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Synthesis of chiral bisthiourea derivatives 1-9 as CSAs.
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General procedure of synthesis of chiral bisthiourea derivatives 1-9: Chiral diamines 10 (R = Ph, Bn and
'Pr) were prepared starting from (1S,2S)-(+)-1,2-diaminocyclohexane, D-a-amino acids
(phenylglycine, phenylalanine and valine) according to reported procrdures, respectively.
Phenylsothiocyanate or its respective derivatives 11 (4 mmol) in CH,CI, (5 mL) was added into a solution of
the corresponding chiral diamines 10 (2 mmol) in CH,Cl, (10 mL). And then, the mixture was stirred under a
nitrogen atmosphere at room temperature and monitored by TLC. After the reaction was carried out, and the
solvent was removed under reduced pressure. The residue was purified by column chromatography on silica
gel to CSAs 1-9 in 55-67% yields.
(2R,2'R)-N,N'-((1S,2S)-cyclohexane-1,2-diyl)bis(2-phenyl-2-(3-phenylthioureido)acetamide) (CSA 1): 58%
yield; Ry = 0.3 (ethyl acetate / petroleum ether = 1/1); mp.168-170 <C; [a]p> -8.9 (c 2.5, THF); 'H NMR
(400 MHz, CDCly) §: 1.06-1.11 (m, 2H), 1.15-1.20 (m. 2H), 1.61-1.66 (m, 2H), 1.82-1.85 (m, 2H), 3.63 (br,
2H), 5.95 (d, J = 6.96 Hz, 2H), 6.58 (d, J = 4.08 Hz, 2H), 7.23-7.42 (m, 20H), 7.48 (d, J = 6.92 Hz, 2H),
8.33 (s, 2H); BC NMR (100 MHz, CDCl,) 6: 24.3, 31.7,54.4, 62.4, 124.9, 126.9, 127.5, 128.4, 129.0, 129.9,
136.6, 137.1, 171.1, 180.2; HRMS (ESI"-TOF) m/z: calcd for CssHsgNgO,S, (M+H)": 651.2570, found:
651.2571; IR (KBr): 3285, 2928, 2853, 1649, 1520, 1495, 756, 694 cm™
(2R,2'R)-N,N'-((1S,2S)-cyclohexane-1,2-diyl)bis(3-phenyl-2-(3-phenylthioureido)propanamide) (CSA 2): 63%
yield; Ry = 0.3 (ethyl acetate / petroleum ether = 1/1); mp. 171-173 <C; [a]p>-37.8 (¢ 2.5, THF); ‘*H NMR
(400 MHz, CDCI;) 6: 0.89-0.97 (m, 2H), 1.14-1.19 (m, 2H), 1.61-1.64 (m, 2H), 1.75-1.78 (m, 2H), 2.99 (dd,
J =8.48 Hz, J = 13.68 Hz, 2H), 3.23 (dd, J = 6.32 Hz, J = 13.64 Hz, 2H), 3.41-3.45 (m, 2H), 5.03-5.09 (m,
2H), 6.19 (br, 2H), 6.92 (d, J = 7.52 Hz, 2H), 7.09-7.11 (m, 4H), 7.19-7.25 (m, 9H), 7.27-7.36 (m, 7H), 8.04
(br, 2H); BC NMR (100 MHz, CDCly) o: 24.1, 31.5, 38.0, 53.5, 59.4, 124.7, 126.6, 126.8, 128.4, 129.1,
129.6, 136.1, 136.2, 171.0, 179.6; HRMS (ESI*-TOF) m/z: calcd for Cs5H,3Ng0,S, (M+H)™: 679.2883, found:
679.2880; IR (KBr): 3310, 2926, 2855, 1655, 1524, 1499, 1354, 748, 698 cm™
(2R,2'R)-N,N'-((1S,2S)-cyclohexane-1,2-diyl)bis(3-methyl-2-(3-phenylthioureido)butanamide) (CSA 3): 55%
yield; R; = 0.25 (ethyl acetate / petroleum ether = 2/1); mp. 167-168 <C; [o]p”*-11.9 (c 2.5, THF); 'H NMR
(400 MHz, CDCls) §: 0.96 (d, J = 6.56 Hz, 6H), 0.95-0.97 (m, 12H), 1.25-1.26 (m, 4H), 1.70 (br, 2H),
2.02-2.04 (m, 2H), 2.15-2.25 (m, 2H), 3.70 (br, 2H), 4.75-4.79 (m, 2H), 7.03-7.06 (m, 4H), 7.14-7.16 (m,
4H), 7.20-7.24 (m, 2H), 7.31-7.35 (m, 4H), 8.23 (br, 2H); *C NMR (100 MHz, CDCls) §: 18.7, 19.0, 24.4,
30.5, 32.0, 54.4, 63.6, 1255, 126.9, 129.6, 136.9, 171.9, 180.9; HRMS (ESI*-TOF) m/z: calcd for
CaoHu3sNgO,S, (M+H)": 583.2883, found: 583.2886; IR (KBr): 3287, 2930, 2857, 1643, 1603, 1528, 1350,
1319, 756, 698 cm™.
(2R,2'R)-N,N'-((1S,25)-cyclohexane-1,2-diyl)bis(2-phenyl-2-(3-(2-(trifluoromethyl)phenyl)thioureido)aceta
mide) (CSA 4): 62% vyield; R; = 0.3 (ethyl acetate / petroleum ether = 1/2); mp. 227-229 <TC; [a]p>-32.7 (c
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2.5, THF); *H NMR (400 MHz, CDCl5) &: 1.03-1.05 (m, 4H), 1.55 (br, 2H), 1.78-1.80 (m, 2H), 3.59 (br, 2H),
5.95 (d, J = 5.24 Hz, 2H), 6.71 (br, 2H), 7.29-7.32 (m, 10H), 7.39-7.43 (m, 4H), 7.64-7.70 (m, 4H),
7.74-7.76 (m, 2H), 8.11 (br, 2H); *C NMR (100 MHz, CDCls) §: 24.0, 31.6, 54.3, 62.5, 123.2 (q, J = 271.2
Hz), 126.7 (q, J = 29.3 Hz), 127.0, 127.2, 127.7, 128.4, 129.0, 130.3, 133.1, 135.0, 137.0, 171.0, 181.6; °F
NMR (376 MHz, CDCl,) §: -61.4; HRMS (ESI*-TOF) m/z: calcd for CsgH3;NgO,FeS, (M+H)": 787.2318,
found: 787.2320; IR (KBr): 3283, 2936, 1647, 1543, 1321, 1173, 1126, 766, 701 cm™.
(2R,2'R)-N,N'-((1S,2S)-cyclohexane-1,2-diyl)bis(3-phenyl-2-(3-(2-(trifluoromethyl)phenyl)thioureido) propa
namide) (CSA 5): 62% yield; R; = 0.3 (ethyl acetate / petroleum ether = 1/1); mp. 129-130 <C; [a]p>-62.5
(c 2.5, THF); 'H NMR (400 MHz, CDCl3) 6: 0.93-1.02 (m, 2H), 1.11-1.17 (m, 2H), 1.60-1.64 (m, 2H),
1.77-1.81 (m, 2H), 3.04 (dd, J = 7.94 Hz, J = 13.70 Hz, 2H), 3.18 (dd, J = 6.02 Hz, J = 13.78 Hz, 2H),
3.42-3.46 (m, 2H), 5.08-5.13 (m, 2H), 6.38 (d, J = 5.08 Hz, 2H), 6.83 (d, J = 7.48 Hz, 2H), 7.14-7.16 (m,
4H), 7.21-7.26 (m, 6H), 7.32 (d, J = 7.88 Hz, 2H), 7.38 (dd, J = 7.56 Hz, J = 7.60 Hz,2H), 7.55 (dd, J = 7.68
Hz, J = 7.56 Hz,2H), 7.66 (d, J = 7.76 Hz, 2H), 7.77 (br, 2H); *C NMR (100 MHz, CDCIl;) 8: 24.2, 31.6,
38.1, 53.9, 59.6, 123.2 (q, J = 271.8 Hz), 126.5 (q, J = 29.8 Hz), 127.0, 127.3, 127.6, 128.6, 129.3, 130.0,
133.2, 134.5, 136.2, 171.2, 181.1; *F NMR (376 MHz, CDCls) 6: -61.5; HRMS (ESI*-TOF) m/z: calcd for
CaoHsNGO,FS, (M+H)": 815.2631, found: 815.2633; IR (KBr): 3318, 2934, 2859, 1726, 1651, 1391, 1319,
1196, 1171, 1032, 766 cm™.
(2R,2'R)-N,N'-((1S,2S)-cyclohexane-1,2-diyl)bis(3-methyl-2-(3-(2-(trifluoromethyl)phenyl)thioureido)butana
mide) (CSA 6): 61% yield; R; = 0.25 (ethyl acetate / petroleum ether = 3/2); mp. 215-216 <C; [a]o”>-5.0 (c
2.5, THF); 'H NMR (400 MHz, CDCls) 8: 0.90 (d, J = 6.80 Hz, 6H), 0.94 (d, J = 6.72 Hz, 6H), 1.27-1.29 (m,
4H), 1.73 (br, 2H), 2.03-2.05 (m, 2H), 2.15-2.25 (m, 2H), 3.71 (br, 2H), 4.80 (m, 2H), 7.06-7.08 (d, 2H),
7.11-7.12 (m, 2H), 7.38 (dd, J = 7.16 Hz, J = 7.32 Hz, 2H), 7.56 (dd, J = 7.48 Hz, J = 7.32 Hz, 2H), 7.66 (d,
J = 7.68 Hz, 2H), 7.94 (br, 2H); *C NMR (100 MHz, DMSO-dg) J: 18.3, 19.2, 24.4, 32.2, 32.4, 51.5, 62.0,
122.7, 125.2 (q, J = 28.7 Hz), 125.4, 126.2 (q, J = 4.78 Hz), 126.8, 132.6, 132.7, 137.9, 170.6, 183.0; °F
NMR (376 MHz, CDCly) §: -61.5; HRMS (ESI*-TOF) m/z: calcd for CgHaNgO,FsS, (M+H)": 719.2631,
found: 719.2629; IR (KBr): 3304, 2965, 2934, 1639, 1531, 1321, 1171, 1130, 1059, 764, 711 cm™.
(2R,2'R)-N,N'-((1S,2S)-cyclohexane-1,2-diyl)bis(2-(3-(3,5-bis(trifluoromethyl)phenyl)thioureido)-2-phenyla
cetamide) (CSA 7): 67% yield; R; = 0.3 (ethyl acetate / petroleum ether = 2/3); mp. 153—155 <C; [a]p>-52.0
(c 2.5, THF); "H NMR (400 MHz, CDCly) §: 0.98-1.06 (m, 4H), 1.55-1.56 (m, 2H), 1.77-1.80 (m, 2H), 3.62
(br, 2H), 6.04 (br, 2H), 6.78 (br, 2H), 7.31-7.35 (m, 10H), 7.57 (s, 2H), 7.88 (s, 6H), 9.01 (br, 2H); *C NMR
(100 MHz, CDCl5) d: 24.0, 31.6, 54.4, 62.2, 118.6, 122.9 (g, J = 271.2 Hz), 123.3, 127.3, 128.9, 129.2, 132.0
(g, J = 33.9 Hz), 136.2, 139.8, 171.7, 180.6; “*F NMR (376 MHz, CDCl,) 6: -63.0; HRMS (ESI*-TOF) m/z:
calcd for CuHssNgO,F1,S, (M+H)": 923.2065, found: 923.2063; IR (KBr): 3428, 2934, 1653, 1516, 1383,
1279, 1180, 1134, 887, 700 cm ™.,
(2R,2'R)-N,N'-((1S,2S)-cyclohexane-1,2-diyl)bis(2-(3-(3,5-bis(trifluoromethyl)phenyl)thioureido)-3-phenylpr
opanamide) (CSA 8): 59% vyield; R; = 0.3 (ethyl acetate / petroleum ether = 1/1); mp. 199-200 <TC; [o]p”
-47.3 (¢ 25, THF); *H NMR (400 MHz, CDCL,) §: 0.76 (br, 2H), 0.86-0.89 (m, 2H), 1.46 (br, 2H), 1.52-1.55
(m, 2H), 3.05-3.10 (m, 2H), 3.30-3.37 (m, 4H), 5.05 (br, 2H), 6.37 (br, 2H), 7.16-7.26 (m, 4H), 7.22 (br, 6H),
7.54-7.61 (m, 4H), 7.88 (s, 4H), 8.97 (br, 2H); *C NMR (100 MHz, CDCls) 6: 23.8, 31.4, 38.9, 53.9, 60.1,
118.8,122.9 (q, J = 271.2 Hz), 123.5, 127.4, 128.8, 129.2, 132.2 (q, J = 33.8 Hz), 135. 7, 139.7, 171.6, 180.4;
F NMR (376 MHz, CDCly) §: -63.0; HRMS (ESI*-TOF) m/z: calcd for C,,HgoNgO,F1,S, (M+H)": 951.2378,
found: 951.2381; IR (KBr): 3480, 3306, 3063, 1655, 1584, 1383, 1329, 1279, 1184, 1130, 849, 707 cm™.
(2R,2'R)-N,N'-((1S,2S)-cyclohexane-1,2-diyl)bis(2-(3-(3,5-bis(trifluoromethyl)phenyl)thioureido)-3-methylb
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utanamide) (CSA 9): 64% yield; R; = 0.25 (ethyl acetate / petroleum ether = 2/1); mp. 214-216 <C; [o]o”
-79.6 (c 2.5, THF); "H NMR (400 MHz, CDCl,) §: 1.00-1.02 (m, 12H), 1.16-1.22 (m, 4H), 1.67 (br, 2H),
2.01-2.03 (m, 2H), 2.23 (br, 2H), 3.65 (br, 2H), 4.79 (br, 2H), 6.94 (br, 2H), 7.36 (br, 2H), 7.60 (br, 2H), 7.83
(br, 4H), 8.84 (br, 2H); *C NMR (100 MHz, DMSO-dg) J: 22.4, 22.9, 28.2, 35.6, 35.7, 55.7, 65.4, 120.1,
125.4,127.4 (q, J = 273.4 Hz), 134.3 (q, J = 31.5 Hz), 146.1, 173.9, 184.2; F NMR (376 MHz, CDCI;) ¢:
-63.1; HRMS (ESI"-TOF) m/z: calcd for C3yH3gNgO,F,S, (M+H)™: 855.2378, found: 855.2381; IR (KBr):
3296, 2968, 2938, 2860, 1634, 1470, 1385, 1279, 1190, 1138, 1101, 885, 704 cm ™.

