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1. General information

Commercially available reagents were used without further purification. Some benzo
thiophene-2-carboxylic acid were purchased from Shanghai Haohong Scientific Co., Ltd. A
Column chromatography was performed with silica gel (200-300 mesh). Melting points were
determined with an XT-4 melting-point apparatus and are uncorrected. 'H NMR spectra were
measured with Bruker Ascend 400 MHz spectrometer in CDCl3, chemical shifts were reported
in & (ppm) units relative to tetramethylsilane (TMS) as the internal standard. *C NMR spectra
were measured at 100 MHz (or 176 MHz) with a Bruker Ascend 400 MHz (or 700 MHz)
spectrometer, chemical shifts were reported in 6 (ppm) relative to tetramethylsilane and
referenced to the solvent peak (CDCIs at 77.0 ppm). High resolution mass spectra were
measured with an Agilent 6520 Accurate-Mass-Q-TOF MS system equipped with an
electrospray ionization (ESI) source. Enantiomeric excesses were determined by chiral HPLC
analysis using an Agilent 1200 LC instrument with a Daicel Chiralpak AD-H, IA and IB column.
Optical rotations were measured with a Kriiss P8000 polarimeter at the indicated concentration

with the units of grams per 100 mL.

2. Starting materials
2a-2k were prepared according to the literature.l'! The isothiourea organocatalysts were

prepared according to the literature.!]

1a—1j were prepared according to the following method.’) 1k were prepared according to the

literature.*

DPPA, Et;N i
R1mC02H 3 R1mNHBOC 1) HOI (cono), dioxane, t, 12, N NHEO R
S £-BuOH, 80 °C, 8h g 2) R2S0,Cl, pyridine, DCM S

A B 0°C-rt,12h 1

A mixture of benzo[b]thiophene-2-carboxylic acid A (10 mmol, 1.0 equiv), EtsN (10.5 mmol,
1.05 equiv), diphenyl azidophosphate (DPPA, 12 mmol, 1.2 equiv), and #~-BuOH (20 mL) was
heated at 80 °C for 8 h. Afterwards the solvent was evaporated by reduce pressure and purified
by flash column chromatography on silica gel (petroleum ether/ethyl acetate = 10:1) to afford
product B.

To solution of B (5.0 mmol) in dioxane (8.5 mL) followed by HCI (conc., 1.5 mL) was added
dropwise, and the resulting suspension was stirred at room temperature for 24 h. Then the
mixture was filtered. The precipitate was washed with MTBE (3 x 5 mL) and drying. To a
solution of precipitate (1.0 mmol, 1.0 equiv) in dry DCM (5 mL) and cooled to 0 °C, pyridine
(2.5 mmol, 2.5 equiv) followed by the corresponding sulfonyl chloride (1.2 mmol, 1.2 equiv)

was added dropwise, and the resulting suspension was stirred at room temperature for about 6
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h (monitored by TLC). Then 0.5 N HCI (20 mL) was added and extracted with DCM (3 x 10
mL). The combined organic phase was dried over Na2SOs and concentrated. The residue was
purified by flash column chromatography on silica gel (petroleum ether/ethyl acetate = 5:1 to

3:1) to afford compound 1.

mNHTS
s

1a

N-(Benzo[b]thiophen-2-yl)-4-methylbenzenesulfonamide (1a). Pink solid (0.6978 g, 46%
yield for three steps), m.p. 104-105 °C. '"H NMR (400 MHz, CDCl3): § 7.75 (d, J= 8.4 Hz, 1H,
ArH), 7.62 — 7.55 (m, 3H, ArH), 7.29 — 7.20 (m, 4H, ArH + NH), 6.91 (s, 1H, ArH), 2.34 (s,
3H, CH3) ppm. *C NMR (100 MHz, CDCls): § 144.4, 137.9, 137.6, 136.6, 135.1, 129.7, 127.5,
124.6, 124.2, 123.2, 121.9, 116.3, 21.5 ppm. HRMS (ESI): m/z calcd. for Ci1sH14NO2S2 [M +
H]"304.0460, found 304.0461.

mNHSOZPh
S

1b

N-(Benzo[b]thiophen-2-yl)benzenesulfonamide (1b). Brown solid (0.7959 g, 55% yield for
three steps), m.p. 119-121 °C. 'H NMR (400 MHz, CDCl3): § 7.86 (d, J = 8.0 Hz, 1H, ArH),
7.62 —7.52 (m, 4H, ArH + NH), 7.43 (t, /= 7.6 Hz, 2H, ArH), 7.30 — 7.22 (m, 2H, ArH), 6.93
(s, 1H, ArH) ppm. *C NMR (100 MHz, CDCl3): § 138.2, 137.9, 137.3, 136.7, 133.4, 129.1,
127.4,124.7, 124.4, 123.3, 122.0, 116.9 ppm. HRMS (ESI): m/z calcd. for C14H12NO2S2 [M +
H]"290.0304, found 290.028]1.

mNHMS
s

1c

N-(Benzo[b]thiophen-2-yl)methanesulfonamide (1c¢). Pink solid (0.6364 g, 56% yield for
three steps), m.p. 146-147 °C. 'H NMR (400 MHz, CDCl3): § 7.72 — 7.67 (m, 2H, ArH), 7.37
—7.29 (m, 2H, ArH), 7.13 (s, 1H, ArH), 7.11 (br s, 1H, NH), 3.11 (s, 3H, CH3) ppm. °C NMR
(176 MHz, CDCl3): 6 138.1, 137.2, 136.5, 125.0, 124.7, 123.5, 122.1, 116.8, 39.3 ppm. HRMS
(ESI): m/z caled. for CoH1o0NNaO2S2 [M + Na]" 249.9967, found 224.9952.

Br

mNHTS
S

1d
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N-(4-Bromobenzo|b]thiophen-2-yl)-4-methylbenzenesulfonamide (1d). Pink solid (0.7073
g, 37% yield for three steps), m.p. 125-128 °C. 'H NMR (400 MHz, CDCl3): § 7.78 (d, J = 8.4
Hz, 2H, ArH), 7.55 (d, J = 8.0 Hz, 1H, ArH), 7.43 (dd, J1 =7.6, 2= 0.8 Hz, 1H, ArH), 7.25 (d,
J=8.0 Hz, 2H, ArH), 7.08 (t,J= 8.0 Hz, 1H, ArH), 6.98 (s, 1H, ArH), 2.37 (s, 3H, CH3) ppm.
3C NMR (176 MHz, CDClz): § 144.6, 138.7, 137.9, 136.8, 135.0, 129.9, 127.9, 127.5, 125.0,
121.0, 116.6, 115.2, 21.6 ppm. HRMS (ESI): m/z calcd. for CisHi3”BrNO2S2 [M + HJ*
381.9566, found 381.9567, calcd. for C1sH13¥'BrNO2S2 [M + H]" 383.9546, found 383.9546.

Me
mNHTs
s

1e

4-Methyl-NV-(5-methylbenzo[b]|thiophen-2-yl)benzenesulfonamide (1e). Pink solid (0.4920
g, 31% yield for three steps), m.p. 149-150 °C. 'H NMR (400 MHz, CDCl3): § 7.72 (d, J = 8.4
Hz, 2H, ArH), 7.51 (d, /= 8.0 Hz, 1H, ArH), 7.41 (s, 1H, ArH), 7.24 (d, /= 8.4 Hz, 2H, ArH),
7.10 (dd, J1 = 8.2, .=1.0 Hz, 1H, ArH), 6.95 (br s, 1H, NH), 6.87 (s, 1H, ArH), 2.41 (s, 3H,
CH3), 2.38 (s, 3H, CH3) ppm. *C NMR (100 MHz, CDCl3): § 144.3, 138.2, 137.4, 135.3, 134.5,
133.8, 129.7, 127.5, 126.1, 123.4, 121.7, 116.8, 21.6, 21.4 ppm. HRMS (ESI): m/z calcd. for
Ci6H16NO2S2 [M + H]"318.0617, found 318.0613.

mNHTS
MeO S

1f

N-(6-Methoxybenzo[b]thiophen-2-yl)-4-methylbenzenesulfonamide (1f). Pink solid
(0.2506 g, 15% yield for three steps), m.p. 115-116 °C. 'H NMR (400 MHz, CDCls): § 7.72 (d,
J=28.4Hz, 2H, ArH), 7.47 (d, J= 8.8 Hz, 1H, ArH), 7.23 (d, /= 8.0 Hz, 2H, ArH), 7.17 (s, 1H,
NH), 7.10 (d, J=2.4 Hz, 1H, ArH), 6.91 (dd, J1 = 8.4, J.=2.4 Hz, 1H, ArH), 6.85 (s, 1H, ArH),
3.81 (s, 3H, CH3), 2.38 (s, 3H, CH3) ppm. '*C NMR (176 MHz, CDCls): § 157.4, 144.2, 138.5,
135.3, 134.6, 131.6, 129.7, 127.5, 124.2, 117.9, 114.4, 104.8, 55.5, 21.5 ppm. HRMS (ESI):
m/z calcd. for C16H16NO3S2 [M + H]"334.0566, found 334.0552.

mNHTS
cl S

19

N-(6-Chlorobenzo[b]thiophen-2-yl)-4-methylbenzenesulfonamide (1g). White solid
(0.2871 g, 17% yield for three steps), m.p. 143—145 °C. 'H NMR (400 MHz, CDCl3): § 7.74 (d,
J=28.4 Hz, 2H, ArH), 7.58 (d, /= 1.6 Hz, 1H, ArH), 7.49 (br s, 1H, NH), 7.47 (d, J = 8.4 Hz,
1H, ArH), 7.25 — 7.23 (m, 3H, ArH), 6.88 (s, 1H, ArH), 3.81 (s, 3H, CHs), 2.38 (s, 3H, CH3)
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ppm. *C NMR (176 MHz, CDCl3): § 144.6, 138.0, 137.5, 136.3, 135.0, 130.2, 129.8, 127.5,
125.5, 124.1, 121.6, 115.9, 21.6 ppm. HRMS (ESI): m/z caled. for CisHi3CINO2S2 [M + H]"
338.0071, found 338.0072.

mNHTs
Br S

1h

N-(6-Bromobenzo|b]thiophen-2-yl)-4-methylbenzenesulfonamide (1h). White solid
(0.7646 g, 40% yield for three steps), m.p. 154—155 °C. 'H NMR (400 MHz, CDCl3): § 7.75 —
7.72 (m, 3H, ArH), 7.45 —7.38 (m, 2H, ArH), 7.25 (d, J= 6.8 Hz, 3H, NH + ArH), 6.88 (s, 1H,
ArH), 2.39 (s, 3H, CH3) ppm. 3*C NMR (176 MHz, CDCls): § 144.6, 138.1,137.9, 136.6, 135.1,
129.8, 128.1, 127.5, 124.5, 124.4, 117.9, 116.0, 21.6 ppm. HRMS (ESI): m/z calcd. for
CisH13”°Br NNaO2S2 [M + Na]*403.9385, found 403.9377, calcd. for C1sH138'BrNNaO:S2 [M
+ Na]*405.9365, found 405.9357.

