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1. General Methods

NMR spectra were recorded with a Bruker AVANCE 400 MHz spectrometer in CDCl; with
tetramethylsilane (TMS) as the internal standard; J values are given in Hz. IR spectra were recorded
with a Bruker tensor 27 infrared spectrometer. Chiral HPLC was performed with a Shimadzu
SPD-10A series instrument with chiral columns. HRMS (ESI) were recorded with a Waters LCT
Premier XE spectrometer. Optical rotations were determined using a PolAAr 3005 High Accuracy
Polarimeter; [a]p-values are given in units of 10" deg cm” g”'. Flash column chromatography was
performed on silica gel (300-400 mesh). Melting points were measured with a digital apparatus.
Unless otherwise noted, all commercially obtained reagents were used without further purification.
All reactions were carried out in air in a closed system. All reactions were carried out under air in a
closed system. Isocyanoacetates 2!, isatinimines 3* and catalysts 1a-f*! were prepared using
literature method. Racemic Mannich adducts 4 for chiral HPLC analysis were prepared from the
corresponding isocyanoacetates 2 (0.24 mmol) and isatinimine 3 (0.20 mmol) in the presence of
DABCO (0.02 mmol) in 1.0 mL of CHCIl; at -15°C. Racemic spirooxindole imidazolines 5 were
obtained from the cyclization of the above corresponding racemic Mannich adducts 4 catalyzed by

DABCO (10 mol%) in 0.5 mL of CHCls at the room temperature.

2. General procedure for the asymmetric Mannich reaction of isocyanoacetates 1 with isatin
derived ketimines 2 and characterization data of 4

To the solution of isocyanoacetates 2 (0.30 mmol) and isatin derived ketimines 3 (0.20 mmol) in
CHCI; (0.5 mL) was added cat. 1d (11.9 mg, 0.02 mmol), the resulting mixture was stirred at -15°C
for 24h until the reaction completed (monitored by TLC). After concentration, the residue was
directly subjected to flash column chromatography on silica gel (petroleum ether / ethyl acetate =

4:1 as eluent) to furnish the corresponding products 4.

(R)-Methyl 2-((R)-3-((tert-butoxycarbonyl)amino)-1-methyl-2-oxoindolin-3-yl)-2-isocyano-2-
phenylacetate 4a:

Yield: 76.0 mg (87 %). >20:1 dr. White solid, Mp: 154.4-154.8 °C. [a]p> =
-52.6 (c =1.0, CH,Cl,) (92 % ee); Chiralcel OD-H, Hexane/ isopropanol = 90/10,

0.5 mL/min, 254 nm, tmajor = 13.56 min, tminor = 15.83 min; '"H NMR (400 MHz,
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CDCl3) 67.54 (d, J = 7.6 Hz, 2H), 7.49-7.45 (m, 1H), 7.42-7.38 (m, 2H), 7.30 (td, J = 8.0, 1.2 Hz,
1H), 7.06 (s, 1H), 6.81-6.79 (m, 2H), 6.18 (s, 1H), 3.92 (s, 3H), 3.19 (s, 3H), 1.21 (s, 9H); °C NMR
(100 MHz, CDCl3) 6 173.2, 166.5, 165.1, 153.7, 144.9, 130.2, 129.9, 128.6, 128.1, 127.6, 125.4,
123.9, 121.8, 108.2, 80.7, 71.2, 67.3, 54.5, 27.8, 26.3. IR (film) v 3366, 2136, 1725, 1614, 1473,
1371, 1353, 1255, 1163 cm™'; HRMS (TOF-ESI) Calcd. for Cp4H,sN3;NaOs [M+Na]™: 458.1692;
found: 458.1715.

(R)-Methyl 2-((R)-3-((tert-butoxycarbonyl)amino)-1-methyl-2-oxoindolin-3-yl)-2-(4-
fluorophenyl)-2-isocyanoacetate 4b:

Yield: 68.6 mg (76 %). >20:1 dr. White solid. Mp: 128.2-129.4 °C; [a]p® =
-37.4 (c =0.25, CH,Cl,) (98 % ee); Chiralcel OD-H, Hexane/ isopropanol = 95/5,
0.5 mL/min, 254 nm, tmajor = 21.33 min, tminor = 26.64 min; 'H NMR (400 MHz,
CDCl) 6 7.54-7.50 (m, 2H), 7.32 (t, J = 8.0 Hz, 1H), 7.08 (t, J = 8.4 Hz, 2H),

6.97 (s, 1H), 6.85 (t, J = 8.0 Hz, 1H), 6.81 (d, J = 7.6 Hz, 1H), 6.26 (s, br., 1H),
3.93 (s, 3H), 3.19 (s, 3H), 1.22 (s, 9H); >C NMR (100 MHz, CDCl3) §173.0, 166.5, 165.6, 163.5 (J
= 249.6 Hz), 153.7, 145.0, 130.4, 1299 (d, J = 8.5 Hz), 1254, 124.6 (J = 3.3 Hz), 123.7, 122.0,
115.1 (J = 21.6 Hz), 108.4, 80.9, 70.8, 67.3, 54.7, 27.9, 26.4; "°F NMR (376 MHz, CDCls) 5-111.1
ppm. IR (film) v 3365, 2138, 1728, 1614, 1510, 1473, 1371, 1255, 1168 cm™; HRMS (TOF-ESI)
Calcd. for Co4Ho4FN3NaOs [M+Na]+: 476.1598; found: 476.1635.

