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Experimental Section

General

Starting materials and reagents were obtained from commercial sources and were used without
further purification. Solvents were dried by distillation from the appropriate drying reagents
immediately prior to use. All solvents used for routine isolation of products and chromatography
were reagent grade. Moisture- and air-sensitive reactions were carried out under an atmosphere
of argon. Reaction flasks were flame dried under a stream of argon gas, and glass syringes were
oven dried at 120 °C prior to use.

Unless otherwise stated, concentration under reduced pressure refers to a rotary
evaporator at water aspirator pressure. Residual solvent was removed by vacuum pump at a
pressure less than 0.25 mm of mercury.

Analytical thin-layer chromatography (TLC) was conducted using precoated TLC plates
(0.2 mm layer thickness of silica gel 60 F-254). Compounds were visualized by ultraviolet light
and/or by heating the plate after dipping in a 3-5% solution of phosphomolybdic acid in ethanol,
10% ammonium molybdate in water, a 1% solution of vanillin in 0.1 M sulfuric acid in methanol
or 2.5% p-anisaldehyde in 88% ethanol, 5% water, 3.5% concentrated sulfuric acid and 1%
acetic acid. Flash chromatography was performed with the indicated eluents on 230 - 400 mesh
silica gel.

Optical rotations were measured with a polarimeter at ambient temperature using a
0.9998 dm cell with 1 mL capacity. Infrared (IR) spectra were recorded on a FT-IR spectrometer.
Proton and carbon nuclear magnetic resonance (NMR) spectra were obtained using either a 400,
500 or 700 MHz spectrometer. All chemical shifts were reported in parts per million (ppm)

downfield from tetramethylsilane using the & scale. 'H NMR spectral data are reported in the
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order: chemical shift, multiplicity (s = singlet, d = doublet, m = multiplet, and b = broad),
coupling constant (J, in Hertz), and number of protons.
Low (MS) and high (HRMS) resolution mass spectra are reported with ion mass/charge

(m/z) ratios as values in atomic mass units.

Representative Procedure for the Asymmetric Sulfa-Michael Addition of Thiols to Acyclic
a,B-Unsaturated Ketones Catalyzed by Fe-salen Complex (+)-2e:

To an oven-dried vial were added Fe-salen complex (+)-2e (13.2 mg, 0.02 mmol, 20 mol%) and
enone (0.1 mmol) followed by anhydrous DCE (1 mL) and the resulting brown suspension was
stirred at room temperature for 10 min. To the suspension at -5 °C was added the thiol (0.12
mmol) and the mixture was stirred at that temperature for the length of time specified in Tables
4-5. The reaction mixture was concentrated under reduced pressure and the resulting crude
residue was purified by flash chromatography on silica gel (15% hexane/ether) to give the
product. The enantiomeric excess of the pure product was determined by HPLC on a Daicel
Chiralcel OD, AD, OJ, OD-H or AS-H column.

A procedure at 5 mmol scale was carried out with (E)-pent-3-en-2-one (421 mg, 5 mmol) and p-
chlorobenzyl thiol (792 pL, 6 mmol) using (+)-2e (662.2 mg, 1.0 mmol, 1 mol%) in anhydrous

DCE (50 mL). The SMA adduct was obtained in 96% yield and 94% ee.
(R)-3-(4-Chlorobenzylthio)-1,3-diphenylpropan-1-one (5)

Cl

S O

Ph/?\)J\ Ph
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Colorless oil; [a]p?” + 211.0 (c 0.1, CHCIs), [lit.* for (R) enantiomer [a]p®> + 209 (c 1.0, CHCls,
96% ee)]; 98% ee [Chiralcel OD-H, hexane:i-propanol 80:20, 0.8 mL/min, 215 nm, tz (major)
19.5 min, tgr (minor) 24.0 min]; IR (neat) 2922, 1716, 1460, 1422, 1366, 1311, 1259, 1163, 1142,
1047, 748 cm™; 'H NMR (700 MHz, CDClg) & 3.47-3.61 (m, 4H), 4.42 (s, 1H), 7.15 (J = 7.3 Hz,
2H), 7.22-7.29 (m, 3H), 7.32-7.39 (m, 2H), 7.39-7.42 (m, 2H), 7.45-7.50 (m, 2H), 7.53-7.59 (m,
1H), 7.78-7.92 (m, 2H); *C NMR (175 MHz, CDCl5) 5 34.1, 44.1, 45.6, 127.2, 128.0, 128.9,

130.2, 133.2, 134.0, 136.4, 136.7, 141.8, 196.8.

(R)-3-(Isopropylthio)-1,3-diphenylpropan-1-one (8a)

PhM Ph

Colorless oil; [a]p?’ + 127.6 (c 0.1, CHCI5), [lit.! for (R) enantiomer [a]p?® + 107 (c 1.0, CHCIs,
80% ee)]; 94% ee [Chiralcel OD, hexane:i-propanol 90:10, 0.8 mL/min, 215 nm, tgr (major) 21.6
min, tr (Minor) 25.5 min]; IR (neat) 3060, 2923, 1686, 1597, 1580, 1492, 1450, 1334, 1179, 979,
749, 697, 649 cm™; *H NMR (700 MHz, CDCls) 6 1.15 (d, J = 6.8 Hz, 3H), 1.30 (d, J = 6.8 Hz,
3H), 2.63-2.69 (m, 1H), 3.44-3.50 (m, 1H), 4.66-4.74 (m, 1H), 7.21-7.27 (m, 1H), 7.30-7.36 (m,
2H), 7.48-7.52 (m, 4H), 7.59-7.63 (m, 1H), 7.92-8.00 (m, 2H); *C NMR (175 MHz, CDCls) &

22.4,22.7,34.7,435,45.7,127.1, 127.8, 128.1, 128.6, 133.2, 136.9, 142.7, 197 4.

(R)-3-(Benzylthio)-1,3-diphenylpropan-1-one (8b)



Colorless oil; [a]p® + 139.2 (c 0.14, CHCIy), [lit.! for (R) enantiomer [a]p® + 139.7 (c 1.0,
CHCl3, 96% ee)]; 97% ee [Chiralcel OD, hexane:i-propanol 70:30, 0.8 mL/min, 215 nm, tg
(major) 40.7 min, tg (minor) 45.9 min]; IR (neat) 3059, 1685, 1493, 1408, 1255, 1073, 1027,
980, 750, 696 cm™; *H NMR (700 MHz, CDCl3) & 3.53-3.57 (m, 1H), 3.59-3.62 (m, 1H), 3.63-
3.70 (m, 2H), 4.54 (t, J = 7.2 Hz, 1H), 7.29-7.32 (m, 3H), 7.35-7.38 (m, 2H), 7.39-7.42 (m, 3H),
7.45-7.51 (m, 4H), 7.58-7.61 (m, 1H), 7.92 (d, J = 7.4 Hz, 2H); **C NMR (175 MHz, CDCl3) &

35.9,44.2,45.3,127.0,127.3, 128.1, 128.4, 128.5, 128.6, 133.2, 136.8, 137.9, 141.8, 196.8.

(R)-4-(Isopropylthio)-4-phenylbutan-2-one (8c)

Phj\)k

Colorless oil; [a]p® + 107.6 (¢ 0.1, CHCIs); 97% ee [Chiralcel OD, hexane:i-propanol 70:30, 1.0
mL/min, 215 nm, tg (major) 9.7 min, tg (minor) 10.4 min]; IR (neat) 3028, 2924, 1717, 1492,
1361, 1152, 1021, 699, 534 cm™; *H NMR (700 MHz, CDCls) & 1.11 (d, J = 6.5 Hz, 3H), 1.28
(d, J = 6.5 Hz, 3H), 2.08 (s, 3H), 2.59-2.64 (m, 1H), 2.91-2.98 (m, 2H), 4.50-4.54 (m, 1 H), 7.21-
7.26 (m, 1H), 7.29-7.35 (m, 2H), 7.39-7.45 (m, 2H); *C NMR (175 MHz, CDCl5) § 22.4, 22.7,
30.7, 34.2, 43.9, 50.8, 128.7, 129.1, 129.6, 143.1, 205.7; HRMS (El) calcd for Cy3H;50S m/z

222.1078, found 222.1074.

(R)-4-(Benzylthio)-4-phenylbutan-2-one (8d)



Colorless oil; [o]p® + 183.9 (c 0.1, CHCI5), [lit.% for (S) enantiomer [a]o> - 162.5 (¢ 1.0, CHCls,
85% ee)]; 96% ee [Chiralcel OD, hexane:i-propanol 70:30, 1.0 mL/min, 215 nm, tg (major) 13.0
min, tg (minor) 16.2 min]; IR (neat) 3060, 2917, 1716, 1493, 1359, 1154, 1024, 762, 698, 531
cm™: *H NMR (700 MHz, CDCls) & 2.06 (s, 3H), 2.95-3.03 (m, 2H), 3.50 (AB system, J = 13.3
Hz, 2H), 4.26 (t, J = 7.2 Hz, 1H), 7.23-7.29 (m, 3H), 7.32-7.41 (m, 7H); *C NMR (175 MHz,

CDCls) 6 30.3, 35.6,44.2,50.9, 127.4, 127.7, 127.9, 128.4, 128.5, 128.9, 138.6, 141.5, 207 .4.