0
{ N—NHTs
o s

1i

4-Methyl-/N-(thieno[2',3':4,5]benzo[1,2-d][1,3]dioxol-6-yl)benzenesulfonamide (1i). White
solid (0.1911 g, 11% yield for three steps), mp 126-128 °C. 'H NMR (400 MHz, CDCl3): §
7.70 (d, J = 8.4 Hz, 2H, ArH), 7.24 (d, J = 8.4 Hz, 2H, ArH), 7.04 (br s, 1H, NH), 7.01 (s, 1H,
ArH), 6.98 (s, 1H, ArH), 6.81 (s, 1H, ArH), 5.96 (s, 2H, CHz), 2.39 (s, 3H, CH3) ppm. *C NMR
(176 MHz, CDCl3): 8 146.7, 146.6, 144.3,135.3,135.2, 131.9, 130.5, 129.7, 127.5, 118.6, 102.4,
101.4, 101.2, 21.6 ppm. HRMS (ESI): m/z calcd. for C1sH13NNaO4S2 [M + Na]" 370.0178,
found 370.0170.

N—NHTs
S

F
1j

N-(7-Fluorobenzo[b]thiophen-2-yl)-4-methylbenzenesulfonamide (1j). White solid (0.8839
g, 55% yield for three steps), m.p. 102-103 °C. "H NMR (400 MHz, CDCls): § 7.77 (d, J = 8.0
Hz, 2H, ArH), 7.67 (br s, 1H, NH), 7.36 (d, J = 8.0 Hz, 1H, ArH), 7.25 — 7.20 (m, 3H, ArH),
6.96 — 6.92 (m, 2H, ArH), 2.37 (s, 3H, CH3) ppm. 1*C NMR (100 MHz, CDCl3): & 157.0 (d,
lJcr = 245.4 Hz), 144.6, 140.9 (d, *Jcr = 4.7 Hz), 138.8 (d, “Jcr = 1.3 Hz), 135.0, 129.8,
127.5, 125.9 (d, *Jcr = 6.9 Hz), 123.2 (d, 2Jcr = 9.0 Hz), 119.0 (d, *Jc_r = 3.4 Hz), 116.1 (d,
“Jcr = 2.3 Hz), 109.4 (d, 2Jcr = 183 Hz), 21.5 ppm. HRMS (ESI): m/z calced. for
C1sH13FNO2S:2 [M + H]" 322.0366, found 322.0348.
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3. Enantioselective synthesis and characterization of compounds 3

Benzenesulfonamide 1 (0.1 mmol), cinnamic acid anhydride 2 (0.12 mmol), NaHCOs3 (8.4 mg,
0.1 mmol), and catalyst C1 (2.5 mg, 0.01 mmol) were dissolved in toluene (1.0 mL), and the
mixture was stirred at room temperature for 24 — 72 h (monitored by TLC). After completion
of the reaction, the residue was purified by flash column chromatography on silica gel
(petroleum ether/ethyl acetate = 9:1 to 7:1) to afford the pure products 3. Racemates were

prepared following a similar procedure using 2,3-dihydrobenzo[d]imidazo[2,1-b]thiazole as

_N
S

2,3-dihydrobenzo[d]imidazo[2,1-b]thiazole

3aa
(5)-4-Phenyl-1-tosyl-3,4-dihydrobenzo[4,5]thieno[2,3-b]|pyridin-2(1H)-one (3aa). White
solid (39.9 mg, 92% yield, 96:4 er), m.p. 149—150 °C. HPLC (Daicel Chiralpak AD-H, n-
hexane/2-propanol = 70:30, flow rate 1.0 mL/min, detection at 254 nm): tr = 13.0 (minor), tr =
13.9 min (major); 96:4 er. [a]p®® = +30.1° (¢ = 2.10, CH2Cl2). 'H NMR (400 MHz, CDCl3): &
7.91(d, J=8.4 Hz, 2H, ArH), 7.81 — 7.78 (m, 1H, ArH), 7.45 - 7.42 (m, 1H, ArH), 7.31 - 7.29
(m, 2H, ArH), 7.23 (d, J = 8.4 Hz, 2H, ArH), 7.09 (t, /= 7.2 Hz, 1H, ArH), 6.99 (t, /= 7.4 Hz,
2H, ArH), 6.80 (d, /= 7.6 Hz, 2H, ArH), 4.43 (dd, J1 = 7.0 Hz, J- = 1.8 Hz, 1H, CH), 3.18 (dd,
J1=15.0 Hz, 2=7.0 Hz, 1H, CH>), 2.92 (dd, Ji1 = 15.0 Hz, J» = 2.2 Hz, 1H, CH2), 2.42 (s, 3H,
CH3) ppm. *C NMR (176 MHz, CDCI3): § 168.3, 145.6, 139.6, 136.7, 135.4, 135.0, 134.5,
129.4, 128.71, 128.66, 127.1, 126.5, 124.8, 124.4, 121.9, 120.8, 120.6, 41.5, 36.3, 21.7 ppm.

HRMS (ESI): m/z caled. for C24H20NO3S2 [M + H]"434.0879, found 434.0871.
Ph,

(@]
N—N

3ba
(5)-4-Phenyl-1-(phenylsulfonyl)-3,4-dihydrobenzo[4,5]thieno[2,3-b]pyridin-2(1H)-one
(3ba). White solid (35.7 mg, 85% yield, 95:5 er), m.p. 193—-195 °C. HPLC (Daicel Chiralpak
AD-H, n-hexane/2-propanol = 95:5, flow rate 1.0 mL/min, detection at 254 nm): fr = 52.7
(major), fr = 56.6 min (minor); 95:5 er. [o]p* = +23.1° (¢ = 2.70, CH2Cl2). '"H NMR (400 MHz,
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CDCl): 6 8.06 — 8.04 (m, 2H, ArH), 7.84 — 7.81 (m, 1H, ArH), 7.64 (t, J = 7.6 Hz, 1H, ArH),
7.50 — 7.44 (m, 3H, ArH), 7.33 — 7.31 (m, 2H, ArH), 7.09 (t, /= 7.2 Hz, 1H, ArH), 7.00 (t, J =
7.4 Hz, 2H, ArH), 6.80 (d, J = 7.6 Hz, 2H, ArH), 4.45 (dd, J1 = 7.2 Hz, J> = 2.0 Hz, 1H, CH),
3.23 (dd, /1 = 15.4 Hz, J» = 7.2 Hz, 1H, CH2), 2.95 (dd, J1 = 15.0 Hz, J> = 2.2 Hz, 1H, CH2)
ppm. *C NMR (176 MHz, CDCls): § 168.3, 139.5, 137.6, 136.8, 135.4, 135.0, 134.4, 128.9,
128.8, 128.7, 127.3, 126.5, 124.9, 124.5, 121.9, 120.8, 120.7, 41.6, 36.4 ppm. HRMS (ESI):
m/z caled. for C23Hi1sNO3S2 [M + H]"420.0723, found 420.0723.

Ph,
0]
NN
S Ms
3ca

(5)-1-(Methylsulfonyl)-4-phenyl-3,4-dihydrobenzo[4,5]thieno[2,3-b]pyridin-2(1H)-one

(3ca). White solid (28.6 mg, 80% yield, 96:4 er), m.p. 178-179 °C. HPLC (Daicel Chiralpak
AD-H, n-hexane/2-propanol = 60:40, flow rate 1.0 mL/min, detection at 254 nm): = = 11.0
(minor), fr = 22.8 min (major); 96:4 er. [a]p* = +16.9° (¢ = 1.54, CH2Cl2). '"H NMR (400 MHz,
CDCl3): 6 7.79 — 7.76 (m, 1H, ArH), 7.48 — 7.46 (m, 1H, ArH), 7.32 — 7.28 (m, 4H, ArH), 7.26
—7.24 (m, 1H, ArH), 7.17 (d, /= 7.2 Hz, 2H, ArH), 4.58 (dd, J1 = 6.8 Hz, J. = 2.4 Hz, 1H, CH),
3.37 (s, 3H, CH3), 3.28 (dd, Ji1 = 15.4 Hz, J» = 7.0 Hz, 1H, CHz), 3.16 (dd, J1 = 15.4 Hz, J» =
2.6 Hz, 1H, CH2) ppm. "*C NMR (176 MHz, CDCl3): § 169.9, 139.5, 136.7, 134.7, 129.1, 127.7,
126.7, 124.9, 124.5, 121.9, 120.9, 120.2, 42.4, 41.6, 35.9 ppm. HRMS (ESI): m/z calcd. for

Ci1sH16NO3S2 [M + H]"358.0566, found 358.0564.

Ph,
Br ‘.

A\ N,
S Ts
3da

(5)-5-Bromo-4-phenyl-1-tosyl-3,4-dihydrobenzo|[4,5]thieno[2,3-b]pyridin-2(1H)-one
(3da). White solid (48.7 mg, 95% yield, 96:4 er), m.p. 199-201 °C. HPLC (Daicel Chiralpak
AD-H, n-hexane/2-propanol = 60:40, flow rate 1.0 mL/min, detection at 254 nm): fr = 9.3
(major), fr = 10.9 min (minor); 96:4 er. [a]p* = +95.1° (¢ = 1.00, CH2Cl2). '"H NMR (400 MHz,
CDCl3): 6 7.84 (d, J=8.4 Hz, 2H, ArH), 7.77 (dd, /1 = 8.0 Hz, J> = 0.8 Hz, 1H, ArH), 7.50 (dd,
J1=7.8Hz, ,=1.0 Hz, 1H, ArH), 7.20 (d, /= 8.0 Hz, 2H, ArH), 7.14 (t, /= 7.8 Hz, 1H, ArH),
7.07 (t,J=7.4 Hz, 1H, ArH), 6.99 (t, /= 7.6 Hz, 2H, ArH), 6.81 (d, J= 7.6 Hz, 2H, ArH), 5.44
(dd, J1=6.4 Hz, J.=2.0 Hz, IH, CH), 3.13 (dd, /1 = 15.0 Hz, J> = 6.6 Hz, 1H, CH2), 2.94 (dd,
Ji1=15.0 Hz, J>» = 2.2 Hz, 1H, CH2), 2.41 (s, 3H, CH3) ppm. '*C NMR (100 MHz, CDCls): §
168.1, 145.6, 139.7, 139.0, 137.7, 134.5, 132.3, 130.4, 129.4, 128.7, 128.5, 127.0, 126.8, 125.1,

0]
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121.9, 121.3,115.7, 41.5, 36.4, 21.7 ppm. HRMS (ESI): m/z calcd. for C24H19”’Br NO3S2 [M +

H]"511.9984, found 511.9982, calcd. for C24H1o*' BrNO3S2 [M + H]" 513.9964, found 513.9966.
Ph,

Me )
A\ N
S Ts

3ea

(5)-6-Methyl-4-phenyl-1-tosyl-3,4-dihydrobenzo[4,5]thieno[2,3-b|pyridin-2(1H)-one