Synthesis of enantiomers of amides with two stereogenic centers as guests.

o R?
R! 0 R? o) H
} /< + ?; /< DCC TsHN%N/%(N
5 EtOAc H
TsHN  OH  HoN HN@—R e o
R -
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General procedure of enantiomers of amides 16—27: N-Ts-L- and D-a-amino acids 12 and 14, and
chiral amines (R)- and (S)-13 and 15 were derived from corresponding a-amino acids, respectively.
N-Ts-L- or D-a-amino acids 12 or 14 (1.0 mmol) was added into a solution of the corresponding (R)-
and (S)-13 or 15 (1.0 mmol) in dried EtOAc (10 mL) at room temperature, respectively. DCC (1.05
mmol) dissolved in dried EtOAc (5 mL) was dropped into the stirred mixture at ice bath under nitrogen
atmosphere. After the reaction was carried out, the reaction mixture was filtered. The filtrate was
concentrated under reduced pressure, and the crude product was purified by column chromatography
on silica gel to afford corresponding (S,R)-GX and (R,S)-GX (X = 16-27) in 50—68 % yields.
(S)-3-methyl-2-(4-methylphenylsulfonamido)-N-((R)-1-oxo-1-(phenylamino)propan-2-yl)butanamide
((S,R)-G16): 57% vyield; R; = 0.3 (ethyl acetate / petroleum ether = 1/1); mp. 221-223 <C; [o]p> +54.1 (c
1.67, THF); "H NMR (400 MHz, CDCI;) 6: 0.80 (d, J = 6.44 Hz, 3H), 0.81 (d, J = 6.56 Hz, 3H), 1.39 (d, J =
6.92 Hz, 3H), 2.04-2.11 (m, 1H), 2.27 (s, 3H), 3.59 (dd, J = 7.02 Hz, J = 6.04 Hz, 2H), 4.57-4.64 (m, 1H),
6.09 (d, J = 8.24 Hz, 1H), 7.07-7.11 (m, 2H), 7.19 (d, J = 8.00 Hz, 2H), 7.27 (t, J = 7.74 Hz, 2H), 7.48 (d, J
= 7.88 Hz, 2H), 7.74 (d, J = 8.08 Hz, 2H), 8.60 (s, 1H); BC NMR (100 MHz, CDCly) ¢: 17.5, 17.6, 19.1,
21.4, 314, 49.7, 62.5, 120.1, 1245, 127.2, 128.9, 129.7, 136.6, 137.7, 143.9, 170.1, 171.7; HRMS
(ESI*-TOF) m/z: calcd for CyH,sN50,S (M+H)™: 418.1795, found: 418.1792; IR (KBr): 3300, 3252, 2965,
1672, 1641, 1599, 1541, 1447, 1161, 1089, 754, 694 cm™.
(R)-3-methyl-2-(4-methylphenylsulfonamido)-N-((S)-1-oxo-1-(phenylamino)propan-2-yl)butanamide
((R,5)-G16): 62% yield; R; = 0.3 (ethyl acetate / petroleum ether = 1/1); mp. 221-223 <C; [a]p> -53.8 (c
1.67, THF); "H NMR (400 MHz, CDCls) 6: 0.81 (d, J = 8.00 Hz, 6H), 1.38 (d, J = 6.68 Hz, 3H), 2.03-2.08
(m, 1H), 2.27 (s, 3H), 3.60 (dd, J = 6.56 Hz, J = 6.24 Hz, 1H), 4.59-4.62 (m, 1H), 6.08 (d, J = 7.20 Hz, 1H),
7.07-7.10 (m, 2H), 7.18 (d, J = 7.64 Hz, 2H), 7.24-7.28 (m, 2H), 7.48 (d, J = 7.64 Hz, 2H), 7.73 (d, J = 7.76
Hz, 2H), 8.58 (s, 1H); BC NMR (100 MHz, CDCly) 0: 17.5, 17.6, 19.1, 21.4, 31.4, 49.7, 62.5, 120.1, 124.5,
127.2, 128.9, 129.7, 136.7, 137.7, 143.9, 170.0, 171.7; HRMS (ESI*-TOF) m/z: calcd for C,;H,sN;0,S
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(M+H)": 418.1795, found: 418.1798; IR (KBr): 3300, 3254, 2965, 1667, 1641, 1541, 1447, 1329, 1159,
1088, 694 cm™.
(S)-N-((R)-1-((4-methoxyphenyl)amino)-1-oxopropan-2-yl)-3-methyl-2-(4-methylphenylsulfonamido)butana
mide ((S,R)-G17): 55% vyield; R; = 0.3 (ethyl acetate / petroleum ether = 1/1); mp. 225-227 <C; [a]p> +177.8
(c 1.67, DMSO); "H NMR (400 MHz, CDCl3) ¢: 0.81 (d, J = 4.72 Hz, 6H), 1.38 (d, J = 6.24 Hz, 3H), 2.06
(br, 1H), 2.30 (s, 3H), 3.54 (br, 1H), 3.77 (s, 3H), 4.54 (br, 1H), 5.85 (br, 1H), 6.81 (d, J = 8.16 Hz, 2H), 6.89
(d, J = 5.88 Hz, 1H), 7.20 (d, J = 7.12 Hz, 2H), 7.37 (d, J = 8.12 Hz, 2H), 7.73 (d, J = 7.40 Hz, 2H), 8.34 (s,
1H); BC NMR (100 MHz, CDCl,) 6: 17.5, 17.6, 19.1, 21.4, 31.4, 49.5, 55.5, 62.5, 114.1, 121.9, 127.2, 129.7,
130.7, 136.7, 143.8, 156.6, 169.8, 171.6; HRMS (ESI*-TOF) m/z: calcd for C»,H3oN30sS (M+H)": 448.1900,
found: 448.1905; IR (KBr): 3294, 3258, 2963, 1641, 1541, 1514, 1447, 1242, 1159, 1088, 694 cm™.
(R)-N-((S)-1-((4-methoxyphenyl)amino)-1-oxopropan-2-yl)-3-methyl-2-(4-methylphenylsulfonamido)butana
mide ((R,S)-G17): 61% vield; R; = 0.3 (ethyl acetate / petroleum ether = 1/1); mp. 229-231 <C; [a]p> -177.6
(c 1.67, DMSO); *H NMR (400 MHz, CDCl,) 6: 0.81 (d, J = 6.72 Hz, 6H), 1.38 (d, J = 6.96 Hz, 3H),
2.02-2.08 (m, 1H), 2.30 (s, 3H), 3.56-3.59 (m, 1H), 3.76 (s, 3H), 4.54-4.61 (m, 1H), 6.03 (d, J = 8.44 Hz,
2H), 6.79 (d, J = 8.88 Hz, 2H), 7.00 d, J = 7.68 Hz, 1H), 7.20 (d, J = 8.04 Hz, 2H), 7.36 d, J = 8.88 Hz, 2H),
7.74 (d, J = 8.12 Hz, 2H), 8.41 (s, 1H); *C NMR (100 MHz, CDCl;) §: 17.5, 19.1, 21.5, 29.7, 31.4, 49.6,
55,5, 62.5, 114.2, 121.8, 127.3, 129.8, 130.8, 130.8, 144.0, 156.7, 169.5, 171.4; HRMS (ESI*-TOF) m/z:
calcd for C,H5N;OsNaS (M+Na)*: 470.1720, found: 470.1720; IR (KBr): 3296, 3267, 2965, 1643, 1541,
1514, 1449, 1244, 1159, 1090, 826, 694 cm™.
(S)-3-methyl-2-(4-methylphenylsulfonamido)-N-((R)-2-0xo-1-phenyl-2-(phenylamino)ethyl)butanamide
((S,R)-G18): 55% vyield; R; = 0.25 (ethyl acetate / petroleum ether = 3/2); mp. 256—258 <C; [a]p> -15.5 (C
1.67, DMSO); *H NMR (400 MHz, CDCl5) &: 0.79 (2d, J = 7.56 Hz, J = 7.32 Hz, 6H), 1.97-2.04 (m, 1H),
2.29 (s, 3H), 3.54 (dd, J = 8.36 Hz, J = 6.28 Hz, 1H), 5.26 (d, J = 6.20 Hz, 2H), 7.01 (d, J = 6.64 Hz, 1H),
7.11-7.15 (m, 1H), 7.23 (d, J = 8.16 Hz, 2H), 7.30-7.34 (m, 8H), 7.45 (d, J = 7.68 Hz, 2H), 7.73 (d, J = 8.04
Hz, 2H); BC NMR (100 MHz, DMSO-dg) o: 18.8, 19.3, 21.2, 31.5, 56.3, 61.8, 119.3, 124.1, 126.9, 127.3,
128.1, 128.8, 129.3, 129.4, 138.8, 138.9, 139.2, 142.5, 168.6, 170.1; HRMS (ESI*-TOF) m/z: calcd for
CasH3oN30,S (M+H)™: 480.1951, found: 480.1950; IR (KBr): 3301, 3258, 2962, 1643, 1539, 1447, 1331,
1161, 1090, 752, 710 cm™.
(R)-3-methyl-2-(4-methylphenylsulfonamido)-N-((S)-2-oxo-1-phenyl-2-(phenylamino)ethyl)butanamide
((R,5)-G18): 61% vyield; R; = 0.25 (ethyl acetate / petroleum ether = 3/2); mp. 259-261 <TC; [a]p® +15.1 (c
1.67, DMSO); *H NMR (400 MHz, CDCl5) §: 0.79 (2d, J = 7.36 Hz, J = 7.36 Hz, 6H), 1.96-2.02 (m, 1H),
2.29 (s,3H), 3.54 (dd, J = 7.48 Hz, J = 7.56 Hz, 1H), 5.26 (d, J = 6.28 Hz, 1H), 7.02-7.03 (m, 1H), 7.11-7.15
(m, 1H), 7.22 (d, J = 8.04 Hz, 1H), 7.30-7.34 (m, 9H), 7.45 (d, J = 8.00 Hz, 2H), 7.73 (d, J = 8.20 Hz, 2H);
BC NMR (100 MHz, DMSO-dg) ¢0: 19.6, 20.2, 22.1, 32.4, 57.4, 62.8, 120.3, 125.0, 127.8, 128.3, 129.0,
129.7, 130.2, 130.4, 139.7, 140.1, 143.4, 169.5, 171.1; HRMS (ESI*-TOF) m/z: calcd for C,sH3N;0,S
(M+H)": 480.1951, found: 480.1957; IR (KBr): 3306, 3253, 2965, 1643, 1539, 1447, 1329, 1161, 1090, 752,
712 cm™,
(S)-3-methyl-2-(4-methylphenylsulfonamido)-N-((R)-1-oxo0-3-phenyl-1-(phenylamino)propan-2-yl)butanami
de ((S,R)-G19): 66% yield; R = 0.? (ethyl acetate / petroleum ether = 2/1); mp. 258—260 <C; [o]p> +11.7 (c
1.67, DMSO); *H NMR (400 MHz, CDCl5) &: 0.69 (2d, J = 7.76 Hz, J = 7.52 Hz, 6H), 1.81-1.88 (m, 1H),
2.23 (s, 3H), 3.07 (dd, J = 13.68 Hz, J = 7.64 Hz, 1H), 3.15 (dd, J = 13.90 Hz, J = 7.26 Hz, 1H), 3.39 (dd, J
= 7.14 Hz, J = 6.64 Hz, 1H), 4.63-4.69 (m, 1H), 5.42 (d, J = 8.16 Hz, 1H), 6.44 (d, J = 7.16 Hz, 1H),
7.09-7.12 (m, 1H), 7.16 (d, J = 7.88 Hz, 2H), 7.23 (d, J = 7.32 Hz,, 2H), 7.29-7.31 (m, 5H), 7.39 (d, J = 7.96
Hz, 2H), 7.69 (d, J = 7.88 Hz, 2H), 7.77 (br, 1H); *C NMR (100 MHz, DMSO-dg) 6: 18.9, 20.3, 22.0, 32.1,
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39.5, 55.7, 62.9, 120.6, 124.8, 127.6, 127.7, 129.3, 130.1, 130.4, 130.5, 138.7, 139.8, 140.2, 143.3, 171.1,
171.2; HRMS (ESI*-TOF) m/z: calcd for C,;H3,N3;0,S (M+H)™: 494.2108, found: 494.2103; IR (KBr): 3298,
3255, 1674, 1645, 1537, 1323, 1155, 1090, 758, 696 cm™.
(R)-3-methyl-2-(4-methylphenylsulfonamido)-N-((S)-1-ox0-3-phenyl-1-(phenylamino)propan-2-yl)butanami
de ((R,S)-G19): 58% yield; R; = 0.3 (ethyl acetate / petroleum ether = 2/1); mp. 256-258 <TC; [a]o> -11.9 (c
1.67, DMSO); 'H NMR (400 MHz, CDCl5) &: 0.69 (2d, J = 7.80 Hz, J = 7.20 Hz, 6H), 1.82-1.90 (m, 1H),
2.23 (s, 3H), 3.07 (dd, J = 14.0 Hz, J = 7.34 Hz, 1H), 3.15 (dd, J = 13.7 Hz, J = 7.14 Hz, 1H), 3.39 (dd, J =
7.00 Hz, J = 7.16 Hz, 1H), 4.63-4.69 (m, 1H), 5.40 (br, 1H), 6.42 (br, 1H), 7.11 (m, 1H), 7.16 (d, J = 7.88 Hz,
2H), 7.23 (d, J = 7.36 Hz, 2H), 7.29-7.31 (m, 5H), 7.39 (d, J = 7.64 Hz, 2H), 7.69 (d, J = 8.00 Hz, 2H), 7.76
(br, 1H); *C NMR (100 MHz, DMSO-dq) ¢: 18.9, 20.3, 22.0, 32.1, 39.5, 55.6, 62.9, 120.5, 124.8, 127.6,
127.7, 129.3, 130.1, 130.4, 130.5, 138.7, 139.8, 140.2, 143.3, 171.0, 171.2; HRMS (ESI*-TOF) m/z: calcd
for CoH3;Nz0,S (M+H)™: 494.2108, found: 494.2103; IR (KBr): 3296, 3254, 2963, 1672, 1645, 1533, 1449,
