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1. General Information

All reactions were performed in Schlenk tubes at room temperature using oven-dried
glassware. Commercially obtained reagents were used without further purification, unless
otherwise noted. Dry 1,2-dichloroethane (DCE) were obtained from solvent distillation
machine (Vigor VSPS-5) and stored under argon over 4 A type molecular sieves. THF and
toluene were distilled freshly before use over sodium and benzophenone. Dichloromethane
(DCM) was distilled from CaH>. Methanol was used without further purification. Reactions
were checked by TLC analysis and plates were visualized with short-wave UV light (254 nm).
The H, $3C NMR and *°F spectra were obtained in CDCl;, DMSO-Ds or Acetone-Dg using a
Bruker-BioSpin AVANCE 111 HD NMR spectrometer at 400, 100 and 376.4 MHz, respectively.
Chemical shifts are reported in parts per million (6 value) calibrated against the residual solvent
peak. Signal patterns are indicated as follows: s, singlet; d, doublet; t, triplet; q, quartet; m,
multiplet. Coupling constants (J) are given in hertz (Hz). HPLC analyses of the compounds
were done using chiralcel 1A-IF columns and chiralcel AD-H, AS-H, OJ-H and OD-H columns
using hexane and isopropanol as eluent. The infrared spectra were recorded on a Bruker
VERTEX 70 IR spectrometer as KBr pellets, with absorption reported in cm™. High-resolution
mass spectra were recorded on a Bruker Impact Il UHR TOF LC/MS Mass Spectrometry.
Crystal structure data were collected on a SuperNova, Dual, Cu at zero, Atlas diffractometer.
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2. Experimental Section

Chiral-at-metal complexes A-Rh1, A-Rh2 and A-Rh3 were prepared according to reported
procedure.! a,f-Unsaturated 2-acyl imidazoles?’ and most of 3-aminobenzofurans® were
synthesized according to reported procedures.

General procedure for the synthesis of 3-aminobenzofuran 1.

c\)\ o p-toluenesulfonic acid HN’S?R
- + ! o
HZN/S\R R 5 toluene, reflux R.@
O

1

Sulfonamide (1.05 mmol), 2H-bezofuran-3-one (1 mmol) and p-toluenesulfonic acid (9.5 mg,
0.05 mmol) were dissolved in toluene (20 mL) in around Schlenk flask. The flask was equipped
with a Dean-Stark trap and reflux condenser. The mixture was heated to reflux until the 2H-
bezofuran-3-one was completed consumed, monitored by TLC. After removing the solvent in
vacuo, the residue was purified by column chromatography on silica gel (with ethyl acetate and

petroleum ether as the eluent) to get corresponding products 1a-1k in 40-65% yield.

General procedure for asymmetric alkylation at the C2-position of 3-aminobenzofurans

with a,p-unsaturated 2-acyl imidazoles via chiral-at-metal Rh(I11) complex-catalyzed.

e} 0] RZ O 63
RL p N\\HK/AR‘% A-Rh3 (o mol %) N : »
+ -
<\/N toluene , 50 °C <\/f\|
HN_pg ‘R2 PG\H
1 2 3o0r4

To an over-dried 25 mL Schlenk tube equipped with a magnetic stir bar, A-Rh3 (2 mol %) was
added along with 3-aminobenzofuran 1 (1.3 equiv., 0.26 mmol), «,f-unsaturated 2-acyl
imidazole 2 (1 equiv., 0.2 mmol) and toluene (1 mL). The reaction was stirred at 50 °C for
about 24 hours until the «,f-unsaturated 2-acyl imidazole was completely consumed
(monitored by TLC). The reaction mixture was concentrated and directly purified by column
chromatography on silica gel (with ethyl acetate and petroleum ether as the eluent) to afford

the desired products 3 or 4.
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Gram-scale experiment with low catalyst loading.

Cl
o} o ©/
/ + DS - \ B
<\/N toluene , 50 °C N
NHTs N &

la 2f TsHN
1.49 g, 5.2 mmol 0.99 g, 4.0 mmol af

2.02 g, 95%, 95% ee

To an over-dried 50 mL Schlenk tube equipped with a magnetic stir bar, A-Rh3 (12.5 mg, 0.5
mol %) was added along with 3-aminobenzofuran 1la (1.49 g, 5.2 mmol, 1.3 equiv.), af5-
unsaturated 2-acyl imidazole 2f (0.99 g, 4.0 mmol, 1 equiv.) and toluene (10 mL). The reaction
was stirred at 50 °C for about 24 hours until 2f was completely consumed. The reaction mixture
was concentrated and directly purified by column chromatography on silica gel
(EtOAc/Petroleum ether = 1:1) to afford the corresponding product 4f (light yellow solid, 2.02
g, 95% yield, 95% ee).

Procedures for synthetic transformations.

9 pn 1) NaBH,, MeOH, rt, 1.5 h o  Ph
{“ 2) Mel, EtOAc, 50 °C, 12 h p
\ s > CHO
TSHN 3) K,COg4, toluene, 60 °C, 20 h NTs
/
3b 5
98% ee 57%, 98% ee

To a solution of 3b (250 mg, 0.5 mmol) in MeOH (5.0 mL) was added NaBH4 (48 mg, 1.25
mmol). The mixture was stirred at room temperature for 1.5 hours (monitored by TLC) under
argon atmosphere. Afterwards, the mixture was quenched with H20O (2 mL). The result solution
was diluted with EtOAc (25 mL) and H20O (25 mL). The aqueous layer was separated and
extracted with EtOAc (2 x 25 mL). The combined organic layers were washed with brine (10
mL), dried over anhydrous Na>SOyg, filtered and concentrated under reduced pressure to afford
a white solid. The solid was dissolved in EtOAc (2.0 mL) before Mel (355 mg, 2.5 mmol, 5.0
equiv.) was added. After stirring at 50 °C for 12 hours, Mel and EtOAc were removed under
reduced pressure, followed by addition of toluene (2.0 mL) and an aqueous solution of 10%
K2CO3 (2.5 mmol, 5.0 equiv.). After stirring at 60 °C for 20 hours, the reaction mixture was
cooled down to room temperature and diluted with EtOAc (30 mL). The organic layer was
separated, washed with brine (5 mL), dried over anhydrous Na,SOa, filtered and concentrated

under reduced pressure. The residue was purified by column chromatography on silica gel (20%
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EtOAC in petroleum ether) to provide the compound 5 as colorless oil (126 mg, 57% yield).

as
O
Y

1) Mel, DMF, 80 °C, 6 h
2) DBU, MeOH, rt, 20 h

COOMe
NTs
/
6
95% ee 87%, 95% ee

To a solution of 4f (266 mg, 0.5 mmol) in DMF (5.0 mL) was added Mel (355 mg, 2.5 mmol,
5.0 equiv.). The mixture was stirred at 80 °C for 6 hours (monitored by TLC) under argon
atmosphere, followed by addition of MeOH (2.0 mL) and DBU (76 mg, 2.5 mmol, 5.0 equiv.).
After stirring at room temperature for 20 hours, the reaction mixture was diluted with EtOACc
(25 mL) and H20 (25 mL). The aqueous layer was separated and extracted with EtOAc (2 x 25
mL). The combined organic layers were washed with brine (10 mL), dried over anhydrous
Na>SOq4, filtered and concentrated under reduced pressure. The residue was purified by column
chromatography on silica gel (20% EtOAc in petroleum ether) to provide the compound 6 as
light yellow oil (216 mg, 87% yield).
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3. Characterization of Compounds

NHTs

Ao

1b

Brown solid, m.p. 120-122 °C, 182 mg, 57% yield. *H NMR (400 MHz, CDCls) 6§ =7.72 (d, J
=8.1 Hz, 2H), 7.53 (s, 1H), 7.27 (d, J = 8.8 Hz, 1H), 7.21 (d, J = 8.1 Hz, 2H), 7.07 (d, J = 6.4
Hz, 2H), 6.84 (s, 1H), 2.37 (s, 3H), 2.34 (s, 3H). 1*C NMR (100 MHz, CDCls) § = 152.5, 144.1,
139.0, 135.8, 132.6, 129.6, 127.4, 126.4, 123.8, 118.2, 118.1, 111.3, 21.5, 21.2. IR (KBr): v
(cm) 3138, 2921, 2858, 1743, 1700, 1596, 1462, 1337, 1159, 1090, 891, 815, 798, 770, 670.
HRMS (ESI, m/z) calcd for C16H1sNNaO3S [M+Na]*: 324.0665, found: 324.0666.

NHTs

o
AcO O

1c

Yellow solid, m.p. 167-169 °C, 190 mg, 55% yield. *H NMR (400 MHz, DMSO-d6) § = 10.40
(s, 1H), 7.82 (s, 1H), 7.69 (d, J = 8.2 Hz, 2H), 7.60 (d, J = 8.5 Hz, 1H), 7.36 (d, J = 1.6 Hz,
1H), 7.32 (d, J = 8.2 Hz, 2H), 6.99 (dd, J = 8.5, 1.6 Hz, 1H), 2.31 (s, 3H), 2.26 (s, 3H). *C
NMR (100 MHz, DMSO) & = 169.8, 153.5, 148.7, 143.9, 137.5, 136.7, 130.1, 127.3, 121.3,
120.0, 119.9, 117.9, 106.2, 21.4, 21.3. IR (KBr): v (cm™) 2854, 2742, 2256, 2128, 1760, 1653,
1473, 1331, 1209, 1163, 1129, 1025, 1002, 825, 764, 663. HRMS (ESI, m/z) calcd for
C17H1sNNaOsS [M+Na]*: 368.0563, found: 368.0561.

Light yellow solid, m.p. 125-127 °C, 199 mg, 65% yield. *H NMR (400 MHz, CDCl3) § =7.73
(d, J = 8.2 Hz, 2H), 7.63 (s, 1H), 7.61 (s, 1H), 7.31 (dd, J = 9.0, 3.9 Hz, 1H), 7.21 (d, J = 8.2
Hz, 2H), 7.07 (dd, J = 8.3, 2.5 Hz, 1H), 6.96 (td, J = 9.0, 2.5 Hz, 1H), 2.36 (s, 3H). 3C NMR
(100 MHz, CDCl3) 6 =159.1 (d, J = 238.0 Hz), 150.1, 144.2, 140.5, 135.6, 129.7, 127.3, 124.6
(d, J=11.1 Hz), 118.8 (d, J = 4.0 Hz), 112.9 (d, J = 27.0 Hz), 112.5 (d, J = 9.5 Hz), 104.6 (d,
J =26.0 Hz), 21.5. °F NMR (376 MHz, CDCls) & = -119.83. IR (KBr): v (cm™) 3108, 3034,
2917, 1736, 1597, 1478, 1452,1399, 1334, 1158, 871, 870, 681. HRMS (ESI, m/z) calcd for
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C1sH12FNNaOsS [M+Na]*: 328.0414, found: 328.0414.

NHSO,Ph

o

1h

Yellow solid, m.p. 101-103 °C, 139 mg, 51% yield. *H NMR (400 MHz, CDCl3) & = 7.87 (d,
J=7.7Hz, 2H), 7.62 (s, 1H), 7.51 (t, J = 7.4 Hz, 1H), 7.40-7.34 (m, 5H), 7.25 (t, J = 7.7 Hz,
1H), 7.13 (t, J = 7.5 Hz, 1H).1*C NMR (100 MHz, CDCls) § = 153.9, 138.5, 133.2, 129.1, 127.3,
125.1, 123.5, 123.0, 118.5, 118.3, 111.7. IR (KBr): v (cm™) 2812, 2733, 1718, 1579, 1451,
1421, 1357, 1324, 1196, 1157, 1091, 905, 851, 750, 720, 685, 638. HRMS (ESI, m/z) calcd for
C14H11NNaOsS [M+Na]*: 296.0352, found: 296.0353.

NHNs
crd
o
i
Yellow solid, m.p. 133-135 °C, 127 mg, 40% yield. *H NMR (400 MHz, Acetone-d6) & = 9.39
(s, 1H), 8.36 (d, J = 8.7 Hz, 2H), 8.11 (d, J = 8.7 Hz, 2H), 7.82 (s, 1H), 7.55 (d, J = 7.8 Hz,
1H), 7.47 (d, J = 8.3 Hz, 1H), 7.32 (t, J = 7.7 Hz, 1H), 7.20 (t, J = 7.5 Hz, 1H). 1*C NMR (100
MHz, Acetone-d6) & = 154.9, 151.3, 146.1, 139.5, 129.6, 126.1, 125.2, 124.5, 123.9, 120.0,
119.8, 112.5. IR (KBr): v (cm™) 2920, 2850, 1716, 1524, 1450, 1351, 1309, 1162, 1114, 853,

741, 682, 620. HRMS (ESI, m/z) calcd for C14H10N2NaOsS [M+Na]*™: 341.0203, found:
341.0201.

NHMs
C
0]
1j
Yellow solid, m.p. 93-95 °C, 99 mg, 47% yield. *H NMR (400 MHz, CDCl3) § = 7.79 (s, 1H),
7.62 (d, J=7.7 Hz, 1H), 7.49 (d, J = 8.2 Hz, 1H), 7.36 (t, J = 6.8 Hz, 1H), 7.29 (t, J = 8.0 Hz,
1H), 6.97 (s, 1H), 3.04 (s, 3H). 1*C NMR (100 MHz, CDCls) & = 154.1, 138.2, 125.4, 123 .4,
123.3,118.4,118.3, 112.1, 39.1. IR (KBr): v (cm™) 3111, 3020, 3009, 2931, 2812, 1733, 1607,

1452, 1410, 1353, 1310, 1148, 980, 854, 743, 634. HRMS (ESI, m/z) calcd for CoHeNNaOsS
[M+Na]*: 234.0201, found: 234.0202.
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Light yellow solid, m.p. 76-78 °C, 92 mg, 92% vyield, 96% ee (HPLC: chiralpak IC column,
254 nm, hexane/isopropanol = 70/30, flow rate 1.0 mL/min, 40 °C, tr (major) = 12.39 min, tr
(minor) = 15.57 min). [a]o?® = +8.18 (¢ = 1.0, CHCI3). *H NMR (400 MHz, CDCl3) § = 7.94
(s, 1H), 7.73-7.63 (m, 3H), 7.31-7.27 (m, 1H), 7.24-7.12 (m, 8H), 7.02 (s, 1H), 6.89-6.81 (m,
2H), 4.40 (dd, J = 9.3, 4.9 Hz, 1H), 4.03 (dd, J = 18.0, 9.3 Hz, 1H), 3.92 (s, 3H), 3.58 (dd, J =
18.0, 4.9 Hz, 1H), 2.35 (s, 3H). 3C NMR (100 MHz, CDCls) § = 190.1, 153.4, 153.0, 143.6,
141.9,138.6, 136.3,129.7,129.2,128.2,128.1, 127.5, 127.4, 126.9, 125.9, 124.3, 123.0, 120.6,
113.7, 111.2, 43.9, 36.5, 36.3, 21.5. IR (KBr): v (cm™) 3030, 2971, 1676, 1618, 1452, 1408,
1326, 1163, 1091, 751, 704, 666. HRMS (ESI, m/z) calcd for CasHasN3NaOsS [M+Na]*:
522.1458, found: 522.1460.