(3ea). White solid (35.8 mg, 80% yield, 98:2 er), m.p. 83—84 °C. HPLC (Daicel Chiralpak AD-
H, n-hexane/2-propanol = 60:40, flow rate 1.0 mL/min, detection at 254 nm): tr = 9.1 (minor),
fr = 10.6 min (major); 98:2 er. [0]p*® = +69.7° (¢ = 1.71, CH2Cl2). '"H NMR (400 MHz, CDCI3):
6 7.90 (d, J= 8.4 Hz, 2H, ArH), 7.68 (d, J = 8.0 Hz, 1H, ArH), 7.24 — 7.22 (m, 3H, ArH), 7.14
(dd, J1 = 8.0 Hz, J» = 0.8 Hz, 1H, ArH), 7.09 (t, /= 7.4 Hz, 1H, ArH), 6.99 (t,J= 7.6 Hz, 2H,
ArH), 6.80 (d, J= 7.6 Hz, 2H, ArH), 4.41 (dd, J1 = 7.0 Hz, J» = 1.8 Hz, 1H, CH), 3.17 (dd, Ji
=15.2 Hz, . = 7.2 Hz, 1H, CH2), 2.91 (dd, J1 = 15.2 Hz, J> = 2.0 Hz, 1H, CH»), 2.42 (s, 3H,
CH3), 2.38 (s, 3H, CH3) ppm. '*C NMR (100 MHz, CDCl3): § 168.3, 145.5, 139.6, 135.6, 135.2,
134.7,134.6, 134.0, 129.4, 128.72, 128.67, 127.1, 126.6, 126.1, 121.6, 120.8, 120.4, 41.6, 36.3,
21.7,21.5 ppm. HRMS (ESI): m/z caled. for C2sH22NO3S2 [M + H]"448.1036, found 448.1031.

MeO S Ts
3fa

(5)-7-Methoxy-4-phenyl-1-tosyl-3,4-dihydrobenzo[4,5]thieno[2,3-b]pyridin-2(1H)-one

(3fa). White solid (44.5 mg, 96% yield, 97:3 er), m.p. 88—89 °C. HPLC (Daicel Chiralpak AD-
H, n-hexane/2-propanol = 60:40, flow rate 1.0 mL/min, detection at 254 nm): tr = 13.6 (major),
fr = 16.2 min (minor); 97:3 er. [a]p* = +91.4° (¢ = 3.13, CH2Cl2). 'H NMR (400 MHz, CDCl3):
07.89 (d,J=8.4 Hz, 2H, ArH), 7.31 — 7.28 (m, 2H, ArH), 7.23 (d, /= 8.4 Hz, 2H, ArH), 7.08
(t,J=7.2 Hz, 1H, ArH), 6.98 (t, /= 7.6 Hz, 2H, ArH), 6.92 (dd, Ji1 = 8.8 Hz, J» = 2.4 Hz, 1H,
ArH), 6.79 (d, J= 7.6 Hz, 2H, ArH), 4.37 (dd, J1 = 7.0 Hz, J» = 2.2 Hz, 1H, CH), 3.85 (s, 3H,
CHs), 3.17 (dd, J1 = 15.0 Hz, J» = 7.0 Hz, 1H, CH>), 2.90 (dd, J1 = 15.0 Hz, J» = 2.2 Hz, 1H,
CHb), 2.42 (s, 3H, CH3) ppm. '*C NMR (100 MHz, CDCl3): § 168.3, 157.4, 145.5, 139.6, 138.3,
134.5, 132.7, 129.4, 128.8, 128.7, 128.6, 127.1, 126.5, 121.6, 120.5, 114.5, 104.6, 55.6, 41.5,
36.4,21.6 ppm. HRMS (ESI): m/z caled. for C2sH22NO4S2 [M + H]"464.0985, found 464.0979.
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3ga
(S)-7-Chloro-4-phenyl-1-tosyl-3,4-dihydrobenzo[4,5] thieno[2,3-b]pyridin-2(1H)-one
(3ga). White solid (43.1 mg, 92% yield, 90:10 er), m.p. 110-112 °C. HPLC (Daicel Chiralpak
AD-H, n-hexane/2-propanol = 60:40, flow rate 1.0 mL/min, detection at 254 nm): fr = 11.6
(minor), fr = 12.6 min (major); 90:10 er. [a]p? = +95.1° (¢ = 2.24, CH2Cl2). 'H NMR (400
MHz, CDCI3): 6 7.90 (d, J = 8.4 Hz, 2H, ArH), 7.76 (d, /= 1.6 Hz, 1H, ArH), 7.32 (d, J=8.4
Hz, 1H, ArH), 7.27 — 7.23 (m, 3H, ArH), 7.11 (t, /= 7.4 Hz, 1H, ArH), 7.00 (t, J= 7.6 Hz, 2H,
ArH), 6.78 (d, J= 7.6 Hz, 2H, ArH), 4.40 (dd, J1 = 7.0 Hz, J» = 2.2 Hz, 1H, CH), 3.19 (dd, Ji
=15.2 Hz, . = 7.2 Hz, 1H, CH2), 2.92 (dd, J1 = 15.2 Hz, J> = 2.4 Hz, 1H, CH2), 2.43 (s, 3H,
CH3) ppm. *C NMR (176 MHz, CDCl3): § 168.0, 145.7, 139.3, 137.7, 135.8, 134.4, 133.4,
130.3, 129.5, 128.8, 128.7, 127.3, 126.5, 125.6, 121.7, 121.5, 120.1, 41.4, 36.4, 21.7 ppm.
HRMS (ESI): m/z calcd. for C24H19CINO3S2 [M + H]"468.0489, found 468.0490.
Ph,

0
NN
Br S Ts
3ha

(5)-7-Bromo-4-phenyl-1-tosyl-3,4-dihydrobenzo|[4,5]thieno[2,3-b]pyridin-2(1H)-one

(3ha). White solid (44.1 mg, 86% yield, 92:8 er), m.p. 161-162 °C. HPLC (Daicel Chiralpak
AD-H, n-hexane/2-propanol = 60:40, flow rate 1.0 mL/min, detection at 254 nm): fr = 12.5
(minor), r = 13.7 min (major); 92:8 er. [a]p* = +99.9° (¢ = 3.15, CH2Cl2). '"H NMR (400 MHz,
CDCI): 6 7.93 —7.90 (m, 3H, ArH), 7.39 (dd, /i = 8.4 Hz, J. = 1.6 Hz, 1H, ArH), 7.27 - 7.25
(m, 3H, ArH), 7.11 (t,J= 7.4 Hz, 1H, ArH), 7.01 (t, J= 7.6 Hz, 2H, ArH), 6.78 (d, /= 7.6 Hz,
2H, ArH), 4.40 (dd, J1 = 7.0 Hz, J»=2.2 Hz, 1H, CH), 3.20 (dd, J1 = 15.2 Hz, /. = 7.2 Hz, 1H,
CH2), 2.92 (dd, J1 = 15.2 Hz, J> = 2.4 Hz, 1H, CH>), 2.43 (s, 3H, CH3) ppm. *C NMR (100
MHz, CDCls): 6 167.9, 145.7, 139.3, 138.1, 135.8, 134.4, 133.8, 129.5, 128.8, 128.7, 128.2,
127.3,126.4,124.3,122.0, 120.1, 117.9, 41.4, 36.4, 21.7 ppm. m/z calcd. for C24H19”’Br NO3S2
[M + H]" 511.9984, found 511.9971, caled. for C24H19*'BrNO3S2 [M + H]" 513.9964, found

513.9956.
Ph//
0]
o
( >N
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(5)-9-Phenyl-6-tosyl-8,9-dihydro-[1,3]dioxolo[4'',5'':4',5'|benzo[1',2':4,5] thieno[2,3-
b]pyridin-7(6H)-one (3ia). White solid (112.1 mg, 80% yield, 97:3 er), m.p. 126-129 °C.
HPLC (Daicel Chiralpak AD-H, n-hexane/2-propanol = 60:40, flow rate 1.0 mL/min, detection
at 254 nm): fr = 17.3 (minor), fr = 19.9 min (major); 97:3 er. [a]p*’ =+65.7° (¢ = 2.57, CH2Cly).
"H NMR (400 MHz, CDCI3): § 7.90 (d, J = 8.4 Hz, 2H, ArH), 7.24 (d, J = 8.8 Hz, 2H, ArH),
7.19 (s, 1H, ArH), 7.10 (t, /= 7.4 Hz, 1H, ArH), 7.00 (t, /= 7.6 Hz, 2H, ArH), 6.81 — 6.77 (m,
3H, ArH), 5.98 (d, /= 1.2 Hz, 1H, CH2), 5.94 (d, J = 0.8 Hz, 1H, CH2), 4.30 (dd, /1 = 7.2 Hz,
J>=2.0 Hz, 1H, CH), 3.19 (dd, /1 = 15.0 Hz, J>= 7.0 Hz, 1H, CH»), 2.90 (dd, J1 = 15.0 Hz, J»
=2.2Hz, 1H, CH2), 2.43 (s, 3H, CH3) ppm. *C NMR (100 MHz, CDCl:): § 168.1, 146.9, 146.4,
145.5, 139.5, 134.5, 133.4, 130.1, 129.4, 128.7, 128.6, 127.1, 126.5, 120.6, 101.35, 101.27,
100.1, 41.5, 36.6, 21.6 ppm. HRMS (ESI): m/z calcd. for C2sH20NOsS2 [M + H]" 478.0777,
found 478.0780.
Ph,,’

3ja

(5)-8-Fluoro-4-phenyl-1-tosyl-3,4-dihydrobenzo[4,5]| thieno[2,3-b]pyridin-2(1H)-one (3ja).
White solid (37.0 mg, 82% yield, 76:24 er), m.p. 212-214 °C. HPLC (Daicel Chiralpak AD-H,
n-hexane/2-propanol = 85:15, flow rate 1.0 mL/min, detection at 254 nm): tr = 17.8 (minor), fr
=19.5 min (major); 76:24 er. [a]p® = +55.5° (¢ = 0.73, CH2Cl2). 'H NMR (400 MHz, CDCls):
07.93 (d, J=28.0 Hz, 2H, ArH), 7.29 — 7.26 (m, 3H, ArH), 7.22 (t, /= 7.6 Hz, 1H, ArH), 7.11
(t,J=7.4 Hz, 3H, ArH), 6.80 (d, /= 7.2 Hz, 2H, ArH), 4.43 (dd, /1 = 7.2 Hz, J> = 2.0 Hz, 1H,
CH), 3.22 (dd, J1 = 15.2 Hz, J» = 7.2 Hz, 1H, CH2), 2.95 (dd, J1 = 15.2 Hz, J» = 2.4 Hz, 1H,
CHb2), 2.44 (s, 3H, CHs) ppm. '*C NMR (100 MHz, CDCI3): & 168.0, 157.2 (d, 'Jc-r = 246.2
Hz), 145.8, 139.3, 138.2 (d, *Jcr = 4.8 Hz), 136.6 (d, “Jc_r = 1.3 Hz), 134.5, 129.5, 128.85,
128.77,127.3, 126.5, 126.3 (d, *Jc—r = 7.0 Hz), 123.5 (d, 2Jc—r = 17.8 Hz), 120.8 (d, *Jcr = 2.3
Hz), 116.7 (d, “Jcr = 3.4 Hz), 109.4 (d, 2Jc—r = 18.4 Hz), 41.4, 36.6, 21.7 ppm. HRMS (ESI):
m/z calcd. for C24H19FNO3S2 [M + H]"452.0785, found 452.0785.