1323, 1157, 1090, 756, 696 cm™.
(S)-2-(4-methylphenylsulfonamido)-N-((R)-2-oxo-1-phenyl-2-(phenylamino)ethyl)propanamide ((S,R)-G20):
50% vyield; R; = 0.3 (ethyl acetate / petroleum ether = 1/1); mp. 227-229 <C; [a]p> -50.4 (c 1.67, THF); 'H
NMR (400 MHz, CDCl,) §: 1.24 (d, J = 7.52 Hz, 3H), 2.34 (s, 3H), 3.89-3.96 (m, 1H), 5.49 (d, J = 7.04 Hz,
1H), 5.70 (d, J = 7.96 Hz, 1H), 7.09-7.11 (m, 1H), 7.22-7.29 (m, 5H), 7.34-7.35 (m, 5H), 7.43 (d, J = 7.80
Hz, 2H), 7.51 (d, J = 6.88 Hz, 1H), 7.73 (d, J = 8.00 Hz, 2H), 7.82 (s, 2H); *C NMR (100 MHz, DMSO-ds)
0: 204, 22.2,52.9,57.4, 1205, 125.1, 127.9, 128.1, 129.1, 129.8, 130.2, 130.7, 139.5, 139.7, 140.0, 143.8,
169.6, 172.2; HRMS (ESI™-TOF) m/z: calcd for C,,H,sN30,S (M+H)™: 452.1638, found: 452.1640; IR (KBr):
3302, 3262, 1645, 1539, 1341, 1163, 1091, 758, 696 cm ™,
(R)-2-(4-methylphenylsulfonamido)-N-((S)-2-oxo-1-phenyl-2-(phenylamino)ethyl)propanamide ((R,S)-G20):
51% vyield; R; = 0.3 (ethyl acetate / petroleum ether = 1/1); mp. 226-228 <C; [a]o”® +50.9 (c 1.67, THF); 'H
NMR (400 MHz, CDCl,) §: 1.24 (d, J = 7.32 Hz, 3H), 2.33 (s, 3H), 3.90-3.97 (m, 1H), 5.51 (d, J = 7.00 Hz,
1H), 5.70 (d, J = 7.60 Hz, 1H), 7.07-7.11 (m, 1H), 7.22-7.28 (m, 5H), 7.33-7.34 (m, 5H), 7.43 (d, J = 7.92
Hz, 2H), 7.52 (d, J = 6.68 Hz, 1H), 7.73 (d, J = 8.00 Hz, 2H), 7.85 (s, 1H); *C NMR (100 MHz, DMSO-ds)
0: 204, 22.2,53.0, 57.5, 120.5, 125.1, 127.9, 128.1, 129.1, 129.8, 130.2, 130.7, 139.5, 139.7, 140.0, 143.8,
169.6, 172.2; HRMS (ESI™-TOF) m/z: calcd for C,H,sN30,S (M+H)™: 452.1638, found: 452.1645; IR (KBr):
3310, 3254, 1647, 1541, 1443, 1337, 1163, 1092, 754, 696 cm™.
(S)-N-((R)-2-((4-methoxyphenyl)amino)-2-oxo-1-phenylethyl)-2-(4-methylphenylsulfonamido)propanamide
((S,R)-G21): 59% yield; R; = 0.3 (ethyl acetate / petroleum ether = 1/1); mp. 213-215 <C; [a]o> -8.5 (c 1.67,
DMSO); 'H NMR (400 MHz, CDCl,) 6: 1.24 (d, J = 7.00 Hz, 3H), 2.34 (s, 3H), 3.76 (s, 3H), 3.91-3.94 (m,
1H), 5.49 (d, J = 6.48 Hz, 1H), 5.72-5.73 (m, 1H), 6.79 (d, J = 8.48 Hz, 2H), 7.22-7.24 (m, 3H), 7.33 (br,
6H), 7.53-7.54 (m, 1H), 7.71-7.77 (m, 3H); *C NMR (100 MHz, DMSO-dg) J: 20.3, 22.2, 52.9, 56.6, 57.4,
1154, 121.9, 127.9, 128.0, 129.0, 129.8, 130.7, 133.2, 139.5, 139.9, 143.8, 156.9, 169.0, 172.1; HRMS
(ESI*-TOF) m/z: calcd for CpsH,sN30sS (M+H)™: 482.1744, found: 482.1748; IR (KBr): 3423, 3271, 1645,
1543, 1516, 1248, 1163, 1092, 700 cm™.
(R)-N-((S)-2-((4-methoxyphenyl)amino)-2-oxo-1-phenylethyl)-2-(4-methylphenylsulfonamido)propanamide
((R,5)-G21): 62% yield; R; = 0.3 (ethyl acetate / petroleum ether = 1/1); mp. 203-205 <T; [a]o” +8.4 (c 1.67,
DMSO); 'H NMR (400 MHz, CDCl,) 6: 1.24 (d, J = 7.00 Hz, 3H), 2.34 (s, 3H), 3.76 (s, 3H), 3.90-3.94 (m,
1H), 5.48 (d, J = 6.96 Hz, 1H), 5.67 (d, J = 7.40 Hz, 1H), 6.80 (d, J = 8.80 Hz, 2H), 7.22-7.33 (m, 10H),
7.50 (d, J = 6.72 Hz, 1H), 7.70-7.74 (m, 3H); BC NMR (100 MHz, DMSO-dg) ¢: 20.4, 22.2, 53.0, 57.5,
120.5, 125.1, 127.9, 128.1, 129.1, 129.8, 130.2, 130.7, 139.5, 139.7, 140.0, 143.8, 169.6, 172.2; HRMS
(ESI*-TOF) m/z: calcd for CpsH,sN30sS (M+H)™: 482.1744, found: 482.1747; IR (KBr): 3298, 3269, 1645,
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1601, 1543, 1337, 1242, 1163, 833, 700 cm™.
(R)-2-((S)-2-(4-methylphenylsulfonamido)propanamido)-N,3-diphenylpropanamide ((S,R)-G22): 55% vyield;
R = 0.25 (ethyl acetate / petroleum ether = 1/1); mp. 199-201 <C; [a]p> -5.0 (c 1.67, THF); *H NMR (400
MHz, CDCl,) 6: 1.10 (d, J = 6.88 Hz, 3H), 2.30 (s, 3H), 3.05 (dd, J = 13.70 Hz, J = 7.38 Hz, 1H), 3.14 (dd,
J =13.33 Hz, J = 7.22 Hz, 1H), 3,80-3.83 (m, 1H), 4.66-4.71 (m, 1H), 5.85 (d, J = 7.56 Hz, 1H), 7.04-7.10
(m, 2H), 7.20-7.25 (m, 9H), 7.37 (d, J = 7.84 Hz, 2H), 7.71 (d, J = 7.72 Hz, 2H), 7.98 (s, 1H); °C NMR
(100 MHz, CDCl;) é: 19.0, 21.4, 38.1, 52.7, 55.5, 120.2, 124.6, 127.1, 128.7, 128.9, 129.3, 129.8, 136.4,
136.8, 137.3, 143.9, 169.0, 172.2; HRMS (ESI*-TOF) m/z: calcd for CpsH,sN30,S (M+H)": 466.1795, found:
466.1794; IR (KBr): 3310, 3242, 1651, 1537, 1443, 1333, 1163, 1090, 752, 700 cm™
(S)-2-((R)-2-(4-methylphenylsulfonamido)propanamido)-N,3-diphenylpropanamide ((R,S)-G22): 60% vyield;
Ry = 0.25 (ethyl acetate / petroleum ether = 1/1); mp. 198200 <C; [a]o> +5.9 (¢ 1.67, THF); *H NMR (400
MHz, CDCl,) 6: 1.07 (d, J = 6.92 Hz, 3H), 2.27 (s, 3H), 3.01 (dd, J = 13.58 Hz, J = 7.62 Hz, 1H), 3.15 (dd, J
=13.62 Hz, J = 7.02 Hz, 1H), 3.84-3.88 (m, 1H), 4.70-4.76 (m, 1H), 6.20 (d, J = 7.92 Hz, 1H), 7.05-7.09 (m,
1H), 7.17-7.28 (m, 10H), 7.37 (d, J = 7.84 Hz, 2H), 7.70 (d, J = 7.96 Hz, 2H), 8.21 (s, 1H); *C NMR (100
MHz, CDCls) ¢: 19.0, 21.4, 38.1, 52.7, 55.5, 120.2, 124.6, 127.1, 128.7, 128.9, 129.3, 129.8, 136.4, 136.8,
137.3, 143.9, 169.0, 172.3; HRMS (ESI'-TOF) m/z: calcd for CysHyN3O,S (M+H)™: 466.1795, found:
466.1804; IR (KBr): 3300, 3273, 1649, 1543, 1441, 1319, 1159, 1084, 748, 698 cm™
(R)-N-(4-methoxyphenyl)-2-((S)-2-(4-methylphenylsulfonamido)propanamido)-3-phenylpropan-amide
((S,R)-G23): 57% vield; R; = 0.25 (ethyl acetate / petroleum ether = 1/1); mp. 217-219 <T; [a]p> -14.3 (c
1.67, DMSO); *H NMR (400 MHz, CDCl,) d: 1.15 (d, J = 7.04 Hz, 3H), 2.33 (s, 3H), 3.10 (d, J = 7.24 Hz,
2H), 3.77 (s, 3H), 4.58-4.63 (m, 1H), 5.37 (d, J = 7.40 Hz, 1H), 6.78-6.82 (m, 3H), 7.21-7.25 (m, 5H),
7.27-7.32 (m, 4H), 7.55 (s, 1H), 7.72 (d, J = 8.12 Hz, 2H); *C NMR (100 MHz, DMSO-dg) J: 20.8, 22.7,
40.2, 53.5, 55.8, 57.1, 115.8, 122.6, 128.2, 128.3, 129.8, 131.1, 133.8, 139.2, 140.2, 144.2, 157.3, 171.0,
172.7; HRMS (ESI*-TOF) m/z: calcd for C,gH30N30sS (M+H)™: 496.1900, found: 496.1898; IR (KBr): 3453,
3269, 1649, 1599, 1514, 1236, 1161, 1094, 976, 818, 702 cm™.
(S)-N-(4-methoxyphenyl)-2-((R)-2-(4-methylphenylsulfon-amido)propanamido)-3-phenylpropanamide
((R,5)-G23): 60% vield; R; = 0.25 (ethyl acetate / petroleum ether = 1/1); mp. 215-217 <C; [a]p® +14.1 (c
1.67, DMSO); 'H NMR (400 MHz, CDCls) ¢: 1.14 (d, J = 7.00 Hz, 3H), 2.33 (s, 3H), 3.05-3.14 (m, 2H),
3.77 (s, 3H), 4.60-4.65 (m, 1H), 5.51 (d, J = 7.32 Hz, 1H), 6.80 (d, J = 8.92 Hz, 2H), 6.86 (d, J = 8.00 Hz,
1H), 7.21-7.25 (m, 5H), 7.27-7.30 (m, 4H), 7.63 (s, 1H), 7.71 (d, J = 8.12 Hz, 2H); *C NMR (100 MHz,
DMSO-dg) d: 20.3, 22.1, 39.6, 53.0, 55.3, 56.5, 115.3, 122.1, 127.7, 127.8, 129.3, 130.6, 133.3, 138.7, 139.7,
143.6, 156.7, 170.5, 172.1; HRMS (ESI*-TOF) m/z: calcd for CysHyoN3OsS (M+H)*: 496.1900, found:
496.1897; IR (KBr): 3258, 2924, 1649, 1537, 1516, 1333, 1240, 1163, 1092, 822, 702 cm™.
(S)-2-(4-methylphenylsulfonamido)-N-((R)-2-oxo-1-phenyl-2-(phenylamino)ethyl)-3-phenylpropanamide
((S,R)-G24): 61% vyield; R; = 0.25 (ethyl acetate / petroleum ether = 2/1); mp. 241-243 <C; [a]p” -11.4 (c
1.67, THF); 'H NMR (400 MHz, CDCly) ¢: 2.31 (s, 3H), 2.91-3.00 (m, 2H), 3.97-4.02 (m, 1H), 5.44 (d, J =
7.08 Hz, 1H), 5.46 (d, J = 8.16 Hz, 1H), 6.88 (d, J = 7.32 Hz, 2H), 7.05-7.10 (m, 2H), 7.12-7.15 ('m, 3H),
7.24-7.28 (m, 6H), 7.30-7.33 (m, 3H), 7.44 (d, J = 8.04 Hz, 2H), 7.56 (d, J = 8.12 Hz, 2H), 7.70 (s, 1H); °C
NMR (100 MHz, DMSO-dg) d: 22.1, 39.9, 57.4, 58.5, 120.4, 125.0, 127.6, 127.7, 128.0, 128.9, 129.2, 129.8,
130.3, 130.4, 130.7, 138.3, 139.6, 140.1, 143.4, 169.6, 171.3; HRMS (ESI'-TOF) m/z: calcd for
CaoH30N;0,S (M+H)"™: 528.1951, found: 528.1950; IR (KBr): 3314, 3250, 1672, 1641, 1539, 1447, 1333,
1161, 1089, 746, 696 cm™.
(R)-2-(4-methylphenylsulfonamido)-N-((S)-2-oxo-1-phenyl-2-(phenylamino)ethyl)-3-phenylpropanamide
((R,5)-G24): 58% vield; R; = 0.25 (ethyl acetate / petroleum ether = 2/1); mp. 241-243 <C; [a]p> +11.3 (c
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1.67, THF); '"H NMR (400 MHz, CDCl3) 6: 2.30 (s, 3H), 2.95 (d, J = 6.92 Hz, 2H), 3.98-4.03 (m, 1H), 5.45
(d, J = 7.00 Hz, 1H), 5.50 (d, J = 7.52 Hz, 1H), 6.88 (d, J = 7.24 Hz, 2H), 7.07-7.15 (m, 6H), 7.23-7.26 (m,
3H), 7.27-7.32 (m, 5H), 7.44 (d, J = 7.88 Hz, 2H), 7.56 (d, J = 8.20 Hz, 2H), 7.73 (s, 1H); *C NMR (100
MHz, DMSO-dg) §: 22.1, 39.9, 57.4, 58.5, 120.4, 125.0, 127.6, 127.7, 128.0, 128.9, 129.2, 129.8, 130.2,
130.4, 130.7, 138.3, 139.6, 140.1, 143.4, 169.6, 171.3; HRMS (ESI*-TOF) m/z: calcd for CaoHgoN;0,S
(M+H)": 528.1951, found: 528.1957; IR (KBr): 3306, 3252, 3032, 1670, 1643, 1537, 1447, 1333, 1161,
1088, 696 cm™.