(R)-Methyl 2-((R)-3-((tert-butoxycarbonyl)amino)-1-methyl-2-oxoindolin-3-yl)-2-(4-chloro
phenyl)-2-isocyanoacetate 4c:

Yield: 70.0 mg (75 %). >20:1 dr. White solid. Mp: 127.6-128.4 °C; [a]p” =
-52.2 (¢ =0.25, CH,Cl,) (90 % ee); Chiralcel OD-H, Hexane/isopropanol = 95/5,
0.5 mL/min, 254 nm, tmajor = 21.33 min, tminor = 26.64 min; '"H NMR (400 MHz,
CDCls) 67.47 (d, J =8.0 Hz, 1H), 7.37 (d, J = 8.8 Hz, 2H), 7.33 (t, J = 8.0 Hz,
1H), 6.97 (s, 1H), 6.86 (t, J = 7.6 Hz, 1H), 6.82 (d, J = 7.6 Hz, 1H), 6.27 (s, br.,

1H), 3.93 (s, 3H), 3.19 (s, 3H), 1.22 (s, 9H); '>*C NMR (100 MHz, CDCl3) & 173.0, 166.4, 165.7,
153.7, 145.0, 136.4, 130.5, 129.2, 128.3, 127.3, 125.4, 123.7, 122.0, 108.4, 80.9, 70.8, 67.2, 54.7,

27.9, 26.4; IR (film) v 3371, 2137, 1729, 1614, 1494, 1371, 1257, 1163, 1099 cm™; HRMS
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(TOF-ESI) Calcd. for Co4H4CIN3;NaOs [M+Na]': 492.1302; found: 492.1344.

(R)-Methyl 2-(4-bromophenyl)-2-((R)-3-((tert-butoxycarbonyl)amino)-1-methyl-2-oxoindolin-
3-yl)-2-isocyanoacetate 4d:

Yield: 73.0 mg (71 %). >20:1 dr. White solid. Mp: 97.5-98.2 °C; [a]p> = -67.3
(c =0.25, CH,Cl) (90 % ee); Chiralpak IC-H, Hexane/isopropanol = 80/20, 0.5
mL/min, 254 nm, tmajor = 40.72 min, tminor = 36.23 min; '"H NMR (400 MHz,
CDCl3) 67.53 (d, J = 8.4 Hz, 2H), 7.40 (d, J = 8.0 Hz, 2H), 7.33 (t, J = 8.0 Hz,
1H), 6.97 (s, 1H), 6.86 (t, J = 7.6 Hz, 1H), 6.82 (d, J = 8.0 Hz, 1H), 6.27 (s, br,,

1H), 3.92 (s, 3H), 3.19 (s, 3H), 1.21 (s, 9H); *C NMR (100 MHz, CDCl3) & 172.9, 166.2, 165.7,
153.6, 144.9, 131.2, 130.4, 129.4, 127.8, 125.3, 124.7, 123.6, 122.0, 108.4, 80.8, 70.9, 67.1, 54.7,
27.8, 26.4; IR (film) v 3365, 2138, 1729, 1614, 1492, 1371, 1260, 1162 cm™'; HRMS (TOF-ESI)
Calcd. for Co4Hy5BrN3NaOs [M+H]+: 514.0978; found: 514.0975.

(R)-Methyl 2-((R)-3-((tert-butoxycarbonyl)amino)-1-methyl-2-oxoindolin-3-yl)-2-isocyano-2-
(p-tolyl)acetate 4e:

Yield: 74.8 mg (83 %). >20:1 dr. White solid. Mp: 139.9-140.5 °C; [a]p> =
-59.3 (c = 0.25, CH,Cl,) (88 % ee); Chiralcel OD-H, Hexane/isopropanol = 95/5,
0.7 mL/min, 254 nm, tmajor =14.14 min, tyinor = 16.64 min; "H NMR (400 MHz,
CDCl) 67.42 (d, J=8.2 Hz, 2H), 7.31 (t, J = 7.6 Hz, 1H), 7.21 (d, J = 8.4 Hz,
2H), 7.06 (s, 1H), 6.82 (t, J = 7.2 Hz, 2H), 6.18 (s, br., 1H), 3.91 (s, 3H), 3.22 (s,

3H), 2.40 (s, 3H), 1.20 (s, 9H); '*C NMR (100 MHz, CDCls) & 173.3, 166.7, 164.8, 153.7, 145.0,
140.1, 130.2, 128.9, 127.6, 125.7, 125.5, 124.0, 121.8, 108.2, 80.6, 71.2, 67.3, 54.5, 27.9, 26.4, 21.0;
IR (film) v 3363, 2130, 1726, 1614, 1472, 1371, 1258, 1162, 1091 cm™'; HRMS (TOF-ESI) Calcd.
for CpsHy;N3NaOs [M+Na]™: 472.1848; found: 472.1842

(R)-Methyl 2-((R)-3-((tert-butoxycarbonyl)amino)-1-methyl-2-oxoindolin-3-yl)-2-isocyano-2-

(4-methoxyphenyl)acetate 4f:
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Yield: 83.0 mg (90 %). >20:1 dr. White solid. Mp: 134.4-135.2 °C; [a]p> =
-71.7 (¢ = 1.0, CH,Cl,) (81 % ee); Chiralpak AD-H, Hexane/isopropanol =
80/20, 0.5 mL/min, 254 nm, tmajor = 15.86 min, tminor = 22.34 min; '"H NMR (400
MHz, CDCl;) 6 7.46 (d, J = 8.8 Hz, 2H), 7.31 (t, J = 7.6 Hz, 1H), 7.04 (s, 1H),
6.91 (d, J = 8.8 Hz, 2H), 6.85-6.80 (m, 2H), 6.22 (s, br., 1H), 3.91 (s, 3H), 3.85

(s, 3H), 3.21 (s, 3H), 1.20 (s, 9H); *C NMR (100 MHz, CDCl3) §173.3, 166.7, 164.7, 160.7, 153.7,
145.0, 130.2, 129.1, 125.4, 124.1, 121.8, 120.4, 113.4, 108.2, 80.6, 70.9, 67.4, 55.3, 54.4, 27.9, 26.4;
IR (film) v 3363, 2137, 1720, 1611, 1512, 1471, 1369, 1253, 1160 cm™'; HRMS (TOF-ESI) Calcd.
for CsHy7N3NaOg [M+Na]': 488.1798; found: 488.1791.