(R)-4-((4-Chlorobenzyl)thio)-4-phenylbutan-2-one (8e)

Cl

§ O
Colorless oil; [a]p® + 199.3 (¢ 0.1, CHCIs); 97% ee [Chiralcel AD, hexane:i-propanol 85:15, 0.8
mL/min, 215 nm, tg (major) 18.9 min, tg (minor) 23.7 min]; IR (neat) 3028, 2919, 1716, 1598,
1490, 1452, 1092, 1015, 833, 699 cm™; 'H NMR (700 MHz, CDCl3) & 2.06 (s, 3H), 2.90-3.00
(m, 2H), 3.50 (AB system, J = 13.2 Hz, 2H), 4.23 (t, J = 7.3 Hz, 1H), 7.16-7.20 (m, 2H), 7.27-
7.33 (m, 3H), 7.37-7.42 (m, 4H): *C NMR (175 MHz, CDCls) & 30.2, 35.2, 43.4, 50.3, 128.9,
129.2, 129.4, 129.7, 130.4, 132.3, 138.8, 142.7, 207.3; HRMS (EI) calcd for Cy7H1;ClIOS m/z

304.0689, found 304.0687.

(R)-4-(Isopropylthio)-4-(3-methoxyphenyl)butan-2-one (8f)
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OMe

Colorless oil; [a]p®® + 117.7 (c 0.12, CHCIs); 95% ee [Chiralcel OD, hexane:i-propanol 85:15,
0.8 mL/min, 215 nm, tg (major) 15.0 min, tg (minor) 18.9 min]; IR (neat) 2959, 2921, 1716,
1599, 1261, 1153, 1046, 873, 697 cm™; *H NMR (700 MHz, CDCl3) & 1.13 (d, J = 6.6 Hz, 3H),
1.27 (d, J = 6.6 Hz, 3H), 2.11 (s, 3H), 2.59-2.65 (m, 1H), 2.90-2.99 (m, 2H), 3.84 (s, 3 H), 4.37
(t, J = 7.3 Hz, 1H), 6.75-6.83 (m, 1H), 6.90-7.0 (m, 2H), 7.21-7.29 (m, 1H); *C NMR (175
MHz, CDCls) & 22.5, 22.7, 30.7, 34.9, 43.9, 50.9, 55.3, 113.2, 113.7, 120.6, 130.1, 143.1, 160.2,

207.4; HRMS (EI) calcd for C14H200,S m/z 252.1184, found 252.1186.

(R)-4-(Isopropylthio)-4-(4-methoxyphenyl)butan-2-one (89)

|

s ©
Meo/@/\)J\

Colorless oil; [a]p®® + 119.0 (c 0.14, CHCIs); 92% ee [Chiralcel AD, hexane:i-propanol 80:20,
0.8 mL/min, 215 nm, tg (major) 13.2 min, tg (minor) 15.0 min]; IR (neat) 2958, 2926, 1716,
1610, 1461, 1175, 1035, 831, 805 cm™; *H NMR (700 MHz, CDCl3) & 1.10 (d, J = 6.5 Hz, 3H),
1.29 (d, J = 6.5 Hz, 3H), 2.06 (s, 3H), 2.50-2.61 (m, 1H), 2.89-2.98 (m, 2H), 3.82 (s, 3 H), 4.38
(t, J = 6.9 Hz, 1H), 6.85 (d, J = 8.0 Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H); *C NMR (175 MHz,
CDCls) § 22.3, 22.5, 30.6, 34.5, 43.3, 50.2, 55.3, 114.1, 129.6, 134.8, 159.3, 207.9; HRMS (EI)

calcd for C14H200,S m/z 252.1184, found 252.1194.
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(R)-4-(Cyclohexylthio)-4-(4-(trifluoromethyl)phenyl)butan-2-one (8h)

Q,

Colorless oil; [o]p® + 157.7 (¢ 0.27, CHCIl3); 98% ee [Chiralcel OD-H, hexane:i-propanol 70:30,
1.0 mL/min, 215 nm, tg (major) 7.9 min, tg (minor) 9.2 min]; IR (neat) 2930, 1718, 1418, 1163,
1016, 837, 604 cm™; *H NMR (700 MHz, CDCl3) & 1.08-1.79 (m, 10H), 1.88-2.00 (m, 1H), 2.08
(s, 3H), 2.33-2.41 (m, 1H), 2.89-3.02 (m, 2H), 4.47 (t, J = 7.2 Hz, 1H), 7.48 (d, J = 7.8 Hz, 2H),
7.53 (d, J = 7.8 Hz, 2H); *C NMR (175 MHz, CDCl3) & 25.4, 25.5, 30.8, 31.9, 32.0, 40.8, 41.3,
50.7,123.1, 126.2, 129.1, 129.6 (q, J = 35.2 Hz), 139.3, 206.8; HRMS (EI) calcd for C17H2OSF,

m/z 330.1265, found 330.1263.

(R)-3-(Butylthio)-3-(4-chlorophenyl)-1-phenylpropan-1-one (8i)

/@/\)J\Ph
Cl

Colorless oil; [a]p®® + 204.7 (c 0.1, CHCI5); 93% ee [Chiralcel OJ, hexane:i-propanol 70:30, 1.0
mL/min, 215 nm, tg (major) 14.6 min, tg (minor) 17.2 min]; IR (neat) 2957, 2871, 1686, 1448,
1351, 1226, 1091, 981, 821, 754, 689, 544 cm™; *H NMR (500 MHz, CDCl3) 5 0.83 (t, J = 7.3
Hz, 3H), 1.20-1.40 (m, 2H), 1.40-1.55 (m, 2H), 2.31-2.41 (m, 2H), 3.52 (d, J = 7.2 Hz, 2H), 4.31

(t, J = 7.2 Hz, 1H), 7.30 (d, J = 7.9 Hz, 5H), 7.39 (d, J = 7.9 Hz, 2H), 7.41-7.49 (m, 2H), 7.51-
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7.62 (m, 1H), 7.92 (d, J = 8.1 Hz, 2H); **C NMR (175 MHz, CDCls) § 13.3, 21.9, 30.8, 43.2,
45.8, 128.3, 128.9, 129.2, 134.6, 135.1, 137.3, 140.9, 198.2; HRMS (EI) calcd for C1gH»OSCI

m/z 332.1002, found 332.1010.

(R)-3-(4-Chlorophenyl)-3-((2-hydroxyethyl)thio)-1-phenylpropan-1-one (8j)

Colorless oil; [a]p® + 173.8 (¢ 0.1, CHCIs); 96% ee [Chiralcel OD, hexane:i-propanol 80:20, 1.0
mL/min, 215 nm, tg (major) 25.2 min, tg (minor) 31.3 min]; IR (neat) 3370 (broad), 2970, 1700,
1456, 1242, 1079, 906, 755 cm™; *H NMR (500 MHz, CDCls)  2.59 (s, 2H), 3.48-3.51 (m, 1H),
3.58-3.61 (m, 1H), 3.66-3.71 (m, 1H), 3.88-3.93 (m, 2H), 4.51 (t, J = 7.2 Hz, 1H), 7.30-7.36 (m,
2H), 7.39-7.42 (m, 2H), 7.46-7.50 (m, 2H), 7.58-7.61 (m, 1H), 7.92-7.96 (m, 2H); *C NMR
(175 MHz, CDCls) & 34.5, 43.6, 45.3, 60.3, 128.7, 129.1, 129.6, 129.9, 133.2, 133.6, 137.1,

140.9, 198.1; HRMS (EI) calcd for C17H150,SCI m/z 321.0716, found 321.0729.

(R)-3-(Butylthio)-3-(2,6-dichlorophenyl)-1-phenylpropan-1-one (8k)

~

c s o
Cl

Colorless oil; [a]p® + 197.1 (c 0.1, CHCI3); 96% ee [Chiralcel OJ, hexane:i-propanol 90:10, 1.0

mL/min, 215 nm, tg (major) 34.3 min, tg (minor) 41.5 min]; IR (neat) 2956, 2870, 1687, 1433,
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1358, 1218, 1085, 983, 772, 689 cm™; *H NMR (500 MHz, CDCl3) & 0.88 (t, J = 7.2 Hz, 3H),
1.29-1.43 (m, 2H), 1.55-1.68 (m, 2H), 2.60-2.79 (m, 2H), 3.80-3.88 (m, 1H), 3.97-4.09 (m, 1H),
5.52 (t, J = 7.2 Hz, 1H), 7.09-7.13 (m, 1H), 7.26-7.32 (m, 1H), 7.33-7.37 (m, 1H), 7.47-7.52 (m,
2H), 7.56-7.62 (m, 1H), 7.96 (d, J = 8.1 Hz, 2H); *C NMR (175 MHz, CDCl,) § 13.0, 21.9,
31.2, 32.0, 40.8, 42.3, 128.3, 128.9, 129.8, 133.8, 135.6, 135.8, 137.3, 138.9, 198.3; HRMS (EI)

calcd for C19H20OSCINa (M+H) m/z 389.0510, found 389.0505.

