 1261, 1095, 1015, 801, 761 cm™'.

HRMS (ESI): m/z [M + H] * caled for [CxH26N303S] * requires 388.1689, found 388.1698. The absolute
configuration was assigned tentatively by analogy.

(2R,35)-2-(benzo[d]thiazol-2-yl)-6-((3-methylbut-3-en-1-yl)oxy)-1-(piperidin-1-yl)-3-vinylhexan-1-one (28).
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Colourless oil. Yield: 61%, 26.0 mg. /> 20/1, dr> 20/1. Enantiomeric excess: 89%, determined by HPLC
(CHIRALPAK IF, hexane/isopropanol = 97/3, flow rate 1.0 mL/min, T =30 °C, 254 nm): tg= 17.304 min (major),
tr=24.077 min (minor). [a]p?* = 13.9 (¢ 1.05, CHCI5).

'H NMR (400 MHz, CDCl3) 8 7.97 (d, J= 8.1 Hz, 1H), 7.86 (d, J = 8.2 Hz, 1H), 7.51 — 7.42 (m, 1H), 7.37 (t, J =
7.6 Hz, 1H), 5.65 (ddd, J=17.4, 10.2, 8.8 Hz, 1H), 5.29 — 5.09 (m, 2H), 4.79 — 4.58 (m, 2H), 4.51 (d, J=10.1 Hz,
1H), 3.70 — 3.44 (m, 4H), 3.39 (t, J= 7.0 Hz, 2H), 3.27 (q, J = 6.6 Hz, 2H), 3.00 (qd, J = 9.5, 4.6 Hz, 1H), 2.15 (t,
J=6.9 Hz, 2H), 1.69 — 1.20 (m, 13H).

3C NMR (101 MHz, CDCls) 8 169.28, 168.37, 152.00, 142.94, 138.71, 135.98, 125.76, 124.99, 122.75, 121.70,
118.03, 111.22, 70.34, 69.16, 52.52, 48.53, 47.40, 43.54, 37.69, 27.97, 27.05, 26.56, 25.64, 24.52, 22.69.

IR (KBr): v : 3073, 2934, 2855, 1644, 1504, 1436, 1261, 1245, 1215, 1112, 1014, 801, 760, 730 cm™'.

HRMS (ESI): m/z [M + H] * caled for [CasH3sN202S] * requires 427.2414, found 427.2422. The absolute

configuration was assigned tentatively by analogy.

(2R,3S)-2-(benzo|d]thiazol-2-yl)-3-(2-(3-methoxyphenoxy)ethyl)-1-(piperidin-1-yl)pent-4-en-1-one (29).
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White solid. Yield: 83%, 37.4 mg. /1 11/1, dr 20/1. Enantiomeric excess: 89%, determined by HPLC (CHIRALPAK
OD, hexane/isopropanol = 90/10, flow rate 1.0 mL/min, T = 30 °C, 254 nm): tg= 7.245 min (minor), tr= 8.790 min
(major). [a]p?* = 3.9 (¢ 1.12, CHCl3).

'H NMR (400 MHz, CDCls) §7.98 (d, J= 8.1 Hz, 1H), 7.87 (dd, J= 7.9, 1.2 Hz, 1H), 7.46 (ddd, J= 8.3, 7.2, 1.3 Hz,
1H), 7.41 — 7.35 (m, 1H), 7.09 (t, /= 8.2 Hz, 1H), 6.53 — 6.30 (m, 3H), 5.73 (ddd, J = 17.1, 10.2, 8.9 Hz, 1H), 5.34 — 5.04
(m, 2H), 4.58 (d, J= 10.0 Hz, 1H), 3.96 — 3.79 (m, 2H), 3.74 (s, 3H), 3.68 — 3.47 (m, 4H), 3.29 (qd, J= 10.3, 3.2 Hz, 1H),
1.91 — 1.34 (m, 8H).

I3C NMR (101 MHz, CDCls) 8 168.81, 168.12, 160.70, 160.01, 152.03, 138.01, 135.98, 129.73, 125.86, 125.10,
122.80, 121.76, 118.56, 106.61, 106.23, 100.88, 65.39, 55.22, 52.40,47.41,45.45, 43.62, 30.98, 26.59, 25.64, 24.50.
IR (KBr): v : 3065, 2998, 2936, 2855, 1639, 1601, 1492, 1437, 1286, 1245, 1200, 1169, 1152, 1045, 1015, 761, 731
cm.
HRMS (ESI): m/z [M + H] * caled for [CasH31N203S] * requires 451.2050, found 451.2057. The absolute
configuration was assigned tentatively by analogy.

(2R,3S)-2-(benzo[d]thiazol-2-yl)-3-(2-(4-fluorophenoxy)ethyl)-1-(piperidin-1-yl)pent-4-en-1-one (30).

faavae
B

White solid. Yield: 87%, 38.0 mg. b/[> 20/1, dr> 20/1. Enantiomeric excess: 90%, determined by HPLC
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(CHIRALPAK IE, hexane/isopropanol = 70/30, flow rate 1.0 mL/min, T =30 °C, 254 nm): tg= 7.858 min (major),
tr=9.048 min (minor). [a]p?° = 0.7 (¢ 1.02, CHCI).

'H NMR (400 MHz, CDCl3) 4 7.97 (dd, J = 8.1, 2.7 Hz, 1H), 7.86 (dd, J = 8.0, 2.7 Hz, 1H), 7.45 (td, J = 8.1, 4.0
Hz, 1H), 7.37 (td, J = 7.8, 2.6 Hz, 1H), 6.94 — 6.82 (m, 2H), 6.77 — 6.64 (m, 2H), 5.72 (ddd, J=17.0, 9.4, 2.7 Hz,
1H), 5.38 — 5.10 (m, 2H), 4.56 (d, J = 10.1, 2.8 Hz, 1H), 4.07 — 3.74 (m, 2H), 3.71 — 3.45 (m, 4H), 3.27 (q, /= 10.2
Hz, 1H), 1.88 — 1.29 (m, 8H). YF NMR (376 MHz, CDCls) § -124.32.

13C NMR (101 MHz, CDCls) § 168.78, 168.08, 158.28, 155.92, 154.81, 152.03, 138.03, 135.98, 125.87, 125.11,
122.78, 121.74, 118.52, 115.72, 115.49, 115.46, 115.38, 65.98, 52.41, 47.39, 45.37, 43.61, 30.94, 26.58, 25.63,
24.49.

IR (KBr): y : 3066, 2936, 2856, 1636, 1505, 1468, 1436, 1246, 1208, 1134,1096, 1015, 827, 801, 760 cm™'.
HRMS (ESI): m/z [M + H] * caled for [CosH2sFN202S] * requires 439.1850 found 439.1859. The absolute

configuration was assigned tentatively by analogy.

4-(((S)-3-((R)-1-(benzo[d] thiazol-2-yl)-2-0x0-2-(piperidin-1-yl)ethyl)pent-4-en-1-yl)oxy)benzo nitrile (31).

faarae
i

White solid. Yield: 85%, 38.0 mg. 5// 11/1, dr 18/1. Enantiomeric excess: 89%, determined by HPLC (CHIRALPAK
AD, hexane/isopropanol = 70/30, flow rate 1.0 mL/min, T =30 °C, 254 nm): tg= 7.659 min (minor), trg= 8.484 min
(major). [a]p?® = -18.7 (¢ 0.58, CHCl5).

'"H NMR (400 MHz, CDCl3) & 7.98 (d, J = 8.0 Hz, 1H), 7.87 (dd, J = 8.0, 1.2 Hz, 1H), 7.53 — 7.44 (m, 3H), 7.39
(td, J=7.7,7.2, 1.2 Hz, 1H), 6.81 (d, J= 8.8 Hz, 2H), 5.72 (ddd, J = 17.1, 10.2, 8.9 Hz, 1H), 5.34 — 5.15 (m, 2H),
4.56 (d, J=10.1 Hz, 1H), 4.02 — 3.84 (m, 2H), 3.77 — 3.46 (m, 4H), 3.38 — 3.18 (m, 1H), 1.93 — 1.32 (m, 8H).

I3C NMR (101 MHz, CDCls) 8 168.60, 167.95, 161.92, 151.95, 137.75, 135.88, 133.85, 125.99, 125.26, 122.78,
121.78, 119.31, 118.87, 115.14, 103.69, 65.65, 52.33, 47.41, 45.24, 43.65, 30.55, 26.59, 25.63, 24.46.

IR (KBr): y : 2934, 2855, 2223, 1637, 1605, 1508, 1437, 1301, 1259, 1171, 1094, 1014, 834, 801, 760, 548 cm'.
HRMS (ESI): m/z [M + H] * caled for [CysH2sN302S] * requires 446.1897, found 446.1908. The absolute

configuration was assigned tentatively by analogy.

(2R,3S)-2-(benzo[d]thiazol-2-yl)-3-(2-(4-nitrophenoxy)ethyl)-1-(piperidin-1-yl)pent-4-en-1-one (32).

agrae
B

White solid. Yield: 72%, 31.5 mg. b/[> 20/1, dr> 20/1. Enantiomeric excess: 92%, determined by HPLC
(CHIRALPAK IE, hexane/isopropanol = 70/30, flow rate 1.0 mL/min, T =30 °C, 254 nm): tg=41.409 min (major),
tr=47.865 min (minor). [a]p** =-29.3 (¢ 0.11, CHCI3).

'"H NMR (400 MHz, CDCI3) 8 8.09 (dd, J = 9.8, 2.7 Hz, 2H), 7.97 (d, J = 8.1 Hz, 1H), 7.85 (d, J = 8.0 Hz, 1H),
747 (t,J="7.8 Hz, 1H), 7.38 (t, /= 7.6 Hz, 1H), 6.99 — 6.74 (m, 2H), 5.72 (dt, J=17.3, 9.6 Hz, 1H), 5.36 — 5.08
(m, 2H), 4.56 (d, J=10.2 Hz, 1H), 4.09 — 3.81 (m, 2H), 3.73 — 3.41 (m, 4H), 3.29 (qd, /= 10.6, 9.8, 3.0 Hz, 1H),
1.91-1.78 (m, 1H), 1.76 — 1.66 (m, 1H), 1.66 — 1.44 (m, 5H), 1.44 — 1.32 (m, 1H).

13C NMR (101 MHz, CDCls) & 168.55, 167.93, 163.69, 151.99, 141.34, 137.76, 135.87, 125.98, 125.78, 125.24,
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122.79,121.75, 118.87, 114.39, 66.12, 52.35, 47.40, 45.21, 43.65, 30.54, 26.59, 25.62, 24.46.

IR (KBr): y: 3077, 2925, 2854, 1635, 1607, 1592, 1508, 1497, 1455, 1436, 1339, 1261, 1172, 1110, 1014, 845, 800,
761 cm.

HRMS (ESI): m/z [M + H] * caled for [CasH2sN304S] * requires 466.1795, found 466.1797. The absolute
configuration was assigned tentatively by analogy.

(S)-4-((R)-1-(benzo[d]thiazol-2-yl)-2-0x0-2-(piperidin-1-yl)ethyl)hex-5-en-1-yl furan-2-carboxylate (33).

White solid. Yield: 70%, 31.8 mg. b/[> 20/1, dr 15/1. Enantiomeric excess: 88%, determined by HPLC
(CHIRALPAK IF, hexane/isopropanol = 70/30, flow rate 1.0 mL/min, T = 30 °C, 254 nm): tg= 10.380 min (major),
tr= 11.349 min (minor). [a]p?° = 19.4 (¢ 0.41, CHCI3).

'TH NMR (400 MHz, CDCl3) & 7.97 (d, J = 8.0 Hz, 1H), 7.85 (dd, J= 7.9, 1.3 Hz, 1H), 7.55 — 7.43 (m, 2H), 7.37
(td, J=17.6, 1.2 Hz, 1H), 6.88 (dd, J= 3.5, 0.8 Hz, 1H), 6.39 (dd, J=3.5, 1.7 Hz, 1H), 5.67 (ddd, /= 17.1, 10.2, 8.8
Hz, 1H), 5.38 = 5.09 (m, 2H), 4.52 (d, /= 10.2 Hz, 1H), 4.16 (tt, /= 6.8, 3.9 Hz, 2H), 3.77 — 3.43 (m, 4H), 3.06 (qd,
J=94,43 Hz, 1H), 1.87 — 1.77 (m, 1H), 1.64 — 1.46 (m, 6H), 1.44 — 1.33 (m, 3H).

3C NMR (101 MHz, CDCl3) 8 169.09, 168.19, 158.60, 151.94, 146.12, 144.57, 138.35, 135.88, 125.84, 125.06,
122.78,121.73, 118.39, 117.59, 111.70, 64.36, 52.39, 48.27, 47.40, 43.59, 27.62, 26.57, 26.03, 25.63, 24.49.

IR (KBr): v : 3066, 2935, 2855, 1721, 1635, 1473, 1437, 1295, 1261, 1245, 1229, 1179, 1119, 1014, 801, 761 cmr
1

HRMS (ESI): m/z [M + Na] * caled for [CasH2sN2NaO4S] * requires 475.1662, found 475.1670. The absolute
configuration was assigned tentatively by analogy.

(S)-4-((R)-1-(benzo[d] thiazol-2-yl)-2-0x0-2-(piperidin-1-yl)ethyl)hex-5-en-1-yl thiophene-2-carboxylate (34).

White solid. Yield: 72%, 33.8 mg. b/l 14/1, dr> 20/1. Enantiomeric excess: 90%, determined by HPLC
(CHIRALPAK IE, hexane/isopropanol = 70/30, flow rate 1.0 mL/min, T =30 °C, 254 nm): tg= 17.512 min (minor),
tr= 18.417 min (major). [a]p?® = 13.4 (¢ 0.42, CHCl;).

"H NMR (400 MHz, CDCl3) 8 7.96 (d, J= 8.0 Hz, 1H), 7.84 (d, 1H), 7.56 (dd, J= 3.7, 1.3 Hz, 1H), 7.49 — 7.33 (m,
3H), 6.97 (dd, J= 5.0, 3.7 Hz, 1H), 5.67 (ddd, J=17.0, 10.2, 8.8 Hz, 1H), 5.36 — 5.14 (m, 2H), 4.53 (d, /= 10.2
Hz, 1H), 4.15 (t, J= 6.4 Hz, 2H), 3.91 — 3.41 (m, 4H), 3.07 (qd, /= 10.1, 3.4 Hz, 1H), 1.89 — 1.75 (m, 1H), 1.68 —
1.33 (m, 9H).

I3C NMR (101 MHz, CDCls) 8 169.20, 168.21, 162.09, 151.93, 138.39, 135.94, 133.77, 133.12, 132.18, 127.57,
125.83, 125.05, 122.80, 121.75, 118.40, 64.48, 52.40, 48.31,47.41, 43.61, 27.68, 26.58, 26.09, 25.64, 24.49.

IR (KBr): y : 3075, 2932, 2855, 1708, 1635, 1436, 1418, 1260, 1224, 1095, 1014, 801, 759, 730 cm'.

HRMS (ESI): m/z [M + H] * calcd for [C2sH20N203S,] * requires 469.1620, found 469.1614. The absolute
configuration was assigned tentatively by analogy.

521



(2R,3S)-2-(benzo|d]thiazol-2-yl)-3-phenyl-1-(piperidin-1-yl)pent-4-en-1-one (35).

B
s\

40 °C, 48 h. White solid. Yield: 93%, 35.0 mg. b/[> 20/1, dr> 20/1. Enantiomeric excess: 79%, determined by HPLC
(CHIRALPAK IE, hexane/isopropanol = 90/10, flow rate 1.0 mL/min, T =30 °C, 254 nm): trg= 18.254 min (minor),
tr=20.929 min (major). [a]p?’ = 50.9 (¢ 1.42, CHCl;).

'H NMR (400 MHz, CDCls) 8 7.92 — 7.60 (m, 2H), 7.34 (t, J= 7.6 Hz, 1H), 7.27 (d, J= 15.2 Hz, 1H), 7.22 (d, J =
7.6 Hz, 2H), 7.15 (t, J = 7.5 Hz, 2H), 7.05 (t, J = 7.3 Hz, 1H), 6.14 (ddd, J = 17.4, 10.5, 7.3 Hz, 1H), 5.23 — 4.86
(m, 3H), 4.42 (dd, J=10.6, 7.5 Hz, 1H), 3.94 —3.54 (m, 4H), 1.70 — 1.43 (m, 5H), 1.41 — 1.29 (m, 1H).

3C NMR (101 MHz, CDCls) 8 168.36, 167.72, 151.93, 139.66, 138.89, 135.62, 128.57, 128.40, 126.80, 125.60,
124.79, 122.61, 121.58, 116.60, 53.82, 52.25, 47.35, 43.74, 26.49, 25.63, 24.47.

IR (KBr): v : 3060, 3027, 2936, 2855, 1635, 1503, 1435, 1263, 1245, 1207, 1135, 1113, 1067, 1013, 759, 730, 700
cml,
HRMS (ESI): m/z [M + H] * caled for [C23H24N,0OS] * requires 377.1682, found 377.1690. The absolute
configuration was assigned tentatively by analogy.

(2R,3S5)-2-(benzo[d]thiazol-2-yl)-4-phenyl-1-(piperidin-1-yl)-3-vinylbutane-1,4-dione (36).
N 0
T
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40 °C, 48 h. Yellow oil. Yield: 83%, 33.5 mg. b//> 20/1, dr 12/1. Enantiomeric excess: 92%, determined by HPLC
(CHIRALPAK IE, hexane/isopropanol = 70/30, flow rate 1.0 mL/min, T =30 °C, 254 nm): trg= 13.324 min (major),
tr= 14.324 min (minor). [a]p** =-162.9 (¢ 0.5, CHCl5).

'"H NMR (400 MHz, CDCl;3) 6 8.01 — 7.96 (m, 2H), 7.89 (d, J = 8.1 Hz, 1H), 7.74 (d, J=7.9 Hz, 1H), 7.52 (t, J =
7.4 Hz, 1H), 7.45 — 7.34 (m, 3H), 7.29 (d, /= 8.2 Hz, 1H), 5.99 (ddd, J=17.7, 10.2, 7.5 Hz, 1H), 5.61 — 5.14 (m,
4H), 4.06 — 3.41 (m, 4H), 1.76 — 1.43 (m, 6H).

I3C NMR (101 MHz, CDCls) 4 198.13, 167.12, 166.87, 152.49, 136.38, 135.23, 133.76, 133.19, 128.77, 128.50,
125.80, 124.98, 123.27, 121.43, 120.87, 54.02, 48.94, 47.68, 43.76, 26.66, 25.75, 24.54.

IR (KBr): v : 3061, 3003, 2935, 2855, 1682, 1635, 1596, 1507, 1435, 1313, 1267, 1191, 1099, 1013, 932, 801, 759,
730, 705, 686 cm™'.

HRMS (ESI): m/z [M + Na] * calcd for [C24H24N2NaO,S] * requires 427.1451, found 427.1459. The absolute
configuration was assigned tentatively by analogy.

Tert-butyl (S)-2-((R)-1-(benzo[d]thiazol-2-yl)-2-ox0-2-(piperidin-1-yl)ethyl)but-3-enoate (37).

A o}
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40 °C, 48 h. White solid. Yield: 81%, 32.2 mg. b//> 20/1, dr 4/1. Enantiomeric excess: 89%, determined by HPLC
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(CHIRALPAK IE, hexane/isopropanol = 70/30, flow rate 1.0 mL/min, T =30 °C, 254 nm): tg= 10.425 min (minor),
tr= 11.710 min (major). [a]p?* = -9.6 (c 0.30, CHCl5).

'H NMR (400 MHz, CDCls) 8 7.98 (d, J= 8.1 Hz, 1H), 7.88 — 7.81 (m, 1H), 7.50 — 7.41 (m, 1H), 7.36 (td, J = 7.6,
7.2, 1.2 Hz, 1H), 5.94 (ddd, J=17.3, 10.3, 8.4 Hz, 1H), 5.41 — 5.16 (m, 2H), 4.95 (d, /= 10.6 Hz, 1H), 4.02 (dd, J
=10.6, 8.4 Hz, 1H), 3.81 —3.41 (m, 4H), 1.79 — 1.38 (m, 6H), 1.21 (s, 9H).

13C NMR (101 MHz, CDCls) 8 170.56, 167.23, 166.65, 152.28, 135.62, 133.36, 125.89, 125.09, 123.02, 121.59,
119.63, 81.28, 54.69, 49.75, 47.46, 43.70, 27.67, 26.55, 25.65, 24.47.

IR (KBr): y : 3064, 2933, 2856, 1727, 1646, 1436, 1367, 1313, 1260, 1149, 1013, 802, 761 cm™'.

HRMS (ESI): m/z [M + Na] * calcd for [C22H2sN>NaO3S] * requires 423.1713, found 423.1720. The absolute
configuration was assigned tentatively by analogy.

(2R,3S)-2-(benzo[d]thiazol-2-yl)-3-(benzyloxy)-1-(piperidin-1-yl)pent-4-en-1-one (38).

B
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40 °C, 48 h. White solid. Yield: 94%, 38.5 mg. b/[> 20/1, dr 10/1. Enantiomeric excess: 87%, determined by HPLC
(CHIRALPAK IE, hexane/isopropanol = 70/30, flow rate 1.0 mL/min, T =30 °C, 254 nm): tg= 8.529 min (major),
tr= 10.810 min (minor). [a]p?® = 32.4 (¢ 0.70, CHCl5).

'"H NMR (400 MHz, CDCls) & 8.02 (d, J = 8.1 Hz, 1H), 7.87 — 7.76 (m, 1H), 7.46 (ddd, J = 8.3, 7.2, 1.3 Hz, 1H),
7.37 (td, J=7.7, 7.2, 1.3 Hz, 1H), 7.16 — 7.10 (m, 1H), 7.09 — 7.03 (m, 2H), 6.97 — 6.90 (m, 2H), 5.92 (ddd, J =
17.2, 10.4, 6.7 Hz, 1H), 5.61 — 5.26 (m, 2H), 4.74 (d, J = 9.1 Hz, 1H), 4.68 — 4.51 (m, 2H), 4.27 (d, J = 11.9 Hz,
1H), 3.74 — 3.40 (m, 4H), 1.67 — 1.43 (m, 5H), 1.41 — 1.30 (m, 1H).

3C NMR (101 MHz, CDCls) 8 167.64, 166.64, 152.32, 137.72, 135.89, 135.57, 128.04, 127.68, 127.36, 125.70,
124.89, 122.96, 121.58, 119.55, 81.97, 70.84, 53.60, 47.49, 43.48, 26.46, 25.59, 24.45.

IR (KBr): y : 3062, 3029, 3004, 2934, 2855, 1639, 1507, 1497, 1436, 1261, 1247, 1208, 1156, 1067, 1013, 951,
802, 760, 731, 698 cm’!.

HRMS (ESI): m/z [M + H] * caled for [C2sH27N202S] * requires 407.1788, found 407.1791. The absolute
configuration was assigned tentatively by analogy.

(2R,3R)-2-(benzo|[d]thiazol-2-yl)-3-(benzyloxy)-4-methyl-1-(piperidin-1-yl)pent-4-en-1-one (39).

TR
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40 °C, 48 h. White solid. Yield: 44%, 18.6 mg. b/[> 20/1, dr 5/1. Enantiomeric excess: 71%, determined by HPLC
(CHIRALPAK IE, hexane/isopropanol = 70/30, flow rate 1.0 mL/min, T = 30 °C, 254 nm): tg= 8.092 min (major),
tr=9.225 min (minor). [a]p*° = 7.6 (¢ 0.69, CHCI3).

H NMR (400 MHz, CDCl3) §8.03 (d, J = 8.1 Hz, 1H), 7.84 (d, J = 7.8 Hz, 1H), 7.52 — 7.40 (m, 1H), 7.41 — 7.34 (m,
1H), 7.15 — 7.09 (m, 1H), 7.04 (dd, J = 8.2, 6.7 Hz, 2H), 6.88 (d, J = 7.2 Hz, 2H), 5.26 — 5.08 (m, 2H), 4.88 (d, /= 9.8
Hz, 1H), 4.60 (d, J= 9.8 Hz, 1H), 4.47 (d, J = 12.0 Hz, 1H), 4.19 (d, J= 12.0 Hz, 1H), 3.76 — 3.32 (m, 4H), 1.82 (s, 3H),
1.63 — 1.34 (m, 6H).

13C NMR (101 MHz, CDCls) & 168.21, 166.67, 152.29, 141.21, 137.73, 135.89, 127.97, 127.60, 127.27, 125.65,
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124.85,122.93, 121.58, 117.64, 84.84, 70.15, 51.65, 47.43, 43.41, 26.51, 25.58, 24.45, 17.40.

IR (KBr): v : 3063, 3029, 2933, 2855, 1643, 1505, 1436, 1261, 2246, 1206, 1155, 1069, 1014, 802, 760, 731, 697
cml.
HRMS (ESI): m/z [M + H] * caled for [CasH20N,02S] * requires 421.1944, found 421.1954. The absolute
configuration was assigned tentatively by analogy.

4-(((S)-3-((R)-1-(benzo[d] thiazol-2-yl)-2-0x0-2-(piperidin-1-yl)ethyl)pent-4-en-1-yl)oxy)-2H-chromen-2-one
(40).

ﬂ%o
H

White solid. Yield: 54%, 26.3 mg. b/[> 20/1, dr 13/1. Enantiomeric excess: 88%, determined by HPLC
(CHIRALPAK AD, hexane/isopropanol = 80/20, flow rate 1.0 mL/min, T =30 °C, 254 nm): tg= 16.569 min (minor),
tr= 18.480 min (major). [a]p?® =-9.5 (¢ 0.24, CHCL).

'"H NMR (400 MHz, CDCI3) 4 8.00 (d, J = 8.1 Hz, 1H), 7.88 (d, /= 8.0 Hz, 1H), 7.78 (dd, J = 7.9, 1.6 Hz, 1H),
7.56 —7.45 (m, 2H), 7.44 — 7.36 (m, 1H), 7.28 (d, /= 12.3 Hz, 2H), 5.72 (ddd, J=17.1, 10.2, 8.9 Hz, 1H), 5.56 (s,
1H), 5.33 - 5.12 (m, 2H), 4.59 (d, J=10.1 Hz, 1H), 4.28 — 3.93 (m, 2H), 3.84 - 3.45 (m, 4H), 3.35 (q, /= 11.6 Hz,
1H), 1.99 — 1.88 (m, 1H), 1.79 (ddd, J= 14.3, 10.6, 5.3 Hz, 1H), 1.69 — 1.46 (m, 5H), 1.45 — 1.35 (m, 1H).

3C NMR (101 MHz, CDCls) 4 168.46, 167.87, 165.44, 162.91, 153.29, 152.06, 137.40, 135.86, 132.34, 126.07,
125.35, 123.91, 123.17, 122.92, 121.77, 119.29, 116.71, 115.63, 90.44, 66.75, 52.33, 47.42, 45.46, 43.69, 30.24,
26.60, 25.62, 24.46.

IR (KBr): v : 3065, 2926, 2854, 1731, 1613, 1506, 1436, 1279, 1262, 1230, 1200, 1156, 1121, 1095, 1014, 834,
801, 760 cm™'.

HRMS (ESI): m/z [M + H] * caled for [CosH20N204S] * requires 489.1843, found 489.1850. The absolute
configuration was assigned tentatively by analogy.

7-(((S)-3-((R)-1-(benzo[d]thiazol-2-yl)-2-0x0-2-(piperidin-1-yl)ethyl)pent-4-en-1-yl)oxy)-2H-chromen-2-one
41).
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White solid. Yield: 52%, 25.4 mg. b/ 14/1, dr 15/1. Enantiomeric excess: 88%, determined by HPLC (CHIRALPAK
OD, hexane/isopropanol = 80/20, flow rate 1.0 mL/min, T = 30 °C, 254 nm): tg= 12.540 min (minor), tg= 14.347
min (major). [a]p?® =-7.8 (¢ 0.16, CHCI3).

'H NMR (400 MHz, CDCls) 6 7.98 (d, J = 8.1 Hz, 1H), 7.85 (d, J = 8.0 Hz, 1H), 7.59 (d, J = 9.4 Hz, 1H), 7.49 —
7.43 (m, 1H), 7.40 — 7.34 (m, 1H), 7.28 (d, J = 8.7 Hz, 1H), 6.74 (dd, ] = 8.6, 2.4 Hz, 1H), 6.68 (d, ] =2.4 Hz, 1H),
6.22 (d,J=9.4 Hz, 1H), 5.72 (ddd, J =17.0, 10.2, 8.9 Hz, 1H), 5.34 — 5.07 (m, 2H), 4.57 (d, J = 10.0 Hz, 1H), 4.05
—3.83 (m, 2H), 3.73 — 3.44 (m, 4H), 3.37 —3.23 (m, 1H), 1.91 — 1.78 (m, 1H), 1.76 — 1.68 (m, 1H), 1.65 — 1.46 (m,
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5H), 1.43 — 1.35 (m, 1H).

13C NMR (101 MHz, CDCls) & 168.64, 167.99, 161.92, 161.25, 155.76, 151.98, 143.43, 137.76, 135.90, 128.62,
125.92, 125.17, 122.81, 121.75, 118.88, 113.01, 112.95, 112.39, 101.25, 65.91, 52.34, 47.41, 45.33, 43.64, 30.56,
26.59,25.63, 24.47.

IR (KBr): vy : 3075, 3004, 2928, 2855, 1723, 1622, 1566, 1437, 1373, 1272, 1261, 1238, 1182, 1139, 1107, 1013,
930, 761 cm’'.

HRMS (ESI): m/z [M + Na] " calcd for [C2sH2sN2NaO4S] * requires 511.1662, found 511.1672. The absolute

configuration was assigned tentatively by analogy.

(2R,3S)-2-(benzo|d]thiazol-2-yl)-3-(2-(((1R,2S,5R)-2-isopropyl-5-methylcyclohexyl)oxy)ethy 1)-1-(piperidin-
1-yl)pent-4-en-1-one (42).

5

White solid. Yield: 60%, 29.0 mg. b/> 20/1, dr> 20/1. Enantiomeric excess: 84%, determined by HPLC
(CHIRALPAK IC, hexane/isopropanol = 90/10, flow rate 1.0 mL/min, T = 30 °C, 254 nm): tg= 6.056 min (major),
tr= 6.648 min (minor). [a]p?® = -38.1 (¢ 0.50, CHCl5).

'TH NMR (400 MHz, CDCl3) 8 7.96 (ddd, J = 8.1, 1.2, 0.6 Hz, 1H), 7.85 (ddd, J = 7.9, 1.3, 0.6 Hz, 1H), 7.44 (ddd,
J=8.3,7.2,1.3 Hz, 1H), 7.35 (ddd, J= 8.3, 7.2, 1.2 Hz, 1H), 5.69 (ddd, J = 17.2, 10.3, 8.9 Hz, 1H), 5.33 — 5.04 (m,
2H), 4.53 (d, J =9.9 Hz, 1H), 3.74 — 3.41 (m, 5H), 3.27 - 3.07 (m, 2H), 2.87 (td, J = 10.5, 4.1 Hz, 1H), 2.31 - 2.10
(m, 1H), 2.03 — 1.88 (m, 1H), 1.78 = 1.17 (m, 11H), 1.17 — 1.02 (m, 1H), 0.91 — 0.61 (m, 12H).

3C NMR (101 MHz, CDCls) & 169.03, 168.32, 152.04, 138.60, 136.06, 125.73, 124.94, 122.72, 121.69, 118.02,
79.21,65.74,52.52,48.24,47.39,45.64, 43.55, 40.46, 34.55, 32.29,31.47, 26.56, 25.64, 25.29,24.52, 23.17,22.33,
21.02, 16.12.

IR (KBr): v : 3068, 2958, 2856, 1645, 1503, 1435, 1367, 1314, 1287, 1269, 1245, 1216, 1111, 851, 802, 730 cm™'.
HRMS (ESI): m/z [M + H] * caled for [CxoHs3N202S] * requires 483.3040, found 483.3048. The absolute

configuration was assigned tentatively by analogy.

(2R,3S,5R)-2-(benzo[d]thiazol-2-yl)-6-((tert-butyldimethylsilyl)oxy)-5-hydroxy-1-(piperidin-1-yl)-3-
vinylhexan-1-one (43).

OHY) o
BuMe,SiO__~
sTN

(petroleum/ethyl acetate = 1/1). White solid. Yield: 64%, 37.9 mg. b/I> 20/1, dr> 20/1. Enantiomeric excess: 91%,
determined by HPLC (CHIRALPAK IE, hexane/isopropanol = 90/10, flow rate 1.0 mL/min, T = 30 °C, 254 nm):
tr=17.766 min (minor), tg=39.182 min (major). [a]p*’ = 16.8 (¢ 0.98, CHCl5).

"H NMR (400 MHz, CDCl3) 8 7.95 (d, J= 8.1 Hz, 1H), 7.85 (d, J = 7.9 Hz, 1H), 7.48 — 7.41 (t, 1H), 7.38 — 7.31
(m, 1H), 5.70 (ddd, 1H), 5.42 — 5.11 (m, 2H), 4.53 (d, /= 9.9 Hz, 1H), 3.78 — 3.16 (m, 8H), 2.20 (d, J = 4.8 Hz,
1H), 1.69 — 1.18 (m, 9H), 0.74 (s, 9H), -0.05 (s, 3H), -0.08 (s, 3H).

I3C NMR (101 MHz, CDCls) & 169.20, 168.25, 151.88, 138.44, 136.04, 125.75, 125.00, 122.66, 121.82, 118.45,
68.87, 67.33, 52.51, 47.39, 45.05, 43.57, 34.88, 26.55, 25.70, 25.63, 24.50, 18.10, -5.45, -5.54.
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IR (KBr): y : 3443, 3068, 2928, 2856, 1634, 1437, 1259, 1096, 1016, 836, 802, 760, 730 cm’".
HRMS (ESI): m/z [M + H] * calcd for [C26H41N2O3SSi] * requires 489.2602, found 489.2608. The absolute
configuration was assigned tentatively by analogy.

(2R,35,4S,5R,6R)-2-(acetoxymethyl)-6-(((S)-4-((R)-1-(benzo[d] thiazol-2-yl)-2-0x0-2-(piperidin-1-
yDethyl)hex-5-en-1-yl)oxy)tetrahydro-2H-pyran-3,4,5-triyl triacetate (44).

ACOI"G"\O i 'O
AcO" ™ ° NS

AcO/ @
(petroleum/ethyl acetate = 1/1). White solid. Yield: 62%, 42.5 mg. b/[ 20/1, dr> 20/1. Enantiomeric excess: 91%,
determined by HPLC (CHIRALPAK IE, hexane/isopropanol = 70/30, flow rate 1.0 mL/min, T = 30 °C, 254 nm):
tr=20.631 min (major), trg= 25.492 min (minor). [a]p?* = 0.3 (¢ 1.09, CHCl;).
'"H NMR (400 MHz, CDCl3) & 7.96 (d, J = 8.0 Hz, 1H), 7.89 (dd, J= 7.9, 1.2 Hz, 1H), 7.49 — 7.43 (m, 1H), 7.38
(td, J=17.6,7.2,1.2 Hz, 1H), 5.63 (ddd, /= 17.1, 10.2, 8.8 Hz, 1H), 5.39 — 5.32 (m, 1H), 5.26 — 5.07 (m, 3H), 4.92
(dd, J=10.5, 3.5 Hz, 1H), 4.49 (d, J= 10.1 Hz, 1H), 4.32 (d, J= 7.9 Hz, 1H), 4.11 (dd, J= 6.7, 4.5 Hz, 2H), 3.90
—3.73 (m, 2H), 3.70 — 3.41 (m, 4H), 3.39 — 3.22 (m, 1H), 2.98 (qd, /= 10.1, 3.3 Hz, 1H), 2.12 (s, 3H), 2.03 (s, 3H),
1.97 (s, 3H), 1.94 (s, 3H), 1.73 — 1.17 (m, 10H).
3C NMR (101 MHz, CDCls) 4 170.41, 170.29, 170.18, 169.42, 169.03, 168.25, 152.00, 138.48, 135.91, 125.84,
125.09, 122.74, 121.76, 118.23, 101.30, 70.89, 70.49, 69.82, 68.71, 66.99, 61.22, 52.49, 48.47, 47.39, 43.56, 27.57,
27.07, 26.55,25.61, 24.48, 20.71, 20.69, 20.62.
IR (KBr): y : 2934, 2856, 1750, 1636, 1437, 1396, 1222, 1172, 1135, 1056, 955, 801, 762, 733, 544 cm.

HRMS (ESI): m/z [M + H] * caled for [C34H4sN2011S] * requires 689.2739, found 689.2742. The absolute
configuration was assigned tentatively by analogy.

(8R,9S8,13S,145)-3-(((S)-4-((R)-1-(benzo|[d] thiazol-2-yl)-2-0x0-2-(piperidin-1-yl)ethyl) hex-5-en-1-yl)oxy)-13-
methyl-6,7,8,9,11,12,13,14,15,16-decahydro-17H-cyclopenta[a]phenanthren-17-one (45).

White solid. Yield: 67%, 40.1 mg. b/[> 20/1, dr> 20/1. Enantiomeric excess: 87%, determined by HPLC
(CHIRALPAK IF, hexane/isopropanol = 70/30, flow rate 1.0 mL/min, T = 30 °C, 254 nm): tg= 14.843 min (major),
tr=16.975 min (minor). [a]p** = 66.2 (¢ 1.77, CHCI3).

'"H NMR (400 MHz, CDCl3) 6 8.05 - 7.93 (m, 1H), 7.90 — 7.79 (m, 1H), 7.48 — 7.42 (m, 1H), 7.41 — 7.33 (m, 1H),
7.11 (d, J = 8.6 Hz, 1H), 6.55 (dd, J = 8.6, 2.7 Hz, 1H), 6.49 (d, ] = 2.8 Hz, 1H), 5.68 (ddd, J = 17.0, 10.2, 8.8 Hz,
1H), 5.38 — 5.08 (m, 2H), 4.53 (d, J = 10.1 Hz, 1H), 3.90 — 3.42 (m, 6H), 3.17 — 2.98 (m, 1H), 2.91 — 2.73 (m, 2H),
2.49 (dd,J=18.9, 8.6 Hz, 1H), 2.41 — 2.32 (m, 1H), 2.27 — 1.77 (m, 7H), 1.65 — 1.33 (m, 14H), 0.89 (s, 3H).

13C NMR (101 MHz, CDCls) 8 169.16, 168.30, 156.89, 152.00, 138.59, 137.56, 135.95, 131.75, 126.19, 125.80,
125.03,122.80, 121.73, 118.22, 114.41, 112.09, 67.24, 52.48, 50.37, 48.40, 48.02,47.41, 43.95, 43.58, 38.34, 35.90,
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31.57,29.63,27.83, 26.71, 26.58, 26.56, 25.91, 25.65, 24.51, 21.60, 13.87.
IR (KBr): v : 3058, 2931, 2857, 1737, 1634, 1499, 1436, 1258, 1055, 1013, 759, 732 cm™".
HRMS (ESI): m/z [M + H] * caled for [C3sH47N203S] * requires 611.3302, found 611.3300. The absolute

configuration was assigned tentatively by analogy.

(2R,3S5)-2-(benzo[d]thiazol-2-y1)-6-(((3S,8S,9S,10R,13R,14S,17R)-10,13-dimethyl-17-((R)-6-methylheptan-2-
yD-2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-cyclopenta[a]phe nanthren-3-yl)oxy)-1-(piperidin-
1-yl)-3-vinylhexan-1-one (46).

White solid. Yield: 46%, 32.7 mg. b/[> 10/1, dr 20/1. Enantiomeric excess: 85%, determined by HPLC
(CHIRALPAK IE, hexane/isopropanol = 70/30, flow rate 1.0 mL/min, T =30 °C, 254 nm): tg= 6.313 min (major),
tr=7.995 min (minor). [a]p?* = -14.3 (¢ 0.88, CHCl;).

'"H NMR (400 MHz, CDCI3) 6 7.96 (d, J= 8.1 Hz, 1H), 7.85 (d, J= 7.9 Hz, 1H), 7.44 (t,J= 7.6 Hz, 1H), 7.36 (t,J
=7.5Hz, 1H), 5.68 (dt, J=17.3, 9.6 Hz, 1H), 5.39 — 5.08 (m, 3H), 4.54 (d, J = 10.1 Hz, 1H), 3.72 — 3.38 (m, 5H),
3.37-3.28 (m, 1H), 3.14 (qd, /= 10.2, 3.3 Hz, 1H), 3.00 (tt, J=11.2, 4.3 Hz, 1H), 2.24 (ddd, /= 13.3, 4.9, 2.0 Hz,
1H), 2.16 — 2.05 (m, 1H), 2.03 — 1.90 (m, 2H), 1.80 (tq, J = 11.6, 3.7, 3.0 Hz, 3H), 1.67 — 0.80 (m, 41H), 0.66 (s,
3H).

I3C NMR (101 MHz, CDCls) 4 168.97, 168.29, 152.03, 141.03, 138.53, 136.03, 125.76, 124.98, 122.75, 121.70,
121.36, 118.00, 78.92, 65.54, 56.76, 56.12, 52.41, 50.14, 47.40, 45.74, 43.56, 42.30, 39.77, 39.52, 39.18, 37.18,
36.83,36.19,35.79,31.94, 31.86, 31.80, 28.25, 28.23, 28.03, 26.57, 25.64, 24.52, 24.30, 23.82,22.85, 22.59, 21.04,
19.36, 18.72, 11.86.

IR (KBr): y : 2934, 2856, 1644, 1435, 1437, 1261, 1246, 1104, 1018, 800, 759 cm™.

HRMS (ESI): m/z [M + H] * caled for [C4sHgoN202S] * requires 713.5074, found 713.5076. The absolute

configuration was assigned tentatively by analogy.

(2R,3S)-2-(benzo[d]thiazol-2-yl)-1-(piperidin-1-yI)-3-(((1S,1'r;,4R,4'S)-4'-(p-tolyl)-[1,1'-bi(cyclohexan)]|-4-
yl)methyl)pent-4-en-1-one (47).