Light yellow solid, m.p. 79-81 °C, 98 mg, 96% vyield, 98% ee (HPLC: chiralpak IC column,
254 nm, hexane/isopropanol = 70/30, flow rate 1.0 mL/min, 40 °C, tr (major) = 11.60 min, tr
(minor) = 13.96 min). [a]p® = +8.33 (¢ = 1.0, CHCl3). *H NMR (400 MHz, CDCl3) 5 = 7.84
(s, 1H), 7.68 (d, J = 8.2 Hz, 2H), 7.43 (s, 1H), 7.19-7.13 (m, 7H), 7.00 (d, J = 7.6 Hz, 2H), 6.86
(dd, J = 6.4, 2.7 Hz, 2H), 4.37 (dd, J = 9.4, 4.9 Hz, 1H), 4.01 (dd, J = 18.0, 9.4 Hz, 1H), 3.92
(s, 3H), 3.56 (dd, J = 18.0, 4.9 Hz, 1H), 2.38 (s, 3H), 2.35 (s, 3H). *C NMR (100 MHz, CDCls)
6 =190.2, 153.3, 151.9, 143.6, 142.0, 138.7, 136.3, 132.5, 129.7, 129.4, 128.1, 128.05, 127.5,
127.4,126.9, 125.9, 125.5, 120.2, 113.3, 110.7, 43.9, 36.5, 36.3, 21.5, 21.3. IR (KBr): v (cm™)
3026, 2821, 2751, 1681, 1598, 1414, 1328, 1260, 1159, 1090, 985, 787, 695, 663. HRMS (ESI,
m/z) calcd for C29H27N3NaO4S [M+Na]*: 536.1614, found: 536.1611.
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OAcC

Light yellow oil, 108 mg, 97% vyield, 98% ee (HPLC: chiralpak IC column, 254 nm,
hexane/isopropanol = 70/30, flow rate 1.0 mL/min, 40 °C, tr (major) = 21.76 min, tr (minor) =
27.25 min). [0]o?® = +9.19 (c = 1.0, CHCls3). *H NMR (400 MHz, CDCl3) § = 8.01 (s, 1H), 7.74
(d, J = 8.5 Hz, 1H), 7.68 (d, J = 8.2 Hz, 2H), 7.19-7.12 (m, 6H), 7.06 (d, J = 1.8 Hz, 1H), 7.03
(s, 1H), 6.93 (dd, J = 8.5, 1.9 Hz, 1H), 6.81-6.76 (m, 2H), 4.33 (dd, J = 9.7, 4.6 Hz, 1H), 4.03
(dd, J =18.0, 9.7 Hz, 1H), 3.93 (s, 3H), 3.53 (dd, J = 18.0, 4.6 Hz, 1H), 2.36 (s, 3H), 2.29 (s,
3H). $3C NMR (100 MHz, CDCls) § = 190.1, 169.7, 153.6, 153.2, 147.8, 143.7, 141.9, 138.3,
136.1, 129.8, 129.4, 128.1, 128.0, 127.4, 127.0, 123.8, 121.0, 117.2, 113.7, 105.2, 43.7, 36.5,
36.3, 21.5, 21.1. IR (KBr): v (cm™) 3029, 2924, 1763, 1678, 1597, 1410, 1207, 963, 913, 814,
704, 670. HRMS (ESI, m/z) calcd for C3oH27N3sNaOsS [M+Na]*: 580.1513, found: 580.1513.

Light yellow solid, m.p. 96-98 °C, 103 mg, 97% vyield, 87% ee (HPLC: chiralpak IC column,
254 nm, hexane/isopropanol = 70/30, flow rate 1.0 mL/min, 40 °C, tr (major) = 9.25 min, tr
(minor) = 11.67 min). [a]p?® = +8.83 (¢ = 1.0, CHCI3). *H NMR (400 MHz, CDCls) § = 7.94
(s, 1H), 7.67 (d, J = 8.2 Hz, 2H), 7.51 (d, J = 1.9 Hz, 1H), 7.22-7.10 (m, 8H), 7.04 (s, 1H),
6.91-6.86 (m, 2H), 4.43 (dd, J =9.2, 5.0 Hz, 1H), 4.02 (dd, J = 18.0, 9.2 Hz, 1H), 3.93 (s, 3H),
3.61 (dd, J = 18.0, 5.0 Hz, 1H), 2.37 (s, 3H). 3C NMR (100 MHz, CDCl3) = 189.8, 154.8,
151.8, 143.9, 141.8, 138.2, 136.2, 129.8, 129.1, 128.7, 128.3, 128.1, 127.5, 127.45, 127.2,
127.1, 124.6, 120.1, 113.3, 112.3, 43.8, 36.7, 36.4, 21.5. IR (KBr): v (cm™) 3030, 2923, 1678,
1598, 1448, 1409, 1333, 1163, 1091, 985, 812, 705, 665. HRMS (ESI, m/z) calcd for
C28H24CIN3NaO4S [M+Na]*: 556.1068, found: 556.1068.
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Light yellow solid, m.p. 99-101 °C, 101 mg, 88% yield, 88% ee (HPLC: chiralpak IC column,
254 nm, hexane/isopropanol = 70/30, flow rate 1.0 mL/min, 40 °C, tr (major) = 9.54 min, tr
(minor) = 12.20 min). [a]o?® = +11.63 (c = 1.0, CHCIls3). *H NMR (400 MHz, CDCls) § = 7.92
(s, 1H), 7.67 (d, J = 8.2 Hz, 2H), 7.62 (d, J = 1.8 Hz, 1H), 7.27 (dd, J = 8.6, 2.0 Hz, 1H), 7.21-
7.13 (m, 7H), 7.03 (s, 1H), 6.92-6.87 (m, 2H), 4.45 (dd, J =9.2, 5.1 Hz, 1H), 4.01 (dd, J = 18.0,
9.2 Hz, 1H), 3.93 (s, 3H), 3.61 (dd, J = 18.0, 5.1 Hz, 1H), 2.38 (s, 3H). 1*C NMR (100 MHz,
CDCl3) 6 =189.9, 154.8, 152.1, 143.9, 141.9, 138.3, 136.1, 129.8, 129.3, 128.2, 128.1, 127.8,
127.5,127.45,127.2,127.1,123.1, 116.2,113.1, 112.7, 43.7, 36.6, 36.3, 21.5. IR (KBIr): v (cm’
1y 2955, 2923, 2853, 1664, 1610, 1447, 1404, 1336, 1163, 1093, 991, 913, 772, 703, 678.
HRMS (ESI, m/z) calcd for C2sH24BrNsNaO4S [M+Na]*: 600.0563, found: 600.0562.

Light yellow solid, m.p. 64-66 °C, 94 mg, 88% vyield, 95% ee (HPLC: chiralpak IC column,
254 nm, hexane/isopropanol = 70/30, flow rate 1.0 mL/min, 40 °C, tr (major) = 9.50 min, tr
(minor) = 11.06 min). [a]p? = +9.00 (¢ = 1.0, CHCI3). *H NMR (400 MHz, CDCl3) § = 8.02
(s, 1H), 7.66 (d, J = 8.4 Hz, 2H), 7.63 (d, J = 9.2 Hz, 1H), 7.30 (d, J = 1.4 Hz, 1H), 7.22-7.12
(m, 7H), 7.04 (s, 1H), 6.85-6.75 (m, 2H), 4.36 (dd, J = 9.3, 4.8 Hz, 1H), 4.02 (dd, J = 18.0, 9.3
Hz, 1H), 3.94 (s, 3H), 3.57 (dd, J = 18.0, 4.8 Hz, 1H), 2.37 (s, 3H). 3C NMR (100 MHz, CDCls)
6 =189.9, 153.6, 153.4, 143.8, 141.7, 138.2, 136.2, 130.2, 129.8, 129.2, 128.2, 128.0, 127.5,
127.1,124.6,123.8, 121.4, 113.7, 111.8, 43.9, 36.7, 36.4, 21.5. IR (KBr): v (cm™) 3028, 2744,
1684, 1600, 1473, 1454, 1411, 1327, 1156, 1094, 902, 817, 706, 678. HRMS (ESI, m/z) calcd
for C2sH24CIN3NaO4S [M+Na]*: 556.1068, found: 556.1063.
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Light yellow solid, m.p. 78-80 °C, 102 mg, 99% vyield, 92% ee (HPLC: chiralpak IC column,
254 nm, hexane/isopropanol = 70/30, flow rate 1.0 mL/min, 40 °C, tr (major) = 9.72 min, tr
(minor) = 11.66 min). [a]o® = +10.94 (¢ = 1.0, CHCI3). *H NMR (400 MHz, CDCl3) § = 8.01
(s, 1H), 7.67 (d, J = 8.2 Hz, 2H), 7.34 (dd, J = 8.6, 2.5 Hz, 1H), 7.23-7.13 (m, 7H), 7.04 (s,
1H), 6.91 (td, J =9.0, 2.6 Hz, 1H), 6.87-6.80 (m, 2H), 4.38 (dd, J = 9.2, 4.9 Hz, 1H), 4.00 (dd,
J=18.0,9.2 Hz, 1H), 3.94 (s, 3H), 3.58 (dd, J = 18.0, 4.9 Hz, 1H), 2.36 (s, 3H). 3C NMR (100
MHz, CDCls3) 6 = 190.0, 159.2 (d, J = 238.0 Hz), 155.0, 149.6, 143.8, 141.9, 138.3, 136.2,
129.8, 129.4, 128.2, 128.0, 127.5, 127.1, 126.8 (d, J = 11.0 Hz), 113.9 (d, J = 3.8 Hz), 112.2,
112.0 (d, J=3.0 Hz), 111.9, 106.4 (d, J = 26.0 Hz), 43.8, 36.7, 36.3, 21.5. °F NMR (376 MHz,
CDCl3) § = -119.96 (s). IR (KBr): v (cm™) 3030, 2783, 2729, 1678, 1600, 1475, 1450, 1408,
1329, 1159, 1093, 990, 815, 759, 687, 659. HRMS (ESI, m/z) calcd for CagH24FN3NaO4S
[M+Na]*: 540.1364, found: 540.1363.

Light yellow solid, m.p. 154-156 °C, 94 mg, 97% yield, 98% ee (HPLC: chiralpak IC column,
254 nm, hexane/isopropanol = 70/30, flow rate 1.0 mL/min, 40 °C, tr (major) = 10.44 min, tr
(minor) = 12.61 min). [o]p® = +9.95 (¢ = 1.0, CHCI3). *H NMR (400 MHz, CDCl3) § = 7.98
(s, 1H), 7.81 (d, J = 7.4 Hz, 2H), 7.67-7.59 (m, 1H), 7.51 (t, J = 7.5 Hz, 1H), 7.38 (t, J = 7.8
Hz, 2H), 7.28 (d, J = 7.3 Hz, 1H), 7.22-7.13 (m, 6H), 7.01 (s, 1H), 6.86 (dd, J = 5.9, 3.3 Hz,
2H), 4.44 (dd, J = 9.4, 4.9 Hz, 1H), 4.04 (dd, J = 18.0, 9.4 Hz, 1H), 3.91 (s, 3H), 3.59 (dd, J =
18.0, 4.9 Hz, 1H). ¥*C NMR (100 MHz, CDCls) & = 190.2, 153.4, 153.3, 142.0, 139.4, 138.6,
132.8,129.4,129.1,128.2,128.0, 127.4,127.38, 127.0, 125.8, 124.3, 123.0, 120.4, 113.4, 111.2,
43.7, 36.6, 36.3. IR (KBr): v (cm™) 3028, 2733, 1685, 1476, 1453, 1416, 1324, 1155, 1090,
988, 906, 746, 705. HRMS (ESI, m/z) calcd for C27H23N3NaO4S [M+Na]*: 508.1301, found:
508.1300.
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Light yellow solid, m.p. 86-88 °C, 103 mg, 97% vyield, 96% ee (HPLC: chiralpak IC column,
254 nm, hexane/isopropanol = 70/30, flow rate 1.0 mL/min, 40 °C, tr (major) = 10.76 min, tr
(minor) = 13.76 min). [a]p?®> = +6.53 (¢ = 1.0, CHCI3). *H NMR (400 MHz, CDCls) & = 8.11-
8.04 (m, 3H), 7.88 (d, J = 8.7 Hz, 2H), 7.73-7.69 (m, 1H), 7.38 (d, J = 7.4 Hz, 1H), 7.31-7.20
(m, 2H), 7.17-7.07 (m, 4H), 7.01 (s, 1H), 6.91-6.86 (m, 2H), 4.31 (dd, J = 9.2, 5.0 Hz, 1H),
3.96 (dd, J = 18.1, 9.2 Hz, 1H), 3.89 (s, 3H), 3.53 (dd, J = 18.1, 5.0 Hz, 1H). *C NMR (100
MHz, CDCl3) & = 189.8, 153.5, 149.9, 144.4, 141.9, 138.6, 129.4, 128.8, 128.7, 128.5, 128.3,
127.5,127.3,125.5,124.7,124.2, 123.4, 120.3, 113.1, 111.5, 44.6, 36.6, 36.2. IR (KBr): v (cm’
1y 3103, 2959, 2854, 1680, 1605, 1530, 1453, 1408, 1347, 1168, 1090, 914, 853, 745, 607.
HRMS (ESI, m/z) calcd for C27H22N4NaOsS [M+Na]™: 553.1152, found: 553.1152.

Light yellow solid, m.p. 77-79 °C, 75 mg, 90% vyield, 98% ee (HPLC: chiralpak IC column,
254 nm, hexane/isopropanol = 70/30, flow rate 1.0 mL/min, 40 °C, tr (major) = 14.59 min, tr
(minor) = 16.68 min). [a]p® = +0.95 (¢ = 1.0, CHCI3). *H NMR (400 MHz, CDCls) & = 7.67
(dd, J=6.0, 2.7 Hz, 1H), 7.48 (d, J = 7.5 Hz, 2H), 7.42 (s, 1H), 7.37 (dd, J = 6.4, 2.4 Hz, 1H),
7.29 (t, J = 7.5 Hz, 2H), 7.24-7.17 (m, 3H), 7.13 (s, 1H), 6.97 (s, 1H), 5.03 (dd, J = 9.1, 5.4 Hz,
1H), 4.20 (dd, J = 18.2, 9.1 Hz, 1H), 3.84 (s ,3H), 3.80 (dd, J = 18.2, 5.4 Hz , 1H), 3.02 (s, 3H).
13C NMR (100 MHz, CDCls) § = 189.6, 154.4, 153.3, 142.0, 139.5, 128.9, 128.7, 128.1, 127.2,
126.0, 124.4, 123.2, 119.7, 113.2, 111.5, 43.7, 39.8, 37.1, 36.1. IR (KBr): v (cm™) 2925, 2854,
1733, 1677, 1454, 1409, 1321, 1155, 1130, 982, 750, 703. HRMS (ESI, m/z) calcd for
C22H21N3NaO4S [M+Na]": 446.1145, found: 446.1144.
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Colorless oil, 78 mg, 76% yield, 76% ee (HPLC: chiralpak IC column, 254 nm,
hexane/isopropanol = 70/30, flow rate 1.0 mL/min, 40 °C, tr (minor) = 11.82 min, tr (major) =
13.76 min). [0]o?® = +11.29 (c = 1.0, CHClIs). 1H NMR (400 MHz, CDCI3) § = 9.40 (s, 1H),
8.08 (d, J = 8.1 Hz, 1H), 7.63 (d, J = 8.2 Hz, 2H), 7.58 (d, J = 8.0 Hz, 1H), 7.41 (s, 1H), 7.34
(t,J=7.5Hz, 1H), 7.25 (t, J = 7.5 Hz, 1H), 7.21-7.15 (m, 5H), 7.07 (s, 1H), 6.78-6.69 (m, 2H),
4.71 (t, J = 6.8 Hz, 1H), 3.95 (s, 3H), 3.88 (dd, J = 15.9, 6.2 Hz, 1H), 3.49 (dd, J = 15.9, 7.5
Hz, 1H), 2.37 (s, 3H). 13C NMR (100 MHz, CDCI3) 5 = 189.9, 143.9, 143.7, 141.9, 140.4,
137.0, 136.9, 136.7, 129.8, 129.6, 128.4, 127.8, 127.7, 127.4, 127.3, 124.64, 12459, 124.4,
123.9, 122.2, 46.9, 39.6, 36.4, 21.5. IR (KBr): v (cm-1) 2920, 2851, 1642,01, 1159, 1095, 815,
756, 665. HRMS (ESI, m/z) calcd for CasH2sN3NaOsS, [M+Na]*: 538.1230, found: 538.1230.