(R)-4-(Butylthio)-4-(2,4-dinitrophenyl)butan-2-one (8l)

O,N NO,

Colorless oil; [a]p” + 153.9 (¢ 0.1, CHCI3); 95% ee [Chiralcel OD-H, hexane:i-propanol 80:10,
1.0 mL/min, 215 nm, tg (major) 21.8 min, tg (minor) 28.4 min]; IR (neat) 2958, 2930, 1708,
1348, 1276, 1158, 1065, 910, 835, 740 cm™; *H NMR (500 MHz, CDCls) § 0.91 (t, J = 7.3 Hz,
3H), 1.34-1.42 (m, 2H), 1.49-1.56 (m, 2H), 2.36 (s, 3H), 2.38-2.44 (m, 1H), 2.50-2.58 (m, 1H),
3.37-3.44 (m, 1H), 3.59-3.65 (m, 1H), 3.69-3.74 (m, 1H), 7.71 (d, J = 8.2 Hz, 1H), 8.40 (d, J =
8.2 Hz, 1H), 8.83 (s, 1H); **C NMR (175 MHz, CDCls) § 13.7, 21.9, 28.0, 29.9, 30.8, 32.4, 52.1,
120.6, 128.1, 136.5, 141.2, 147.0, 149.8, 204.1; HRMS (EI) calcd for Ci4H1sN20sS m/z

326.0936, found 326.0937.

(R)-4-(4-Hydroxy-3-methoxyphenyl)-4-(isopropylthio)butan-2-one (8m)
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OMe

Colorless oil; [a]p® + 162.0 (¢ 0.1, CHCIs); 96% ee [Chiralcel AD, hexane:i-propanol 85:15, 0.8
mL/min, 215 nm, tg (major) 23.8 min, tg (minor) 30.2 min]; IR (neat) 3432 (broad), 2960, 2926,
1711, 1600, 1462, 1363, 1269, 1153, 1122, 1033, 818, 792 cm™; *H NMR (500 MHz, CDCl3) &
1.12 (d, J = 6.8 Hz, 3H), 1.27 (d, J = 6.8 Hz, 3H), 2.09 (s, 3H), 2.58-2.69 (m, 1H), 2.87-2.98 (m,
2H), 3.89 (s, 3 H), 4.36 (t, J = 6.9 Hz, 1H), 6.80-6.89 (m, 2H), 6.92 (s, 1H); *C NMR (175 MHz,
CDCl3) § 22.7, 22.9, 30.5, 34.5, 43.3, 50.3, 56.8, 110.4, 114.9, 120.6, 135.3, 146.1, 148.0, 208.1;

HRMS (EI) calcd for C14H2003S m/z 268.1133, found 268.1134.

(R)-1-(Furan-2-yl)-3-(isopropylthio)-3-(naphthalen-1-yl)propan-1-one (8n)

Colorless oil; [a]p® + 206.3 (c 0.1, CHCl5); 97% ee [Chiralcel AD, hexane:i-propanol 70:30, 1.0
mL/min, 215 nm, tg (major) 8.6 min, tz (minor) 9.9 min]; IR (neat) 3442, 2958, 2923, 1672,
1467, 1394, 1159, 1050, 981, 883, 776 cm™; *H NMR (500 MHz, CDCl3) § 1.17 (d, J = 6.9 Hz,
3H), 1.22 (d, J = 6.9 Hz, 3H), 2.78-2.88 (m, 1H), 3.03-3.16 (m, 2H), 3.49-3.68 (m, 1H), 6.48-
6.55 (m, 1H), 7.13-7.19 (m, 1H), 7.46-7.57 (m, 2H), 7.59-7.63 (m, 2H), 7.76-7.84 (m, 1H), 7.86-

7.99 (m, 2H), 8.37 (s, 1H); *C NMR (175 MHz, CDCl3) § 21.9, 22.0, 32.5, 41.9, 44.2, 111.9,
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117.3, 120.8, 123.9, 125.8, 125.9, 126.3, 127.2, 128.7, 130.8, 134.1, 138.3, 147.1, 152.2, 201.3;

HRMS (EI) calcd for CyoH200,S m/z 324.1184, found 324.1193.

(R)-3-(Isopropylthio)-3-(naphthalen-1-yl)-1-(thiophen-2-yl)propan-1-one (80)

Colorless oil; [a]p® + 218.7 (¢ 0.1, CHCIs); 94% ee [Chiralcel AD, hexane:i-propanol 80:20, 0.8
mL/min, 215 nm, tz (major) 13.0 min, tg (Minor) 15.1 min]; IR (neat) 2959, 2922, 1660, 1453,
1414, 1355, 1237, 1060, 931, 858, 795, 776, 725 cm™; *H NMR (500 MHz, CDCl3) & 1.18 (d, J
= 6.9 Hz, 3H), 1.22 (d, J = 6.9 Hz, 3H), 2.81-2.91 (m, 1H), 3.09-3.18 (m, 2H), 3.54-3.70 (m,
1H), 7.09-7.14 (m, 1H), 7.45-7.59 (2H), 7.60-7.67 (m, 2H), 7.69-7.74 (m, 1H), 7.77-7.83 (m,
1H), 7.88-7.95 (m, 2H), 8.49 (s, 1H); **C NMR (175 MHz, CDCl5) 5 21.7, 21.9, 32.7, 40.7, 42.9,
120.4, 126.7, 126.8, 127.2, 128.1, 128.2, 129.6, 130.9, 132.3, 134.7, 135.9, 139.0, 142.2, 145.9,

200.9; HRMS (EI) calcd for CyoH200S, m/z 340.0956, found 340.0949.

(S)-4-(Benzylthio)pentan-2-one (8p)

S O

Colorless oil; [o]p® + 7.9 (¢ 0.1, CHCIs3); 96% ee [Chiralcel OD, hexane:i-propanol 92:8, 0.8
mL/min, 215 nm, tg (major) 14.4 min, tg (Minor) 16.9 min]; IR (neat) 2962, 2922, 1714, 1494,

1359, 1158, 1070, 1028, 769 cm™; *H NMR (500 MHz, CDCl3) & 1.29 (d, J = 6.8 Hz, 3H), 2.10
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(s, 3H), 2.52-2.58 (m, 1H), 2.67-2.75 (m, 1H), 3.13-3.22 (m, 1H), 3.74-3.80 (m, 2H), 7.20-7.26
(m, 1H), 7.32-7.39 (m, 4H); *C NMR (175 MHz, CDCls) & 21.3, 30.9, 35.3, 35.8, 51.0, 127.7,

129.3, 129.4, 139.2, 208.8; HRMS (EI) calcd for C1,H160S m/z 208.0922, found 208.0919.
(S)-4-((4-Chlorobenzyl)thio)pentan-2-one (8q)

Cl

Colorless oil; [a]p?® + 10.5 (¢ 0.1, CHCIs); 93% ee [Chiralcel OD, hexane:i-propanol 92:8, 0.8
mL/min, 215 nm, tg (major) 19.3 min, tg (Minor) 22.5 min]; IR (neat) 2963, 2924, 1714, 1490,
1359, 1280, 1159, 1092, 1014, 962, 832, 747 cm™; *H NMR (700 MHz, CDCls) & 1.28 (d, J =
6.8 Hz, 3H), 2.12 (s, 3H), 2.52-2.59 (m, 1H), 2.67-2.73 (m, 1H), 3.11-3.20 (m, 1H), 3.71-3.79
(m, 2H), 7.28-7.33 (m, 4H); 3C NMR (175 MHz, CDCls) § 22.0, 30.6, 35.3, 35.9, 51.1, 128.9,

130.0, 134.1, 139.0, 208.7; HRMS (El) calcd for C1,H150CIS m/z 242.0532, found 242.0530.