RS

White solid. Yield: 30%, 17.3 mg. b/[> 20/1, dr> 20/1. Enantiomeric excess: 80%, determined by HPLC
(CHIRALPAK IG, hexane/isopropanol = 70/30, flow rate 1.0 mL/min, T = 30 °C, 254 nm): tr= 8.453 min (minor),
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tr= 12.278 min (major). [a]p?’ = 0.8 (¢ 0.59, CHCl5).

'H NMR (400 MHz, CDCI3) 8 7.98 (d, /= 8.1 Hz, 1H), 7.88 (d, /= 7.9 Hz, 1H), 7.46 (ddd, J = 8.2, 7.2, 1.3 Hz,
1H), 7.41 — 7.34 (m, 1H), 7.08 (d, 4H), 5.62 (ddd, J=17.1, 10.2, 8.9 Hz, 1H), 5.37 — 5.00 (m, 2H), 4.47 (d, J=10.1
Hz, 1H), 3.80 — 3.38 (m, 4H), 3.13 (qd, 1H), 2.37 (tt, /= 12.1, 3.4 Hz, 1H), 2.30 (s, 3H), 1.93 — 1.81 (m, 3H), 1.80
—1.72 (m, 2H), 1.66 — 0.74 (m, 21H), 0.58 (dd, J= 13.7, 10.2 Hz, 1H).

13C NMR (101 MHz, CDCls) 8 169.67, 168.50, 151.92, 144.92, 139.19, 136.05, 135.17, 128.93, 126.67, 125.72,
124.94, 122.73, 121.76, 117.62, 52.95, 47.43,46.27, 44.19, 43.53, 43.23, 42.82, 39.25, 34.77, 34.73, 34.66, 31.64,
30.33,30.29, 29.97, 29.65, 26.57, 25.67, 24.55, 21.00.

IR (KBr): y : 2920, 2850, 2359, 1627, 1506, 1438, 1260, 1245, 1091, 1014, 916 cm.

HRMS (ESI): m/z [M + H] * caled for [C37H4N,OS] * requires 569.3560, found 569.3560. The absolute
configuration was assigned tentatively by analogy.

(2R,3S,10S,11R)-2,11-bis(benzo|[d] thiazol-2-yl)-1,12-di(piperidin-1-yl)-3,10-divinyldodecane-1,12-dione (48).

5o
@Wgo

(petroleum/ethyl acetate = 1/1). White solid. Yield: 64%, 43.8 mg. b//> 20/1, dr 20/1. Enantiomeric excess: 86%,
determined by HPLC (CHIRALPAK IG, hexane/isopropanol = 70/30, flow rate 1.0 mL/min, T = 30 °C, 254 nm):
tr=35.413 min (major), trg= 40.802 min (minor). [a]p?’ = 18.0 (¢ 0.62, CHCl5).

'"H NMR (400 MHz, CDCls) & 7.95 (d, J = 8.2 Hz, 2H), 7.85 (d, J = 8.0 Hz, 2H), 7.55 — 7.40 (m, 2H), 7.39 — 7.32
(m, 2H), 5.59 (ddd, J=17.0, 10.2, 8.8 Hz, 2H), 5.30 —4.97 (m, 4H), 4.46 (d, J=10.1 Hz, 2H), 3.92 — 3.28 (m, 8H),
2.92 (qd,J=9.4,4.0 Hz, 2H), 1.70 — 1.35 (m, 12H), 1.24 — 0.90 (m, 12H).

3C NMR (101 MHz, CDCls) & 169.50, 168.50, 151.97, 139.01, 135.96, 125.73, 124.93, 122.70, 121.70, 117.56,
52.48, 48.60, 47.38, 43.52, 31.42, 29.11, 26.70, 26.55, 25.62, 24.51.

IR (KBr): v :3067, 3001, 2932, 2855, 1638, 1503, 1436, 1261, 1245, 1215, 1135, 1123, 1014, 952, 920, 759, 739
cm!,
HRMS (ESI): m/z [M + H] * caled for [C4Hs51N402S2] * requires 683.3443, found 683.3455. The absolute
configuration was assigned tentatively by analogy.

4.2 Asymmetric functionalized coordinating nucleophiles of oct-1-ene

Pd,(dba)s (2.5 mol%)

L6 (7.5 mol%) CoH
2,5-DMBQ (120 mol%) 5T X
R Q NaOAc (100 mol%) s. o
. - 0]
AN 1,4-dioxane, 50 °C, 36 h 4 N Ry
Nu 1

General procedure IV: To a flame-dried and No-purged Schlenk tube (10 mL) were added Nu (0.1 mmol),
Pdy(dba); (0.0025 mmol, 2.3 mg), phosphoramidite L6 (0.0075 mmol, 5.8 mg), NaOAc (0.10 mmol, 8.2 mg) 2,5-
DMBQ (0.12 mmol, 16.3 mg) and a stirring bar. The Schlenk tube was then evacuated and filled with nitrogen. This
cycle was repeated three times and followed by the addition of 1,4-dioxane (0.5 mL) and oct-1-ene 1 (0.15 mmol,
16.8 mg), via a syringe, then the resulting mixture was stirred at 50 °C for 36 h. The reaction mixture was
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concentrated in vacuo, and the residue was purified by column chromatography on silica gel (petroleum/ethyl
acetate = 4/1) to provide the desired product.

(2R,3S)-2-(benzo|d]thiazol-2-yl)-N,N-dimethyl-3-vinyloctanamide (7).

O

S—\“N NMe,

White solid. Yield: 63%, 20.9 mg. b/[> 20/1, dr> 20/1. Enantiomeric excess: 86%, determined by HPLC
(CHIRALPAK IE, hexane/isopropanol = 90/10, flow rate 1.0 mL/min, T =30 °C, 254 nm): tg= 9.137 min (major),
tr= 13.064 min (minor). [a]p?® = 23.1 (¢ 0.32, CHCl5).

'"H NMR (400 MHz, CDCl3) 6 7.98 (d, /= 8.1 Hz, 1H), 7.87 (d, /= 8.2 Hz, 1H), 7.52 — 7.41 (t, 1H), 7.41 — 7.34 (4,
1H), 5.65 (ddd, J=17.1, 10.5, 8.8, 1.6 Hz, 1H), 5.30 — 4.99 (m, 2H), 4.51 (dd, J = 10.3, 1.6 Hz, 1H), 3.16 (s, 3H),
3.01 —2.95 (m, 3H), 2.94 (s, IH), 1.51 — 0.96 (m, 8H), 0.78 (t, J="7.0, 1.7 Hz, 3H).

3C NMR (101 MHz, CDCls) & 170.41, 169.29, 151.91, 138.70, 135.98, 125.77, 124.98, 122.72, 121.72, 117.76,
53.03, 48.94, 37.87, 36.03, 31.44, 26.54, 22.53, 14.00.

IR (KBr): y : 3447, 3067, 2958, 2927, 2856, 1644, 1503, 1456, 1436, 1261, 1245, 1115, 1068, 1031, 761 cm’".
HRMS (ESI): m/z [M + H] * caled for [Ci9H27N,OS] * requires 331.1839, found 331.1848. The absolute

configuration was assigned tentatively by analogy.

(2R,3S)-2-(6-methylbenzo[d]thiazol-2-yl)-1-(piperidin-1-yl)-3-vinyloctan-1-one (49).

G
Nl

White solid. Yield: 83%, 31.8 mg. b/[> 20/1, dr> 20/1. Enantiomeric excess: 90%, determined by HPLC
(CHIRALPAK ID, hexane/isopropanol = 70/30, flow rate 1.0 mL/min, T =30 °C, 254 nm): tg= 4.862 min (major),
tr=7.174 min (minor). [a]p*° = 3.5 (¢ 0.53, CHCI3).

'"H NMR (400 MHz, CDCls) 8 7.85 (d, J= 8.3 Hz, 1H), 7.66 (s, 1H), 7.26 (d, J= 6.4 Hz, 1H), 5.64 (ddd, J=17.2,
10.2, 8.8 Hz, 1H), 5.30 — 5.06 (m, 2H), 4.47 (d, J = 10.1 Hz, 1H), 3.80 — 3.38 (m, 4H), 2.97 (qd, /= 9.4, 4.3 Hz,
1H), 2.48 (s, 3H), 1.66 — 1.00 (m, 14H), 0.78 (t, /= 7.0 Hz, 3H).

I3C NMR (101 MHz, CDCls) & 168.55, 168.36, 150.12, 139.19, 136.15, 135.04, 127.32, 122.19, 121.43, 117.47,
52.52,48.52,47.36, 43.51, 31.47, 31.44, 26.55, 26.50, 25.64, 24.53, 22.52, 21.50, 13.99.

IR (KBr): v : 3077, 2930, 2856, 1644, 1507, 1442, 1260, 1248, 1216, 1162, 1135, 1090, 1014, 919, 814, 754 cm’".
HRMS (ESI): m/z [M + H] 7 caled for [CxH33N20S] * requires 385.2308, found 385.2312. The absolute
configuration was assigned tentatively by analogy.

(2R,3S5)-2-(6-methoxybenzo[d]thiazol-2-yl)-1-(piperidin-1-yl)-3-vinyloctan-1-one (50).

4\—\_Qo
s~\\ N
ol -
MeO
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White solid. Yield: 73%, 29.3 mg. b/[> 20/1, dr 10/1. Enantiomeric excess: 91%, determined by HPLC
(CHIRALPAK IE, hexane/isopropanol = 70/30, flow rate 1.0 mL/min, T =30 °C, 254 nm): tg= 6.145 min (major),
tr= 8.225 min (minor). [a]p?* = -8.0 (¢ 2.23, CHCl5).

'H NMR (400 MHz, CDCls) & 7.85 (d, J = 8.9 Hz, 1H), 7.32 (d, J = 2.6 Hz, 1H), 7.05 (dd, J = 8.9, 2.6 Hz, 1H),
5.63 (ddd, J=17.1,10.2, 8.8 Hz, 1H), 5.29 — 5.00 (m, 2H), 4.45 (d, /= 10.1 Hz, 1H), 3.87 (s, 3H), 3.71 — 3.42 (m,
4H), 2.96 (qd, J=9.0, 4.8 Hz, 1H), 1.71 — 1.00 (m, 14H), 0.79 (t, J= 6.9 Hz, 3H).

13C NMR (101 MHz, CDCls) § 168.62, 166.81, 157.57, 146.49, 139.18, 137.34, 123.16, 117.46, 115.19, 104.03,
55.80,52.42,48.51, 47.36, 43.49, 31.47, 31.44, 26.55, 26.50, 25.63, 24.53, 22.51, 13.99.

IR (KBr): v : 3076, 2931, 2856, 1636, 1602, 1558, 1508, 1435, 1261, 1229, 1135, 1058, 1025, 810 cm’".

HRMS (ESI): m/z [M + H] * caled for [C23H33N,02S] * requires 401.2257, found 401.2264. The absolute
configuration was assigned tentatively by analogy.

(2R,3S)-1-(piperidin-1-yl)-2-(6-(trifluoromethyl)benzo[d|thiazol-2-yl)-3-vinyloctan-1-one (51).

4\_\—QO
s—\ N
ot -
F4C

White solid. Yield: 95%, 49.6 mg. b/I> 20/1, dr> 20/1. Enantiomeric excess: 90%, determined by HPLC
(CHIRALPAK IF, hexane/isopropanol = 99/1, flow rate 1.0 mL/min, T = 30 °C, 254 nm): trg= 16.057 min (major),
tr=26.098 min (minor). [a]p?® = -0.7 (¢ 0.78, CHCl;).

'"H NMR (400 MHz, CDCls) 8 8.17 (s, 1H), 8.06 (d, J = 8.6 Hz, 1H), 7.69 (dd, J= 8.6, 1.7 Hz, 1H), 5.64 (ddd, J =
17.2,9.6 Hz, 1H), 5.37 —4.97 (m, 2H), 4.54 (d, /= 9.9 Hz, 1H), 3.87 —3.32 (m, 4H), 2.96 (qd, /=9.7, 3.2 Hz, 1H),
1.79 - 1.01 (m, 14H), 0.79 (t, J = 6.9 Hz, 3H). ’F NMR (376 MHz, CDCl5) § -61.35.

3C NMR (101 MHz, CDCls) § 173.02, 168.29, 153.90, 138.68, 136.18, 123.10, 122.76, 122.73, 119.37, 119.33,
117.91, 52.54, 49.16, 47.46, 43.58, 31.48, 31.42, 26.57, 26.46, 25.60, 24.47,22.47, 13.95.

IR (KBr): y : 3076, 2930, 2856, 1635, 1569, 1499, 1471, 1442, 1258, 1247, 1135, 1014, 924, 776, 737 cm".
HRMS (ESI): m/z [M + H] * caled for [Ca3H30F3N2OS] * requires 439.2025, found 439.2029. The absolute
configuration was assigned tentatively by analogy.

(2R,3S)-2-(6-chlorobenzo[d]thiazol-2-yl)-1-(piperidin-1-yl)-3-vinyloctan-1-one (52).

G
o

White solid. Yield: 90%, 36.5 mg. b/[> 20/1, dr> 20/1. Enantiomeric excess: 90%, determined by HPLC
(CHIRALPAK IE, hexane/isopropanol = 70/30, flow rate 1.0 mL/min, T = 30 °C, 254 nm): tg= 5.252 min (major),
tr=6.016 min (minor). [a]p?* =-12.4 (¢ 1.20, CHCl5).

'"H NMR (400 MHz, CDCl3) & 7.90 — 7.80 (m, 2H), 7.40 (dd, J = 8.7, 2.1 Hz, 1H), 5.61 (ddd, /= 17.1, 10.2, 8.9
Hz, 1H), 5.28 — 5.03 (m, 2H), 4.47 (d, /= 10.0 Hz, 1H), 3.70 — 3.32 (m, 4H), 3.05 — 2.81 (m, 1H), 1.66 — 1.38 (m,
6H), 1.33 - 1.02 (m, 8H), 0.77 (t, /= 6.9 Hz, 3H).

I3C NMR (101 MHz, CDCls) & 170.16, 168.40, 150.47, 138.81, 137.27, 130.93, 126.54, 123.47, 121.26, 117.81,
52.38,48.98,47.43, 43.53, 31.45, 31.43, 26.56, 26.48, 25.62, 24.49, 22.50, 14.00.

IR (KBr): v :3077, 2930, 2855, 1635, 1591, 1504, 1439, 1304, 1263, 1214, 1164, 1134, 1097, 1014, 920, 853, 814,
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758, 680, 659 cm!.
HRMS (ESI): m/z [M + H] * caled for [C22H30CIN2OS] * requires 405.1762, found 405.1768. The absolute
configuration was assigned tentatively by analogy.

(2R,3S)-2-(6-bromobenzo|d]thiazol-2-yl)-1-(piperidin-1-yl)-3-vinyloctan-1-one (53).

o)
s—\ N
jot -

Br

White solid. Yield: 69%, 31.2 mg. b/l 20/1, dr> 20/1. Enantiomeric excess: 92%, determined by HPLC
(CHIRALPAK IE10, hexane/isopropanol = 90/10, flow rate 1.0 mL/min, T =30 °C, 254 nm): tg= 8.468 min (major),
tr= 11.221 min (minor). [o]p?° =-17.7 (¢ 1.17, CHCly).

'"H NMR (400 MHz, CDCI3) 8 7.99 (d, J = 1.9 Hz, 1H), 7.80 (d, J = 8.7 Hz, 1H), 7.53 (dd, J = 8.7, 2.0 Hz, 1H),
5.61 (ddd, J=17.2,9.6 Hz, 1H), 5.26 — 5.01 (m, 2H), 4.47 (d, /= 10.0 Hz, 1H), 3.78 — 3.39 (m, 4H), 2.92 (qd, J =
9.7,3.4 Hz, 1H), 1.68 — 1.38 (m, 6H), 1.35 — 1.00 (m, 8H), 0.77 (t, J= 6.9 Hz, 3H).

3BC NMR (101 MHz, CDCls) § 170.21, 168.37, 150.79, 138.79, 137.75, 129.23, 124.19, 123.84, 118.63, 117.82,
52.37,48.98,47.43,43.54,31.45, 31.43, 26.56, 26.47, 25.61, 24.49, 22.49, 14.00.

IR (KBr): y : 3077, 2931, 2856, 1635, 1585, 1503, 1436, 1303, 1263, 1241, 1214, 1135, 1084, 1047, 1013, 921,
814, 754, 666 cm™!.

HRMS (ESI): m/z [M + H] * caled for [C22H30BrN2OS] * requires 449.1257, found 449.1266. The absolute
configuration was assigned tentatively by analogy.

(2R,3S)-2-(4-fluorobenzo[d]thiazol-2-yl)-1-(piperidin-1-yl)-3-vinyloctan-1-one (54).

s,
<

White solid. Yield: 82%, 31.7 mg. b/[> 20/1, dr> 20/1. Enantiomeric excess: 72%, determined by HPLC
(CHIRALPAK IE, hexane/isopropanol = 70/30, flow rate 1.0 mL/min, T = 30 °C, 254 nm): tg= 4.967 min (major),
tr= 5.442 min (minor). [a]p*° = 2.5 (¢ 0.59, CHCI3).

'"H NMR (400 MHz, CDCl;3) & 7.64 (d, J = 8.0 Hz, 1H), 7.39 — 7.29 (m, 1H), 7.15 (dd, J = 10.5, 8.0 Hz, 1H), 5.62
(dt,J=17.1,9.6 Hz, 1H), 5.39 — 4.95 (m, 2H), 4.59 (d, /= 10.0 Hz, 1H), 3.78 — 3.30 (m, 4H), 2.94 (qd, J = 10.0,
3.0 Hz, 1H), 1.75 — 1.40 (m, 6H), 1.37 — 1.01 (m, 8H), 0.79 (t, J = 6.9 Hz, 3H). ’F NMR (376 MHz, CDCl5) § -
122.86.

13C NMR (101 MHz, CDCls) 8 170.49, 168.55, 156.83, 154.29, 140.75, 140.62, 138.91, 138.87, 138.82, 125.74,
125.67,117.80,117.41,117.37,111.45, 111.27,52.46,49.27,47.48, 43.54, 31.45, 31.41, 26.54, 25.63, 24.49, 22.50,
13.97.

IR (KBr): v : 3078, 2932, 2857, 1646, 1635, 1505, 1456, 1412, 1319, 1272, 1226, 1165, 1125, 1084, 1050, 1015,
921, 882, 827, 797, 720, 650 cm'.

HRMS (ESI): m/z [M + Na] * calcd for [C2oH29FN>NaOS] * requires 411.1877, found 411.1888. The absolute
configuration was assigned tentatively by analogy.

(2R,3S5)-2-(benzo[d]thiazol-2-yl)-1-morpholino-3-vinyloctan-1-one (55).
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White solid. Yield: 94%, 35.6 mg. b/[> 20/1, dr> 20/1. Enantiomeric excess: 90%, determined by HPLC
(CHIRALPAK IE, hexane/isopropanol = 90/10, flow rate 1.0 mL/min, T =30 °C, 254 nm): tg= 9.621 min (major),
tr= 11.471 min (minor). [a]p?® = 19.4 (¢ 0.53, CHCl;).

'H NMR (400 MHz, CDCl3) 8 7.98 (d, J = 8.1 Hz, 1H), 7.91 — 7.85 (m, 1H), 7.51 — 7.43 (m, 1H), 7.42 — 7.34 (m,
1H), 5.64 (ddd, J = 17.3, 10.2, 8.8 Hz, 1H), 5.37 — 5.01 (m, 2H), 4.45 (d, J = 10.2 Hz, 1H), 3.80 — 3.37 (m, 8H),
3.00 (qd, J=9.1,4.7 Hz, 1H), 1.43 — 0.98 (m, 8H), 0.79 (t,J = 6.9 Hz, 3H).

3C NMR (101 MHz, CDCls) & 169.00, 168.85, 151.95, 138.84, 135.89, 125.89, 125.13, 122.79, 121.74, 117.91,
66.80, 66.66, 52.49, 48.57, 46.65, 42.64, 31.49, 31.42, 26.45, 22.50, 13.97.

IR (KBr): v : 3066, 2928, 2856, 1646, 1505, 1436, 1450, 1397, 1314, 1260, 1128, 1066, 1014, 920, 802, 760, 730
cml,
HRMS (ESI): m/z [M + H] * caled for [C2iH20N20,S] * requires 373.1944, found 373.1951. The absolute
configuration was assigned tentatively by analogy.

(2R,3S)-2-(benzo[d]thiazol-2-yl)-1-morpholino-3-phenethylpent-4-en-1-one (56).

Ph/\j\)kN/\

N;\S K/O

&

White solid. Yield: 80%, 32.4 mg. b/[> 20/1, dr 18/1. Enantiomeric excess: 90%, determined by HPLC
(CHIRALPAK IE, hexane/isopropanol = 90/10, flow rate 1.0 mL/min, T =30 °C, 254 nm): trg= 14.854 min (major),
tr= 18.324 min (minor). [a]p** = 21.2 (¢ 0.24, CHCI5).

'"H NMR (400 MHz, CDCl3) 6 7.96 (d, J = 8.1 Hz, 1H), 7.87 (d, J = 8.0, 1.2 Hz, 1H), 7.46 (ddd, J=8.2, 7.1, 1.3
Hz, 1H), 7.38 (td, J=7.7, 1.2 Hz, 1H), 7.21 — 7.15 (m, 2H), 7.14 — 7.08 (m, 1H), 7.04 — 6.96 (m, 2H), 5.87 — 5.61
(m, 1H), 5.31 = 5.16 (m, 2H), 4.50 (d, J= 10.1 Hz, 1H), 3.87 — 3.40 (m, 8H), 3.04 (qd, J=9.8, 3.6 Hz, 1H), 2.72
(ddd, J=14.4,9.6, 5.2 Hz, 1H), 2.42 (ddd, /= 13.8, 9.7, 7.3 Hz, 1H), 1.71 — 1.49 (m, 2H).

3C NMR (101 MHz, CDCls) 8 168.79, 168.44, 151.94, 141.57, 138.46, 135.87, 128.37, 128.24, 125.94, 125.78,
125.19, 122.83, 121.73, 118.54, 66.77, 66.64, 52.33, 47.96, 46.65, 42.66, 33.10, 32.97.

IR (KBr): v : 3062, 3025, 2962, 2922, 2855, 1646, 1497, 1455, 1435, 1262, 1241, 1115, 1068, 1031, 801, 760, 730,
699 cm!.

HRMS (ESI): m/z [M + H] * caled for [C2sH27N205S] * requires 407.1788, found 407.1790. The absolute
configuration was assigned tentatively by analogy.

(2R,3S)-2-(benzo[d]thiazol-2-yl)-1-phenyl-3-vinyloctan-1-one (57).

S\ Ph
'
(petroleum/ethyl acetate = 10/1). Yellow oil. Yield: 79%, 28.6 mg. b//> 20/1, dr> 1/1. Enantiomeric excess: 80/83%,
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determined by HPLC (CHIRALPAK IF, hexane/isopropanol = 99/1, flow rate 1.0 mL/min, T =30 °C, 254 nm): tg=
9.110 min (minor), tg=9.843 min (major)/ tr= 13.928 min (major), tg= 15.410 min (minor).. [a]p?>* =-17.2 (¢ 0.60,
CHCl).

TH NMR (400 MHz, CDCl;3) 4 8.17 — 8.10 (m, 1H), 8.09 — 8.05 (m, 1H), 8.00 (dd, /= 13.0, 8.1 Hz, 1H), 7.84 (dd,
J=16.1,7.9 Hz, 1H), 7.65 —7.51 (m, 1H), 7.50 — 7.40 (m, 3H), 7.34 (dt, /= 14.1, 7.6 Hz, 1H), 5.58 (ddd, /= 16.9,
9.7, 4.8 Hz, 1H), 5.32 (d, /= 10.0 Hz, 1H), 5.16 — 4.99 (m, 1H), 4.97 — 4.85 (m, 1H), 3.12 (qt, J = 13.6, 5.7 Hz,
1H), 1.42 - 1.01 (m, 8H), 0.90 — 0.71 (m, 3H).

13C NMR (101 MHz, CDCls) & 197.84, 197.73, 168.23, 168.14, 152.35, 138.56, 137.78, 137.07, 136.83, 135.92,
135.86, 133.80, 133.59, 128.91, 128.87, 128.83, 128.77, 125.97, 125.84, 125.13, 124.99, 122.98, 122.93, 121.69,
121.63, 118.19, 117.95, 57.30, 57.28, 49.02, 48.80, 33.30, 31.70, 31.53, 31.45, 26.80, 26.37, 22.53, 14.03, 14.01.
IR (KBr): v : 3065, 2956, 2928, 2856, 1685, 1595, 1500, 1456, 1447, 1436, 1314, 1261, 1208, 1182, 1157, 1066,
1014, 1000, 921, 800, 759, 729, 687 cm’!.

HRMS (ESI): m/z [M + H] * calcd for [C23H26NOS] * requires 364.1730, found 364.1738. The absolute
configuration was assigned tentatively by analogy.

(2S,35)-2-(6-methylquinolin-2-yl)-1-phenyl-3-vinyloctan-1-one (58).

(petroleum/ethyl acetate = 10/1). Yellow oil. Yield: 88%, 32.5 mg. b//> 20/1, dr 20/1. Enantiomeric excess: 66%,
determined by HPLC (CHIRALPAK IF, hexane/isopropanol = 99/1, flow rate 1.0 mL/min, T = 30 °C, 254 nm): tg=
8.791 min (major), tg= 13.870 min (minor). [a]p?’ = -18.6 (¢ 0.79, CHCIL3).

'"H NMR (400 MHz, CDCl3) & 8.14 — 8.10 (m, 2H), 7.99 (dd, J= 8.9, 3.1 Hz, 2H), 7.57 — 7.50 (m, 3H), 7.48 — 7.43
(m, 1H), 7.38 (dd, J = 8.4, 7.0 Hz, 2H), 5.67 (ddd, /= 17.2, 10.3, 8.7 Hz, 1H), 5.13 — 5.07 (m, 2H), 5.00 (dd, J =
10.4, 1.7 Hz, 1H), 3.24 (qd, /= 10.5, 2.9 Hz, 1H), 2.50 (s, 3H), 1.38 — 1.21 (m, 3H), 1.18 — 1.00 (m, 5H), 0.77 (t, J
= 7.0 Hz, 3H).

3C NMR (101 MHz, CDCls) 8 199.30, 157.26, 146.60, 139.93, 137.81, 136.24, 136.08, 132.90, 131.70, 128.93,
128.87, 128.47, 127.19, 126.41, 120.21, 116.97, 61.97, 46.52, 31.64, 31.56, 26.40, 22.48, 21.52, 13.98.

IR (KBr): y:3061, 2961, 2855, 1682, 1596, 1579, 1561, 1497, 1447, 1376, 1288, 1263, 1182, 1093, 1019 cm’".
HRMS (ESI): m/z [M + Na] * calcd for [CosH2oNNaO] * requires 394.2141, found 394.2148. The absolute
configuration was assigned tentatively by analogy.
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5. Synthetic applications

5.1 Procedure for gram-scale reaction

Pd,(dba)s (2.5 mol%)

L5 (7.5 mol%) N o
2,5-DMBQ (120 mol%)
Q NaOAc (100 mol%) Y N
S N H H
: \)\/\/\ sTSN
N 1,4-dioxane, 50 °C, 64 h
6

To a flame-dried and N>-purged Schlenk tube (100 mL) were added 2-(benzo[d]thiazol-2-yl)-1-(piperidin-1-
yl)ethan-1-one 6 (4.0 mmol, 1.04 g), Pd>(dba); (0.1 mmol, 91.6 mg), phosphoramidite L5 (0.3 mmol, 232.8 mg),
NaOAc (4.0 mmol, 328 mg) 2,5-DMBQ (4.8 mmol, 652 mg) and a stirring bar. The Schlenk tube was then evacuated
and filled with nitrogen. This cycle was repeated three times and followed by the addition of 1,4-dioxane (20 mL)
and oct-1-ene 1 (6.0 mmol, 673.3 mg) via a syringe, then the resulting mixture was stirred at 50 °C for 64 h
(monotorrd by TLC). The reaction mixture was filtered through a pad of Celite, and concentrated in vacuo, and the
residue was purified by column chromatography on silica gel (petroleum/ethyl acetate = 4/1) to provide the product
8 (1.29 g, 87%, 91% ee, >20:1 dr, >20:1 b/l).

5.2 Synthetic transformation of a-benzothiazylacetamide

ph/\)\)kN/\ Ph/\)\/\N/\

: DIBAL-H :
SN K/O s K/O
O toluene, -78 °C, 4 h O

56 59

To a solution of 56 (0.05 mmol, 20.3 mg) in toluene (1 mL) at -78 °C was slowly added DIBAL-H (1.5 M in toluene,

0.3 mmol, 0.2 mL), then the resulting mixture was stirred at -78 °C for 4 h. The reaction was quenched by a saturated

aqueous solution of Seignette salt (1 mL) and extracted with ethyl acetate (1 mL x 3). The combined organic phases

were dried over anhydrous Na>SOs, filtered, concentrated in vacuo, and the crude product was purified by flash

column chromatography was purified by flash chromatography on silica gel (petroleum ether/ethyl acetate = 10:1)

to afford the desired product 59.*

4-((2R,35)-2-(benzo[d] thiazol-2-yl)-3-phenethylpent-4-en-1-yl)morpholine (59).

Colorless oil. Yield: 58%, 11.5 mg. dr 12/1. Enantiomeric excess: 90%, determined by HPLC (CHIRALPAK IG,

hexane/isopropanol = 97/3, flow rate 1.0 mL/min, T = 30 °C, 254 nm): tg = 8.980 min (minor), tr = 9.929 min

(major). [a]p?® =-12.2 (¢ 1.51, CHCl5).

'H NMR (400 MHz, CDCI3) 6 7.98 (d, /= 8.1 Hz, 1H), 7.85 (d, /= 7.9, 1.2 Hz, 1H), 7.46 (ddd, J=8.3,7.2, 1.3

Hz, 1H), 7.36 (td, J= 7.6, 1.2 Hz, 1H), 7.23 — 7.17 (m, 2H), 7.16 — 7.10 (m, 1H), 7.07 — 6.99 (m, 2H), 5.69 (dt, J =

17.0, 9.8 Hz, 1H), 5.31 — 5.00 (m, 2H), 3.61 — 3.48 (m, 4H), 3.43 — 3.33 (m, 1H), 2.82 — 2.74 (m, 2H), 2.73 — 2.65

(m, 1H), 2.63 — 2.55 (m, 1H), 2.54 — 2.38 (m, 3H), 2.37 — 2.26 (m, 2H), 1.78 — 1.66 (m, 1H), 1.57 (ddd, J = 13.4,

10.0, 4.7 Hz, 1H).

13C NMR (101 MHz, CDCl3) § 174.11, 152.80, 141.97, 139.59, 134.94, 128.42, 128.22, 125.72, 125.69, 124.63,
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122.69, 121.50, 117.69, 66.91, 61.82, 53.70, 47.67, 46.92, 33.59, 33.22.
IR (KBr): v : 3062, 2962, 2853, 1637, 1603, 1507, 1455, 1436, 1261, 1115, 1014, 914, 866, 799, 759, 699 cm’'.
HRMS (ESI): m/z [M + H] * caled for [CosH20N,OS] * requires 393.1995, found 393.2003. The absolute

configuration was assigned tentatively by analogy.

/\\l).i
Ph <N :
: LiAIH,
= \
THF, 0° to rt ph s

56 60

To a solution of 56 (0.345 mmol, 140 mg) in anhydrous THF (2.0 mL) at 0 °C was carefully added LiAlH4 (0.69
mmol, 2.5 M in THF, 0.28 mL). The reaction mixture was then warmed to RT and stirred for overnight. The reaction
was quenched with water (5 mL) and extracted with ethyl acetate (5 mL x 3). The combined organic phases were
dried over anhydrous Na,SOs, filtered, concentrated in vacuo, and the crude product was purified by flash column
chromatography (petroleum ether/ethyl acetate 10:1) to afford product 60.
(R)-2-(2-phenethylbut-3-en-1-yl)benzo[d]thiazole (60).

Colorless oil. Yield: 62%, 62.7 mg. Enantiomeric excess: 87%, determined by HPLC (CHIRALPAK OD,
hexane/isopropanol = 70/30, flow rate 1.0 mL/min, T = 30 °C, 254 nm): tg= 4.538 min (minor), tg= 6.311 min
(major). [a]p®® = 11.4 (c 1.04, CHCL).

'"H NMR (400 MHz, CDCl3) 8 7.98 (d, /= 8.1 Hz, 1H), 7.83 (d, /= 8.0, 1.2 Hz, 1H), 7.45 (t, 1H), 7.36 (t, 1H), 7.31
—7.23 (m, 2H), 7.21 — 7.14 (m, 3H), 5.75 (ddd, /= 16.9, 10.4, 8.6 Hz, 1H), 5.34 — 4.99 (m, 2H), 3.19 (qd, J= 14.5,
7.2 Hz, 2H), 2.85 — 2.65 (m, 2H), 2.59 (ddd, /= 13.8, 10.3, 6.5 Hz, 1H), 2.01 — 1.80 (m, 1H), 1.81 — 1.57 (m, 1H).
3C NMR (101 MHz, CDCls) 4 170.12, 153.13, 142.05, 140.42, 135.29, 128.41, 128.35, 125.86, 125.80, 124.70,
122.61, 121.46, 116.62, 44.14, 39.93, 36.14, 33.30.

IR (KBr): 3062, 2962, 2923, 2854, 1515, 1434, 1261, 1095, 1015, 799, 758, 698 cm™'.

HRMS (ESI): m/z [M + H] * caled for [C19H20NS] * requires 294.1311, found 294.1317. The absolute configuration

was assigned tentatively by analogy.
1) MeOT, 4 A, MeCN

2) NaBH,4, MeOH
D N/Q ) : /\j\/\
/
3) AgNO3 DCM/MeCN/H,0 Ph o

Ph S

60 61
A mixture of 60 (156.8 mg, 0.53 mmol), activated 4 A molecular sieves (0.53 g), and anhydrous CH3zCN (5.4 mL)
was stirred at room temperature for 10 min, then methyl triflate (91 i, 0.80 mmol) was added to the suspension.
The suspension was stirred at room temperature for 15 min (monitored by TLC). The mixture was filtered through
a pad of Celite. The filtrate was concentrated in vacuo to give the crude N-methylbenzothiazolium salt.

The residue was dissolved in MeOH (5.4 mL) at 0 °C and added NaBHj4 (1.59 mmol, 60.1 mg) to the reaction
until the starting material had been consumed as determined by TLC. The mixture was quenched by acetone and
concentrated in vacuo, then DCM (10 mL) and water (10 mL) were added. The organic phase was separated, and
the aqueous phase was exacted with DCM (10 mLx3). The combined organic phases were dried over anhydrous
NayS0ys, filtered and concentrated in vacuo to give the crude benzothiazoline.

To a vigorously stirred solution of the crude benzothiazoline in DCM (0.6 mL) and CH3CN (3 mL) were added
H,0 (0.36 mL) followed by AgNO3 (0.6 mmol, 102 mg). The mixture was stirred at RT (monitored by TLC until
benzothiazoline was fully consumed), then diluted with phosphate buffer (1 M, pH = 7, 0.5 mL). After stirred for
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15 min, the reaction mixture was further diluted with phosphate buffer (1 M, pH = 7, 13 mL). The suspension was
filtered through a pad of Celite, extracted with ethyl acetate (10 mL X 3), and the combined organic layers were
dried over Na,SOs, filtered through a pad of Celite, and concentrated in vacuo. The residue was purified by flash
column chromatography on silica gel (eluent: petroleum ether/ethyl acetate 10:1) to afford product 61.%7
(R)-3-phenethylpent-4-enal (61).

Colorless oil. Yield: 74%, 74.2 mg. Enantiomeric excess: 87%, determined by 60. [a]p?’ = 1.8 (¢ 0.48, CHCl5).

H NMR (400 MHz, CDCl3) $7.98 (d, J= 8.1 Hz, 1H), 7.83 (dd, J= 8.0, 1.2 Hz, 1H), 7.52 — 7.42 (m, 1H), 7.38 —
7.33 (m, 1H), 7.31 - 7.23 (m, 2H), 7.21 — 7.14 (m, 3H), 5.75 (ddd, J= 16.9, 10.4, 8.6 Hz, 1H), 5.34 — 4.99 (m, 2H),
3.19 (qd, J = 14.5, 7.2 Hz, 2H), 2.85 — 2.65 (m, 2H), 2.59 (ddd, J = 13.8, 10.3, 6.5 Hz, 1H), 2.01 — 1.80 (m, 1H),
1.81 = 1.57 (m, 1H).

I3C NMR (101 MHz, CDCl3) § 202.10, 141.84, 140.47, 128.41, 128.37, 125.89, 116.11, 48.59, 37.99, 36.40, 33.18.
IR (KBr): v : 3063, 3026, 2961, 2924, 2854, 2718, 1726, 1496, 1454, 1412, 1260, 1093, 1021, 918, 800, 749, 699
cml,
HRMS (ESI): m/z [M + H] * caled for [C13H170] * requires 189.1274, found 189.1281. The absolute configuration
was assigned tentatively by analogy.

5.3 General procedure synthesis of carbonyl compounds from compound 61

1) RMgBr or "BulLi

Ph o 2) DMP oxidation Ph R

61
X o] X o] X 0 X o]
Ph "B Ph Ph Ph m Ph
u e A
Me
62 63 64 65

To a solution of 61 (18.8 mg, 0.1 mmol) in THF (1 mL) was slowly added phenylmagnesium bromide (0.31 mmol,
1 M in THF, 0.31 mL) at 0° C. The resulting solution was allowed to stir overnight at room temperature. After the
reaction was completed (monitored by TLC), the mixture was cooled to 0° C and saturated aq. NH4C1 (1 mL) was
added dropwise, then diluted with ethyl acetate (1 mL x 3) and washed with aq. NaHCOs3, brine, and water,
respectively. The organic layer was dried with anhydrous Na,SOs, filtered and concentrated. The crude product was
directly used in the next step without further purification.?

The residue was re-dissolved in dry DCM (1.0 mL), then Dess-Martin periodinane (63.6 mg, 0.15 mmol) was
added at room temperature. After the reaction was completed (monitored by TLC), the reaction mixture was diluted
with DCM, poured slowly into a solution of Na,S>03:NaHCOs3 (1:1) and stirred for 5 minutes. DCM (1 mL x 3)
was used in the extraction and the combined organic extracts were washed with saturated aq. NaHCO3, brine. The
organic phase was dried over anhydrous Na,SQy, filtered and concentrated in vacuo. The residue was purified by
flash chromatography on silica gel, eluting with hexane/ethyl acetate (10:1) to afford the desired product ketone
63.°Ketone 62, 64 and 65 were synthesized according to similar process.

(R)-3-phenethylnon-1-en-5-one (62).

Colorless oil. Yield: 90%, 28.6 mg. Enantiomeric excess: 87%, determined by 60. [a]p?® = 9.3 (¢ 0.89, CHCl;).

'H NMR (400 MHz, CDCl3) §7.40 — 7.22 (m, 2H), 7.21 — 7.11 (m, 3H), 5.66 (ddd, J= 17.9, 9.8, 8.4 Hz, 1H), 5.15

—4.98 (m, 2H), 2.71 — 2.59 (m, 2H), 2.54 (ddd, J = 13.8, 10.3, 6.5 Hz, 1H), 2.44 (d,J = 7.0 Hz, 2H), 2.35 (t, J= 7.4

Hz, 2H), 1.71 (dddd, J=13.4, 10.4, 6.5, 4.6 Hz, 1H), 1.63 — 1.47 (m, 3H), 1.36 — 1.22 (m, 2H), 0.89 (t, /= 7.3 Hz,
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3H).

I3C NMR (101 MHz, CDCl5) §210.11, 142.22, 141.07, 128.38, 128.34, 125.76, 115.46, 48.20, 43.21, 39.25, 36.41,
33.41,25.72,22.33, 13.87.

IR (KBr): v : 3063, 2959, 2859, 1716, 1638, 1603, 1496, 1454, 1410, 1364, 1261, 1091, 1030, 915, 800, 735, 699
cm.

HRMS (ESI): m/z [M + Na] * calcd for [C17H24NaO] * requires 267.1719, found 267.1724. The absolute

configuration was assigned tentatively by analogy.

(R)-3-phenethyl-1-phenylpent-4-en-1-one (63).

Colorless oil. Yield: 92%, 24.2 mg. Enantiomeric excess: 87%, determined by 60. [a]p* = 10.4 (¢ 0.93, CHCl5).
'H NMR (400 MHz, CDCl3) 4 7.94 — 7.82 (m, 2H), 7.57 — 7.49 (m, 1H), 7.42 (t, J = 7.6 Hz, 2H), 7.25 — 7.21 (m,
2H), 7.18 — 7.10 (m, 3H), 5.84 — 5.61 (m, 1H), 5.15 —4.93 (m, 2H), 3.07 — 2.94 (m, 2H), 2.80 (q, /= 7.2 Hz, 1H),
2.68 (ddd, J=13.8, 10.5, 5.3 Hz, 1H), 2.56 (ddd, J = 13.8, 10.4, 6.3 Hz, 1H), 1.91 — 1.74 (m, 1H), 1.72 — 1.61 (m,
1H).

3C NMR (101 MHz, CDCls) 8 199.23, 142.24, 141.13, 137.32, 132.97, 128.59, 128.38, 128.34, 128.12, 125.76,
115.49, 43.94, 39.55,36.41, 33.47.

IR (KBr): y:2962, 2923, 2854, 1685, 1448, 1416, 1356, 1261, 1094,1018, 915, 865, 800, 697 cm™'.

HRMS (ESI): m/z [M + Na] * calcd for [Ci9H220NaO] * requires 287.1406, found 287.1416. The absolute
configuration was assigned tentatively by analogy.

(R,E)-6-phenethylocta-2,7-dien-4-one (64).

Colorless oil. Yield: 88%, 20.3 mg. Enantiomeric excess: 87%, determined by 60. [a]p?® = 16.3 (¢ 0.27, CHCl;).
'"H NMR (400 MHz, CDCl3) 8 7.32 — 7.23 (m, 2H), 7.21 — 7.13 (m, 3H), 6.25 — 6.05 (m, 2H), 5.80 — 5.55 (m, 1H),
5.14 - 4.89 (m, 2H), 2.75 — 2.60 (m, 2H), 2.59 — 2.44 (m, 3H), 2.09 (d, 3H), 1.80 — 1.67 (m, 1H), 1.66 — 1.53 (m,
1H).