3ab

(R)-4-(2-Chlorophenyl)-1-tosyl-3,4-dihydrobenzo[4,5]thieno[2,3-b]pyridin-2(1H)-one
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(3ab). White solid (44.5 mg, 95% yield, 97:3 er), m.p. 153—-154 °C. HPLC (Daicel Chiralpak
AD-H, n-hexane/2-propanol = 60:40, flow rate 1.0 mL/min, detection at 254 nm): fr = 6.8
(minor), fr = 8.6 min (major); 97:3 er. [a]p* = +152.5° (¢ = 1.94, CH2Cl2). '"H NMR (400 MHz,
CDCl3): 6 8.01 (d, J = 8.4 Hz, 2H, ArH), 7.81 (dd, J1 = 6.8 Hz, J» = 1.6 Hz, 1H, CH2), 7.35 —
7.28 (m, 6H, ArH), 7.04 (td, J1 = 7.6 Hz, J = 1.3 Hz, 1H, ArH), 6.58 (t, /= 7.4 Hz, 1H, ArH),
6.28 (dd, J1=7.6 Hz, J = 1.2 Hz, 1H, ArH), 4.93 (dd, J1 = 7.6 Hz, J = 2.0 Hz, 1H, CH), 3.20
(dd, /1 =15.2 Hz, J.=7.6 Hz, 1H, CH2), 2.93 (dd, J1 = 15.2 Hz, J» = 2.0 Hz, 1H, CH>), 2.44 (s,
3H, CH3) ppm. 3C NMR (100 MHz, CDCl3) § 167.9, 145.8, 136.6, 136.3, 134.7, 133.0, 130.1,
129.5, 128.8, 128.7, 127.6, 126.9, 124.9, 124.5, 121.8, 120.7, 118.9, 40.0, 33.4, 21.7 ppm.
HRMS (ESI): m/z calcd. for C24H19CINO3S2 [M + H]"468.0489, found 468.0496.

(R)-4-(2-Bromophenyl)-1-tosyl-3,4-dihydrobenzo|4,5]thieno[2,3-b]pyridin-2(1H)-one
(3ac). White solid (46.1 mg, 90% yield, 96:4 er), m.p. 148-149 °C. HPLC (Daicel Chiralpak
AD-H, n-hexane/2-propanol = 60:40, flow rate 1.0 mL/min, detection at 254 nm): tr = 7.0
(minor), fr = 9.1 min (major); 96:4 er. [a]p® = +115.5° (¢ = 3.06, CH2Clz). '"H NMR (400 MHz,
CDCl3): 6 8.02 (d, J = 8.4 Hz, 2H, ArH), 7.81 (dd, J1 = 6.2 Hz, J» = 1.8 Hz, 1H, CHz2), 7.53 (dd,
J1=8.0Hz, J2=1.2 Hz, 1H, CH2), 7.34 — 7.28 (m, 5H, ArH), 6.95 (td, J1 =7.7 Hz, J.= 1.6 Hz,
1H, ArH), 6.61 (td, J1 = 7.6 Hz, = 1.1 Hz, 1H, ArH), 6.27 (dd, J1 = 8.0 Hz, /. = 1.6 Hz, 1H,
ArH), 4.91 (dd, J1 = 7.6 Hz, J = 1.6 Hz, 1H, CH), 3.19 (dd, /1 = 15.2 Hz, J» = 7.6 Hz, 1H,
CH2), 2.93 (dd, J1 = 15.0 Hz, J> = 1.8 Hz, 1H, CH2), 2.44 (s, 3H, CH3) ppm. '*C NMR (100
MHz, CDCl3) é 167.8, 145.8, 137.9, 136.5, 134.70, 134.67, 133.4, 129.6, 129.0, 128.8, 127.7,
127.5,124.9, 124.5, 123.5, 121.8, 120.7, 119.1, 40.1, 36.0, 21.7 ppm. HRMS (ESI): m/z calcd.
for C24H19”’Br NO3S2 [M + H]" 511.9984, found 511.9985, calcd. for C24Hi9*' BrNO3S2 [M +
H]"513.9964, found 513.9966.

Me

3ad
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(5)-4-(m-Tolyl)-1-tosyl-3,4-dihydrobenzo[4,5]thieno|2,3-b|pyridin-2(1H)-one (3ad). White
solid (43.0 mg, 96% yield, 96:4 er), m.p. 85-86 °C. HPLC (Daicel Chiralpak AD-H, n-
hexane/2-propanol = 60:40, flow rate 1.0 mL/min, detection at 254 nm): fr = 9.2 (minor), fr =
10.6 min (major); 96:4 er. [a]p* = +74.5° (¢ = 3.01, CH2Cl2). '"H NMR (400 MHz, CDCl3): &
7.93 (d, J=8.4 Hz, 2H, ArH), 7.82 - 7.78 (m, 1H, ArH), 7.45 - 7.42 (m, 1H, ArH), 7.32 - 7.28
(m, 2H, ArH), 7.25 (d, J= 8.0 Hz, 2H, ArH), 6.91 — 6.85 (m, 2H, ArH), 6.66 (s, 1H, ArH), 6.58
(d, J=7.2 Hz, 1H, ArH), 4.40 (dd, J1 = 7.2 Hz, J = 2.0 Hz, 1H, CH), 3.19 (dd, J1 = 15.2 Hz,
J»=7.2 Hz, 1H, CH»), 2.91 (dd, Ji1 = 15.2 Hz, J» = 2.0 Hz, 1H, CH>), 2.41 (s, 3H, CH3), 2.08
(s, 3H, CH3) ppm. 3C NMR (100 MHz, CDCl3): & 168.3, 145.5, 139.7, 138.5, 136.7, 135.3,
135.1, 134.7, 129.5, 128.7, 128.6, 128.0, 127.2, 124.8, 124.3, 123.6, 121.8, 120.8, 120.4, 41.5,
36.4, 21.7, 21.3 ppm. HRMS (ESI): m/z calcd. for C2sH22NO3S2 [M + H]" 448.1036, found

448.1036.
OMe

3ae

(5)-4-(3-Methoxyphenyl)-1-tosyl-3,4-dihydrobenzo[4,5]thieno[2,3-b]pyridin-2(1H)-one
(3ae). White solid (95.8 mg, 82% yield, 96:4 er), m.p. 79-80 °C. HPLC (Daicel Chiralpak AD-
H, n-hexane/2-propanol = 60:40, flow rate 1.0 mL/min, detection at 254 nm): tr = 11.9 (minor),
tr = 14.3 min (major); 96:4 er. [0]p*® = +77.0° (c = 1.81, CH2Cl2). '"H NMR (400 MHz, CDCl3):
6791 (d, J=8.0 Hz, 2H, ArH), 7.81 (dd, J1 = 6.0 Hz, J» =3.2 Hz, 1H, ArH), 7.45 (dd, J1 = 6.0
Hz, J> = 3.2 Hz, 1H, ArH), 7.31 (dd, /i = 6.0 Hz, J> = 3.2 Hz, 1H, ArH), 7.24 (d, J = 8.8 Hz,
2H, ArH), 6.91 (t, J= 8.0 Hz, 1H, ArH), 6.64 (dd, J1 = 8.2 Hz, J» = 2.2 Hz, 1H, ArH), 6.50 (t,
J=1.8 Hz, 1H, ArH), 6.37 (d, J = 7.6 Hz, 1H, ArH), 4.42 (dd, J1 = 7.2 Hz, J» = 2.0 Hz, 1H,
CH), 3.64 (s, 3H, CH3), 3.19 (dd, Ji1 = 15.2 Hz, J» = 7.2 Hz, 1H, CHz), 2.95 (dd, J1 = 15.2 Hz,
J2=2.0 Hz, 1H, CH2), 2.42 (s, 3H, CH3) ppm. *C NMR (100 MHz, CDCl3): § 168.3, 159.8,
145.5,141.3, 136.7,135.5, 135.0, 134.6, 129.8, 129.4, 128.6, 124.8, 124.4,121.9, 120.8, 120.4,
118.7, 112.7, 112.3, 55.0, 41.3, 36.3, 21.7 ppm. HRMS (ESI): m/z calcd. for C25sH22NO4S2 [M
+ H]"464.0985, found 464.0990.
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3af

(8)-4-(p-Tolyl)-1-tosyl-3,4-dihydrobenzo[4,5]thieno[2,3-b]pyridin-2(1H)-one (3af). White
solid (39.8 mg, 89% yield, 96:4 er), m.p. 199-200 °C. HPLC (Daicel Chiralpak IA, n-hexane/2-
propanol = 95:5, flow rate 1.0 mL/min, detection at 254 nm): fr = 25.3 (major), fr = 28.0 min
(minor); 96:4 er. [0]p?® = +84.5° (¢ = 1.78, CH2Cl2). '"H NMR (400 MHz, CDCI3): § 7.90 (d, J
= 8.4 Hz, 2H, ArH), 7.81 — 7.78 (m, 1H, ArH), 7.44 — 7.42 (m, 1H, ArH), 7.31 — 7.28 (m, 2H,
ArH), 7.25 — 7.23 (m, 2H, ArH), 6.79 (d, J = 8.0 Hz, 2H, ArH), 6.68 (d, J = 8.0 Hz, 2H, ArH),
4.41 (dd, J1=6.8 Hz, J.=2.0 Hz, 1H, CH), 3.15 (dd, J1=15.2 Hz, . = 7.2 Hz, 1H, CH2), 2.89
(dd, J1 = 15.0 Hz, J2 = 2.2 Hz, 1H, CH>), 2.43 (s, 3H, CH3), 2.21 (s, 3H, CH3) ppm. '3C NMR
(176 MHz, CDCl3) 6 168.4, 145.5, 136.75, 136.73, 136.5, 135.3, 135.0, 134.6, 129.41, 129.38,
128.7, 126.4, 124.8, 124.3, 121.8, 120.9, 120.8, 41.6, 36.0, 21.6, 20.9 ppm. HRMS (ESI): m/z
calced. for C2sH22NO3S2 [M + H]"448.1036, found 448.1034.