Light yellow solid, m.p. 80-82 °C, 84 mg, 82% vyield, 91% ee (HPLC: chiralpak IA column,
254 nm, hexane/isopropanol = 70/30, flow rate 1.0 mL/min, 40 °C, tr (major) = 10.89 min, tr
(minor) = 13.29 min). [a]o?® = +8.67 (¢ = 1.0, CHCI3). *H NMR (400 MHz, CDCl3) § = 7.58
(d, J = 8.2 Hz, 2H), 7.48-7.42 (m, 2H), 7.36 (d, J = 8.2 Hz, 1H), 7.21 (t, J = 7.2 Hz, 1H), 7.16-
7.07 (m, 5H), 7.06-6.98 (m, 4H), 4.85 (dd, J =7.1, 7.1 Hz, 1H), 3.90 (s, 3H), 3.80 (dd, J = 18.1,
7.1 Hz, 1H), 3.71 (dd, J = 18.1, 7.1 Hz, 1H), 2.24 (s, 3H), 2.12 (s, 3H). 1*C NMR (100 MHz,
CDCl3) 6 = 189.6, 154.0, 153.3, 143.6, 142.2, 137.7, 136.3, 135.6, 130.4, 129.5, 129.2, 127.5,
127.2, 126.8, 126.2, 125.8, 124.2, 123.0, 120.0, 113.5, 111.3, 43.6, 36.1, 33.1, 21.4, 19.5. IR
(KBr): v (cm™) 2923, 2852, 1699, 1617, 1541, 1508, 1455, 1406, 1321, 1161, 1091, 750, 668.
HRMS (ESI, m/z) calcd for C29H27N3NaO4S [M+Na]*: 536.1614, found: 536.1612.
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Light yellow solid, m.p. 77-79 °C, 98 mg, 96% vyield, 92% ee (HPLC: chiralpak IA column,
254 nm, hexane/isopropanol = 70/30, flow rate 1.0 mL/min, 40 °C, tr (minor) = 10.50 min, tr
(major) = 11.99 min). [a]p?® = +10.96 (c = 1.0, CHCI3). *H NMR (400 MHz, CDCls) & = 7.98
(s, 1H), 7.74-7.64 (m, 3H), 7.32-7.26 (m, 1H), 7.22-7.14 (m, 5H), 7.07-6.96 (m, 3H), 6.84 (s,
1H), 6.55 (d, J = 7.5 Hz, 1H), 4.40 (dd, J = 9.2, 5.0 Hz, 1H), 4.00 (dd, J = 18.0, 9.2 Hz, 1H),
3.92 (s, 3H), 3.57 (dd, J = 18.0, 5.0 Hz, 1H), 2.33 (s, 3H), 2.28 (s, 3H). 13C NMR (100 MHz,
CDCls) 6 =190.3, 153.4, 153.2, 143.5, 142.0, 138.5, 137.8, 136.4, 129.7, 129.4, 128.6, 128.0,
127.7,127.5,127.4,125.9,125.1,124.2,122.9, 120.6, 113.6, 111.2, 43.8, 36.4, 36.3, 21.5, 21.4.
IR (KBr): v (cm™) 2959, 2922, 1682, 1616, 1541, 1508, 1454, 1408, 1326, 1163, 1092, 751,
667. HRMS (ESI, m/z) calcd for C29H27N3NaO4S [M+Na]*: 536.1614, found: 536.1614.

Light yellow solid, m.p. 77-79 °C, 91 mg, 89% vyield, 96% ee (HPLC: chiralpak IC column,
254 nm, hexane/isopropanol = 70/30, flow rate 1.0 mL/min, 40 °C, tr (major) = 13.14 min, tr
(minor) = 15.42 min). [a]p® = +12.41 (c = 1.0, CHClI3). *H NMR (400 MHz, CDCls) & = 7.98
(s, 1H), 7.72 (dd, J = 6.2, 2.9 Hz, 1H), 7.67 (d, J = 8.2 Hz, 2H), 7.30-7.26 (m, 1H), 7.21-7.14
(m, 5H), 7.01 (s, 1H), 6.97 (d, J = 8.0 Hz, 2H), 6.73 (d, J = 8.0 Hz, 2H), 4.35 (dd, J = 9.2, 5.0
Hz, 1H), 3.99 (dd, J = 17.9, 9.2 Hz, 1H), 3.92 (s, 3H), 3.54 (dd, J = 17.9, 5.0 Hz, 1H), 2.36 (s,
3H), 2.28 (s, 3H). **C NMR (100 MHz, CDCls) & = 190.3, 153.4, 153.2, 143.6, 142.0, 136.5,
136.3,135.5,129.7,129.4, 128.8, 127.9, 127.5, 127.3, 125.9, 124.2, 122.9, 120.6, 113.5, 111.2,
43.9,36.3,36.2, 21.5, 21.0. IR (KBr): v (cm™) 2955, 2923, 2854, 1680, 1454, 1409, 1371, 1328,
1163, 1092, 745, 667. HRMS (ESI, m/z) calcd for C2gH27N3sNaO4S [M+Na]*: 536.1614, found:
536.1612.
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Light yellow solid, m.p. 88-90 °C, 92 mg, 87% vyield, 94% ee (HPLC: chiralpak IA column,
254 nm, hexane/isopropanol = 70/30, flow rate 1.0 mL/min, 40 °C, tr (minor) = 16.43 min, tr
(major) = 20.04 min). [a]o® = +7.19 (c = 1.0, CHCI3). *H NMR (400 MHz, CDCls3) & = 7.96
(s, 1H), 7.74-7.63 (m, 3H), 7.32-7.27 (m, 1H), 7.23-7.14 (m, 5H), 7.02 (s, 1H), 6.78 (d, J = 8.8
Hz, 2H), 6.70 (d, J = 8.8 Hz, 2H), 4.35 (dd, J = 9.2, 5.1 Hz, 1H), 3.98 (dd, J = 17.9, 9.2 Hz,
1H), 3.93 (s, 3H), 3.76 (s, 3H), 3.53 (dd, J = 17.9, 5.1 Hz, 1H), 2.36 (s, 3H). 3C NMR (100
MHz, CDCl3) 6 =190.3, 158.4, 153.41, 153.39, 143.6, 142.0, 136.3, 130.7,129.7, 129.4, 129.1,
1275, 127.4, 125.9, 124.2, 123.0, 120.6, 113.5, 113.4, 111.2, 55.1, 44.1, 36.3, 35.8, 21.5. IR
(KBr): v (cm™) 2924, 2854, 1636, 1510, 1456, 1409, 1377, 1248, 1162, 753, 695, 667. HRMS
(ESI, m/z) calcd for C29H27N3NaOsS [M+Na]*: 552.1564, found: 552.1567.

Light yellow solid, m.p. 90-92 °C, 105 mg, 99% vyield, 93% ee (HPLC: chiralpak 1A column,
254 nm, hexane/isopropanol = 70/30, flow rate 1.0 mL/min, 40 °C, tr (minor) = 13.43 min, tr
(major) = 18.08 min). [a]p? = +10.00 (c = 1.0, CHCIs). *H NMR (400 MHz, CDCls) § = 7.97
(s, 1H), 7.69-7.57 (m, 3H), 7.29 (d, J = 7.6 Hz, 1H), 7.23-7.09 (m, 7H), 7.01 (s, 1H), 6.84 (d,
J=8.4 Hz, 2H), 4.43 (dd, J = 9.1, 5.3 Hz, 1H), 3.92 (dd, J = 18.0, 9.1 Hz, 1H), 3.90 (s, 3H),
3.58 (dd, J = 18.0, 5.3 Hz, 1H), 2.33 (s, 3H). 3C NMR (100 MHz, CDCls) § = 189.7, 153.4,
152.8, 143.7, 141.9, 137.3, 136.2, 132.6, 129.6, 129.4, 128.2, 127.44, 127.39, 125.7, 124.4,
123.0, 120.4, 113.7, 111.2, 43.7, 36.2, 35.9, 21.4. IR (KBr): v (cm™) 2923, 2853, 1677, 1596,
1491, 1454, 1411, 1327, 1163, 1131, 1091, 1014, 985, 814, 750, 666. HRMS (ESI, m/z) calcd
for C2sH24CIN3NaO4S [M+Na]*: 556.1068, found: 556.1067.
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Light yellow solid, m.p. 94-96 °C, 105 mg, 99% vyield, 95% ee (HPLC: chiralpak 1A column,
254 nm, hexane/isopropanol = 70/30, flow rate 1.0 mL/min, 40 °C, tr (minor) = 11.61 min, tr
(major) = 13.24 min). [a]p® = +10.93 (c = 1.0, CHCI3). *H NMR (400 MHz, CDCls) § = 8.00
(s, 1H), 7.72-7.65 (m, 3H), 7.31 (dd, J = 6.7, 2.1 Hz, 1H), 7.25-7.09 (m, 7H), 7.03 (s, 1H), 6.89
(d,J=7.4Hz, 1H), 6.83 (s, 1H), 4.40 (dd, J =9.3, 4.9 Hz, 1H), 3.98 (dd, J = 18.0, 9.3 Hz, 1H),
3.93 (s, 3H), 3.56 (dd, J = 18.0, 4.9 Hz, 1H), 2.34 (s, 3H). *C NMR (100 MHz, CDCl3) § =
189.7,153.5, 152.2, 143.8, 141.9, 140.6, 136.2, 133.9, 129.7, 129.5, 129.4, 128.1, 127.5, 127.3,
127.2,126.2, 125.8, 124.5, 123.1, 120.6, 114.0, 111.2, 43.8, 36.2 (2C), 21.5. IR (KBr): v (cm’
1y 3024, 2811, 2737, 1683, 1597, 1573, 1475, 1412, 1290, 1158, 1094, 984, 904, 749, 680.
HRMS (ESI, m/z) calcd for C2sH24CIN3NaO4S [M+Na]*: 556.1068, found: 556.1065.

Light yellow solid, m.p. 93-95 °C, 111 mg, 97% yield, 92% ee (HPLC: chiralpak 1A column,
254 nm, hexane/isopropanol = 70/30, flow rate 1.0 mL/min, 40 °C, tr (minor) = 13.91 min, tr
(major) = 19.16 min). [a]o® = +8.44 (c = 1.0, CHCI3). *H NMR (400 MHz, CDCls3) & = 7.95
(s, 1H), 7.67-7.58 (m, 3H), 7.33-7.24 (m, 3H), 7.23-7.09 (m, 5H), 7.01 (s, 1H), 6.78 (d, J=8.5
Hz, 2H), 4.41 (dd, J = 9.1, 5.3 Hz, 1H), 3.91 (dd, J = 18.0, 9.1 Hz, 1H), 3.90 (s, 3H), 3.57 (dd,
J=18.0,5.3 Hz, 1H), 2.33 (s, 3H). 13C NMR (100 MHz, CDCls) 6 = 189.6, 153.4, 152.7, 143.7,
141.9, 137.8, 136.2, 131.2, 129.7, 129.6, 129.4, 127.44, 127.39, 125.7, 124.4, 123.0, 120.8,
120.4, 113.7, 111.2, 43.6, 36.2, 36.0, 21.4. IR (KBr): v (cm™) 2995, 2853, 1681, 1489, 1454,
1411, 1328, 1163, 750, 667. HRMS (ESI, m/z) calcd for CzsH24BrN3NaOsS [M+Na]™:
600.0563, found: 600.0565.
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Light yellow solid, m.p. 96-98 °C, 101 mg, 97% vyield, 91% ee (HPLC: chiralpak 1A column,
254 nm, hexane/isopropanol = 70/30, flow rate 1.0 mL/min, 40 °C, tr (minor) = 22.24 min, tr
(major) = 29.10 min). [a]o® = +8.82 (c = 1.0, CHCI3). *H NMR (400 MHz, CDCls3) & = 7.92
(s, 1H), 7.65 (d, J = 8.2 Hz, 2H), 7.49-7.43 (m, 3H), 7.30 (d, J = 8.2 Hz, 1H), 7.21 (t, J = 7.3
Hz, 1H), 7.17-7.09 (m, 6H), 7.04 (s, 1H), 4.64 (dd, J = 8.0, 6.0 Hz, 1H), 3.91 (s, 3H), 3.90 (dd,
J=18.0,8.0 Hz, 1H), 3.73 (dd, J = 18.0, 6.0 Hz, 1H), 2.33 (s, 3H). *C NMR (100 MHz, CDCl5)
6 =189.0, 153.3, 152.3, 144.4, 143.7, 141.8, 136.3, 131.9, 129.6, 129.4, 128.9, 127.5, 127.4,
125.5,124.6, 123.1, 120.1, 118.6, 113.9, 111.2, 110.6, 43.1, 36.6, 36.1, 21.4. IR (KBr): v (cm’
1y 2924, 2854, 2227, 1733, 1677, 1606, 1505, 1453, 1411, 1328, 1163, 1091, 985, 814, 745,
667. HRMS (ESI, m/z) calcd for C29H24N4NaO4S [M+Na]": 547.1410, found: 547.1411.

Light yellow solid, m.p. 60-62 °C, 80 mg, 82% vyield, 95% ee (HPLC: chiralpak IC column,
254 nm, hexane/isopropanol = 70/30, flow rate 1.0 mL/min, 40 °C, tr (major) = 13.00 min, tr
(minor) = 19.54 min). [a]p® = +12.04 (c = 1.0, CHCIl3). *H NMR (400 MHz, CDCl3) 6 = 7.81-
7.75 (m, 2H), 7.63 (d, J = 8.2 Hz, 2H), 7.36-7.30 (m, 1H), 7.27-7.21 (m, 2H), 7.19 (s, 1H), 7.15
(s, 1H), 7.09 (d, J = 8.2 Hz, 2H), 7.02 (s, 1H), 6.23 (dd, J = 3.1, 1.9 Hz, 1H), 5.96 (d, J = 3.2
Hz, 1H), 4.27 (dd, J = 9.3, 4.8 Hz, 1H), 3.93 (s, 3H), 3.82 (dd, J = 18.3, 9.3 Hz, 1H), 3.63 (dd,
J=18.3,4.8 Hz, 1H), 2.28 (s, 3H). 13C NMR (100 MHz, CDCls) 6 = 189.7, 153.5, 151.5, 150.8,
143.5,141.9,141.3,135.8, 129.6, 129.5, 127.4, 127.2, 126.0, 124.5, 123.1, 120.6, 114.6, 111.2,
110.2, 106.7, 42.2, 36.2, 30.9, 21.4. IR (KBr): v (cm™) 2923, 2853, 1679, 1596, 1454, 1410,
1329, 1164, 1091, 1012, 914, 814, 746, 669. HRMS (ESI, m/z) calcd for CzH23N3NaOsS
[M+Na]*: 512.1251, found: 512.1251.
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Light yellow solid, m.p. 65-67 °C, 81 mg, 80% vyield, 96% ee (HPLC: chiralpak IC column,
254 nm, hexane/isopropanol = 70/30, flow rate 1.0 mL/min, 40 °C, tr (major) = 13.44 min, tr
(minor) = 18.02 min). [a]p® = +10.70 (c = 1.0, CHCIs3). *H NMR (400 MHz, CDCls3) § = 7.77
(s, 1H), 7.74-7.68 (m, 1H), 7.64 (d, J = 8.2 Hz, 2H), 7.37-7.31 (m, 1H), 7.25-7.21 (m, 2H),
7.18 (s, 1H), 7.14-7.08 (m, 3H), 7.03 (s, 1H), 6.83 (dd, J = 5.0, 3.7 Hz, 1H), 6.54 (d, J = 3.4
Hz, 1H), 4.63 (dd, J = 9.2, 5.0 Hz, 1H), 4.00 (dd, J = 18.0, 9.2 Hz, 1H), 3.95 (s, 3H), 3.60 (dd,
J=18.0,5.0 Hz, 1H), 2.30 (s, 3H). *C NMR (100 MHz, CDCls) = 189.5, 153.4, 152.1, 143.7,
141.8,141.4,136.0,129.7,129.4,127.5,127.3,126.3, 125.9, 125.5, 124.6, 124.3, 123.2, 120.6,
113.8, 111.3, 45.5, 36.3, 32.3, 21.5. IR (KBr): v (cm™) 2923, 2852, 1699, 1636, 1617, 1541,
1508, 1455, 1163, 1091, 753, 668. HRMS (ESI, m/z) calcd for C2sH23N3NaO4S, [M+Na]™:
528.1022, found: 528.1021.