I3C NMR (101 MHz, CDCl3) 4 200.71, 142.93, 142.28, 141.13, 128.38, 128.32, 127.93, 125.73, 115.32, 49.53,
39.46, 36.41, 33.40, 15.91.

IR (KBr): v : 3026, 2961, 2924, 2854, 1692, 1619, 1496, 1455, 1417, 1336, 1261, 1098, 1029, 915, 800, 698 cm™'.
HRMS (ESI): m/z [M + Na] * calcd for [C1sH20NaO] * requires 251.1406, found 251.1411. The absolute
configuration was assigned tentatively by analogy.

(R)-6-phenethyloct-7-en-2-yn-4-one (65).

Colorless oil. Yield: 87%, 25.6 mg. Enantiomeric excess: 87%, determined by 60. [a]p?® = 15.6 (¢ 1.04, CHCl;).
"H NMR (400 MHz, CDCl3) 6 7.33 — 7.23 (m, 2H), 7.21 — 7.12 (m, 3H), 5.74 — 5.58 (m, 1H), 5.14 — 4.97 (m, 2H),
2.79 - 2.61 (m, 2H), 2.61 — 2.49 (m, 3H), 1.98 (s, 3H), 1.79 — 1.69 (m, 1H), 1.67 — 1.56 (m, 1H).

I3C NMR (101 MHz, CDCl3) 5 186.96, 142.03, 140.39, 128.41, 128.34, 125.79, 115.85, 90.36, 80.45, 50.63, 39.35,
36.11, 33.25, 4.08.

IR (KBr): y: 2962, 2217, 1675, 1454, 1416, 1261, 1096, 1018, 916, 856, 799, 698 cm™'.

HRMS (ESI): m/z [M + Na] * calcd for [C1sH1sNaO] * requires 249.1250, found 249.1258. The absolute
configuration was assigned tentatively by analogy.
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5.4 Asymmetry synthesis of (R)-(-)-Taniguchi lactone (68)
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(R)-(-)-Taniguchi lactone

22 66 67 68
92 ee% 50 %, 87 ee% 66% 85%

Conditions: A: LiAlH4, THF, 0°C to rt. B: 1) MeOTT, 4 A, MeCN. 2) NaBH4, MeOH. 3) AgNO3;, DCM/MeCN/H,0.
C: 1) I,, KOH, MeOH. 2) a. DDQ, DCM/H,0; b. TFA.

A: To a solution of 22 (0.58 mmol, 243 mg) in anhydrous THF (2.6 mL) were carefully added LiAlH4 (1.74 mmol,
2.5 M in THF, 0.70 mL) at 0 °C. The reaction mixture was then warm to RT and stirred overnight. The reaction was
quenched with water (5 mL) and extracted with ethyl acetate (5 mL x 3), the combined organic phases were dried
over anhydrous Na,SQg, filtered and concentrated in vacuo, and the crude product was purified by flash column
chromatography (petroleum ether/ethyl acetate 10:1, visualized with UV) to afford product 66.
(R)-2-(2-((benzyloxy)methyl)but-3-en-1-yl)benzo[d]thiazole (66).

Colorless oil. Yield: 50%, 90 mg. Enantiomeric excess: 87%, determined by HPLC (CHIRALPAK OD,
hexane/isopropanol = 70/30, flow rate 1.0 mL/min, T = 30 °C, 254 nm): tg= 5.222 min (minor), tg= 7.302 min
(major). [a]p®® = 1.3 (¢ 0.24, CHCL).

!H NMR (400 MHz, CDCls) § 7.97 (d, 1H), 7.81 (d, J = 8.0, 1.2 Hz, 1H), 7.47 — 7.39 (m, 1H), 7.37 — 7.22 (m,
6H), 5.84 (ddd, J = 17.7, 10.4, 7.9 Hz, 1H), 5.31 — 5.00 (m, 2H), 4.52 (s, 2H), 3.67 — 3.46 (m, 2H), 3.40 (dd, J = 14.6,
6.1 Hz, 1H), 3.17 (dd, J = 14.6, 8.3 Hz, 1H), 3.08 — 2.96 (m, 1H).

I3C NMR (101 MHz, CDCl3) § 170.07, 153.22, 138.29, 137.90, 135.37, 128.39, 127.63, 127.62, 125.87, 124.72, 122.63,
121.49, 117.04, 73.14, 72.58, 44.29, 36.23.

IR (KBr): y : 3063, 2962, 2924, 2854, 2716, 1683, 1519, 1495, 1455, 1435, 1416, 1360, 1261, 1096, 1018, 864,
800, 759, 697 cm™'.

HRMS (ESI): m/z [M + H] ~ caled for [Ci9H20NOS] * requires 310.1260, found 310.1269. The absolute
configuration was assigned tentatively by analogy.

B: 1) A mixture of 66 (88.5 mg, 0.29 mmol), activated 4-A powdered molecular sieves (0.29 g), and anhydrous
CH3CN (2.9 mL) was stirred at room temperature for 10 min, and then methyl triflate (49.3 L, 0.435 mmol) was
added to the suspension. The suspension was stirred at room temperature for 15 min (monitored by TLC), filtered
through a pad of Celite, and concentrated to give the N-methylbenzothiazolium salt. The crude product was directly
used in the next step without further purification.

2) The residue was dissolved in MeOH (2.9 mL) at 0 °C, then NaBH4 (0.87 mmol, 32.9 mg) was added. The reaction
was warmed to room temperature until the starting material was completely consumed as determined by TLC. The
mixture was quenched by acetone and concentrated in vacuo, then DCM (10 mL) and water (10 mL) were added.
The organic phase was separated, and the aqueous phase was exacted with DCM (10 mLx3). The combined organic
phases were dried over anhydrous Na>SOs, filtered and concentrated in vacuo to give the crude benzothiazoline.

3) To a vigorously stirred solution of the crude benzothiazoline in DCM (0.87 mL) and CH3CN (4.3 mL) was added
H>O (0.52 mL) and followed by the addition of AgNO; (0.87 mmol, 147.8 mg). The mixture was stirred at RT
(monitored by TLC until benzothiazoline was fully consumed), then diluted with phosphate buffer (1 M, pH = 7,
0.3 mL). After being stirred for 15 min, the reaction mixture was diluted with phosphate buffer (1 M, pH="7, 7 mL).
The suspension was filtered through a pad of Celite, extracted with ethyl acetate (5 mL X 3), and the combined

organic layers were dried over anhydrous Na,SOy, filtered through a pad of Celite, and concentrated in vacuo. The
538


javascript:;

residue was purified by flash column chromatography on silica gel (eluent: petroleum ether/ethyl acetate 10:1) to
afford product 67.

2-((R)-2-((benzyloxy)methyl)but-3-en-1-yl)-3-methyl-2,3-dihydrobenzo[d]thiazole (67).

Colorless oil. Yield: 66%, 38.9 mg. Enantiomeric excess: 87%, determined by 66. [a]p** = 17.5 (¢ 0.55, CHCl5).
'H NMR (400 MHz, CDCls) §9.66 (s, 1H), 7.50 — 7.04 (m, 5H), 5.69 (ddd, J = 17.6, 10.5, 7.4 Hz, 1H), 5.20 — 4.82 (m,
2H), 4.42 (s, 2H), 3.44 (dd, J = 9.2, 5.2 Hz, 1H), 3.28 (dd, J= 9.2, 7.7 Hz, 1H), 2.93 (h, J = 6.9 Hz, 1H), 2.55 (ddd, J =
16.5, 6.4, 2.2 Hz, 1H), 2.39 (ddd, J = 16.6, 7.4, 2.1 Hz, 1H).

13C NMR (101 MHz, CDCls) § 201.78, 138.09, 137.61, 128.43, 127.69, 127.63, 116.48, 73.15, 72.85, 45.70, 38.54.
IR (KBr): y: 2962, 2924, 2854, 1727, 1454, 1411, 1260, 1094, 1026, 864, 799, 698 cm!.

HRMS (ESI): m/z [M + Na] * calcd for [C13H16NaO-] * requires 227.1043, found 227.1048. The absolute
configuration was assigned tentatively by analogy.

C: 1) Aldehyde 67 (16.8 mg, 0.082 mmol) was dissolved in MeOH (1.3 mL), then KOH (45.7 mg, 0.82 mmol) and
I (208.1 g, 0.82 mmol) were added at 0 °C. The reaction was stirred at room temperature for 30 min then was
quenched with saturated Na,S,03(aq., ImL) and diluted with H,O (1 mL). The mixture was extracted with CH,Cl,
(1 mL x 3) and the combined organic layers were washed with saturated brine, dried over anhydrous Na>SOg, filtered
and concentrated under reduced pressure.!?

2) The residue was dissolved in CH>Cl»/H,O (20/1, 1.7 mL), and then DDQ (74 mg, 0.328 mmol) was added. The
reaction was stirred at 40 °C for 5 h (monitored by TLC), and then TFA (0.123 mmol, 9 pL) was added, and the
mixture was stirred at 40 °C for 5 h again. The mixture was partitioned between CHCI3; (1 mL x 3) and sat. aq.
NaHCOs. The organic layer was washed with brine, dried over Na,;SOs, filtered and concentrated in vacuo. The
residue was purified by flash silica gel column chromatography (hexanes/ethyl acetate = 2:1) to give 68 as a
colorless oil. The spectroscopic data of the compound matched with the previously reported data.'!
(R)-4-vinyldihydrofuran-2(3H)-one (68).

Colorless oil. Yield: 85%, 7.8 mg. Enantiomeric excess: 87%, determined by 66. [a]p*° = -12.0 (¢ 0.25, CHCl3).
"H NMR (400 MHz, CDCls) § 5.78 (ddd, J = 17.4, 10.3, 7.6 Hz, 1H), 5.29 — 5.08 (m, 2H), 4.45 (dd, J = 9.1, 7.7 Hz,
1H), 4.03 (dd, J = 9.0, 7.9 Hz, 1H), 3.23 (h, J = 8.1 Hz, 1H), 2.68 (dd, J= 17.4, 8.4 Hz, 1H), 2.39 (dd, J = 17.4, 9.0 Hz,
1H).

I3C NMR (101 MHz, CDCl3) § 176.42, 135.77, 117.53, 72.21, 39.83, 34.16.

IR (KBr): y: 2961, 2923, 2852, 1260, 1091, 1019, 799 cm™'.

HRMS (ESI): m/z [M + H] * caled for [C¢HoO>] * requires 113.0597, found 113.0600. The absolute configuration
was assigned tentatively by analogy.

5.5 Asymmetry synthesis of (R)-4-vinyltetrahydro-2H-pyran-2-one (71)
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23 69 70 7
89 ee% 68%, 83 ee% 62% 51%
Conditions: A: LiAlH4, THF, 0°C to rt. B: 1) MeOTf, 4 A, MeCN. 2) NaBH4, MeOH. 3) AgNO3;, DCM/MeCN/H,0.
C: 1) I, KOH, MeOH. 2) a. DDQ, DCM/H20; b. TFA.
A: To a solution of 23 (0.63 mmol, 272 mg) in anhydrous THF (2.8 mL) was carefully added LiAlH4 (1.89 mmol,
2.5 M in THF, 0.76 mL) at 0 °C. The reaction mixture was then warmed to RT and stirred overnight. The reaction
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was quenched with water (5 mL) and extracted with ethyl acetate (5 mL x 3), the combined organic phases were
dried over anhydrous Na,SOy, filtered and concentrated in vacuo, and the crude product was purified by flash
column chromatography (petroleum ether/ethyl acetate 10:1, visualized with UV) to afford product 69.
(R)-2-(2-(2-(benzyloxy)ethyl)but-3-en-1-yl)benzo[d]thiazole (69).

Colorless oil. Yield: 68%, 138.1 mg. Enantiomeric excess: 83%, determined by HPLC (CHIRALPAK OD,
hexane/isopropanol = 70/30, flow rate 1.0 mL/min, T = 30 °C, 254 nm): tg= 5.190 min (minor), trg= 6.677 min
(major). [a]p®* = 1.8 (¢ 0.17, CHCl5).

TH NMR (400 MHz, CDCl3) $8.01 — 7.93 (m, 1H), 7.81 (dd, J=7.9, 1.3 Hz, 1H), 7.42 (ddd, J = 8.3, 7.2, 1.3 Hz,
1H), 7.35 - 7.29 (m, 5H), 7.28 — 7.23 (m, 1H), 5.68 (ddd, J = 17.0, 10.3, 8.6 Hz, 1H), 5.12 — 4.87 (m, 2H), 4.46 (d,
J=2.6Hz, 2H), 3.61 — 3.40 (m, 2H), 3.31 — 3.04 (m, 2H), 2.93 — 2.75 (m, 1H), 1.90 (dtd, J = 14.2, 7.2, 4.7 Hz, 1H),
1.67 (ddt, J = 14.0, 9.3, 5.8 Hz, 1H).

3C NMR (101 MHz, CDCls) 4 170.13, 153.15, 140.13, 138.50, 135.39, 128.39, 127.71, 127.58, 125.88, 124.73,
122.65, 121.50, 116.50, 73.00, 67.93, 41.45, 39.92, 34.27.

IR (KBr): y:2962, 2922, 2853, 2718, 1457, 1437, 1412, 1363, 1260, 1093, 1018, 856, 800, 697 cm".

HRMS (ESI): m/z [M + H] * calcd for [Cy0H22NOS] * requires 324.1417, found 324.1428. The absolute
configuration was assigned tentatively by analogy.

B: 1) A mixture of 69 (55 mg, 0.17 mmol), activated 4-A powdered molecular sieves (0.17 g), and anhydrous
CH3CN (1.7 mL) was stirred at room temperature for 10 min, and then methyl triflate (28.9 L, 0.255 mmol) was
added to the suspension. The suspension was stirred at room temperature for 15 min (monitored by TLC), filtered
through a pad of Celite, and concentrated to give the N-methylbenzothiazolium salt. The crude product was directly
used in the next step without further purification.

2) The residue was dissolved in MeOH (1.7 mL) at 0 °C, and then NaBH4 (0.51 mmol, 19.3 mg) was added. The
reaction was warmed up to room temperature until the starting material was completely consumed as determined
by TLC. The mixture was quenched by acetone and concentrated in vacuo, then DCM (5 mL) and water (5 mL)
were added. The organic phase was separated, and the aqueous phase was exacted with DCM (5 mLx3). The
combined organic phases were dried over anhydrous Na>SOs, filtered and concentrated in vacuo to give the crude
benzothiazoline.

3) To a vigorously stirred solution of the crude benzothiazoline in DCM (0.5 mL) and CH3CN (2.6 mL) were added
H,0 (0.3 mL) and followed by addition of AgNO3 (0.51 mmol, 86.6 mg). The mixture was stirred at RT (monitored
by TLC until benzothiazoline was fully consumed), then diluted with phosphate buffer (1 M, pH = 7, 0.17 mL).
After being stirred for 15 min, the reaction mixture was further diluted with phosphate buffer (1 M, pH=7, 4.3 mL).
The suspension was filtered through a pad of Celite, extracted with ethyl acetate (5 mL x 3), and the combined
organic layers were dried over Na,SOy, filtered through a pad of Celite, and concentrated in vacuo. The residue was
purified by flash column chromatography on silica gel (eluent: petroleum ether/ethyl acetate 10:1) to afford product
70.

(R)-3-(2-(benzyloxy)ethyl)pent-4-enal (70).

Colorless oil. Yield: 62%, 23 mg. Enantiomeric excess: 83%, determined by the 69. [a]p*° = 11.9 (¢ 0.30, CHCI;).
'"H NMR (400 MHz, CDCls) § 9.69 (t,J = 2.3 Hz, 1H), 7.44 — 7.14 (m, 5H), 5.74 — 5.59 (m, 1H), 5.15 — 4.88 (m, 2H),
4.47 (s, 2H), 3.58 — 3.40 (m, 2H), 2.85 (ddd, /= 14.1, 8.4, 5.7 Hz, 1H), 2.58 — 2.33 (m, 2H), 1.76 (ddt, J=11.9, 7.5, 5.9
Hz, 1H), 1.64 (ddt, J=14.2, 8.7, 5.7 Hz, 1H).

13C NMR (101 MHz, CDCls) § 202.13, 140.32, 138.40, 128.40, 127.70, 127.63, 115.83, 73.02, 67.66, 48.39, 35.34,
34.48.

IR (KBr): y : 2962, 2923, 2853, 1723, 1455, 1260, 1049, 1019, 799 cm.

HRMS (ESI): m/z [M + Na] * calcd for [C14H1sNaO;] * requires 241.1199, found 241.1204. The absolute
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configuration was assigned tentatively by analogy.

C: 1) Aldehyde 70 (17 mg, 0.078 mmol, 1.0 equiv) was dissolved in MeOH (1.2 mL), and then KOH (43.7 mg,
0.78 mmol) and I (198 mg, 0.78 mmol) were added at 0 °C. The reaction was stirred at room temperature for 30
min and then was quenched with saturated Na>S;0s3 (aq., 1 mL) and diluted with H,O (1 mL). The mixture was
extracted with CH>Cl, (1 mL x 3) and the combined organic layers were washed with saturated brine, dried over
anhydrous Na,SOy, filtered and concentrated under reduced pressure.

2) The residue was dissolved in CH>CI»/H>O (20/1, 1.7 mL), and then DDQ (70.4 mg, 0.31 mmol) was added. The
reaction was stirred at 40 °C for 5 h (monitored by TLC), and then TFA (0.12 mmol, 8.6 uL) was added, and the
mixture was stirred at 40 °C for 5 h again. The mixture was partitioned between CHCls (1.5 mL x 3) and sat. aq.
NaHCOs. The organic layer was washed with brine, dried over NaxSOs, filtered and concentrated in vacuo. The
residue was purified by flash silica gel column chromatography (hexanes/ethyl acetate = 2:1) to give 71 as a
colorless oil. The spectroscopic data of the compound matched with the previously reported data.'?

(R)-4-vinyltetrahydro-2H-pyran-2-one (71).

Colorless oil. Yield: 51%, 5 mg. Enantiomeric excess: 83%, determined by 69. [a]p*° = 25.2 (¢ 0.25, CHCI3).

'H NMR (400 MHz, CDCls) §5.84 — 5.58 (m, 1H), 5.21 — 4.83 (m, 2H), 4.38 (dt, J = 11.4, 4.7 Hz, 1H), 4.26 (ddd, J =
11.3,9.9, 3.9 Hz, 1H), 2.71 — 2.57 (m, 2H), 2.38 — 2.26 (m, 1H), 2.06 — 1.90 (m, 1H), 1.75 — 1.61 (m, 1H).

13C NMR (101 MHz, CDCls) 6 170.53, 139.44, 115.12, 68.24, 35.43, 35.08, 28.50.

IR (KBr): y : 2960, 2923, 2853, 1260, 1092, 1018, 799 cm™'.

HRMS (ESI): m/z [M + H] " caled for [C7H1102] * requires 127.0754, found 127.0756. The absolute configuration
was assigned tentatively by analogy.

5.6 Asymmetry synthesis of (R)-3-vinylhexanal (73)
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Conditions: A: LiAlHa, THF, 0°C to rt. B: 1) MeOTf, 4 A, MeCN. 2) NaBH4, MeOH. 3) AgNO3;, DCM/MeCN/H,0.

A: To a solution of 10 (0.26 mmol, 89 mg) in anhydrous THF (1.1 mL) were carefully added LiAIH4 (0.78 mmol,
2.5Min THF, 0.31 mL) at 0 °C. The reaction mixture was then warmed up to RT and stirred overnight. The reaction
was quenched with water (3 mL) and extracted with ethyl acetate (3 mL x 3), the combined organic phases were
dried over anhydrous Na>SOs, filtered and concentrated in vacuo, and the crude product was purified by flash
column chromatography (petroleum ether/ethyl acetate 10:1, visualized with UV) to afford product 72.
(R)-2-(2-vinylpentyl)benzo[d]thiazole (72).
Colorless oil. Yield: 62%, 37.1 mg. Enantiomeric excess: 87%, determined by HPLC (CHIRALPAK OD,
hexane/isopropanol = 70/30, flow rate 1.0 mL/min, T = 30 °C, 254 nm): tg= 3.763 min (minor), tg= 3.965 min
(major). [a]p?® = -11 (¢ 0.24, CHCl5).
'H NMR (400 MHz, CDClI3) §7.98 (dd, J=8.1, 1.2 Hz, 1H), 7.83 (dd, J = 8.0, 1.2 Hz, 1H), 7.44 (ddd, J = 8.2, 7.2,
1.3 Hz, 1H), 7.34 (td, J = 7.6, 1.2 Hz, 1H), 5.67 (ddd, J = 18.1, 9.9, 8.6 Hz, 1H), 5.17 — 4.83 (m, 2H), 3.33 — 2.88 (m,
2H), 2.73 - 2.56 (m, 1H), 1.55 — 1.20 (m, 4H), 0.89 (t, J = 7.0 Hz, 3H).
I3C NMR (101 MHz, CDCls) § 170.60, 153.15, 140.87, 135.31, 125.82, 124.65, 122.59, 121.45, 115.85, 44.34, 39.99,
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36.66, 20.13, 14.00.

IR (KBr): y: 2962, 2925, 2853, 1658, 1632, 1456, 1412, 1260, 1094, 865, 800, 758, 728, 701 cm’!.

HRMS (ESI): m/z [M + H] " calcd for [C14H1sNS] * requires 232.1154, found 232.1147. The absolute configuration
was assigned tentatively by analogy.

B: 1) A mixture of 72 (70 mg, 0.30 mmol), activated 4-A powdered molecular sieves (0.3 g), and anhydrous CHsCN
(3 mL) was stirred at room temperature for 10 min, and then methyl triflate (51 L, 0.45 mmol) was added to the
suspension. The suspension was stirred at room temperature for 15 min (monitored by TLC), filtered through a pad
of Celite, and concentrated to give the N-methylbenzothiazolium salt. The crude product was directly used in the
next step without further purification.

2) The residue was dissolved in MeOH (3 mL) at 0 °C, and then NaBH4 (0.9 mmol, 34 mg) was added. The reaction
was warmed up to room temperature until the starting material was completely consumed as determined by TLC.
The mixture was quenched by acetone and concentrated in vacuo, and then DCM (10 mL) and water (10 mL) were
added. The organic phase was separated, and the aqueous phase was exacted with DCM (10 mLx3). The combined
organic phases were dried over anhydrous Na,;SQOs, filtered and concentrated in vacuo to give the crude
benzothiazoline.

3) To a vigorously stirred solution of the crude benzothiazoline in DCM (0.9 mL) and CH3CN (4.5 mL) was added
H>0 (0.48 mL) and followed by the addition of AgNO3 (0.9 mmol, 153 mg). The mixture was stirred at RT
(monitored by TLC until benzothiazoline was fully consumed), then diluted with phosphate buffer (1 M, pH = 7,
0.3 mL). After being stirred for 15 min, the reaction mixture was further diluted with phosphate buffer (1 M, pH =
7, 7.5 mL). The suspension was filtered through a pad of Celite, extracted with ethyl acetate (5 mL x 3), and the
combined organic layers were dried over Na,SQy, filtered through a pad of Celite, and concentrated in vacuo. The
residue was purified by flash column chromatography on silica gel (eluent: petroleum ether/ethyl acetate 10:1) to
afford product 73.

(R)-3-vinylhexanal (73).

Colorless oil. Yield: 47%, 17.7 mg. Enantiomeric excess: 87%, determined by 72. [a]p?® = -19.3 (¢ 0.27, CHCl3).
IH NMR (400 MHz, CDCls) § 9.72 (d, J = 2.3 Hz, 1H), 5.65 (ddd, J = 17.8, 9.9, 8.2 Hz, 1H), 5.19 — 4.82 (m, 2H),
2.63(q, J = 6.7 Hz, 1H), 2.45 — 2.35 (m, 2H), 1.40 — 1.26 (m, 4H), 0.89 (t, 3H).

13C NMR (101 MHz, CDCls) 8202.55, 140.96, 115.27, 48.56, 38.15, 36.93, 20.04, 13.95.

IR (KBr): v : 2961, 2924, 2853, 2717, 1261, 1094, 1024, 864, 800, 738, 700 cm’'.

HRMS (ESI): m/z [M + Na] * caled for [CgHi1sNaO] * requires 149.0937, found 149.0928. The absolute

configuration was assigned tentatively by analogy.
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6. Mechanistic studies

6.1 Kinetic Isotope Effect (KIE)

Pd;(dba); (2.5 mol%)
L* (7.5 mol%) H
2,5-DMBQ (120 mol%) Ph SN
NaOAc (100 mol%)

0
Ph . o)
S>—>*N ), A(\/ = SW\\
7 HoH 1,4-dioxane, 50 °C Q/N N

Pd,(dba)s (2.5 mol%)
L* (7.5 mol%) D
2,5-DMBQ (120 mol%) Ph AN
NaOAc (100 mol%)

(@)
Ph .
s>_>\—N >, D . SW\\\ 0
N/ p D 1,4-dioxane, 50 °C Q/N N
6 74(dy) O

General procedure: To a flame-dried and N2-purged Schlenk tube (10 mL) were added 6 (0.10 mmol), Pdz(dba);
(0.0025 mmol), phosphoramidite L5 (0.0075 mmol), NaOAc (0.10 mmol) 2,5-DMBQ (0.12 mmol), and a stirring
bar. The Schlenk tube was then evacuated and filled with nitrogen. This cycle was repeated three times and followed
by the addition of 1,4-dioxane (0.5 mL) and 74 or 74(d2) (0.15 mmol) via a syringe, then the resulting mixture was
stirred at 50 <C for 0.5 h. The yield was determined by 'H NMR analysis of the crude mixture based on trimethyl
1,3,5-benzenetricarboxylate as an internal standard. Similar reactions were conducted for 1 h, 1.5h, 2 h, 2.5 hand
3h.

Ky/Kyp = 7.2784/2.7622=2.6

30

25

20

15

yield/%

10

Time/h
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6.2 Effect of ligand capacity

Pd,(dba)s (2.5 mol%)

L5
Q " NaOAc (100 mol%) / N /
S>} < > * g " 0Boc N + N
/ dioxane, 50 °C, 18 h S N
N s N ) 4
o
76 77

6 75

General procedure: To a flame-dried and N2-purged Schlenk tube (10 mL) were added Pdx(dba)s (0.0025 mmol),
PPhs or L5 (0.005 mmol), and a stirring bar. The Schlenk tube was then evacuated and filled with nitrogen. This
cycle was repeated three times and followed by the addition of 1,4-dioxane (1.0 mL) via a syringe, then the resulting
mixture was stirred at 50 <T for 2 h. After with No-purged Schlenk tube were added 6 (0.10 mmol), NaOAc (0.10
mmol), and 75 (0.15 mmol) via a syringe, then the resulting mixture was stirred at 50 <C for 18 h. The yield was
determined by *H NMR analysis of the crude mixture based on trimethyl 1,3,5-benzenetricarboxylate as an internal
standard and e.e. was determined by high performance liquid chromatography using a chiral column. Similar
reactions were conducted for 0.010 mmol, 0.020 mmol, 0.030 mmol and 0.040 mmol of ligand.

entry L L (mmol%) yield % e.e. % d.r. b/l

1 PPh; 5 88 - >20:1 45:1
2 PPh; 10 87 - 12:1 2.6:1
3 PPh; 20 95 - - 1:1.01
4 PPh; 30 90 - - 1:1.25
5 PPh; 40 84 - - 1:16

6 L5 5 91 90 >20:1 >20:1
7 L5 10 95 91 >20:1 >20:1
8 LS 20 95 90 >20:1 >20:1
9 L5 30 94 90 >20:1 >20:1
10 L5 40 91 91 >20:1 >20:1

6.3 Kinetic studies of Pd

Pd,(dba)z (n mol%)
L5 (3n mol%)
2,5-DMBQ (120 mol%

) A
R NaOAc (100 mol%) S 0
S>jN + o~ Cstn - W
N/ 1,4-dioxane, 50 °C N N
6 ! J

CsHyy

General procedure: To a flame-dried and N2-purged Schlenk tube (10 mL) were added 6 (0.20 mmol), Pdx(dba)s
(0.001 mmol), phosphoramidite L5 (0.003-0.015 mmol), NaOAc (0.20 mmol) 2,5-DMBQ (0.24 mmol), and a
stirring bar. The Schlenk tube was then evacuated and filled with nitrogen. This cycle was repeated three times and
followed by the addition of 1,4-dioxane (1.0 mL) and 1 (0.30 mmol) via a syringe, then the resulting mixture was
stirred at 50 <C. The yield was determined by *H NMR analysis of the crude mixture based on trimethyl 1,3,5-
benzenetricarboxylate as an internal standard.
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PD:L = 1:1.5
1% Pd m2% Pd A3%Pd >x4%Pd X5% Pd

0.045000 ¥ =0.0133x-0.0032 y-=0.0068x - 0.0021
0.040000 y = 0.0091% - 0.0014
0.035000
0.030000
0.025000
0.020000
0.015000
0.010000
0.005000
0.000000

y = 0/0039x - 0.0015

y = 0.0021x - 0.0004

c¢/mol 1--1

Time/h

0.014
® 00133

0.012

0.01
® 0.0091
0.008

® 0.0068

k/mol L1 ht

0.006

0.004 ® 0.0039

0.002 ® 0.0021

Pd/%

6.4 Kinetic studies of 2,5-DMBQ

Pd,(dba); (2.5 mol%)
L5 (7.5 mol%)
2,5-DMBQ (n mol%

) CsHyq N
Q NaOAc (100 mol%) s. Lo
©[8>fN A Cstn > N
4 N _N
N
6

1,4-dioxane, 50 °C
1

To a flame-dried and Nj-purged Schlenk tube (10 mL) were added 6 (0.20 mmol), Pdx(dba); (0.005 mmol),
phosphoramidite LS (0.015 mmol), NaOAc (0.20 mmol) 2,5-DMBQ (0.10 mmol), and a stirring bar. The Schlenk
tube was then evacuated and filled with nitrogen. This cycle was repeated three times and followed by the addition
of 1,4-dioxane (1.0 mL) and 1 (0.30 mmol) via a syringe, then the resulting mixture was stirred at 50 °C. The yield
was determined by 'H NMR analysis of the crude mixture based on trimethyl 1,3,5-benzenetricarboxylate as an
internal standard. Similar reactions were conducted for 0.014 mmol, 0.018 mmol, 0.020 mmol and 0.024 mmol of
2,5-DMBQ.
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50% 2,5-DMBQ

50% 2,5-DMBQ

0.030000
0.025000 y = 0.0102x - 0.0012 0.024000
0.020000 019600
-
S 0.015000
£
(&)
0.010000
0.008600
0.005000 0.004000
0.000000
0 05 1 15 2 25 3
Time/h
70% 2,5-DMBQ
70% 2,5-DMBQ
0.030000
0.025000 y = 0.0106x - 0.0022 0.024600
0.020000
-
S 0.015000
% ® 0.012800
0.010000
0.008400
0.005000
0.000000
0 05 1 15 2 25 :
Time/h

90% 2,5-DMBQ
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90% 2,5-DMBQ
0.030000

y = 0.0118x - 0.0025 0.027400

0.025000
0.020000 0.021200

0.015000 0.014400

c¢/mol 1.1

01
poronee 0.008600

0.005000

0.000000
0 05 1 15 2 25 3

Time/h

100% 2,5-DMBQ

100% 2,5-DMBQ
0.040000

0.035000
0.030000
0.025000
0.020000
0.015000
0.010000
0.005000

0.000000
0 0.5 1 15 2 25 3 35

Time/h

y = 0.0123x - 0.0024 0.034000

c¢/mol 1.1

0.009400

0.003600

120% 2,5-DMBQ
120% 2,5-DMBQ

0.045000

0.040000 @ 0.040800
0.035000 y = 0.0133x - 0.0032

0.030000
= 0025000
£ 0020000
© 0015000
0.010000 0.010400
0.005000 504860
0.000000

® 0.026800

0.017000

Time/h
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0.0133

50 70 90 100.0 120.0
2,5-DMBQ/%

6.5 Kinetic studies of a-alkenes

Pd,(dba)s (2.5 mol%)
L5 (7.5 mol%)
2,5-DMBQ (120 mol%

) X

Q NaOAc (100 mol%) s. Lo
S>_>LN1 > + A~ Cshn > W\

N/ 1,4-dioxane, 50 °C N E\‘j

6: 0.2 mmol 1:X=0.1,0.2,0.3
and 0.4 mmol

General procedure: 1. To a flame-dried and N»-purged Schlenk tube (10 mL) were added 6 (0.20 mmol), Pdx(dba)z
(0.001 mmol), phosphoramidite L5 (0.003 mmol), NaOAc (0.20 mmol) 2,5-DMBQ (0.24 mmol), and a stirring bar.
The Schlenk tube was then evacuated and filled with nitrogen. This cycle was repeated three times and followed by
the addition of 1,4-dioxane (1.0 mL) and 1 (X= 0.1 mmol) via a syringe, then the resulting mixture was stirred at
50 °C. The yield was determined by 'H NMR analysis of the crude mixture based on trimethyl 1,3,5-

benzenetricarboxylate as an internal standard. Similar reactions were conducted for 0.2 mmol, 0.3 mmol and 0.4
mmol of 1.

CsHyq

X =0.5 equiv.
0.035000
0.030000 y = 0.0116x - 0.002 0.031933
0.025000 0.026289
= 0.020000 0.019871
o
£ 0.015000 015464
(&)
0.010000
0.007964
0.005000 0.003325
0.000000
0 05 1 15 2 25 3 35
Time/h




-
'

-l
©
£
o

0.040000
0.035000
0.030000
0.025000
0.020000
0.015000
0.010000
0.005000
0.000000

X =1 equiv.

y = 0.0128x - 0.0043 0.034940

0.027300
0.021108

0.013918

0.007732
003325

0.5 1 1.5 2 2.5 3 35
Time/h

c¢/mol 1.1

0.045000
0.040000
0.035000
0.030000
0.025000
0.020000
0.015000
0.010000
0.005000
0.000000

X =1.5equiv.

@ 0.040800
y =0.0133x - 0.0032

® 0.026800

® 0.021400
0.017000

\ 4

0.5 1 1.5 2 2.5 3 35
Time/h

c/mol 1.1

0.040000
0.035000
0.030000
0.025000
0.020000
0.015000
0.010000
0.005000
0.000000

X =2 equiv.

0.037420
y =0.0139x - 0.0063

0.028140

0.019560

0.013000

0.5 1 1.5 2 2.5 3 35
Time/h
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0.0145

0.014

0.0135

0.013

0.0125

k/mol L1 h?

0.012

0.0115

0.011

0.5 1 1.5
Xlequiv.

0.0139

6.6 Kinetic studies of nucleophile

O
O - e
V.
N

6:X=0.2,0.3,04
and 0.5 mmol

Pd,(dba);z (2.5 mol%)
L5 (7.5 mol%)
2,5-DMBQ (120 mol%
NaOAc (100 mol%)

1,4-dioxane, 50 °C

1: 0.2 mmol

) C5H11\¢
S0

gas
O

General procedure: To a flame-dried and N»-purged Schlenk tube (10 mL) were added 6 (0.20 mmol), Pd,(dba);
(0.001 mmol), phosphoramidite L5 (0.003 mmol), NaOAc (0.20 mmol) 2,5-DMBQ (0.24 mmol), and a stirring bar.
The Schlenk tube was then evacuated and filled with nitrogen. This cycle was repeated three times and followed by
the addition of 1,4-dioxane (1.0 mL) and 1 (0.2 mmol) via a syringe, then the resulting mixture was stirred at 50 °C.
The yield was determined by "H NMR analysis of the crude mixture based on trimethyl 1,3,5-benzenetricarboxylate
as an internal standard. Similar reactions were conducted for 0.3 mmol, 0.4 mmol and 0.5 mmol of 6.

0.040000
0.035000
0.030000
0.025000
0.020000
0.015000
0.010000
0.005000
0.000000

c¢/mol 1.1

X =1equiv.

y = 0.0128x - 0.0043

0.021108

0.013918

0.007732
003325

0.5 1 15 2 2.

Time/h

0.034940

0.027300

5 3 3.5
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c¢/mol 1.1

0.035000 -
0.030000 -
0.025000 -
0.020000 -
0.015000 -
0.010000 -
0.005000 -
0.000000 -

002320

X =1.5equiv.

y = 0.0109x - 0.0036_- 0029976

0.023553

0.017129
0.012500

Time/h

c¢/mol L1

0.030000 -

0.025000 -

0.020000 -

0.015000 -

0.010000

0.005000 -

0.000000 -

X =2 equiv.

y = 0.0089x - 0.0006 0.026240

! L5 2 25 3 35

Time/h

c¢/mol L1

0.020000 -
0.018000 -
0.016000 -
0.014000 -
0.012000 A
0.010000 -
0.008000
0.006000
0.004000 -
0.002000
0.000000 -

X =2.5equiv.

0.018840
y = 0.0084x - 0.002

0.013703

0.009992

0.005567

1 15 2 25 3
Time/h
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0.0135

0.0125

0.0115

0.0105

0.0095

k/mol L1 ht

0.0085

0.0075

0.0065
0.5

1 1.5 2
X/Eequiv.

2.5

0.0084

6.7 Non-linear effect studies

Pd,(dba)s (2.5 mol%)
L? (7.5 mol%)
2,5-DMBQ (120 mol%)

CsH1s

Q " NaOAc (100 mol%)
S>} + /\/CSHH
N/ 1,4-dioxane, 50 °C
6 1

General procedure: To a flame-dried and N2-purged Schlenk tube (10 mL) were added 6 (0.10 mmol), Pdx(dba)s
(0.0025 mmol), phosphoramidite L2 (0.0075 mmol), NaOAc (0.10 mmol) 2,5-DMBQ (0.12 mmol), and a stirring
bar. The Schlenk tube was then evacuated and filled with nitrogen. This cycle was repeated three times and followed
by the addition of 1,4-dioxane (0.5 mL) and 1 (0.15 mmol) via a syringe, then the resulting mixture was stirred at
50 T for 36 h. The reaction mixture was concentrated in vacuo, and the residue was purified by column
chromatography on silica gel (petroleum/ethyl acetate = 4/1) to provide product.

100
90
80
70
60
50
40
30
20
10

e.e. of product / %

20

40 60 80
e.e. of Ligand / %
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Entry La=[R(L)+S(L)}/mg R(L) /mg S(L) /mg ee. of L ee. of
| % product / %
1 20 12 8 20 21
2 20 14 6 40 36
3 20 16 4 60 53
4 20 18 2 80 72
5 20 20 0 100 90

6.8 Effect of bidentate phosphine ligand

Pd,(dba); (2.5 mol%)

L (7.5 mol%)

NaOAc (100 mol%)

(0]
N
@ES)} : > * C3H7/\/\OBOC
N

6

75

1,4-dioxane, 50 °C, 14 h

Ph2P~pp,

S-L1

MeO
QY"
R
Me
S-L5

S-L2

CL
Peaiss @?

PPh,

T

o3 D

< "Ph2

F:e

©\PPh2

8§-L3

NH HN

PhEh2P

S-L7

PPh,

S-L4

’e

General procedure: To a flame-dried and N2-purged Schlenk tube (10 mL) were added 6 (0.10 mmol), Pdz(dba);
(0.0025 mmol), PPhs or S-L (0.0075 mmol), NaOAc (0.10 mmol), and a stirring bar. The Schlenk tube was then
evacuated and filled with nitrogen. This cycle was repeated three times and followed by the addition of 1,4-dioxane
(1.0 mL) and 75 (0.15 mmol) via a syringe, then the resulting mixture was stirred at 50 <C for 14 h. The yield was
determined by 'H NMR analysis of the crude mixture based on trimethyl 1,3,5-benzenetricarboxylate as an internal

standard.

Entry L yield %° b/l
1 S-L1 95 1:25
2 S-L.2 95 1:18
3 S-L3 o5¢ 1:1.05
4 S-L4 78 1:9
5 S-L5 n.r. -
6 S-L6 n.r. -
7 S-L7 86° 1:1.1
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7. X-Ray single crystal data for 8

CCDC Number: 2113198

-

- (220321)

2021

™ PLATON-Mar 24 02:07:55

161  210324nzs_Om P 212121

R =0.04

RES= 0 -93 X

Table 1. Crystal data and structure refinement for 210324nzs_0m.

Table 1. Crystal data and structure refinement for 210324nzs_0m.
Identification code 210324nzs_0Om
Empirical formula C22H30N20S

Formula weight 370.54
Temperature 192.99 K

Wavelength/A 1.34139

Crystal system Orthorhombic
Space group P21212;

a/A 10.5952(2)

b/A 10.6652(2)

o/ A 19.0947(3)

a/° 90

B/ ° 90

v/ ° 90

Volume/ A3 2157.70(7)
Z 2
Density (calculated) / mg/cm? 1.141
W mm! 0.917
F(000) 800
Crystal size/ mm? 0.07 x 0.06 x 0.05
20 range for data collection/ © 4,131 t0 54.922<
Index ranges -12<=h<=12, -13<=k<=13, -23<=I<=17
Reflections collected 23454
Independent reflections 4075 [R(int) = 0.0606]
Completeness to theta = 53.594° 99.7%
Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.7508 and 0.5433
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Refinement method

Full-matrix least-squares on F2

Data / restraints / parameters

4075/1/236

Goodness-of-fit on F2

1.027

Final R indices [I1>2sigma(l)]

R1=0.0377, wR2 = 0.0874

R indices (all data)

R1=0.0468, wR2 = 0.0922

Absolute structure parameter

0.021(10)

Extinction coefficient

n/a

Largest diff. peak and hole/ e A3

0.182 and -0.145

8. Computational details

All DFT calculations were performed at B3LYP-D3(BJ)/6-31G(d)-LANL2DZ level using Gaussian 09 program.'3
BSI denotes the LANL2DZ basis set based on effective core potential (ECP) was used for the Pd atom and 6-31G
(d) basis sets for C, H, O, N, P and S atoms.'*!> Free energies were calculated at 298.15 K, 1 atm (unit: kcal/mol).
All geometric structures are visualized using CYLview.'®

8.1 Table of energies

Table S1. Zero-point correction (ZPE), thermal correction to enthalpy (TCH), thermal correction to Gibbs free

energy (TCQ), energies (E), enthalpies (H), and Gibbs free energies (G) (in Hartree) of the structures calculated at
the B3LYP-D3(BJ)/6-31G(d) -LANL2DZ level of theory.