(R)-Methyl 2-((R)-3-((tert-butoxycarbonyl)amino)-1-methyl-2-oxoindolin-3-yl)-2-(3-fluoro
phenyl)-2-isocyanoacetate 4g:
Yield: 46.5 mg (51 %). >20:1 dr. White solid. Mp: 113.2-113.6 °C; [a]p> =

pd

C -39.0 (c = 1.0, CH,Cl,) (95 % ee); Chiralcel OD-H, Hexane/isopropanol = 95/5,
MM 0.5 mL/min, 254 nm, trejor = 17.45 min, tminor = 21.72 min; "H NMR (400 MHz,

T CDCls) §7.42-7.26 (m, 4H), 7.20-7.16 (m, 1H), 6.98 (s, 1H), 6.86 (t, J = 8.0 Hz,
1H), 6.82 (d, J = 8.0 Hz, 1H), 6.28-6.25 (m, 1H), 3.93 (s, 3H), 3.20 (s, 3H), 1.23 (s, 9H); *C NMR
(100 MHz, CDCls) & 173.0, 166.3, 165.8, 160.2 (d, J = 245.7 Hz), 153.7, 145.0, 131.2 (d, J = 8.6
Hz), 130.5, 129.6 (d, J = 7.9 Hz), 125.4, 123.6 (d, J = 3.3 Hz), 122.0, 117.0 (d, J = 21.3 Hz), 115.4
(d, J = 26.0 Hz), 108.4, 80.9, 70.8, 67.2, 54.8, 27.9, 26.4; "°F NMR (376 MHz, CDCl3) & -111.2
ppm. IR (film) v3364, 2134, 1724, 1613, 1592, 1490, 1370, 1251, 1161 cm”; HRMS (TOF-ESI)

Caled. for Co4HasFN;Os [M+H]': 454.1778; found: 454.1768

(R)-Methyl 2-((R)-3-((tert-butoxycarbonyl)amino)-1-methyl-2-oxoindolin-3-yl)-2-isocyano-2-
(m-tolyl)acetate 4h:
Yield: 75.0 mg (84 %). >20:1 dr. White solid. Mp: 149.0-149.4 °C; [a]p® =

NC -28.0 (c = 0.25, CH,Cl) (87 % ee); Chiralpak AD-H, Hexane/isopropanol =
MBS 80120, 0.5 mL/min, 254 nm, tmajor = 12.35 min, tminor = 16.03 min; 'H NMR
! (400 MHz, CDCls) 67.34-7.26 (m, 5H), 7.03 (s, 1H), 6.83 (d, J = 7.6 Hz, 1H),

6.79 (d, J = 7.2 Hz, 1H), 6.22 (s, br., 1H), 3.91 (s, 3H), 3.19 (s, 3H), 2.36 (s, 3H), 1.22 (s, 9H); °C
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NMR (100 MHz, CDCls) 6 173.2, 166.6, 164.9, 153.7, 145.0, 138.0, 130.6, 130.3, 128.5, 128.3,
128.0, 125.6, 124.8, 124.0, 121.7, 108.2, 80.7, 71.3, 67.3, 54.5, 27.9, 26.4, 21.5; IR (film) v 3368,
2137, 1728, 1614, 1472, 1373, 1258, 1165 cm™'; HRMS (TOF-ESI) Calcd. for C,sHxsN;05 [M+H]":
450.2029; found: 450.2020.

(R)-tert-Butyl 2-((R)-3-((tert-butoxycarbonyl)amino)-1-methyl-2-oxoindolin-3-yl)-2-isocyano-
2- henylacetate 4j:

c Yield: 88.3 mg (93 %). >20:1 dr. White solid. Mp: 113.4-113.9 °C; [a]p® =
«NHBoc
o) -50.3 (c = 0.94, CH,Cl,) (93 % ee); Chiralcel OD-H, Hexane/isopropanol = 99/1,

tBuO,C™

Me 0.5 mL/min, 254 nm, tmajor = 23.35 min, tminor = 27.80 min; "H NMR (400 MHz,
CDCls) 67.49-7.46 (m, 5H), 7.30 (d, J = 8.0 Hz, 1H), 7.14 (s, 1H), 6.81 (t, J=7.6 Hz, 1H), 6.76 (d,
J =17.6 Hz, 1H), 6.27 (s, br., 1H), 3.17 (s, 3H), 1.52 (s, 9H), 1.19 (s, 9H); *C NMR (100 MHz,
CDCl) 6173.1, 164.4, 164.2, 153.8, 145.0, 130.1, 129.6, 129.2, 127.9, 127.6, 125.3, 124.5, 121.7,
108.1, 86.4, 80.5, 71.8, 66.9, 27.9, 27.5, 26.3; IR (film) v 3352, 2136, 1729, 1614, 1474, 1372, 1281,
1257, 1157 cm'l; HRMS (TOF-ESI) Calcd. for C,;H3;N3;NaOs [M+Na]+: 500.2161; found:
500.21609.