m@
0]
NN
S Ts
3ag

(5)-1-Tosyl-4-(4-(trifluoromethyl)phenyl)-3,4-dihydrobenzo[4,5] thieno[2,3-b]pyridin-
2(1H)-one (3ag). Yellow solid (45.6 mg, 91% yield, 96:4 er), m.p. 172—173 °C. HPLC (Daicel
Chiralpak AD-H, n-hexane/2-propanol = 60:40, flow rate 1.0 mL/min, detection at 254 nm): #r
= 8.6 (major), &k = 9.7 min (minor); 96:4 er. [a]p> = +65.2° (¢ = 1.80, CH2Cl2). 'H NMR (400
MHz, CDCl3): 6 7.87 (d, J = 8.4 Hz, 2H, ArH), 7.84 — 7.81 (m, 1H, ArH), 7.46 — 7.44 (m, 1H,
ArH), 7.35 - 7.32 (m, 2H, ArH), 7.22 (d, J = 8.4 Hz, 4H, ArH), 6.92 (d, J = 8.4 Hz, 2H, ArH),
4.50 (d, J=6.0 Hz, 1H, CH), 3.22 (dd, J1 = 15.2 Hz, J» = 6.8 Hz, 1H, CH2), 2.95 (dd, J1 = 15.0
Hz,»=2.2 Hz, 1H, CH2), 2.41 (s, 3H, CH3) ppm. 1*C NMR (176 MHz, CDCls): § 167.9, 145.9,
143.5,136.9, 136.0, 134.6, 134.4, 129.5, 129.4 (q, 2Jcr = 32.4 Hz), 128.6, 126.9, 125.6, 125.0,
124.6, 123.8 (q, Jcr=271.9 Hz), 122.0, 120.5, 120.0, 41.1, 35.7, 21.4 ppm. HRMS (ESI): m/z
caled. for C2sHisF3NO3S2 [M + H]" 502.0753, found 502.0752.
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3ah

(8)-4-(Naphthalen-2-yl)-1-tosyl-3,4-dihydrobenzo[4,5]thieno[2,3-b]|pyridin-2(1H)-one

(3ah). White solid (35.3 mg, 73% yield, 95:5 er), m.p. 180—-182 °C. HPLC (Daicel Chiralpak
AD-H, n-hexane/2-propanol = 60:40, flow rate 1.0 mL/min, detection at 254 nm): fr = 12.8
(major), fr = 15.1 min (minor); 95:5 er. [a]p* = +90.0° (¢ = 1.14, CH2Clz). '"H NMR (400 MHz,
CDCl3): & 7.85 —-7.80 (m, 3H, ArH), 7.71 =7.69 (m, 1H, ArH), 7.55 (d, J = 8.4 Hz, 1H, ArH),
7.52-7.49 (m, 1H, ArH), 7.42 -7.39 (m, 3H, ArH), 7.34 —7.31 (m, 2H, ArH), 7.16 (s, 1H, ArH),
7.07 =7.01 (m, 3H, ArH), 4.60 (dd, J1 = 6.6 Hz, J» = 1.8 Hz, 1H, CH), 3.25 (dd, J1 = 15.2 Hz,
J2=6.8 Hz, 1H, CH>), 3.09 (dd, J1 = 15.2 Hz, J» = 2.4 Hz, 1H, CH>), 2.25 (s, 3H, CH3) ppm.
3C NMR (100 MHz, CDCl3) & 168.4, 145.5, 137.1, 136.9, 135.7, 135.1, 134.5, 133.1, 132.4,
129.3, 128.8, 128.5, 127.8, 127.4, 126.0, 125.9, 125.0, 124.9, 124.5, 122.0, 120.9, 120.8, 41.1,
36.1, 21.6 ppm. HRMS (ESI): m/z calcd. for C2sHNO3S2 [M + H]"484.1036, found 484.1034.

3ai
(R)-4-(Furan-2-yl)-1-tosyl-3,4-dihydrobenzo[4,5]thieno[2,3-b]|pyridin-2(1H)-one (3ai).
White solid (39.0 mg, 92% yield, 96:4 er), m.p. 149—150 °C HPLC (Daicel Chiralpak AD-H,
n-hexane/2-propanol = 60:40, flow rate 1.0 mL/min, detection at 254 nm): ¢fr = 8.6 (minor), fr
=10.6 min (major); 96:4 er. [a]p* = +50.1° (c = 1.64, CH2Cl2). 'H NMR (400 MHz, CDCls):
6 7.88 (d, J="7.2 Hz, 2H, ArH), 7.79 (d, J = 8.0 Hz, 1H, ArH), 7.59 (d, /= 8.0 Hz, 1H, ArH),
7.39—-17.31 (m, 2H, ArH), 7.25 (d, J= 8.0 Hz, 2H, ArH), 6.95 (s, 1H, ArH), 6.00 — 5.99 (m, 1H,
ArH), 5.67 (s, 1H, ArH), 4.46 (d, /= 6.4 Hz, 1H, CH), 3.11 — 3.05 (m, 1H, CH2), 2.99 (d, J =
15.2 Hz, 1H, CH2), 2.42 (s, 3H, CH3) ppm. *C NMR (100 MHz, CDCl3) & 168.2, 152.4, 145.4,
142.1,136.7, 135.6, 134.7, 134.6, 129.3, 128.7, 124.8, 124.4, 121.9, 120.6, 118.7, 110.0, 105.8,
38.6, 30.2, 21.6 ppm. HRMS (ESI): m/z calcd. for C22H1sNO4S2 [M + H]" 424.0672, found
424.0669.

S13



Me

s
-

o]
A\ N,

S Ts

3aj
(R)-4-Methyl-1-tosyl-3,4-dihydrobenzo[4,S]thieno[2,3-b]pyridin-2(1H)-one (3aj). White
solid (35.3 mg, 95% yield, 98:2 er), m.p. 52—53 °CHPLC (Daicel Chiralpak AD-H, n-hexane/2-
propanol = 60:40, flow rate 1.0 mL/min, detection at 254 nm): tr = 7.5 (minor), fr = 8.0 min
(major); 98:2 er. [a]p® = +40.8° (c = 2.75, CH2Clz). '"H NMR (400 MHz, CDCl3): § 7.94 (d, J
= 8.0 Hz, 2H, ArH), 7.79 (d, J = 8.0 Hz, 1H, ArH), 7.56 (d, J = 8.0 Hz, 1H, ArH), 7.38 (t, J =
7.4 Hz, 1H, ArH), 7.34 — 7.29 (m, 3H, ArH), 3.35 — 3.28 (m, 1H,CH), 2.91 (dd, J1 = 15.2 Hz,
J2=6.4 Hz, 1H, CH2), 2.58 (d, /= 15.2 Hz, 1H, CH2), 2.41 (s, 3H, CH3), 1.00 (d, /= 7.2 Hz,
3H, CH3) ppm. *C NMR (100 MHz, CDCl3) § 169.3, 145.6, 136.8, 134.9, 134.5, 133.6, 129.4,
128.5, 124.7, 124.2, 123.7, 121.9, 120.2, 40.9, 25.6, 21.7, 19.5 ppm. HRMS (ESI): m/z calcd.
for C1oH1sNO3S2 [M + H]"372.0723, found 372.0725.

n-Pr,,

3ak

(R)-4-Propyl-1-tosyl-3,4-dihydrobenzo[4,5]thieno[2,3-b|pyridin-2(1H)-one (3ak). White
solid (32.8 mg, 82% yield, 98:2 er), m.p. 158-159 °C. HPLC (Daicel Chiralpak IB, n-
hexane/EtOAc = 60:40, flow rate 1.0 mL/min, detection at 254 nm): tr = 4.2 (major), trr = 7.2
min (minor); 98:2 er. [a]p? = +64.5° (¢ = 1.73, CH2Cl2). '"H NMR (400 MHz, CDCl3): § 7.93
(d, J=8.4 Hz, 2H, ArH), 7.79 (d, J= 7.6 Hz, 1H, ArH), 7.55 (d, J= 7.6 Hz, 1H, ArH), 7.40 —
7.29 (m, 4H, ArH), 3.20 — 3.15 (m, 1H, CH), 2.85 (dd, J1 = 15.2 Hz, J» = 6.4 Hz, 1H, CH»),
2.58 (dd, J1=15.4 Hz, J» = 1.8 Hz, 1H, CH2), 2.42 (s, 3H, CH3) 1.29 — 1.07 (m, 4H, CH2), 0.70
(t, J = 7.0 Hz, CH3) ppm. *C NMR (100 MHz, CDCls) § 169.6, 145.6, 137.0, 135.2, 134.7,
134.0, 129.4, 128.6, 124.6, 124.2, 123.7, 121.9, 120.7, 39.5, 36.5, 30.7, 21.6, 20.1, 13.8 ppm.
HRMS (ESI): m/z calcd. for C21H22NO3S2 [M + H]"400.1036, found 400.1032.

4. Synthetic procedure and the characterization data of compounds 4—6

Ph, Ph,
o) Mg, MeOH COxMe
N N, N NHTs
rt, 6h
S Ts S
3aa 4

To solution of 3aa (43.4 mg, 0.1 mmol) in dry MeOH (5 mL) followed by Mg powder (12.0
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mg, 0.5 mmol) was added, and the resulting suspension was stirred at room temperature for 6
h. Then the mixture was diluted with CH2Cl2 and filtered. The filtrate was concentrated and
purified by flash column chromatography on silica gel (petroleum ether/ethyl acetate = 3:1) to
afford compound 4.

Methyl (5)-3-(2-((4-methylphenyl)sulfonamido)benzo[b] thiophen-3-yl)-3-phenyl-
propanoate (4). White solid (41.9 mg, 90% yield, 96:4 er), m.p. 88-90 °C. HPLC (Daicel
Chiralpak AD-H, n-hexane/2-propanol = 80:20, flow rate 1.0 mL/min, detection at 254 nm): #r
= 13.3 (major), fr = 22.8 min (minor); 96:4 er. [a]p* = +125.5° (¢ = 1.58, CH2Cl>). '"H NMR
(400 MHz, CDCls): 6 8.34 (s, 1H, NH), 7.82 (d, /= 8.0 Hz, 2H, ArH), 7.67 (d, /= 8.0 Hz, 1H,
ArH), 7.20 - 7.16 (m, 3H, ArH), 7.12 - 7.01 (m, 5H, ArH), 6.67 (d, J = 7.2 Hz, 2H, ArH), 4.66
(dd, J1=11.2 Hz, J.=3.6 Hz, 1H, CH»), 3.62 (s, 3H, CH3), 3.28 (dd, J1 = 16.8 Hz, J> = 3.6 Hz,
1H, CH»), 3.11 (dd, Ji = 16.8 Hz, J>» = 11.2 Hz, 1H, CH>), 2.35 (s, 3H, CH3) ppm. '*C NMR
(100 MHz, CDClI3) 6 174.1, 144.0, 139.6, 137.3,136.4, 135.4, 134.8, 129.8, 128.4, 128.2, 127.5,
126.9, 126.5, 124.1, 123.9, 122.7, 122.4, 52.3, 36.9, 35.9, 21.5 ppm. HRMS (ESI): m/z calcd.
for C25sH24NO4S2 [M + H]"466.1141, found 66.1139.