(S)-N-((R)-2-0x0-1-phenyl-2-(phenylamino)ethyl)-1-tosylpyrrolidine-2-carboxamide ((S,R)-G25): 68% vyield;
Rf = 0.25 (ethyl acetate / petroleum ether = 1/2); mp. 216218 <T; [a]p” -142.4 (¢ 1.67, THF); 'H NMR
(400 MHz, CDCls) 6: 1.66-1.73 (m, 2H), 1.88 (br, 1H), 2.14 (br, 1H), 2.43 (s, 3H), 3.23-3.25 (m, 1H), 3,61
(br, 1H), 4.18 (d, J = 6.76 Hz, 1H), 5.76 (d, J = 6.96 Hz, 1H), 7.06-7.08 (m, 1H), 7.25-7.26 (m, 2H),
7.30-7.37 (m, 5H), 7.49 (br, 4H), 7.73 (d, J = 7.40 Hz, 2H), 7.96 (d, J = 6.44 Hz, 1H), 8.38 (s, 1H); *C NMR
(100 MHz, CDCl3) d: 21.6, 24.6, 30.4, 49.8, 58.1, 62.4, 119.9, 124.5, 127.4, 127.9, 128.6, 128.9, 129.2,
130.0, 133.1, 136.5, 137.6, 144.4, 167.9, 171.3; HRMS (ESI*-TOF) m/z: calcd for CyHysN30,S (M+H)™:
478.1795, found: 478.1793; IR (KBr): 3300, 3273, 1694, 1657, 1601, 1530, 1356, 1161, 1098, 758, 696
cm™.