(R)-Benzyl 2-((R)-3-((tert-butoxycarbonyl)amino)-1-methyl-2-oxoindolin-3-yl)-2-isocyano-2-
phenylacetate 4k:

Yield: 70.8 mg (70 %). >20:1 dr. White solid. Mp: 110.7-111.3 °C; [a]p® =-24.4
(c = 1.0, CH2Cly) (87 % ee); ChiralpakAD-H, Hexane/isopropanol = 90/10, 0.5
mL/min, 254 nm, tmajor = 33.02 min, tminor = 40.98 min; '"H NMR (400 MHz,

CDCls) 67.48 (d, J =7.6 Hz, 2H), 7.44 (d, J = 7.2 Hz, 1H), 7.37 (d, J = 8.0 Hz, 2H), 7.34-7.26 (m,
6H), 6.97 (s, 1H), 6.82 (t, J = 7.6 Hz, 1H), 6.77 (d, J = 7.6 Hz, 1H), 6.26 (s, br., 1H), 5.34 (s, 2H),
3.16 (s, 3H), 1.21 (s, 9H); °C NMR (100 MHz, CDCl3) §173.0, 165.7, 165.2, 153.7, 145.0, 134.0,
130.3, 129.9, 128.6, 128.1, 128.0, 127.7, 125.5, 124.1, 121.9, 108.2, 80.7, 71.7, 69.4, 67.1, 27.9,
26.3; IR (film) v 3367, 2135, 1721, 1613, 1472, 1370, 1252, 1160 cm™'; HRMS (TOF-ESI) Calcd.
for C30H29N3NaOs [M+Na]+: 534.2005; found: 534.2001

(R)-Methyl 2-((R)-3-((tert-butoxycarbonyl)amino)-4-chloro-1-methyl-2-oxoindolin-3-yl)-2-
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isocyano-2-phenylacetate 4m:
Yield: 61.8 mg (65 %). >20:1 dr. White solid. Mp: 164.8-165.4 °C; [a]p” =+31.8
(c = 1.0, CH,Cl) (85 % ee); Chiralpak AD-H, Hexane/isopropanol = 95/5, 0.5

mL/min, 254 nm, tmajor = 49.11 min, tminor = 43.44 min; '"H NMR (400 MHz,
CDCls) 67.53 (d,J="7.6 Hz, 2H), 7.43 (t, J = 7.6 Hz, 1H), 7.36 (d, J = 8.0 Hz, 2H), 7.23 (d, J = 8.0
Hz, 1H), 7.01 (s, br., 1H), 6.82 (d, J = 8.4 Hz, 1H), 6.70 (d, J = 8.0 Hz, 1H), 3.95 (s, 3H), 3.11 (s,
3H), 1.25 (s, 9H); C NMR (100 MHz, CDCl3) §172.5, 165.7, 165.6, 153.41, 153.39, 146.9, 132.6,
131.1, 130.1, 128.8, 128.6, 127.8, 124.2, 107.0, 80.8, 71.5, 69.2, 54.7, 27.9, 26.6; IR (film) v 3385,
2135, 1732, 1610, 1488, 1460, 1367, 1258, 1165, 1115 cm”; HRMS (TOF-ESI) Calcd. for
C4H5CIN3Os [M+H]": 470.1483; found: 470.1484.

(R)-Methyl 2-((R)-3-((tert-butoxycarbonyl)amino)-5-fluoro-1-methyl-2-oxoindolin-3-yl)-2-
isocyano-2-phenylacetate 4n:

C Yield: 66.6 mg (74 %). >20:1 dr. White solid. Mp: 135.6-136.8 °C; [a]p® =
~«NHBoc

-55.0 (c = 1.0, CH,CL) (90 % ee); Chiralcel OD-H, Hexane/isopropanol = 95/5,
' 0.5 mL/min, 254 nm, tmajor = 17.93 min, tminor = 23.23 min; "H NMR (400 MHz,
CDCls) 67.55 (d, J = 7.6 Hz, 2H), 7.49 (d, J = 6.8 Hz, 1H), 7.44 (d, J = 8.0 Hz, 2H), 7.12 (s, 1H),
7.01 (td, J = 8.8, 2.8 Hz, 1H), 6.72 (dd, J = 8.4, 4.0 Hz, 1H), 5.89 (s, br., 1H), 3.93 (s, 3H), 3.19 (s,
3H), 1.25 (s, 9H); >C NMR (100 MHz, CDCl;) & 173.1, 166.5, 165.6, 158.4 (d, J = 239.5 Hz),
153.8, 141.1 (d, J = 1.5 Hz), 130.2, 128.4, 128.3, 127.6, 125.6 (d, J = 7.8 Hz), 116.5 (d, J = 23.4
Hz), 113.7 (d, J = 25.1 Hz), 108.7 (d, J = 8.0 Hz), 81.0, 71.1, 67.5, 54.7, 28.0, 26.5; '°’F NMR (376
MHz, CDCl3) & -120.5 ppm. IR (film) v 3365, 2135, 1724, 1622, 1496, 1368, 1256, 1162 cm™;
HRMS (TOF-ESI) Calcd. for C,4HysFN3;Os [M+H]": 454.1778; found: 454.1766.

(R)-Methyl 2-((R)-3-((tert-butoxycarbonyl)amino)-5-chloro-1-methyl-2-oxoindolin-3-yl)-2-

isocyano-2-phenylacetate 40:

PR NC Yield: 49.8 mg (55 %). >20:1 dr. White solid. Mp: 152.2-153.4 °C; [a]p® =
cl N\ ™ 23.8 (¢ = 1.0, CHyCly) (90 % ee); Chiralcel OD-H, Hexane/isopropanol =
,\',Ie 90/10, 0.5 mL/min, 254 nm, tmajor = 12.83 min, tminor = 15.79 min; '"H NMR

(400 MHz, CDCls) §7.54-7.50 (m, 3H), 7.47-7.43 (m, 2H), 7.28 (dd, J = 8.4, 1.6 Hz, 1H), 7.13 (s,
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1H), 6.73 (d, J = 8.4 Hz, 1H), 6.04 (s, 1H), 3.93 (s, 3H), 3.20 (s, 3H), 1.25 (s, 9H); *C NMR (100
MHz, CDCls) 6 173.0, 166.4, 165.6, 153.8, 143.6, 130.3, 130.1, 128.3, 127.6, 127.3, 125.9, 125.6,
109.1, 81.1, 71.0, 67.4, 54.7, 28.0, 26.5; IR (film) v 3369, 2136, 1731, 1613, 1490, 1367, 1264,
1163, 1104 cm™'; HRMS (TOF-ESI) Calcd. for Co4H,sCIN;Os [M+H]": 470.1483; found: 470.1478.