Light yellow solid, m.p. 97-99 °C, 91 mg, 93% vyield, 96% ee (HPLC: chiralpak IC column,
254 nm, hexane/isopropanol = 70/30, flow rate 1.0 mL/min, 40 °C, tr (major) = 13.42 min, tr
(minor) = 16.66 min). [a]o® = -4.92 (¢ = 1.0, CHCIs). *H NMR (400 MHz, CDCls) & = 7.80
(dd, J=12.3, 7.7 Hz, 2H), 7.67 (dd, J = 17.9, 7.7 Hz, 2H), 7.55 (d, J = 7.2 Hz, 1H), 7.49-7.36
(m, 5H), 7.30 (t, J = 7.7 Hz, 2H), 7.25-7.15 (m, 2H), 7.09 (s, 1H), 6.96 (s, 1H), 6.55 (d, J=8.1
Hz, 2H), 5.38 (dd, J = 9.3, 4.7 Hz, 1H), 4.01 (dd, J = 18.3, 9.3 Hz, 1H), 3.86 (s, 3H), 3.72 (dd,
J =18.3, 4.7 Hz, 1H), 1.84 (s, 3H). 3C NMR (100 MHz, CDCl3) & = 189.7, 153.54, 153.52,
143.2,142.1,135.6, 135.3, 133.8, 130.5, 129.3, 129.1, 129.0, 127.5, 127.3, 126.8, 126.2, 126.1,
125.4,125.3,125.1, 124.3, 123.1, 122.7, 120.4, 114.2, 111.3, 44.2, 36.1, 32.4, 21.1. IR (KBr):
v (cm™) 3047, 2922, 2852, 1676, 1596, 1509, 1453, 1409, 1326, 1162, 1091, 778, 748, 668.
HRMS (ESI, m/z) calcd for Cs2H27N3sNaO4S [M+Na]*: 572.1614, found: 572.1614.
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Light yellow solid, m.p. 103-105 °C, 80 mg, 76% yield, 85% ee (HPLC: chiralpak IA column,
254 nm, hexane/isopropanol = 70/30, flow rate 1.0 mL/min, 40 °C, tr (minor) = 11.77 min, tr
(major) = 14.54 min). [a]o®® = +9.23 (¢ = 1.0, CHCI3). *H NMR (400 MHz, CDCls) & = 7.96
(s, 1H), 7.80-7.76 (m, 1H), 7.67 (d, J = 8.2 Hz, 2H), 7.36-7.16 (m, 11H), 7.02 (s, 1H), 6.02-
5.90 (m, 2H), 3.92 (s, 3H), 3.85-3.71 (m, 2H), 3.39-3.26 (m, 1H), 2.19 (s, 3H). *C NMR (100
MHz, CDCls) 8 = 190.1, 153.5, 152.8, 143.6, 142.0, 136.5, 136.0, 131.3, 129.6, 129.4, 128.5,
127.6, 127.5, 127.4, 126.3, 126.2, 126.0, 124.3, 123.1, 120.6, 113.8, 111.1, 43.4, 36.3, 34.4,
21.3. IR (KBr): v (cm™) 2955, 2923, 2853, 1672, 1454, 1408, 1329, 1164, 1091, 748, 694, 665.
HRMS (ESI, m/z) calcd for CaoH27N3NaO4S [M+Na]*: 548.1614, found: 548.1614.

Light yellow oil, 87 mg, 99% vyield, 96% ee (HPLC: chiralpak IC column, 254 nm,
hexane/isopropanol = 70/30, flow rate 1.0 mL/min, 40 °C, tr (major) = 12.20 min, tr (minor) =
14.54 min). [a]o® = +14.50 (¢ = 1.0, CHCI3). *H NMR (400 MHz, CDCls3) § = 8.00 (s, 1H),
7.75-7.69 (m, 1H), 7.63 (d, J = 8.2 Hz, 2H), 7.35-7.28 (M, 1H), 7.25-7.18 (m, 4H), 7.14 (s, 1H),
7.01 (s, 1H), 3.92 (s, 3H), 3.55 (dd, J = 17.9, 9.4 Hz, 1H), 3.03 (dd, J = 17.9, 4.4 Hz, 1H), 2.90-
2.80 (m, 1H), 2.37 (s, 3H), 0.91 (d, J = 7.1 Hz, 3H). 13C NMR (100 MHz, CDCls) & = 191.0,
155.3,153.1, 143.5,141.9, 135.9, 129.4,129.2, 127.4, 127 .3, 126.2, 124.0, 122.9, 120.3, 113.1,
110.9, 45.3, 36.2, 25.8, 21.4, 17.0. IR (KBr): v (cm™) 2971, 2927, 1676, 1579, 1454, 1410,
1329, 1164, 1092, 985, 914, 815, 749, 665. HRMS (ESI, m/z) calcd for C23H23N3NaO4S
[M+Na]*: 460.1301, found: 460.1301.
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Light yellow oil, 96 mg, 98% vyield, 91% ee (HPLC: chiralpak 1A column, 254 nm,
hexane/isopropanol = 70/30, flow rate 1.0 mL/min, 40 °C, tr (major) = 7.78 min, tr (minor) =
9.95 min). [a]p?® = +10.14 (c = 1.0, CHCIl3). *H NMR (400 MHz, CDCl3) & = 7.71 (m, 4H),
7.38 (d, J = 8.1 Hz, 1H), 7.31-7.21 (m, 4H), 7.16 (s, 1H), 7.06 (s, 1H), 3.94 (s, 3H), 3.89-3.71
(m, 2H), 3.57 (dd, J = 17.6, 2.1 Hz, 1H), 2.37 (s, 3H). 3C NMR (100 MHz, CDCls3) & = 188.0,
153.8, 145.0, 144.1, 141.5, 135.8, 129.8, 129.7, 128.2, 127.9, 127.1, 125.3, 124.9 (9, J = 276.7
Hz), 123.4, 120.7, 117.4, 111.5, 37.5, 36.3 (g, J = 30.0 Hz), 36.2, 21.4. *°F NMR (376 MHz,
CDCl3) & = -67.72 (s). IR (KBr): v (cm™) 2957, 2924, 2853, 1683, 1597, 1454, 1415, 1347,
1255, 1165, 1092, 989, 749, 668. HRMS (ESI, m/z) calcd for C2sHz0FsN3NaOsS [M+Na]*:
514.1019, found: 514.10109.

Light yellow solid, m.p. 73-75 °C, 101 mg, 96% vyield, 96% ee (HPLC: chiralpak IC column,
254 nm, hexane/isopropanol = 70/30, flow rate 1.0 mL/min, 40 °C, tr (major) = 9.92 min, tr
(minor) = 12.70 min). [a]o?® = +7.95 (c = 1.0, CHCIs3). *H NMR (400 MHz, CDCls) & = 7.89
(s, 1H), 7.78-7.71 (m, 1H), 7.68 (d, J = 8.2 Hz, 2H), 7.34-7.27 (m, 1H), 7.25 (s, 1H), 7.22-7.15
(m, 8H), 6.85 (dd, J = 6.4, 2.9 Hz, 2H), 5.44 (m, 1H), 4.38 (dd, J = 9.6, 4.8 Hz, 1H), 4.05 (dd,
J =18.0, 9.6 Hz, 1H), 3.58 (dd, J = 18.0, 4.8 Hz, 1H), 2.36 (s, 3H), 1.40 (d, J = 7.2 Hz, 3H),
1.38 (d, J = 7.2 Hz, 3H). *C NMR (100 MHz, CDCl3) § = 190.3, 153.4, 153.0, 143.6, 141.3,
138.7, 136.3, 129.9, 129.7, 128.1, 128.07, 127.5, 126.9, 125.9, 124.3, 123.0, 121.6, 120.7,
113.7, 111.2, 49.3, 44.4, 36.6, 23.7, 23.3, 21.5. IR (KBr): v (cm™) 3253, 2980, 2924, 2851,
1677, 1597, 1494, 1396, 1255, 1164, 1091, 978, 750, 704, 666. HRMS (ESI, m/z) calcd for
C3oH20N3NaO4S [M+Na]*: 550.1771, found: 550.1771.
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Light yellow oil, 101 mg, 90% vyield, 98% ee (HPLC: chiralpak IC column, 254 nm,
hexane/isopropanol = 70/30, flow rate 1.0 mL/min, 40 °C, tr (major) = 13.25 min, tr (minor) =
17.72 min). [a]o® = +5.21 (c = 1.0, CHCls). *H NMR (400 MHz, CDCls) § =7.62 (d, J=7.5
Hz, 1H), 7.57 (d, J = 8.2 Hz, 2H), 7.49-7.35 (m, 4H), 7.30 (d, J = 7.5 Hz, 1H), 7.21-7.04 (m,
11H), 6.92-6.83 (m, 2H), 4.41 (dt, J = 9.1, 4.7 Hz, 1H), 4.00 (ddd, J = 17.5, 9.1, 2.6 Hz, 1H),
3.59 (dt, J = 17.5, 4.7 Hz, 1H), 2.29 (s, 3H). 1*C NMR (100 MHz, CDCls) & = 188.6, 153.32,
153.25, 143.5, 142.1, 138.7, 137.6, 136.1, 129.8, 129.6, 129.0, 128.9, 128.1, 128.0, 127.4,
127.3,126.8,125.9, 125.5, 124.2,122.9, 120.4, 113.5, 111.2, 43.9, 36.7, 21.4. IR (KBr): v (cm"
1Y3029, 2923, 2854, 1693, 1596, 1493, 1452, 1409, 1328, 1159, 1091, 965, 814, 756, 704, 666.
HRMS (ESI, m/z) calcd for CasH27N3NaO4S [M+Na]*: 584.1614, found: 584.1614.

Yellow solid, m.p. 116-118 °C, 96 mg, 96% yield, 95% ee (HPLC: chiralpak IC column, 254
nm, hexane/isopropanol = 70/30, flow rate 1.0 mL/min, 40 °C, tr (major) = 11.82 min, tr (minor)
=17.08 min). [a]o® = +6.29 (¢ = 1.0, CHCls). 1H NMR (400 MHz, CDCI3) & = 8.65 (d, J =
4.3 Hz, 1H), 7.96 (d, J = 7.8 Hz, 1H), 7.79 (td, J = 7.7, 1.2 Hz, 1H), 7.70 (d, J = 8.2 Hz, 2H),
7.67-7.62 (m, 1H), 7.54 (s, 1H), 7.45 (dd, J = 6.9, 4.9 Hz, 1H), 7.30-7.14 (m, 8H), 6.95 (dd, J
= 6.5, 2.8 Hz, 2H), 4.42 (dd, J = 9.8, 4.2 Hz, 1H), 4.12 (dd, J = 19.1, 9.9 Hz, 1H), 3.72 (dd, J =
19.1, 4.3 Hz, 1H), 2.32 (s, 3H). 13C NMR (100 MHz, CDCI3) 6 =199.9, 153.48, 153.42, 152.5,
149.0, 143.7,139.3, 137.1, 136.5, 129.8, 128.3, 128.2, 127.7, 127.6, 127.0, 126.1, 124.3, 123.1,
122.1,120.6, 113.7, 111.2, 42.9, 36.5, 21.5. IR (KBr): v (cm-1) 2992, 2852, 1697, 1598, 1494,
1453, 1325, 1164, 1091, 994, 749, 701, 665. HRMS (ESI, m/z) calcd for C29H24N2NaO4S
[M+Na]": 519.1349, found: 519.1349.
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O Ph
Y/
NTs

/
5

ee = 98% (HPLC: Chiralpak column IC, A = 254 nm, n-hexane/i-PrOH = 90:10, flow rate: 1.0
mL/min, 40 °C, tr (major) = 13.79 min, tr (minor) = 18.66 min). [a]o?° = +7.66 (c = 1.0, CHCl5).
'H NMR (400 MHz, CDCls): 8 =9.77 (s, 1H), 7.60 (s, 2H), 7.46-7.16 (m, 8H), 6.95 (d, J = 8.3
Hz, 1H), 5.95 (s, 1H), 5.02 (t, J = 6.9 Hz, 1H), 3.43-3.05 (m, 5H), 2.44 (s, 3H), 2.13 (s, 3H).
13C NMR (100 MHz, CDCls): 6=200.4, 157.0, 151.7, 143.9, 139.9, 135.2, 132.1, 129.6, 128.8,
128.0, 127.2,125.3, 124.2, 118.9, 111.2, 46.6, 37.9, 36.9, 21.5, 20.9. IR (KBr): v (cm™) 2961,
2922, 2851, 2360, 1725, 1599, 1494, 1455, 1350, 1261, 1156, 1089, 1036, 802, 699, 670.
HRMS (ESI, m/z) calcd for C26H2sNNaO4S [M+Na]™: 470.1397, found: 470.1395.

(o
@)
Cr;
COOMe

NTs
6
ee = 95% (HPLC: Chiralpak column IC, A = 254 nm, n-hexane/i-PrOH = 90:10, flow rate: 1.0
mL/min, 40 °C, tr (major) = 21.14 min, tr (minor) = 24.80 min). [o]o?® = +11.11 (c = 1.0,
CHCls). 'H NMR (400 MHz, DMSO-d6): & = 7.65-7.50 (m, 3H), 7.47 (s, 1H), 7.42-7.28 (m,
5H), 7.21 (t, J = 7.7 Hz, 1H), 6.97 (t, J = 7.4 Hz, 1H), 6.42 (d, J = 7.2 Hz, 1H), 4.77 (s, 1H),
3.55 (s, 3H), 3.31-3.03 (m, 5H), 2.39 (s, 3H). 3C NMR (100 MHz, Acetone-d6): & = 170.7,
156.2,153.3,144.2,142.4,135.6, 133.7, 130.2, 129.8, 128.2,127.8, 127.2, 126.8, 124.5, 124 .4,
122.8, 119.4, 111.6, 51.1, 41.4, 37.5, 26.8, 20.6. IR (KBr): v (cm™) 2921, 2850, 1738, 1654,
1453, 1350, 1165, 1026, 999, 826, 764, 675, 583. HRMS (ESI, m/z) calcd for C26H24CINNaOsS
[M+Na]*: 520.0956, found: 520.0955.

S22



4. References

(1) (a) C. Wang, L.-A. Chen, H. Huo, X. Shen, K. Harms, L. Gong and E. Meggers, Chem. Sci.,
2015, 6, 1094; (b) G.-J. Sun, J. Gong and Q. Kang, J. Org. Chem., 2017, 82, 796; (c) S.-W. L,
J. Gong and Q. Kang, Org. Lett., 2017, 19, 1350; (d) K. Li, Q. Wan and Q. Kang, Org. Lett.,
2017, 19, 3299; (e) S.-X. Lin, G.-J. Sun and Q. Kang, Chem. Commun., 2017, 53, 7665.

(2) H. Huo, C. Fu, K. Harms and E. Meggers, J. Am. Chem. Soc., 2014, 136, 2990.

(3) X.-F. Ding, R.-H. Su, W.-L. Yang and W.-P. Deng, Adv. Synth. Catal., 2018, 360, 4168.