(R)-N-((S)-2-0x0-1-phenyl-2-(phenylamino)ethyl)-1-tosylpyrrolidine-2-carboxamide ((R,S)-G25): 59% vyield;
Ry = 0.25 (ethyl acetate / petroleum ether = 1/2); mp. 215-217 <C; [o]p> +142.7 (c 1.67, THF); 'H NMR
(400 MHz, CDCls) 6: 1.66-1.70 (m, 2H), 1.86-1.90 (m, 1H), 2.14-2.17 (m, 1H), 2.43 (s, 3H), 3.23-3.27 (m,
1H), 3.60-3.62 (m, 1H), 4.18 (d, J = 6.32 Hz, 1H), 5.76 (d, J = 7.12 Hz, 1H), 7.04-7.08 (m, 1H), 7.23-7.26
(m, 2H), 7.30-7.37 (m, 5H), 7.50 (br, 4H), 7.73 (d, J = 7.52 Hz, 2H), 7.97 (d, J = 6.68 Hz, 1H), 8.40 (s, 2H);
BC NMR (100 MHz, CDCl,) ¢: 21.6, 24.6, 30.4, 49.8, 58.1, 62.4, 119.9, 124.4, 127.4, 127.9, 128.6, 128.9,
129.2, 130.0, 133.1, 136.6, 137.6, 144.4, 167.9, 171.3; HRMS (ESI*-TOF) m/z: calcd for C,sH,sN30,S
(M+H)": 478.1795, found: 478.1798; IR (KBr): 3300, 1692, 1655, 1601, 1530, 1445, 1356, 1161, 1099, 758,
692 cm™.

(S)-N-((R)-2-((4-methoxyphenyl)amino)-2-oxo-1-phenylethyl)-1-tosylpyrrolidine-2-carboxamide
((S,R)-G26): 63% yield; R; = 0.25 (ethyl acetate / petroleum ether = 2/1); mp. 171-173 <C; [o]p> -122.1 (c
1.67, THF); 'H NMR (400 MHz, CDCl,) 8: 1.61-1.71 (m, 2H), 1.82-1.94 (m, 1H), 2.12-2.16 (m, 1H), 2.42 (s,
3H), 3.20-3.28 (m, 1H), 3.58-3.63 (m, 1H), 3.75 (s, 3H), 4.15-4.18 (m, 1H), 5.72 (d, J = 7.52 Hz, 1H), 6.78
(d, J = 8.96 Hz, 2H), 7.29-7.39 (m, 7H), 7.49 (d, J = 6.92 Hz, 2H), 7.73 (d, J = 8.16 Hz, 2H), 7.95 (d, J =
7.52 Hz, 1H), 8.27 (s, 1H); BC NMR (100 MHz, CDCl,) ¢: 21.6, 24.6, 30.4, 49.8, 55.4, 58.0, 62.4, 114.0,
121.7,127.4,127.9 128.6, 129.2, 129.4, 130.7, 133.2, 136.8, 144.3, 156.5, 167.7, 171.3; HRMS (ESI*-TOF)
m/z: calcd for C,;H3oN;0sS (M+H)™: 508.1900, found: 508.1904; IR (KBr): 3310, 1653, 1609, 1514, 1338,
1159, 1028, 839, 694 cm™.
(R)-N-((S)-2-((4-methoxyphenyl)amino)-2-oxo-1-phenylethyl)-1-tosylpyrrolidine-2-carboxamide
((R,5)-G26): 65% yield; R = 0.25 (ethyl acetate / petroleum ether = 2/1); mp. 171-173 <C; [a]p> +121.8 (c
1.67, THF); 'H NMR (400 MHz, CDCly) ¢: 1.62-1.71 (m, 2H), 1.83-1.89 (m, 1H), 2.12-2.16 (m, 1H), 2.43 (s,
3H), 3.20-3.26 (m, 1H), 3.58-3.63 (m, 1H), 3.75 (s, 3H), 4.16 (d, J = 6.00 Hz, 1H), 5.71 (d, J = 7.44 Hz, 1H),
6.78 (d, J = 8.88 Hz, 2H), 7.29-7.39 (m, 7H), 7.49 (d, J = 7.00 Hz, 2H), 7.72 (d, J = 8.04 Hz, 1H), 8.21 (s,
1H); BC NMR (100 MHz, CDCly) ¢: 21.6, 24.6, 30.4, 49.8, 55.4, 58.0, 62.4, 114.0, 121.7, 127.4, 127.9,
128.6, 129.2, 130.0, 130.7, 133.2, 136.7, 144.3, 156.5, 167.7, 171.3; HRMS (ESI*-TOF) m/z: calcd for
C,7H3oN;05S (M+H)™: 508.1900, found: 508.1898; IR (KBr): 3308, 1686, 1653, 1609,1514, 1339, 1250,
1159, 1028, 823, 698 cm™.
(S)-N-((R)-1-ox0-3-phenyl-1-(phenylamino)propan-2-yl)-1-tosylpyrrolidine-2-carboxamide ((S,R)-G27): 65%
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yield; R; = 0.3 (ethyl acetate / petroleum ether = 1/2); mp. 181-183 <T; [a]o> -59.4 (c 1.67, THF); ‘*H NMR
(400 MHz, CDCls) 6: 1.54-1.58 (m, 1H), 1.62-1.69 (m, 2H), 2.02-2.04 (m, 1H), 2.44 (s, 3H), 3.10-3.16 (m,
1H), 3.31 (d, J = 7.24 Hz, 2H), 3.46-3.51 (m, 1H), 4.02-4.04 (m, 1H), 4.62-4.67 (m, 1H), 7.05-7.09 (m, 1H),
7.25-7.29 (m, 3H), 7.30-7.35 (m, 7H), 7.44 (d, J = 7.64 Hz, 2H), 7.72 (d, J = 8.24 Hz, 2H), 7.99 (s, 1H); ®°C
NMR (100 MHz, CDCl) 8: 21.6, 24.4, 30.4, 37.0, 49.7, 56.1, 62.4, 120.0, 124.3, 127.0, 127.9, 128.8, 128.9,
129.5, 130.0, 132.7, 136.9, 137.6, 144.6, 168.6, 171.2; HRMS (ESI*-TOF) m/z: calcd for CpH3oN;0,S
(M+H)": 492.1951, found: 492.1950; IR (KBr): 3345, 3310, 2924, 2864, 1695, 1653, 1524, 1335, 1155,
1095, 698, 662 cm™.

(R)-N-((S)-1-ox0-3-phenyl-1-(phenylamino)propan-2-yl)-1-tosylpyrrolidine-2-carboxamide ((R,S)-G27): 57%
yield; R; = 0.3 (ethyl acetate / petroleum ether = 1/2); mp. 180-182 <C; [a]p>° +59.2 (c 1.67, THF); ‘*H NMR
(400 MHz, CDCls) 6: 1.54-1.58 (m, 1H), 1.61-1.69 (m, 2H), 1.98-2.04 (m, 1H), 2.43 (s, 3H), 3.09-3.15 (m,
1H), 3.30 (d, J = 7.20 Hz, 2H), 3.47-3.52 (m, 1H), 4.02-4.05 (M, 1H), 4.65-4.71 (m, 1H), 7.04-7.08 (m, 1H),
7.24-7.28 (m, 3H), 7.30-7.36 (m, 7H), 7.44 (d, J = 7.68 Hz, 2H), 7.72 (d, J = 8.24 Hz, 2H), 8.18 (s, 1H); **C
NMR (100 MHz, CDCly) ¢: 21.6, 24.4, 30.4, 37.1, 49.7, 56.0, 62.4, 120.0, 124.3, 127.0, 127.9, 128.8, 128.8,
129.5, 130.0, 132.7, 136.9, 137.7, 144.6, 168.6, 171.8; HRMS (ESI*-TOF) m/z: calcd for C,H3N;0,S
(M+H)": 492.1951, found: 492.1960; IR (KBr): 3343, 3310, 2924, 2864, 1695, 1653, 1518, 1447, 1335,
1155, 1098, 748, 698, 662 cm™.
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NMR and HRMS spectra of chiral bisthiourea derivatives 1-9 as CSAs.
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Figure S1.'H NMR Spectrum of CSA 1 in CDCl; (400 MHz).
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B -TOF M3: 0.7765 to 0 8184 min from Sample 22 (H1) of 201580308 (recalibiated1).wiff different calibrations ([DuoSpray ()} Max 8.6e5 cps.
651.2571
8.5e5
8.0e5 Formula ... Calculated mi] mbaError | ppm Error | DBE
C3EH3BNE 0252 |851.257 0.055 0.0845 205
78e5 C36 H31 H10 03 651.2575 04116 06321 265
s Ca4 HIENE S 651.2576 ~0.5956 09126 %5
= S C43H38045 6512563 07416 1.1388 215
o ses 5 C3BHAIN30352 | 6512563 ~12876 B 20
)]\ ® €34 H37 N9 0 52 851.0557 13977 21482 21
2065 (@) 7 C29H3ZNO 8512558 14338 22012 2
N N 8 C38 H33 N7 04 651.2588 17543 26937 26
5.5e5 H H o C46HITHOS 851.259 19383 29783 2
5025 ,\\\\NH
a
; 4585
g 4085 NH H H
2525
- )\/ N N e52.2616
3.0e5 O Y \n/
2.5e5 = S
20e5
1.5e5
853.2597
1.0e5
80e4 68542548
N . ’ L
840 a4z ada 846 Bds e50 852 854 a5 883 680 eaz e84 ees
miz, Da

Figure S4. HRMS spectrum of CSA 1.
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B +TOF MS: 0.7254 to 0.7532 min from Sample 18 (H4) of 20180206 |recalibrated8) wiff different calibrations [DuoSpray (}) Max. 7.5e5 cps.
5es 578.2880
Formula ... ‘Calculated | mDa Error | ppm Error| DBE
7.0e8 1 C45H4304S 679.2876 0.3414 0.5027 245
2 C38H43 N6 0252 |679.2883 | -0.345 -0.5079 205
8.5e5 3 CI3HISNIDO3 |679.2888 |-0.8118 | -1.1951 265
4 C46H39 N4 S 679.2889 [-0.9958 -1.4659 295
£0es S 5 C3BHAING 052 |675.287 | 09876 1.4686 21
6 C51H37NO 679.2869 | 10334 15213 34
O JJ\ 7 CI3H4IN303S |6792883 [ 1.8841 2.4793 25
N N 8 C40H45 N3 03 52 | 679.2896 | -1.6877 -2.4846 20
5.0e5 H H
4585 R N H
2
S ag0es
=
£ oases NH H H 8p0 2881
£
2.0e5 o N N \©
25e5 z \”/
2.0e5
1.5e5 ©/
ep1.2853
1.0e5
5.0e4 ep2.2889
00 = L
650 655 860 865 870 75 880 835 S e85 700 705 710 715
miz, Ds

Figure S8. HRMS spectrum of CSA 2.
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+TOF MS: 0.5580 to 0.5859 min fom Sample 16 (H7) of 20190208 (recalibrateds). wiff different calibrations (DuoSpray ()