(R)-Methyl 2-((R)-5-bromo-3-((tert-butoxycarbonyl)amino)-1-methyl-2-oxoindolin-3-yl)-2-

isocyano-2-phenylacetate 4p:

C Yield: 66.0 mg (65 %). >20:1 dr. White solid. Mp:156.2-157.0 °C; [a]p® =
«NHBoc

-22.0 (c =1.0, CHxClLy) (92 % ee); Chiralcel OD-H, Hexane/isopropanol =
! 90/10, 0.5 mL/min, 254 nm, tmajor = 12.96 min, tminor = 15.93 min; 'H NMR
(400 MHz, CDCls) 6 7.54-7.51 (m, 3H), 7.46 (d, J = 7.2 Hz, 2H), 7.43 (dd, J = 8.4, 1.6 Hz, 1H),
7.13 (s, 1H), 6.79 (d, J = 8.4 Hz, 1H), 6.13 (s, 1H), 3.93 (s, 3H), 3.19 (s, 3H), 1.25 (s, 9H); "°C
NMR (100 MHz, CDCl3) 6 172.8, 166.4, 165.6, 153.8, 144.0, 132.9, 130.2, 128.5, 128.3, 128.2,
127.5, 125.9, 114.5, 109.6, 81.0, 71.0, 67.3, 54.7, 27.9, 26.5; IR (film) v 3364, 2136, 1732, 1610,
1488, 1366, 1264, 1163 cm™; HRMS (TOF-ESI) Calcd. for Cy4H,sBrN;Os [M+H]™: 514.0978;
found: 514.0987.

(R)-Methyl 2-((R)-3-((tert-butoxycarbonyl)amino)-1,5-dimethyl-2-oxoindolin-3-yl)-2-isocyano-
2-phenylacetate 4q:

Yield: 81.2 mg (90 %). >20:1 dr. White solid. Mp: 134.5-135.2 °C; [a]p® =
-29.8 (c = 1.0, CH2ClL) (93 % ee); Chiralcel OD-H, Hexane/isopropanol =
95/5, 0.5 mL/min, 254 nm, tmajor = 17.15 min, tminor = 20.31 min; "HNMR (400

MHz, CDCl3) 57.54 (d, J = 7.6 Hz, 2H), 7.48 (d, J = 7.2 Hz, 1H), 7.42 (d, J = 8.0 Hz, 2H), 7.09 (d,
J=17.2Hz, 2H), 6.69 (d, J = 8.0 Hz, 1H), 5.86 (s, 1H), 3.92 (s, 3H), 3.18 (s, 3H), 2.10 (s, 3H), 1.22
(s, 9H); C NMR (100 MHz, CDCL) & 173.2, 166.7, 165.1, 153.8, 142.6, 131.2, 130.4, 129.9,
128.8, 128.0, 127.8, 126.3, 123.8, 107.9, 80.6, 71.2, 67.5, 54.5, 27.9, 26.4, 20.9; IR (film) v 3367,
2136, 1723, 1623, 1501, 1367, 1255, 1164 cm™'; HRMS (TOF-ESI) Calcd. for CasHasN3Os [M+H]":
450.2029; found: 450.2024.

(R)-Methyl 2-((R)-3-((tert-butoxycarbonyl)amino)-5-methoxy-1-methyl-2-oxoindolin-3-yl)-2-
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isocyano-2-phenylacetate 4r:

Yield: 76.4 mg (82 %). >20:1 dr. White solid. Mp: 77.5-78.2 °C; [a]p®
-35.2 (c = 1.0, CHxCly) (83 % ee); Chiralcel OD-H, Hexane/isopropanol =

90/10, 0.5 mL/min, 254 nm, tmajor = 15.58 min, tminor = 18.54 min; 'H NMR
(400 MHz, CDCl3) §7.58 (d, J = 7.6 Hz, 2H), 7.50-7.41 (m, 1H), 7.44 (d, J = 7.6 Hz, 2H), 7.15 (s,
1H), 6.83 (dd, J = 8.8, 2.8 Hz, 1H), 6.71 (d, J = 8.8 Hz, 1H), 5.69 (s, 1H), 3.92 (s, 3H), 3.52 (s, 3H),
3.19 (s, 3H), 1.22 (s, 9H); °C NMR (100 MHz, CDCl3) §173.0, 166.7, 165.2, 155.0, 153.8, 138.5,
130.0, 128.7, 128.2, 127.8, 125.0, 115.2, 112.2, 108.7, 80.8, 71.1, 67.7, 55.5, 54.6, 27.9, 26.5; IR
(film) v 3362, 2136, 1720, 1606, 1498, 1367, 1255, 1162, 1128 cm™'; HRMS (TOF-ESI) Calcd. for
C2sHaIN304 [M+H] " 466.1978; found: 466.1974.