(S)-4-(Phenylthio)pentan-2-one (8r)

Colorless oil; [a]p? + 14.6 (c 0.1, CHCIs); 98% ee [Chiralcel OD, hexane:i-propanol 98:2, 0.8
mL/min, 215 nm, tg (major) 14.5 min, tg (minor) 17.1 min]; IR (neat) 2968, 2925, 1715, 1583,
1476, 1360, 1157, 1091, 1024, 748, 693 cm™; *H NMR (500 MHz, CDCls) 6 1.30 (d, J = 6.7 Hz,
3H), 2.14 (s, 3H), 2.52-2.62 (m, 1H), 2.72-281 (m, 1H), 3.67-3.80 (m, 1H), 7.21-7.32 (m, 3H),
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7.42-7.49 (m, 2H); *C NMR (175 MHz, CDCl5) & 20.9, 30.8, 38.9, 50.6, 128.5, 129.6, 143.0,

144.8, 208.9.

(S)-4-(Benzylthio)decan-2-one (8s)

Colorless oil; [a]o™ + 19.3 (¢ 0.1, CHCIs); 98% ee [Chiralcel OD, hexane:i-propanol 90:10, 1.0
mL/min, 215 nm, tg (major) 6.1 min, tg (minor) 9.1 min]; IR (neat) 3028, 2927, 2856, 1716,
1494, 1454, 1359, 1154, 1070, 960, 766, 701 cm™; *H NMR (700 MHz, CDCl3) § 0.91 (t, J = 7.3
Hz, 3H), 1.22-1.48 (m, 10H), 2.09 (s, 3H), 2.59-2.63 (m, 1H), 2.65-2.72 (m, 1H), 3.04-3.09 (m,
1H), 3.70-3.79 (m, 2H), 7.21-7.26 (m, 1H), 7.30-7.39 (m, 4H); °C NMR (175 MHz, CDCls) &
14.1, 22.7, 26.4, 27.8, 30.0, 31.6, 34.9, 35.2, 40.8, 50.5, 128.4, 129.5, 129.8, 139.2, 208.7,

HRMS (ElI) calcd for C17H260S m/z 278.1704, found 278.1695.

Methyl 2-((E)-3-(3-((E)-2-(7-chloroquinolin-2-yl)vinyl)phenyl)acryloyl)benzoate (10)

To a mixture of 7-chloroquinaldine (17.7 mg, 0.1 mmol) and 1,3-benzene dicarboxaldehyde
(13.4 mg, 0.1 mmol) in dry toluene (2 mL) was added p-toluenesulfonamide (17.1 mg, 0.1
mmol) and the mixture was heated to reflux for 24 h. To the mixture was added a solution of

methyl 2-acetylbenzoate (19.6 mg, 1.1 mmol) in toluene (0.5 mL) and reflux was continued for
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an additional 16 h. The reaction mixture was concentrated under reduced pressure and the
resulting crude residue was purified by flash chromatography on silica gel (5% ethyl
acetate/hexane) to give the product (39 mg, 86% vyield) as yellow solid; mp 119-120 °C; IR
(neat) 3049, 2958, 2923, 2853, 1716, 1597, 1461, 1361, 1261, 797, 777, 736 cm™; "H NMR (700
MHz, CDCl3) § 3.91 (s, 3H), 7.42-7.51 (m, 4H), 7.59-7.64 (m, 2H), 7.67-7.74 (m, 2H), 7.76-7.81
(m, 2H), 7.83-7.86 (m, 2H), 7.88-7.91 (m, 1H), 7.93-7.98 (m, 1H), 8.11-8.15 (m, 1H), 8.16-8.21
(m, 2H); *C NMR (175 MHz, CDCls) & 50.9, 123.4, 125.3, 125.4, 127.6, 128.2, 128.4, 128.5,
128.6, 128.8, 129.0(x2), 129.2, 129.3, 129.6(x2), 133.1, 133.5, 134.5, 137.1, 138.6, 140.9, 142.8,
142.9, 1449, 158.0, 161.6, 189.8; HRMS (EI) calcd for C,sH,1O3NCIl m/z 454.1210, found

454.1202.

(R,E)-2-(2-(((2-(3-(2-(7-Chloroquinolin-2-yl)vinyl)phenyl)-3-(2-(methoxycarbonyl)phenyl)-

3-oxopropyl)thio)methyl)cyclopropyl)acetic acid (21)

Pale yellow solid; mp 129-130 °C; [o]p® +93.3 (c 0.1, MeOH); 98% ee [Chiralcel AS-H,
hexane:i-propanol 82:18, 0.8 mL/min, 215 nm, tg (major) 20.7 min, tg (minor) 27.3 min]; IR
(neat) 3000 (broad), 1770, 1722, 1701, 1434, 1390, 1283, 1198, 1133, 1066, 982, 829, 764, 709
cm™: *H NMR (700 MHz, CDCls) § 0.99-1.12 (m, 4H), 2.33-2.42 (m, 2H), 2.51-2.60 (m, 2H),
3.35-3.42 (m, 2H), 3.88-3.92 (m, 1H), 4.03 (s, 3H), 7.39-7.48 (m, 3H), 7.58-7.61 (m, 1H), 7.62-
7.65 (m, 1H), 7.68-7.73 (m, 1H), 7.75-7.80 (m, 1H), 7.80-7.84 (m, 1H), 7.85-7.90 (m, 1H), 8.01-
8.06 (m, 2H), 8.06-8.12 (m, 4H); *C NMR (175 MHz, CDCls) 5 12.3, 17.6, 38.7, 40.9, 46.6,
49.7, 119.9, 126.1, 126.4, 127.7, 128.2, 129.0, 129.1, 129.3, 129.8, 130.4, 130.5, 131.0, 133.2,
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134.8, 134.9, 135.2, 135.3, 137.8, 138.2, 138.4, 138.7, 139.1, 139.3, 149.3, 157.7, 169.1, 179.3,

199.9; HRMS (EI) calcd for C34H3:0sNSCI m/z 600.1611, found 600.1614.

(R,E)-2-(2-(((2-(3-(2-(7-Chloroquinolin-2-yl)vinyl)phenyl)-3-(2-(2-hydroxypropan-2-

yl)phenyl)propyl)thio)methyl)cyclopropyl)acetic acid (9)

To a solution of 21 (38 mg, 0.06 mmol) in MeOH (1.5 mL) at 25 °C was added tosylhydrazine
(14.2 mg, 0.08 mmol) and the mixture was stirred for 6 h. To the reaction mixture at room
temperature was added sodium borohydride (5 mg, 0.13 mmol) and the mixture was stirred for
an additional 3 h. Saturated NH,CI was added to the reaction mixture and subsequently extracted
in ethyl acetate (2x50 mL). The organic layer was dried (anhyd. Na,SO,) and evaporated to
achieve crude 23 (45 mg). To a solution of crude 23 (45 mg) in anhydrous THF (3 mL) at 0 °C
was added methylmagnesium bromide (126 pL, 0.38 mmol, 3M in Et,O) dropwise. After the
addition was over the mixture was allowed to warm to room temperature and was stirred for an
additional 2 h. Saturated NH4Cl was added to the reaction mixture and subsequently extracted in
ethyl acetate (3x50 mL). The crude residue was purified by flash chromatography on silica gel
(15% ether/hexane) to give the product (32 mg, 87% yield) as yellow solid; mp 147-148 °C, [lit.}
145-148 °C]; [a]p® + 101.4 (c 0.5, MeOH), [lit.> for (S) enantiomer [o]p> + 102 (¢ 1.0, CHCIy)];
IR (neat) 3440 (broad), 1762, 1708, 1436, 1309, 1259, 1190, 1118, 1070, 1026, 997, 750, 721,
695 cm; 'H NMR (700 MHz, CDCl3) & 0.41-0.52 (m, 4H), 1.37 (s, 6H), 2.02-2.16 (m, 2H),
2.29-2.42 (m, 2H), 2.62-2.71 (m, 2H), 3.01-3.10 (m, 1H), 3.24-3.32 (m, 1H), 3.79-3.88 (m, 1H),

7.20-7.29 (m, 2H), 7.32-7.38 (m, 1H), 7.40-7.45 (m, 1H), 7.51-7.55 (m, 1H), 7.57-7.63 (m, 5H),
S16



7.67-7.73 (m, 1H), 7.73-7.77 (m, 1H), 7.79-7.85 (m, 1H), 7.90-7.96 (m, 2H):; *C NMR (175
MHz, CDCls) § 12.3, 17.3, 31.6, 31.7, 39.7, 40.9, 44.4, 45.2, 74.3, 119.9, 126.8, 127.7, 128.4,
128.6, 129.0, 129.4, 129.7, 129.8, 132.0, 132.9, 134.5, 135.6, 138.1, 138.4, 139.1, 140.3, 141.0,

141.7, 142.3, 144.2, 146.9, 159.1, 157.3, 179.8.