Max, 1.228 cps,

583.2886
1.20e8
B Formula ... Calculated mi| mbaError | ppmError | DBE
e 1 €30 H35 N10 03 583.2686. 02118 ~0.3631 185
1108 2 €30 H43 N6 02 52 583.2883 0.2549 0.437 125
1,086 S 3 C38HIIN4 5 583.2889 -0.3958 -0.6785 215
. 4 CITHA3 045 533.2676 05414 16141 165
o o) )J\ 5 €32 H45N3 0352 533.26% -1.0877 -1.8648 12
9.50e5 N N 5 €32 H37 N7 04 583.2901 15545 2,665 18
9.00e5 7 €28 H41 NS 0 52 583.287 15976 27389 13
550e8 H H B C43HITND 583.2869 16334 2.8004 %
o ‘\\\NH 9 CAOH4TNDS 533.2803 -1.7385 -2.9805 21
8.00e5 A
7.50e5
7.00e5
S eooes NH H H
% 6.00e5 }\/N N
£ 55065 O ~ T
5.00e5 =
4.50e5 PN S
4.00e5 84 2904
3.50e5
2.00e5
2.50e5
2.00e3
1.50e5 85,2882
1.00e5
5.0084 262883
o000k |
E 585 570 575 580 585 590 595 200 205 810 815
miz, Da
Figure S11. HRMS spectrum of CSA 3
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Figure S12."H NMR spectrum of CSA 4 in CDCl; (400 MHz).
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Figure S13. *C NMR spectrum of CSA 4 in CDCl; (100 MHz).
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B STOF MS: 1.4507 to 1.5298 min from Sample 21 (H2) of 20190208 (recalibrated?).wiff different calibrations (DucSpray () Max, 5.1e5 cps.
. Ter.2220 Formula ... Calculated m/| mbDaError | ppmError | DBE
o0=8 1 C43H3BN302F552 |767.232 0014 “0.0178 24
2 C35H34 NG O5F5 S 787.2318 0.1698 0.2158 21
;. 3 C3BH37 NG 02FES2 |787.2318 0.1856 02358 205
088 4 C3BHZ9NI003F6 | 787.2322 “0.281 0357 265
5 C46 H33 N4 F6 5 787.2324 -0.465 -0.5807 295
S & C43 H30 N7 03 F5 7872324 -0.4808 -0.8108 30
+0=8 7 CS1H34NF5S 787.2326 -0.6648 -0.8445 33
(@) B C41H2BN100ZF5  |787.2311 0.8618 1.0847 305
N N 3 CA5H3IT04F6 S 787.2311 0.8722 1.1079 245
3.5e5 H H 10 C40 H39 N3 03 FB 52 787.2331 -1.157 -1.4897 20
11 |C41H36NE0FSS2  |767.2306 1.3285 16376 245
‘\\\\NH CF3 12| C45H4D D3F5 52 787.2333 1.3%7 17234 235
3.0e5 13 C36 H35 N8 O F6 52 787.2304 1.5283 18414 21
3 14 |csiA3TNOFe 787.2304 1.5641 1.9889 34
< 15 | C40H31 N7 0476 787.23% ENFE 20628 2%
2 cees NH CF 16 |C4BHISNOFES 787.2338 18077 22963 2
?z_ H H 3 17 C45 H32 N4 04 FS 787.2338 -1.8235 -2.3163 295
= N N 18 | C48H3603FS5S 757.2299 2.0151 25598 285
5 0es o) \n/ 7882334 19 |C43H35N303F65 | 767.2287 22148 28138 25
1.5e5 S
1.0e5
789.2275
5.0e4
780.2302
0ok N
778 77E 780 782 T84 788 788 730 732 794 798 798 800 802 804
miz, Da
Figure S15. HRMS spectrum of CSA 4.
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Figure S16."H NMR spectrum of CSA 5 in CDCl; (400 MHz).
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Figure S18. **C NMR spectrum of CSA5 in CDCl; (100 MHz).
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Figure S19. F NMR spectrum of CSA5 in CDCl; (376 MHz).
I +TOF MS: 0.2827 to 0.3768 min from Ssmple 22 (HE) of 20190308 (recalibrated2).wiff Max. 1.088 cps
a=T.01824207681174170e-004, 10=-3.26458313537418450e-001 (DuoSpray (J)
g15.2623 Formula .. Calculated mi| mbaError | ppm Error | DBE
10028 1 C4SH4ZNI02F552 |B15.2633 00142 -0.0174 24
2 C37TH3BNSO5F55 | 8152631 0.1697 0.2082 21
95025 3 C40H41 NS D2FBS2 | 8152631 0.1855 0.2275 205
50065 ] C40H3IN1DO3F6 | B15.2635 02812 -0.3449 265
S 5 C48H3TNAFES 815.2637 “0.4652 ~0.5706 285
8.50s5 6 C45 H34 N7 03 F5 815.2637 -0.481 -0.59 30
s.00ss e} JJ\ 7 CS3H3BNFS S 815.2639 ~0.6649 -0.8156, 33
C43H3ZN1002F5 | 815.2624 0.8618 1.0569 305
7.50e5 N N C47TH4T04FES 815.2624 0872 1.0896 245
- H H C42H43IN3 037652 | 515.2644 11571 14193 20
NH CF3 CA3HAONGOFS52 [ B15.2619 13284 16294 245
©.50e5 B C47TH4403F5 52 515.2646 -1.3569 16644 235
P CIBHINSOF652 | B15.2617 15282 1.8744 ]
2 C53HIENOFS 815.2617 1,564 19184 34
S 550e5 C4ZH35NT 0476 815.2643 16238 19919 %
Z e NH CF3 16 |CSOH3SNOFGS 815.2651 -1.8079 22175 £
5 H H 17| C47 H36 N4 D4F5 815.2651 -1.8237 22969 285
E sspes N N 18 | CS0H4D03F55 8152612 2015 24718 285
00es O \”/ s16.2002 19 |CA5H3IN303FBS | 815281 22147 27166 25
005 7 6.3062
2EDeS E S
2.00e5
2.50e5
2.00e5
1.50e5 817.2817
1.00=8
5.00e4 818.2818
o "
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Figure S20. HRMS spectrum of CSA5.
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Figure S21.'H NMR spectrum of CSA 6 in CDCl; (400 MHz).
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B -TCF MS: 0.7114 to 0.7232 min from Sample 15 (H8) of 20180206 [recalibrateds) wiff different calitiations ([DuoSpray ()} Max. 1.4e8 cps.

5.2e5 7182628
s0e5 Formula . Calculated m/| mbDa Error ppm Error DBE
- 1 C32H41 NG 02F6 52 | 719.2631 02144 0.2982 125
2 C39H4104FES 7192624 0472 06563 165
25e5 S 3 C32 H33 N10 03 F6 719.2635 -0.6812 -0.8471 18.5
4 C40H3TN4FES 719.2837 -0.8852 -1.2028 218
5 C30H3INGOF6S2 | 7192617 11282 15685 13
0es (0] 6 C45HISNOF6 7192617 1164 16183 %
- N N 7 C34H4IN303F652 | 7192644 .5571 21648 iz
H H 8 C37 H39 N3 03 F6 S 719.281 1.8147 28231 17
anes o NH CF3 9 C34 H3E 7 04 F6 719.2649 20239 28139 18
» 305 NH CF
c 255
£ fe} - \[(
2.0e5 =
/\ S 720 26855
1.5e6
1.0e5
721.2575
5.0e4
722.2816
L
o0 708 710 712 714 718 718 720 722 724 728 728 730 732 734 738 738 740
miz, Da
Figure S25. HRMS spectrum of CSA 6.
I~ MUON~—O© < o - M~~~ 00N =]
[} O <M O I~ = oOMNO—-—M~NO (=]
Q MMt I~ [l ™~ Q I~ S © < © Q
S SHEHON N S © TREBHS P S
a [ o Ny S o] © 1) e =< g S
| e e | I I e N |
CFj
S
e J
~NH
NH
H H
N__N CF,
o) - \”/
~ S
CF3
LA e -
T e T T T I A
w0 < < ® ool Q o« M~ «©Q n
=) 3~ I~ 53! S] =] ) (=]
™~ 0 NdD — ™~ ™~ — <
T T T T T T T T T T T T T T T T T T r T
15 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 0.0

ppm
Figure S26."H NMR spectrum of CSA 7 in CDCl; (400 MHz).
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B TOF MS: 0.9486 10 0.9765 min from Sample 17 (H2) of 20190208 {recalibratedT).wiff different calitrations (DucSpray () Max. 1,128 cps|
923.2063
11een Formula ... Calculated m| _mbaError | ppm Error | DBE
110s8 1 C40 H35 N6 02 F12 52_| 923.2065 02837 03073 205
1.05e8 CF 2z C47H35 04F125 923.2058 0.4028 0.4363 245
+ o0es 3 3 C20HZ7 N1003F1Z_ | 823207 07504 08128 %5
i 3 C2BH3TN4FIZS 9232072 08344 oz 295
8.50e5 5 C38H33NGOF1252 [923.2052 1.0589 1147 21
o 00es S 3 CS3HZONO FIZ 923.2052 1.0947 1.1858 34
7 C22H37 N3 03 F12 52 | 923.2079 16264 17617 ]
85028 (@) B C45H33N303FI25 | 9232045 17455 1.8907 25
5.0025 N N CF 5 C4ZH2BNT 04 Fi2__ | 923.2083 20831 22673 26
i H H 3 10 |CS0H33NOFIZS |o23208s 22 24886 2
e NH 11| C37H37 N5 05 Fi2 52 | 823.2039 23862 2.5955 18
7.00e5 o 12| C51H27 N4FiZ 9232038 24374 26402 345
» B.50sE
;: £.00e5
2 550e5 NH
E sooes H H
450e5 o N N CF3 24 2083
4.00e5 z \H/
25085 = S
3.00e5
2 50e5
2.00e5 CF3
25 2085
1.50e5
1.0085
5.00e4 6 2040
M M T a0es
¢ 900 905 10 520 925 930 935 940 945 950 955
m/z, Da
Figure S29. HRMS spectrum of CSA 7.
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Figure S30.'H NMR spectrum of CSA 8 in CDCl; (400 MHz).
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+TOF MS: 0.7253 to 07532 min from Sample 19 (HB) of 20190306 (recalibrateds) wiff different calibrations (DuoSpray ()