S23



5. NMR Spectra

00°0-—

vee

|

LA

1£27

G8'e
904
0L
L'l
€CL
9L
8c'.
€5°L
WL
€Ll

e

zhr-1-30-0-re

NHTs

Ze)

1b

=) {10

2

||Hum

— 1

|3

nom‘

60
1671
86')
NN LL
oo,_.
€0er

1.0 10.5

0.0 -0.5 -L0 -L5 -2

0.5

9.0

0.0 9.5

.5

20 11

f1 (ppm)

zhr-1-30-0re

og'le
0s’ _,Nv

89 mh/

00°LZ
[4 Nh.\

80

a0

1 o
'H NMR (400 MHz) and **C NMR (100 MHz) spectra of 1b
24

T T T T T T T T T T
190 180 17 160 180 140 130 120 110

200

210

=10

60



9Ce

Lee

o5z’

L6'9
86'9
6697
004
Le'L
€eL
9e LT
9e'L
65°L
Lo'L
89°L
0LL
[4: 73

orolL—

zhr1-2g

NHTs

\ |

|l Lk

Ze)

1c

AcO

ole
Wmhom.m

10}
M_ﬂ_ﬁﬂ_m
oLl
2802
o0l

=00t

I oo

1z

14

1 (ppm)

LT'lC
L _‘NV

Lol )

CUUC

61901 —
68°LLL
hm.a:‘W
_.o_om_‘\.
NN__.N_.%
g¢'lecl
€L'0gl
g9'9gl
mv.hm_.\
mm_mi‘\
Nn_mi‘\,
SP'est

£8'691—

zhr-1-2g

i

[Ta—

80 B0

léD 11‘0 - J[[IJD[im)
'H NMR (400 MHz) and *C NMR (100 MHz) spectra of 1c

T
130

T
140

T T
T 160

1

T
180

T
200

T
210

S25



000—

9e'¢C

v6'9)
69|
96°G1
16°91
86°91
66°91
R
90" L7

8_@
60°L ﬁ
0z 2]

NN_L
8T L]

08"
1e 2]
ze ]
1972
€9'/1
Nhi
vlL

i}

zhr-1-2

NHTs

o)

1g

86°0
m?o_r
161
~10')

20'l
wmm_o

20T

0.5

0.0

0.5

Lo

115

1 (ppm)

ar'le—

89'9L
oo_t.W
ce'lL

L7 v0l
€701
gyl
S5¢CLL
6.7¢CLL
90°€lL
948l
088LLT

L

cu_ﬁo_‘__
0L¥2)
e 221
89621
95'5¢l
6 0%}
Lzl
¥1'051-
£6°/51
LE09)

BB e e )

0

zhr-1-2

léD léD l% léU I%U ]ﬁIlU 1‘30 ]éU ]IlD - J[[IJDUlm) a0
'H NMR (400 MHz) and 3C NMR (100 MHz) spectra of 1g

T
200

T
210

S26



zhr-1-27-0 o«
@
[=2]
~—
—
i
NHTs
T T T T T T T T T T T T T T T T T T T T T T T
10 ] -10 -20 -30 -40 —50 —60 =70 —80 =90 -100 -110 -l20 -130 -140 -150 160 170 -1800 1800 -200  -210

£l (ppm)

F NMR (376 MHz) spectrum of 1g

527



zhr1-26-0

QOO — O NODL~=LWDOWON o
WOWWW S TT OO~ o
[l el e el el el el el el e el i Ml Al o
e el el el Py el |
|
|
NHSO,Ph |
A\ \
i
o L
| ]
JA.JU.'IJ"‘( I e ——
e
Sgrnoy
St v0O
N
T T — T —— T —— T —— T —— T —— T —— —— T T T
12.5 1L5 10.5 9.5 90 &5 80 7.5 7.0 65 &0 55 50 45 40 25 30 25 20 L5 L0 0.5 00 -0.5 -1.5
£l (ppm)
zhr-1-26-0 O NOWLWM~O—-O0O OO
B NNONOWOWL® M~ Y E=X::]
M WO@M W00 — oo
B OONNANEN—~ — MO
- fere Y e — I~~~
e i s L A e )
L J
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 80 80 70 60 50 40 30 2 10 -10

fl (ppm)

'H NMR (400 MHz) and **C NMR (100 MHz) spectra of 1h

528



00—

S0e—

vEE—

ald
0z &
[y
gL
ZE'L
FEL
ap's

ard
LN
952
[=lr

0l'a
cl'a
SE'8
ace
6E'6—

zhr 1-2%-(rre b

NHNs

M_JL__L ko ‘L

L

|

DLW O~ ~

_ U \.,.JL.-J
b
PPN =R

-WA,. [0t

=2

0.0 -0.5 -L0O -LE

0.5

Lo

4.0

4.5

5.0

1 (ppm)

1.0 10.5 10.0 9%

1.5

Lo

9z'6¢
SP6C
5962
7862
£00¢
zZ 0¢
[A e

8rcLl
Nm._m:‘/
hm.m:.y.
88'¢Zl
vm.ww_‘\.
0T'sgL
i.mw_‘\.
LG'BZL

05621
509k~
ETTRN
e S~

mw.m_ow

-

L

260 160 léU 1%0 ]éD 1%0 J;D ]éD JéD J.{D - .}IEJIJEW) i)
'H NMR (400 MHz) and **C NMR (100 MHz) spectra of 1i

T
210

0

S29



000—

16
9z’ L1
1211
62 L1
LE L
PE L

mm_L
mm_ﬁ
8t L4

054
1921
€9'/]
6L L]

zhr1-32-(rrel

NHMs

¢
J

1j

=L0El

560
UL
i)
=0t
280°})
L00'L[

4.0

5 5.0 4.8
f1 (ppm)

g

8.0

1068

89'9L
oo_t.v“
ce'lL

mo_N:‘
Nm_w:‘/
£v8ll

mw.mm_.v.
cv.mm_..\.
[A4°4

SlLsel—

0L ¥51—

zhr-1-32-0rel

lé[] léD l‘T‘ léU l\l_JU ]ﬁIlU 1‘30 ]éU ]IlD - J[[IJD[im) a0
'H NMR (400 MHz) and 3C NMR (100 MHz) spectra of 1j

T
200

T
210

S30



000—

.

T+ o
2162

_ F56°)L
7660

p—— :
H#O@ L

leo

5 hZ6T

5160

—

1 (ppm)

Lyle—

Lege
vm.mmw
Leer—

mm.wh/

00'4E
Nm_t.\

achl
99°€lLL
09'0cl
86'ccl
6c'vel
L8'G¢l
ve'9¢l
9g' el
oF'Lcl
S0'8cl
Sl'8cl
6l'6¢l
LL'6C)
62'9¢gl
95°8¢€1
o98'Lyl
[A-R 4"
lo'esl
P est

L0061—

zhr-1-larel

-10

10

0 I%D lﬁIlU léD léU liD - J[[IJDUlm) a0 80
H NMR (400 MHz) and **C NMR (100 MHz) spectra of 3a
s31

T
16

170

T
180

T
200

T
210




000—

SET,
8z’
£5°¢
ve'e
I8¢
85'¢
z6'€
B_mw
00'f
07
R
se'y
o'y
se'Y
BE¥
58'g
98'g
18°9
18°9
86'9
E_hw
9L’/
1V
1V
Sz'1
e/
194
894
ve'L

zhr-1-30a

I

(.}

lo'e
mmmc.m

5001

80°€
m%e
»20')

0T
~50T
ngLL
“Z0°)
=~66']
“o0)

1 (ppm)

T T4
or _‘Nv.

nm.mmw

4R
68'eyr—

mm.wh/

it

W

00°LL

Nm_t.L\
€401
veell
6L°0cl
5S¢l
le'szl
68'9¢1
ge'lel
(3=ras
s0'8cl
€lL'8cl
Se'6cl
69°6¢l
[A= A
€e'9el
69'8¢€1
loerl
65°EYl
£6°151
12'esl

0c061—

zhr-1-30z

160 lé[] l% léU 150 lﬁIlU léD léU 1‘10 - J[[IJDUlm) a0
'H NMR (400 MHz) and *C NMR (100 MHz) spectra of 3b

T
200

T
210

S32



000—

o
<
)

-2.0

LB

Lo

0.5

10.0

10.5

£ (opm)

so'le
Ly _.NVn

82'9E
om_mmw.
cleyr—

89'9L
oo_t.ww
ce'll

11°501
vLELL
L2 /
Z0'12)
18'€Z)
16°9Z1
L ard!
96121
£1L'82)
6E'62)
9.'62)
NS@%
6T 8ELf
06°'LYL
%.mﬁ\
8L IpL
LL'ES)
65 €S}
€4'69L—

clLo6l—

zhr-1-28s

T T T T T T T T
160 150 140 130 120 110 100 o0

170

T
180

180

200

210

f1 (ppm)
'H NMR (400 MHz) and *C NMR (100 MHz) spectra of 3c

S33



000-—

AN A

85'C
65'€
€9'€
¥o'€
v6'e
86'€

]

LOYF

S0
Lot
v
ey
Sty
18°9
889
6891
0691
¥0'L|
Zh Ly
FAWR |
VR

SLLF

812
9,\.%
612
kX |
gz’
1521
K-8
9921
8921

zhr-1-2 %g
bl

MQ@F

€0l
f.m_h
=00'}
hgg')
860

4.5
1 (ppm)

[

&0

6¥'le—

Se'9e
Nm.mmw
oger-

89'9L
oo_t.W
ce'lL

Fra43
0cell
v 0cl
S5 vel
L2l
le'Lzl
Sv'lcl
[A= x4
90'8¢cl
9¢'8cl
€8¢l
clL'6cl
08'6¢cl
gl'ggl
ve'sel
SLyl
ve'EYL
LL71S1
P8 vSi

868l —

zhr-1-23bre?

160 lé[] l% léU I%D lﬁIlU 1‘30 léU 1‘10 - J[[IJDUlm) a0
'H NMR (400 MHz) and *C NMR (100 MHz) spectra of 3d

T
200

T
210

S34



000—

8¢
89°€
0g9'e
€9'€
ro€
€6'E
L6'E

N N

A

_J

il

86'C
No%
O

a4
e
Sh'v
v
68'91
06'91
16°91
16°99
€02
AR
9l'L
81 L
8L 2]
i
5z
T
124
8z 2]
zs' .
29/
99'/
mmL
26'L

T

zhr-1-25a

|

|

=rle

5601
ere

801
0L

107
Iot
£2TL
Ara

€0’}

80T
o0}

4.5

a0

5

B
1 (ppm)

8.0

0.5 0.0

1.0

0g'le—

62'9¢
om.mmw"
69°er

89'9L

00°LL
Nm_t.\

cLeh
80€ELL
0zell
80'ccl
60°Lcl
0g'Lel
¥ Lcl
(3=ras
§l'lel
§0'8cl
ve'8cl
€e'6¢l
6.°6¢l
rlLogl
Le'sgl
06°L¥l
S6'evl
rlest
€8'¥51

6681 —

zhr-1-2ba

-10

10

B0

90

T T T
0 180 17 1a0

T
200

T
210

f1 (ppm)
'H NMR (400 MHz) and *C NMR (100 MHz) spectra of 3e

S35



B

=

_5

zhr-1-29a1e2

\llllﬂ

=

=06°¢

FOO'L|

6°¢C
Hnm_\_.._\
=00t

¥6'L
mmo_r
1989
5oL
660
06'L
H.,mmw_o

-0 -LO

0.0

0.0

1L0 10,8

1.5

1 (ppm)

zhr-1-2%sTe?

89'9L
00'LL
eeLL

\

VWG

8E'8E -
mm,mmw
g8er"

/

8L
eLell
L€12l
L1l
EER
a1l
Srlcl
1082 1

€T8eLf
oL6zL
08621
0z 0EL
SLOEL
JLBEL
ZUpL
08°ErL

668l —

160 lé[] l‘T‘ léU 1.130 lﬁIlU 1‘30 léU 1‘10 - J[[IJDUlm) a0
IH NMR (400 MHz) and 13C NMR (100 MHz) spectra of 3f

T
200

T
210

S36



00°0-— — =
FS oIz —
JL - 6298~
| e 19987
# - vaEr—
g9ECc— — F90E|
Sg'c o
gg'e -
69'€ | =
09°¢ P
vee ~ == %ggo " [
16'¢ _ Lw mg_w -
86°¢ - J coLl
Aol e 00° _am Zz 90k
07 52wl
9y o EW
BEY Fo 66 bLL
. £2°Zh
6ey 8E°El

gk, Fd gl

ok ;&
G891 < '
069 P
_.m,mln Te 0z 8zl
. 1 r96°L GEBZH
Eﬁ/ = _ T —— mmo_rn“ 828zl
TR = tool|” BE
m:.u_. !quu S6'9| = Ze Ll
1A | o . Al = Vg ERL
VL | ) J 66'0 65 6P
1z - ] Ahm.r-nu 9675k
ol & 10'85)
2T L] 60 8E°081
oz L] L
e
ve L] I
g £006L—
%L L
9g'/L
£9°L] s,
_m_.o,m = H_.
L e L
4 s 4

90

fl J[DDDIW)
H NMR (400 MHz) and **C NMR (100 MHz) spectra of 3g
37

110

120

160 150 140 130

17

200 190 180 T

e

210




zhr1-27F

-119.96

T T T T T T T T T T T T T T T T T T T T
10 0 -10 -20 30 —40 —-50 -0 =70 —-80 =00 -0 -110 -120 -130 -140 -180 -160 170 -180 150 200 -210
£l (ppm)

F NMR (376 MHz) spectrum of 3g

538



00°0-—

€0¢
J %_.o_v
ﬂﬁmc.m

UL

——— /660
||IIIIH1.. ﬂrmc z

— fo !
H<8 1

002
160

I

1 (ppm)

GZ'9¢
E,mmN
LLer—

wm,mhw

00 L2
2ot
AT
oF el
V70211
85221
67 7241
8.5zl
mm_mmi
8L LT
b izl
coezit
zZ7'87iA
21621
mm_mﬁw
sczel’.
s58e)
e
00'zhl
Leesl
055l

Ganas

5L°061—

zhr-1-Z6z

a0

T
100

fl (ppm)
IH NMR (400 MHz) and 3C NMR (100 MHz) spectra of 3h

T T T T
140 130 120 110

150

T T T T
180 180 17 160

T
200

T
210

S39



000—

e

- B

_

!

——

= S ¥
— '

Y

u

—

o 1

|
_

—

860
6°¢C
601
00'L

c0¢
660
80Y
€€¢
ML
10’}
S6'L
S6°¢

1 (ppm)

0z'9e-~
mm.mm.\.
L89P—

mm.wh/

L

00°LL
Nm_t.L\

P L
90°€ll
le'ozl
LE°ECl
6L vCl
vLvCl
8¥'Scl
8¢’ /el
vaN_.V
re'8cl
05'8¢l
cL8cl
61°8¢l
6£°6¢Cl
09'8gl
88'Lyl
er vyl
ve'6vl
lg'egl

£8'681—

zhr-1-3la

160 lé[] l% léU I%U lﬁIlU léU léU liD - J[[IJDUlm) a0
IH NMR (400 MHz) and *3C NMR (100 MHz) spectra of 3i

T
200

T
210

5S40



Qe
6L€
e

Floe

v8'c
IR
IR

20'S
£0'S
v0'S
#g
Ve
0z 41
021
V2 L]
zT L
€T L4
1Z1-%
6z Lf
Le 2
9"/
8¢
Be L]
L]
8t

0521

k992

g,

| 8670

;_ 660

——————————— 200¢
e ¥tT

==y

— {80l
J_. gle
80}

1 fpl:rm)

LL9g
:_Rw
8L 6¢

soch’

mm.mh/

00°LL
Nm_t.L\

oF Ll
6LELL
19611
leegl
er'vel
S6'Scl
€c'Lcl
80'8¢cl

90

100
541

fl (ppm)

110

120

Nm.ao_.\
¥6'82cl

LG6EL~
S6 Lyl

8C'€S1
o' el

95681 —

zhr-1-32aTe?

130

140

150

1a0

17

H NMR (400 MHz) and *C NMR (100 MHz) spectra of 3j

200

210




000—

£EE
z5¢
ogc
/8¢
6a¢
6
sge

69
:._WW.
o
L9
SL9
LOL
LV'L
8Ls
BlL
Bl'4
L
PE LS
LWL
LSL
652
Z9d
FaL
L08
80'8

or'6—

zhr1-41

LI

L

!

J}l

|

1
|

=LL'E

r80b
<l
wm._w_‘_m.

=80°'L

ol¢
90
[
or'lL
SV
90'L
S0°) -
907¢
SO

FOO'LL

20 1.6

-0.5 -0 -LE§

0.0

10,0 9.5 9.0

1L0 105

1 (ppm)

Z5he—

Zr9e~
0988~
06 97~

5L94
L0°LL
BELL

SLZZLY
98621
0F Pz
65T
ravel
7E LT
W LZ)
89 LTI
gmhmra
mnmw_\

T

09'62)
8.62L
z:9eL]
8g'9¢}]
vqhmi
6e0pk

8e'LpL]
L9°EpL
6a'ErL

=T

5868l —

zhr-1-41

n

L

-

HIH!