Ph, Ph,
o naphthalene, Na R o
NN THF, 0 °C, 15min Ny NH
S Ts S
3aa 5

To solution of naphthalene (128.2 mg, 1.0 mmol) in dry THF (5 mL) and cooled to 0 °C under
argon atmosphere, Na (23.0 mg, 1.0 mmol) was added, and the resulting suspension was stirred
at 0 °C for 1 h, and the solution turned dark green. Then, 3aa (86.7 mg, 0.2 mmol) was added
to the solution and the reaction was stirred at 0 °C for 15 min. Then H20 (10 mL) was added
and extracted with DCM (3 x 10 mL). The combined organic phase was dried over Na2SO4 and
concentrated. The residue was purified by flash column chromatography on silica gel
(petroleum ether/ethyl acetate = 4:1 to 2:1) to afford compound 5.
(S)-4-Phenyl-3,4-dihydrobenzo[4,5]thieno[2,3-b]|pyridin-2(1H)-one (5). Yellow solid
(18.4mg, 33% yield, 95:5 er). m.p. 219-221 °C. HPLC (Daicel Chiralpak AD-H, n-hexane/2-
propanol = 60:40, flow rate 1.0 mL/min, detection at 254 nm): r = 6.7 (major), fr = 9.4 min
(minor); 95:5 er. [a]p?® = +142.2° (¢ = 1.93, CH2Clz). '"H NMR (400 MHz, CDCl3): § 8.45 (s,
1H, NH), 7.71 = 7.69 (m, 1H, ArH), 7.30 — 7.28 (m, 2H, ArH), 7.24 — 7.17 (m, 6H, ArH), 4.50
(dd, J1 =7.8 Hz, J» = 3.8 Hz, 1H, CH), 3.22 (dd, J1 = 16.4 Hz, J> = 8.0 Hz, 1H, CH2), 2.96 (dd,
Ji1=16.4 Hz, J» = 4.0 Hz, 1H, CH2) ppm. 3C NMR (100 MHz, CDCI3) § 169.7, 141.6, 137.3,
137.0, 133.8, 129.0, 127.3, 127.0, 125.0, 123.1, 122.5, 120.6, 114.4, 39.5, 37.5 ppm. HRMS
(ESI): m/z caled. for C17H1aNOS [M + H]"280.0791, found 280.0789.
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Ph/, .
/ 1) LiAlHg4, THF, 0°C, 3 h
\ O T \ N
N 2) Et3SiH, BF3*Et,0, DCM, rt, 2 h S Ts
S Ts 6
3aa

To solution of 3aa (43.4 mg, 0.1 mmol) in dry THF (5 mL) and cooled to 0 °C under argon
atmosphere, LiAlH4 (0.2 mmol, 7.6 mg) was added, and the resulting suspension was stirred at
0 °C for 3 h. Then quenched with water (10 mL) and extracted with DCM (3 x 10 mL). The
combined organic layer was dried over Na2SOu, filtered, and concentrated. In the next step, the
residue was dissolved in dry DCM, Et3SiH (23.2 mg, 0.2 mmol) and BF3-OEt2 (21.3 mg, 0.15
mmol) were added. The resulting mixture was stirred at room temperature for 2 h. Then
quenched with trace water and concentrated. The residue was purified by flash column
chromatography on silica gel (petroleum ether/ethyl acetate = 8:1) to afford compound 6.
(S)-4-Phenyl-1-tosyl-1,2,3,4-tetrahydrobenzo|[4,5]thieno[2,3-b]pyridine (6). White solid
(34.8 mg, 83% yield, 95:5 er). m.p. 80-82 °C. HPLC (Daicel Chiralpak AD-H, n-hexane/2-
propanol = 60:40, flow rate 1.0 mL/min, detection at 254 nm): tr = 5.3 (minor), fr = 5.7 min
(major); 95:5 er. [a]p® = +18.1° (c = 1.40, CH2Clz). '"H NMR (400 MHz, CDCl3): § 7.78 (d, J
= 8.4 Hz, 2H, ArH), 7.65 (d, J = 8.0 Hz, 1H, ArH), 7.16 — 7.12 (m, 3H, ArH), 7.10 — 7.05 (m,
3H, ArH), 6.98 — 6.96 (m, 2H, ArH), 6.67 (dd, J1 = 7.0 Hz, J1 = 1.4 Hz, 2H, ArH), 4.43 (dd, J:
=12.4 Hz, J» = 4.4 Hz, 1H, CH), 3.89 — 3.85 (m, 1H, CH»), 3.21 (td, J=11.4 Hz, J» = 2.7 Hz,
1H, CH), 2.59 — 2.51 (m, 1H, CHa), 2.33 (s, 3H, CH3), 2.17 — 2.10 (m, 1H, CHz) ppm. "*C
NMR (100 MHz, CDCl3) 6 144.1, 141.4,137.4,136.1, 135.7, 134.7,129.9, 128.4, 128.0, 127.5,
127.2, 126.0, 124.0, 123.7, 123.1, 122.3, 60.1, 36.7, 32.2, 21.5 ppm. HRMS (ESI): m/z calcd.
for C24H22NO2S2 [M + H]"420.1086, found 420.1028.
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5. Crystal data and structure refinement

Crystal data and structure refinement for 3fa

Identification code 1 a(CCDC 2180150)
Empirical formula C25H21NO3S2

Formula weight 447.55

Temperature/K 296(2)

Wavelength/A 0.71073

Crystal system Orthorhombic

Space group P212121

a/lA 6.4600(17)

b/A 13.975(4)

c/A 24.315(6)

a/° 90

p/e 90

v/° 90

Volume/A3 2195.2(10)

Z 4

Pealeg/cm’ 1.354

w/mm! 0.270

F(000) 936

Crystal size/mm?® 0.200 x 0.200 % 0.200
Completeness to theta = 25.117° 99.7 %

O range for data collection/° 2.905 to 25.117

Index ranges -7<h<6,-16<k<16,-26<1<28
Reflections collected 25109

Independent reflections 3905 [Rent = 0.1295]
Data/restraints/parameters 3905/0/246
Goodness-of-fit on F? 1.004

Final R indexes [[>=2c (I)] R1=0.0639, wR2=0.1316
Final R indexes [all data] R1=0.1646, wR2=0.1811
Largest diff. peak/hole / e A 0.233/-0.318

Absolute structure parameter -0.10(8)
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8. Copies of HPLC chromatograms of new products

DAD1 A, Sig=254 4 Ref=360,100 (NC\NC116591.D)
mAU 7 = o
300{ ﬁ ﬁ
\ I
] 1l
250 ‘ ‘ ‘ |
4 | | ‘
i | [ | l
200 Ph (]
] |
150 o |‘ |‘ A
1 b N, | || l\
| s ™ RER
] rac-3aa | ||
: ]
e i A
] B
o —— s e g e el | S
2{5 ‘ I5 I 7{5 WID |2I 5 WIS C 17!,5 ‘ miln
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAT] %%
e i [ R |-
1 13.751 BV 0.3873 7986.53271 315.55e52 47.811le
2 14.702 VB 0.4241 8717.63¢72 311.93054 52.1884
DAD1T A, Sig=254 4 Ref=360,100 (NC\NC219001.D)
mAU 4 &
1 2
4004 #
1 i
1 |
350 | Ph, |I ‘|
] - \
300 O |‘ l‘
] N N, L
250 S Ts [
] 3aa | l‘
200 I
] -
150 ‘I II
] Lo
100 |‘ "\
] | \
50 § | \
0—: S - - S~ ‘//f\_y'; ‘l‘\wl
2I t‘l EIS 2I3 ‘I‘D 1I2 ’II4 I mI\n
Peak  RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mATU] %o
e B B e R |- |
1 13.038 BV 0.3543 421.42908 18.18786 3.6156
2 13.924 VB 0.4134 1.12345=4 415.61453 Y90.3844
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DAD1T A, Sig=254,4 Ref=360,100 (NCINC300170.D)

mAU 5
4 L 2
| B8
25 [ “’
] I I
Ph N
|
1 | [
o 1
] A\ N, | |‘ I |I
. S SO,Ph |\ | ‘l |
1 rac-3ba | ‘I ‘I ‘l
: e
10 Fo |‘ l\
i [ [
i \ l‘ | ‘|
] .
57_ Il‘ |I ‘I‘ ‘II‘
O_’M_\m“__%wﬁ__‘j' e ~ YN
R T
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAT] %%
e | |- |~ B |- |
1 52.541 BV 1.1079 2548.18530 27.17798 50.1770
2 56.398 VB 1.2117 2530.21118 24.64649 45,8230
DADT A, S1g=054 4 Ref=380,100 (NC\NCA00170.D)
mAU ] §
?ri
\
] i
25 A
' Ph, | |
20| 0] ‘| ‘|
] A\
N, R
154
] 3ba ||
'IO*_ | |
[
| l‘ r\'\na
54 I‘ \ o '\n?-
| 8 &
R
o N - S -\V-/-\\_H_%___h ]
10 2|D BIG 4ID 5ID GID T‘D min|
Peak  RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mATU] %o
e | === = mmmm- P R | ——mm--—- |
1 52.70¢6 BB 1.1806 2684.38599 29.08891 95.221
2 D5e.632 MM 1.3451 134.71315 1.66917 4.778¢
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DADT A, 510-254.4 Rel=360,100 (NCNC300040 D)
mAU 3
| T
T
|
800 | ‘
| | Ph
4 ‘ ‘ O
600 ‘ N\ N
‘ S Ms 2
| | | rac-3ca &
400 | ‘,w" |
‘ | I\I ‘I\I
] | [
200 || ‘I | '\I‘
1 | \ fl Iﬂl
| /o
04— o / I\‘\."_7_/-\ . /; I‘\_r
f 75 1o 125 15 175 2 235 e min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAT] %%
e B P |- |- | |
1 11.059 BB 0.3302 1.96189e4 937.21484 49,8276
2 22.763 BB 0.7052 1.97547=4 437.14502 50.1724
DADT A, 5ig=254 4 Rel=360,100 (NCINCA00040 D)
mAU 2
' i
I
] [
100 [
| 1
i Ph/,, ‘I I
\
BUi O ‘l ||
] N—N |
60 -| S Ms I‘ I‘
1 3ca | II
] [
404 \ l‘
i |
|
|
4 | |
20] 8 [
Y A AN o SN
1 75 10 15 15 175 2 225 35 mn
Peak  RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mATU] %o
e R R — R | ———————- |
1 11.030 BB 0.3261 243.51080 11.73695 4,461l
2 22.770 BB 0.6933 5215.04834 1l1le.71575 95.5389
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DAD1T A Sig=254 4 Ref=360,100 (NC\NC300200.D)

mAU | 3
300 $
] | -
| =
] Ph | "
250+ Br | f
o | |
200 b N, | | | ‘|
J S Ts | ‘ | ‘
] rac-3da | |‘ |
150 \ | | \
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] N o
100 |‘ ‘| ‘| ‘I
]
1 | | |
50 | (-
- [ [
| " I‘ |
0 Y A - /{‘I - i\\'l_ L AN —
| I [ I T I I T
2 4 6 8 10 12 14
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAT] %%

e el E— |- e Bt——
1 9.635 BB 0.2795 5398.69873 303.52084 49.7906
2 11.188 BB 0.3281 5444.11475 258.07324 50.2094