Mex. 2 825 cps

951.2381
1.8e5
. Formula ... Calculated mi| mbDaError | ppmError | DBE
18e8 1 C42H3GNE 02F1252 |951.2378 0216 0.2271 205
1.7e5 CF3 2 CAZHITNTOO3F12 [ 8512383 -0.2506 02635 265
3 C50 H35 N4 F12 5 51.2385 04346 04569 295
1825 4 C48H39 04 F12 5 9512371 0.9028 0.9489 245
Jeas S 5 C44H4TN3 03F1252 |951.2392 11268 11843 20
- 6 C4OHITNSOF1Z52 | 9512365 15587 16386 21
1425 e) JJ\ 7 C44 HIINT 04F12 51.23%6 15933 1675 %
8 C55H33NOF12 551.2365 15946 16763 3t
1228 N N CF3 [l CS2H3TNOFI28 9512398 17772 -1.8684 29
- H H 10 C47 H37N303F125 | 9512358 22453 23604 25
11 C45 H43 04 F12 52 551.2405 -2.4692 -2.5858 195
= R
g 118 952 2288
é: 1.0e5
T 804 NH
= 8.0ed H H
o N._N CF3
5.0e4 S
s0se 953.2258
3084 CF3
2084
954.2373
1.024
955.2398
o.0M "
934 938 938 240 842 944 948 948 950 952 954 958 958 280 282 964 288 268 o970 872 974
miz, Da
Figure S33. HRMS spectrum of CSA 8.
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Figure S34.'H NMR spectrum of CSA 9 in CDCl; (400 MHz).
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Figure S36. **C NMR spectrum of CSA 9 in DMSO-ds (100 MHz).
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Figure S37. F NMR spectrum of CSA 9 in CDCl; (376 MHz).
B -7OF MS: 0.9485 to 0.9765 min from Sample 20 (H9) of 20190308 {recslibrateds).wiff different calibraticns [DucSpray () Max. 7.7e5 cps.
8662381
75e5 CF3 Formula ... Calculated m/ mbDa Error ppm Error DBE
1 C34 H39 N6 02 F12 52 0218 02526 125
7.0e5 S 2 C34 H31 N10 O3 F12 -0.2506 -0.293 18.5
3 C42H3ISN4F125 -0.4246 -0.5082 215
8.5e5 O JI\ 4 C41H3904F125 0.8026 1.0554 165
N N CF 5 C36 H41 N3 03 F12 52 -1.1266 -1.3172 12
8.0e5 3 (] C32H3T NSO F1252 1.5887 1.8226 13
H H 7 C36 HIZ NT 04 F12 -1.5833 -1.863 18
5.5e5 \\\NH 3 C4TH33INOF12 1.5846 1.8645 26
A 9 C44H37NOF12S 17773 -2.0781 21
5.0e5 10 C39H3TN3O03F1Z2S 2.2453 26254 7
11 C36H4204F1252 -2.4692 -2.8872 1.5
4585 NH
: NN CF
= 40 3
z 0] - \n/
E 3.5e5 E
30e5 /\ S
8568 2408
25e5 CF3
20e5
1.5e6
1.0e85 857.2395
5.0=4
858.2391
ool N .
842 844 848 848 850 852 854 858 858 280 882 884 868 888 a70
miz, Da

Figure S38.

HRMS spectrum of CSA 9.
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NMR and HRMS spectra of enantiomers of amides G16-27 as guests.
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Figure S39. 'H NMR spectrum of (S,R)-G16 in CDCl; (400 MHz).
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B -TOF M5: 05202 to 0.5482 min from Sample 12 (G1-1) of 20120208 (recalibrated).wiff different calibrations (DuoSpray ()} Max. 1,028 cps.

10228 418.1792
Formula .. Calculated | mDa Error | ppm Error| DBE
1.00s8 1 C13 H24 N9 O7 4181793 -0.1209 -0.2891 B85
25025 z CZ1HZEN3045 |416.1795 [-0.3048 | 07291 |8%
} B CZTHZZNAO | 4181788 | 0.387 0825 |18
2002 [ CTHONZO10S |418.16  |-08128 | 1943 |2
8.50e5 5 C29 H24 N 02 4181801 | 08556 22853 185
[:] C19H26N603S |418.1781 1.0377 24816 10
8.00e5
7.50e8
7.00e8
CH; O  CH,
£.00=5 =z

Intensity, cps

I
w
(@)
Z

/
o
>

219.1835

4201802
~421.1754
L

208 408 410 412 414 418 218 430 422 224 428 428 430 232 434 238
m/z. Da

Figure S41. HRMS spectrum of (S,R)-G16
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Figure S42."H NMR spectrum of (R,S)-G16 in CDCl; (400 MHz).
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Figure S44. *H-'H COSY spectrum of (R,S)-G16 in CDCl; (400 MHz).
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Figure S45. HSQC spectrum of (R,S)-G16 in CDCls.
l +TOF MS: 02348 to 0. 2672 min from Sample 24 (G1-Z) of 20180312 (recalibrated1) wiff Mex. 1.4e6 ops.
2=7.01865280280135962320=-004, 10=-3.142805910124481502-001 (CucSpray ())
B.4e5 418.1798
Formula ... Calculated | mDa Error | ppm Error| DBE
80e8 7 CTH0NEOI0S |41818  [-02128  [-0508 |2
2 |c21nzeNz04s #1879 0295 07055 |85
55e5 3 |co9MzaN0z | #181801 | -035% | -08505  [185
4 C13 H24 N9 O7 4181793 0.479 1.1458 6.5
s0e8 5 C15 H28 N6 08 418.1808 -0.8636 -2.0852 8
& |carnzne0  [#17ee |0.887 23802 |19
7 |caznaents  [#edete |-1.0s22 | 24923 [ 145
4565 B |c23na00ss 4181808 | 10476 |-25051 |9
4.0e5
& ases
=
g 3.0e5
£
e CH; O CHy
2.0ef
, N.
. H,C Hk”)}( Ph
o NHTs O
5.0ed 420.1838
nu’ =
408 410 412 414 418 418 420 422 424 426 428 430 432 434 436
m/z, Ds

Figure S46. HRMS spectrum of (R,S)-G16.
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Figure S47."H NMR spectrum of (S,R)-G17 in CDCl, (400 MHz).
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Figure S48."H-H COSY spectrum of (S,R)-G17 in CDCl; (400 MHz).
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M TOF MS: 0.4788 to 0.4928 min from Sample 18 (G8-1) of 20180314 [recalibiated!7) wiff different calibrations (DuoSpray ()}

40

30 20 10 O

Max. 2128 cps

448 1805
218
soes Formula ... Calculated m/| mbDaError | ppm Error | DBE
1 C23H29 M4 02 Na S 4481903 0.1558 0.3471 "
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Figure S50. HRMS spectrum of (S,R)-G17.
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I +TOF MS: 0.2092 to 0.2225 min from Sample 27 (G9-2) of 20190314 (recalibrated 1 2)wiff Max, 2.928 cps.
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Figure S54. HRMS spectrum of (R,S)-G17.
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I +TOF IMS: 0.8603 to 0.6528 min frem Sample 11 {G2-1) of 20120308 (recalibratedz) wiff Max. 1.585 cps.
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Figure S57. HRMS spectrum of (S,R)-G18.
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I +TOF MS: 0.0791 to 0.0837 min from Sample 23 (G3-2) of 2019031 3.wiff Max. 1.9e8 cps.
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Figure S63. HRMS spectrum of (R,S)-G18
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Figure S64."H NMR spectrum of (S,R)-G19 in CDCl; (400 MHz).
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Figure S66. HRMS spectrum of (S,R)-G19.
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Figure S67.*H NMR spectrum of (R,S)-G19 in CDCl; (400 MHz).
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Figure S68. *C NMR spectrum of (R,S)-G19 in DMSO-dg (100 MHz).
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I +TOF MS: 0.1023 to 0.1162 min from Sample 19 (G2-2) of 20190313 wiff
8=7.01864681612426370e-004, 10=-2.945224042261294802-001 (DuoSpray ()}

Max 4.1e5 cps.

5185 484 2103
4.0e5 Formula.. | Calculated | mDa Error | ppm Error | DBE
2.805 1 €33 H26 N4 O 4942101 [ 0.1868 0.3781 23
2 CI9HBNSO7 4942106 | -0321 06497 | 105
2825 3 C2TH32N3045 |4942108 | -0505 1022 135
3.4e5 4 C25HI0NG03S | 4942094 [0.8376 16948 1%
5 CI3H34NB D105 | 4842113 |-1013 20488 |1
3.2e5 5 €35 H2B N 02 4842114 | 11558 |-23387 | 225
2.0e5
2.8e5
2.6e5
2.4e5
o e
Z 2.0e
E 1.8e5 CH O Ph
1.6e5 3 H
1.4e5 ),//l( N\
12e5 495.2110 H3C N Ph
1.0e5 NHTSH O
8.0e4
£.0e4
4084
496.2127
2o 4972091
ool i
484 488 488 450 452 454 496 488 500 502 504 506 508 510
m/z, Da
Figure S71. HRMS spectrum of (R,S)-G19.
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Figure S72."H NMR spectrum of (S,R)-G20 in CDCl; (400 MHz).
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Figure S73. *C NMR spectrum of ($,R)-G20 in DMSO-dg (100 MHz).
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Figure S74. HRMS spectrum of (S,R)-G20.
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I +TOF MS: 0.0273 to 0. 0804 min from Sample 18 (G5-2) of 20130312 wiff Mszx. 1.5a8 cps.

=7.01365083 1 4, 10=3.04641505 1 (DuoSpray ()}
452 1845 Formula ... Calculated | mDa Error | ppm Error| DBE
1522 1 CazHzzN 02 4521645 [-0.0085  [-0.0123 225
2 C10HZBNB 0105 | 4521643 | 0.1371 03034 1
1408 3 C16H24N608  |452165 | 05135  |-1.1357 |10
4 C24H2EN3 045 |452.1638 | 0.6451 1.4268 135
1.326 5 C2SHZZNT S 452.1651 -0.6921 -1.8307 18.5
] C26H28055 452.1651 -0.6975 -1.5426 13
1.2e8 7 C16 H22 N9 O7 452.1636 0.8291 1.8337 10.5
8 C30 H20 N4 O 4521631 | 1.3371 28571 23
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Figure S80.™H NMR spectrum of (S,R)-G21 in CDCl; (400 MHz).
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1.5ef
Formula ... Calculated m/ mba Error ppm Error DBE
14258 1 C26 H27 N4 02 Na S 4821746 0.1058 0.2131 15
2 C33H24N O3 482.175 -0.2703 -0.5608 225
1328 3 C25H28N3 0SS 482.1744 0.3304 0.7889 125
4 C34 H23 NZ Na 4821753 -0.545 -1.1304 24
1.2e5 5 C31 H22 N4 02 4821737 1.0723 2224 23
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Figure S82. HRMS spectrum of (S,R)-G21.
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Figure S86. HSQC spectrum of (R,S)-G21 in CDCl; (5% acetone-dg).
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l +TOF MS: 0.2371 to 0.2511 min from Sample 25 {G11-2) of 20180314 [recalibiated?4) wiff Max. 1.5e8 ops.

a=7.018658451 4, {0=2 916886 1 {DuoSpray )}
1.5e€ 4821747
Formula ... Calculated mi| mbDa Error ppm Error DBE
1.4e8 il C26 H27 N4 02 Na S 482 1746 0.0056 0.0117 15
2 C25H2B N3OS S 4821744 0.2804 0.5816 13.5
1.3e6 3 C33H24 N O3 482175 -0.3703 -0.7679 225
4 €34 H23 N2 Na 4821753 -0.645 -1.3378 24
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Figure S87. HRMS spectrum of (R,S)-G21.
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I +TOF IM5: 00857 to 0.0791 min from Samele 18 (G4-1) of 20120208 (recalibratedd). wift
5=7.01879282862268760-004, {0=4 95698573214712980e-002 (DucSpray ()

485.1754

Max. £.525 cps.