(3S,4R)-4-(Benzylthio)-3-methyl-4-phenylbutan-2-one (25a)

nn
o

Colorless oil; syn:anti > 23:1; 98% ee [Chiralcel OD-H, hexane:i-propanol 95:5, 0.8 mL/min,
215 nm, tg (syn, major) 15.4 min, tg (syn, minor) 18.3 min]; [a]o®> + 160.2 (c 0.1, CHCI5) [lit.*
for (3R,4S) enantiomer [o]p> - 140.7 (c 0.55, CHCls;, 85% ee)]; IR (neat) 3060, 3027, 2970,
2928, 1714, 1665, 1492, 1452, 1357, 1244, 1215, 1157, 1073, 698 cm™; *H NMR (700 MHz,
CDCl3) 6 0.82 (d, J = 5.6 Hz, 3H, minor), 1.24 (d, J = 6.0 Hz, 3H, major), 1.82 (s, 3H, major),
2.08 (s, 3H, minor), 2.98-3.07 (m, 1H), 3.34 (d, J = 13.1 Hz, 1H), 3.48 (d, J = 13.1 Hz, 1H), 3.97
(d, J = 10.2 Hz, 1H), 7.16-7.28 (m, 8H), 7.42-7.50 (m, 2H); *C NMR (175 MHz, CDCls) § 16.3,
29.6, 35.9, 52.4, 52.8, 127.1, 127.5, 128.5, 128.7, 129.0, 129.1, 137.7, 140.9, 210.1; HRMS (EI)

calcd for C15H2,0S m/z 284.1235, found 284.1232.

(3S,4R)-4-(Benzylthio)-4-(4-chlorophenyl)-3-methylbutan-2-one (25b)
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Colorless oil; syn:anti > 31:1; 96% ee [Chiralcel AS-H, hexane:i-propanol 95:5, 0.8 mL/min, 215
nm, tg (Syn, major) 19.5 min, tg (syn, minor) 22.6 min]; [a]po® + 148.2 (c 0.1, CHCIs); IR (neat)
3061, 3028, 2969, 2928, 1714, 1600, 1491, 1453, 1409, 1355, 1233, 1157, 1090, 1070, 1013,
822, 764, 699 cm™; *H NMR (700 MHz, CDCl3) & 0.84 (d, J = 6.4 Hz, 3H, minor), 1.23 (d, J =
7.4 Hz, 3H, major), 1.86 (s, 3H, major), 2.17 (s, 3H, minor), 2.91-3.00 (m, 1H), 3.36 (d, J =12.9
Hz, 1H), 3.45 (d, J = 12.9 Hz, 1H), 3.93 (d, J = 10.1 Hz, 1H), 7.18-7.22 (m, 2H), 7.25-7.40 (m,
7H); °C NMR (175 MHz, CDCls) & 14.3, 29.8, 35.1, 50.7, 52.3, 127.9, 128.3, 128.9, 129.2,
130.0, 130.4, 138.8, 140.9, 200.1; HRMS (EI) calcd for CygH150SCI m/z 318.0845, found

318.0850.

(2S,3S)-3-(Ethylthio)-4-methyl-1-phenyl-2-propylpentan-1-one (25c)

Colorless oil; syn:anti > 50:1; 97% ee [Chiralcel OD-H, hexane:i-propanol 97:3, 0.8 mL/min,
215 nm, tr (anti, minor) 22.3 min, tg (Syn, minor) 26.4 min, tg (anti, major) 34.6 min, tg (syn,
major) 39.8 min]; [a]o> + 37.5 (¢ 0.1, CHCIs); IR (neat) 2926, 2851, 1699, 1648, 14.86, 1437,
1388, 1247, 1021, 757 cm™; *H NMR (700 MHz, CDCls) 5 0.61 (d, J = 6.3 Hz, 3H), 0.72 (d, J =

6.3 Hz, 3H), 0.83-1.07 (m, 4H), 1.22 (t, J = 7.1 Hz, 3H), 1.41-1.49 (m, 2H), 1.72-1.82 (m, 2H),
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2.96-3.05 (m, 2H), 3.50 (d, J = 12.2 Hz, 1H), 3.83 (d, J = 12.2 Hz, 1H), 7.42-7.51 (m, 2H), 7.57-
7.61 (m, 1H), 7.98-8.04 (m, 2H); *C NMR (175 MHz, CDCls) & 12.9, 13.2 (x2), 19.8, 20.2,
27.3, 31.6, 38.6, 49.6, 119.2, 119.8, 124.7, 138.3, 201.5; HRMS (EI) calcd for C17H2,0S m/z

279.1783, found 279.17809.

(S)-2-((S)-Cyclohexyl(isopropylthio)methyl)-1-phenylpentan-1-one (25d)

Colorless oil; syn:anti > 50:1; 96% ee [Chiralcel OD-H, hexane:i-propanol 92:8, 0.8 mL/min,
215 nm, tg (syn, major) 16.1 min, tg (syn, minor) 19.2 min]; [a]o®> + 29.3 (c 0.1, CHCI5); IR
(neat) 3056, 2957, 2919, 1685, 1597, 1448, 1346, 1217, 1179, 1007, 977, 778, 689 cm™; 'H
NMR (700 MHz, CDCl3) 6 0.81-1.12 (m, 19H), 1.39-1.47 (m, 2H), 1.72-1.80 (m, 2H), 2.13-2.22
(m, 2H), 3.18 (d, J = 12.5 Hz, 1H), 3.96 (d, J = 12.5 Hz, 1H), 7.43-7.49 (m, 2H), 7.54-7.58 (m,
1H), 7.94-7.98 (m, 2H); *C NMR (175 MHz, CDCls) § 13.9, 22.7, 26.2 (x2), 26.6, 27.3, 30.9,
46.9, 47.3, 39.0, 50.2, 128.8, 129.0, 134.0, 138.1, 200.8; HRMS (EI) calcd for C»1H330S m/z

333.2252, found 333.2245.

(2S,3S)-3-(Tert-butylthio)-1-phenyl-2-propylnonan-1-oneone (25e)
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Colorless oil; syn:anti > 50:1; 95% ee [Chiralcel OD, hexane:i-propanol 97:3, 0.8 mL/min, 215
nm, tg (syn, major) 21.3 min, tg (syn, minor) 25.0 min]; [a]p® + 17.0 (c 0.1, CHCIs); IR (neat)
3058, 2923, 1685, 1597, 1448, 1346, 1019, 978, 778, 760, 690 cm™; 'H NMR (700 MHz,
CDCl3) 8 0.52-0.68 (m, 9H), 0.87-1.02 (m, 6H), 1.09-1.31 (m, 6H), 1.42-1.49 (m, 4H), 1.74-1.83
(m, 4H), 2.98 (d, J = 11.8 Hz, 1H), 3.40 (d, J = 11.8 Hz, 1H), 7.46-7.52 (m, 2H), 7.56-7.61 (m,
1H), 7.98-8.03 (m, 2H); *C NMR (175 MHz, CDCl3)  14.2, 22.3, 24.1, 25.4, 25.9, 27.7, 28.9,
29.6 (x2), 30.4, 32.4, 46.0, 53.4, 119.7, 120.4, 134.8, 139.5, 200.9; HRMS (EI) calcd for

C22H360S m/z 348.5932, found 348.5943.

(S)-2-((R)-(Benzylthio)(naphthalen-1-yl)methyl)-6-methoxy-3,4-dihydronaphthalen-1(2H)-

one (25f)

OMe

White solid; mp 105-106 °C; syn:anti > 50:1; 98% ee [Chiralcel OD, hexane:i-propanol 99:1, 0.8
mL/min, 215 nm, tg (Syn, minor) 47.4 min, tz (Syn, major) 53.5 min]; [a]p® + 103.1 (c 0.1,
CHCI5); IR (neat) 3440, 2922, 1669, 1599, 1493, 1250, 1123, 1023, 920, 778, 699 cm™; *H NMR
(700 MHz, CDCl3) 6 2.02-2.09 (m, 1H), 2.17-2.25 (m, 1H), 2.67-2.73 (m, 1H), 2.84-2.93 (m,
2H), 3.60-3.71 (m, 2H), 3.89 (s, 3H), 4.78 (d, J = 12.0 Hz, 1H), 6.57 (s, 1H), 6.86-6.92 (m, 1H),
7.13-7.22 (m, 5H), 7.51-7.59 (m, 3H), 7.82 (d, J = 8.2 Hz, 1H), 7.91 (d, J = 8.2 Hz, 1H), 8.09-
8.20 (m, 3H); °C NMR (175 MHz, CDCls) & 22.5, 28.9, 37.3, 39.6, 53.0, 55.1, 113.2, 113.7,

124.5, 126.1, 127.0, 127.2, 127.9 (x2), 128.1 (x2), 129.1, 129.3, 130.6, 130.9, 131.3, 135.5,
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138.1, 138.9, 148.1, 165.3, 197.1;, HRMS (EIl) calcd for Cy9H260,S m/z 438.1653, found

438.1643.
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VWD 1 A, Wavelength = 215 nm (SUBRATA\SMA\SIG1060800.D)