Imaginary
Structures ZPE TCH TCG E H G

Frequency
67 0.201791 0.216659 0.159179 -1008.538051  -1008.537107  -1008.594587
68 0.20181  0.216549 0.159851 -1008.531754  -1008.53081 -1008.587509
69 0.201622 0.216353 0.159728 -1008.531364  -1008.53042 -1008.587045
(R,S)-TS-N  0.871725 0.934826 0.772457 -3977.10775 -3977.106806  -3977.269174  -98.39
(S,R)-TS-N  0.872199 0.935053 0.772552 -3977.102252  -3977.101308  -3977.263809  -123.23
(R,R)-TS-N  0.872112  0.935327 0.771194 -3977.103321  -3977.102377  -3977.266509  -157.1
(S,S)-TS-N  0.872205 0.93535 0.773696 -3977.101249  -3977.100305 -3977.261958  -56.64
(S,5)-TS-O  0.871995 0.934681 0.773784 -3977.101924  -3977.100979  -3977.261876  -216.29
(S,R)-TS-O 0.871476 0.934572 0.772538 -3977.093574  -3977.09263 -3977.254664  -186.53
(R,S)-TS-O 0.87196  0.935038 0.773365 -3977.098308  -3977.097364  -3977.259036  -169.92
(R,R)-TS-O 0.872219 0.935271 0.773636 -3977.099766  -3977.098821  -3977.260457  -109.4

8.2 Atomic cartesian coordinates of intermediates and transition states in the most favored path A (presented

in A).
67
Coordinates (Angstroms)
X Y
C 1.42758600 0.77973600 0.00281200
H 1.63585700 1.84064400 0.03791200
C 2.48783100 -0.23119700 -0.01233400
C 0.07513900 0.44100000 0.00598600
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-0.88179400
2.20669600
-0.52079200
-2.11988500
-2.14898400
-3.33245100
-3.29814800
-3.36107600
-3.38406900
-4.52799200
-5.46882700
-4.54299000
-5.49508000
3.79166200
4.85889800
5.57538200
5.39642300
4.41579000
4.18552300
3.55371800
4.15930400
5.21007200

-1.56007100
-1.72058400
-2.76485400
-0.25477400
0.09797000
-3.44704200
1.13843900
1.45228500
2.21507300
2.12409800
1.54005400
3.60819300
4.18312500
3.50818600
4.03490000
4.24557900
5.33007200
-3.05773300

1.37716400
-1.43864200
-1.24980200
0.81449800
-0.61271700
1.53767900
2.62193700
-1.30431300
-2.38944900
0.84207000
1.38407000
-0.56885300
-1.09141100
0.20696500
-0.77292100
-0.66504100
-0.64103900
-1.76681800
1.60762600
2.20432800
2.04398600
1.68020600

-1.32717200
-2.39545700
-0.55445200
-0.84098300
0.42007100
-1.04178400
-1.95885300
0.57467700
-0.60397300
1.79382200
2.68543400
-0.56972100
-1.46800200
1.81998300
2.75417200
0.64877500
0.69453800
0.62766600

0.02411900
0.01865900
-0.01848600
0.01431700
-0.01092100
0.02722000
0.04614500
-0.02246200
-0.04121300
0.01514100
0.02472100
-0.00955100
-0.01861900
-0.05937500
0.07157000
-0.75155600
1.02062800
0.04401800
-0.04805700
-0.70925900
0.96049300
-0.42229400

0.08703300
0.18177400
-0.32298000
0.04029300
-0.20047800
-1.22815900
0.30793700
-0.18639000
0.07656600
-0.40740500
-0.60964500
0.12134300
0.32170200
-0.36239400
-0.53190200
-0.10021800
-0.07093800
0.28791700
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-4.13644500
-4.91481200
-3.75360000
-4.56284000
-2.35637000
-1.77400800
-1.67586600
-3.09218000

1.44105800
1.48104500
2.70643900
0.17196400
-0.94849600
3.38669100
-0.09824400
-2.05452000
-1.81611100
-3.38070000
-3.55503400
-2.86832000
-2.68267100
-4.42122000
-5.44634600
-4.16877000
-5.00145200
3.02731600
2.57907400
2.15678900
3.42529000
1.81800500
4.19017100
4.37302900
5.08511300
3.99847700

1.47777500

1.44417600
1.59316700
242707900
0.93455600
1.15598400
0.36944900
1.96741200
1.53270500

1.43179100
2.50442000
0.77775400
0.85979900
1.54116000
1.32180700
-0.86448500
0.76116200
-0.59103900
1.19967900
2.22868500
-1.48397700
-2.51073000
0.30686000
0.63417500
-1.02414200
-1.70524800
-0.44232900
-0.87529100
-1.88499500
-0.88068500
-0.19597100
-1.14022200
-0.80203200
-0.93785100
-2.21853300

-3.51248900

-0.24306600
0.51604000
-0.54640500
-1.10595200
1.44392100
1.92339600
1.16335200
2.16456100

0.13943100
0.29392400
-0.27592100
0.07718800
0.32151900
-1.14489400
-0.39049400
0.16506800
-0.22559400
0.35734900
0.65318500
-0.42142200
-0.71998000
0.16147900
0.30582500
-0.22484100
-0.37292900
0.27016300
1.58560900
1.53966100
2.28666800
1.96838200
-0.25718600
-1.27610900
0.34783300
-0.24813800

-1.66188900
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0.00598600
-0.67012700
-2.05122700
-2.76595000
-2.12743400
-0.75032200

1.96513200

3.32457500

4.22299300

3.77207100

2.40966000

3.78598800
-2.75523900

0.06941200

1.04821900

0.45921500

1.83848200
-1.17291000
-1.35699300
-2.46367300
-2.43391000
-1.57838700
-0.46153700
-3.42271300
-1.55487500
-1.31924300
-0.44235500
-1.45161900
-2.15327000
-2.06264300

3.13773900

3.53422600

4.58611600

5.25724500

4.85879500
-3.89451300
-4.57715100
-4.12737700
-2.99832100
-2.31729300
-2.47619800
-3.83746000

5.28578200

2.30960700

5.34402600

-3.73531000
-3.23851900
-3.36444500
-4.05719000
-4.53993200
-4.36976000
-2.19879700
-1.86903500
-2.93007300
-4.24229300
-4.56272800
-0.47640100
-2.71273000
-2.55692000
-1.18058900
-0.97572600
-0.89539700
0.51177000
0.94331300
1.68301600
3.01286300
0.05134700
1.47744000
1.17464800
3.61248800
3.37927300
2.92782000
4.81375300
2.50444700
1.16868700
0.61345100
1.91527200
2.15361600
1.08317500
-0.22253500
-1.93565300
-1.30468300
-1.44186200
-2.21860100
-2.84770600
5.32824300
-4.18284700
-2.71667900
0.43749800
-1.05049400

-1.54511000
-0.41379500
-0.23051900
-1.21850100
-2.35239200
-2.55196300
-1.56082000
-1.62346500
-1.79690300
-1.86893200
-1.79502500
-1.41350900
0.89861500
0.55292900
-1.32041000
0.21956800
1.24189100
0.24898800
2.31357200
1.78645000
1.36060800
2.89115400
2.62599600
1.73270200
1.57828800
-1.03776100
-0.59560300
-1.15744100
-1.73805500
-1.61904200
-2.02160600
-1.74654500
-0.85607200
-0.26916400
-0.54856200
0.63554500
1.67148700
2.98570500
3.26158600
2.22488900
-1.65201100
-1.10029700
-1.85561100
-2.69708500
-0.04257300
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3.01669200
6.05827800
-1.44034000
-4.22217900
-2.65982500
-5.45296300
4.49420400
-2.71044400
-3.69077100
-3.53203100
-4.42700900
-4.12900600
-3.46250500
-2.91418800
-3.77991100
-2.96340000
-2.26158200
-4.72191900
-5.39156500
-3.90035300
-3.93906000
-4.78043300
-5.50538400
-0.43517300
-0.64028500
-0.68262200
0.17630600
-1.58365700
0.77884200
1.17590100
1.54402100
0.63334000
2.69906000
3.71678300
2.67061900
4.71563100
3.67929600
1.90431400
4.69560700
5.49639900
3.67162200
5.46656800
2.36252600
1.95324000
3.49852600

2.74856700
1.26861100
-3.44664400
-1.79756200
-2.33327800
-0.70114400
-5.04828100
-5.03907900
3.72019600
4.50019300
3.01049000
4.19321600
3.02737100
0.49567700
1.33447900
-0.89187600
-1.52205700
0.79641700
1.44312200
-1.42455600
-2.50007800
-0.59037100
-1.02338800
5.60935800
7.04438300
7.38043300
7.58039100
7.27821500
5.07778800
4.24349800
5.85857800
4.73933300
-1.92451100
-1.32587500
-3.30809600
-2.11079900
-4.07140200
-3.78203800
-3.48729100
-1.64521700
-5.14691000
-4.11143000
0.34909200
1.65336900
0.10384800

-2.21092700
0.43608500
2.44087500
-0.38953800
4.28575500
1.45786400
-1.96784400
-3.12174900
0.97012000
0.22131400
0.57860700
1.86317500
-2.82607300
-2.47270900
-3.20953400
-2.65015000
-2.11797400
-4.08539300
-4.64483200
-3.53189100
-3.67801900
-4.23857100
-4.92165100
-0.65936300
-0.57596600
0.47051100
-1.07618700
-1.06728800
-0.07287200
-0.65569600
-0.06604000
0.96511900
1.73128700
2.51320800
1.54384100
3.09766400
2.12925600
0.95415200
2.89941200
3.69251300
1.97756300
3.34116400
1.69704800
1.41593900
2.50057300
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2.67250700
1.11569900
4.20775600
3.78641600
2.37922800
5.08307100
4.33309300
-0.14475600
0.82247800
0.00108900
-0.81266400
2.00062300
1.98668800
2.71470300
1.00656100
-4.80059400
4.98918100
-4.25121400
-4.68776900
-6.11565800
5.70587900
5.74149200
3.90612900

1.08032300
-0.40936700
-1.06611000
-2.46224400
-3.20638500
-2.58116800
-1.18521700
1.82258900
3.22174300
3.88625700
3.17562400
1.77505000
3.94916400
-3.15807100
-0.28929900
1.12159400
0.42852800

2.70153200
1.85268300
1.16778100
2.46820000
3.72170100
0.97741300
3.30892100
-4.82247100
-4.35094400
-5.90907200
-4.56953900
-6.01573400
-6.43077700
-6.60930700
-6.15966100
-0.68082300
3.56852000
0.55143100
-1.30748100
-0.49229100
4.10844400
3.67282400
4.37245900

-2.84491400
-2.59111700
-2.56009000
-2.76156800
-2.94164400
-2.98156400
-1.85031900
-1.82848300
-2.97250900
-4.07633900
-4.08713400
-0.68466800
-2.34452900
-2.36447800
-0.76570200
-0.86329300

1.98988000
0.75883700
3.06421300
2.80870400
1.77412700
3.67875600
3.22326200
-3.85821600
-4.04379700
-3.87976500
-4.68799700
-1.79583200
-2.81064700
-1.21552700
-1.36595800
4.09041700
-0.56398200
4.24382800
5.28134000
3.84884700
-1.57707900
0.55223800
-0.39525000

-2.49236800

-2.47539600
-1.25500500
-1.13480300
-2.30752500
-3.53308700
-3.64464700
-1.99929300
-1.95062600
-2.41065600
-2.86611900
-2.91283400
-1.35401800
0.15567700
-0.12031000
-1.48572900
0.02244100
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1.67880700
-0.74475300
-1.77935900
-2.28270800
-3.44420100
-2.41412800
-1.07276100
-1.75312900
-4.09247900
-3.03281300
-2.72558600
-4.35143700
-1.99255800
-0.77046900
3.60073200
4.24227400
5.23231800
5.61223100
4.97796100
-2.75459500
-3.45196300
-4.56375400
-4.97726000
-4.27832000
-4.78556700
-4.28955500
4.97141100
2.81255800
5.23729800
3.95679100
6.37053400
-4.58851900
-1.88853800
-5.82965000
-3.12644700
3.71654400
-3.18436200
-4.00949400
-4.71182100
-3.21890400
-4.55237800
-2.16300200
0.11210900
-0.45511100
1.45594300

-1.34051900
0.95299200
0.41516300
1.73751100
2.07143500
-0.43274300
0.24968700
2.55918500
1.26871600
2.15923300
1.12254700
2.50016700
3.09581300
2.76931600
0.64310700
1.70271200
1.45423800
0.14496700
-0.91697200
-3.00778600
-2.83576000
-1.99198300
-1.32522000
-1.49871700
3.66460200
-2.77182800
-2.99492800
0.84326200
-1.93624100
2.72125700
-0.04663200
-0.94407300
-3.65797500
-0.65499900
-3.34752600
-4.96359000
-3.05711000
3.45135200
3.50291600
4.18683400
3.74127100
4.82065400
3.83372800
5.04821600
3.79258200

1.09796200
0.45209800
2.22059900
2.02566800
1.31323300
1.99435600
3.03052500
2.50623200
0.97862100
-1.25587000
-1.18676600
-1.73928600
-1.18766600
-0.74580200
-1.65764900
-1.03183000
-0.07567500
0.21007800
-0.43206200
1.32551500
2.51807700
2.56293400
1.40771200
0.21715200
-1.70476100
-2.24392400
-2.39028400
-2.37328100
-0.16672100
-1.27026400
0.95937700
-0.66082100
1.30003200
1.44438500
3.41680100
-3.18412400
-4.42962100
1.38884000
2.23596500
1.57077100
0.48549900
-1.59038500
-0.76833400
-1.21414400
-0.37648700
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1.88951200
0.30529800
-0.13487500
2.21283800
3.25175200
1.64384400
2.24872800
-5.18363300
-6.53844700
-6.58259800
-7.18057200
-6.90545900
-4.64375800
-3.64548700
-5.29493800
-4.58709900
2.35480700
3.44675400
2.09811700
4.29603000
2.96175500
1.26881100
4.05298100
5.13525100
2.77873400
4.70631200
2.38470300
2.17215300
3.46400500
3.05901100
1.34780600
4.33454800
4.13261600
2.91824200
5.16838500
4.81510600
-0.56753400
0.48266400
-0.62509600
-1.10593600
1.06883100
1.04762000
1.59314600
0.03595600
-5.33785300

2.85805700
6.21599400
7.14830800
4.95961600
4.93372800
6.16259000
7.06364600
1.45185800
1.83813400
2.26729400
0.95147600
2.58822900
0.37494000
0.08657600
-0.50313100
0.66540700
-2.58937500
-2.41480500
-3.83519700
-3.48616300
-4.88742700
-3.98551300
-4.72274000
-3.34710900
-5.85653000
-5.56362400
-0.38443100
0.98569100
-1.02753900
1.70218200
1.49172400
-0.29594100
1.07240200
2.77281100
-0.79001100
1.65944100
-3.12840500
-2.82966600
-4.16315700
-2.50724300
-5.34660200
-5.43656900
-6.22769200
-5.38108400
-1.81321600

-0.04022800
-1.27247400
-1.61353100
-0.43366700
-0.11965500
-0.88096100
-0.92003500
-2.15750800
-2.53107700
-3.54366600
-2.49773100
-1.83179200
-2.97875300
-2.65430100
-2.90571400
-4.04045400
1.23993900
2.12487800
0.66400400
2.41852800
0.96330000
-0.00718500
1.82922000
3.09428900
0.50830900
2.04192100
1.89029700
2.04783900
2.53492200
2.85024700
1.55849400
3.34827900
3.49699100
2.95683100
3.83909600
4.10296000
-5.01403100
-5.02190400
-5.37229500
-5.73742000
-3.35305700
-4.44575600
-2.96873300
-2.99860700
3.83748900
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5.87182000
-6.43075300
-5.77851600
-4.59581400

6.69229400

6.60422100

4.94200300

298758100
1.65544300
0.59674100

-0.68404900

-0.89601800
0.12004900
1.39957400
3.05703500
4.24211900
5.40320700
5.35839400
4.16562400
4.24418200

-1.79601000
0.83332900
1.86755900

0.85764100
1.86393000

-1.05348400

-1.90777200

-1.58382500

-2.41298000

-2.94123800

-1.37262800

-0.59769700

-3.45469600

-2.27135800

-1.22345300

-2.72012300

-3.15109500

-2.74820700
3.53137000

2.61753700
-2.61075100
-0.54186700
-2.10770400

3.31178700

2.24205100

3.50469100

-3.34793300
-4.00854600
-3.58222100
-4.14377300
-5.16740100
-5.57883300
-5.00972400
-1.95154800
-1.21870800
-1.94789300
-3.32679000
-4.04973700
0.26220100
-3.64663700
-2.53879700
-1.25985300
-0.99597700
-0.31936900
0.00846500
0.11613900
1.40498600
2.51335600
-0.09407800
-0.72673200
1.55561900
2.36172800
3.13983100
2.90534000
4.51446700
2.16152000
0.94710200
0.95912500

0.62191500
3.87431800
3.97493600
4.92623800
-0.20081200

1.69188700

1.06606100

-1.10164400
-1.23812700
-0.41284700
-0.46250500
-1.39743300
-2.24947100
-2.19721300
-1.23219100
-1.08877300
-0.79968400
-0.63604600
-0.77208900
-1.14650700
0.38190000
0.48106900
-1.44576400
-0.14901700
1.07643100
-0.66823800
1.40787100
1.86057700
1.75524000
1.14704800
1.83098500
2.29072300
1.48982800
-0.61691300
-0.73215200
-0.43621200
-1.08189100
-1.50883900
-2.13762700
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3.47678800
4.13447200
4.87296600
4.92624600
-1.66397100
-2.72741100
-3.93209700
-4.08208200
-3.02354400
-3.90590100
-1.87609400
6.34348300
3.00342600
5.44922400
2.90562300
5.36394600
-3.13526900
-0.72333600
-5.00723000
-2.61961000
6.26815200
-0.08029100
-2.08036700
-2.32520100
-1.01282100
-2.66577100
-4.92260700
-3.81760700
-5.08662400
-3.71195500
-2.72704600
-6.25183000
-7.22746600
-4.87564700
-4.80557900
-6.13786800
-7.03544600
-1.77559300
-0.55508200
-0.69299000
0.25853700
-0.24331300
-2.24219100
-3.11092200
-1.43833900

2.34626700
3.06528300
2.39052000
0.99805600
-3.47729000
-2.99236500
-2.65602100
-2.83123300
-3.33700800
4.76861900
-5.63128600
-1.41736500
0.40732700
0.47438300
2.87300000
2.94600200
-3.45430100
-3.71777700
-2.55335600
-2.86003400
-3.86186700
-6.35303900
3.79470900
3.69686900
4.02694500
4.62980800
2.35909600
0.15850000
0.74041500
-1.09855500
-1.51602700
0.05367000
0.49950300
-1.78028200
-2.75653800
-1.21655900
-1.76321400
5.52881500
5.46010700
5.93773300
5.98363800
4.43186600
6.88365700
6.84535500
7.45979700

-2.12711400
-1.12419000
-0.15451800
-0.16811600
1.76824600
2.52461100
1.90173600
0.52515500
-0.22032600
-0.16842500
-1.45331300
-0.68563000
-2.90568800
0.62520700
-2.88468300
0.63532400
-1.29070000
2.25089900
0.03134700
3.59539600
-0.37730500
-2.98535600
2.46090800
3.52908600
2.38776600
2.07287700
-1.04642300
-1.92207300
-1.72263600
-2.52738100
-2.71266700
-2.06332400
-1.89541300
-2.87395400
-3.34574600
-2.63060500
-2.90423200
-0.49008200
-1.27821900
-2.26058900
-0.76379500
-1.44819200
-0.23856000
0.41651400
0.23336800
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-2.53369800
2.77052100
3.33485900
3.14562200
4.27816400
4.09245200
2.73216800
4.65769900
4.70930300
4.39758100
5.39307100
1.92023300
1.30603300
2.78610400
1.52121600
0.67368600
2.99873600
2.35535300
1.04608000
3.66435100
2.51414900
2.43692500
3.24198500
2.88926000
1.97484500
4.17617000
4.55652900
4.83217400
3.17771900
-5.03902300
4.04029600
-6.25552500
-5.03499900
-4.93577200
4.84734000
4.37912100
2.78000400

2.23370100
0.77800800

7.39157700
-0.93136000
0.07873100
-2.26678200
-0.24647700
-2.56815100
-3.04853100
-1.57513400
0.53348100
-3.60298200
-1.84486400
1.08596900
2.12754600
1.34786200
3.42934100
1.93193100
2.66098700
3.69964800
4.24957600
2.86298000
4.72678700
-5.45497300
-4.72436900
-6.41196000
-5.59904000
-5.53391200
-6.10072600
-5.75620900
-5.91272000
-2.00505500
4.56240000
-2.44075200
-0.65873500
-2.22874400
5.12169900
5.10055700
4.98359000

-3.36545400
-3.60214100

-1.17017300
1.99306800
2.81160000
2.15836100
3.79120100
3.13596100
1.54413800
3.94924400
4.41253600
3.26233300
4.70130000
1.30130100
0.60765000
2.38609800
1.05614600

-0.25051600
2.81632600
2.15092400
0.53394100
3.65072200
2.46327100

-3.19957600

-3.30454500

-2.91302900

-4.18165200

-0.49727400

-1.35548000
0.35085100

-0.26672400

2.67810400
-1.12095500
2.28330500
2.50279300
4.00577100

-2.05280000
0.06963700

-1.40936300

-1.80733100
-2.03546400
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-0.13929800
-1.51927700
-1.97735500
-1.09903200
0.28187800
2.66577000
3.99883700
4.92530800
4.52010600
3.18200100
4.39087100
-2.47704800
0.35506300
1.70018200
0.75255100
1.84863900
-0.74583400
-1.32729200
-2.71045300
-3.69752000
-0.65998800
-1.03157500
-3.00388200
-3.38877900
-3.90720500
-3.55820400
-5.31923200
-2.92785400
-1.61017700
3.89865800
4.23087400
5.05957400
5.57370900
5.24164700
-2.20591700
-3.16188600
-4.40498100
-4.68091000
-3.72162800
-5.72904600
-3.03803200
5.97025900
3.24433500
5.59800000
3.83787500

-3.17662500
-3.39059300
-4.03362900
-4.40926300
-4.20191000
-2.05229100
-1.71161300
-2.76286700
-4.07640100
-4.40710600
-0.32086300
-2.99126500
-2.50222500
-1.05109100
-0.89787800
-0.78710800
0.70780200
1.05519800
0.76201500
1.70912600
0.37824700
2.10189600
-0.26703900
2.74553200
1.77793900
0.75787600
2.10722500
2.76195700
2.48113600
0.77321600
2.07255400
2.30356300
1.22860600
-0.07441800
-3.21468700
-2.93108700
-2.40822300
-2.15902600
-2.44992000
3.25608000
-4.24016600
-2.54007100
0.60076300
-0.90596400
2.90857900

-1.05597100
-1.15749500
-2.31834200
-3.32491000
-3.21030300
-1.56648200
-1.30903400
-1.29068200
-1.49230200
-1.74554500
-0.98387600
-0.10011700
0.05946100
-1.52335700
-0.16368900
1.15705400
-0.48632100
1.61230000
1.64177300
1.46121200
2.13791600
1.67242800
1.81972400
1.34919800
-1.10088600
-1.19032000
-1.16505100
-1.18977700
-1.25846100
-1.71724900
-1.35847300
-0.25566400
0.46564800
0.10130200
1.26167800
2.22896300
1.85659800
0.51329600
-0.45326700
-0.92920800
-2.42073400
-1.09864600
-2.56309300
0.69994000
-1.92784500
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6.19826600
-3.93664200
-1.24846800
-5.63300700
-2.94738600

5.25558400
-1.48743100
-5.13870100
-5.76634200
-5.49404800
-5.27259000

-3.28515900
-0.82581400
-1.55462900

0.57167400

1.12788200
-0.90477000
-1.47225400

1.22147800

2.30511300

0.48940500

1.01062000
-6.22577700
-7.63812900
-7.99508700
-8.21848400
-7.79342000
-5.91573800
-4.84436400
-6.41824400
-6.25862600

2.61455400

3.43516200

2.66345300

4.30773900

3.54638800

2.05428900

4.36284400

4.93682800

3.59931200

5.03940100

2.25420500
1.89749800
3.20147100
2.47325100

1.40905100
-2.24956000
-3.62628600
-1.72921400
-3.11861900
-4.87458400
-4.87675800

1.48603100
2.25855500
0.50592400

1.53443700

4.50470500
3.63289800
4.83503000
3.67303400
2.74908600
6.06808900
6.98986900
4.90323900
4.93928400
6.09334200
7.04487800
1.07771200
1.42573200
1.77201600
0.54268100
2.22671000
-0.06307000
-0.24984800
-0.96204400
0.10261000
-1.79575000
-1.17387200
-3.17899600
-1.93645800
-3.91933100
-3.66951500
-3.31289900
-1.45310600
-4.99387300
-3.91900100
0.47274900
1.76694600
0.25224300
2.83620000

1.33198700
-1.49728300
1.55651500
0.22638800
3.27634600
-1.43869600
-4.22574100
1.80147800
1.35311300
1.47766800
2.89144600
-1.06904600
-1.26143900
-1.15552900
-1.35877100
-1.48296600
-1.11135500
-1.02419900
-1.29259700
-1.33167200
-1.16738900
-1.12053000
-1.40641900
-1.37649700
-2.35840100
-1.08669400
-0.65573000
-2.25042400
-2.27947600
-1.87210700
-3.28392900
1.81879300
2.79223100
1.63059900
3.57454900
2.41547600
0.89009900
3.38085200
4.31674400
2.26577700
3.97590200
1.69889700
1.32417200
2.72196000
2.00739000
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H 1.20255900 1.95299900 0.51775200
C 3.76590500 1.33549700 3.40273100
C 3.39688800 2.62793200 3.04224500
H 2.21296000 3.84488700 1.70415400
H 4.49702600 1.16599000 4.18827100
H 3.84148300 3.47979400 3.54662600
C 1.17749400  -4.58823900 -4.36205100
H 2.14461800 -4.08325500  -4.31309200
H 1.36450300 -5.66863400 -4.38093400
H 0.70205300 -4.32739000 -5.31321200
C 2.80079800 -5.86111800  -1.88296700
H 3.02076700  -6.24249900 -2.88734100
H 3.37264200 -6.47060300 -1.17556900
H 1.73710300  -6.02356800 -1.69350300
C -5.39913900  -2.07897300 2.93141700
C 5.40784100 3.71406900 0.11758800
F -6.57019600  -1.63097000 2.42897300
F -4.92452700  -1.11783600 3.76171800
F -5.67329400  -3.15328400 3.70472000
F 6.33263200 424061800 -0.71986700
F 5.90664000 3.80918900 1.36839000
F 4.32725100 4.53356900 0.05370700
(R,S)-TS-O
Coordinates (Angstroms)
X Y Z
C -1.18976800 3.91854700 -1.47247400
C 0.26770500 3.92331600  -1.78593500
C 1.14025300 3.29835400 -0.87743600
C 2.52274900 3.22550500 -1.07431400
C 3.03432000 3.82458200  -2.23472600
C 2.19108800 442841300 -3.15770800
C 0.80375200 4.47884000 -2.96419500
C -1.82155500 2.68181300 -1.24023700
C -3.16342700 2.57248000 -0.85073000
C -3.88750100 3.77143900 -0.75157300
C -3.28514200 5.00203600 -0.96694700
C -1.93018400 5.10566800 -1.30666400
C -3.78761400 1.29388700  -0.43734100
C 3.41235400 248713100 -0.14865700
0] 0.57583400 2.66274000 0.23235000
0] -1.04172100 1.52987800  -1.35524700
P 0.00375400 1.13413600  -0.11830800
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-1.01565900
1.54477500
1.91036800
2.71123900
2.19607700
2.39678000
0.90682600
3.79068000
1.11802800
2.01192200
2.20115800
3.08746400
0.66226100

-0.33545200

-3.56404200

-4.13959200

-4.95820700

-5.19898200

-4.61376400
3.38506900
4.22713000
5.10627000
5.15458200
4.30979500
2.90675300
4.10534700

-4.93645500

-2.92399000

-4.75018400

-3.93862500

-5.80818500
4.31424700
2.69105800
5.82959700
4.19046100

-3.86862300
2.61088400
3.04446200
3.07611000
2.65215300
4.07530000
0.21662400

-1.50111200

-1.40723200

-2.72242600

0.94109100
-0.39145800
-0.73272900
-1.89012800
-3.17858200

0.19289200
-0.85807900
-1.76648500
-3.30147500
-3.83076600
-4.84380400
-2.98428700
-3.62205300
-4.39480700

0.08169100
-1.09840600
-1.08594500

0.11261200

1.28882600

2.70034800

1.98143000

1.03559700

0.82655000

1.54174900
-1.75319500

3.79725200

3.72532200

0.05277400

2.20425700
-2.02861400

0.11928500

1.34297200

3.42158100

0.08538500

2.14168700

5.91097200

4.85762700
-4.35705500
-4.44010500
-5.30232000
-4.22923900
-2.36563300
-4.09166500
-3.01901200
-4.76395000

1.24809100
-0.53077000
1.58115800
1.47609200
1.42272700
1.87513200
1.97297800
1.42232500
1.49247800
-0.95765700
-0.63650600
-1.34290100
-1.39535000
-1.03464700
-1.10720200
-0.64784500
0.48155800
1.15363100
0.70016300
1.23698100
2.08208600
1.54909900
0.17004100
-0.67025000
-1.61807800
-2.41099800
-0.47758300
-1.98027100
1.26558700
-1.16009000
2.05072900
-1.73678800
1.65330200
-0.23959800
3.15394600
-0.84643800
-4.06357600
1.80350400
2.89997900
1.42005900
1.45889800
-2.61437100
-1.71220100
-2.63669100
-1.56386900
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-2.79691900
-2.49581600
-2.41128700
-3.80847500
-4.75710500
-3.69602100
-4.55517900
4.38010300
5.49752100
6.08970800
6.15768800
5.09928100
4.70417900
4.94960900
3.87042100
5.57334300
-1.61050700
-2.37925500
-1.56437900
-3.09590200
-2.29513800
-1.00192900
-3.05185800
-3.69008600
-2.27838500
-3.60946000
-1.49074700
-1.29666900
-2.29464000
-1.87584400
-0.72031500
-2.87755900
-2.65545900
-1.72670100
-3.51149100
-3.11708800
-0.06494900
-1.10559000
-0.04544700
0.29814200
-1.31033400
-1.51572100
-1.72790100
-0.22582700
6.02082300

-5.57825000
-2.63610600
-1.82143600
-4.38351300
-4.89920100
-3.33460500
-3.05185300
-3.46537500
-2.54218900
-2.56970600
-2.79220500
-1.54059500
-4.87974700
-5.27069200
-5.45565200
-5.04061400
1.89531200
1.20227100
3.29060000
1.91228000
3.97800900
3.82772900
3.30318700
1.38034900
5.06406400
3.86970900
-0.34741300
-1.59144700
-0.21165300
-2.70798000
-1.70038100
-1.34211400
-2.58868500
-3.67693900
-1.24256600
-3.47176600
5.07496900
4.75715100
6.17111100
4.77061600
6.47647000
6.92433400
7.15049700
6.44753200
0.24371500

-0.85048700
-3.41958100
-4.13249000
-2.34723700
-2.23406600
-3.27392200
-3.87488300
-1.32648600
-1.38948900
-0.46362900
-2.23032400
-1.53410300
-1.33935800
-0.34231100
-1.74471300
-1.98792600
2.12120000
3.08903700
2.10655300
4.05649300
3.07501600
1.35881300
4.04512000
4.79420400
3.06763600
4.78508100
1.63635600
1.03246800
2.78863600
1.63296500
0.12278900
3.36958700
2.79316600
1.16924700
4.24575200
3.22276500
-4.04493300
-3.95040500
-4.01781400
-5.03205400
-1.43169000
-2.41142400
-0.67661800
-1.30262500
2.43603800
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C -5.61268100  -2.35332900 0.94551800
F 7.28190100 0.73225200 2.43300900
F 6.11253400  -1.04956300 2.02167600
F 5.60292900 0.22461600 3.71787400
F -5.82720000  -2.35590600 2.28324900
F -4.87983400  -3.44993800 0.65151600
F -6.82519200  -2.53204900 0.36252300
(S,R)-TS-O
Coordinates (Angstroms)
X Y Z
C -0.82357700 3.50633000 -1.41304100
C 0.66765600 3.45015100 -1.47574500
C 1.39944600 2.75848800  -0.48968000
C 2.79230700 2.61731200 -0.53631100
C 3.46639700 3.22996800  -1.59959400
C 2.76948900 3.90630200 -2.59114600
C 1.37331000 4.00537600 -2.56780800
C -1.52722400 2.29596200 -1.32518500
C -2.92455800 2.19853900 -1.34960200
C -3.62943900 3.40839200  -1.43428800
C -2.96164300 4.62640400 -1.44643700
C -1.56293400 470544900 -1.42906600
C -3.61666100 0.89192000  -1.23545000
C 3.54338800 1.80403400 0.45031600
0] 0.73216900 2.20141300 0.59756000
0] -0.79067100 1.13795800  -1.11396400
P -0.22697300 0.85637500 0.42620700
N -1.49115100 1.37975900 1.47561900
Pd 0.42570000 -1.27088700 0.62687800
C 1.96207400 -1.33916400 2.02526000
C 1.55292300  -2.70929400 1.96947000
C 2.07624000 -3.66511300 1.08433400
H 2.85629300 -1.03602400 1.48888100
H 1.76481100  -0.77664400 2.93285400
H 0.83437900 -3.05853100 2.71060500
H 2.92155000 -3.38747200 0.46112500
C 1.14124200  -3.88414900 -1.25083400
H 1.61467000 -4.85059800 -1.34747100
C -0.25255800  -3.80228100  -0.94018100
C 1.89750900  -2.81538000 -1.81721100
N 3.20239300 -2.86732700 -1.97969800
C -3.09934800 -0.26868700  -1.83578000
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-3.74546400
-4.93312300
-5.46462800
-4.80838300
3.38932100
4.13226300
5.03173800
5.19321800
4.45717300
-0.82875800
4.54619200
-4.71398900
-2.17885200
-5.20044100
-3.31384400
-6.37488500
4.57308100
2.68762800
5.88047000
4.01308600
-3.53727800
3.31336400
1.82421000
2.26726000
2.25605000
0.74917300
1.14321000
3.69442700
2.72739000
5.04240200
5.78298500
3.08415600
2.33833400
5.39835800
6.44058400
4.42964100
4.72694500
-1.00249700
-2.35206600
-3.10749200
-2.50637900
-2.49056400
-0.58797800
0.13074800
-0.13949700

-1.49114600
-1.57584900
-0.43208600
0.78711900
1.97842200
1.21560700
0.25782000
0.07349200
0.84618700
-2.70840400
3.14211800
3.38698500
-0.22334700
1.65955800
-2.37561700
-0.49921800
0.68902200
2.71582300
-0.67756400
1.35861200
5.54811600
4.34151400
-5.12145700
-5.76038200
-5.40031700
-5.32974600
-1.27812900
-1.72131300
-0.72554400
-1.47519800
-2.23530400
0.48629900
1.24633100
-0.26574200
-0.07302900
0.70749400
1.64623000
-4.95225200
-4.91517000
-4.96358600
-5.76730400
-3.98587700
-6.20351500
-6.01738000
-6.89464200

-1.69866100
-0.97062100
-0.36988300
-0.49930300
1.83423300
2.72942700
2.25292500
0.87824100
-0.01570900
-0.62598100
-1.65422900
-1.47139400
-2.40145100
0.01220000
-2.15058300
0.21463900
-1.08108100
2.20657300
0.50430700
3.79808700
-1.45668600
-3.42529000
1.34476400
0.57930900
2.31735800
1.39701200
-2.37685600
-2.56681900
-2.87041700
-2.86842300
-2.64034500
-3.45636300
-3.66293000
-3.46178000
-3.70034800
-3.75564200
-4.21368100
-0.89433100
-0.35144500
-1.14613100
0.32160300
0.19504400
-1.50717700
-2.30664700
-0.77970800
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-1.46408200
-1.85343700
-3.06513100
-1.21523800
-3.65627100
-1.82164800
-0.27772200
-3.03402200
-4.58820000
-1.33011400
-3.48019200
-2.49661300
-2.63933900
-3.46272100
-3.73371500
-1.95880100
-4.55950000
-4.68554900
-3.86635600
-5.29948400
-5.53019600
0.67424000
-0.33813200
0.59581700
1.23797700
-0.91280600
-1.06260100
-1.36169700
0.16074900
5.72645900
-5.59802200
6.90487300
4.96969100
5.97232100
-6.93192300
-5.12600100
-5.39382000

-0.98534100
0.47176000

-6.69367000
2.68656400
2.59059300
3.92218700
3.73016000
5.04697100
4.01966600
4.96283800
3.64592700
6.00975000
5.85863700
0.47651700

-0.89659200
1.19994000

-1.53496900

-1.46404600
0.54299200

-0.83059400

-2.59699600

1.10231700

-1.35980400
4.66231900
4.27553200

5.74786300
4.48890500
6.06324200
6.65563700
6.62312400
5.99076500
-0.65596900

-2.90550800

-1.10722400

-1.75120300

-0.05461200

-2.79149500

-3.57226900

-3.73087800

4.13987700
4.06940700

-1.94582600
1.92797000
2.65577500
1.78805600
3.20913000
2.34669800
1.26772800
3.04526000
3.76118200
2.23766200
3.46691100
1.93497300
1.72421800
2.66915100
2.30562900
1.10190300
3.23490900
3.05758400
2.13723400
3.80064200
3.48876400
-3.73441800
-3.87229200
-3.60311500
-4.65635000
-1.32859300
-2.23892800
-0.50018200
-1.14336800
3.21798400
-0.78161000
2.73645900
3.48755100
4.40309400
-0.60668100
0.31023700
-1.83598500

-1.40575700
-1.71328000
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1.29670200
2.68986100
3.25069400
2.45247900
1.05843400
-1.71339700
-3.05569100
-3.67910300
-2.98018800
-1.62615100
-3.78160000
3.54677200
0.67888300
-1.03314400
-0.02577400
-1.04475500
1.33884500
1.90485300
1.49284900
2.33140400
2.97297600
1.36106400
0.45521200
3.39185900
2.34532500
2.73458800
3.22053800
0.95686600
0.14449700
-3.71566800
-4.39958900
-5.15811300
-5.23462700
-4.55147400
3.30218000
4.10979400
5.19056200
5.47918900
4.65762100
2.79254500
4.32934900
-4.72431600
-3.11609700
-4.56936800
-4.31876500

3.33183700
3.27747200
3.99318300
4.67469400
4.71918500
2.94505000
2.91525300
4.15376300
5.34529500
5.36634100
1.66144800
2.48041000
2.61652700
1.74386300
1.17375300
1.01559900
-0.50560900
-0.89751500
-2.23468400
-3.32798200
-0.70938600
-0.12432500
-2.41588100
-3.13303500
-4.04366700
-4.99070500
-2.98292400
-4.06924100
-5.01832300
0.52381200
-0.63627100
-0.68102400
0.44247200
1.60266500
2.39279300
1.60791400
0.91295100
1.03452500
1.80072100
-1.83288300
4.00373200
4.16762900
0.54640100
2.45542300
-1.51999300

-0.84396900
-0.97428900
-2.04511100
-2.95214900
-2.81576100
-1.26415300
-0.86324000
-0.64899300
-0.77501200
-1.13097100
-0.55640000
-0.06812000
0.18037900
-1.47453100
-0.27386800
1.10127300
-0.76222200
1.31321500
1.50386300
1.37685300
1.22386500
1.84839000
1.76950200
1.24051200
-1.00096500
-0.65979200
-1.34358500
-1.31884400
-0.90977400
-1.37546400
-1.02924000
0.14255700
0.96412500
0.61604000
1.31285300
2.12921100
1.58253300
0.22227700
-0.59406500
-1.69859700
-2.16385600
-0.35731700
-2.27791200
1.28596300
-1.64947300
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-5.79725900
4.85656500
2.46493600
6.33117200
3.89539300

-3.48449500
2.91552200
1.91608000
1.70105400
1.00919400
2.69785200
0.16869300

-1.14902200

-1.34818000

-2.24730900

-2.09522700

-2.60535700

-2.74105300

-3.50429400

-4.36052600

-3.68353400

-4.67338600
4.58096600
5.47684600
5.94032400
6.27146100
4.89760100
5.15691600
5.06054600
4.68895700
6.22191700

-1.48955500

-2.27724200

-1.30216800

-2.86234500

-1.90212300

-0.73360500

-2.67080900

-3.46999200

-1.77283700

-3.12462000

-1.64494900

-1.65720200

-2.36854100

-2.36119600

0.39915500
1.84504200
2.92578100
0.51317700
1.52588200
6.28525300
5.18640600
-4.68697600
-4.65870000
-5.02355600
-5.43348300
-2.80949600
-4.81338900
-3.66482500
-5.63132500
-6.50821400
-3.34089100
-2.46722400
-5.29628000
-5.91753100
-4.16560900
-3.92684500
-3.17043200
-2.03010800
-1.89996000
-2.16189600
-1.14226300
-4.46234300
-4.71930500
-5.25381100
-4.44090200
1.96976200
1.29865000
3.35241400
2.01295300
4.04538900
3.88097200
3.38944200
1.49669800
5.12251000
3.95968300
-0.23551800
-1.43520700
-0.09221900
-2.51051600