Formula ... Calculated | mDa Error | ppm Error| DBE
1 C17H24 N9 07 [ 466.1793 [ 0.079 0.1696 105
8.0e5 2 C25H2EN304S [466.1795 | -0.1049 -0.225 135
3 C31 H22 N4 O 466.1788 0.587 1.2592 23
£ Ees 4 C11 H30 NE 010 S [ 468.18 -08128 -1.3148 1
5 C33H24N 02 486.1801 |-075%6  |-16209  |225
s 3 C23H26NG035 |466.1781 | 1.2377 26551 14
5.0e8 7 C19 H26 N6 08 466.1806 -1.2636 27106 10
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Figure S90. HRMS spectrum of (S,R)-G22.
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Figure S94. HSQC spectrum of (R,S)-G22 in CDCls.
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l +TOF MS: 0.1022 to 0.1208 min from Sample 17 (G4-2) of 20130213 wiff Max. 2.5e5 ops.
=7.01866570885067940 004, 10=2.372571246194278702-001 (DucSpray ()

466.1804

2585 Formula.. | Calculated | mDa Error | ppm Error| DBE
pies 1 C33H24NO2 (4661801 |02443 _ [0.5241 725
- 2 C19 H26 N6 08 466.1806 | -0.2636 -0.5655 10
3 C11H30 N8 010S | 466.18 0.3871 0.8303 1
2.2e5 4 C26 H24 N7 S 466.1808 | -0.4422 -0.9486 185
5 CI7H30055 | 4661808 | 04476 |-0.8601 |13
2065 6 C25H28N3 04 S |466.1795 0.895 1.92 135
T C17 H24 N9 OT 466.1793 1.079 2.3146 105
1,805
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Figure S95. HRMS spectrum of (R,S)-G22.
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B TOF MS: 0.4603 to 0.4743 min frem Sample 18 (G10-1) of 20190214 frecalibrated 18).wiff different caliorations (DuoSpray ()
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Formula .. Calculated mi| mbDaError | ppmError | DBE

1 C26H30N3 0SS 496.19 -0.2696 -0.5434 135

2 C32 H24 N4 02 496.1893 04223 0.8511 23

3 C2TH28 N4 02 Na S 496.1803 -0.5443 -1.0871 15

4 C34 H26 N 03 4951907 -0.9203 -1.8549 225

5 €35 H25 N2 Na 4981909 -1.1851 -2.4086 24
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Figure S98. HRMS spectrum of (S,R)-G23.
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Figure $99. 'H NMR spectrum of (R,S)-G23 in CDCl; (400 MHz).
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Figure S101. *H-H COSY spectrum of (R,5)-G23 in CDCl; (400 MHz).
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Figure S102. HSQC spectrum of (R,S)-G23 in CDCl; (5% acetone-dg).
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I +TOF MS: 0.2181 to 0.2272 min from Sample 28 (G10-2) of 20180314 (recalibrated 1) wiff Max. 1.0e6 cps.
=7.01286764652398790= 004, 10=2 887736146780206202 001 (DucSpray ()

496.1887
1.00e8

Formula ... Calculated | mDa Error | ppm Error | DBE
1 €32 H24 N4 02 4961893 [0.3223 0.8495 23

9.00=5 2 C26H30NZO0SS | 496.19 -0.3696 -0.7448 135
3 C34 H26 N 03 486 1307 -1.0203 -2.0564 225

9.5025
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Figure S103. HRMS spectrum of (R,S)-G23.
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Figure S104. *H NMR spectrum of (S,R)-G24 in CDCl; (400 MHz).

S61



0 o TONMONTNTODRTO—©ODO
oD ADNROPO=-—N=—NOONNN MO~ ONFONODD O
[= e} DONRANTLON - NEQOD TRNOOAEOO T <
QW QLA ANNRCOWS® HeoneA8GNs =
~ g BOTGGICOSTBOB DN NGO DO 0T gOoT NG
~ © TITOOOEARANNNNNNA = =R =R=le R
- = B R~ DWUTTTFITITTO N
Y e T — T P e RS
Ph N N\Ph
NHTs (0]

TOTOOY O« ©

AU =—N—® SO

ANSwom— oK@

hOoAR~RNGO CQwn

SO PHDO @I~

MEONNN oo

T Yrre ot

[P [N
. . ‘ .
131 130 129 128 127

ppm

I LUl 1 . I

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

ppm
. 13 .
Figure S105. °C NMR spectrum of (S,R)-G24 in DMSO-ds (100 MHz).
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Figure S106. HRMS spectrum of (S,R)-G24.
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I +TOF MS: 0.4324 to 0.4417 min from Semple 13 (G8-1) of 201290308 {recalibratedd).wiff Max. 2.0e€ cps.
5=7.018775280454100602-004, 10=1.18170379888249220e-001 (DucSpray (1)
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Figure S115. HRMS spectrum of (S,R)-G25
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Figure S116. 'H NMR spectrum of (R,S)-G25 in CDCl; (400 MHz).
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Figure S117.3C NMR spectrum of (R,S)-G25 in CDCl; (100 MHz).
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Figure S118. 'H-'H COSY spectrum of (R,S)-G25 in CDCl; (400 MHz).
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Figure S119. HSQC spectrum of (R,S)-G25 in CDCls.
l +TOF MS: 0.0837 to 0.0730 min from Sample 21 (G8-2) of 20130312 wiff Max. 2.7e8 cps.
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Figure S120. HRMS spectrum of (R,S)-G25.
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Figure S121. *H NMR spectrum of (S,R)-G26 in CDCl; (400 MHz).
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I +TOF MS: 0.0372 to 0.0511 min from Sample 22 (12-1) of 20190314 {recslibrated1 5} wiff Max. 2.5¢5 cps.
5=7.01886278426269920¢ 004, 10=3.09773660714641120.001 (CuoSpray (1)
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Figure S123. HRMS spectrum of (S,R)-G26.
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Figure S124.'H NMR spectrum of (R,S)-G26 in CDCl; (400 MHz).
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Figure S125.**C NMR spectrum of (R,S)-G26 in CDCl; (100 MHz).
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Figure S126. *H-"H COSY spectrum of (R,S)-G26 in CDCl; (400 MHz).
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Figure S127. HSQC spectrum of (R,S)-G26 in CDCls.
I +TOF MS: 0.0883 to 0.1022 min from Sample 21 (G12-2) of 20190314 (recalibrated18).wiff Max. 1.9e8 cps.
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Figure S128. HRMS spectrum of (R,S)-G26.
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+TOF MS: 0.3182 to 03355 min from Sample 14 (G7-1) of 20190308 (recalibrateds) wiff

=7 018760943177575402-004, t0=5.6605137872301

50e-002 (DucSpray (1}

ppm

Figure S132. 'H NMR spectrum of (R,S)-G27 in CDCl; (400 MHz).
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'H NMR spectra of enantiomeric discrimination of (+)-G16—27 in the presence of CSAs 1-9.
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Figure S147. "H NMR spectrum of (+)-G17 in the presence of CSA 2 in CDCl; (400 MHz), [()-G17]
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Figure S161. "H NMR spectrum of (+)-G19 in the presence of CSA 1 in CDCl; (400 MHz), [(+)-G19]

5 mM.
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Figure $195. 'H NMR spectrum of (+)-G22 in the presence of CSA 9 in CDCl; (400 MHz), [(+)-G22]

5 mM.
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Figure S209. 'H NMR spectrum of (+)-G24 in the presence of CSA 9 in CDCl; (400 MHz), [(+)-G24]

2.5 mM.
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Figure S211. *H NMR spectrum of (+)-G25 in the presence of CSA 3 in CDCl; (400 MHz), [(+)-G25]
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Figure S213. 'H NMR spectrum of (+)-G25 in the presence of CSA 5 in CDCl; (400 MHz), [(+)-G25]
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Figure S215. 'H NMR spectrum of (+)-G25 in the presence of CSA 7 in CDCl; (400 MHz), [(+)-G25]

5 mM.
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Figure S217. *H NMR spectrum of (+)-G25 in the presence of CSA 9 in CDCl; (400 MHz), [(+)-G25]

5 mM.
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Figure $221. 'H NMR spectrum of (+)-G26 in the presence of CSA 8 in CDCl; (400 MHz), [(+)-G26]

5 mM.
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Figure $222. 'H NMR spectrum of (+)-G26 in the presence of CSA 9 in CDCl; (400 MHz), [(+)-G26]

5 mM.
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Figure S225. "H NMR spectrum of (+)-G27 in the presence of CSA 3 in CDCl; (400 MHz), [(+)-G27]
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Figure S226. "H NMR spectrum of (+)-G27 in the presence of CSA 4 in CDCl; (400 MHz), [(+)-G27]

5 mM.
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Figure S227. "H NMR spectrum of (+)-G27 in the presence of CSA 5 in CDCl; (400 MHz), [(+)-G27]
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Figure $228. 'H NMR spectrum of (+)-G27 in the presence of CSA 6 in CDCl; (400 MHz), [(+)-G27]

80 75 70 65 6.0 55 50 45

8.5

5 mM.

5123



00000,
664801
86£0°11
9852 1
#2951
GOF9'L
16841
1266'1
BYEFT
€ :%.L
LEGB
9/62°¢1
Z51E'e
£E6Y'E
B7G9'E
8/04°¢"
91E0
v2L9
09691
09 1
GFGL P
1£50°9
LFZ8'9
00502
z890°L
#9802
9802/
1082/
9z9z'24
(AR
GZLE 4
BLEE /1
€L
£06E "2
80L¥ /|
ZE9G /A,
G804/
IXANE
Livi 4
9259/
1586/
01908
mm\.m.ﬁ\
GGE0'6

===

—

i
N)
H

—— e e

==

BYEY 2
cre’

2.45
ppm

oL

Hv

Ts

0

\__.._

Ph

T

* ph

Ph

_Ph
H
N.

1
A

Ts

O

<\lj.

€180°¢
PZOLE
A s AR
pLE-
olal'g

£08L's )
1661°€

5659°F
PLI9
09697~
2oL
098L v~
SVGL Y
T

OLED 2
0050/~
zgoo /-
¥980°27

_\?\‘_‘* — : ‘I\*,—

P ege
we\f—"
3.10

00 ®?
°‘|\V’I|I‘®
VUV
" - T

(-] J'r'\ \t

ppm

4.65
Ppm

6.9 4.80

7.05
ppm

T

o oy

e

0190'¢—

€8/2'8—

~

8 I|7.15

8.1

8.2
ppm

8.3

pu ST LN T =

vevy

So'e
06’1l

Yo'l

00'gl

LSO

8¥'0

90°¢t

b

80°¢|

L0'L

Lso|
640

66°L[

06'L[

86°0

LETLT

169l

66°L L

vl'e

05'e|

S6'L
SS0

ys0f

Lozl

90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20

10 05 0.0

1.5

ppm
Figure $229. "H NMR spectrum of (+)-G27 in the presence of CSA 7 in CDCl; (400 MHz), [()-G27]

5 mM.
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Figure $230. *H NMR spectrum of (+)-G27 in the presence of CSA 8 in CDCl; (400 MHz), [(+)-G27]

5 mM.
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Figure S231. "H NMR spectrum of (+)-G27 in the presence of CSA 9 in CDCl; (400 MHz), [(+)-G27]
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