-10

30

90 80

léU liU a l(épim)
IH NMR (400 MHz) and *3C NMR (100 MHz) spectra of 3k
S42

T
130

T
140

T
160

170

T
200

J
210




000—

RN
-
g€
€L€
LE
6L¢
€8¢
06°€~

€8T
mm_.vW
187
00°4y
LO°Lq
€0°4L1
S04
20749
60" Ly

(0] Ay |
L2

gL 2]
gl 2]
6L/
1z
ze ]
9z L
e/
152}

LM

I

V'L
S¥'.
oL
A i
151

zhr1-6c

0561~
[ ATAd

[N —
zZree”
poep~ —

"8 (pm)

118

zhr-1-6c

6CLLL
9rELL
66'6L1
S6'¢cl
Level
F8SClyt
al'9cl
6.°9¢1
FANIA"

052217
0Z'6Z)
67 62}
Zr 0EL
L5'SE}
£E'9€E)
19'IEL
YA
85EVL

EEESI~_
66'€SL"

C968l—

0 0 10

60 40

180 180 1T 160 150 140 130 120 flll[[lpm) 100 80 80
H NMR (400 MHz) and **C NMR (100 MHz) spectra of 4a
543

200

210



000—

- TATAN
B¢
65°€
09'¢
£6'¢E
96'¢
66'€T
mo_.v\
B6ET
ERN
95°9
¥8'9
86'9
66'9

LO'L~
o' LF

0" L4
9021
9l /]
114
812
8l
8i
STl
8L
62'L
0g'L
89'/
0Ll
oLl

5 €0€
=%loe

20|

€6°C

L1
6L

- umge
101

/160
1960
|||I|l +60'€E

el'g
ugmoe

Jhe0e
100}

-0

-L0

4
1 (ppm)

Tc

zhr-1-7

89'¢l
0041
celL

hY

Lrie

8¥'le

129¢€
[A4c1%

L8er— N 3

/

[AAl%Y
65¢€ll
L5°0¢1
¥6'¢cl
ecvel
£l'5¢l
le'szl
1£°121
Sy’ LCl
VL LElL
86°/¢Cl
098¢l
6£°6¢Cl
L9621
Lreel
[4: A
oy 8clL
L6817l
£5'ePL”

=

9¢'061—

-10

10

B0

90

T
1a0

T
180 1

T
200

T
210

fl (ppm)
IH NMR (400 MHz) and 3C NMR (100 MHz) spectra of 4b

S44



000—

822
&€
93¢
IS¢

42>
mm_mk

86'c:
20t/
ey
be'v
ey

zL'9
vL'9
969
86'9
102
oL
vy
6L
0z L]
1z
sz ]
YXars
fran
8z /]
62 L]
mmi
89/
0LL
VL

1]
€71
86°L

el T

-

s0LE
VIR~

=20l

e
H.A.wo_v
=20l

gmo_w
oLz

LO'L
609
M{:

902
1201
‘00’1

1.5

0.0 9.5 9.0

1L0 10.5

1 (ppm)

zhr-1-15%a

899L
00'.L
ce'll

Y

L6°0¢C

Ei T4

FAR
NN.QM\
eeer— T

/

6L L
6vEll
15021
£6'ccl
oc'vel
88'Gcl
ve'lcl
or LEl

VB LE) ——=

£8'8¢l
9g'6cl
89'6¢l
05sel
1e'9gl
¢sogl
00°crl
85°Erl

§C06L—

-10

10

B0

90

T T
7 1a0

1

T
180

T
200

T
210

f1 (ppm)
'H NMR (400 MHz) and *C NMR (100 MHz) spectra of 4c

S45



000—

zhr-1-3c

OMe

=80’

107}
o1
10°¢
Ll
g0

90T
Leoe
~p0'L
10z'g

50'1
Mrtm

00'}

-0 -L0 -LE -

0.0

1.0 10.5

1.5

L¥le—

6L'9eF
mN_mmL\.
60vP—

LSS

mm.mh/

0042
Nmsh\
BLLLLA
6S€LL
or'ElLl |
15021
96°2Hy
Nmﬂm:f
68'SZ)1
SE' 121
BF 1217
60°621
9e'62l
026217
99°0¢

zeoeL’
NQquw
85erl

BE'ESL

vamrv
1878517

TP

lé[] 1% JéU l%D liD léU léU llID - [‘Lé;?m) a0
IH NMR (400 MHz) and 3C NMR (100 MHz) spectra of 4d

T
180

T
200

546



000—

48

‘k_.J ll

L)

=vl'E

501}
R
20

/50T
“10')
M,_PNNN
€0
LLE

00'}

-LE

-L0

5 00 -0%

Lo

1.0 105 0.0 9.5 9.0

1.5

.0

6e’le—

26'se
8 _..mmw
88y

89'9L
00°LL
ce'lL

gL' b
69°€lL
[A 44}
€0'ecl
or'vel
¢L'sel
6€°LCl
¥ Lcl

0c'8ct
8E'62l
E.mmJ
cg'cel
ceoel
Le'lgl
06'L¥l
99'evl
9L'Tsl
LE'ES)

USRI

99681 —

zhr-1-9a

-10

10

a0

T T
7 1a0

1

T
180

T
200

T
210

f1 (ppm)
'H NMR (400 MHz) and *C NMR (100 MHz) spectra of 4e

S47



000—

e,
v5'e

FAR
85°€
[4:5
S6'€

Cl

=Pl DU

oY
8
BE Y
or'
€8'9
88'9]
069
20° 14
602
b2
€12
L2
512
1L
11
0z 4]
zz L]
7T L]
oz /]
ooh%
0g'L
ze'L
ze'L
994
89/
=]

W

-

1008
H

=

i

|

]
]
J\_‘LLJ

=60'C

FG0°L

96°C
Amoé
=20l

00'
o'l
reol
¢mnp

50’1

80'C
oot

1.5

LB

-0

0.8

0.0

9.5 9.0

10.0

1L0 10.5

1 (ppm)

cs’le—

reoe—
£8er—

89'9L

00"/
2611’
€2 LhL1
LOHLLY
19'0211
60'€Z 11
8y Ty
862
129211
YA
PTAR
Vg L2L
'8zl
0v'62}
or'6z)
FANTAR
o@mm;ﬁ
zz'9el

Yo opL |
88 Ll
anvJ

——

a e

=

=

£g'est
Sr'est

.68l —

zhr-1-10z

iy

-10

10

B0

90

T T
7 1a0

1

T
180

T
200

T
210

f1 (ppm)
'H NMR (400 MHz) and 3C NMR (100 MHz) spectra of 4f

548



000—

gt
95°¢
8¢
19
88°cy

Br

06'€

S6'E
or't
W
FA
89|
08'9y
L0 "Ly
AVa
v LA
EIVE
9124
8124
0z L
Vz 2]
zT
T
szl
8L
mNL
08 2]
092
¥
€92
€92
592
756,

-

ST

=El'e

S0t
80Pt
S0}

90T
v€0'LL

slef
90
00}

0.0 -0.5

0.5

Lo

1 (ppm)

crle—

1B6'SE
6 _..mmw.
Loer—

89'9L
oo_t.ww
ce'lL

AN
CLELL
v ocl
8.°0cl
ro'ecl
Ll
(T4
6£° L2l

3.NN_‘V

65621
Lg'6ZL
L6211
IR
0291
8_%%
06' L]
LeErL]
B%L
LE€S)

==

268l —

zhr-1-4c

-10

10

léU I%U lllU léU 1‘20 ]iD - l[EJDUlm) 9‘0
'H NMR (400 MHz) and 3C NMR (100 MHz) spectra of 4g

T
170

T
180

T
200

T
210

549



000—

g7 ¢
9L'c
8¢
06°
16
6'¢

97
vy
vy
9y
0Ly
L2
€141
IR
gl 2o
8124
g L¥
AP
1221
8z L]
7€
S 4
a2
8t
$9'21
59/
z6°2]

zhr-1-24a

10’}
%ma.m

=loe
ri0'L
0T

=001

60}
100'1
Mfo_m

160

-0.5 -LO0 -LE

0.0

110 1nE 0.0 &5 8.0

11.5

zhr-1-Z4s

Le71e—

pLog~,
gsoe”
60°Chr

léD lISD l% léU I%D lllU léU 1‘20 ]iD - l[EJDUlm) a0
'H NMR (400 MHz) and **C NMR (100 MHz) spectra of 4h

T
200

T
210

S50



fee,
v9'€

99'c
8L€
l8'€
S8 €—

STy
mmew
8C¥
S6'G
96'G
729
mm,mw
£2'9
202
80"
0L
W
s 2%
€T L]
€T
ve L]
gz’
gz
ze' L]
ee L]
e L)
Nmi
v9'L
8l'l
104
Y]
6L L

=

-

u| U 1/

|

N

|

=0l'e

S0}
=€0'}
‘g6z
00}

—86°0
=960
00k
S0¢
00’
10’}
vee
0L
0
661

1 (ppm)

crle—

980
€29~
8ler~

89'9L
00°LL
ce'lL
02901
SL°0LL
Ty
85 vl
om.omf_
rlLeclt
vsvel
L6°5¢l
0g'lel
ev'lel
8v'6¢l
§5'6¢l
9.L°5¢€l
€Yl
98Iyl
6¥'Evl
08051
S 1S
SPest

5

89681 —

zhr-1-12a

léD lé[] l% léU I%U ]ﬁIlU léU ]éU ]iD - J[[IJDUlm) a0
'H NMR (400 MHz) and **C NMR (100 MHz) spectra of 4i

T
200

T
210

S51



000—

=LEE

vilb
1ce
mwm__,

=l

2.1

-L0 -LE

0.5

0.0

0.0 9.5 90

1.0 10.5

1.5

L0

1 (ppm)

Lyle—

£eze”
zeoe’
pS'Gh.

zhr-1-bc

-10

10

90 B0

]éD ]IlD - J[[IJD[im)
'H NMR (400 MHz) and 3C NMR (100 MHz) spectra of 4j

T
130

T
140

T T T T T
200 190 180 17 160

T
210

S52



-10

10

B0

90

f1 (ppm)

S53

1a0

17

'H NMR (400 MHz) and **C NMR (100 MHz) spectra of 4k

180

e L
00'0-— — o
u [ 90°1z—
[= seZe” -
[ e lo9e”
- TP~
¥8b— — FL0€[ =
89°¢ L
R .
IR =
TR [ 89'9/
98'e — /6670 002274~
86¢ — 10| = ze1l
00 —— Az
207 e
o i ST
s ra” VTV
s — oy el
pEg i 60°€Z1 —
, m 00Zf = : .
959 _ SEHTIN S
85'9 o h|||_ oo._‘-m S0SZL+ e
60'2 ] ol gesel b =
Bl L — - 0tk er'seh —
—.Nh\ — I|M WNWM—.M - QOQN —.._
L == - = s fSrasrAR e
ve L — = o ez
gL — He _
L 4 _ | ¥SEst
6 L1 80¢[ .. LyieH
2] m = 86821
v ] L= £1'6Z1
5P 4] 8T621
v5 2] - 8 0EL
952 - 61651
£9 /] E €egel _
G592 I z9'9EL 89'68L
89/ & Lzl
0Ll [= 8Lyl
L1 o,
T08°L = T
L X
= ]

T
200

T
210




000-—

LT
82¢
0ee
zee
ee
g/
vie

1L€
8L€
08'¢c
[4:R>
26'e
26'S
96'G
L68'S

489

6l

0z Lf
ze L
A |
e L
szl
12
62"
e 2]
e/
iﬁ
992}
89'L
104
8.4
408'L

r

-1L0 -L&

0.5

0.0

110 105 100

11.5

re'le—

1€%E—
8z'9e”
oc'er—

mm.wh/

00°LL
2612’
PLLLLY
6LELL|
8502
80'€Z}{
VE P2
20921
9L'9Z 1
0e'9z)
VL2
09'£2}
1512}
or'8z}
1862)
8_%;
sz'lel
peaedd |
05°9¢) |
S6'LYL
mm_mj

——

n il e

=

=

9/°¢sl
Sr'est

L 061—

zhr-1-13a

-10

10

B0

90

T T
7 160

1

T
180

T
200

T
210

f1 (ppm)
'H NMR (400 MHz) and **C NMR (100 MHz) spectra of 4l

S54



000—

om_ov
mmm4
8¢
G8'C1
G8'¢CY
98'¢C
98'CY
00'¢
l0'e
¥0'€
so'¢

—

—

lg'¢
£5¢d
95¢
85°¢]
z6¢!
1021
vl 24
02 L1
r4%
AV
A
A
Le 24
(%
ze L]
ze L
€874
29/
92
E_L
Ll
€Ll
€Ll
vll
008

zhr-1-18a

MJ@MJ@LAJL 0

=Gl'e

e
L1
heo)
oy
vre

40

4.5

50
1 (ppm)

5

10.8

LOLL—
ge’le—
L8'GC—

€C9e—

Legr—

89'9L
oo_t.ww
ce'lL

€601
60€lL
62'0Cl
Z6'cel
€0'vel
SlL'gcl
Le'Lel
oF Lcl

61 BT

8c'6zL/
88'6e.~
68 Lyl
voers’
R
92551~

96°061—

zhr-1-18s

-10

10

léU I%U lﬁIlU léU ]éU ]iD - J[[IJDUlm) a0 80
'H NMR (400 MHz) and *C NMR (100 MHz) spectra of 4m

170

J
180

T
200

T
210

S55



000—

&€
g5°€
85°€
08’
o'

)

LLE
6L€
lg'e
mm,mh_
¥6'E

902
oL
Ak
vz L
571
12714
1z
621
ved
RL
6671
6921
v
gL

zhr-1-22a

JLL

J

|

=GlL'¢

»00'L
olL<e
S0¢€

101
QO_o
1Ty
€0’}
oo

-LE

-0.5 -L0

0.0

10.0

110 10,8

11.5

1 (ppm)

ge'le—
£8'GE
€1'9e
[
EV'9E
mh_mm.__
8¥'LE

89'9L
oo_t.ww
ce'lL

FA A9
Ly LLL
0L0¢1
6E€Cl
L¥Ect
re'Scl
9z'9¢l
AW AN
68°L¢l
Sl'8cl
00'6cl
¢l'6el
18'62)
08'sel
67 LYl
90 vl
86'vvl
9L°€51

66°481—

zhr-1-22s

léD lé[] l% léU I%U lﬁIlU léU léU ]iD - J[[IJDUlm) a0
'H NMR (400 MHz) and **C NMR (100 MHz) spectra of 4n

T
200

T
210

S56



zhr1-22-F

—-87.72

T T T T T T T T T T T T T T T T T T T T T
10 0 -10 -20 30 —40 —-50 -0 =70 —-80 =00 -0 -110 -120 -130 -140 -180 -160 170 -180 150 200 -210
£l (ppm)

1F NMR (376 MHz) spectrum of 4n

S57



000—

LE')
GE'L
GE'L
0¥k

SEC—

55E
%.Lr
65E
bEH
E0'p
80"

SEY
hm;qw.
ag'y

or'G
r's
EFG
SPG
¢8§
Sh4
SL2
FA S
FAYA
103
04
L4
ST~

95 i,
89 4-f
Tl
€44
vLL
(29
882

zhr-1-2a

F2oe

o0t
peok
Lot

Fzo'L

4.0
1 (ppm)

8¥'lc
_.m.mNW
£L'€C

09'9e”

A LS
ceeh.

mm.wh/

00%
ce'lL

6L
SOELL
§9'0cl
re'lcl
96'ccl
gevel
68'G¢l
68'9¢1
¥iel—
08¢l
[A%:14
LL'62l
l8'6C)
gcogl
99'8¢€1
LE Lyl
[A-R 4"
lo'esl
P est