1.88954600
-1.65952200
1.74483800
-0.19736200
3.18914900
-0.56759000
-3.79173800
1.86155500
2.93869400
1.34352100
1.69526400
-2.33361800
-1.34096200
-2.14970700
-1.03220800
-0.41093000
-2.65834900
-3.28931300
-1.52550000
-1.28055800
-2.33872400
-2.71562200
-1.22052000
-1.22042400
-0.23392100
-1.96646200
-1.46378400
-0.89797800
0.16790000
-1.49036100
-1.14468500
2.06116700
3.03031300
2.12727400
4.07978100
3.17835000
1.37889100
4.15134700
4.81770000
3.23300700
4.95647000
1.43470000
0.72382300
2.63849800
1.26511400
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-1.14977400
-3.06389600
-3.04919000
-2.39485800
-3.62889000
-3.60564100
0.24099200
-0.82267900
0.35855500
0.57465900
-0.89963200
-1.02392800
-1.30013300
0.17282900
5.96300800
-5.92155700
7.26170100
5.45840400
5.92017400
-6.16318700
-5.27018900
-7.12943600

1.16423500
0.32624100
1.02229800
2.41934800
3.13282900
2.47235000
1.07325100

-1.74320900

-3.12348500

-3.94677900

-3.40462700

-2.02077300

-3.67966400
3.12376000
0.27569200

-0.89649400

-0.31986800

-1.54189900
-1.18243300
-2.39173700
-3.44343300
-1.07563200
-3.24003400
5.42167900
5.19160400
6.51038800
5.11523000
6.68965300
7.20428300
7.35187800
6.57018900
-0.06846300
-1.92486300
-0.13725700
-1.32826900
0.21275600
-2.01996600
-3.04845500
-1.95699200

3.69890600
3.79047600
3.10975400
3.02701600
3.73596200
4.43104200
4.44566300
2.41800200
2.18613100
3.32046600
4.59918200
4.81774800
0.81250300
2.14169400
2.45496500
1.32273600
0.95188100

-0.22533400
3.17012000
2.48177300
0.71371300
4.09173300
2.86696900
-3.87225400
-3.78445500
-3.81454800
-4.86962700
-1.15186600
-2.11207900
-0.37777600
-0.98035500
2.40955600
0.49169900
2.04295800
2.26106300
3.72666400
1.81942000
0.11745500
-0.12595100

-1.21053500
-0.19269900
-0.14354600
-1.12067200
-2.12432300
-2.21227800
-1.25000300
-1.28879100
-1.32056400
-1.27906100
-1.23640000
-1.23312800
0.81442600
0.78706400
-1.12682200
0.39042500
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-1.68263400
1.09538500
1.32152000
2.35880400
2.26864000
1.61598000
0.40441600
3.34767000
1.35152100
1.54227300
2.07835300
0.13159100
2.23489800
3.52227000
-3.09397000
-3.62193000
-4.75283200
-5.33974400
-4.80453800
2.79834400
3.44842400
4.43223500
4.78422900
4.13280900
-0.51667400
4.21727500
-5.02362800
-2.21422200
-5.23911800
-3.14049900
-6.20425800
4.37783400
2.02361500
5.53537600
3.18084200
-4.07015000
3.05102300
3.53361000
3.36474300
4.01838200
4.23600400
1.37431800
3.93765900
2.92249800
5.25617300

0.97540800
-0.78119200
-1.61877800
-2.28151400
-3.56350500
-0.87002100
-2.15561000
-1.83441800
-4.12832300
-3.79079600
-4.72198600
-3.76043100
-2.65065500
-2.59551200
-0.24547500
-1.52927300
-1.77858700
-0.74102100

0.54169500

2.09864600

1.21392500

0.35508200

0.40675800

1.29141300
-2.68325100

3.70737200

3.18971100
-0.07058700

1.33524600
-2.33141900
-0.93826000

1.29242000

2.74897800

-0.26830400
1.17688900

5.45822100

4.94509100
-4.27030900
-5.31413100
-3.76193400
-4.23104400
-1.05125400
-1.32274300
-0.33679400
-0.95346400

1.42795200
0.24991300
2.15741200
1.42698100
0.85668900
2.88717200
2.39380900

1.44007800
0.99238300

-1.57496300
-1.67400000
-1.30368700
-2.04390700
-2.29839600
-1.94748300
-1.88028500
-1.10038800
-0.37235900
-0.43750000

2.17907800

3.03304000

2.53447200

1.18453600

0.33199300

-1.30882300
-1.10165000
-1.36050300

-2.55251300
0.16163700

-2.42548900
0.25165900
-0.72327200

2.56675400
0.78900600

4.08374200

-1.26404800
-2.88728100
0.49349800
0.21909200
-0.35588500
1.33769800
-2.25887700
-2.65597500
-2.70882400
-2.95224300
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6.04066700
3.18705500
2.39519900
5.53031500
6.55160200
4.50812400
4.73974200
-0.50582400
-1.95935400
-2.43175800
-2.29254300
-2.28891000
0.11723500
1.10436200
-0.50473200
0.22505200
-2.38993000
-3.45653000
-2.17902800
-4.32682000
-3.06201300
-1.36608100
-4.12862400
-5.14657000
-2.91278400
-4.79886300
-2.34584900
-2.10189500
-3.41718600
-2.90627800
-1.35504800
-4.22448300
-3.95410300
-2.73400300
-5.05172600
-4.57025600
0.42551000
-0.57478300
0.33268300
1.03348600
-1.50736300
-1.56261100
-2.11589400
-0.46908800
5.11592200

-1.70247200
0.97598700
1.71683800
0.36895200
0.65790800
1.32595800
2.34880200

-4.93744300

-4.92555200

-5.23312700

-5.60872400

-3.91794400

-6.23719000

-6.27431600

-6.99543200

-6.50517000

2.05414000
1.51701800
3.43297200
2.36514800
4.26062100
3.85592000
3.74052100
1.94962000
5.33565500
4.41314800
-0.23347300
-1.54405700
0.07678200
-2.54683300
-1.79159400
-0.94358800
-2.25867700

-3.57259900

-0.70724700

-3.06623900
5.11454500
4.71990600
6.19714100
4.96199500
6.23085600
6.77428800
6.78526000
6.25617900

-0.61512100

-2.91080300
-3.07670000
-3.10869900
-3.30464000
-3.53646200
-3.37544500
-3.65766400
-0.93582800
-0.85452400
-1.79964400
-0.06613700
-0.62075300
-1.12756500
-0.65923400
-0.64476900
-2.18938800
2.03783100
2.80003200
1.98274000
3.49148000
2.67512000
1.41683000
3.42215900
4.07085600
2.62879700
3.94911800
1.79496900
1.38133800
2.66015500
1.92179400
0.63548300
3.17192600
2.80894700
1.61776100
3.83541500
3.19231100
-3.40039100
-3.59258500
-3.25320400
-4.29778300
-1.10247800
-2.05334900
-0.37988700
-0.76354100
3.45254400
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C -5.32014000  -3.16529700  -1.01646400
F 6.21680100  -0.08646000 4.03252400
F 5.52017100  -1.72877200 2.79125700
F 4.29934500  -1.01832200 4.45277900
F -6.66654800  -3.15245700  -0.89276700
F -4.84764600  -3.86085800 0.05190000
F -5.01871800  -3.90384000 -2.10951600
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10. NMR spectra

6-((3-methylbut-3-en-1-yl)oxy)hex-1-ene (s1)

'H NMR, CDCl3, 400 MHz

13000

11000

10000

9000

8000

7000

6000

5000

4000

3000

—-1000

2000
1000

26V
26V
26V
V6V
6V
S6'v
S6'v
16’7
16'v
10°G
20°S
9GS 7
61°S 1

08'S 7
€10a0 92/ -

_ L'z
——— ozl

hlbwwg.m
Rooo|

0z|

x4

T—r¢

-=== 100'l

£1 (ppm)

13C NMR, CDCl3, 101 MHz

7000

6000

5000

4000

3000

2000

1000

9122 —
o5z
162"
95'ee —
1826 —

€69 AN

SL0L~=

£10a0 02'9L
€000 2022 W
£10a0 vE'LL

L2 —
Sty —

9,8¢L —
662l —

T T T T T T T T T T T T

T

210 200 190 180 170 160 150 140 130 120 110 100 90

£1 (ppm)

2-(6-chlorobenzo|d]thiazol-2-yl)-1-(piperidin-1-yl)ethan-1-one (s2)
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'H NMR, CDCl3, 400 MHz
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2-(6-bromobenzo|[d]thiazol-2-yl)-1-(piperidin-1-yl)ethan-1-one (s3)
'H NMR, CDCl3, 400 MHz

581

| 11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

800000

700000

600000

500000

400000

300000

200000

100000




DT OO T MmN O~ MDOMNO TETANTOODODNNOWTOMHMON ™~ O

QG @NWWYIHnN NOOWWIRBHL C©OEEOEOEUILLWYIHNWWYNLI

NNNNNNNNKN B 0 I S e o . U L

\ W INW [ I I | 30000
L

25000

_ff f j 120000

(0] L 15000
o S>_>~ N/\:>
T
N

10000
| f
i L 5000
J -0
34 I g g
~NS o o S S
(ol —Ne) (o] <t ©
T T T T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 1
1 (ppm)
13C NMR, CDCls, 101 MHz
® 00
888 400000
© © o o OO YW 000
88 3 8 s=38 gge 233 593
88 & B 838¢ RES 528 883
% | [V N7 [N L 350000
300000
250000
o)
o S>_>;N/\:> 7
\©[ / 200000
N
150000
| 100000
| L 50000
| |
-0

A L B | T r—rr~—r T+ r T T° 1T 1 -1 1 1T 1T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 10
f1 (ppm)

2-(4-fluorobenzo[d]thiazol-2-yl)-1-(piperidin-1-yl)ethan-1-one (s4)
'"H NMR, CDCl3, 400 MHz

582



for]
é L 45000
TNTONT-TODNDONOTAN N O WwSm M NO®WOLWMmN
FYBBAHIIJERIT No3BBB3 383888387
NNNNNNNNNNNNN R R R R RN P
—\— | =N\ ==\ - 40000
L 35000
L 30000
L 25000
0 L 20000
SJN
/
N L 15000
F
L 10000
|
| L L 5000
1
1|y
_J 1 o
J 'l I g e
eQoQ - - ==
- o < o
T T T T T T T T T T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 -1
1 (ppm)
DR NMR, CDCIl3, 376 MHz
@
3
&
g L 3000
L 2500
L 2000
O,
S NGO i
/
N - 1500
F
L 1000
L 500
Lo
—— 7711 ———— — —
10 10 30 50 70 90 110 130 150 170 190 210
1 (ppm)

3C NMR, CDCl3, 101 MHz

583



165.82
165.64

_——156.82
— 154.28

<

141.24
141.11

138.72
138.68

L
AN

77.40 CDCI3
77.08 CDCI3
76.76 CDCI3

o O N < N
O e HIo
~N oo © o<
5988 883

T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90

1 (ppm)

1-(piperidin-1-yl)-2-(6-(trifluoromethyl)benzo[d]thiazol-2-yl)ethan-1-one (s5)

1H NMR, CDCls, 400 MHz
T | N T e————
(0]
FsC S>—>~N
19w o
N
I
|
[
_
ds & 3 & R
Qo e ©o - Q
Al S = N NN (VIR
T T T T T T v v T T v T T T
10 9 8 7 6 5 3 2 1 0 -1
£1 (ppm)
1YF NMR, CDCls, 376 MHz

584

3000

2500

2000

1500

1000

500

26000

24000

22000

20000

18000

16000

14000

12000

10000

8000

6000

4000

2000

-—-2000




-61.38

10 -10 =30 -50 -70 -90 -110 -130 ~150 -170 -190 -210
£1 (ppm)

13C NMR, CDCLs, 101 MHz

5500

77.38 CDCI3
77.06 CDCI3
76.74 CDCI3

122.92
122.88
119.27
119.23
26.37
25.40

"\ 24.32

5000

_168.34
— 165.42
— 154.40
— 136.00
é 123.08
— 47.34
— 43.31
3935

L 4500
L 1000
L 3500
FiC S>—O}NC> L 3000

\©[N/ 2500
I 2000
L 1500
L 1000

500

~—500

e B A e e B o A e e e e B T B e B e I A B e o e e e B A B
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)

2-(6-methylbenzo[d]thiazol-2-yl)-1-(piperidin-1-yl)ethan-1-one (s6)
'"H NMR, CDCl3, 400 MHz

S85



18000

16000

- 14000

12000

10000

8000
6000
4000

2000

veL
YL
€100 92°2
9Z'L

9C'L
9L
v9'L

9L
9L
G9°L
8L
G8'L

H,0

J

Me

Ho9of

o¢t

0'¢

=.0¢C

10

f1 (ppm)

13C NMR, CDCLs, 101 MHz

3500

3000

2500

2000
1500
1000

- 500

15'1e
9 vz W

Zrse —
zeoz”

GL'6E —
veey —
Wiy —

€000 62'92
€1000 20°22 W.

€100 8¢'LL

0812l ~
s1zzL -
6121 —
Sel ~
86'sel =

2L0S5L —

69°€9L ~
v6°G9L —

Me

210 200 190 180 170 160 150 140 130 120 110 100 90

f1 (ppm)

in-1-yl)ethan-1-one (s7)

iperi

2-(6-methoxybenzo[d]thiazol-2-yl)-1-(p

TH NMR, CDCl;, 400 MHz

586



21 CDCI3

VN =
L 15000
1 I
L 10000
O,
MeO S>_>~N
Qs oA |
N
L 5000

acetone H,0

I S I
3

—

d 44 dd &
o o o o oo
- = oo
T T T T T T T T T T T T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 -1
f1 (ppm)
13C NMR, CDCls, 101 MHz
© 0o F
283 L2200
gi2 &8 - =8 % 822 g %33 835 i
885 5 5 Q2 3 N o 6 NOo S5 ¥
=22 - - - = - [N o) T <O NN L 2000
[ IR I . N7 G
1800
1600
o L
i > k14
MeO S>_>*N 1400
\©[N/ L1200
L1000
L 800
L 600
| i
| 8
L 400
|| | [
L 200
Lo
200

T T T T T T S S S TR I S
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)

9-(2,6-bis(4-(trifluoromethyl)phenyl)-8,9,10,11,12,13,14,15-octahydrodinaphtho[2,1-d:1',2'-

f][1,3,2]dioxaphosphepin-4-yl)-9H-carbazole (L1)
'"H NMR, CDCl3, 400 MHz

S87



8000

7000

6000
5000
4000
3000
2000

1000

T

16T

NQNA
89Z

v8'z 4
58z ]
98z ]
182
187
837 |
1671
86T
662
00
00
159
€59
994
069
26'9 ]
v6'9 4
0021
iz

€000 922
622
1572
6S°L
| YAV

€711
28, -

M\wo”N

=0l

= Tms
= lz1

= H\o_u.N
= Le
Le

10

(ppm)

fl

19F NMR, CDCl3, 376 MHz

28000
26000
24000
22000
20000
18000

16000
14000
12000
10000

8000

6000

4000

2000

~—-2000

1529~

0€'29-

-130 —150 -170 -190 -210

-110

(ppm)

-10 -30 -50 -70 -90

10

fl

3P NMR , CDCl3,202 MHz

588



140.29

1600

1400

CF3
O 1200
‘O O I 1000
O.

O/ F
sedle

600
400
200
0
T T T T T T T T T T T T T
150 100 50 0 50 100 150
£1 (ppm)
13
C NMR, CDCls, 101 MHz
oo
000 3500
[ayaja)
NI T NO OO TOOPANOE T I DOOOONYITcN®OY =00 00
WOMOAYTOOOVOTQXOIITROITNM O ONANONDOOM = 00 I832IINS
IYCrO0000IVWB-0000000PPITITNVWLVIBANT 22N MO O ®OMN NI
ITITTOOONANNNONNOONOOANANNNNNNNNANNNNNN= NN G R R RN NN
vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv [N ANNNNNNN
L T Y i A A A A N W P I A S
e N = L3000

O CF3 2500
‘O O 12000
[ON

o I
‘O O - 1500

1000

T

B A B e B B o N e o S T B m e e
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)

9-(2,6-bis(4-fluorophenyl)-8,9,10,11,12,13,14,15-octahydrodinaphtho[2,1-d:1',2'-f][1,3,2]diox aphosphepin-
4-y1)-9H-carbazole (L2)
'H NMR, CDCl;, 400 MHz

589



28000

24000

22000
20000
18000
16000
14000
12000
10000
8000

6000

4000

€10a0

Loe

189
6€°9
6€°9
or'9

[34°]
[44°]
[44°]
v9'9

002
102

z0L

Y02

902

9L
212
6172
1z
9z'2
6221
652
092 ]
192 ]
292
€92 ]
5.
182

10

(ppm)

fl

19F NMR, CDCl3, 376 MHz

20000

15000

10000

5000

8L°9LL- ~
9LGH- =

-130 -150 -170 -190 -210

-110

(ppm)

-10 -30 -50 -70 -90

10

fl

3P NMR , CDCls, 202 MHz

590



(=4 (=1 (=3 (=3
(=] o (=} (=] (=3 (=3 < <
© < N o (=3 (=] < <o
— — — — 0 © < N (=}
R 1 I 1 R 1 R L 1 I 1 1
w Ql‘ w
pd
|
o
/ N\
O O
6z0vL — 3

-150

-100

-50

150

(ppm)

fl

13C NMR, CDCLs, 101 MHz

4500

4000

3500

3000

2500

2000

1500

1000

6g°'Le
sLie V.
98'Le
28'92
16°92 v.

0082 \.
lz'82

€000 99'62
€1000 86'S. W

€1000 6292
2521 7
€221
66°€LL
LZyLL
£0°8LL
S6°6LL
oLzl
zz'8zt
¥Z2'821
06'821
86'8Z1 |
or'6zL
SY6ZL
06'621 -
¥0°0€L 7
50'0€1 7
80°0€ 1
z1-osl 4
yL o€l
16°0¢1
v6°0€}
11zeL
ozzel 4
66€c) |
LZvEl
szvel
89'9¢1
£0'2€1
s02€1
ovovl
v6zyL
9g'evl
65evL
10651
98'651
Sv'L9L o

T

T

|

Le29lL -

F

T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90

T

f1 (ppm)

iox aphosphepin-

1',2'-][1,3,2]d

9-(2,6-bis(4-chlorophenyl)-8,9,10,11,12,13,14,15-octahydrodinaphtho[2,1-d

4-y1)-9H-carbazole (L3)

TH NMR, CDCl;, 400 MHz

591



26000

22000

20000

18000

16000

14000

12000

10000

8000

6000

4000

2000

Lo

—2000

26T

€6
56T
189
6€'9
159
65'9
199
€9'9
v9'9
59'9
wmmu
969
602
NtN&
0z'2
sz

£1000 922
127
89°L
652 ]

1014
6LL"

c0'¢c
109
H\WO._‘
o'l
16°¢
0'¢C

02

20
i 02
¥60'2
807
o'z

H/MO.N
6l

(ppm)

fl

3Ip NMR , CDCls, 202 MHz

6000000

5500000

5000000

4500000

4000000

3500000

3000000

2500000

2000000

1500000

1000000

500000

Y

—500000

26'8eL —

-150

—100

-50

T
100

150

(ppm)

f1

3C NMR, CDCl3, 101 MHz

592



9000
8000

in-4-

hosphep

L 2200
L 2000
1900
L 1800
L 1700
L 1600
L 1500
1400
L 1300
L 1200
1100
1000
900
L 600
300
100

L 200

100
L —200

7000
6000
5000
4000
3000
2000
1000

08ce
9622 W-
L0'€g
0082
1082 Vv

6162 \.
svez

£1000 28'9L

€000 ¥1'2L W.

€100 S¥'2L
60611
98021
91521 |
69'5Z1 |
69'921
£2°224
12821
81871
L7621
evezt W
85621
09'6Z} W
£9'621 ~
geost -
$5°0€L
65°0€1 -
1zLeL
gLzeL
1z'zel
1€°Z8L ]
16tEL ]
zzsel
£zsel
v1-9gL
py2elL ]
€981 ]
66'2€1 ]
10'8e L |
AN
0z'vv
18y
veyL -

L )

-10

10 0
1',2'-f][1,3,2]d

20

30

50 40
inaphtho[2,1-d

60

70

80

(ppm)

f1

trophenyl)-8,9,10,11,12,13,14,15-octahydrod

-1

210 200 190 180 170 160 150 140 130 120 110 100 90

'H NMR, CDCl;, 400 MHz

yD)-9H-carbazole (L4)

9-(2,6-bis(4

Doz
16'0
Feoe
$202T
E20'L
Fooz
ooy

6L
8'0

593

f1 (ppm)

3P NMR , CDCls, 202 MHz



140.47

1200

1100

NO, I
O 1000
oL )

Opn
o

‘O O 1700

500
400
300
200
100
=0
-100
T T T T T T T T T T T T T T T
150 100 50 0] =50 -100 -150
£1 (ppm)
13
C NMR, CDCl3, 101 MHz
883
888 L8000
NOONOOURNONVIVIRNDNOOUNDC-ONDD = O 000
5895298808883 8059988838528885¢ esa NorsNoa®
PERER B e e PR e e B B e e e 83x 5858R88%
2e9IITILLIB8384888888888gRICYs °Re domaNaNNN
fffffffff UV N\,\‘; N%Nww\w L 7500
L 7000
L 6500
L 6000
L 5500
L 5000
L 4500
L 1000
L 3500
L 3000
L 2500
L 2000
L 1500
| L 1000
| ! |
I | L 500
|
JLL
i A MMM e o Lo
L -500
T T T T T T T T T T T T T T T T T T T
170 160 150 110 130 120 110 100 90 80 70 60 50 0 30 20 10 0 10

£1 (ppm)

dimethyl 4,4'-(4-(9H-carbazol-9-y1)-8,9,10,11,12,13,14,15-octahydrodinaphtho[2,1-d:1',2'-f]
[1,3,2]dioxaphosphepine-2,6-diyl)dibenzoate (L5)
'"H NMR, CDCl;, 400 MHz

594



pra

80-3N3N10L 012
80-3N3NTOL 04T
80-3N3INTOL0L'Z
80-3N3NTOL 112
172
zve ]
ez
ez
e
sv'z
v5'Z
55T
957
152
857
652
092
197
orz
1z
€17
vrZ
vrZ
s1T
917
e
812
or'e
o9'e
95°€
15
959
9594
259
259
19'9
58'9
989
289
169
8Q-3N3NT0L 869 ]
66'9
002
80°L
W
8LL
8L'L
syl
oL
192
29'L
29'L
€92
€94
£9°L
062
162
z6'L

z6'L

JU

CO,Me
CO,Me

[

E00'L
Fsoe
Foov

=00'¢
=90¢

f1 (ppm)

3Ip NMR , CDCls, 202 MHz

Y

1100

1000

900

800

700

600
500

400

300

200

100

~—-100

v.6eL —

CO,Me

002Me

—150

—100

1 (ppm)

3C NMR, CDCl3, 101 MHz

S95



3500

3000

2500
2000
1500
1000

500

092z
SLze W.
v8'2e
162
20’82 v

9062 \.
ve'6T

LLLS
86°LS v.

€100 22'9L

€1000 v0'2L

€100 S22
v1'SZL
61°221
82'821
£€'821
18'821
LE'621
€€'621
25621
55621
15°621
86'621
Svost
05°0€}

6°0€}
SLLEL A
LE'GEL
1G°S€EL H/,
29'8¢el
168€L W.
26'8¢€L

vy ovl
veLvl
S6'LvL

80'vvL
i chedt

99'99}
68'991 v.

CO,Me
COZMe

oy,
QA O

T T T T T

T

T T T T T

T
210 200 190 180 170 160 150 140 130 120 110

T

(ppm)

fl

4-yl)-9H-carbazole (L.6)

in-

hosphep

ioxap

itrophenyl)dinaphtho[2,1-d:1',2'-f][1,3,2]d

-1

9-(2,6-bis(4

'H NMR, CDCl;, 400 MHz

Lo. 10
Lo.3s
Lo.36

Lo.34

Lo.32

Lo.30
Lo.28

26
Lo.2a

Lo.

Lo.2z2
20
Lo.1s

Lo.

Lo 16

Lo. 14

Lo.12
Lo. 10
Lo.os
Lo.o6
Lo.04
Lo.oz
Lo. 0o

8Q-3N3NTOLOLZ
80-3N3NT0L 042
80-3N3NT0L0LZ
8Q-3N3NTOL 1T
8Q-3N3NTOL 11T

80-3N3NT01 869
80-3N3NT0L 86'9
80-3N3NT0L 86°9

£1 (ppm)

3P NMR , CDCls, 202 MHz

596



- zauu

147.73

2000
1800

1600

O NO, k1400
oo ags
O.

1000

O L 800
NO, [

600
400
200
0
+—-200
T T T T T T T T T T T T T
150 100 50 0 —50 —100 —150
£1 (ppm)
13
C NMR, CDCls, 101 MHz
jaioelior)
000
£00 I 4000
TRNDONOOINOORAINNDANONDOVDORONOODN MO O
MONCDONRAXYTMOOVITOOIONTINOYIIONNANNOMONM S G
CUFITNCTD == === OO0 POPINCOEOVLVWITONONTOB 022 Q
$¥33358onnnen e R RNRRNIRIRIRRNNRE Ry
T T T T T T YT M T Y Y S M S S A S I BN B B B I B I |
gtk NZ -

O NO, L 3000
OO O L 2500
(ON

o’ r
sedlle

1500
1000

500

=

L L L L L L L A L e I L L L L DL L L L L L L |
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10 -20
f1 (ppm)

N-(benzo[d][1,3]dioxol-5-yl)-2,6-bis(4-nitrophenyl)-N-((perfluorophenyl)methyl) dinaphtho [2,1-d:1',2'-
f][1,3,2]dioxaphosphepin-4-amine (L7)
'"H NMR, CDCl;, 400 MHz

S97



L3000

L2500

2000
L1500

L1000

£1000

sees
5885
NRNG
—

£1 (ppm)

19F NMR, CDCl3, 376 MHz

°
o ° ° o o o o ° ° o ° g
g g 8 8 g g g g 8 g ° g g
g g g g g g g g g g g g g
8 8 8 S S S 8 8 8 8 g 8 8
g g 8 8 8 g g g 8 8 8 g g
2 g 2 g 2 g 2 g B g g 2 S
8 8 B E ES B ] 8 s E 2 ° j 0
i i 1 1 1 i I I | | i | | |

96191~

€6'191-

L6191

88101

8101-

Nmnm_.W.

sLEs1

cL€s1- 1

2z

Lezyl-

sL2vl- =

LTyl

w

F

(ppm)

1

3P NMR , CDCls, 202 MHz

598



° ° ° °
g g g o o o ° o ° c ° o g
5 2 g g g g g g g g g g S
o = 2 ] 2 2 2 2 g 2 S 2 B 0
L L L L L L L L L L L L L
w
(' w
o\
o
N w ~ E
¢} )
=z z
z
O 5 O
3
o o
Lrger—

£1 (ppm)

3 <
g B ° ° ° ° ° ° ° ° g
g g g g g g g g g g g
g g g g g g g ] g g k=
= g 2 S 2 2 S 2 S 2 B 0
L L L L L L L L L L 1
sose— —
€10a0 2292
€1000 €0'LL W
€1000 S€'LL
99°L0L —
88901
w —
w w
o\
o w ° o =
) ) 3
z z 3
O O -
—
o o -

el
veLEL
et
6ezEL
LrzeL
68°zEL
seeeL
65°eEL
L6EvL
£evYL
zLshL
Lyovt
ozovL
£ZovL
8zovL
se Lyl
vSLYL

16211

£1 (ppm)

-1-yI)-3-vinyloctan-1-one (8)

iperidin

(2R,3S5)-2-(benzo[d]thiazol-2-yI)-1-(p

S99



'H NMR, CDCl3, 400 MHz

2. 0E+07

1. 6E+07
1. 4E+07
1. 2E+07

1. 0E+07

8. 0E+06

6. 0OE+06

4. OE+06

0. OE+00

v9°€
y9°€
6’y
324
LS
4%
€L'g
9L'g
6L°G
€9'G
99'G
€10a0 92°2
GeL
9€°L
8€L
€L
S¥'L
'L
98°L
182
1672
86°L

/

s/

I

/1

Fzo'L

Fezv

€01

Fzoz
Foot

2660
2o0'L
>860
2860

T
3

(ppm)

f1

13C NMR, CDCLs, 101 MHz

4500
4000

3500

3000

2500

2000

1500

1000

500

L16°€L —
0522

€512 V
€9'52 —=
05°92 \
9592

or'Le \
€567 ~
8E LY~
coey ~
1825

€100 0292
€1000 20°LL W

€10a0 €e'LL

€521
oL'1zh W
LrzeL~x
z6'vel —F
[IR-74% 7
00'9E}L —
oL'eel —

L0251 —

25891~
€5'691 ~

1 (ppm)

in-1-yl)pent-4-en-1-one (9)

iperi

(2R,3S)-2-(benzo[d]thiazol-2-yl)-3-methyl-1-(p

TH NMR, CDCl;, 400 MHz

5100



- 18000

16000

14000

12000
10000
8000
6000

4000

2000

60
S6°0 4
11
8v'L
0S°L
05°L
1571
2s’L
€571
SL
G571 A
95}
9G°L
PAH
8571 A\
6571 N\
09°L —7
[3°N3 /
8L'€"
25°€
€5°€
S'€
SG€
95°€
95°€
15°€ A
8G°€ \
65°€ 7

—

——

|

=

09°¢ 7
19°€ 7
z9°¢€ -]

34
505 7
50°G 7
S0°G 7
206
80°G 4
80°G
S1'S ]
EIRE
516
616
6L°G
0z's -
986 Y
€1000 922 7
veL u
9L
9e'2
8€L |
8¢eL |
ev'L ]
ev'2 ]
svs ]
Sv'L 1
VA .
sl ]
982
182
9621

£9¢
£9°e u
v9'e
9y

T —

B ]

wm.n;

o'l
o'l
=160
oL

10

1 (ppm)

13C NMR, CDCLs, 101 MHz

1800
1600

1400

1200
1000

800
600
400
200

--200

veLL~
6v'vZ

v9'52 ~\
vs'9z—

ey —
15cv
/
seLy
59'e5 —

€100 92'9L
€100 80°LL W-
€10ad ov'LL

ZV'shl ~_
zrizL

€L22) W
10521 ~—
185z~

06'SEL —
89°0vL —

66°LGL —

SY'89L ~
vr69L =

T~ T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90

1 (ppm)

-1-yl)-3-vinylhexan-1-one (10)

iperidin

(2R,3S)-2-(benzo[d]thiazol-2-yl)-1-(p

TH NMR, CDCl;, 400 MHz

5101



1200

1000

800

600

400

200

©
©
©
o

e

0z's
0z's
65'S ~\_

19'
€9°G
9’
99'6
89°G
€10ad 92'L
Se'L
pASWA
6€°L

ev'L
Sv'L W
PA A

i

£1 (ppm)

13C NMR, CDCLs, 101 MHz

5000
4500

4000

3500

3000

2500

2000

1500

1000

500

LLeL—
S6'61 ~_
LS've
29'se W
G692
09°¢e ~

PGEr ~
6€ L7~
sy~
vgZs —

€10a0 2.9
€100 €0°LL W

€10a0 §€'LL

vS'LLL
oL1zh ”
LrzeL~x
v6'vZL —~
€Lszl 7
66'SEL —
z0'6EL —

66°1GL —

25891~
€5'69L ~

T

70 60 50 40 30 20 10 0 -10

80

190 180 170 160 150 140 130 120 110 100 90

210 200

(ppm)

f1

in-1-yl)pent-4-en-1-one (11)

iperi

(2R,3R)-2-(benzo[d]thiazol-2-yl)-3-cyclohexyl-1-(p

TH NMR, CDCl;, 400 MHz

5102



in-1-yl)pent-4-en-1-one (12)

2 [=] (=3
2 [=] (=3 (= (=] (=3 (= (=] (=3 (=3 (=] (=3
2 (=3 (=3 (= (=] (=3 (= (=] (=3 (=3 (=] (=3
2 (=3 (=3 (= (= (=3 (= (= (=3 (=3 (= (=3
2 (= (=3 (= (= (=3 o (= (=3 (=3 (= (=}
- (= (=3 (= o (=3 [= (= o (=3 o —
- — 2] o] o~ © [le] < 3] (&) — o |
L L 1 L 1 L 1 L 1 L 1 L 1 L 1 L 1 L 1 L 1 L 1 L 1
(=3 (=3 (=1 (=1 (=3 [=3
(=3 (=3 [=} (=} (=3 (=3
(=3 (=] (=3 (=3 (=] (=3
0 o~ © n < (2]
L 1 L 1 L 1 L 1 L 1 L 1 L
-
!
e £5%T /
65'5T _
| el -
£v'9z
1592
T Mﬂ = 16'92
90°g 802 \
[ 1z'8e
— Foo 0 coep \
- vy 10 sely \
o oLé6y \
1£YG
~ = 0 o £1000 28'92
€100 80°22 W
£1000 £€°22
— E oo
=
g
L a
=
~ E 90 -
o 7
S
— == 10'¢ 19°8LL A
UTEN
N r [ LrzeL —=
00" L6'vZL —7
Lo e’
Lg'gel
L 96'geL >
L
1zgL —
8LV
08y m
015 ]
e M £9'891L ~
o2 ==
g — 15691
vL'g [—)
€1000 92'L | Y
182 -
wm.& -
6€°L
o] O
2\.& D
SvL
mm.nL C’
992 ]
88°L R
16", [ M
662 Z
Lag]
=

T 1 T
1 (ppm)
iperi
5103

T

T T T T T 1T 1T T

210 200 190 180 170 160 150 140 130 120 110 100 90

(2R,3S5)-2-(benzo[d]thiazol-2-yl)-3-phenethyl-1-(p

TH NMR, CDCl;, 400 MHz



25000
20000

15000

10000

5000

oo
[CR]
J_L

L

67'e /
9G'e
8G'¢
6G°E
09'¢
19¢
z9'e
€9'e
v9'e
SS'v
PAi4 Hk
0z's
Lzs
zeTs
s
€T's
€T'S
9z'S
9z'S \v
LS

002
2oL
2oL
oL A\

AR
zLL]
eLL
m:u
v
LV'L J
612
612

€100 922
9g'L
872
8L ]
evs ]
m*.NL
S hg
v8'2
§8'L
98'L 1
18°2
S6°L
16°L~

L

1/ ////[ // J //// /

10

(ppm)

f1

13C NMR, CDCLs, 101 MHz

900000
800000

700000
0

600000
500000
400000
300000
200000
100000

~-100000

1S'vT
£9'6Z W
95'92
€0'€e
80'€e 7
1S'Er ~
vy~
oer~"
1825

€10a0 98'9L
€10ad L1'LL W

€10a0 gL

Ler4:1%%

cLiel
LrzeL
z0'seh
LLszL W
08'szh
€z'8eh
ov'sch w
86'GEL ~

zL8eL —
SLpL—

86'LGL —

LE'89L ~
oL'e9L

Ph

T

T

T

T

T

T

T

T

T

T

T

T

T

210 200 190 180 170 160 150 140 130 120 110 100 90

1 (ppm)

in-1-yl)pent-4-en-1-one (13)

iperi

(2R,3S5)-2-(benzo[d]thiazol-2-yl)-3-(naphthalen-2-ylmethyl)-1-(p

TH NMR, CDCl;, 400 MHz

5104



5000

4000

3500

3000
2500
2000

1500

1000

167
86
006
£T'L
€21
5272
5272

€100 92'2 1
18727
18727
8¢/
887/
6€72
ov'2q
ov'2q
Lv'2
LA
9L
ov'L |
872 A\
6772
0527
0527,
692
022

122
V1224
zL L
IV
SLL
912
1272
89°2
682
062
1672
208
v0'g -

:
ﬁ

Fzo

F86°0
Fzo'L

s

860
F66°L

Foo't

u\mr.r
¢6'¢C
uTwo.N
0'¢e
M/nm.o
16°0

1 (ppm)

13C NMR, CDCLs, 101 MHz

2000

1500
1000
500

0572 ~\_
€9'52 —
2oz

£9'8€ —
65°EY ~_
or' LY ~\_
£1°05 ~
vZ'es —

€100 92°92
€£1000 80°2L W

€10a0 6€°LL

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

200

1 (ppm)

Idodec-11-en-1-one (14)

-viny

-1-yD)-3

iperidin

(2R,3S)-2-(benzo[d]thiazol-2-yl)-1-(p

TH NMR, CDCl;, 400 MHz

5105



20000
15000
10000
5000
0

[PAVVIVIV]
+110000

+ 100000
900000
800000
+700000
600000
+ 500000
+400000
+300000
+200000
+ 100000
+-10000!

0

_— - ) '8z

X — Bzzol oz

oL km 8079 R.mu\
[

A eLee
— - AN A G

95°1] ~ FioE=
am”i
o1 ] ~— \NU Foy 7RY

onww®
5530
™= -~
[
O
2N
N
I
b
o
o
T
4
1 (ppm)

j
- 7 s
€9'e N F 607¢
| SOvLL~C
S0k YN
” Fo. (A wN—/
o [IRITENS
88'v L © S6VTL~
887 | vrszL <"
06
_m.i L 66981~
80'6EL
MM,WL mem_v.
o e~
(454 /

97 - m 80° 66'15L —
cLr

167
¥ 960,
10"

s ]
z1's
141
[
sis
915
0z's
0z'6 ] Lo

€1000 92°2
pAWA E
6e2]
mv@
SvL °
98/ ] =
88/ ]
96°2
66'L-

g
|

25891 ~
€569~

13C NMR, CDCLs, 101 MHz

-10

in-1-yl)-7-(trimethylsilyl)-3-vinylhept-6-yn-1-one (15)
S106

f1 (ppm)

iperi

190 170 150 130

210

(2R,3S)-2-(benzo[d]thiazol-2-yl)-1-(p

TH NMR, CDCl;, 400 MHz



30000

s

25000

20000

15000

10000

5000

-0

110
Ll
oL
o'l
VA S
nas
8v'L
6v°L
671
05'L
05°L
z5'L
€571
€571 |
€51 ;W
RN
9g'L
807
HEAN
15°€
mm.L
19
057

€57
91’
91's

615
61'G |
22’
22'S
2z's ’"
zz's

92'S
92'S
126 W
22°G N

65'G
€1000 92'2 7
18724
1829
1872
62
62
€V’ L
YL
SvL |
TR\ W
9L~
w1
G872~
582 ]
s8'L
mmg.u
182
182
1871 ]
88
962
9672
962 ]
162
8672
8672
8672 1
6672~

Vs

IrJ

=006

1 (ppm)

13C NMR, CDCLs, 101 MHz

4000
3500

3000

2500

2000

1500

1000
500

000-—

6€°LL ~
9€'ve

87'SC
v'9z
220~

£rer ~
szl

S.QV
SLzs "

€1000 859

€1000 06'9L W-

€10a0 2z LL
€8'v8 —

0€'90L —

z9'8LL

95'1zZL W
l9zzL ~=
68'vZL =7
v9'szZL 7
£6'5EL ~
€926l —

18151 —

66,91~
16891 =

T

T

T

T

T

T

T

T

T

T

T

T

T

210 200 190 180 170 160 150 140 130 120 110 100 90

1 (ppm)

loctan-1-one (16)

iny

in-1-yl)-3-v

iperi

(2R,3S5)-2-(benzo[d]thiazol-2-yl)-8-chloro-1-(p

TH NMR, CDCl;, 400 MHz

5107



3500

3000

2500

2000

- 1500

{1000

oo o= 4000

NN
—_— 1

ve

i a4
LS'Y
zLs
4]
SIS
SL'S
91'g
LS
0z's
1zs

€10a0 92°L
9L
8L
8L
8€°L 7%
6€°L 7

€y L
ev°L |
sz
mv,L
Sv'L
g2
98/ |
98°L ]
182
892
962 ]
962 ]
962
86'L #
8672
86'L

e W
ev'e
0S¢
1g°€
PAR)
65°€
29°¢ H\n

Cl

"

g7

20
00
Ll

= 20

E 2o

E oo’

M 140}
= GO’
& o

o

4
&

4

©

o

(ppm)

f1

13C NMR, CDCLs, 101 MHz

|- 1100000
1000000

900000
800000
700000

600000

500000

400000

300000

200000

100000

= —100000

€10a0 18'9L
€1000 L0°LL W
€10ad ce’LL

[4: AR

vzl ”
vLzel ~
€062l —~
18'sclL s

€6°'6EL —
98'8eL —

66161 —

or'89l ~
1691 =~

Cl

-10

200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

210

loctan-1-one (17)

iny

in-1-yl)-3-v

iperi

(2R,3S5)-2-(benzo[d]thiazol-2-yl)-8-bromo-1-(p

TH NMR, CDCl;, 400 MHz

5108



15000
10000
5000
k- 1100000

1000000
L 900000
L 800000
L 700000
L 600000

500000
L 400000
L 300000
L 200000
L -100000

L 100000

15 qm/
L £9'62
mm.mNW
15'92
8L EW
ezie
M\m 1’9 mm.«m\
. R
M\mo 9 15€p —
H/Av . oLy~
0c 6v'8y
8’25 —

0L r® £1000 6.°92
¥/6'L €100 ¥0'LL W
Terpl £1000 622

1 (ppm)

Feoz
YBLLL N
b vriziN
Foo'L §2°22L ~

€05z —
[ o 2zt
GG'E 7
95°¢€ ]
85°€ ]
65°€

19°¢ ]
19°¢
29°¢
z

-
v9°€ 1 —
vy o
S~
15y =
R
SL's
e
1Z's /
19
€1000 922
1829
6e°L
o @
or'z |
o8’z |
88°L
9L
662

P6'SEL —
r s8'8eL —

66151 —

o'l

60
60

0’89l ~
og'69L -

Br.