DADT A, Sig=254 4 Ref=360,100 (NCINCA00061 D)
mALU %
1600 -] T'i’
] |
1400—: Br Ph/, ‘l \|
1 0] ‘| ‘
1200 N\
1 N\Ts | |
1000 S | ‘
] 3da | |
300 [
] o
600 |
O
400 |
] [
f |
200 N [ 5
0,:7 S o ,/"; L I""\r-—-,\_ d ﬁ\__j
| L e L
2 4 6 8 10 12
Peak  RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mATU] %o
e == |- |- |- -
1 9.349 Vv 0.2829 3.00678e4 1€63.15540 95.6679
2 10.897 VB 0.3282 1361.55457 64.0022¢6 4.,.3321
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DAD1 A, Sig=254 4 Ref=360,100 (NC\NC300210.D)
mAU _| 2
ﬁ' B
Ph | l‘ 1
| I
T e 0 I
1 S Ts | | B
300 ‘ |
1 rac-3ea | |
| B
| | \ | |
200 |
i | | |
e
i | | l\
100 . |‘ lwl
]
. L . LN S
2 4 5 8 R 12 i)
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAT] %%
e el R —mm e B ] B |
1 5.059% BV 0.2636 B8353.78809 493.13474 48.3554
2 10.55Z2 BV 0.312¢ 8922.04004 443.04987 5Hl.e44¢6
DADT A, Sig=254 4 Ref=360,100 (NCINCZ00211 D)
mAU 2
] g
1200 "l
] Ph, || |‘
1000 Me 0 |‘ |‘
] D N, |
800 S Ts [
] 3ea |‘ |
BDD—_ ‘
| |
, \
400 |
1 \
|
1 |
200 |‘
| N |
o] o R - — ]
|2 éll EIS 2|3 IID 1‘2 min|
Peak  RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mATU] %o
- - |- R - |- |
1 9.097 BV 0.2665 427.37720 24.86376 1.6111
2 10.6l18 VvV 0.3157 2.6099%=4 1291.8061l5 &98.3889
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DAD1A, Sig=254 4 Ref=360,100 (NC\NC300010.D)

mAU | o
300 E
|" -
! Ph {
250 ‘l \ N
] 0] [ ||" ".‘
] DN, | |
*7 Meo s T | A
rac-3fa I‘ ‘| |
150 [ |
’ | n
[ [
100-] | |I |‘ l‘
| | .
- o
7 | | | \
50—_ ‘I ‘| I‘I ||‘
A1 i o I];_ \\%_7_7|le B x\\_
| T T T I T T T T T
6 8 10 12 14 16 18 mir
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAT] %%
e B e e R R B |
1 13.66l1 BB 0.4261 8511.750988 310.25751 50.2462
2 1le.262 BB 0.5149 B428.33887 254.17671 49.7538
DADT A, Sig=254 4 Ref=360,100 (NCINC400010 D)
mAU I g’.
500-| ﬁ
| Ph, l‘ ‘I
y \
400 0 |I ‘l
] SN, | '\
MeO s T |
300 3fa || ‘I
] |
||
200 ] .
| l
| |
a
- ‘ I
100 ‘I |
o] ,*"‘I I""\ I /2_"\
! T T 2 ‘ 4 16 18 miry
Peak  RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mATU] %o
e B D e B B B
1 13.e50 BB 0.4303 1.436593=4 523.40735 97.3705
2 1l6.184 VB 0.4804 388.04501 11.90083 2.6295
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DAD1 A, Sig=254 4 Ref=360,100 (NC\NC300180.D)
mAU

: g
200 T'\L 1
] Ph 1|
175 | . |
150 N N | |
cl S Ts | | \
129 rac-3ga || | |
10 R
IOD—: | | |‘ |
] L]
"] s
] ]
50 | | | \l
1 ]
]
] |I I'u" I‘.‘
0+ B AN — ,-‘" Y I'\ o ]
2 4 & 5 o 1 14 16 18
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAT] %%
e === R R R
1 11.558 BV 0.3397 4e76.08008 215.00439 485.6148
2 12.474 VB 0.3e91 4942.56348 208.10487 51.3852
DADT A, Sig=254 4 Ref=360,100 (NCINCA00180 D)
mAU : %
_ f
1000 |
] Ph, A
| / I
] O B
800
] SN, |
| Cl S Ts ‘| ‘
600+ 3ga | |‘
| |
| |
400 |
4 || l‘
] o | |
200 g
- - | ‘I
. B ,/‘; \J/ \\_,_j
T I | T | T T T T
2 4 B B 10 2 14
Peak  RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAT] %%
e e e |- -
1 11.645 BV 0.3441 2994.50894 135.36989 10.095¢
2 12.584 VB 0.3789 2.66707e4 1099.87000 89.9044
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DADT A, Sig=254 4 Re=360, 100 (NCINC300030 D)
mAU 5 ~
] @ =
] i
250 Ph ‘| ‘I l‘hl‘
\ |
] o | | ‘| |
200] NN | \ | ‘l
Br S Ts || || |‘ \
150 rac-3ha |‘ ‘ |\ |‘
] |
I
] .
100+ | ‘| |‘
o
] o 'l‘
50 | [
] R
0 i e e - — ,u’l‘l ‘I“‘fj‘ ;,_ |
k I [ I T [ [ I I T I
2 4 6 8 10 12 14 16 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAT] %%
e B P D |- |
1 12.557 BV 0.3825 ©902.67383 279.15970 49.2203
2 13.727 VB 0.4241 7121.35400 261.20193 50.7797
DADT A, Sig=254 4 ReT=360,100 (NCINCA00030 D)
mAU &
ﬁ
1 Ph, \ l\
2507 - I
o |
1 [
200 ) N\T [
] Br S S |
1 3ha [
150 [
] [
[
wo—: || ‘I
[
_ ||
50+ E’. |‘ I|‘
: SR
AN
0 e e SN AN
2 A ' 5 3 10 h 14 16 mi
Peak  RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mATU] %o
e B P R R |
1 12.547 BV 0.3800 ©96.96423 28.42969 7.9082
2 13.724 VB 0.4225 Blle.Zeee0 297.27014 92.0918

S92



DAD1T A, Sig=254 4 Ref=360,100 (NC\NC300020.D)

mAU | E
140-] N g
| Ph ‘I‘ ‘I I.’"‘.‘
1 | A
120 O | A
| @) [ I‘ ‘I
1004 < > N, \l‘ ‘l\ "I |
100 |
i O S Ts - |‘ II
BG: I'ac-3ia | |‘ I| \l
- | o
. [ [
60 [ [
1 . |
fo |
| | | |
40+ o ."
20{ \'I‘I I‘I"‘ "‘I‘I ‘I"t
=+ /'f \\‘_ — e 77_,_,_u J/f \\.1_ S
8 10 2 14 & 8 2 ' 2 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAT] %%
e B e R - e |
1 17.375 BB 0.5537 5509.42139 155.36263 49,9181
2 19.873 BB 0.6279 5527.4892e 137.24570 50.0819
DADT A, 5ig=254.4 Ref=360,100 (NCINCAD0020 D)
7] 2
] Ph, i
n
i (o) (|
abeY |
(@] S Ts |‘| \l
150 3ia |‘| ‘I
i \
|
] |
100] f
4 |
|‘
o3 o
o S 7/'“\_ SN ,/"_\\_,__h J,/"; \\“'1- -
L T T T T ‘ T — T T
8 10 12 14 16 18 20 22 min
Peak  RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mATU] %o
e B e B | —mmmmm—- - |
1 17.310 BB 0.5097 309.14429 8.056865 2.9478
2 19.889 BB 0.6380 1.01782<4 250.52324 97.0522
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DAD1 A, Sig=254 4 Ref=360,100 (NCINC300191.D)

mAU | E
f Ph ﬁ i
2507 o I ;'ﬂl
N I
] N, \ /|
200 S Ts | || | I‘
\
_ F : Ay
150.] rac-3ja | | |
] | || |
] ] ‘I
100 B
.
L
i Lo
50 |
] |
i I
ol e o~ Y/ N —
R 20 % i
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAT] %%
e B e R R e R
1 17.757 BB 0.5135 9007.42285 274.0222 50.0805
2 19.539 BB 0.5e74 8978.46387 248.00107 49.9195
DADT A, Sig=254 4 Ref=380,100 (NCINCA00190 D)
mAU ] pa
] 2
80 8
] Ph, |
?D_, g |
] o) |
60 NN |
] S Ts o
50 [
] FooL N
a0 3ja |
] g |
30 t |‘ |‘
i I‘I I‘I‘ ‘ |
20 [ [
] [ \ ‘I
o4+ AN . u'l‘l “‘\ Ji _\\,_, |
25 5 75 10 125 15 115 20 225 min
Peak  RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mATU] %o
e P e ] B |
1 17.758 BB 0.5076 952.7522¢6 29.28067 23.822
2 19.511 BB 0.5680 3046.62866 84.22534 Te.1775
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DADT A, Sig=254 4 Ref=360,100 (NCINC300130.D)
mAU 3
2
i
I
800 | \ 3
| ﬁ"?
| [
600 ‘ |
| N
| |
rac-3ab N |
400 || ‘| |
| |
|
N B
o ||
a n
‘|‘| I"\I Iu‘l‘ Il‘al
. o / \\\ o { x\_ | )
T
Peak RetTime Type Width Height Area
# [min] [min] [mAU] %
e B e B | |
6 v 0.1952 1.14534=4 920.0276e5 49.4340
2 8 VB 0.2501 1.17157=4 734.54230 50.5660
DADT A, Sig=254 4 Ref=360, 100 (NCINCA00130.D)
mAU ~ 3
1750 ﬁ
] @CI |
1500 / |‘ |
) |
1250 o B
] NN |
] S Ts | |
1000 | |
3ab |
750 |
1 .
L
500 |
j [
|I Iﬂ
0 : N —— 1 /‘d\ S / \-‘_r
7 2 Jﬂin
Peak  RetTime Type Width Height Area
# [min] [min] [mAU] %
- P e e e |
1 © 1 BB 0.1933 72.27006 2.7366
2 g 4 BB 0.2710 3 1838.12048 97.2634