72

24.114

200 +

150 |

100 +

AA I N

T
30 min

Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
e B l----1------- e il I
1 19.572 VB 1.2159 2.10023e4 246.76242 57.5868
2 24.114 BB 1.6117 2.04180e4 181.34812 42.4132
AL VWD 1 A, Wavelength = 215 nm (SUBRATA\SMA\SIG1060801.D)
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
e [---cl=mmenm- [=-mmmmme e [--mmmmmea [===eenn--
1 19.490 VB 0.4698 1.39329e4 224.38745 99.1107
2 24.036 VB 0.5372 125.01738 180.58675 0.8393
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Ph/\)J\ Ph
8a

AU VWD 1 A, Wavelength = 215 nm (SUBRATA\SMA\SIG1060970.D)

Peak RetTime Type Width Area Height Area

# [min] [min] mAU *s [MmAU ] %

el B I l--ccmmee-- R l---cn-n-- I
1 21.609 BV 0.3278 8629.01477 705.06243 53.4969
2 25459 BB 0.3026 7500.94152 621.63450 46.5031

VWD 1 A, Wavelength = 215 nm (SUBRATA\SMA\SIG1060971.D)

2000 —
1750 o
1500 -
1250 -

1000

500 -

Peak RetTime  Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
e R [----l--e----- - R [----enn--
1 21.622 VB 0.3431 3.28911e4 2201.34421 97.0996
2 25470 BB 0.0373 982.46896 2191663 2.9004
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Ph/T\)J\Ph

8b

VWD 1 A, Wavelength = 215 nm (SUBRATA\SMA\SIG1061230.D)
mAU

¥
600 #; .
500 H ﬁ
400 “ \
300 |‘ { H
200 ﬂ \
bl
100 |‘l.‘ l “.“
N P S I B RN -
Peak RetTime  Type Width Area Height Area
# [min] [min] mAU *s [mMAU ] %
L EE LR il EEEE - == [--v-em--
1 40.862 BB 0.7856 3.34754e4 649.52328 440168
2 46.032 BB 1.2356 3.65632e4 511.06427 55.9832

VWD 1 A, Wavelength = 215 nm (SUBRATA\SMA\SIG1061231.D)
70 |

50
50
40
30
20—5

10

o

|

|

!

\

1 ?40.712

45.864
)

Peak RetTime  Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
e R R I el e [--e-nmn-
1 40.712 BB 0.4645 7635.65343 14.45315 98.6092
2 45864 BV 0.0365 107.69448 0.53745 1.3908
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VWD 1 A, Wavelength = 215 nm (SUBRATA\SMA\SIG1061060.D)
mAU ] ~

1400
1200
1000 - |

|
800 |
600 | ’

400 \ ’

200 J &(’ \
‘\

0 —J —
Peak RetTime  Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
e e [-=--loeeen-- R I [--cnee-- |
1 0450 VB 0.5058 2.35601e4 1437.15813 49.2680
2 10.287 BB 0.4993 2.42609e4 1528.61539 50.7320

VWD 1 A, Wavelength = 215 nm (SUBRATA\SMAN\SIG1061061.D)

1750
1500
1250 4
1000
750 o

500 +

: LR
Peak RetTime  Type Width Area Height Area
i [min] [min] mAU s [mAL ] %
SRR EEEEEE e R TR R R I I
1 9.651 VB 04511 6.13301e4 1990.93445 98.1041
2 10.446 VB 0.0605 18.22251 49.08568 1.8959
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AL VWD 1 A, Wavelength = 215 nm (SUBRATA\SMAN\SIG1061240.D)
I I I U N G
Peak RetTime  Type Width Area Height Area
0 [min] [min] mAU *s [mAU ] %
R EEE R l----1------- I |---------- l-------- I
1 12.995 BB 04205 2.27691e4 3398.70152 50.1233
2 16.167 BB 0.4597 2.26572e4 2994 45061 49 8767
AL VWD 1 A, Wavelength = 215 nm (SUBRATA\SMA\SIG1061241.D)
Peak RetTime  Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
e e e T [---ememm- R [=--eemm- |
1 13.069 VB 0.3106 7635.65343 409.65349 98.2336
2 16.239 BV 0.0565 137.30141 3.9645 1.7664
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Cl

VWD 1 A, Wavelength = 215 nm (SUBRATA\SMA\SIG1060860.D)
] —

Peak RetTime  Type Width Area Height Area
‘@ [min] [min] mAU § [mAU ] %
Sl EEEE SRR [ e LR R I
1 18.851 BB 0.7889 3.44955e4 649.09906 48.5628
2 23.642 BB 1.0161 3.65373e4 511.06638 51.4372
AL VWD 1 A, Wavelength = 215 nm (SUBRATA\SMA\SIG1060861.D)
. ) A o )
Peak RetTime  Type Width Area Height Area
# [min] [min] mAU ] [mAU ] %
e R T R R e |
1 18.895 BV 1.2599 6856.05349 83.96743 98.4914
2 23.683 BB 0.6973 105.01582 3.96443 1.5086
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VWD 1 A, Wavelength = 215 nm (SUBRATA\SMA\SIG1061160.D)

Peak RetTime  Type Width Area Height Atea
# [min] [min] AU *s  [mAU | %
R e e I I |
1 15.829 VvV 0.6616 1.40223e5 3272.11230 49.5933
2 19.706 VB 0.8112 1.42523e5 2582.92505 50.4067
mAU VWD 1 A, Wavelength = 215 nm (SUBRATA\SMAN\SIG1061161.D)
A E
Peak RetTime  Type Width Area Height Area
# [min] [min] mAl ¥ [mAU ] %
— T I Ryt R e — T
1 15.024 MM 2.6434 1807.75098 11.39789 97.6990
2 18.925 MM 0.0185 42.57597 0.10645 2.3010
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8g
. VWD 1 A, Wavelength = 215 nm (SUBRATA\SMA\SIG1061170.D) N ~
mAU ] © I
3500 | 3
1 | \
2000 | \
2500 |

2000 |
1500 |
1000 |
500 |
! J \
| \

Peak RetTime  Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
Rl EE TR [----l------- R |- [--venum--
1 13.262 VV 0.4592 1.22381e5 3626.61401 48.1463
2 15.102 VB 0.5886 1.31805e5 3517.02368 51.8537
AU VWD 1 A, Wavelength = 215 nm (SUBRATA\SMA\SIG1061171.D) %o
. AR .
Peak RetTime Type Width Area Height Area
i [min] [min] mAU  *s [mAU ] %
R R R EEE TR [ T R R |
1 13258 VB 0.4193 7350.96351 271.96431 96.2340
2 15.008 BB 0.0896 287.67097 7.45653 3.7660
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F3c:/<;[Aah)K
AU VWD 1 A, Wavelength = 215 nm (SUBRATA\SMA\SIG1061290.D) o
o] A .
Peak RetTime  Type Width Area Height Area
= [min] [min] mALl s [mAL ] %
e e e I |- = -mmm e m - e I
1 7.876 BV 0.2609 1.64212e4 1821.27061 37.0926
2 9216 VB 0.3213 2.7849%6e4 2387.03215 62.9074
mAU VWD 1 A, Wavelength = 215 nm (SUBRATA\SMA\SIG1061291.D) o
Peak RetTime  Type Width Area Height Area
# [min] [min] mAU  *s  [mAU ] %
LRl L bl EEEE LR R LR e le-eeen--
1 7.859 VV 0.1573 9956.07299 1559.67036 98.8983
2 9.200 VV 0.1422 110.90825 11.49801 1.1017
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VWD 1 A, Wavelength = 215 nm (SUBRATA\SMA\SIG1061330.D)

0 0
n —
10
8
6
44
24
o+ oA~ T —
T T T T T T T T
25 5 7.5 10 125 15 17.5 20

min

Peak RetTime  Type Width Area Height Area
# [min] [min] mAU *s [mMAU ] %
e e l----1------- R l---------- l-------- I
1 14.558 BB 0.7605 1953.03961 11.52154 54.2108
2 17.218 BV 0.4041 1649.63641 11.21972 45,7892

AU VWD 1 A, Wavelength = 215 nm (SUBRATA\SMA\SIG1061331.D)