13C NMR, CDCLs, 101 MHz

in-1-yl)pent-4-en-1-one (18)

60

iperi

Br
190 180 170 160 150 110 130 120 110 100 90 80
£1 (ppm)

200

210

(2R,3S5)-2-(benzo[d]thiazol-2-yl)-3-(hydroxymethyl)-1-(p

TH NMR, CDCl;, 400 MHz



18000

16000
14000
12000
10000
8000
6000
4000
2000

~
BN

vz

86°L "

.0}

F260
L
10'L
67

=0t
Eoe

o'l

Z0'}
2760
260

10

f1 (ppm)

13C NMR, CDCLs, 101 MHz

1500000

1000000
500000

SYHZ N\
6552 —
gz

190 ~_
PTENG
se'gy —
9e0s -

v0'€9 —

£10a0 z8'9L
€000 2022 W
€100 €822

LE'8LL
sz W
9L2gL ~=
sz'szL—F
voszt 7
0L'SEL ~
899eL

86151 —

2e'891
¥8'891 v

T

T

T

T

T

T

T

T

T

T

T

T

T

210 200 190 180 170 160 150 140 130 120 110 100 90

1 (ppm)

in-1-yl)-3-vinylundecan-1-one (19)

iperi

(2R,3S)-2-(benzo[d]thiazol-2-yl)-11-hydroxy-1-(p

TH NMR, CDCl;, 400 MHz

5110



15000

10000

5000

L0')
2014
60°L
o'l
Ias
z1
el
7Ll
SLL A
L1
8L
611
0z'L A
1z ;w
2z
71
e
mu.ru
7

71
621
0L |
L
Sl
o1
or'L
8v'L
3.;
-

5L

€5l

vSL

95°L

85l

09'L

09'L

1oL

8v'e

vee

9g'e

15
65°€ 1
09°¢
z9°¢
£9°¢
v9°e

8v'v
0S¥ ]
o_..mg
LS
€L's
€L'g
GL'S
6L
09'G

€100 92°2
9e2
ge's
zv's ]
vl %
oL
o8'L %
282

562 ]

162

a

//

J1

HO

Fsoz

F 6

JeTol

Fel

€0

E 6
E oo

= ¢0°

= 66
00

8

g

¢

10

1 (ppm)

13C NMR, CDCLs, 101 MHz

3000

2500

2000

~ 1500

1000
500

€1000 8292
€000 0122 W
€100 2v'2L

pA AR
[28%4% ”

19221 ~=
86'VZL —=
wse

ce'seL —
66'8€L —

88'LGL —

05891 ~~
85691~

HO

— T T
180 170

T

190

150

160

200

£1 (ppm)

in-1-yl)ethyl)undec-10-enal (20)

iperi

(S)-9-((R)-1-(benzo[d]thiazol-2-yl)-2-0x0-2-(p

TH NMR, CDCl;, 400 MHz

S111



2000
L 1800
L 1600
L 1400
L 1200
L1000
800
600
L 400
L 200
200

(=1 (=3
=} (=}
<+ N
_ _ _ _ ~ N N
o © O O o O P |
[T T T S b
O N — O 3 =
- - - = ;
T L
Q
[~
|
r 86'12
25've
‘M v9'sZ
95'92
N 5992
26'8Z
o w@wNwY
Fe mo.mm\
/ To zL seLe
L yS'EY
D Fao el V
o ov'iy—F
ra om.mv*
- 66t 1525
o
~N Fot P
Qooommoﬁwv
F €100 90°2L
Yov
T F €000 88'2L
o
<
~ Feop o~
€
LG a
~ Feei 0 2
roE
~ F oot 99°LLL
o [Nt W
[© TLTTL~
86'vZL —F
L wea
) 96'SEL —
S Lo'6EL —
=~ - — z 00}
~ - ot
< - rooif © 16151 —
6601 oo m
[ M LreoL~
[© — 6v'691
o (=]
o
I -
S —— Fioilo s
ro Q
T =)
o . v6'202 —
Fe
- m
Lt}
-

in-1-yl)-3-viny lhexan-1-one (21)

60 50
iperi

70

80
5112

100 90
(ppm)

OHC
190 180 170 160 150 140 130 120 110
1

T

210 200

(2R,3S5)-2-(benzo[d]thiazol-2-yl)-6-((tert-butyldiphenylsilyl)oxy)-1-(p

TH NMR, CDCl;, 400 MHz



40000

35000

30000
25000

20000

15000
10000
5000

€10a0

580
mm.vQ
ov'L |
1l
1L ]
A
€Vl
eVl
VA o
8L
05’1
GS'L
9G°L
9G°L A
Al B\

8571 —
651 x
09t
e
g€
z5e
£5'e
09'€
v9'e
[
vSy
z1's
€L'g
SL'g
SL'g
9L'g
1z's
1z's
92°2
824
622
62,
0€°L
1eL
(2
€€°L
€872
582
g2
972
972
1872
8€°L 7
62
vy'L
SvL
€572
€5,
5L ]
552 ]
552
5572
952
152
e/
€82 ]
5872
982

T M

16°L
66°L "

iy

BuPh,SiO

E 669

Fero

E o

F 609

Eeo

E 0

F o

d

1 (ppm)

13C NMR, CDCLs, 101 MHz

- 1600000

1500000

1400000

1300000

1200000

1100000

1000000

—100000

900000

800000

700000

600000

500000
400000

300000

200000

100000

-0

€10a0 §8'9L
€10a0 LL'LL W

€1000 9¢°LL

v8LLL
viel
LrzeL
86'vCl
L1521
vag'Lel
vv'6cl y
06°'cel
€6'€EL

6t'SEL
26°sel
66'SEL
€6'8€L
€025 —

or'89l ~
ee'69L ~

‘BuPh,SiO

70 60 50 40

80

210 200 190 180 170 160 150 140 130 120 110 100 90

1 (ppm)

in-1-yl)pent-4-en-1-one (22)

iperi

(2R,3S5)-2-(benzo[d]thiazol-2-yl)-3-((benzyloxy)methyl)-1-(p

TH NMR, CDCl;, 400 MHz

5113



6000

5000
4000

3000
2000
1000

0

TR
8yl
05t
151
151
251
S5°L
951
09t
2
ze'e
£
SE'E
SE'E
8ec
65 1
Ly'e
zr'e
£v'e
e5e
SS°€
95°¢ 4
16°€
65°€ |
09°€
09°€
L9°¢
z9'e
£9'e
8e'y
ve'y
98y
SL'S
SL'S
8L's
8L's
zT's
zz's
zz's
9z's

r—

- OO ®O®WO
RN
NNNNGBGOWY

N S

L
£10a0 972 7]
5€72
1872+
18727
6L
6e2
vt L]
sy
v
172 ]
8v°L ]
8v's
veL ]
gL
982
662
1084

/

—

III/J J /f

|

A o]
BnO
N s

Frie

0'€
L'y

£90'S
20°1
0l
£66'0

R

£1 (ppm)

13C NMR, CDCLs, 101 MHz

= 1/(UU
1600
1500

1400

1300

~1200
~1100
1000

05'vZ ~\_
2952 —
vz~

6SEY
mm.nv”

Ly'8y
vL8y w

28'0L~_
€1000 £2'9L
€1000 S0'LL

€10a0 9¢°LL

v0'8LL

91zt
822t
Lo'seL
om.va/

6e'12)
vSizh W
1182)
68'SEL ~_

2895l —
craeL

€zes —

v0'891L ~
19891~

(ppm)

fl

in-1-yl)pent-4-en-1-one (23)

iperi

(2R,3S5)-2-(benzo[d]thiazol-2-yl)-3-(2-(benzyloxy)ethyl)-1-(p

TH NMR, CDCl;, 400 MHz

5114



L 6000
L5500
L5000
4500
L4000
L3500
3000

L 2500
L2000
L 1500
L 1000

L 500

=500

922

3
~
\

~o
58
I

IvoL

Fove

Foos

Foro

Feoz
901

oz

Foo

1 (ppm)

13C NMR, CDCLs, 101 MHz

L5000

L4500

L4000

L3500

3000

2500

2000

L 1500

L1000

L 500

L -500

0089 —

192L
£1000 62701 \-
£1000 11'2L

£1000 €v' 22 —

09221

8z mmr\
20981 —
ereeL —

80251 —

92891~
66891~

BnO

£1 (ppm)

in-1-yl)ethyl)hex-5-en-1-yl acetate (24)

iperi

(S)-4-((R)-1-(benzo[d]thiazol-2-yl)-2-0x0-2-(p

TH NMR, CDCl;, 400 MHz

S115



20000
14000
12000
10000
8000
6000
4000
2000
1600
1500
1400
1300
1200
1100
1000

0

Zv'L L £8:02
vl 8Y'veT /
StL A z9'6T /
o'l - 68527 =

: wm.wm\

E - .

m:)_ — oL'e v9'1Z
g T %, [z18

ey —_ 10°€ 85°€ ~ _
€51 b 68 L7~ _
vSL i
vGL v~

8€'2s

500 ] 0049 — -
651 ] = Fee 0l
€000 92°9L

-
5ol ] ~— Fsov | £1000 £0°LL W
~
~
—
~

€10a0 6€°LL
== F00C| «

===ET0}|

£1 (ppm)

= Fooc
| 82811\

3 s . [y
o e O
19°¢ Lo oL'szL—7
z9°€ 98'sZh 7 zZ

o L 88'GeL ~— o) =
98'e )
e ¢
06°€
z6'¢ | Fe (%]

v6'LGL — \

i p4
SL'g ol
116
8L'S %)

No.mu
€10a0 92°2

I
PLTE
Q00
[eR-R_R

I
o

12°891L ~\_
20691 —
soL "

AcO

<

<

~
AcO

10

86°L " r

13C NMR, CDCLs, 101 MHz

in-1-yl)ethyl)pent-4-en-1-yl)-4-methyl

5116

T

I L L L L L L e e e
210 200 190 180 170 160 150 140 130 120 110 100 90
£1 (ppm)
1peri

T

N-((S)-3-((R)-1-(benzo[d]thiazol-2-yl)-2-0x0-2-(p

benzenesulfonamide (25)

TH NMR, CDCl;, 400 MHz



5000
4000
3000
2000
1000
0
1000000
900000

(26)

ione

-1,3-di

0
—100000

800000
700000
600000
500000
400000
300000
200000
100000

e

¥ ¢ @ 6000

0S°L 0812 ~\_
1S - YT~
y9'5T W
= EV0'C 86'92

. vere

< o
0 0
o
e

€91y ~\_
L~ £9'er ~

£6'0Y
wm.t\w
A aa b sots "

€10a0 98'9L
€10ad L1'LL W
€100 Le'LL

o z
nd @ = 004 [
[2)

\ = F€0'¢ 86°8LL
L s9'LzL

-== [c6| FONNFWW
zo'szh

R 88'GZL V

o
66'9Z1
/

15°62}

r €TSEL — =
16'9€} \
65°LEL

- o~
z0°epL 7

¥6°05L —

1 (ppm)

TsHN
T
6

€1000 92'2
€€,
€2
€72
SELA

;
] —

652
ov.&
vz
€92 [
€9°L |
59'2 ] Lo
592
5972
692 1 b
122
NN.L
vy -
ves |
ves]
SLL

Wi //
)
E

2099090
ERNESR =R
:

22891~
ve69L =

10

13C NMR, CDCLs, 101 MHz

indoli

1S0

in-1-yl)ethyl)hex-5-en-1-yl)

S117

T
iperi

T
(ppm)

100 90

110
fl

T

T

T

120

T

130

T

T

140

T

L
160 150

T

T

TsHN
T T T
210 200 190 180 170

T

2-((S)-4-((R)-1-(benzo[d] thiazol-2-yl)-2-ox0-2-(p

TH NMR, CDCl;, 400 MHz



40000
35000
30000
25000
20000
15000
10000
5000

2000

1500
1000
500

,
AR ~
921 Lo
821
o€l
(A% E .
v wm.mw A
s e 66'SC >
8v'L ss9z
671 .
1571 L 1282
&) 6926~
4 L~ SGEr ~_
€51 | .
. 88 Y ~\_
55l g - .
co segy —
MR | €0k 225~
951 =
8g'L
09'L Lo

0G°€ P, €100 v2'9L W

05° ~ <= 0 €100 90°2L
z5e €000 8€'LL
26°€ N ]

£5'€ T Fsog

¥5'e

95°¢ L~
9s°¢ |
154

65°€ ] ~ = Fzok

09°€ ]

oo.mu L w

z9¢ M eeglL
z9¢ A V Fog E._N_/
91& z - L E.NNFW

3274

v o ® F oo 80zt
eL'g 1062 ~
€1 ;:A/ - 6r52L
S1°s 00ZEL ~_
915 z 10881 —

81'G ] \ [ 18's€L —
815 ozgelL -
225
zzg
€10a0 922 —
SseL \m
182
1872
1L
[
v
v9L
592
S92 Lo
992
€22
[ t
52
6.1 °
192 ] =
€2
€672
562

=

£1 (ppm)

s/

G6'LGL —

f//f//
N
Il
A
MO = ®= 0
©Qo®oQ

mv.wwvvu

1z'894
16'891 7

13C NMR, CDCLs, 101 MHz

60 50 40 30
Thexan-1-one (27)

70
iny

80

5118

90
in-1-yl)-3-v

110 100
f1 (ppm)
iperi

120

tro-1-(p

130

-n1

190 180 170 160 150 140

200

(2R,3S)-2-(benzo|d]thiazol-2-yl)-6

TH NMR, CDCl;, 400 MHz



30000

25000

20000

15000

10000

5000

sT'L
oméuy
L)
z€e'L
£e'l
Vel
9€’L
6¢€’L
Lv7L
8Y’L
0S°L
1L
1S A
€571 A\
¥S'L A
GG N\

9S°L

mmﬁ*
95°L

65°¢
09'¢
19'€
29¢
€9¢
0zy
724
€zy
vZy
STy
T4 4
Va4
8v'y
1Sy
0z's 4
0Z°G
zes
£2'G ]
12°6
¥9'G
v9'G 4

€1000 92°2 7
Le2
mm.ﬁ
oL
|22 J
St'L ]
St'L ]
19
2.&
6vL
6v°2 4
982
982
88 ]
88

29°L
oLz
(1%4

0s'€
Ls'e
€5°¢
vse
mm.mN

N

s e ]

nm.nw;
66°L

0’
0’
16°0
0’

T

T

10

(ppm)

fl

13C NMR, CDCLs, 101 MHz

6000

5000

4000

3000

2000

1000

-0

ov've
0672

2952 —7
95'92 \

66°LC

YoEr ~
68" LY~
e
9726 —

80'GL
€10a0 229
€10a0 v0°'LL W
€10a0 9¢°LL

16'8LL
6,121 W
9gzzL —
9z'szL —F
L0924 7
8168l ~—
8L281 —

0025t —

€6°L91
vv'891 v

|

Il

O,N

]

T
80

|

T
40

T T T T T T
180 170 160 150 140 130 120 110 100 90 70 60
1 (ppm)

T
190

T
200

in-1-yl)-3-vinylhex an-1-one (28)

iperi

(2R,3S5)-2-(benzo[d]thiazol-2-yl)-6-((3-methylbut-3-en-1-yl)oxy)-1-(p

TH NMR, CDCl;, 400 MHz

5119



3500

3000

2500

2000

1500

1000

STl
mN.L
9z’ q
8z'L |
62'L |
0g'L |
0g'L
LEL
8¢l
6€°L
or'L
or'L
Lyl
zr'L A
£7'L
vyl —
o1 7
A%
mju
05t
151
251 ]
€51
vs'L ]
551
951
95'1
85l |
651 4
19'}
€9'L
S9'}
g1z
SL°Z
9Lz
67y
1Sy
09y
59y
59y
zL's
€L's
SL'S
SL'S
1S
1S
1T's
zT's
29's
29's
v9'S
99'G

€000 92°L
veL ]
9e°L

B

/

I

F oo

E oo
E oo

co’

10’
G0°

g

10

1 (ppm)

13C NMR, CDCLs, 101 MHz

1600
1500
1400

1300

1200

1100
1000

692 /
zs've

v9'sz W
95'9Z

s0'2z N
16712

6926~
YSer N\
0V Ly ~\_
eg'8y —
252 ~

9169

pe0s
£1000 p2'9L
€100 90'24

€100 8¢ LL

66'v2L —=
orsz

86'GEL —
L2'8eL —
v6CvL —

0025t —

1£°891 ~=
8z'69L =

1 (ppm)

in-1-yl)pent-4-en-1-one (29)

iperi

(2R,3S5)-2-(benzo[d]thiazol-2-yl)-3-(2-(3-methoxyphenoxy)ethyl)-1-(p

TH NMR, CDCl;, 400 MHz

5120



5000
4000
3000
2000
1000

€10a0

1L
9T L ﬁ
28727

£V L]

vl

5.&
662

il

494
Wor.m

EFzi

Feve
00}

T

900000

1 (ppm)

13C NMR, CDCLs, 101 MHz

0S'¥Z ~_
v9'52—
6592 W
86'0€

29°€r ~
Sy'sy—
Wiy "
ov'zs —
zess "

6€'69 —

€1000 989,
€1000 1122 W.
€1000 2824

88°00L ~
€2°901
19901 V

wm,mvr/

[N
0g'zzL —
or'szlL W
9gszL 4y
€L'62h

o~
86'SEL
Logel e

£0'25L —
10091 ~
0091~

z1'89L ~
18891~

100000

800000
700000
600000
500000
400000
300000
200000
100000

in-1-yl)pent-4-en-1-one (30)

iperi

5121

T

T

T

f1 (ppm)

T

T

T

T

T

T

T

T

T

T

T

T

MeO
1 1T 1T 7
210 200 190 180 170 160 150 140 130 120 110 100 90

T

(2R,3S5)-2-(benzo[d]thiazol-2-yl)-3-(2-(4-fluorophenoxy)ethyl)-1-(p

TH NMR, CDCl;, 400 MHz



5
3000
2500
2000
1500
1000
500
- 3000

2500
2000
~ 1500
1000
500

6€°L 7
1¥°L
6L L
05} 1
Z5'1
£5°L t
95°L
29'L _J | o
£9'L

59’1
99'L L
191 q
921
22714
811 A
1z€
15°€ q
€€
v
95°¢ |
85°¢
65°¢
09°€
19°€

£9°€
S9°€
6L°€ 4\
18°€
98'¢ A
18°€ W.
88'¢
SS'y
85y

9L's
or's W
1z’
sz's
sz's 7
699
0L'9
o9
L9
)
zre
€L9
589
589
189
189
689
06'9
€1000 92°L
e
8eL t
6€L ] O
qq.ﬁ
oL
ors
L L
mm.&
182
962 -
162
862 |
66

T—

/f//U //f/// /

er.w,

. zZeveL-
Ww_ww L zeveL- >
Fiie

<

Q
-
£1 (ppm)

10

19F NMR, CDCl3, 376 MHz

—150 -170 -190 -210

-130

-50 -70 -90 -110
£1 (ppm)
S122

-30

-10

3C NMR, CDCl3, 101 MHz



I 2400
L2200
I 2000
L 1800
L 1600
L 1400
L 1200
L 1000
L 5000
L 4500
I 4000
I 3500
L 3000
L 2500
I 2000
L 1500
L 1000
I 500
Lo

L

PAA r
6%°1
0571 1 —
0571
151
€51 L
95°L
8571
651 _— <
1971
29l
197)
191
8971 =
£5°€
'€
15°¢
85°¢
8G°€
65°¢ Y
09°¢
L9'¢e
29'¢
€9°¢

v9°E
mm.fﬁ

6742 ~_
eosz —= 5
850z

608~

L9'ey ~
1867~/
el o
s

38
~ © -

0
1-yl)ethyl)pent-4-en-1-yl)oxy)benz onitrile (31)

86'G9 — -

€100 £2°92 L
€000 ¥0'LL W °
€100 9822

06°€

16¢
v6°€
G6'e
96°€

vSv
pAcn4
L1°S
LS
0z's
0z's
Lz’s
\zs
ferAte]
92'S

08'9
289

€1000 92°2
1872
1872
8e L\

6€°L /W

Fory
= 1€0Z| -

7/
o)
= FS0 L[
Fsoz
3]
pz4

=< F00'1

iperidin-

£1 (ppm)

8£'GLL 3
ov'GiL H L2
6Y'GLL -

cLsh

z5'8LL — L&
vilzL— A V _ S
srzeL 7f = [ o
:.mm_\ = &

a

18°'S2L

86'GEL ~ o] n — Mo
€0'gEL — ;:A/ -3
p4

€025 ~_ \ r
L8PSE ~
26'SGL~
. Ve
8Z'851 o)

|

150

ov'2 ]
L2
sy
StL -
ov'L
12 t
LvL
192

—
160

80'891 ~
82891~

T T
180 170

T
190

T
200

4-(((S)-3-((R)-1-(benzo[d] thiazol-2-yl)-2-0x0-2-(p

'H NMR, CDCl;, 400 MHz

5123

£1 (ppm)

3C NMR, CDCl3, 101 MHz



1800

1600

1400

1200

1000

800

600

400

200

—-200

M rZ~\_
€952 —
659z~
/
§5°0€

S9Er ~
vzsr—,
wivr "
ez~

G9'69 —

€10a0 92'9L
€10a0 80°LL W

€10ad ov'LL

69°€0L ~_
vLSLL

18811

LE6LL /.
8L 1zl

8.°2zL W
97521~
66521~
Sg'eEl ~L
8g'geL —
srueL~"

S6'LGL —

26'19L —
G629~
09'89L —

NC

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

T

210 200 190 180 170 160 150 140 130 120 110 100 90

f1 (ppm)

1-yl)pent-4-en-1-one (32)

iperidin-

itrophenoxy)ethyl)-1-(pi

-1

(2R,3S)-2-(benzo[d]thiazol-2-yl)-3-(2-(4

'H NMR, CDCl;, 400 MHz

16000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

—-1000

9g6'e
pAR
8G'¢
65'e
09'e
L9¢
z9'e
€9'€
v9'e
v9'e
€6'¢
v6'€
S6'€
96’
16
66'¢
00'v
00'v
107
10 ]
SS'v
16V
81'G
61°G
126
126
2TS
12°S 7
0L'S 7
2LS 7
2LS
V'S

€10a0 92, -

N

Fes

o

o

o
c0’
c0’

e

Qe e

20’

- -0 -

l
€
4

l

- - -

10

(ppm)

f1

3C NMR, CDCl3, 101 MHz

5124



3500
3000

2500

2000

1500

1000

500

WYT ~_
295z —
6592 W
vS'0€e

S9'Er ~
\zsr =,
oviv""

s€2s

2199 —

€10a0 L2'9L

€10a0 €0°LL
€100 §e'LL

66'1GL —

69°€9L ~
€6°L91 ~\_
S5'89L—

O,N

T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20
1 (ppm)

T
200

in-1-yl)ethyl)hex-5-en-1-yl furan-2-carboxylate (33)

iperi

(S)-4-((R)-1-(benzo[d]thiazol-2-yl)-2-0x0-2-(p

'H NMR, CDCl;, 400 MHz

40000

L

35000

30000
25000
20000
15000
10000

5000
0

Sl
9€'L
9g'}
1871
€71
8¢l |
65’1 1
65’1
'L
8yl
6v'L
05’1
15°L
28’
gL\
S5~
95°L 7
951
2571
8g'L
65°L
09t
E.;
19'L
65°€
z9'e
pLYy
SLy
oLy
05y
€5y

wr.mu/
9L'g
8L'G
6L°G
Lz’s
rm.m\

ferAte]
erte]
€79
8¢9
8¢9
6€9

189
189
889

88'9

e10a0 072 /f
wmsu
9L
8¢ &
ev'L
ev's
YL
St'L ]
St
ov'2

)

o

Fezv|

Fooz

01T

Hoe

Toot |

60|

Fzou

o'l
w@mm._‘ [

=00}

2660

£1 (ppm)

3C NMR, CDCl3, 101 MHz

5125



2400
2200

2000

1800
1600
1400
1200
1000
800
600
400

6%
£€9'6Z /
€092

1592 \
292

65°EY ~
¥ Ly~
128"
682~

9€v9 —

€100 s2°0L
€000 2022 W

€10a0 8¢°LL

[y
EHONE
mm.m:“/

mwéwr/

8LzzL —=
906zl =7
v8'szL 7
88'sEL W
segel

15vpL =7
zvort <
v6'LGL "

09851 ~\_

61891~
60691 =

I L L L L L L e e e |
210 200 190 180 170 160 150 140 130 120 110 100 90

1 (ppm)

in-1-yl)ethyl)hex-5-en-1-yl thiophene-2-carboxylate (34)

iperi

(S)-4-((R)-1-(benzo[d]thiazol-2-yl)-2-0x0-2-(p

'H NMR, CDCl;, 400 MHz

28000
26000

24000

22000
20000
18000
16000
14000

12000
10000
8000
6000
4000
2000
0
—2000

9€'1
1671
651
651 1
oL
Lyl
zv'L
zv'L
£l
SrL
1L
8v'L
671
1571
1571 A
2NN
Cly
S5
951 7
B.J\
851
65°L
09'L |
19'L
191
€9'L -
ey
B.m/
8s'e
65°¢
€9¢
€9¢
vo'e
gLy
vLy
EIR%
-2
vSy
9269
B.L
169
86'9

£1000 92°2
9g2 4
8¢
8¢
oL
TR\ §
Ly L~
L2
ev'L
evs
StL-
svs
ov's
1¥2
952
95'2
952 4
152
2.
82
ve's
o672
1627

—

e

’/

grease

¥10°€
bgeg
= 5501

60

Fs6°0

=901
ZE0'L

(ppm)

f1

3C NMR, CDCl3, 101 MHz

5126



4000

3500

3000
2500

2000

1500

1000

500

mvvm;/
v9'6Z

meNwY
w@mm\\

892

L9'er ~
Wiy~
ey~
or'zs —

8y v9 —

€1000 G292
€10a0 L0°LL W

€10a0 6€°LL

orsiL
mhrmr)/
owamvuﬁ
so'szL

£8'521 ~
1521 —
8LZeL ~
Nvmmrww
NNAmF\\
«mmmrx\
6e'8EL

€6'LGL —

60291 —

1289l
0z'691 V

T

— T T T T
180 170 160

T

150

190

200

f1 (ppm)

1-yl)pent-4-en-1-one (35)

iperidin-

(2R,3S)-2-(benzo|d]thiazol-2-yl)-3-phenyl-1-(p

'H NMR, CDCl;, 400 MHz

6000

5000

4000

3000

2000

1000

re)
©
/.

T

8G'¢
L9e

99'¢
89'¢
6sr
a4
vy
a4
10'g
v0'S
80'S
s
€1'g
60'9
1o
4%
vL'9
SL'9
91’9
81’9
£0'L
v0'2 )
90°2
[
v
9L
0z'L
221
vz L]
oz'2 ]
€10a0 92'2
8z'2
282
ve'2
9g'2
v22
9272
082
2827

e A e T

—

EC0')

1 (ppm)

3C NMR, CDCl3, 101 MHz

5127



- ouvuu
5500
5000
4500
4000
3500
3000
2500
2000
1500
1000
500

—500
18000
16000
14000
12000
10000
8000
6000
4000
2000

-10

[0
0571 1
[N !
€971
SS°L
951
2571
2571
8G°L
65°L
09°)
29l
€91

€9'L | / r
9971
PASH S\
15°€q
z5°€
S'€ o
S9°€
99°€
89°¢ r
GL e
92°¢ [ o
L2°€ A
8.°¢ |

18°€ W L
T Fevv
vge
gz'g
8z's
Le'g
ve's
Ge'S
186
8e's
66'S
ov's
16
ses >
€1000 92°2
wN.L
0eL
ez
ve LA
geL
VA RS
8¢,
6L
o2
L2
evL
6v°L ]
052 |
1572
252 ]
g5,
22
veL]
882
062
Nm.N““
862
008

(36)

ione

10

20

Ly've N
£€9'62—
ooz

30
grease

T
40

m
Ibutane-1,4-d

7

vrEy— - L
se Ly — _ ]

5225 ~_ |
2965 — —_— L

50
iny

T
60

T
70

1-yl)-3-v

€10a0 LL'9L L
€10a2 60°LL W
€10a0 \LL

T
80

T
90

1 (ppm)
1peridin-

T
100

09'9LL

8s'IzL
B.Nﬁ/ _ 8

110

6Ltz
09°'sZh =
08'921 & S — L
or'gzl e —

15824 7 [ -

29'SeL ~= RN r

68'8EL ~ [ —
996eL A V r
P4

€6'LGL — ——

T
120

140 130

150

R L e

2LL9b ~ \
9e'89L

T
180 170

T
190

T
200

o]
s
' ILO'
(2R,3S)-2-(benzo|d]thiazol-2-yl)-4-phenyl-1-(p
'H NMR, CDCl3, 400 MHz

5128

f1 (ppm)

3C NMR, CDCl3, 101 MHz



2400
2200

2000

1800

1600

1400

1200

1000

IC N
§152—
o097

oLey —
89l ~
ve'gr ="
205 —

£10a0 92°0L
€000 2022 W

€10a0 6€°LL

18°021
A
1T'€Th
86'7Z1 /
08'sZ1 ~=
05'8Z1
12821 7
6L'EEL \
9L°€EL
€2'GEL
8€'0EL

6251 —

18°991
cL 9L v

€1'86L —

70 60 50 40 30 20 10 0 -10

80

210 200 190 180 170 160 150 140 130 120 110 100 90

1 (ppm)

in-1-yl)ethyl)but-3-enoate (37)

iperi

Tert-butyl (S)-2-((R)-1-(benzo[d]thiazol-2-yl)-2-0x0-2-(p

'H NMR, CDCl;, 400 MHz

11000
10000

9000

8000

7000

6000

5000
4000
3000
2000
1000

~—-1000

0z'L
8v'e
6v'€
LS°E
zse
e
15°¢
85°¢ 1
09°¢ |
29¢ |

€9°¢
€9
9°€
99°¢
19°€
89°€
69°€
69°€
0L°€
Lleq
cLe N
66'€ |

Loy
20y
oY
€6V
96
Lz's
ve's
Le's
GE'S

mw.m%
16
16
€6°G
€6°G

G6'G
96°G
86'G
€10a0 92°L

rr I

O

Fol1'6

Fsig

Ferv
Fe60

=o'l
Feoz

Foot

6°0

160
6°0

10

(ppm)

fl

3C NMR, CDCl3, 101 MHz

5129



2400
2200

2000

1800

1600

1400

1200

1000

800

600

400

200

—-200

Ly've
S92~

ss'9z -7
19'72 7

oLer—
oLy —
sLrey—"
6975 —

€000 v2'9L

€000 90'2L W

€000 8€'2L
8Z'18 v

€96LL

65LCl /
c0'egl ~=
60°SCL —F
68'5Cl e
9€'eeL ~
29°6eEL —

82251 —

§9'991 ~_
€T L9~
95021~

T T T T 1 T T T T T T T T "1
210 200 170 150 120 100 90

T

T

110

130

140

160

180

190

(ppm)

fl

in-1-yl)pent-4-en-1-one (38)

iperi

(2R,3S)-2-(benzo|d]thiazol-2-yl)-3-(benzyloxy)-1-(p

'H NMR, CDCl;, 400 MHz

2500
1000
500

2000
1500

657 1
097
297

€LV
24
ve's
GE'S
1€°G
1€°G
S¥'S
S¥'S
S¥'S
61°G
6v°G
05°S

26°G
269
€69
69

0L
0L
90°L
202
80°L
80°L

WL
(12
€LL

€1000 92°2 7
1872
e
6€°L ]
6672 ]
v L]
L
ov'2
oL ]
ov's
8y ]
€82
€81
8L
E.i
€08

e —

Fsio

Fco'L

1 (ppm)

3C NMR, CDCl3, 101 MHz

5130



2000
- 1800
1600
- 1400
1200
1000

L 800
L 600
L 400
200
L —200
L 2500
L 2000
L 1500
L 1000

500

won 3000

<

['2]

-
grease

/s

SYHZ ~\_
65'ST— —————— | L
ooz S

1-yl)pent-4-en-1-one (39)

P
|

Tozot

Fco'e

srer =" r
6y’ Ly~ o
09'€5 ~_

N

1periain-
5
acetone

T
60

70

¥8'0L~ J -
€1000 92'9L L
€1000 80'LL W.
€1000 0v'LL

1618~

80

T
90

fffff /

1 (ppm)

T
100

SG6LL
8g'lel =
9622t

68'vCl

0L'seh -
9gL2L L
8921 W

0’82l

157681 L
68'5€L W
[T r

110

120

T
130

140

)
.
150

cees —

o z [ s
,,:A\
¥9'991 ~ r
v9'29L = n

/ L

493

€1000 922
S€/2 ]
2672
62 ]
62 ]
vrs
vL ]
ov's
9v2 4
wv.L
8L
€82
S8°L
20'8
v0'8 -

il
Sp i

eQeemeQoQo
-+

160

BnO
170

T
180

T
190

T
200

(2R,3R)-2-(benzo|[d]thiazol-2-yl)-3-(benzyloxy)-4-methyl-1-(p

'H NMR, CDCl;, 400 MHz

5131

£1 (ppm)

3C NMR, CDCl3, 101 MHz



~2000
1800

1600

1400

1200

1000

800

600

400

200

F—200

orLL—
Sy've N
8552 —
g0z~

ey —"
evLy—
G9'LG ~

SL0L~C
€100 ¥2'9L
€1000 S0'LL W.
€1000 L£°2L

vere —

v9LLL

8g'leh
e6'ceh
s8'vel
s9'seh H/
LzreL
0921 W
1621
68°GEL ~

€LLEL
L=

62251 —

19991 ~
12891~

BnO

T

—T T
180

T

190

170

200

f1 (ppm)

1-yl)ethyl)pent-4-en-1-yl)oxy)-2H-chromen-2-one

iperidin-

4-(((S)-3-((R)-1-(benzo[d] thiazol-2-yl)-2-0x0-2-(p

(40)

'H NMR, CDCl;, 400 MHz

25000

20000

15000

10000

5000

€91
'€
s°€ 1

85°¢ 1

09°€

19°€ |
£9°¢
v9'€
S9'€
99°€
20%
707

0V
SO'v ﬁ

90t

07
85V
L9
Lz’s
Lzs
€T°S
VTS
82

95'S
wN.E/
vT'Lq
€1000 922
1z
82
622
1€°29
8€'L
6€'L
L2
L2 W

£1 (ppm)

3C NMR, CDCl3, 101 MHz

5132



77.30 CDCI3
77.05 CDCI3
76.80 CDCI3

168.46
167.87
N 165.44
\ 162.91
_-153.29
< 152.06
90.44
—66.75

L
VA
\

i LU |

_-52.33
47.42
45.46

~43.69

a

A

F4.UE+TUS

- 3.8E+08

-3.6E+08

- 3.4E+08

-3.2E+08

3.0E+08

F2.8E+08

F2.6E+08

F2.4E+08

F2.2E+08

F2.0E+08

~1.8E+08

+1.6E+08

- 1.4E+08

F1.2E+08

- 1.0E+08

- 8.0E+07

- 6.0E+07

F4.0E+07

F2.0E+07

0.0E+00

--2.0E+07

T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100
1 (ppm)

7-(((S)-3-((R)-1-(benzo[d]thiazol-2-yl)-2-0x0-2-(piperidin-1-yl)ethyl)pent-4-en-1-yl)oxy)-2H-chromen-2-one

1)
'H NMR, CDCl;, 400 MHz

/

/

grease

gRuNee Begy & 3dg SAIR
®®Q+-r+ OOOO o IR sE=R=R
OO+« aOo<=a - o< o - -0
T T T T T T T T T T T T T T T T T T T T T T T
10 9 8 7 6 5 4 3 2 1 0 -1
£1 (ppm)

3C NMR, CDCl3, 101 MHz

5133

- 2uuuu

18000

16000

14000

12000

10000

8000

6000

4000

2000




4000

iperidin-

3000
2500
2000
1500
1000
500

6000

5000
4500
4000
3500
3000
2500
2000

3500

LrvZ ~_
€952 —
6597~
9g0e -

y9ey ~
Rl gl
wir "
yees —

1669 —

£10a0 e2°9L
€000 5022 W

€100 Le7LL

SZ'LoL —

6EZLL
s6zLL W
Lo'ELL
88'8LL
szl W
vezel —
11621
z6°52L \
z9'821
06°GEL —
orseL "
ErErL —

86'L5L —
92951 ~—
sz19l
KPS
66291
vorgos

30

40

50

60

70

90 80
£1 (ppm)

100

110

120

130

140

190 180 170 160 150

200

(2R,3S)-2-(benzo[d]thiazol-2-yl)-3-(2-(((1R,2S,5R)-2-isopropyl-5-methylcyclohexyl)oxy)ethyl) -1-(p

1-yl)pent-4-en-1-one (42)

'H NMR, CDCl;, 400 MHz

€10ad 92°L
Se'L
Ge'L
9€'L
pAwA
pAwA

16°(
@H 16°0-%

16°Q-

Hooo:
F zoq

E o0

o 6670
= 660
= ¢0°
A zo

5134

1 (ppm)

3C NMR, CDCl3, 101 MHz



700000

600000

500000
400000
300000
200000
100000

£1000 089,

£1000 90'LL W.