DADT A, Sig=254 .4 Re=360,100 (NCINC300090.D)
mAU | %
1
_ | -
250 s
, | ;
_ | !
200 I
] | |
, | i
1907 rac-3ac ‘ \ || |
] N |
100 ‘ ‘ ||
1 | |
N n
50| n \l |
i [ |
4 | | | |
i I‘ I"I I\I ‘I‘.
o] N _J "‘-\1 ) "'\1 o
| I T T T I \ : ;
2 4 6 8 10 12 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAT] %%
e e R e e B |
1 ©.878 BB 0.1940 3723.20872 297.44339 49,6803
2 8.817 BB 0.2532 3771.12158 232.58052 50.3197
DADT A, Sig=254 4 Ref=360, 100 (NCINCA00090 D)
mAU &
] 3(
|
i | |
1000 @Br | ‘I
] 3 R
800~ o) ||
: NN |
4 S \TS ‘ ‘
600 |
1 3ac | |
] ||
400- | |‘
[
i [
200 fo
| g I‘I \I‘
0 o VAN B .
k | i | i T | T T
2 4 6 8 10 12 min
Peak  RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mATU] %o
e R R - Bl R |
1 7.041 VB 0.2054 7e8.51428 27.68219 3.7211
2 9.052 BB 0.2¢82 1.98844=4 1158.95764 96.2789
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DADT A, Sig=254 4 Ref=360,100 (NC\NC300220.0)

mAU 7 2 wn
1 & !
| I S
250 H ‘ﬁ\
1 [ [
| i
J | | | |
200 |
N B
150 | |‘ N
] | I
B
] rac-3ad | ‘| | ‘I
100 || ||
[ [
_ .
50*_ | I| II‘ I‘
0 o e - N . _L_,-‘"I II“'\_,_‘ ljl‘l I\'\k_'_i ]
> a ¢ B 10 '
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAT] %%
e | === ——————- R | ——mmm R
1 9.24¢ BB 0.2720 4664.70068 278.26459 48.7113
2 10.505 BB 0.3099 5122.10645 257.64487 51.2887

DAD1 A, Sig=254 4 Ref=360,100 (NC\NC400220.D)

mAU - I
1600 ﬁ
] Me [
1400 @ ! I‘
. |
1 [
1200 1 / \ |‘
] “, |
1000 O |‘ |
] A\ |
EDD—: S Ts I‘ ||
] 3ad |
600 Lo
] B
4 | |
400 o
|
200—: g .
0 _ _ . AN, (N
1 T ‘ T \ T ‘ ‘ T ‘ T T T ‘ T ‘ T T
2 4 6 8 10
Peak  RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAT] %%
el B e | | | |
1 9.243 EB 0.2745 1315.22803 73.58922 3.7985
2 10.572 BB 0.3180 3.33058=4 1646.79858 96.2011
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DADTA, Sig=254 4 Ref=360,100 (NC\NC300150.D)

mAU 7] &
| &
250 ! =
1 | ‘ Ml
] | |
200 ‘ ‘ ‘| l‘
H ||
1 | [
150 | ‘ |
|
] JI B
100 \ [
] - .
| [
’ B |
50 | Fo
] [ [
| .
- . N . . JJ" \ 7,}3 ‘\_,7 .
25 5 7's 10 T 13s 15 175
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAT] %%
e e P = R B
1 11.833 BB 0.3547 6596.01563 288.571%¢ 49.3728
2 14.125 BB 0.426e5 ©703.60400 247.71529 50.6272
DADT A, Sig=254 4 Ref=360,100 (NCINCA00150 D)
mAU | =
ﬁ
| M
400 |‘ ‘I
] OMe “
] a
3001 ||
1 “, | ‘
., ‘ |
| O [
200 | A\ N | ||
] S Ts " \
1 3ae | ﬂ
100 [
i w [
] | I
04 A _ o L//\\__'i_ _,\J; \__17,
T T T T T T T T T T T T
2 4 6 8 10 12 14 16
Peak  RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mATU] %o

e R el R — e — R —
1 11.938 BB 0.3536 560.50403 24.80362 4.1706

2 14.254 VB 0.4309 1.28788e4 408.21167 95.8294
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DADT A, Si9=254 4 Ref=360,100 (NCWC300073.0)
mAU | 2
50 %

i Me
] | il
“ {i" I
i | [

| |
0O | I

30 — [ [
] S Ts ' o

207 rac-3af o |

| Y [ Y

0 :--. S e R })‘l o 7‘\\_7[)" \ -

— ——

T T T T T T T T T T T T T T T T T T T T I T T T T T T T T T T T T T T I T T T T I T T T T I T
10 125 15 175 20 225 25 275 30 32.5 min|

Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAT] %%
e e — R R ———
1 25.493 BB 0.5884 2000.34912 50.46531 50.0069
2 28.102 MM 0.7495 1999.79639 44,4879 45,9931
DADT A, Sig=254 4 Ref=300,100 (NCINC400070 D)
mAU — 3
] Me g
175 |I "
] N
150 “, ‘| |‘
1 : |
1 O |¥
1257: N\ N |
] S Ts ||
100 [
] 3af | "
75 | ll‘
o
0] I
] |
\
2] | g
1 ——— S _ _ _ y‘"l — \\1,_1&_ .
10 125 15 175 2 235 75 " min
Peak  RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mATU] %o

1 25.304 BB 0.€014 7836.63

428 193.12575 95.5¢le
2 28.001 BB 0.5954 363.9752

8 8.82138 4.4384
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DAD1 A, Sig=254,4 Ref=360,100 (NC\NC300060.D)

mAU ] %
70[]—_ T\’ .
] | 3
i 5
600 H "\‘
] | \ |||\
500 | [
] | ||
] || R
400 n ||
1 | B
| SEE
3001 | |
| |
200 ‘ |‘ I‘ |
b [
] | | | \I
100 " '|‘ -
b ‘II I‘.‘ ‘I‘I i
o R - J '\_,4')' N
T I | T T T
2 4 6 8 10
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAT] %%
i B el R |- R |
1 8.638 BV 0.2624 1.22539=4 730.13788 50.7255
2 9.649 VB 0.2949 1.19422=4 ©30.75793 49.2745

mAU ] Q
700 ﬁ
: FaC |
600 @ |\‘|
] / \
i %, | |
500+ |
0] | |
400 N N, ‘ |
] S Ts | |
3004 3ag L
] .
1 [
200 .
] | |
] [
100 [ @
o] - I“\._i‘/\_
5 2 £ 5 0
Peak  RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mATU] %o
R == e |~ R |-
1 8.¢40 BB 0.2e18 1.25007=4 744 85321 96.2384
2 9.659 BB 0.2962 488.60422 25.42¢l2 3.76le
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DADT A, Sig=254 4 Ref=360,100 (NCINC300140.D)

mAU 1 g
N
] ( 2
2001 O [ ¥
[ i
i i
1504 o) | I
] | N
oo I
] S Ts | o
1004 rac-3ah | |‘ ‘l ‘l
| | N
|
L |
1 [ [
50 [ [
] L |
L [
D__i AN _ S o "'»‘\ gj‘"‘ "‘\_1
D T 1 14 16 min
Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAT] %%
i i | - | |
1 12.¢42 BB 0.3840 5777.23340 234.03624 50.06l11
2 14.936 BB 0.4579 5763.14209 195.50330 49.9389
DADT A, Sig=254,4 Ref=360,100 (NCINCA00140.D]
mAU o
#l
|
800 / | |
4 ‘. | |
, { © |
600 N, | |
| S Ts | \
] 3ah N
400-| | |
i | |
|
] ||
200 I‘ |‘
| . N
.-
ol A S A G A _,
25 5 s 10 125 15 175 20 _min
Peak  RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mATU] %o
e e s R R R |
1 12.781 BB 0.3934 2.494]13e4 991.75348 95.4801
2 15.072 BB 0.4623 1180.68152 40.00830 4.5199
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DAD1 A, Sig=254 4 Ref=360,100 (NC\NC300110.D)
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Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAT] %%
P |- | —mmm e | |
1 8.640 BB 0.2513 1.19724=4 745.79413 49,9747
2 10.68¢ BB 0.3146 1.19845=4 595.92627 50.0253
DADT A, Sig=254 4 Ref=300,100 (NCINC300111 D)
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Peak  RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mATU] %o
e B | ———— ] === R | ———mm |- - |
1 8.583 VB 0.2460 1099.68030 ©9.72155 3.7774
2 10.e43 BB 0.3170 2.80126e4 1390.42419 96.2226
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DAD1 A, Sig=254.4 Ref=360,100 (NCINC300120.D)
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Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAT] %%
e B el | ———mmmmm—- e B
1 7.456 VV 0.2079 2.13475=e4 1597.62170 49.6905
2 8.048 VvV 0.2272 2.16134e4 1490.48059 50.30935
DADT A, Sig=2564 4 Ref=300,100 (NCINCA00121 D)
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Peak  RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mATU] %o
e B B R B e
1 7.461 BV 0.2038 240.95822 18.51769 2.3197
2 3.049 VB 0.2248 1.01467=4 701.2e031 97.6803
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DADT A, Sig-254.4 Ret=360,100 (NCINC300235 D)
mAU ] 3
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Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAT] %%
e R | === —==-==- R — R R |
1 4,085 VWV 0.1272 1.32700e4 1€97.81409 50.7230
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0.1443 1.28917e4 1364.03101 49.2770

DAD1 A. Sig=254 4 Ref=360,100 (NCINGA00230 D)
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Peak  RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mATU] %o
o B R P —— e —— R |
1 4,155 VvV 0.0937 1.47183=4 2535.33423 97.8804
2 .222 BB 0.1352 318.71704 36.02105 2.119¢6
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DADT A, Sig=254 4 Ref=360,100 (NCINC119232.0)
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Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAT] %%
e D e P B —— R |
1 13.755 BB 0.6502 3557.63403 82.00054 50.2733
2 21.686 VB 0.8982 3518.95898 58.97158 49.72¢7
DADT A, Sig=254 4 Ref=360,100 (NCINCZ19231 D)
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Peak  RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mATU] %o
e B P e I -
1 13.323 BB 0.7983 ©.43383e4 11e61.40356 95.5282
2 22.787 VB 0.9295 3011.77368 49.80738 4.4718
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DADT A, Sig=254 2 Ref=360,100 (NCINC319370.0)
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Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAT] %%
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1 ©6.419 BB 0.2150 1.34847=4 930.85687 350.e316
2 8.636 VB 0.3337 1.31378e4 e09.07458 49,3484
DADT A, Sig=254 4 Ref=360,100 (NCINCAT9370 D)
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Peak  RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mATU] %o
e || m oo R | R |
1 ©.718 BB 0.2195 1.5548eed4 1045.36€438 595.454Z2
2 9.398 VB 0.3434 733.63898 31.76928 4.5058
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DAD1A, Sig=254 4 Ref=360,100 (NC\NC119380.D)
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Peak RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mAT] %%

1 5.347 BV 0.1529 2262.88306 229.67741 49.5766
2 2.754 VB 0.1e95 2301.53e6Z2 210.5Ze0l1lZ2 50.4234

DAD1TA, Sig=254,4 Ref=360,100 (NC\NC219380.D)
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Peak  RetTime Type Width Area Height Area
# [min] [min] [mAU*s] [mATU] %o

1 5.296 BV 0.1541 119.09898 11.96582 4.6832
2 5.696 VB 0.1le7¢ 2424.03784 225.17192 95.3168
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