200

150 o

50

Peak RetTime  Type Width Area Height Area
i@ [min] [min] mAU s [mAU ] %
R R R EE T R R R
1 14.561 VB 0.6799 1.06673e4 238.99613 96.7308
2 17.224 VB 0.6486 360.53291 11.49801 3.2692
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HO

s O
Ph
Cl 8j
AU VWD 1 A, Wavelength = 215 nm (SUBRATA\SMA\SIG1051090.D) Q
0 . L\ N
Peak RetTime Type Width Arzea Height Area
# [min] [min] wAU *s  [mAU ] %
e R [ lemmme - e |
1 25.087 vV 0.9806 4689.27086 137.69165 50,8632
2 31.276 BV 0.3851 4530.10713 142.39542 49.1368
AL VWD 1 A, Wavelength = 215 nm (SUBRATA\SMA\SIG1051091.D)
0.5 (%“:
ot~ «
Peak RetTime Type Width Area Height Area
# [min] [min] mAU s [mALl ] %
R R Rl R R i L l-------- I
1 25.168 BB 1.1038 629.97602 2.69181 97.7972
2 31.349 VV 0.4194 14.18964 0.13498 2.2028
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cl s o
Cl
8k
AU VWD 1 A, Wavelength = 215 nm (SUBRATA\SMAN\SIG1061340.D) ©
T T — - ~ .
Peak RetTime  Type Width Area Height Area
= [min] [min] mAU s [mAU ] %
Rl EEE TR l----l------- R [---emmm e - |----n---
1 35.556 MM 1.5780 407.90018 3.62047 499642
2 43.070 MM 1.9890 408.48471 2.69828 50.0358
AU VWD 1 A, Wavelength = 215 nm (SUBRATA\SMA\SIG1061341.D)
Peak RetTime  Type Width Artea Height Area
e [min] [min] mAlU  *s [mAU ] %
EEERY B R EEE R [ R leemmme e |
1 34296 BV 0.3863 893.17631 7245066 07.3961
2 41.539 VB 0.2316 23.88012 0.61832 2.6039
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Osz

2
8l
AU VWD 1 A, Wavelength = 215 nm (SUBRATA\NSMAN\SIG1061300.D)
Peak RetTime  Type Width Area Height Area
# [min] [min)] mAU 3 [MmAU ] %
e B R I R l--emmeaems I I
1 21.887 BB 1.0627 9818.74061 141.99027 48.4391
2 28.523 BB 1.1683 1.04515e4 136.75107 51.5609
AU VWD 1 A, Wavelength = 215 nm (SUBRATA\SMA\SIG1061301.D)
Peak RetTime  Type Width Area Height Area
# [min] [min] mAU s [mAU ] %
e e I e T e l---vnu--
1 21.817 BB 1.0236 826.63911 7.78795 07.4453
2 28.439 VV 0.0139 21.67175 0.16871 2.5547
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-

S O
HO
OMe 8m
AU VWD 1 A, Wavelength = 215 nm (SUBRATA\SMA\SIG1061210.D) =
ol //\, o _ \\\4\ .
Peak RetTime  Type Width Area Height Area
& [mnin] [min] mAU *s [mALT ] %
el R l----l------- l---------- R l--------
1 23801 MM 2.9307 5.22157e5 296945239 483430
2 30.189 MM 3.6872 5.57951e5 2522.02271 51.6570
AU VWD 1 A, Wavelength = 215 nm (SUBRATA\SMA\SIG1061211.D)
0 IS S
Peak RetTime  Type Width Area Height Area
H# [min] [min] mAU *s [mAU ] %
R Rl R [=--oommem- R l--------
1 23.809 MM 23276 1589.06414 1147271 08.2419
2 30.199 MM 3.5403 28.43728 0.22972 1.7581
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VWD 1 A, Wavelength = 215 nm (SUBRATA\SMA\SIG1061120.D)

07 /’\\\;~ S S T B
Peak RetTime  Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
Rl [==-c]=meene- e R [-=-eemn- I
1 8.580 VV 04653 4.79540e4 1637.84460 48.7244
2 0866 VV 0.5381 5.04649¢4 1478.10620 51.2756
AL VWD 1 A, Wavelength = 215 nm (SUBRATA\SMA\SIG1061121.D)
Peak RetTime  Type Width Area Height Area
# [min] [min] mAU *sg [mAU ] %
S S e I )
1 8.592 VB 0.3534 6390.63819 164.93804 98.2993
2 0878 VB 0.3985 110.57623 461011 1.7007
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mAU VWD 1 A, Wavelength = 215 nm (SUBRATA\SMA\SIG1061130.D)
-5 ///_/M/, ;
Peak RetTime  Type Width Area Height Area
# [min] [min] mAU s [mAU ] %
S s e [P [
1 12.989 BB 0.8174 1824.29565 26.74717 51.0718
2 15.041 BB 1.0487 1747.72729 19.86244 48.9282
VWD 1 A, Wavelength = 215 nm (SUBRATA\SMA\SIG1061131.D)
mAL m
ij.
-]
|
150 |
|
100 |
|
50 - | |
| S
CloE
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *g [mAU ] %
e e R B el I B l-------- I
1 13.012 VB 0.7634 2.29458e4 243.87971 96.8523
2 15.126 VB 0.7596 745.73853 5.39673 3.1477
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8p

AU VWD 1 A, Wavelength = 215 nm (SUBRATA\SMA\SIG1061260.D)
m

200 o

98
99

150

100

50 -

Peak RetTime  Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
R R R [ [=-=-cen--
1 14.298 VV 0.5344 5876.37256 155.39836 421923
2 16.899 VV 0.7982 8051.19287 148.90695 57.8077
AU 7VWD 1 A, Wavelength = 215 nm (SUBRATA\SMA\SIG1061261.D) 0
Peak RetTime  Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
R R R R R
1 14.368 BB 0.6231 8759.02667 157.97361 97.6641
2 16.952 VB 0.5986 209.49926 2.48927 2.3359
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Cl

A~

VWD 1 A, Wavelength = 215 nm (SUBRATA\SMA\SIG1061070.D)

200 —
150 o
100 -

50

T
75

Peak RetTime  Type Width Area Height Area
# [min] [min] mAU  *s  [mAU ] %
Rl R [ BRI [ el LR I
1 19.512 VB 0.7961 1067.36856 48.06591 55.5083
2 22.696 VB 0.7636 855.53142 42.72204 444917
mAU VWD 1 A, Wavelength = 215 nm (SUBRATA\SMA\SIG1061071.D)
Peak RetTime  Type Width Area Height Area
H [min] [min] mAU *g [mAU ] %
R e R e I e
1 19.297 BB 1.2991 1.74924e4 649.93282 96.5435
2 22.499 VB 0.9083 626.27187 8.99530 3.4565
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AU VWD 1 A, Wavelength = 215 nm (SUBRATA\SMA\SIG1061100.D)
m,

g
o
200 | ‘Ti\ ,%
|‘ ‘ f’\\
| \
150 | ' wl‘ | \‘
I\ I\

] ‘
100

! ‘\\
50 A\ Y
\ J

7.5 10

Peak RetTime  Type Width Area Height Area
H [min] [min] mAU s [mAU ] %
Rl BT R e R Rl EEE LR I
1 14.400 BV 0.8241 1.28537e4 224 38745 44 4555
2 17.099 VB 1.0900 1.37837e4 180.58675 55.5445
mAL VWD 1 A, Wavelength = 215 nm (SUBRATA\SMAN\SIG1061101.D) %\
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *3 [mAU ] %
T 1 Y [ |
1 14.449 VB 0.6293 4856.98037 158.97015 08.8246
2 17.142 VB 0.5803 57.76795 2.26903 1.1754
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O