€000 Le'2L
e

z0'8LL

69'LZ} W
[IRZARNS
v6'vZL —F
€L°62L 7
90'9gL —
09'8€L —

0251 —

2€'891 ~
£0'69L ~

0

W

I L L L L L L e e e e |
170 150 120 100 90

T

110

130

180 160 140

190

210 200

(ppm)

fl

1-yl)-3-

iperidin-

(2R,3S,5R)-2-(benzo[d]thiazol-2-yl)-6-((tert-butyldimethylsilyl)oxy)-5-hydroxy-1-(p

lhexan-1-one (43)

'H NMR, CDCl;, 400 MHz

viny

14000
13000

L

12000

11000
10000
9000
8000
7000
6000
5000
4000
3000

2000

wo.o.g
50°0-
20
8C'L
62°L
0g’L
LeL
€€’
€€’
Ade
8v'L
6%°1
1671 A
LG A
[AH S\

€671~
g5'1 7

95°L
8G°L
L9
6L
0z'e
9z'e
lz°€
8C°¢

89°'G
€100 922 ]
ge's ]
162
182
12
Nv.L
e
v
982 1
6L

Sv'e
ob'e
8v'e
6v°¢
0s°€
[4n>
€5°€
¥S'€
GS'e
GG'e
15°¢€
65°€
L9¢
29°¢
€9°€
o€
S9'¢
99°¢
LSy
vSv
9L'g
9L'g
8L'G
6L°G
et
ferAte]
62°G
mm.m;

,

—

oL

S

96°L -

o)
SN

OH N

‘BuMe,SiO

Foe's

Foss

880
MMm.o
me.o

6'G
/60

Fset
Foo't

Fe6'L
Foz

10

(ppm)

fl

3C NMR, CDCl3, 101 MHz

5135



2500

2000

1500
1000

500

vS'S-
Sv'S- v.

oL'sL
om.vmﬂ
£9'52

orsz W
ss'9z

8g've —
ey —
S0'sy

el
szs —

€€°L9~

1889~
€10a0 92'9L
€10a0 L0°LL W

€10a0 6€°LL

sygLL
[2: %48 W
99721 ~=
00521 —7
srser
v0'9EL ~—
rrgeL —

88'LGL —

ST'89L ~
0z'69L

‘BuMe,SiO

f1 (ppm)

in-1-

iperidin-

(2R,3S.,4S,5R,6R)-2-(acetoxymethyl)-6-(((S)-4-((R)-1-(benzo[d] thiazol-2-yl)-2-0x0-2-(p

yDethyl)hex-5-en-1-yl)oxy)tetrahydro-2H-pyran-3,4,5-triyl triacetate (44)

'H NMR, CDCl;, 400 MHz

5000

4000
3000

2000

1000
0

z1's
Nr.mu
vL's

s1'g
215
215
815
816
zzs ]
€25
ve's

mm.mw;

mm.m;

Ge'g
€10a0 82°L

82
8L
ov'2
or'L]
vrs
viL ]
ovs
ov's ]
182
882 ]
692 ]
062
562

ﬁ

16°L"

10

1 (ppm)

3C NMR, CDCl3, 101 MHz

5136



woo
GGG
[aNaya)
cooN®Y o - TOTO =} ooo L 2200
TN+ ON o < o0 @WOoOMN~NN L] ONDLOODNTONDN OO NMNW Y~ — 0N
SSSaa®m o S6 BENC® 2 BERBIBNENITAE BOSBOINBD
SRRg38 § 88 8&8Yx2 5 PR COoaRBrNON®G NRCIB YOS L
FFFFFF - - - - -~ MNNANNNNOOOOWLS S NANNNNNNN
N | VN N NEFANV T NI I 2000
L 1800
L 1600
OAc A (0] L 1400
AcO,, WO N t
H L 1200
N (0] N L
AcO" Y N7 s
z t 1000
~
AcO
L 800
L 600
L 400
| | L
\ I ‘ T i
m | | " l ‘ ‘ '“‘ -
| ’ I | ) y Lo
L 200

L e e e e e
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 10
£1 (ppm)

(8R,9S8,13S,145)-3-(((S)-4-((R)-1-(benzo|d] thiazol-2-yl)-2-0x0-2-(piperidin-1-yl)ethyl) hex-5-en-1-yl)oxy)-13-
methyl-6,7,8,9,11,12,13,14,15,16-decahydro-17H-cyclopenta[a]phenanthren-17-one (45)
'H NMR, CDCl;, 400 MHz

15000

14000

;13000
;12000
;11000
;10000
;9000
;8000
;7000
;6000
;5000
;4000
;3000
;2000

1000

Lo

—1000

3C NMR, CDCl3, 101 MHz

5137



000
[SEERS]
[ayayal
©o @ o QOVOLIONOO N D QOO
< ® X 3 LWONT-ROANANT O TNO TONONTWLURITONMO—DO=—ON
> o © o ONB-OCBBANT®E N Y@ AYOYOYTRNOANROONOLOO0NQQ .
©®© B B OOOONANNNN = = NN GO ONOCOCOWWL IO 2000
B B R R -RCRCRL R R R R R SRR NSNS RN R R RN RN RN R

/
2
A
X
Y
A
<

1500

1000

500

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)

(2R,3S5)-2-(benzo[d]thiazol-2-y1)-6-(((3S,8S,9S,10R,13R,14S,17R)-10,13-dimethyl-17-((R)-6-methylheptan-2-
yD-2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-cyclopenta[a]phen anthren-3-yl)oxy)-1-(piperidin-
1-yl)-3-vinylhexan-1-one (46)

'"H NMR, CDCl3, 400 MHz

14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

—1000

3C NMR, CDCl3, 101 MHz

5138



1800
1600

L

1400
1200
1000
800
600
400
200

9811 A
2281
9861
v0'1Z
6522
5822
2962 |
0£'vZ
252
v9'5Z
16°92 \
£0'82
€282
5782
08'LE
9g'Le
veLe
62'SE
61-9¢
£8°9€ |
81L°L€ ]
81'6€ |
25'6¢
12°6¢
oezy ] ﬁ
9g°et |
vi'sy ]
e |
105
1vzs ]
Nvm&
9,95
5G9 ]
€100 v2'9L
£1000 90°22 ]
€000 /822
2682

00°8LL
o1zl A
oLzl

srzeL—
86721 W
9sgzL

£0°9EL ~
£58eEL —
€0 Lyl —

SV rrr——

L e e e )

€025 —

62891~
16891~

-10

190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

200

1 (ppm)

in-1-y1)-3-(((1S,1'r,4R,4'S)-4"-(p-tolyl)-[1,1'-bi (cyc lohexan)]-4-

iperi

(2R,3S)-2-(benzo[d]thiazol-2-yl)-1-(p

y)methyl)pent-4-en-1-one (47)

'H NMR, CDCl;, 400 MHz

6000

5000
4000

3000

2000

-0

06°0
1604
260
€670
¥6°0
PA
60°L
9zl o
92’1
9g'L
8’1
6€L
44 2\
9¥'L N\

e o

8Y L~
67’1 7
151
151
zs'L
€5°L
vs'L
S5l
151
09'L
z9'L
vo'L
S9'L
89'L
vLL
SL'L
9Ll
vl
veL
18°L
0T
182
v'e
z9'e
v9'e
s9'e
19°€
Sv'y
8y'y
zL's
zL's
s
SL'S
8L'S
8L'S
zT's
zT's
802 ]

€1000 92'2
8€L ]
6e2
o]
vz ]
oL
ov'L
o9v'L A
v'L
282
68°L 7

16°L
66°L "

I

re

s/

/I

Me

£e0g

00'¢

== | 00’

Feoy

E66°(

W Y0t

860

E 007

£1 (ppm)

3C NMR, CDCl3, 101 MHz

5139



4500
4000

3500
3000
2500
2000
1500
1000

0o'Le
SSve
19'52
1692

S9'62
16'62
62°0¢
€€°0¢

vo'Le —
99've
€L'VE N
LLvE \
SZ'6€

z8Ch
€TEY
€5°EY
%44
12°9%
ev'Ly
$6'2S

€10ad €2'9L N
€100 S0°2L e
€10a0 Le'LL

No,:v/

9sLel
€Leel N

Me

T T T T T
160

T

150

190 180 170

200

£1 (ppm)

(48)

ione

ldodecane-1,12-di

iviny

in-1-yl)-3,10-di

iperi

(2R,3S,10S,11R)-2,11-bis(benzo[d]thiazol-2-yl)-1,12-di(p

'H NMR, CDCl;, 400 MHz

18000

16000

14000

12000

10000

8000

6000

4000

2000

L —-2000

8g¢
65°€
09°€
19°€
29°€
e
Nes
90'
20'S
60'
60'S
oL's
vL'g
vL'g
€100 922
€e. ]
ve's
o2 ]
182
Ror
:\.L
£v'L
€8°2 7
§8'L
v6°L

—m

96°L-

Fozz
Fezz

Eou

Fozg

EFuy

E o0

9L’
20’
L
(U

PN N1

1 (ppm)

3C NMR, CDCl3, 101 MHz

5140



r.veTuo
-6.5E+08
-6.0E+08

-5.5E+08

-5.0E+08

~4.5E+08

F4.0E+08

3.5E+08

- 3.0E+08

F2.5E+08

F2.0E+08

~1.5E+08

- 1.0E+08

F5.0E+07

- 0.0E+00

F-5.0E+07

1Sve
Nw‘mw%
559
0292

L6z

Zrie \
25y~
8E LY~
098y~
8v'es

€1000 28'9L \
€100 80°LL 7
€10a0 €€°LL

3
0Le fV
€6'vCL 7
€L°62L /

96°GEL —
Loeel —

16°LSL —

05891~
05691~

-10

200 190 180 170 160 150 140 130 120 110 100 90
1 (ppm)

210

(2R,3S)-2-(benzo|d]thiazol-2-yl)-N,N-dimethyl-3-vinyloctanamide (7)

'H NMR, CDCl;, 400 MHz

12000

9000
8000

7000
6000
5000
4000
3000
2000
1000

—1000

616
0z's ]
19
¥9'G 4
996
€1000 922
92
e
8€L |
8¢e.
zv'L
ev's
vl ]
ov's
5872
ggs ]
B.L
962

e— T

e

wm.mL

S

Il

Hoe

Foos

®60'€

Hol

Fee1
Foo't

60

o'l
260
Ro0'L

T

1 (ppm)

3C NMR, CDCl3, 101 MHz

5141



2. 4E+07
2. 2E+07
2. 0E+07
1. 8E+07
1. 6E+07
1. 4E+07
1. 2E+07
1. 0E+07
8. 0E+06
6. 0E+06
4. 0E+06
2. 0E+06
0. 0E+00
—2. 0E+06

3500
3000
2500
2000
1500
1000
500

o L
T L
L zLiq L
€11
L1
I t
Sl
oLl
8Ll 3
8Ll
8L
6171
0Z'L A\ — = GO'g
1z

1Z'L~

ezl -/ :
sz'L \ // - Tm K

oL
)
8v'L
6¥°L
zsL =zLd
zsL
€L
ve'L S ==F 20
vSL
£1000 22'9L W t S5l
€1000 ¥0'2L . ;
SG'L
€1000 9€'2L 0ol ~—~ Fouy
9g'L
1z
6v'e ]
0s'€ = - = ¢0
9s'¢
PAR
8s'c
8s'¢
65°¢
09'¢
19'¢
z9e
z9e
mw.l
mv.vg
VAa4d ]
oL's
11

z1's = =20
LS .
5 ‘mg\ ol
SL'g = 86'(

8L'S
61°S ]
29°S
29°S
¥9°G
79°G
S9'G 7
mN.NL
mN.N““
€100 92 m;
9T’ L
mw.nL
vw.nw;
G8'L

00yl — — E

egze ="

v5'9z — —;
e~ r
£0°9€ L
18728~ p—

30

10 20
loctan-1-one (49)

50
iny

V687 — — i -
€0'€G — —

T
60

T
70

1-yl)-3-v

T
80

T T
100 90
1 (ppm)
iperidin-

/

Fzod
F oo

110

s

9L LLL ,
zrieL W E— L
[IRAAENS —

86721 —=
s

120

T
130

86°GEL —
08¢l —

T
140

T
150

L6'LGL —

T
160

62691 ~ —
LoLL ="

)
N
v ()

T
180 170

T
190

Me

T
200

'H NMR, CDCl;, 400 MHz

(2R,3S)-2-(6-methylbenzo[d]thiazol-2-yl)-1-(p

5142

1 (ppm)

3C NMR, CDCl3, 101 MHz



1100000
1000000

900000
800000
700000
600000
500000

400000
0

300000
200000
100000

—100000

66'€L —
0512
BN

e5vz —%
vosz
05'9z
ss'9z
vrLE
e
L'y *
%€ Ly \
[ \

25°2s

£10a0 28'92
£1000 £0°22 W

€10a0 eeLL

v~
ev1Zl ~
6Lz~
ze szl —

PO'SEL ~
sLoeL ——
6L6eL ="

zLosL —

9€'891
GG'891L v

Me’

26000
24000

I 22000
L 20000
L 18000
L 16000
L 14000
I 12000
I 10000
L8000
L 6000
L 4000
L 2000
Lo

—2000

in-1-yl)-3-vinyloctan-1-one (50)

80
iperi

1 (ppm)

210 200 190 180 170 160 150 140 130 120 110 100 90

(2R,3S)-2-(6-methoxybenzo[d]thiazol-2-yl)-1-(p

'H NMR, CDCl;, 400 MHz

9270
8270
6201
6201
60°L 1
oLl
L
L
[N
€11
rLL
Gl
GLTL
91’14
oLl

t.vu
8Ll

6L
611 ]
0z'L
1z
zz1 ]
zz1 ]
mm.&
szl

ov'1 ]

NV.FL
8yl
0s'L
0s'L
LSL
[AN%
€91
vS'L
SS'L
9G°L
8G°L
61°¢
1G6°¢
8G°¢
09°¢
19°€
19°€
29'¢
€9°¢

SL'S
81'S
61°G
€0°L
€0°L
S0
90,
€1000 92°L
0€'L
1L

rAd7

98¢
f1a4
Sty
oL's
oL's
cL's
€L'S
1S

28'L7
G8'L-

Bore
F60'8
pore

660
Feiv
E60°€
M(m.o

5200

MBOé

B

- - -

5143

£1 (ppm)

3C NMR, CDCl3, 101 MHz



1500000

1000000

500000

0L —
[2°xa4
£5vT V
€962 7
05'92 \.
§5'92
e
1Le
6rer—
181y =7
£5'8Y *

cv'es
08°6S \

€100 0892
£1009 90'2L W.

€10a0 LeLL

20'v0L —

0ZSLL —
"
L1°€2L —

YELEL 4
sreer
6V 9Vl ~

187251 —

18991 ~
29'89L —

pue———-.. |

MeO

T T T T T T T T T T T T

T

210 200 190 180 170 160 150 140 130 120 110 100 90

70 60 50 40 30 20 10 0 -10

80

£1 (ppm)

loctan-1-one (51)

iny

1-2-yl)-3-v

1azo

in-1-yl)-2-(6-(trifluoromethyl)benzo[d]th

iperi

(2R,35)-1-(p

'H NMR, CDCl;, 400 MHz

I

[=3 [=3 (=] (=] (=3 (=3 [=3
[=3 (=3 (=3 (=3 (=3 (=3 (= (= (= (=] (= (=] (=] [=3 (=3 [=3
(=3 [=) [=] (=] (=} (=3 (= (= (= (=] (=] (=] (=3 (=3 (=3 (=
n < 3] N — (=} (= (=] (=] (=] (= (=) (= (=) (=] -
— — — — — — [o2] [e] o~ © n < [] N — (= |
1 | I ) AR SR U SN S NS SN SN N S— | IR | 1 1

N _

Boe

T = Hos

—_— PLbo

~ == 100}

/ H?WO;VV

~ = FeoL |

— ——= Feoz

« === F00') |

0}

o'l

60

£1 (ppm)

F NMR, CDCl;, 376 MHz

5144



3 I 50000
@
45000
40000
35000
30000
25000
FsC I 20000
15000
10000
5000
0
T T T T T T "~ T "~ T T "~ T "~ T "~ T T 1 "~ T "~ T T T T 1 T T
10 -10 -30 -50 -70 -90 -110 -130 -150 -170 -190 -210
£1 (ppm)
13C NMR, CDCl;, 101 MHz
000
000
[ajaja}
N O o ® © COMONM— 000
o N =] © ~ “NNO0o oxT o TOOO ONNOONNW +9.0E+08
® © @ XS BANNG O N NN BTN I I R
N~ © n el NANN~— ~ N~ © NN O T OOUTN®
- - - - T T T N~~~ RS MOOMONNNNN~
[ \ ~~ = ~- VAL NN
|-8.0E+08
I7.0E+08
‘\_\—QO
< I-6.0E+08
S\ Nj
o
F3C I-5.0E+08
[-4.0E+08
|- 3.0E+08
I-2.0E+08
|
|
I 1.0E+08
‘ “ J i I-0.0E+00
T T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

1 (ppm)

(2R,3S5)-2-(6-chlorobenzo[d]thiazol-2-yl)-1-(piperidin-1-yl)-3-vinyloctan-1-one (52)
'"H NMR, CDCl3, 400 MHz

5145



6000
5500

5000

4500

4000

3500

3000

2500

2000

S2°07
2204
6.0
90'L
2019
80'L
80'L
60'L
oLk
1L
zLL A
€171
YL

SLL—
mr.r&

8L'g
6L'G
69°G

65 ]
19
19
€96 ]
€10a0 9z°2
mm.L
6ez ]
ov'L ]
A2
€82
€82
58°2

A: W

J

oo

10

£1 (ppm)

13C NMR, CDCLs, 101 MHz

2000
1800

1600

1400

1200

1000

800

600

400

200

—200

0071 —
0522
ac
2952 V
8v'9z
95'92 7
£v'LE \
svie
£ger ~—
SV LY~
86'8y —
8826 —

€1000 v2°9L
€£1000 5022 W

€10a0 LeLL

gL —
sz'izL—
ezl

veozL =~
£6°08L —
RIENG
18'gEL —

Ly'0SL —

0’891 ~
91'0LL —

Cl

— T T
180

T

190

160 150

170

200

1 (ppm)

in-1-yl)-3-vinyloctan-1-one (53)

iperi

(2R,3S)-2-(6-bromobenzo|d]thiazol-2-yl)-1-(p

TH NMR, CDCl;, 400 MHz

5146



1000
500

5147

i=3 (=3 (=3 (= (= (= (=3 (=3 (=]
o (=3 (=3 (=] (=] (=} <o o (=]
o (=} (=] (=] (=} o <o o 0w
o o~ © [le] < 3] N N —
1 L 1 L 1 L 1 L 1 L 1 L 1 L _ 1 n 1 n
| el
| [ 0071 —
— . 6v'ze
ool - R
/ m\.vF.w 1962~
. 19z
— M\NF 9l 95'92 \
er'Le \.
| sr'Le
YSEr ~
S ir~
L 8687 —
1826
~ Feo L
— Fsovr
€100 529
| < €100 L0'22 W
€10Q0 8€°2L
- FeoLr E
]
Lo _
— Foz| ~
~ Fe60
Lo 28~
€98l =~
vg'ezL
H rver
ez6zt
=& SLLIEL~
_ 6,861 =
—~ 0L [ m
- - =10 sL0sL—
. |- ©
= 6670 =
-
w 16°891 ~
- LzoLL =
65°G ] P Lo )
€000 922 m —
Nm.& @
[4°WA L
s ] a
oyl @)
(=]
621 LS S
1 &
ze's |
2 =
662 N N
Lag]
a

in-1-yl)-3-vinyloctan-1-one (54)

1 (ppm)
iperi

160

Br
T
180 170

T

190

T

200

(2R,3S)-2-(4-fluorobenzo[d]thiazol-2-yl)-1-(p

TH NMR, CDCl;, 400 MHz



30000

25000

20000
15000
10000

5000

9207
820
0801
90} 7
AN
801
0L'L
[T
LA
ZLL
€L7L A
PLoL A
Sl A\
9L N
9L

0z}
1z
2T
SZ'L ]
221 ]
8z'L
671
oe'L
sl ]

oL E
VA
8yl

051 7
LS1 ]

Sl
SSL
9G°L
9G°L
15°L
8G°L
09'L
29l
61°¢
1G6°¢
09°¢
19°€ ]
29'¢
€9°¢
v9'€
S9°€

pin4
09y
LS

LS
€L'S
71'G
SL'S T
61°G
61°G
656G
vv.hL
S
VAR
€1000 92°/ 7
L2
2L
29,4

v9'L-

“
~
J

Fs60

Feov

Feou
Fsoz
Foos

£86'0
5460
F60

1 (ppm)

19F NMR, CDCl3, 376 MHz

24000
22000

20000

18000

16000

14000

12000

10000

8000

6000

4000

2000

—2000

98'2¢L- —

-30 -50 =70 -90 -110 -130 —150 -170 -190 -210

-10

£1 (ppm)

3C NMR, CDCl3, 101 MHz

5148



3000
2500
2000
1500
1000
500

- 1bULL
14000
13000
12000
11000
10000
9000
8000
7000
6000
5000
4000
3000
2000
1000
-0
-—-1000

t 9207
8270
6270
201
4 Lo vt
oL'L
Ll
2Ll
1661 — 4 L ey

. ELL
o
mm.mNV - L Sl —_ _ E90'¢

S A
vsoz - L 9Ll N
:\5%. Hlmr.w
mw._m .

9L'L
AN
211

ySEr ~ art

8Y LY~

1267 — +

mv.mm\.

-10

10

T
20

—

30

]

T
40

6L ]
0Z'L 7|
1z
1z
2zl ]

-
oo ~ Fzo'L

VA W-

8v'e _ )
e ~— = Foos
vS'€

9s°¢

8G°¢€

8G°¢€ — .
ot - = E20'L
€9°¢

€9'¢

59 .
09'e — Feoz
./

50

T
60

70

€10a0 v2'9L
€100090°2L W-

€10a0 8¢°LL

o e
80

T
90
1 (ppm)

T
100

A%
SYLLL -

€241
et W.
08°LiL
L9521
[R 1A% >
z8'8el
18°8€L W.
L68el
z90rk “\.
SLopL

6251 —
€8'9GL —

110

19°€
19°¢
89°¢
69°¢
0Le
ey
o'y
LS
vL's
9L'g
L1°G
\zs
34}

T
120

T
130

T
140

150

T

160

s

n
VIl
ool Ne)
P

L9'
€000 922
65891 ~
65°041 —

T
170

T
180

T
190

T
200

'H NMR, CDCl;, 400 MHz

(2R,3S)-2-(benzo[d]thiazol-2-yl)-1-morpholino-3-vinyloctan-1-one (55)

5149

£1 (ppm)

3C NMR, CDCl3, 101 MHz



4000

3000

2000

1500

1000

500

16'€L —

0§22 ~
SY'9Z ~

zvLe
6t'LE V

v9Tr —~
S9°9Y ~
168y —
6v'2s —

99'99
08'99 v.

€10a0 229
€100 v0'LL W

€10a0 9¢°LL

16211
vzl W
6L22L ~x
cLszL —7
68'SZh v
69'GEL —
ve'geL —

S6'LGL —

S8'891
00691 v

70 60 50 40 30 20 10 0 -10

80

210 200 190 180 170 160 150 140 130 120 110 100 90

£1 (ppm)

(2R,3S)-2-(benzo[d]thiazol-2-yl)-1-morpholino-3-phenethylpent-4-en-1-one (56)

'H NMR, CDCl;, 400 MHz

35000

30000

25000
20000

15000

10000
5000

€100 92°2 7

1671
651 1
091 1
091
191
191 1
[INE
1€
6v¢ 1
y5e
95°¢
95°¢
85°¢€

09°¢
29°¢
29'e

£9°€
£9°€ 1
S9°€ 1
99°¢

19°¢
19'¢
89'¢
69'€
oL'e

a4

€2'G
ww.L
97
125
125

105y
00°2 7
10°2
202
AW
R
€12
e
oLz
812
812
6172
0z2—
0z

S
97,

wm.&
8L

ov'2
ov'L ]
viL ]
sv'.

L2e
-
157

[ /
”

|

BN LR |

grease

Fsoz

Rzo1
o001
1860
J90'L

AN

Feo'L

g

o'l

o0 QQo
N+~ &

sRsBNeD

(ppm)

5
fl

10

3C NMR, CDCl3, 101 MHz

5150



2 (=3 (=] [=3 (= [=3 (=3 (=]
o (=] (=] (=] (=3 (=3 (=3 2 (=3 (=] [=3 (= (=3 (=3 (=] [=3 (= (=3 (=3 (=] [=3 (=3 (=} (=4
[=] (=] [=] (=) [=] (=3 (=3 =3 2 (=3 (=] (=3 (=] o (=3 (= [=3 (= (=3 (=3 (=] [=3 (=3 (=} (=}
[=) n o n o le] (= j=3 2 T2] < 3] N — [=] (= (= (=] (=] (=3 (=] o (=3 o -
< 32l 3] N N — — n (=] - — — — — — — [} 0 o~ © fe] < ™ N — o |
| ! | ! | ! | ! | ! | ! | ! | ! | ! l | | | | | | | | | | | | | | | | |
[ o
LS
|
— o
o
FS
[=)
o
. Le —_— - F90'¢
1678,
oLee t .
o T 3 Frig
997y ~ SN ¥
S99y ~ | [ <)
96127~ N -2 ~
€ezs— - L wn
(=]
L2 Py
v9'99 H =
R.wwv LS ﬂ
£1000 v29L L — ~ 660
£10a0 mo.RW. ° &
€10a0 L£°LL [ %
<
I 2
(=]
LS g 68"
R - 167
o & ) 16y
S~ = S6Y
i~ €0'S -
v58LL oo > Fm.m/ - 0L
ciiz) = & A S 150
et o = £1000 922 _ _ S0
8.6zt o €€°21 ol
i = = ve's ~
v6'5ZL L > . .
. o [ 0L
vzezl — 2 = 067
N - h
18821 — S .
. o L zvs
18681 ~ - T .
. €V L
ov'selL — = - vvL
18 1L — R = i
zZ Mo ) L
Lo g L2 0L
Y6151 — o %) —s — & YL o€
,A F o ) €52 m - =
\ L3 = N 551~ = - 0l
z S = ss'L 101
py'801~, / - [ e = M L5°2 = = 7
62891 F= = 182 = = 0L
L = €8s .
2 = S 6872 69
c (=t = < 182 o'l
J
o - = - 162
L& N - 6672 |
- @) 008 |
r s 208
g 2 A
o b mo.wL
5 £ O o]
= T 2001
L= (o] > o
IS -~ z18
L — z18
[72] J
A vL'8
o rd
a T
N’ -

5151

(ppm)

fl

10

3C NMR, CDCl3, 101 MHz



}-3000
{2800
{2600

500000
000000

L5

£ 7000000
L5

k2400
k2200
2000
L1800
L1600
k1400
k1200
L1000
800
k600
k400
k200

L -200

- 6500000
L 6000000
4500000
L 4000000
L 3500000
- 3000000
2500000
L 2000000
L 1500000
- 1000000
L 500000

LOvL
€0Vl >
€g2e
hm.wN”
08'92 —=
Sv'Le
mm.vmw.
on.rm\
0g'ee

08’8y~
206y~
821G
0828
€1000 9292
€1000 80°LL
€1000 6€°2L
S6'LLLY
61811
€912l |
69121
£6'2Z1 |
86221 |
66721 |
€16zl |
¥8'5¢l
16521
11821
£8'821
18'821
16'821
65°€€l |
ogeel L
98'GEL 1\
z6'geL
€8°9€L
L0°LEL
8L /€L
95°8€EL
ge'Z5L —

1891
€2°'891

€L°/61
v8'L61 >

L. -500000

10 o] -10

20

50 40 30

60

——

70

80
—

100 90
\ Ph
\

/7 N

1 (ppm)

Me

|

120

.

150 140 130

160

L

200 190 180 170

210

(2S,3S)-2-(6-methylquinolin-2-yl)-1-phenyl-3-vinyloctan-1-one (58)

'H NMR, CDCl;, 400 MHz

H/mo.m
M\mr.m
m\mo.m

=00'¢

601

=0}
502

Foo'L

ST
F90'1

g0

=50'C
50T

5152

(ppm)

£1

3C NMR, CDCl3, 101 MHz



L 650000
L 600000

50000

L5

00000

L5

L 450000

£ 400000

L 350000

L 300000

L 250000

£ 200000

L 150000

L 100000

50000

L 5
0

50000

86°€L —
251z —

svzz"
orer—

951E

vo'Le

259y —

16719 —

£1000 82°9L
€1000 €0°2L W
£1000 62°2L

1691 —
1zozL —
Lozl

61z W
1y8eL~

A

£6'821
oLLeL

06 Nm_\
80'9€L
vz 9el
187281
nmmm_\

09'9pL

9z 151 —

0£'661 —

£1 (ppm)

4-((2R,35)-2-(benzo[d]thiazol-2-yl)-3-phenethylpent-4-en-1-yl)morpholine (59)

'H NMR, CDCl;, 400 MHz

5500

5000

4500

4000

3500
3000
2500
2000

1500

1000
500

+—-500

65'L 1
19'L
29'L
69'L
01 1
s
6221
LE'Z
2€'2 1
£€°Z 1
ez
17z
vz
£z q
e |

Stz

652 7

otmu
vl

[

T

LS
0z's
0z's
zz's
€2's
19
69'
0L's
2l's
vQNg
50z}
902 ]
HL
€1000 92/
ve's ]
82 |
982 4
98'2

16'L 7
66°L "

Ph

0'¢c

— 720!

M/mour
mz m_m

10°L

10

1 (ppm)

3C NMR, CDCl3, 101 MHz

5153



3500

3000
2500
2000
1500
1000
500

ceee
65°€E v

2697 —=
e
0265 —

28’19 —
16799 —

2292
€0°22 W
GELL

69°621
Sren /r
zzeeL
zv'8zL A\v
vevEL
65'6EL \
16151

08251 —

LviL —

20 10 0 -10

30

40

50

60

70

80

1 (ppm)

Ph
210 200 190 180 170 160 150 140 130 120 110 100 90

(R)-2-(2-phenethylbut-3-en-1-yl)benzo[d]thiazole (60)

'H NMR, CDCl;, 400 MHz

e
vee
G0'S
90°G
80°G

60°S
oL's
oL's
s
s
(YA}
€LS
V.S
GL'S
9.6
LL°G
8L'G
Gl
PARVAS
PAWAY
8L,
617,
02, A
SZ'2 A

5000
4000
3000
2000
1000

5154

£1 (ppm)

T

Ph

T

10

3C NMR, CDCl3, 101 MHz



800000
700000

600000

500000

400000

300000

200000

100000

oe'ee —
19—
£€6'6€ —
vivy —

€10a0 2202
€000 £0'2L W.
€000 82'24

625l
zrovl \
sozrl

eLegL —

zLoLL—

Ph

70 60 50 40 30 20 10 0 -10

80

210 200 190 180 170 160 150 140 130 120 110 100 90

£1 (ppm)

(R)-3-phenethylpent-4-enal (61)

'H NMR, CDCl;, 400 MHz

4. 5E+07
4. OE+07
3. 5E+07
3. OE+07
2. 5E+07
2. OE+07
1. 5E+07

1. OE+07
5. OE+06
0. OE+00

9917
191 4
891 1
691
0r'1
1o
€21
YL
YL
511
GLL A
9s'1
2271
sve
mv.L ﬁ
9z
9z
172~
S5\
952 ~

B.Nuﬁ Y
15T

wm.wu
652
09z 4
59'Z
292
19T
897
69 -

60'S (@)
N_.mW |
rL'S _—
19'S
69'S —_ X
69'S
]
R}
[N}
£L'G
vLS
N l~—
8L'L —_—
612
0z'L
P-UI0J0I01YD 92",
121
8z,
0’2

Ph

or'e
06 W,

0L'6

grease

FLLZ
L0
280'L

R

F60'¢C

Foo'L

AN
“eoz

660

10

1 (ppm)

3C NMR, CDCl3, 101 MHz

5155



1600000

1400000

1200000

1000000

800000

600000

400000

200000

8L°€E ~=
0r'9e ~
66'26

658y —

€10a0 L2'9L
€10ad 2¢0'LL W-
€10a0 L2LL

Lol —
68'S21L ~\_
€821

\rezs

Y0Pl ~
8 vL ="

0Lz0z —

Ph

80 70 60 50 40 30 20 10 0 -10

90

1 (ppm)

210 200 190 180 170 160 150 140 130 120 110 100

(R)-3-phenethylnon-1-en-5-one (62)

'H NMR, CDCl;, 400 MHz

L7000

L 6500

L 6000

L 5500

L 5000

L4500

L4000

L 3500
L3000
L 2500
L2000
L 1500
L 1000

0

szL
9L
£1000 92'L
9L
7z
2z
8z
8zL
6z
6z

—

6z

Ph

Fe0C

Toot

»0l'e
ez

£1 (ppm)

3C NMR, CDCl3, 101 MHz

5156



4000

3500

3000
2500
- 2000
- 1500
- 1000
500

18°€L —

€2z —
zLse—
Lree —
Lr9e —
szee
\zer ="
oz'ey —

£1000 2292
€000 ¥0'2L W
£1000 9€°22

ov'sLL —
91521 ~\_
ve'8zl

e

1010~
Ty~

Lol —

Ph

rT T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90

T

(ppm)

fl

(R)-3-phenethyl-1-phenylpent-4-en-1-one (63)

'H NMR, CDCl;, 400 MHz

L5000

L4500

L4000

L3500

L3000

L2500

L2000

L 1500

L1000
L 500

wTToNNCOO®
REIIRRNRCRRE
BB6G6E66666

Ph

Ph

grease

42

EEE

66T
*zo'z
oz

Ag60

Feoz

£1 (ppm)

3C NMR, CDCl3, 101 MHz

5157



ps2uu

L3000

20000
15000
- 10000
5000

L2800
L 2600
L2400
L2200
L2000
L 1800
L 1600
L 1400
L 1000
L 800

L 600

L1400

L 200

L -200

e
1roe <
5568 —
PEEY~_

£1000 22°9L
£1000 0'LL W
€100 9822

6v'sH —

AN

z1ezL
ve'szL
8e'8zL
65821
162EL
e
ELIpL—
veev

£2°661 —

£1 (ppm)

Ph

Ph

€1000 92°/

(R,E)-6-phenethylocta-2,7-dien-4-one (64)

'H NMR, CDCl;, 400 MHz

Me

99'G
89'G ]
026
125
oL'9
€19
19
91’9
619
Sz
912
212
nvN@
612
6L,
sz
9z'2

1271
X
2L
82,1
62'L"

Ph

f-o0

(ppm)
S158

f1

3C NMR, CDCl3, 101 MHz



3000

2500

2000

- 1500

- 1000

165l —

ov'ee ~
Lrog —
9P'6E —

€567 —

LL9L

€0°LL
veLL

ze5I —
R
£6'221 A
ze'8zL W.
88z
EL YL~

8Z'2vL —
cozv 7

L2002 —

Me

Ph

r T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90

T

(ppm)

Tl

(R)-6-phenethyloct-7-en-2-yn-4-one (65)

'H NMR, CDCl;, 400 MHz

L 12000

L 11000
L 10000
L9000
L8000
L7000

L6000

L5000

L4000

L3000
2000
L 1000

Lo

L1000

oo 13000

£1000 92'2
2z
21
i
7z
8z
6z
6z

Me

Ph

601
H/rr.r

86'C

o€

torz

9l'E
F50z

£1 (ppm)

3C NMR, CDCl3, 101 MHz

5159



000
[SRERE) r
[sya)a)
© ®® 3o u 000 (11000
5} oM YON ® © wN~V® @ 0« ©
© NSO ©W®XW o Ymak © © =N 3
© A s S ONNG© =} @ Q™ F
s - +Tvv = & ONNN~ © RV RY) <
VN NG RN I- 10000
9000
8000

7000

Me L 6000

R R AR N N R A L U A L P A | T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
£1 (ppm)

(R)-2-(2-((benzyloxy)methyl)but-3-en-1-yl)benzo[d]|thiazole (66)
'H NMR, CDCl3, 400 MHz

F)

o

a

)
P R R R L T T T T L T ey S T P T e L L T P O T T ]
8889932998330 33 8808 RYI88833Y5 I Ir-C233555388R3NRR3953822828333588%
e N S RN N S NN N R M R SRR N N SN 81616616 1616 6 16 1616 6 161616 610 1516 % © 5.5 6 666 6660006606666 666 68

i it i

e e

\
—
—
~
~—

I /

T T T
5 7.0 65 60 55 50 45 40 35 30 25 20 L5 L0 05 00 -0.5 -L
£1 (ppm)

3C NMR, CDCl3, 101 MHz

5160

(5000
4000
3000

2000

| A L L

|- 9000000

L 8500000

L 8000000

L 7500000

7000000

L 6500000

£ 6000000

L 5500000

[ 5000000

L 4500000

L 4000000

3500000

3000000

£ 2500000

[ 2000000

L 1500000

L 1000000

L 500000




200
828
5 N 888
8 3 g-238 & g
g g rRegs L |
o I
OBn
N
—
S
I
2‘10 ZbO 1‘90 1‘80 1LIO 1‘60 1‘50 l"l(] 1‘30 1‘20 1‘10 1‘00 E‘)O 8‘0 7‘0 éU flU ’1‘0 Ji() 50 l‘O b ‘10
£1 (ppm)
(R)-3-((benzyloxy)methyl)pent-4-enal (67)
1
H NMR, CDCl;, 400 MHz
@
3
8
8 SRENEERRNNTRRe 2SN TReLLE582203YY $2I0888N88 NS RLLERIRRYTSS88ES
¢ A N L 588822333423 SunsanadadaadadadaadaaNsTNaaaa
So9gssss
e (2 (22 e ) (e
X
BnO
AN
¢}
1
| |
]
J j N
' O
] 7 § 8y w8
=) [} - o [ -~ o - -
H‘AO l(‘).5 l(‘).O 9[5 9‘.0 8‘.5 8‘.0 7‘.5 7[0 6‘.5 5‘.0 5‘.5 5‘.0 4[5 fl‘.O 3‘.5 3‘.0 2‘5 2‘.0 5 1‘0 0‘.3 0‘0 *0‘.5 *EA

£1 (ppm)

3C NMR, CDCl3, 101 MHz

5161

|- 2200000

L 2100000

£ 2000000

L 1900000

L 1800000

£ 1700000

L 1600000

L 1500000

£ 1400000

L 1300000

L 1200000

L 1100000

L 1000000

L. 900000

£ 800000

L. 700000

L 600000

£ 500000

L 400000

1300000

£ 200000

L 100000

Lo

£ 100000

|- -200000

L 10000000

9000000

L 8000000

£ 7000000

6000000

L 5000000

£ 4000000

3000000

L 2000000

£ 1000000




EEES - 3000000
000
388
@ = 0o © voo
g gz 383 % 883208 s 3
8 g2 8882 Kregy ¢ 3 - 2800000
VNP I N (.
L 2600000
L 2400000
L 2200000
X L 2000000
BnO
\O L 1800000
L 1600000
L 1400000
L 1200000
L 1000000
L 800000
‘ L 600000
[
L 100000
L 200000
" " . L Lo
L ~200000
2o " 2bo  1ho T ko T ifo T ibo T 150 dho  1Bo  1ko | dho  1bo | do do o do 30 1o o o To b o
£1 (ppm)
. .
(R)-4-vinyldihydrofuran-2(3H)-one (68)
1
H NMR, CDCl;, 400 MHz
[-]
5
g L 35000
g §ggReLryyyeRRRE e e0ININNS REINYRLBLEYIRS
~ BOUOLOHOLEBELELOOBOOBBESTTTT TS moomooaNNNNN NN
SO PP
L 30000
L 25000
6] L 20000
O
L 15000
L 10000
grease
l L 5000
Lo
EUES g 3 3 37
S o o =] = o o
- o - - o - <
Ts 4

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.
£1 (ppm)

3C NMR, CDCl3, 101 MHz

5162



o ) o o o o o o o
S S S S S S S S o o ° o S
S 3 3 I3 S S 3 3 153 3 S S 3
S S S S S S S S S S S S S
<) S S S S S S S S S S S S
I Q S % ] ¥ Q S S 3 S 3 Q
3 B 5 = 2 = = = @ 5 s Q ° 0
I I I L L L L L I I I I I
oLve—
£8'6e — e
LzzL~ P
€100 £2°9L
£1000 20'2L

€1000 8222~

£S5 L —

LrseL—

ZroLL— —

-10

£1 (ppm)

(R)-2-(2-(2-(benzyloxy)ethyl)but-3-en-1-yl)benzo[d ]| thiazole (69)

'H NMR, CDCl;, 400 MHz

L8000

L7000

L 6500

L 6000
L5500

L5000

L4500

L4000

L3500

3000

L2500

L2000

L1500

L 1000

L 500

L. -500

[/

Iy

BnO

]

Iy

FeoL
FeoL

0L
0'S
Aso
F66'0
660

(ppm)

1

3C NMR, CDCl3, 101 MHz

5163



L 2800000

2600000

L 2400000

L 2200000

[ 2000000

£ 1800000

L 1600000

L 1400000

L 1200000

L 1000000

£ 800000

600000
L 400000
L 200000

L -200000

lLzve—

26'6E ~
srir—

cos0—
00'€L~_
€1000 88'9L
e000 122
€100 6€°LL

059l —
051zt

SIS
eLvZL—

88'621L 72
85221
oz
6e'8zL
eesel
o0s'8eL 7

eron

sLesE—

eroLL—

BnO

-10

140

£1 (ppm)

(R)-3-(2-(benzyloxy)ethyl)pent-4-enal (70)

'H NMR, CDCl;, 400 MHz

L3.8x10

E3.4x10

E3.2x10

L3.0x10"

L2.8x10

L2.6x10

L2.ax10

b2.2x10"

L2.0x10

L1.8x10

L1.6x10

1.4x10
L12x10
Liox10o
Ls.ox1d
L6.0x1¢
L4.0x1d
L2 ox1d

0

L2 0x1d

e

I

BnO

oz

Hesg

160

(ppm)

f1

3C NMR, CDCl3, 101 MHz

5164



000
joiegel
aaa
] e  oon o co00
2 88 SR§ 2 g3y g 2 3@
o S8 snn s f88S @ @ a3
& §8 &8RN e NI @ sy
8 2 ggg = NN k3 83
N
BnO O
A
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 -10

£1 (ppm)

(R)-4-vinyltetrahydro-2H-pyran-2-one (71)
'H NMR, CDCl3, 400 MHz

«©
9
6
P N I I I T T L T T T T T T T I I T T IS T I
g RERENIORNTE5888388 $938588REQQLINBB888888333888Y883INRRRE8858888833 8858838
~ BB BB R BB EOEEBEEE T I TITTIIITITINANNNNNNNNNNNNNNNNNNNNN S r e e e e et e St e o
L P RS s S S VU o e
\N— S—
i
f
|
L
g 3 g3 & 3 37
=] o oo S o S o
- - - - N - < <
T T . T T T T . T T " T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 L5 1.0 0.5 0.0

£1 (ppm)

3C NMR, CDCl3, 101 MHz

5165

2100000

2000000

£ 1900000

£ 1800000

L 1700000

L 1600000

L 1500000

L 1400000

L 1300000

L 1200000

L 1100000

L 1000000

L. 900000

1800000

L 700000

1600000

500000

L 400000

£ 300000

L 200000

L 100000

Lo

L ~100000

|- -200000

L 14000000

L 13000000

L 12000000

L 11000000

L 10000000

[ 9000000

L 8000000

L 7000000

L 6000000

L 5000000

£ 4000000

3000000

2000000

£ 1000000

£ ~1000000




s ) ) s ) ) S ) s s
5] 3 3 S 3 3 5] 3 5] ° 5]
S S S S 5] S S S S S S
S S 3 S 5] 3 S 5] S S S
g 3 8 8 3 3 3 3 g 3 8
S I} S 2 ] I S I} S 3 B
2 < < @ @ S ] = 2 2 ° i

i 1 1 i I h h 1 1 i | I

ez —

00sE~

orse~" 3

2289 —

£1000 68'9L
£1000 v1'LL W
€100 022

20°6H —

6v'6EL —

S5°0LL —

(ppm)

1

(R)-2-(2-vinylpentyl)benzo[d]thiazole (72)

'H NMR, CDCl;, 400 MHz

L5000

500
L4000

La

L3000

L 2500

L2000

L 1500

L1000

L 500

€000 92' 4
zes |
[

]
veL
ocs ]
o'z
2L
ev's
L
L
sv'2
ov'z

———————

I

POl
B60°L e

=960 | o
0L [

(ppm)

1

3C NMR, CDCl3, 101 MHz

5166



883

885
g e 5 o5 98398 Sae 133 o g
g 3 g 8 8INg ¢ KRS S0 s %
= ° Ioo ddQd ¢ N 3388 g =

b NH N\ /AN [
AN N
|
|
|
.
2lo " 2bo  1bo 180 170 1bo 150 140 130 120 110 100 90 4o 7o o 30 1o o Jo To o

(R)-3-vinylhexanal (73)
'H NMR, CDCl3, 400 MHz

9.72
9.71
7.26 CDCI3.