£€°061—

zhr-1-Za

-10

10

B0

90

T
160

1

T
180

190

T
200

T
210

f1 (ppm)
H NMR (400 MHz) and **C NMR (100 MHz) spectra of 40

S58



a0

100
f1 (ppm)

S59

110

120

000 I or'ie
b L= 009~
] ety
| L=
mmm — oY
0s e ) 89'9L
€ e _ 002}
€9 CIgITe oty
16€ ] 8rELl|
16€ == b, €7 0Z11
66 - = 2622
00'Y — Tt €z vzl
20t e A o 0552}
YOt N ek |
65y - £8'9Z1 -
Wy ) €821
Wy 1 - eeLzht
: A S S— =
54 . €182l
i re S8BTl -
%02 . s6'8ZL B
202 | o1z 95621
711 — U 9L'62}] STEsly
A S N — = y939> ¥1'9eH] zeesl
F — \l||||”|||llu . .
arf = : = L0} €926}
g1 — — [ 80%: 02°8€11
1 2 e 90T}
6121 k2 oserl
Ny .
ol F o
el 0988} —
8¢ L] &
ot L} .
52| I
85 L) .
194 R
H §

130

140

1a0 150

17

'H NMR (400 MHz) and **C NMR (100 MHz) spectra of 4p

200

210




000—

69°¢
04'¢
pie
54°¢
80y
R
el
Siy
oFF
b
e
e
86’9
96’9
L2
I
gLl
8Ll
Bl'L
g Lo
69'L
s
s6L7

798
mw.mv

zhr-1-42

|
J

1

1

roler g
[ ]
T

(S N

ey
v00'}

S0¢
¥0'L
€0’k
S0t
¥6'0

66}
Lol
S0
=00}

£1 (ppm)

10,0

110 10,5

11.5

vSle—

PIoE—
88y —

9L'94
8044
v LL

0z LLL
PLELL
Lg'ozl
ZLech
Sl
LErIL
0L'9zZh
E6'9Z1
65LC)
vLLEL
al'eZl
oeszl
086zl
0§9¢l
LLEL
EFAI
CLERL
LOBRL
ar'zsl
Zrest
8iESl

06'661—

zhr-1-42

-10

a0

n'fh
'H NMR (400 MHz) and **C NMR (100 MHz) spectra of 4q
S60

110

120

120

140

180

160

T T T
180 180 1

200

210




000—

gli—
PrI—

PLEN
ZTE—
aze’

00g
s
P0G

SE5—

LE6—

zhr—1-ys-11-2

Ph
CHO

NTs

Feo'e
Fg0'e

Feos

=960
£G66°0

160
lsis
780

FoO')

0.0 -0.%

0.5

Lo

10.8

€602~
e’

LB'9E~
18187
L9 or—

mm,mh/

=iy

[N

v L
580,
wm.wﬁ/
hm.mm;«
0z L2
e

L0821
om.mw_.\v
mo.wmr\\.
WN.mm_‘\
Nm.mm_‘\
Z6'erl

L9LSL
WD.hm_‘L\

07 00c—

zhr-1-ys~18

90 B0

léD 1‘10 - J[[IJD[im)
'H NMR (400 MHz) and *C NMR (100 MHz) spectra of 5

T
130

T
140

T T
T 160

1

T
180

T
200

T
210

S61



— [ [
O nMu 7
3 .
o L 090Z
_ z8'9z
= BC'8Z
n © 8582 -
E L= 8reg
OTNZ 687 -
L= CINGT
5E'6Z
e 5562
_ - E,R\
— L= BT L7
= ANRE
BE T~ —_— |\N@ FLLIE L w
05z b, [ i
T — —
= e
58— — -||"\Jg FLzef
__ [ =
| =)
N _ fes o osu
L= = F860 of 6EBL
_ Fed gzl
_ LE ZPREL
fe o Brbzl
. ezl
Fe oLzl
g I R N ¥ Yi "
2ve” - 7 F00bLE ze
98'9 ) ] HE_F . eeny
189 — T gekbpE ko
Ly — T
6L — = AR
R_tw B wﬁm_m S_Niw
2z L] N A
o 8Z'E5)~
1847 L= Blosl—
6L
s L=
5l zroLL—
€541 L
551
85'. i
b | = ,_m,gr.UCN
i 5F
L L L
ol k|

160 150 140 130 120 110 - J[Dptim) 80
'H NMR (400 MHz) and *C NMR (100 MHz) spectra of 6
62

200 190 180 1

210




6. Chiral HPLC Analysis

Racemic 3a:
<Chromatogram>
mVy
2 Detector A 264 nm)
~ @
o =
w5
1004
50
D_
| 1 L) 1
0 5 10 15 25
min
<Peak Table>
etector 4 254nm
Peak#| Ret. Time Area Height Conc. Unit Mark Name
1 12.498 3435837 138095 50.254 M
2 15.482 3401117 115996 49.746 M
Total 6836954 254091
Chiral 3a:
<Chromatogram>
mV
20004 % Detector A 254nm|
o
1500
10004
500
-
H
[
D %
0.0 25 5.0 7.5 10.0 12.5 15.0
min
<Peak Table>
Detector A 254nm
Peak#|Ret. Time Area Height Conc. Unit Mark Name
1 12.380| 56655992 2019195 97.893 M
2 15.574 1219144 38502 2.107 M
Total 57875136 2057698
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Racemic 3b:

<Chromatogram>
mWv
500 g Detegorhzscinni
400
300+
2004
1004
0
1 1 I I | T
0.0 2.5 5.0 7.5 10.0 12.5 15.0
min
<Peak Table>
etector & 254nm
Peak#| Ret. Time Area Height Conc. Unit Mark Name
1 11.678| 12636085 497313 50.134 M
2 13.936| 12568501 452317 49.866 M
Total 25204586 949630
Chiral 3b:
<Chromatogram>
mv
g Detector A 254 nm|
15004 -
10004
500
&
o Z
1 1 1 T I I 1
00 25 5.0 75 10.0 12.5 15.0 175
min
<Peak Table>
etector A 254nm
Peak#| Ret. Time Area Height Conc. Unit Mark Name
1 11.600| 40253768 1615396 98.868 M
2 13.962 460891 17446 1.132 M
Total 40714658 1632842
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Racemic 3c:

<Chromatogram>=>
mV
250.] % R Detector A 254nm|
= =]
&
2004
1504
100
50
D P
0 5 10 15 20 25 30
min
<Peak Table>
D_etmt?rA 254nm
Pealkd#f| Ret. Time Area Height Conc. Unit Mark Name
1 21.880[ 12769106 252404 50.160 M
2 27.056| 12687424 206878 49.840 M
Total 25456530 450282
Chiral 3c:
<Chromatogram>
my
1000 [ Detector A 254nm|
=
750+
5004
250
g
=
5
0
! T T T
0 5 10 20 25 30 35
min
<Peak Table>
D_eIQQt;'I}rA 254nm
Pealk#|Ret. Time Area Height Conc. Unit Mark Name
1 21.757| 46597034 951235 98.766 M
2 27.250 581999 10418 1.234 M
Total 47179033 961653
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Racemic 3d:

<Chromatogram>
m\
= Detector A 254nm|
& -
1000} N 3
750
5004
250
0
00 25 5.0 75 10.0 125 15.0
min
<Peak Table>
Detector A 254nm
Pealk#| Ret. Time Area Height Conc. Unit Mark Name
1 9.261| 21952946 1126590 50.225 M
2 11.601| 21756043 912283 49.775 M
Total 43708989 2038873
Chiral 3d:
<Chromatogram>
mV
2500+ o Detector A 254nm|
&
2000+
1500
1000
500 g
0 k N
1 1 1 L} L} 1 1 !
i} 5 10 15 20 25 30 35
min
<Peak Table>
Detector A 254nm
Peak#|Ret. Time Area Height Conc. Unit Mark Name
1 9.252| 45582439 2385694 93.371 M
2 11.665 3236051 132951 6.629 M
Total 48818490 2518645
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Racemic 3e:

<Chromatogram>
my
3 Detector A 254nm|
1000 3 £
o
750
500+
250
0
0.0 25 50 75 10.0 125 15.0
min
<Peak Table>
etector & 254nm
Peakd#| Ret. Time Area Height Conc. Unit Mark Name
1 9.514 21118696 1049263 50.072 M
2 12.108| 21057955 833667 49.928 M
Total 42176651 1882029
Chiral 3e:
<Chromatogram>
mVy
[ Detector A 254nm|
o
10004
750
5004
250 _
]
o
0
0.0 25 5.0 75 10.0 125
min
<Peak Table>
Detector A 254nm
Peak#| Ret. Time Area Height Conc. Unit Mark Name
1 9.537| 22330021 1155757 93.960 M
2 12.201 1435421 56337 6.040 M
Total 23765442 1212004
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Racemic 3f:

<Chromatogram>=>
mv
[ o Detector A 254nm|
100 ) S
@ -
75+
50+
25
D_
J I 1 1 ] 1] I
0.0 25 5.0 75 10.0 12.5 15.0
min
<Peak Table>
Detector A 254nm
Peak#|Ret. Time Area Height Conc. Unit Mark Name
1 9.572 1982808 103216 49.681 M
2 11.073 2008275 88825 50.319 M
Total 3991083 192041
Chiral 3f:
<Chromatogram>
mv
4000 é Detector A 254nm|
L
30004
2000+
10004
g
0 A .
I 1 ! 1
0 5 10 15 25
min
<Peak Table>
etector A 254nm
Peak#|Ret. Time Area Height Conc. Unit Mark Name
1 9.504| 67789008 3988319 97.389 M
2 11.056 1817149 91833 2.611 M
Total 69606157 4080152
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Racemic 3g:

<Chromatogram=>
my
E E Detecior A 254nm
TS50 7 -
ey ]
250
o J
. —— — — . r T —
[+14] 25 5.0 7.5 10.0 125 150
al ]
<Peak Table>
Datector A 254nm
Peak#| Hel. Tima Area Height Cone. Unit Mark Mame
1 0.687| 16029544 B24504 50.212 M
2 11.504| 15894360 692504 49.7TB8 M
Tola 31824013 1517088
Chiral 3g:
<Chromatogram>
my
o Detector A 254nm|
o
500+
2504
o o
0.0 25 5.0 7.5 10.0 125 15.0
min
<Peak Table>
etector A 254nm
Pealk#| Ret. Time Area Height Conc. Unit Mark Name
1 9.721| 12466216 650724 95.795 M
2 11.660 547260 24724 4.205 M
Total 13013476 675448
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Racemic 3h:

<Chromatogram>
my
300 2 Detector A 254nm|
-
o g
i o
200
100+
D_
T I 1 1 I !
0.0 25 50 7.5 10.0 12.5
min
<Peak Table>
Detector A 254nm
Peak#| Ret. Time Area Height Cone. Unit Mark Name
1 10.479 6335609 296778 50.922 M
2 12.564 6106275 242701 49.078 M
Total 12441885 539479
Chiral 3h:
<Chromatogram>
mVy
] Detector A 254nm]|
<
1500 =
10004
5004
:
0
0.0 2?5 5!0 ?f5 1'E:.D 1?_:.5 15|.'D
min
<Peak Table>
Detector A 254nm
Peak#|Ret. Time Area Height Conc. Unit Mark Name
1 10.442| 32661156 1636508 98.977 M
2 12.606 337525 15645 1.023 M
Total 32998681 1652153
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Racemic 3i

<Chromatogram>
mV
@ Detector A 254nm|
b= -
S =
2004 =
150
100+
50
T I o L N
0.0 25 5.0 75 10.0 12.5 15.0
min
<Peak Table>
etector A 254nm
Peak#| Ret. Time Area Height Conc. Unit Mark Name
1 10.819 5848963 230236 50.589 M
2 13.721 5712692 190866 49.411 M
Total 11561655 421103
Chiral 3i:
<Chromatogram>
my
12504 2 Detector A 254nm
=
10004
750
500
2504
B
o i
0.0 25 5.0 75 10.0 125 150
min
<Peak Table>
etector A 254nm
Peak#| Ret. Time Area Height Conc. Unit Mark Name
1 10.758| 28054325 1216618 98.179 M
2 13.761 520227 17718 1.821 M
Total 28574551 1234335
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Racemic 3j:

<Chromatogram>
mv
E] ctor A 254
2 D% ar nm
= e
500+
2504
C —Jn'u-_/‘
0.0 25 5.0 75 10.0 125 15.0 175
min
<Peak Table>
etector A 254nm
Pealk#| Ret. Time Area Height Conc. Unit Mark Name
1 14.630| 16606051 620083 49.917 M
2 16.620| 16661571 544161 50.083 M
Total 33267622 1165144
Chiral 3j:
<Chromatogram>
my
1500 ] Detector A 254nm|
<
1000
500+
g
@
0
T | I 1 1 ) ! !
a0 25 50 75 100 125 15.0 17.5
min
<Peak Table>
etector A 254nm
Pealkd| Ret. Time Area Height Conc. Unit Mark Name
1 14.592| 39100482 1462859 99.055 M
2 16.682 3r2gezv 13419 0.945 M
Total 39473310 1476278
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Racemic 3k:

Chiral 3k:

<Chromatogram>
my
5 Detector A 254nm|
1254 £
o
100+
75
504
25+
o A i\
0.0 2|5 S S.IEI ?IS I1Cl|.0 12I.5 II?I.S
min
<Peak Table>
Detector A 254nm
Peak#| Ret. Time Area Height Conc. Unit Mark Name
1 11.642 3325854 121820 50.079 M
2 13.797 3315425 126580 49921 M
Total 6641279 248400
<Chromatogram>
my/
"] Detector A 254nm|
750 -
500+
=]
2504 =
c i
0.0 I I 2.|5 S 5!0 S ?!5 I 10|.D I I12|.5I I15.D I‘l‘a'l.s 2&).0
min
<Peak Table>
Detector A 254nm
Peak#| Ret. Time Area Height Conc. Unit Mark Name
1 11.816 2961114 147531 11.974 M
2 13.755] 21769385 856007 88.026 M
Total 24730499 1003538
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Racemic 4a:

<Chromatogram>
mv
[ Detector A 254nm
2 2
2 o
500+
250+
a VAN J
0.0 2.I5 S.I'D ?.IS I'DI.D I?_’I.S 15|.D 1'|"|.5 EE: 0 2?_’I.5
min
<Peak Table>
etector A 254nm
Peak#| Ret. Time Area Height Cone. Unit Mark Name
1 10.917 | 17155637 703540 50.431 M
2 13.230| 16862414 581630 49.569 M
Total 34018051 1285170
Chiral 4a:
<Chromatogram>
my
3 Detector A 254nm|
=
2000 =
1500
10004
500
S
N
0
0.0 2?5 5?0 ?fS 1E:.D 12I 5 ISI'D
min
<Peak Table>
Detector A 254nm
Peak#| Ret. Time Area Height Cone. Unit Mark Name
1 10.894 | 53242431 2200778 95.342 M
2 13.285 2601254 94596 4.658 M
Total 55843685 2304374
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Racemic 4b:

<Chromatogram>=>
mv
200 § Detﬁtor A 254nm|
2 o
200
1004
o I N
T I 1 1
0.0 25 50 7.5 12.5
min
<Peak Table>
D_etgcm'}rA 254nm
Peakdf| Ret. Time Area Height Conc. Unit Mark Name
1 10.463 6580348 304172 49.136 M
2 12.029 6811836 270043 50.864 M
Total 13392184 574214
Chiral 4b:
<Chromatogram>
my
é Detector A 254nm|
1250 =
1000+
7504
500
250
:
D—-/\""‘ AN
0 é 1ID 1|5 20 I
min
<Peak Table>
Detector A 254nm
Peakd#| Ret. Time Area Height Conc. Unit Mark Name
1 10.504 1243675 59313 3775 M
2 11.994| 31697925 1292248 96.225 M
Total 32941600 1351562
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Racemic 4c:

<Chromatogram>
my
300 E Detedo,gﬁ. 254nm|
o
200
1004
0
1 I I I I 1
0.0 25 5.0 7.5 10.0 12.5 15.0
min
<Peak Table>
etector A 254nm
Peak#| Ret. Time Area Height Conc. Unit Mark Name
1 13.333 9076841 303238 50.062 M
2 15.402 9054485 284046 49.938 M
Total 18131327 587283
Chiral 4c:
<Chromatogram>
mVy
] Detector A 254nm|
2000+
10004
=
¢
w
0
) I I L ] 1 I
0.0 25 50 7.5 10.0 125 15.0 17.5
min
<Peak Table>
Detector A 254nm
Pealkd#| Ret. Time Area Height Conc. Unit Mark Name
1 13.140 78760350 282110 97.757 M
2 15.420 1807226 59005 2.243 M
Total B0567576 2880106
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Racemic 4d:

<Chromatogram>
my
= Detector A 254nm
1250 :; @
- o
8
10004
750
500
250
[i] I —
0.0 25 5.0 75 10.0 125 15.0 175 200
min
<Peak Table>
Detector A 254nm
Pealkd#|Ret. Time Area Height Conc. Unit Mark Name
1 16.707 | 39709612 1251502 50.233 M
2|  20.246| 39341561 1021520 40.767 [
Total 79051173 2273022
Chiral 4d:
<Chromatogram>
mv
Betector A 254nm|
=1
1500 =
10004
5004
b=
9
@
i}
1 1 1 I
0 5 10 15 20
min
<Peak Table>
etector A 254nm
Pealk#| Ret. Time Area Height Conc. Unit Mark Name
1 16.429 2043789 61736 2.875 M
2| 20.035| 69037423 1620022 97.125 M
Total 71081212 1690758
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Racemic 4e:

<Chromatogram>
mv
[ Detector A 254 nm|
u -
5
=
500+
250
i}
T I I I | | | |
0.0 25 5.0 7.5 10.0 12.5 15.0 17.5 200
min
<Peak Table>
etector A 254nm
Peak#| Ret. Time Area Height Conc. Unit Mark Name
1 13.378| 19875766 704552 50.377 M
2 18.074| 19578245 510411 49.623 M
Total 39454011 1214963
Chiral 4e:
<Chromatogram>
my
- Detector A 254nm|
=
500
250
-
=
0 /\_
0.0 25 5.0 75 10.0 125 15.0 175 200
min
<Peak Table>
etector A 254nm
Peak#| Ret. Time Area Height Conc. Unit Mark Name
1 13.434 994030 34269 3.660 M
2 18.077| 26164316 678624 96.340 [
Total 27158346 712893
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Racemic 4f:

<Chromatogram>
mv
% Detg;tor A 254nm|
300} " -
200
1004
0
) ) ) 1 I )
0.0 25 5.0 7.5 100 125 15.0
min
<Peak Table>
etector A 254nm
Peak#| Ret. Time Area Height Conc. Unit Mark Name
1 11.517 8592286 345152 49.364 M
2 13.258 8813739 300819 50.636 M
Total 17406026 645971
Chiral 4f:
<Chromatogram>
mVy
3 Detector A 254nm|
2]
5004
2504
0
00 25 5.0 75 10.0 125 15.0
min
<Peak Table>
etector A 254nm
Peak#| Ret. Time Area Height Conc. Unit Mark Name
1 11.606 454216 18554 2.475 M
2 13.240| 17899410 613766 97.525 M
Total 18353626 632320
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Racemic 4g:

<Chromatogram>
mV

Detector A 254nm

13.823

500+

19.139

250

0

0.0 25 50 75 10.0 12.5 15.0 175 20.0 25
min
<Peak Table>
etector A 254nm
Pealk#| Ret. Time Area Height Conc. Unit Mark Name
1 13.823| 16771275 556485 50.034 M
2 19.139| 16748485 402683 40.966 [
Total 33519760 959168

Chiral 4g:

<Chromatogram>
m\

500+ 15 Detector A 254nm)|
=
400+

3004

13.908

<Peak Table>
Detector A 254nm

Peak#| Ret. Time Area Height Conc. Unit Mark Name
1 13.908 803472 26614 3.824 M
2 19.157| 20205777 487841 96.176 M
Total 21009249 514455
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Racemic 4h:

<Chromatogram>
mVy
300 = Detector A 254nm|
o -
o~ =
=
&
200
100+
0=
1 1 T T T T
0 5 10 15 20 25 30
min
<Peak Table>
Detector A 254nm
Peak#|Ret. Time Area Height Conc. Unit Mark Name
1 22317 15135423 292581 50.336 M
2| 29071 14933178 224972 49.664 M
Total 30068601 517553
Chiral 4h:
<Chromatogram=>
mVy
Detector A 254nm|
1500 &
'l
10004
500
g
o™
™
B /’,\-_
0 5 10 15 20 25 30
min
<Peak Table>
Detector A 254nm
Peak#| Ret. Time Area Height Conc. Unit Mark Name
1 22.241 4757238 92283 4.458 M
2| 29.100| 101955035 1591897 95542 M
Total 106712273 1684180
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Racemic 4i:

<Chromatogram>
m\
@ Detector A 254nm|
2504 g
200} g
=
150
1004
50
D_
I 1 1 I
0 5 10 15 20
min
<Peak Table>
etector & 254nm
Peakd#| Ret. Time Area Height Conc. Unit Mark Name
1 13.039 6632747 258739 49.985 M
2 19.496 6636824 171989 50.015 M
Total 1326957 1 430727
Chiral 4i:
<Chromatogram>
m\
§ Detector A 254 nm|
2000+ o
15004
10004
500+
o™
&
@
o]
1 1 1 |
0 5 10 15 20
min
<Peak Table>
etector A 254nm
Peakd#| Ret. Time Area Height Conc. Unit Mark Name
1 12.998| 51512522 2102186 97.603 M
2 19.542 1265087 35496 2.307 M
Total 52777609 2137682
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Racemic 4;j:

<Chromatogram>
mV
95.] % g Detector A 254nm|
& @
20
154
104
5_
n—%
1 I 1 1 1 I I I
0.0 25 50 7.5 10.0 125 15.0 175 20.0
min
<Peak Table>
etector 4 254nm
Peak#| Ret. Time Area Height Conc. Unit Mark Name
1 13.585 858846 26836 49.206 M
2 18.032 886557 22530 50.794 M
Total 1745403 49366
Chiral 4j:
<Chromatogram>
mv
= Detector A 254nm|
1500 B
1000+
5004
8
=
0
00 25 5.0 75 10.0 12.5 17.5 20.0
min
<Peak Table>
Detector 4 254nm
Peak#| Ret. Time Area Height Conc. Unit Mark Name
1 13.441 45010824 1588971 97.804 M
2 18.021 1010600 20661 2.196 M
Total 46021424 1618632
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Racemic 4k:

<Chromatogram>
my
E. Deteo%rhEStinm
300+ b @
2004
100+
fi] FANN
0.0 25 5.0 75 100 12.5 15.0 17.5
min
<Peak Table>
llEt&Gh‘I:EB 254nm
Peakd#| Ret. Time Area Height Conc. Unit Mark Name
1 13.523| 10378532 323694 50.104 M
2 16.587 | 10335260 285412 49.896 M
Total 20713792 609106
Chiral 4k:
<Chromatogram>
mVy
© Detector A 254nm|
=+
15004
10004
500
:
0 o
1 1 Ll 1 1 I I L)
0 5 10 15 20 25 30 35 40
min
<Peak Table>
Detector A 254nm
Peak#| Ret. Time Area Height Conc. Unit Mark Name
1 13.416| 53073071 1788719 98.239 M
2 16.655 951507 28009 1.761 M
Total 54024578 1816728
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Racemic 4l:

<Chromatogram>
mv
2 Detector A 254nm)|
125 - E
b3
100+
75
50
254
0 T
1 1 1 | 1 1 T
00 2.5 50 75 10.0 125 15.0 175
min
<Peak Table>
etector A 254nm
Peak#| Ret. Time Area Height Conc. Unit Mark Name
1 11.796 3270373 133735 50.010 M
2 14.613 3269021 108490 49.990 M
Total 6530304 242224
Chiral 4l:
<Chromatogram>
mV
20004 E Detector A 254nm)|
i
1500
1000
500 *
0 " /\\
0.0 25 5.0 75 10.0 12.5 15.0 175
min
<Peak Table>
Detector A 254nm
Peak#| Ret. Time Area Height Conc. Unit Mark Name
1 11.774 4867780 203610 7.706 M
2 14.543| 58297711 1918338 92.294 M
Total 63165491 2121948
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Racemic 4m:

Chiral 4m:

<Chromatogram>=>
mV
1000 ] - Detector A 254nm|
s g
=
750
500+
250
0
T T T T T T ) !
a0 25 50 75 10.0 125 15.0 17.5 20.0
min
<Peak Table>
D_etmt,i}rA 254nm
Peakd#| Ret. Time Area Height Conc. Unit Mark Name
1 12.198| 21347584 088628 49.906 M
2 14.428| 21428353 824070 50.094 M
Total 42775937 1812698
<Chromatogram>
mV
1000 2 Detector A 254nm)|
o
750
500
250
fi=]
b
=
0
0.0 25 5.0 75 10.0 125 15.0 175
min
<Peak Table>
Detector A 254nm
Peak#|Ret. Time Area Height Conc. Unit Mark Name
1 12.195| 20479577 951554 97.935 M
2 14.536 431885 17514 2.065 M
Total 20911461 960068
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Racemic 4n:

<Chromatogram>
mWy
> Detector A 254nm|
10004 G .
3
&
750
500+
2504
D /‘J
1 1 1 1 | T |
0.0 25 50 7.5 10.0 12.5 15.0 17.5
min
<Peak Table>
etector A 254nm
Peak#|Ret. Time Area Height Conc. Unit Mark Name
1 779 19173767 1051664 50.245 M
2 9.857 | 18986508 855752 49.755 M
Total 38160275 1907416
Chiral 4n:
<Chromatogram>
mv
1000- E Detector A 254 nm)
750
5004
250
J g
(=]
D A‘—
0.0 25 5.0 75 10.0 125 15.0 175 20.0 '
min
<Peak Table>
etector & 254nm
Peakd#| Ret. Time Area Height Conc. Unit Mark Name
1 7.781| 19031443 1005713 95.390 M
2 9.950 919734 40451 4.610 M
Total 19951177 1046164
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Racemic 4o:

<Chromatogram>
my
400 o Detector A 254nm|
g =}
B
300 o
200
100+
,D_—_f'«.-n._._.—-l"‘\_..
) 1 ) I |
0.0 25 5.0 75 10.0 12.5 15.0
min
<Peak Table>
etector A 254nm
Pealk#| Ret. Time Area Height Conc. Unit Mark Name
1 9.932 6845677 377652 50.641 M
2 12.686 6672355 285189 49.359 M
Total 13518032 662841
Chiral 4o:
<Chromatogram>
my
£ Detector A 254nm|
P
500
250+
g
o
i}
0.0 25 5.0 75 10.0 12.5 15.0
min
<Peak Table>
Detector 4 254nm
Peald#| Ret. Time Area Height Conc. Unit Mark Name
1 9.918| 11420370 633450 97.813 M
2 12.701 255358 11486 2.187 M
Total 11675729 644936
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Racemic 4p:

<Chromatogram>
mV
@ Detector A 254nm|
0
150
100+
50
D_
I 1 1 1 1 i I
a0 25 50 75 10.0 125 15.0 17.5
min
<Peak Table>
etector A 264nm
Peak#| Ret. Time Area Height Conc. Unit Mark Name
1 13.519 5497035 184428 50.094 M
2 17.775 5476490 141390 49.906 M
Total 10973526 325817
Chiral 4p:
<Chromatogram>=>
my
S Detector A 254nm|
]
1500+
10004
5004
8
0 =
0.0 25 5.0 75 10.0 12.5 15.0 175
min
<Peak Table>
Detector A 254nm
Peak#| Ret. Time Area Height Conc. Unit Mark Name
1 13.249| 49411443 1838299 99.142 M
2 17.723 427735 12149 0.858 M
Total 49839178 1850447
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Racemic 4q:

<Chromatogram>
my/
100+ § Detector A 254nm|
- &
=
75 ~
504
254
0 PR\ L
0.0 I 2.|5 I I T ?!5 I I1t'.:.t'.l I12|.5I o I‘ISI.UI I‘Ii‘!.SI 2(:.0
min
<Peak Table>
Detector A 254nm
Peak#| Ret. Time Area Height Conc. Unit Mark Name
1 11.866 2737593 97806 50.020 M
2 17.022 2735396 70212 49.980 M
Total 5472989 168018
Chiral 4q:
<Chromatogram>
my
= Detector A 254nm|
750+ 3
500
250
i} J’ —
T T T T I L T T T
0.0 25 50 7.5 10.0 125 15.0 175
min
<Peak Table>
Detector A 254nm
Peaki#| Ret. Time Area Height Conc. Unit Mark Name
1 11.820 16566274 778512 97.500 M
2 17.080 424793 14197 2.500 M
Total 16991067 792709
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Racemic 5:

<Chromatogram>
mv
§ @ Detector A 254nm|
o S
500 B 2
250
o A,—/;
U I I 1] I ) I T )
0.0 25 5.0 75 10.0 12.5 15.0 17.5 20.0 225
min
<Peak Table>
Detector A 254nm
Peak# Ret. Time| Area | Height | Conc. | Unit = Mark Name
1] 13.406 27147153 555958 | 50.409 | | M
2| 18.725 26681903 444755 49.591 | I M
Total | 53829057| 1000713 \
Chiral 5:
<Chromatogram>
m
] Detector A 254nm|
=
500
250
[+
©
=
o o~ —
—_————————————— — —
0.0 25 50 7.5 10.0 12.5 15.0 17.5 20.0
min
<Peak Table>
Detector A 254nm
Peak# Ret. Time Area | Height | Conc. | Unit | Mark MName
1| 13.786 24089891 578911 99.173| | M
2| 18.655 200809 4474 | 0.827| I M
Total 24290701 283385
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Racemic 6:

Chiral 6:

9 %Etector A 254nm
1254 = E
100+
75
504
254
. |
T 1 1 1 I
0 5 10 15 20 25
min
<Peak Table>
D_etgcm'}rA 254nm
Peakdf| Ret. Time Area Height Conc. Unit Mark Name
1 21.122 4177889 136077 49.780 M
2 24.765 4214822 117245 50.220 M
Total 8392711 253322
g Detector A 254nm
=
300+
200
1004
2
=
0 A P
0 5I I!D I|5 2ID 2|5
min
<Peak Table>
etector A 254nm
Peakd#| Ret. Time Area Height Conc. Unit Mark Name
1 21.142| 11230051 365377 97.334 M
2 24.804 307550 9871 2.666 M
Total 11537601 375248

592



7. Single Crystal X-Ray Diffraction Studies

-18°Y

- (70318)

PLATON-Apr 15 02:35:53 2018

Z -142 Compound-1P 21

R = 0.04

Prob = 50
Temp = 100
RES= 0 -110 X

Figure S1. The X-ray structure of 4f with thermal ellipsoids shown at the 50% probability

level.

Table 1. Crystal data and structure refinement for data.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume
Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Compound-1
C28 H24 CIN3 04 S
534.01

100.0(3) K
1.54184 A
Monoclinic

P21
a=9.5954(4) A
b =12.6894(4) A
c=11.2412(4) A
1260.60(9) A®

2

1.407 Mg/m3

2.456 mm-1

556

0.21 x 0.17 x 0.14 mm?®

4,270 to 73.351°.

-11<=h<=11, -15<=k<=15, -11<=I<=13

o= 90°.

v=90°.

S93

B=112.927(4)°.




Reflections collected
Independent reflections
Completeness to theta = 67.684°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters

Goodness-of-fit on F2

Final R indices [I>2sigma(l)]
R indices (all data)

Absolute structure parameter
Extinction coefficient
Largest diff. peak and hole

9033

4900 [R(int) = 0.0532]

100.0 %

Semi-empirical from equivalents
1.00000 and 0.60035
Full-matrix least-squares on F2
4900/1/336

1.031
R1 = 0.0402, wR2 = 0.0890
R1=0.0477, wR2 = 0.0936
-0.014(13)

n/a

0.212 and -0.345 e. A3
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