8s
VWD 1 A, Wavelength = 215 nm (SUBRATA\SMA\SIG1061280.D)
Peak RetTime  Type Width Area Height Area
B [min] [min] mAU s [mAU ] %
e e R R [ R I
1 5997 VWV 0.8042 7.039%1e4 1384.70068 47.7812
2 8.786 VB 0.7302 7.12962e4 1513.39014 522188
VWD 1 A, Wavelength = 215 nm (SUBRATA\SMA\SIG1061281.D) 2
Peak RetTime  Type Width Area Height Area
B [min] [min] mAU s [mAU ] %
Rl BRI I R lemmmmae e e I
1 6.089 MM 1.6571 2.41504e4 2429.00000 98.8421
2 9.093 MM 0.5983 282.90759 419.35223 1.1579
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AU VWD 1 A, Wavelength = 215 nm (SUBRATA\SMAN\SIG1050910.D)
Peak RetTime Type Width Area Height Area
# [min] [min] mAU  *s [mAU ] %
el BRI e R |---------- l-------- |
1 20.644 MM 2.2462 2.33987e5 1736.15942 492668
2 27.334 MM 2.6082 2.40952e3 1539.72363 50.7332
AU VWD 1 A, Wavelength = 215 nm (SUBRATA\SMA\SIG1050911.D)
. _J A
Peak RetTime  Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
S [ T [
1 20.655 BB 1.3973 3708.29371 84.97341 98.7746
2 27.347 BB 0.6496 46.00518 3.89633 1.2254
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@/S:Qi
25a
VWD 1 A, Wavelength = 215 nm (SUBRATA\SMA\SIGIOélSGO.L))
200 - % %
g8 o | 7
:; 5 | \“ ““
“ ‘“‘\ \“\“\ ‘ \ \‘ “\
[ “‘\‘ \ \ “\‘
100 ‘ “ [ |
‘ ‘ \
[ ‘ |
[ ‘ | |
50 - | |
\‘ \ “ “ “‘
% I SR Y N . AN . -
Peak RetTime  Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
e I e R e
1 5472 VV 0.5344 5876.37256 155.39836 14.4836
2 7.999 VV 0.7982 8051.19287 148.90695 19.8438
3 14.422 BV 0.8241 1.28537e4 224 39852 31.6806
4 17.099 VB 1.0900 1.37836e4 180.58675 33.9920
o VWD 1 A, Wavelength = 215 nm (SUBRATA\SMA\SIG1061361.D)
25 N
i “ |
3] | \‘
] |
254 ‘ L
5 [
i |
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
S L e [ [
1 15.392 MM 1.3952 1069.99026 445072 98.7522
2 18.259 MM 1.2293 13.52114 1.24761e-1 1.2478
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25b
VWD 1 A, Wavelength = 215 nm (SUBRATA\SMA\SIG1061380.D)
mAU ] )
25 )
I
] (=}
20 | ‘\ 3
—
15 “ ‘J |
\ [
10 | ‘s A
| |
| [
5+ ‘ | I‘ \\
(S O =T
0 | | [ o o
by 4 Y K&
| A S \
SAVER ANV
0 5 1b 1‘5 20 2‘5 T 3‘0 T 3‘5 mir
Peak RetTime  Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
il BRI [----1------- il e I
1 12.398 BB 0.8174 1824.29565 32.74717 48.2617
2 16.065 BB 1.0487 1747.72729 2486211 46.2362
3 19.501 BB 1.0083 128.50039 6.82813 3.3995
4 22.599 VB 0.6398 79.18955 5.16049 2.1026
AU VWD 1 A, Wavelength = 215 nm (SUBRATA\SMA\SIG1061381.D)
o A
Peak RetTime Type Width Area Height Area
# [min] [min] mAU 3 [mAU ] %
S S [ [ [ |
1 19.463 BV 1.1863 1.54399e4 647.09675 08.1598
2 22632 BB 0.8675 28945151 8.98441 1.8402
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AU VWD 1 A, Wavelength = 215 nm (SUBRATA\SMA\SIG1061420.D)
Peak RetTime Type Width Area Height Area
# [min] [min] mAU 3 [MAU ] %
R SRR EEE LR [==-cmemam- e [==eemam- |
1 21.227 BV 0.3198 49.9§108 0.71471 12.2365
2 26.013 BB 0.3508 58.04732 0.71229 14.5933
3 33.409 BV 0.3107 149.95503 4.76512 35.1783
4 39932 VB 0.3199 153.98827 4.39991 37.9919

VWD 1 A, Wavelength = 215 nm (SUBRATA\SMAN\SIG1061421.D)

mAU
70 4

60 -
50 o
40 o
30 4

20

o] - e 8RB o
Peak RetTime  Type Width Area Height Area
H | [min] | [min] | mAU *3 | [mAU ] | %
1 22288 VB 0.1186 4.62785 1.02493 1.1255
2 26.443 BBA 0.2933 28.26716 3.92412 6.8746
3 34.637 BB 0.3594 6.27177 0.77961 1.5253
4 39.841 VB 1.6972 372.01769 73.46691 90.4746
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iy VWD 1 A, Wavelength = 215 nm (SUBRATA\SMA\SIG1061430.D) E
. i
74 \‘
i
* \
\
s [
[
4] § [
34 c\h ~ ‘ ‘
I\ = [
/" g |
2 I = 1]
[ ~ f\ [ ]
1 I & / [
Peak RetTime  Type Width Area Height Area
# [min] [min] mAU *g [mAU ] %
e e el I R R [-------- |
1 9.003 BV 0.2619 172.88273 3.19409 14.5639
2 11.987 BB 0.2973 41.63982 0.70072 3.5078
3 16.017 BV 0.9361 173.10049 1.95992 14.5825
4 19.045 VB 1.2639 799.41939 8.37319 67.3458
VWD 1 A, Wavelength = 215 nm (SUBRATA\SMA\SIG1061431.D)
mAU N
3000 E
|
i
2500 ‘ ‘~
\
2000 ’ |‘
1500 ‘ l‘l
|
1000
B
500 -| ‘I ‘!‘\. E
o] B S R
0 é - 1]0 1‘5 2‘0 25 7mi7n
Peak RetTime  Type Width Area Height Area
# [min] [min] mAU s [mAU ] %
SRR [ S e o
1 16.102 VB 0.7989 4.50028e5 3228.99631 08.1463
2 19.211 BB 0.0761 8499.72833 01.15482 1.8537
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VWD 1 A, Wavelength = 215 nm (SUBRATA\SMA\SIG1061440.D)
(o3 o~

2§ i
0] < ﬁ I
1200 [‘| |.‘ l T
1000 H \i " ]‘\
I Lol
800 | i l ‘ | ‘l‘
| | ‘| | "
600 ‘ ‘ | ‘ ‘ ,‘
R I,
IR
] [ 1 1 | \
200 | \ | \ ‘
Peak RetTime  Type Width Area Height Area
# [min] [min] mAU g [mAU ] %
S T e o e
1 15.858 BB 0.4311 4.30892e5 1473.37919 25.2347
2 17.709 BV 0.4016 4.32818e5 1569.50731 25.3996
3 21.317 BV 0.3718 4.49731e5 1585.34506 26.3926
4 25.096 VB 0.4439 3.92036e5 1259.64024 229731
W VWD 1 A, Wavelength = 215 nm (SUBRATA\SMA\SIGIR?I‘MI.D)
“ §
. f
I
60 + ‘ “
50 “ “‘
40 [
i
| ‘i‘
20 | 1
g
" - . I . 7 N _ S
0 5 10 15 2 2 3 35 0 mi
Peak RetTime  Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
SRR [ e o S
1 21.271 BV 0.9727 8069.37516 82.72091 07.3490
2 25.043 BB 0.1782 219.74456 4.19967 2.6510
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S104

A VWD 1 A, Wavelength = 215 nm (SUBRATA\SMA\SIG1061380.D)
S AN // / T
Peak RetTime Type Width Area Height Area
# [min] [min] mAU *s [mAU ] %
N e --- - R e EE T I
1 30.171 MM 0.9013 3200.49912 1353.98101 12.1877
2 35.861 MM 1.1275 3208.55372 812.29176 12.2184
3 46.308 BB 0.3782 9863.82011 3412.02338 37.5621
4 51.903 VB 0.3869 9987.13170 3115.06744 38.0318
AU VWD 1 A, Wavelength = 215 nm (SUBRATA\SMA\SIG1061381.D)
. N 3
Peak RetTime  Type Width Area Height Area
# [min] [min] mAl *s [mAU ] %
el R e R R R R |
1 47.383 MM 0.1075 11.79156 3.07795 0.9014
2 53491 VV 0.3011 1296.35991 248.83851 99.0986



00°T

0

0gE"0

0

i

00%TLYT Q0L
CLOTET
0T69TST 00L
S0SLT86S £
0z g-

0v°6

000000002
2°86¢

0s°9

0007 2%
[ 4
1296666° €
£00S2T°0
COL ' FO6TT
Z

€T

£T2aD
9¢ZS6

ogbz

DtT HOOdD uwur g
a08ds

LV 6T
€CELOETOT

T

T
8eT-90-55

ILNAATOS

D0ddINd

WOYISNT

888 ER W o e bleke

wdd 0L gL 0¢ 62 0€ S€ OF St 0§ SS 09 S9 0L SZ 08 S8 06 S6

P B P PR AR RN B | |

P P P IR PR RN R B | | I I

1‘ ﬁ |

SN
aLn
aHgo¥d

suTr
Te3eq
ONDCH¥d
ONdXH
HWYN

S105



ZH

ZHH

00°T

0

00°€

0

Wa
08ETZSO0 " 9LT
89.LC¢
90¥66FT 00L
0000000070
LTS96TOL" 0
S0SLT8BG " EE
00°0ZT
09°¢eT

0T e~

00759

HT

9TZ3Tem

i======= gJ TANNYHD

9€FL690 9LT
E€BESSYT 8E
0S¥
00°6

000000€0°0
00000000 T
2°86¢
05°9T
000721

£0¢e
0Z8%98L"0
€8LSES 0
899°9991%
14

Fee

€ToadD
9€£559
gcbdbz

DE€T HOQdD umr g
Josds
67°61
£CEQETOC

T

4
8€T-90-5S

od

gD

g1
ass
mam
s

Is
c04ds
METTd
MZTId
MgI1d
£11d
Z11d
¢ld
¢adod
ZoNN
¢D¥dado

SN
LNIATOS
an
D0¥dINd
QHE0dd
WOELSNI
SUTL
Teo3eq
ONDO¥d
ONdXHE
TN

wdd ¢

0c

or

09

08

00t
_

ocl
!

ort

091

08l

002

S106