(R)-Methyl 2-((R)-3-((tert-butoxycarbonyl)amino)-6-chloro-1-methyl-2-oxoindolin-3-yl)-2-

isocyano-2-phenylacetate 4s:

PRONC Yield: 57.3 mg (65 %). >20:1 dr. White solid. Mp: 156.3-156.9 °C; [a]p® =
MeO,C™
S % -56.8 (¢ = 1.0, CH;Cl) (90 % ee); Chiralcel OD-H, Hexane/isopropanol = 95/5,
N
“ Vo 0.5 mL/min, 254 nm, tygjor = 15.95 min, tminor = 18.84 min; 'H NMR (400 MHz,

CDCly) 6 7.54 (d, J = 7.6 Hz, 2H), 7.51-7.40 (m, 1H), 7.43 (d, J = 7.6 Hz, 2H), 7.09 (s, 1H),
6.80-6.78 (m, 2H), 6.04 (s, br., 1H), 3.92 (s, 3H), 3.19 (s, 3H), 1.25 (s, 9H); *C NMR (100 MHz,
CDCly) §173.3, 166.4, 165.5, 153.7, 146.2, 136.2, 130.1, 128.4, 128.3, 127.6, 126.3, 122.3, 121.8,
109.1, 81.0, 71.1, 67.0, 54.6, 27.9, 26.5; IR (film) v 3365, 2135, 1734, 1610, 1495, 1371, 1264,
1164, 1039 cm™; HRMS (TOF-ESI) Caled. for C24HsCIN3Os [M+H]': 470.1483; found: 470.1477.

(R)-Methyl 2-((R)-3-((tert-butoxycarbonyl)amino)-6-methoxy-1-methyl-2-oxoindolin-3-yl)-2-

isocyano-2-phenylacetate 4t:

C Yield: 77.7 mg (83 %). >20:1 dr. White solid. Mp: 143.6-144.9 °C; [a]p™ =

«NHB
o =540 (C = 1.0, CH,CL,) (82 % ee); Chiralcel OD-H, Hexane/isopropanol =

N
MeO ,\',le 90/10, 0.5 mL/min, 254 nm, tmajor = 15.67 min, tminor = 18.09 min; '"H NMR
(400 MHz, CDCl3) 67.55 (d, J = 7.6 Hz, 2H), 7.48-7.38 (m, 1H), 7.41 (d, J = 7.6 Hz, 2H), 7.00 (s,
1H), 6.37 (s, 1H), 6.30 (d, J = 8.4 Hz, 1H), 6.10 (s, br., 1H), 3.91 (s, 3H), 3.79 (s, 3H), 3.17 (s, 3H),

1.24 (s, 9H); °C NMR (100 MHz, CDCl3) §173.7, 166.7, 164.9, 161.6, 153.8, 146.4, 129.9, 128.9,
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128.1, 127.7, 126.5, 115.5, 105.8, 96.1, 80.6, 71.5, 67.1, 55.3, 54.5, 28.0, 26.4; IR (film) v 3367,
2136, 1725, 1626, 1508, 1474, 1376, 1254, 1163, 1092 cm'; HRMS (TOF-ESI) Calcd. for
C,5HpsIN3;06 [M+H]": 466.1978; found: 466.1978.

(R)-Methyl 2-((R)-1-allyl-3-((tert-butoxycarbonyl)amino)-2-oxoindolin-3-yl)-2-isocyano-2-
phenylacetate 4u:
Yield: 77.6 mg (84 %). >20:1 dr. White solid. Mp: 138.7-139.8 °C; [a]p™

o) -33.8 (c = 1.0, CH,Cl,) (83 % ee); Chiralcel OD-H, Hexane/isopropanol =
'C\II:H2CH=CH2 90/10, 0.5 mL/min, 254 nm, tmajor = 10.83 min, tminor = 12.99 min; "H NMR
(400 MHz, CDCl3) §7.55 (d, J = 7.6 Hz, 2H), 7.47 (t, J = 7.2 Hz, 1H), 7.41 (d, J = 7.6 Hz, 2H),
7.27 (t, J = 8.0 Hz, 1H), 7.08 (s, 1H), 6.83-6.79 (m, 2H), 6.22 (s, 1H), 5.75 (s, br., 1H), 5.37 (d, J =
17.2 Hz, 1H), 5.22 (d, J = 10.4 Hz, 1H), 4.41 (dd, J = 16.0, 5.2 Hz, 1H), 4.24 (dd, J=16.0, 5.2 Hz,
1H), 3.92 (s, 3H), 1.23 (s, 9H); °C NMR (100 MHz, CDCl3) §173.0, 166.6, 165.6, 153.8, 144.4,
131.1, 130.2, 129.9, 128.8, 128.2, 127.8, 125.6, 123.9, 121.8, 118.2, 109.2, 80.7, 71.3, 67.0, 54.6,
43.1, 27.9; IR (film) v 3365, 2136, 1726, 1613, 1488, 1368, 1263, 1163 cm™'; HRMS (TOF-ESI)

Calcd. for CagHagN30s [M+H]": 462.2029; found: 462.2027.

(R)-Methyl 2-((R)-1-benzyl-3-((tert-butoxycarbonyl)amino)-2-oxoindolin-3-yl)-2-isocyano-2-
phenylacetate 4v:

Yield: 58.1 mg (57 %). >20:1 dr. White solid. Mp: 142.3-143.1 °C; [a]p® =
-57.7 (¢ = 1.0, CHxCl,) (74 % ee); Chiralcel OD-H, Hexane/isopropanol = 95/5,

0.5 mL/min, 254 nm, tmajor = 14.89 min, tminor = 21.92 min; '"H NMR (400 MHz,

Bn
CDCls) 67.61 (d, J = 7.6 Hz, 2H), 7.50 (t, J = 7.6 Hz, 1H), 7.43 (t, J = 7.6 Hz, 2H), 7.37 (d, J = 7.2