<

i

£1 (ppm)

g

215z

4500000

£ 4000000

L 3500000

L 3000000

L 2500000

2000000

£ 1500000

L 1000000

L 500000

L6000

L5000

L4500

L4000

L3500

L3000

L2500

L2000

L 1500

L 1000

L 500

3C NMR, CDCl3, 101 MHz

T
5.5
£1 (ppm)

5167




000
360
288
0 © ~ 000
g 8 5 PP © 0o +
& 2 B RIS 8 °g 3 8
8 g e See © sa S =@
< 3 H NN 2 38 ] ¢
~o
Ll al . m " | mn Lo
il L bty "
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
£1 (ppm)

5168

L 650000

L 600000

550000

a

L. 500000

L 450000

400000

£ 350000

1300000

L 250000

200000

L 150000

L 100000

L 50000

50000




11. HPLC spectra

Racemic 7
018
0.16-
-. P~
0.14 E
0121 q
010 H
o : |
L U.ﬂﬁ“‘ |
0.06 |
0.04] |
3 | B
0.021
] A ' \ | \
ooof N S |\, L,
abo 200 a0 800 " s 1o 12w 140 16.00
Mnutes
RT Area | % Area | Height
9.151 | 2280045 | 49.99 | 182572
213.047 | 2200234 | 50.01 | 131341
Enantioenriched 7
ose]
osn]
040]
20&%
020!
0.4 @
| | o
[ <
0.00—: n'JI l\ 13 o/\ 3
ot 200 400 b0 s 1000 120 1400
Mnutes
RT Area | % Area | Height
1| 91377069857 | 93.06 | 602714
2(13.064 | 527498 6.94 | 30793
Racemic 8

5169



0.304
0.25]

0.20-]

AU

0.05

0.00

0.00

Enantioenriched 8

RT

Area

% Area

Height

=

9.625

4217345

50.43

330188

12.446

4145126

49.57

251121

2.00+

9544

Racemic 9

T
8.00
Mnutes

RT

Area

% Area

Height

9.514

25436493

95.24

1938875

av]

12.360

1271422

4.76

78549

5170

| S
8 >12,360

16.00



0,454 =
] ©
0.40- i
1 I
0.357 ‘ |||
5 ]
=L ] ‘
] | |
0.15 | | |
0,104 | ﬂ ‘h
1 ] o | |
uw
] o | | 3
005 S /| = | Ill
] III '.‘\ - \
0.00 - r-3 T
T T T T T T T r T T T | T T T | T T T '| T T T (] T T T T r T
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16,00
Mnutes
RT Area | % Area| Height
1(10853| 313215 1.91( 19411
2(11.652 | 7893383 | 48.10 [ 448874
3(13.042| 318161 194 17173
4113.831 (7884711 48.05 (388732
Enantioenriched 9
080
0.70] ]
os0; |
o |
5 \
<L 0_40-
0207 |
] R 9
0.0 | || :
] | P
D.ID(}-_- -3 ‘\ -3 F-3 -]
ato 200  abo &0 8o 1w 1200 " 1400 | " 1600
Mnutes
RT Area % Area | Height
1]12.470 | 13547658 | 94.33 | 839721
2(14.735 814270 5.67 | 43700

Racemic 10

S171




0.16+
] $ 2
0.14 :, g
0.1r:
0.10{
- 0.064
= j
000
o.m—:
002]
1 |k lL
abo | 200 " abo “ebo | a0 1000 1200 1400
Minutes
RT Area | % Area| Height
1|6.015| 1200064 | 50.88 | 152997
2|6.673| 1158609 | 49.12| 134066
Enantioenriched 10
030— ga
h i3
0.70+
060]
0.50-
2 0407
0.304
020
] o
0.10+ ‘ 2
o ‘ | o
0. "_‘—"‘—'“—"IP'J va\a
000 200 T abo "e00 800 1000 1200 1400
Minutes
RT Area | % Area| Height
1| 6.005| 6230062 | 95.52|812971
2| 6.663| 202346 4.48| 33844

Racemic 11

S172



0.080

0.070H

0.060

0.0504
o 0040
<

0030+

0010+

0_0:)0——-—-—-—-——’;\1!""\"“‘——“"“‘ " e —

17.597

B —

Enantioenriched 11

RT

Area

% Area | Height

-

14.088 | 1501013

49.81

76335

]

17.597 | 1512615

50.19 | 62767

0.801
080
o.m—f
0601

050]
2 ]
0.40H
0.30]
020]
0.10—f

0,00

17.825

Racemic 12

RT

Area

% Area

=i

14.163

18925641

97.12

]

17.825

560470

2.88

S173



18.778

—

:
| \

0.06+ ‘

0.044

. -

] | -
_— NUAVNED AN

AU

abo 200 400 600 800 1000 1200 1400 1600 1800 2000 2200
Mnutes
RT Area | % Area | Height
1|15.652 | 2091719 | 50.03 | 97662
2|18.778 | 2088842 | 49.97 (82732
Enantioenriched 12
00]
ox |
o |
< 0157 ‘
010] |
0.05 | | T
1 [ ~~
] [} ©
U.m_ a’l E/\\_ n/‘{\a
obo | 200 | 400 | 600 s " Too | 1200 | 1400 1600 1800 2000 | 2200
Mnutes
RT Area | % Area| Height
1|15.628 | 6700017 | ©94.81 | 309157

M2

18.747 | 367629 519 14793

Racemic 13

S174



0.25]
1 &b
0.20] 3

0.15 | ‘ ‘

2 ] |
] |
0.10H | ‘ |‘
o0e] n || |
=8 /1]
P I.L‘_'_ d J 1
D.IDO-‘-h——_._H_-—f' ] -2 [ [ K‘v \\ [
o I S
Mnutes
RT Area | % Area | Height
11 7.311 57862 0.74 5580
2| 8230 60992 0.78 4879
3| 9.579|3832270| 49.19 [270589
410.520 | 3839835 | 49.29 | 249766
Enantioenriched 13
120]
0] |
1207 “
1007
= j ‘
z 0.80 |
0.60 ‘ |
1 |
] - ‘ | 2
" & 3§ || | S
] A < / l\_
0. 4 o - .3 -3 4] ™ (2]
L |' T T | T T | T T |' T | T 1T T | L B B r T T I L T | L | T T | L T
0.00 1.00 200 300 4.00 500 6.00 7.00 800 9.00 10,00 11.00 12.00

Mnutes

RT Area % Area| Height
7.297 | 560429 220 51137
8.221 67626 0.27 5834
9.533 | 23804160 | 93.69 | 1683861

10.505| 981395 3.85| 63321

E = TS S

S175



0.35 g .
] k =
4 =
0.301 |1|
0.25 ‘
0.204 H
-, 82
= 1 “
0.15 | |
0.104 | ‘ “
] | |
0.05 | | |
J k_ ) \
o, “_J = -, "a—m._..-\._.r—u_._:—-_____
—_— M - - e -— e —e s e
0.00 1.00 200 .00 4.00 500 6.00 7.00 800 2.00 10.00
Mnutes
RT Area | % Area| Height
1|6.249| 3197201 | 49.94 | 363878
. 2| 7.715| 3204848 | 50.06 | 302873
Racemic 14
Enantioenriched 14
0407
] 4
0.35
030
0.257
>
<< 0.20
0,151 |
0.10] “
] ~
0.05 , ~
1 | ~
0.00] o = T
T T T T |' T T T T T T T T T '| T T T T | T T T T T T T T T | T T T T T T T T T '| T T T T | T T T T
0.00 1.00 300 400 6.00 700 800 5.00 10,00
Minutes
RT Area | % Area| Height
1|6.251 | 3644135 | 9547417623
2| 7.727| 173093 453 16302

Racemic 15

5176



1.-10—- o
1 o
- 4 o™
] ﬁ 0
1.20+ f
1.00] \ /
0.80
=] ] ‘
q: 4
0.60-
0.40- } \
020 } l
] |
0.00 S o~ |
md &ﬁlllﬁl l% Iiﬁllzﬁllﬁﬁllﬁﬁllkﬁl k% Iﬁwllﬁﬁl ﬁ%
Mnutes
RT Area |% Area| Height
1146268537310 50.31[1415210
2|5.232| 8432208 | 49.69]1222912
Enantioenriched 15
0.50
04&
03&
5 J
3 J
0.20 ‘
010: ’ °
] | 2
] [Ts}
000144~ - 44~4“k7~/V&J—L—wixw/\)kf\4k44* —
0.00 tbol I Iznol o Iannl o ¢Bul o '5bol Isﬁol o Izbo I Iabol I gﬁol
Minutes
RT Area | % Area| Height
1]14.588|2867617 | 92.44491701
2(5.190| 234422 7.56| 33321

Racemic 16

S177




0.035 |
0.0304

|
0.0257

Al

|
0.020]

|
0.0157

| I
0.0104

| |
\ |
0,005

T T L LA ey I B e S ey S B Ry R
0.00 5.00 10.00 15.00 20.00 25.00 30,00 35.00 40.00

Iinutes

45.00 50.00 55.00

RT Area | % Area | Height
41.358 | 3641041 | 49.95 43330
50.011| 3647858 | 50.05 |46539

=

]

Enantioenriched 16

0.2

|
0.06

o \

|
0.02]

L S B B S B By B B S S B B B B B B B B
0.00 5.00 10.00 15.00

'|l'|||'|rlrl|l|||||'|'
20,00 25.00 30.00 35.00 40.00 45.00 50.00 55.00

50079

Mnutes

RT Area % Area | Height
39.893 | 18097908 | 95.43 | 198060
50.079| 866041 4.57| 12405

-

%

Racemic 17

5178

LB S | S




0.050-
0.040-
0.030-
]
<L
0.020-
0.010-
D'm}- /\ <Y o )
000 500 1000 1500 2000 2500  30.00 3500 4000 4500 5000 5500  60.00
Minutes
RT Area | % Area | Height
1142.265 14083613 | 49.82 |46723
2151.191 4113600 | 50.18 |49964
Enantioenriched 17
0.10 3
| i
0.08-
0.06-
- |
=4 |
0.04-
0.02- @
] 3
| &8
0.00 . 4 ™ 5/\\—
000 500 1000 1500 2000 2500 3000 3500  40.00 4500 5000 5500  60.00
Mnutes
RT Area | % Area| Height
1142.144 | 9786571 95.27 | 105536
2152.349 | 486124 4.73 6157

Racemic 18

S179



0.050-
B
©
0,040 2
| |
I
0.030- | “
|
. | I
< 0.0207 | ||
I
| |
0.0101 | |
|
| S
0.000—J | | I\
HU\R—/%LL
L T | L | T T L LR T T | UL T | T T L L T T |' T T 1 T | T T L T T T T "
0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00
Minutes
RT Area | % Area | Height
34642 (3094293 | 50.44 | 54671
2|43.635|3040161 | 49.56 | 43737

Enantioenriched 18

00204

0.0159

0.010
=

A

0,005

Racemic 19

""" s00’ | i0bo | 1800 2000 | 2500 3000 3500 4000 4500
Minutes
RT Area | % Area | Height
352211195035 | 93.87 | 23369
2|44262| 77998 6.13| 1224

5180



0.14
0.124
0.10

0.08+

Al

0.06-
0.044
0.024

0.0¢

—10.580

Enantioenriched 19

RT

Area

% Area

Height

[y

9.013

2111378

49.95

141859

o]

10.590

2115798

50.05

120832

10.742

Racemic 20

Mniutes

RT

Area

% Area

Height

==

9.128

24741023

92.64

1694979

ha

10.742

1964344

7.36

91391

5181



0.060- &
~
=]

0.050 | ﬂ
0.0404 ‘H “
2 0.030- “ #
0.020 | ‘ |
0.010- J | |
|
" [ j
g_mg--—-—--"'_“--._...._.--f/ Lh‘——f\—_.-n 5” '\3 = ]
000 200  4bo  soo0 8.00 " 1000 1200 14.00
Minutes
RT Area | % Area | Height
1| 9.124 | 915564 | 50.00| 61007
2[10.724 | 915551 | 50.00 | 52020
Enantioenriched 20
01% ﬁ
0.14
0.12
0.10
=] ]
< 0.08
0.06 ‘
oo |
b | %
002 | l\ S
- I bl
D.ﬂ(}; n‘ll_'_'}h‘!" =
oo 200 a0 edo 300 " a0 1200
Mnutes
RT Area | % Area | Height
1| 91202407124 | 92.45|169757
2(10.681 | 198497 7.55 9026

Racemic 21

5182



0.080]

0.080+

0.070+

—

0,060

0,050 ‘

AU

0.040] |
0.0G0+ ‘

00204 |

0.010

a.mo—gj'h——'“’#

| I
|
| T T T T T T T T T |' T T T T | T T
0.00 5.00 10.00 15.00 20.00 25.00 30.00
Minutes

RT Area | % Area | Height
18.774 | 3129071 | 50.18 | 91965
31.402 | 3107222 | 49.82 | 60206

==

o]

Enantioenriched 21

Al

31.534

RT Area | % Area | Height
18.605 | 6190795 | 95.19 (184453
31.534 | 313097 4.81 6520

ry

[

Racemic 22

5183




025] 2
1 =
]
i [
o] | I
0.15- |‘ “
S ]
“ Il
0.10 | |
=] | |
[
oon B
T |ﬁ|| I"'II| || ||
||| \ ,'I I'| [ |
4 YR | l\
0.00 .1 g g —x* )
abo 100 200 300 400 500 800 700 8b0 900 1000 1100 1200
Mnutes
RT Area | % Area| Height
1| 8.175| 548421 7.28 | 49745
2| 8.560| 548982 7.29| 47143
3| 9.031 3221687 | 42.78 (257422
4(10.099 | 3210867 | 42.64 | 228138
Enantioenriched 22
0.50-
40’ | |
o] |
| -
] ‘ ‘
0.201 | |
0104 | -
1 | =
] | S
] \ oy
0. T S -3
I L e B e e e W e s LI I e L e
0.00 1.00 200 300 4.00 500 7.00 800 9.00 10.00 11.00 12.00
Mnutes
RT Area | % Area | Height
1| 9.031 (6888033 | 96.08 549983

[

10,111 280720 3.92| 18860

Racemic 23

5184



0.090]
0,080
n_omé
0.060-

0.050]

AU

0.040H

10.916

Enantioenriched 23

RT

Area

% Area

Height

—_

8.565

1525664

50.19

92926

]

10.916

1514094

49.81

67561

AU

10.999

[+

T

[y

[<Y

Racemic 24

4.00

5.00 6.00

Mnutes

RT

Area

% Area

Height

8.630

15017404

94.25

919076

[a+]

10.999

916980

5.75

41144

5185

8.00

9.00

10.00

11.00

12.00



0.050

0.010

U_mO_JULJ.L___A____J\_.N\__
T T T T T T T T T '| T i T

—65.328

0.00 10.00 20.00 o0 4000 s0o0 | s000 70000 80,00
Minutes
RT Area | % Area | Height
1| 56.638 | 5253636 | 50.08 | 56392
2|65.328 | 5237467 | 49.92 | 48696
Enantioenriched 24
012
010 |
006 ] |
z 0.06- ||
ooi] |
I|
0.02} | N
] IR
\ ud
] | ©
U.ﬂ(}“'—‘L‘“ a')l [ [+
000 1000 2000 3000 wm  so0  soo 7000 80,00
Mnutes
RT Area % Area | Height
1| 55.867 | 11486052 95.04 | 120368
265512 599647 4.96 5997
Racemic 25

5186




0.070
[
0.060 o~
| 3
||
0.0504 | i
| |
0.040- ‘ | l
2" | |
0,080 ‘ || | \
0.020 | || | \
| |
0.010 f || I\ II \
oy |\ |
I.|_4_,‘J| | \
0.000——" £ z—
000 sbo 1o 1500 w00 | 2800 00 8500
Minutes
RT Area | % Area | Height
1|25.155| 3676574 | 50.14 | 75015
2| 32277 | 3656598 | 49.86 | 54410
Enantioenriched 25
0.050+ H
0.0407 |‘ |
-, 0.080 ‘
) |
0.020 | H
o |
= |
0.010- e | \
3 |
\ |
!
G_mD_—JLM!___A_____)NﬁL /—\_ALAH T{'I_ \\n
000 s00  1doo  1se0 2000 2800 "so0 | 00
Minutes
RT Area | % Area | Height
1125.193 | 271251 6.81| 5848
2(32228 | 3709188 | 93.19|55177

Racemic 26

5187




0.060+

0.080
0.070

|
I
0.050 \ |I
=] | |
< 0,040
0.030H l' | \

\
0.020 |

T

| \ |
0.010 | / \

" 1 N
0,000 i

(e L L P L L DL L L L L L e
0.00 2,00 4.00 6.00 8.00 10,00 12.00 14.00 16.00 18.00 20,00 22.00 2400

Minutes

L=

RT Area | % Area | Height
16.557 | 3950375 | 48.21|83528
2|18.505 | 4244317 | 51.79 79787

[y

Enantioenriched 26

1 |
0,064 ‘

d R
0.04
1

_ |
0.02- ,

] |

] | \
00— A n/w

L R B By B B B B I By B B B B B S A R R
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00 20.00

18,00 1 2200 24.00
Mnutes

RT Area | % Area | Height
16.569 | 416571 577 | 9553
2|18.480 | 6798593 | 94.23 | 130097

==

Racemic 27

5188



0.35
0.30]
0.25]

0.201

Al

0.15

23.296

RT Area % Area | Height
1/16.266 | 483005 1.75| 17884
2119.362| 461967 1.68| 15429
320643 13321511 | 48.33| 373791
423206 | 13294976 | 48.24 | 317233

Enantioenriched 27

0.254

.y

23521

RT Area | % Area | Height
20.646 | 9207676 | 95.97 | 262106
23.521| 386466 4.03| 10205

=

ha

Racemic 28

5189



0.12-]
0.10]

0.084

AU

0.06-]
0.04-

0.024

000—:‘—'-—‘1“”\'\—_.__._,_

24.050

17328

r-3

LI B B S N |

0.00 200 4.00 6.00 8.00

L D

L L D L D L D L L D L P L D

1000 1200 1400 1600

18.00 2000 2200 2400 2600 2800 3000

Mnutes
RT Area | % Area | Height
1]17.320 | 4654268 [ 51.44 | 154052
2| 24.050 | 4392879 | 48.56 115231
Enantioenriched 28
0.20]
0.187
0.16] ‘
0.14] |
0.12 ‘
301% ‘
0.087 |
n.aa-: |
0.047 |
] | | =
0.02] [ | =
] o
00— _.,"I %—1 =%
000 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 30.00
Mnutes
RT Area | % Area | Height
1117.304 | 6180228 | 95.20 (207175
224077 | 311897 4.80 8989

Racemic 29

5190



0.16]

0.14

0.1 ‘R

2 00e] | \ || ||
o | | '\

0.04 | |

m || e

oo LN N

T T T T T T T T T T T T T T
0.00 200 4.00 ! 12.00

RT Area | % Area| Height
6.949 | 2866601 | 47.25|163010
2|8.535| 3200299 | 52.75| 128865

ey

Enantioenriched 29

0.60-
0.50] ‘

0.40- ‘l

1 [
0.20+ | [

0.10

RT Area % Area | Height
1|7.245| 869556 593 | 53938
2| 8.790| 13786436 | 94.07 | 634056

Racemic 30

5191



4 oy
0.187 g

] f
0.16 | ||\
0.147

Al
=]
LT

0.06] | | } ||
o.m-f | l\
002] .
o] A\
L L N L L LR L L I L L L R L L L L L I

0.00 1.00 200 3.00 4.00 5.00 6.00 700 B.00 9.00 10,00
Minutes

RT Area | % Area| Height
7.842 | 2408026 | 51.56 | 199359
2|9.013| 2262704 | 48.44 | 170236

[y

Enantioenriched 30

0.704

=

0.

0.

0.

2..08..8..8 .88 .

=]
o
T

0.

0.

0.00- N

RT Area | % Area| Height
7.858 | 8098722 | 95.01|692231
9.048 | 425062 | 499 32193

=

)

Racemic 31

5192



0.40

E 3

0.35 =
m \|| |ﬂ\
5 m \I ‘| l!

0.154 ‘ [

0.1 ‘ ll'. || l\
| |
0.

Fo

(=]
-2
o

4 g—

[:3 Bl
Trrryprrereoproerr '| Trrr|rrrroprrrr |' T T 5.1 [ L S I |' L | L B B | L B | T T 1
0.00 200 3.00 4.00 500 00 8.00 9.00 10.00 11.00
Mniutes
RT Area | % Area| Height
7.658 | 7629857 | 48.76 | 386450
2| 8488 | 8016900 | 51.24|348412
Enantioenriched 31
230+
2.00]
1.80] ‘
1.20] ﬂ
| ] |
<L 1.m__ %
] |
0.80H ‘ II
o] | \
0.40 @ | |
] 2|
] @
0.20_- ~ lI \
- I
0. nj/\\\uj ™
T1 1§ rrrr [ T r T 7T |' T 57T | T 7 & 1 | TI1T 1 rrrr [ T 0 T 7T |' LI B | T 7 & T | LI B R I B |
0.00 1.00 2.00 3.00 4.00 500 6.00 7.00 8.00 8.00 10.00 11.00
Mnutes
RT Area % Area | Height
1|7.659| 3073207 574 | 152510
2| 8.484 [ 50490796 | 94.26 | 2112692

Racemic 32

5193



0.22

0.201

47.757

0,184

0,16

B—

0,14

0.12 ‘
=T
=L ]
0.1

0.08]

006 || \

] | |
0.04

l |
] | ||
0.02 |

|
0.00———

LI B B

A By B B B
0.00 5.00 10.00 15.00 20.00 25,00 30,00 35.00 40.00 45.00 50.00 55.00
Mnutes

RT Area % Area| Height
41.607 | 14883819 | 51.63 | 220469
47.757 | 13942537 | 48.37 | 180597

-

%

Enantioenriched 32

0.090

0.080

0.070]

0060+

Al

0.040- ‘

0,050 |

0.0204 |
B 8

| 2

0.010+ e

LN A
0.000 St 4

L L L L L L L B B | [ T ¢+ 1. 71 [ T T 1 L L L L [ T T T T [ T v 1 ¢ ] T
0.00 5.00 10,00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00
Minutes

RT Area | % Area | Height
41.409 [ 5919033 | 96.06 | 89898
2|47.865| 242673 3.94 | 3997

-

Racemic 33

5194




0.30+

0.

0.

UL S S

o ¢

Enantioenriched 33

RT

Area

% Area

Height

=

10.454

5413216

49.69

31686861

]

11.307

5480491

50.31

292391

2201

AU

(3 L]

11.349

T

Racemic 34

T
8.00

T
10.00
Mnutes

RT

Area

% Area

Height

—_

10.380

37384004

94.14

2131029

[a*]

11.349

2326264

5.86

120742

5195

T
12.00

T
14.00

T
16.00




0.08+

0.06-

AU

0.04-
0.024

o.m:——r-—rﬂu-ﬁ Lyw"l.

0.00 2,00 4.00 ' 6.00 B.00 '10.[0(; I ‘121[:0' ' .14.[00I I I1ﬁ}00. ' '18.[0(; " | 2200 ‘24'.00'
Mnutes
RT Area | % Area | Height
1[17.913 | 3144904 | 50.13 [ 113979
2(19.047 | 3128446 | 49.87 [ 102907
Enantioenriched 34
1.004
0.80+ |
0.60H |
o |
< |
0.401 ‘
0.204 o |
: o |
_ 2l
0.00+ k—_a fu ‘\u
Ir|'|l'l'||rll|lIl||1||’r|l[|ll|Ilr|1I'r'l1l|'|lll'|l|'1'||'r|||'|l|lI1
000 200 400 600 800 1000 1200 1400 1800

1800 2000 2200 2400 2600 2800 3000
Mnutes

RT Area % Area | Height
17.512 | 1548499 5.03| 59209
18417 | 20261728 | 94.97 | 972741

ry

]

Racemic 35

5196



=21.183

B

T
100

L L L T L L L D L P L L

0 12.00 14.00

Mnutes

RT

Area

% Area

Height

[y

18.362

2706733

50.29

109255

]

21.183

2675889

48.71

89346

Enantioenriched 35

20.00

24.00

26.00

0,224

0,204

Al

0.064
0,04

0.02]

D_M_E.-—‘-H..—._n——

——18.254

—

i

&

TR

L3

Racemic 36

T
10,00

T T

Minutes

RT

Area

% Area

Height

(=

18.254

736020

10.10

29393

5}

20.929

6549020

89.90

219325

5197

18.00

20.00

(N [ e S R B S B B B B

12.00 14.00

2400

28.00



0,080+
0,070
0.0601
0,050

o |

< 0.040H

0.060+]

0.0104

0.000F—— A

RT Area | % Area | Height
13.453 (1767764 | 50.31 | 84182
2|14.448 | 1746282 | 49.69 | 78339

—

Enantioenriched 36

0.24
02]
020
o.1a~f
0.15—5
0.145

0.12]

AU

0.1
0.08]
006]
o.m—f

0.024

0,00 ke

RT Area | % Area | Height
13.324 | 4853499 | 96.40 | 233874
14.324 | 181224 360 | 8225

-y

o8]

Racemic 37

5198



0.16-
0.14
0.12-5
0.10-

0.08-

AU

0.06-
0.04-

0.0

10588
—————11.957

Enantioenriched 37

— T
8.00
Mnutes

RT

Area

% Area

Height

-y

10.588 | 2465654

50.01

165699

o8]

11.957 | 2464954

49.99

144351

0,401
0.35
0.304

0.25

Al

0,204
0157
0.104

0.05]

Racemic 38

RT

Area

% Area

Height

==

10425

406686

5.35

27509

o+

11.710

7194034

84.65

427093

5199




0.124
0.104

0.08+

0.04+

0.024

0.00

10.723

—

0.00

Enantioenriched 38

RT

Area

% Area | Height

[y

8.511

1463636

50.19 | 123479

M3

10.723

1452566

49.81| 93538

0.80
o.mé
00
0s0]

0.4

AU

0.3
0.20H

0.10]

o
¥a1

10.810

Racemic 39

RT

Area

% Area | Height

-y

8.529

9412688

93.42 | 775293

&

10.810

662718

6.58 | 41828

5200



0.50+
0.404

0.3

Al

0.20+
0.10H

0.00+

|
} LJ'

II
Il\-E

o

Enantioenriched 39

T

T
4.00

500 6.00
Mnutes

RT

Area

% Area

Height

7.991

5660747

50.11

490078

[2%]

9.073

5636031

49.89

418727

L

LI B I B R

8.00 9

L

0o

T

10.00 11.00

L

12.00

Al

Racemic 40

L

3.00

T T

400

T T T

500
Miutes

RT

Area

% Area

Height

8.092

22475005

85.31

1908081

9.225

3871473

14.69

289309

5201

T T T

L B B B I B

LI |



47.235

0.060 ﬁ
0.050 |

0.040H

—

2 0.0307 |

0.020 | |

0.0104

| o
Gm()-\r/\w\'l -3 3 AAA_ n.'l k

e B S S

>27.587

L I [ B B B B [ By B S B B B B

T
0.00 5.00 10.00 15.00 20.00 2500 30,00 35.00 40.00 45100 50.00 55.00
Minutes

RT Area | % Area | Height
1|27.687| 171555 1.99 | 3627
2132346 | 130717 1.52 | 2743
3(34.011 4117101 | 47.82 | 61457
4| 47.235| 4190570 | 48.67 (48132

Enantioenriched 40

0,24

022]
020]
' |

Al

0,06 [

3 |
0.06

0.04] '|

- | \
0.00 - AN al

& 3 47

47137

L B R B B B

L L L T L L L L D L D

0.00 5.00 10.00 1500 20.00 2500 30.00 35.00 40.00 45.00 50.00 55.00
Mnutes

RT Area % Area | Height
33.068 | 15952829 | 95.18 [ 231117
47.137| 807025 4.82| 10176

=

=

Racemic 41

5202



0.124

o~
=
3 s
w10 -
B |‘
0.06- || ||
: ‘ L]
2 ooo] o
0.06- | | | |
] |
] | | [
0.04- | |
] !
| ] |
| | I|
i | |
002 || ||I I| \ E E
J < .
] Y \ ~ e
0.00H % & _\"r'-'n‘i;'n-—v-—-—-f‘z'ﬂ“'
1 I L L L L L T L L L L L D L L L L L L D D
0.00 200 4.00 6.00 BO0 1000 1200 14.00 6.00 800 2000 22
Mnutes
RT Area | % Area | Height
112476 | 4768031 | 48.05|129879
214412 | 4947730 49.86 | 108574
3(17.347 | 107703 1.09 2307
423476 99979 1.01 1636
Enantioenriched 41
012
0104 | |
oce] i
2 006 ‘| ||
] |
0.04 ‘ |
] [
] | |
1 o |
0.02 b3 |
] o | \
000 i o/’r\aj \
L | T T T | i T T T T | L T T | T T T '| T L T | T T T '| T T T |' T T L '| T T T |' T T L | T
0.00 200 4.00 6.00 8.00 1000 1200 1400 18.00 2000 2200 2400
Mnutes
RT Area | % Area | Height
1112.540 | 346416 5.93 a701
2(14.347 | 5497003 | 94.07 | 126423

Racemic 42

5203




0.22]
0.204

0.18]

0.14]

0129

Al

0.1
0.0
006
00+]

0.02]

~6.673

RT

Area

% Area

Height

ey

6.073

2120685

52.11

214837

6.673

1949098

47.89

178962

Enantioenriched 42

0.60]
0. m—f
0.60]
050]
0.40]
03]
020

0.1+

Racemic 43

RT

Area

% Area

Height

=

6.056

8531517

92.04

856449

o]

6.648

738194

7.96

49451

5204




0.0707 &
op
$
0.060+ E
0.0501
0.0404
o |
4
0.030-
0,020+ |
|
|
0.0104 ‘ | '
| |
L A | f
0.0001 L i I\
43 [
(L [ S B R B R B S I S S [ B B B I B S B B B B B B B R B B B S
0.00 500 10.00 15.00 20,00 30.00 35.00 40.00 45.00 50.00
Minutes
RT Area | % Area | Height
1116.833 | 2255812 | 47.59 | 71960
2(239.333 | 2484602 | 52.41 | 30776
Enantioenriched 43
0.12
010 |
1 |
] |
0.08 ||
. |
= .06+ H
1 [
1 [
0.1}4-_ 3 |I
4 e |
1 ~ |
0.02] | r |
] I f |
] | I\‘
1 | I
0.0H—— e i »
e MMM S o e e e - o
Mnutes
RT Area | % Area | Height
17.766 | 578915 561 20378
2]39.182 | 9735164 | 94.39|125130

Racemic 44

5205



0.10H
0.08+

0.06+

Al

0.04

0.02

000"

-26.915

0.00 500 w00 1800 2000
Mnutes
RT Area | % Area | Height
1(21.037 | 4229338 55.99 | 95960
2125915 | 3324653 | 44.01 | 64367
Enantioenriched 44
0.070H
0,060
0.050H
0,040
o
=
0,030+
0,020+
0,010+
I
0.00 I s00 100 100
Minutes
RT Area | % Area | Height
1]|20.631| 3188488 95.05|74323
2125492 | 165920 4.95| 3260

Racemic 45

5206



0.060+

PR

4
1

0.050H

0.010 | || [

Gmo________,-rdh-ﬁn_.rl :

L L L L L L L T L L L L D L T L D L B

0.00 2.00 4.00 6.00 8.00 1000 1200 1400 1600 1800 2000 2200 2400 2600

Minutes
RT Area | % Area | Height
1]|14.736 | 1802044 | 50.40 | 58446
2(16.771| 1773245 | 49.60 | 52852
Enantioenriched 45
0.080
0.070]
0.0601 H
0.0504 “
2 00407 ‘
0.050- |
0.020+ ||
'S
P~
0.0104 J H 2
| e
am&/r___ﬂH_ALhd““**—_-—~m—— _n;g—kthiiﬁ______,‘____
_——
0.00 200 400 6.00 8.00 10.00 12.00 14.00 16.00 18.00 20.00 22,00
Minutes

RT Area | % Area | Height
14.843 | 2335050 | 93.71 [ 79931
16.975 | 156820 6.29 | 5072

-y

m3

Racemic 46

5207



0.254

0.20H

Al

0.104

0.05

6356

|

[}

0.00

LN N B I B N B S B B RN R R R

300

—___—_Bil \\/—\Q_J

I

4.00

Mnutes

RT

Area

% Area

Height

=

6.356

3016393

50.30

276120

8.034

2980517

49.70

20231

Enantioenriched 46

T

6.00

T
7.00

LI |

I L L

8.00

8.00

10,00

7.995

[

[

0.00

Racemic 47

L L L L L L L

3.00

1.00

L

4.00

Mniutes

RT

Area

% Area

Height

-

6.313

4469852

92.66

410086

7.995

354091

7.34

24402

5208

L |

I e e B B

8.00

10.00



0.10
0.08
= 0.06
= _
0.0+
0,02
0. ] il F-3
0.00 E.E)D I I I 4.:]4} T 6.|EIJ ' I '
Mnutes
RT Area | % Area | Height
1| B8.486 | 2426702 50.70 114007
212,371 | 2350776 | 49.30 | 65041
Enantioenriched 47
0.10
0.08
0.06
= -
( e
0.04+
0.024
0.00+ |
0.00 200  abo §00
Mnutes
RT Area | % Area | Height
1| 8.435| 454562 | 10.21| 21894
2(12.278 | 3996932 | 89.79 [ 110126

Racemic 48

5209

—BARE

12.371

—

R

—_—

B.435

-




0.14{ ﬁ
0.124 | g
z A
0.10] | [ ]
] [ ]
0.08+ | \ ||
= 4
< 1 | | | H
ooe] BN
] ey
0.04] |
1 | \ [
1 | | |
0.024 n J U
] | “ ﬂ fi f
DIDO—_ IIuL.'\ﬁﬂ‘_\_‘_‘_‘_'_l | \_’Iﬁu |'.
obo 1000 " 0 s 400 5000 60,00
Minutes
RT Area % Area | Height
1| 36.760 [ 18962251 | 51.76 | 145541
2| 41.247 | 17674578 | 48.24 [ 133411
Enantioenriched 48
0.40-]
0.35 |
025 |
5 ] |
<< 0.20+ | |
] |
0.15 |‘ ||
] |
&ﬂ% J \ g
- A
W Y LN
abo 1000 2000 3000 " mlo 50/00 60,00
Mnutes
RT Area % Area | Height
35.413 (53835615 92.85| 418652
2|40.802 | 4144295 7.15| 33830

Racemic 49

5210




0.70
0.604
0.50

040}

AU

0.307

0.20H

4 537+

7271

i

RT

Area

% Area | Height

-

4.937

5249841

50.05 | 683290

21721

5239303

49.95 211126

Enantioenriched 49

1.404
1.204
1.00H

0.80

Al

0.60
0.40

0.204

L I B B R |

0.00

Racemic 50

L |

3.00

Mnutes

RT

Area

% Area | Height

=i

4.862

10703744

94.40 | 1429955

27174

635273

560 ( 26564

5211



040]
035]
030
0251
2 020]
0.15—5
0.10—2
00e]

0.004

LN R B I B B R R R A B

0.00

Enantioenriched 50

2,00

3.00

L I B B B B R B |

4.00 500
Minutes

RT

Area | % Area| Height

1]6.154

3434417

50.60 | 403564

218212

3353239

49.40| 281908

1.204
1.00+

0.80+

0.404
0.20+

0.00

445

8.225

Racemic 51

L B R B |

4.00 5.00
Mnutes

RT

Area

% Area | Height

1(6.145

10192868

95.69 (1211203

2|8.225

459038

4.31 391861

5212




oce: | B
] |
0.04~ | ||

= I AN I

= L3

AN L S I S B S I B [ B N I N R

L e e e N NN B e
0.00 200 4.00 6.00 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000
Mnutes

RT Area | % Area | Height
16.055 | 8856672 50.16 | 200041
26.853 | 8798732 | 49.84 | 186067

=

[

Enantioenriched 51

0.1
0.12- %
0.4 |
0.08+ ‘
- |
2 1
0,06 ‘
0.04- |
0.02] | | 2
- | :
] Jl \ &
0. A ﬂ,—-Ln— g
E L 'I L I L I T T I T o I' T T r I' L L I T 5. T I T 'I L | 'I L 'I L | 'I T I T |||
000 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 24.00 26.00

T T
2800 30,00
Mnutes

RT Area | % Area | Height
16.057 | 4312773 | 95.46 132910
226008 | 204988 4.54( 5096

[y

Racemic 52

5213



AU
o
-]
<

5958

RT

Area

% Area

Height

-

5.213

11427943

50.77

1673554

[3%]

5.958

11081486

49.23

1413191

Enantioenriched 52

AU

— 2

6.016

Mnutes

RT

Area

% Area

Height

=y

5.252

2503731

94.77

380793

[a+]

6.016

138182

5.23

17200

Racemic 53

5214



Racemic 54

5215

] 2
0.25- o
| q
0.20] ‘ |||
o] | |
] | |
0.10- | || \
- | | ||
0.057 | | |
I |
| \
1 | IK
0.00] i a— =
0.00 200  abo | ebo 800 '
Mnutes
RT Area | % Area | Height
1| 8.496|4054787 | 50.05 | 284497
2| 11.246 | 4046597 | 49.95 | 228630
Enantioenriched 53
0.80
0.701 9
0.60 ‘
0.50 ‘
2 0] |
0.30-] ‘

010 | |\ &
] | =
0.00] AN .
0.00 200 400 &0 800 '

Minutes
RT Area | % Area | Height
8.468 | 9082658 | 96.00 | 789576
11.221| 378828 4.00| 25059




10.00

(o]
] -
0.70 & o
060
0.50
5 0401
= ]
030
0.2 ‘ |
0.104 | ||
] | |
0. EJ -
—_—— —_—_——
0.00 1.00 200 300 4.00 6.00 7.00 B.00 800
Minutes
RT Area | % Area| Height
1| 4.995 | 4938254 | 49.74 | 752077
25472 | 4989770 50.26 | 683695
Enantioenriched 54
aaﬁ %
0401
030
S
=
0201
| .
0.10H | | E
|
I ﬁ \
N IR .
T L L L L L L L L L L L L L L L |
0.00 1.00 200 3.00 400 5.00 6.00 7.00 8.00
Mnutes
RT Area | % Area| Height
1|4.967 | 3258901 | 85.87 (513431
2|5442| 536401| 14.13| 72700

Racemic 55

5216



0.35
0.307
0.25]

0.20]

Al

0.0
0.05]

0.004

0.00

Enantioenriched 55

0,45

RT

Area

% Area

Height

-

10.170

5681408

49.98

385212

12.008

5685936

50.02

327864

0,40
0.357
0,304

0.25

0104
0.057

0.00+

11471

Racemic 56

RT

Area

% Area

Height

=

9.621

6524663

95.14

433332

o]

11.471

333397

4.86

18885

5217



035
0.3
0.25]

0.2

Al

0.15]
0.4
0.051

0.0

——17.784

RT

Area

% Area

Height

=

15.416

8363420

50.07

arson

My

17.784

8341099

49.93

329027

Enantioenriched 56

0.22+

0.20]

0.06
0.04

0.02]

D.ﬂﬂ—:—J‘M

17.324

Racemic 57

T T
8.00 10.00

Mnutes

RT

Area

% Area

Height

[y

14.854

4870615

95.09

212617

M3

17.324

251395

4.91

10019

5218




J w
0.30 ﬁ f
' S
] | | I o
0257 | il -
‘ ‘ | | i
020] | | | || |
2] ‘ | .
e | | | IR
0.10] ‘ ‘ | | |\
] n | || a
- A R
] [ 1] | | \ J h
J U f Vol
0.00 —. . o J N
abo 200 abo  e00 s&bo 1000 1200 1400 " 1600 '
Mnutes
RT Area | % Area | Height
1| 9.205|6952103| 25.60 (333122
2| 9.967|6710255| 24.71|317979
3| 14.136 | 6905561 | 25.43 | 265851
4| 15614 6588081 | 24.26 | 237590
Enantioenriched 57
[+0]
% &
- ™
0.25- iy
] ‘ ﬂ
] I
5 0.15] ‘ ‘ |
< T | |
0.10-- | ‘| |
4 ‘ |
] o | | [ o
005 =] | =
A\ | |I | o
4 .'I \ 1 |
0007 . i Q . i K%J/\\ﬂ
0b0 200 400 &0 800 1000 1200 1400 "800 18.00
Mnutes
RT Area | % Area | Height
1| 9.110| 672651 491 33091
2| 9.843|5873902| 42.87 (282693
3(13.928 | 6539547 | 47.73 | 248474
4115410 | 615074 4.49| 22362
Racemic 58

5219



0.0907
00
0.070+
0060}

0.050

AU

0.040+

-

—8.736

11.200

—

13.925

I —

RT Area | % Area | Height
1| 7.121|1467356 | 27.50 | 86260
2| 8.736(1232332| 23.10|75625
3[11.200 | 1439626 | 26.98 | 75010
4113.925 1196152 | 22.42 | 53294
Enantioenriched 58
0.50]
0.-10:
0.30:
2 4
{ o
0.201
' g
1 8 o
- (3]
D.1Dj ~ - —
= —
| LA N
1 ~
U-Oﬂ’j ““““ T - 5 T8 k ) -3 'n/ T T
0.00 2,Iml ' Idloo a,lml ' Iabol ' Im,m' ' |12|00 ' 14?00' |15|00 ' 13,‘00
Mnutes
RT Area | % Area| Height
1| 7.227| 400306 3.10] 23501
2| 8.791|9298748| 72.08|555126
3(11.188 | 1314831 | 10.19| 63077
4113.870 1886831 | 14.63| 83126

5220



Racemic 59

—0.929

RT

Area

% Area | Height

-

8.982

8013537

50.22 [ 559916

[a+]

9.929

7942023

49.78 | 497285

Enantioenriched 59

L
10.00

T
11.00

12.00

0.22
0.20

0.18]

0.16

AU

8.980

—

Racemic 60

RT

Area

% Area

Height

=

8.980

176004

5.01

12193

3]

9.929

3336818

94.99

212935

5221



0.
0.25
1 2
! ©
0.20-] ﬁ
Dojé fl
o0 | |
o] | | \
1 t J
: II II
0.00 - ;__$=Ex
e P ey v - e v T
Mnutes
RT Area | % Area| Height
1|4.603 1756116 | 50.28 | 285669
2| 6.388 | 1736868 | 49.72| 199770
Enantioenriched 60
0]
1207 |
1.ID0—. ‘
0.8+ ‘
5 ]
=
0.60- |
0.20 § | \
1 =+
i i ]
0.0 ~— -, N .
O e oy S T
Mnutes
RT Area % Area | Height
114.538 954662 6.50| 109732
2]16.311 13731392 | 93.50 | 1439559

Racemic 66

5222



1.00-
0.80+ ‘
1 [=]
[=]
1 [=+]
] ©
0.60 ‘ p
2 ] |
. |
0.404 /\
0.20 \ | \
0.00 —— G—Ln n) K -
D.L‘IOI o I1.E’JDI o 2.:'!0. I IS.E'JOI o -1IDD o ‘E.EJOI o SIDD l ?.OOI o IS.IDO I IQ.E'JOI o I1D.DO
Mnutes
RT Area | % Area| Height
1]15.016 | 6832857 | 50.02 (983912
2|6.888 6828621 | 49.98|638678
Enantioenriched 66
0.80+
0.704 ﬁ
0.601 |
0.50] |
5 0.40] ‘
< ]
0.301 \
0.204 |~
1 [20]
: S } '|
0.104 u{a\
o] N A U ,&A
f.\.L'lfJI I I‘1_E'J0I o 2.4|30l I IS_bOI o IdJIZIDI I Iﬁ.bol o IS_IDDI o l?.E'JO‘ o IB_IUCII I ‘Q.E'JOI o I1CUZI['J
Mnutes
RT Area | % Area| Height
1]15.018| 575890 6.54 | 83693
2|6.820 (8228960 | 93.46| 775438

Racemic 69

5223



AU
=
s
?

6.596

Enantioenriched 69

RT

Area

% Area

Height

5.108 | 6209802

49.83

803915

6.596 | 6251793

50.17

622277

10.00

11.00

Racemic 72

L e
4.00
Mnutes

RT

Area

% Area

Height

-

5.190

601650

8.45

74126

ov]

6.677

6514377

91.55

645518

5224




Enantioenriched 72

AU

RT

Area

% Area

Height

-

3.763

1398208

49.36

312969

[a+]

3.965

1434475

50.64

292880

0.24
0.22]

0.20

0.18]

0.16

0.14

0.12

0.10+

0.081

0.06

0.04-

0.02

0.00

P

RT

Area

% Area

Height

-

3.763

90019

7.16

18342

3%

3.965

1166385

92.84

236358

5225