Hz, 2H), 7.31 (t, J = 7.6 Hz, 2H), 7.28-7.24 (m, 1H), 7.22-7.18 (m, 2H), 6.80 (t, J = 8.0 Hz, 1H),
6.69 (d, J = 8.0 Hz, 1H), 6.22 (s, br., 1H), 5.10 (d, J = 16.0 Hz, 1H), 4.77 (d, J = 16.0 Hz, 1H), 3.96
(s, 3H), 1.24 (s, 9H); °C NMR (100 MHz, CDCl3) 5173.6, 166.7, 165.6, 153.9, 144.4, 135.1, 130.1,
129.9, 128.7, 128.6, 128.2, 127.8, 127.5, 125.5, 123.9, 121.9, 109.4, 80.7, 71.2, 67.1, 54.6, 44.5,
27.9; IR (film) v 3359, 2136, 1725, 1614, 1488, 1369, 1264, 1162 cm™'; HRMS (TOF-ESI) Calcd.
for C30H3oN3Os [M+H]": 512.2185; found: 512.2182.
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(R)-Methyl 2-((R)-3-((tert-butoxycarbonyl)amino)-1-(4-methoxybenzyl)-2-oxoindolin-3-yl)-2-
isocyano-2-phenylacetate 4w:

Yield: 86.5 mg (80 %). >20:1 dr. White solid. Mp: 121.6-122.8 °C; [a]p” =
o -61.3 (c = 1.0, CH,Cl,) (69 % ee); Chiralpak AD-H, Hexane/isopropanol = 80/20,

N
5MB 0.8 mL/min, 254 nm, tmajor = 21.47 min, tminor = 16.07 min; '"H NMR (400 MHz,

CDCls) 67.58 (d,J=7.6 Hz, 2H), 7.48 (t, J = 7.2 Hz, 1H), 7.41 (t, J=7.6 Hz, 2H), 7.28 (d, J = 8.4
Hz, 2H), 7.18 (t, J = 7.6 Hz, 2H), 6.82 (d, J = 8.4 Hz, 2H), 6.77 (t, J = 7.6 Hz, 1H), 6.69 (d, J=7.6
Hz, 1H), 6.16 (s, br., 1H), 5.02 (d, J = 15.2 Hz, 1H), 4.69 (d, J = 15.6 Hz, 1H), 3.94 (s, 3H), 3.77 (s,
3H), 1.21 (s, 9H); >C NMR (100 MHz, CDCl3) & 173.6, 166.7, 165.5, 159.0, 153.9, 144.4, 130.1,
129.9, 128.9, 128.7, 128.2, 127.8, 127.1, 125.5, 124.0, 121.8, 114.0, 109.4, 80.7, 71.2, 67.1, 55.1,
54.6, 44.0, 27.9; IR (film) v 3360, 2136, 1721, 1612, 1514, 1486, 1368, 1248, 1160 cm™'; HRMS
(TOF-ESI) Calcd. for C3;H3,N304 [M+H]+: 542.2291; found: 542.2287.

(R)-Methyl 2-((R)-3-((tert-butoxycarbonyl)amino)-2-oxo-1-phenylindolin-3-yl)-2-isocyano-2-

phenylacetate 4x:

C Yield: 89.3 mg (90 %). >20:1 dr. White solid. Mp: 155.7-156.5 °C; [a]p® =
oo™ -66.8 (C = 1.0, CHaCly) (95 % ee); Chiralpak AD-H, Hexane/isopropanol = 90/10,

|':h 0.5 mL/min, 254 nm, tmajor = 23.02 min, tminor = 14.57 min; '"H NMR (400 MHz,
CDCl3) 67.61 (d, J=7.2 Hz, 2H), 7.52 (d, J = 8.0 Hz, 1H), 7.50 (d, J = 7.2 Hz, 2H), 7.45-7.39 (m,
5H), 7.24-7.18 (m, 2H), 6.84 (t, J = 7.6 Hz, 1H), 6.74 (d, J = 8.0 Hz, 1H), 6.23 (s, br., 1H), 3.90 (s,
3H), 1.26 (s, 9H); °C NMR (100 MHz, CDCls) §172.8, 166.6, 165.7, 154.0, 145.3, 133.9, 130.1,
130.0, 129.6, 128.7, 128.29, 128.26, 127.8, 126.6, 125.7, 123.8, 122.3, 109.4, 80.9, 71.3, 67.3, 54.6,
28.0; IR (film) v 3364, 2135, 1728, 1612, 1499, 1481, 1371, 1254, 1162 cm™'; HRMS (TOF-ESI)

Calcd. for CaoHagN30s [M+H]": 498.2029; found: 498.2023.

3. Optimization reaction conditions for cyclization of adduct 4a*

To investigate the chirality match relationship between the Mannich adduct 4 and the catalysts, the
cyclization of Mannich adduct 4a and ent-4a were carried out in the presence of different catalyst,
the results were summerized in Table S1. It was found that quinine-derived thiourea 1a was the best

catalyst for the adduct 4a, high yield and remained enantioselectivity were obtained. In contrast,
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quinidine-derived thiourea 1d was effective to ent-4a to afford the good yield and higher
enantioselectivity.

Table S1. Optimization of cyclization conditions of Mannich adduct 4a and ent-4a®

Entry Mannich adduct Catalyst Time (h) Yield (%)b ee (%)°
1 4a (92% ee) -- 120 trace n.d.
2 4a (92% ee) DABCO 24 53 21
3 4a (92% ee) 1d 4 67 77
4 4a (92% ee) 1d 8 71 82
5 4a (92% ee) la 4 67 92
6 4a (92% ee) la 8 95 92
7 4a (92% ee) la 16 95 92
8 ent-4a (-70% ee)’ 1a 8 76 -64
9 ent-4a (-70% ee)’ 1d 8 79 -80

& All reactions were carried out with Mannich adduct 4a (0.10 mmol) or ent-4a (0.10 mmol) and cat. (10 mol%) in
CHCI; (0.5 mL) at room temperature. ® Isolated yields. © Determined by chiral HPLC analysis. ¢ ent-4a was
prepared by cat. 1a under the optimized Mannich reaction conditions.

4. General procedure for the cyclization of adduct 4 and characterization data of 5

To the solution of Mannich adducts 4 (0.10 mmol) in CHCl; (0.5 mL) was added cat. 1a (5.9 mg,
0.01 mmol), the resulting mixture was stirred at room temperature for 8h until the reaction
completed (monitored by TLC). After concentration, the residue was directly subjected to flash
column chromatography on silica gel (petroleum ether / ethyl acetate = 4:1 as eluent) to furnish the

corresponding spirooxindole imidazolines 5.

(3'R,5R)-3-tert-Butyl 5-methyl 1'-methyl-2'-0x0-5-phenylspiro[imidazole-4,3'-indoline]-
3,5(5H)-dicarboxylate 5a

PR NS Yield: 95 %. >20:1 dr. White solid. Mp: 173.3-174.5 °C; [a]p> = -75.7 (¢ = 1.0,
MeO,C* N\ N«

(j& B CH,CL,) (92 % ee); Chiralpak AD-H, Hexane/isopropanol = 60/40, 0.5 mL/min,

N

(0]

Me 254 nm, tgjor = 13.66 min, tminor = 22.64 min; 'H NMR (400 MHz, CDCls) &

8.22 (s, 0.7H), 8.08 (s, 0.3H), 7.42-7.38 (m, 1H), 7.39 (t, J = 8.0 Hz, 2H), 7.28-7.21 (m, 3H), 7.21
(d, J = 7.2 Hz, 1H), 7.08 (t, J = 7.6 Hz, 1H), 6.85 (d, J = 7.6 Hz, 1H), 3.59 (s, 3H), 2.91 (s, 3H),
1.43 (s, 2.6H), 1.03 (s, 6.4H); *C NMR (100 MHz, CDCL3) & 172.1, 168.4, 151.6, 149.0, 144.4,
136.1, 130.2, 128.2, 127.5, 127.3, 126.7, 123.5, 122.5, 108.7, 108.3, 88.9, 83.8, 83.1, 72.9, 52.8,

27.9, 27.3, 25.9; IR (film) v 1732, 1640, 1613, 1494, 1471, 1354, 1292, 1256, 1217, 1147, 1086
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cm’'; HRMS (TOF-ESI) Calcd. for C4HysN30s [M+H]": 436.1872; found: 436.1865.

(3'R,5R)-3-tert-Butyl  S-methyl  5-(4-fluorophenyl)-1'-methyl-2'-oxospiro[imidazole-4,3'-
indoline]-3,5(5H)-dicarboxylate Sb:

Yield: 89 %. >20:1 dr. White solid. Mp: 187.6-188.6 °C; [a]p” = -54.4 (¢ =
1.0, CH,CL,) (97 % ee); Chiralpak AD-H, Hexane/isopropanol = 60/40, 0.5
mL/min, 254 nm, tmajor = 14.47 min, tminor = 21.04 min; '"H NMR (400 MHz,
CDCl) 68.21 (s, 0.7H), 8.07 (s, 0.3H), 7.40 (t, J = 7.6 Hz, 3H), 7.19 (d, J =
7.6 Hz, 1H), 7.08 (t, J = 7.6 Hz, 1H), 6.94 (t, J = 8.4 Hz, 2H), 6.85 (d, J =7.6

Hz, 1H), 3.60 (s, 3H), 2.93 (s, 3H), 1.43 (s, 2.6H), 1.03 (s, 6.4H); °C NMR (100 MHz, CDCl;) §
172.1, 168.2, 162.4 (d, J = 246.0 Hz), 151.8, 148.9, 144.2, 131.9, 130.3, 129.4 (d, J = 8.0 Hz),
126.4, 123.4, 122.6, 114.2 (d, J = 21.2 Hz), 108.7, 108.4, 88.3, 83.9, 83.2, 72.9, 52.8, 27.9, 27.2,
25.9; F NMR (376 MHz, CDCl3) 5-113.8 ppm. IR (film) v 1734, 1639, 1613, 1509, 1471, 1371,
1355, 1293, 1224, 1148 cm’™'; HRMS (TOF-ESI) Calcd. for C24H,sFN3Os [M+H]": 454.1778; found:
454.1771.

(3'R,5R)-3-tert-Butyl ~ 5-methyl  5-(4-bromophenyl)-1'-methyl-2'-oxospiro[imidazole-4,3'-
indoline]-3,5(5H)-dicarboxylate Sc:

Br Yield: 87 %. >20:1 dr. White solid. Mp: 185.3-186.1 °C; [a]p> = +37.5 (c = 1.0,

Nﬁ CH,Cl) (90 % ee); Chiralpak AD-H, Hexane/isopropanol = 60/40, 0.5 mL/min,
QBoe 55y nm, tugjor = 15.14 min, tminor = 26.51 min; 'H NMR (400 MHz, CDCls) &

N‘|v|e 8.21 (s, 0.7H), 8.07 (s, 0.3H), 7.42-7.37 (m, 3H), 7.29 (d, J = 7.6 Hz, 2H), 7.19
(d, J=7.2 Hz, 1H), 7.09 (t, J = 7.6 Hz, 1H), 6.85 (d, J = 7.2 Hz, 1H), 3.59 (s, 3H), 2.94 (s, 3H),
1.42 (s, 2.6H), 1.03 (s, 6.4H); °C NMR (100 MHz, CDCl3) & 172.1, 168.1, 152.1, 151.8, 148.9,
144.3, 135.3, 130.5, 129.4, 129.2, 126.4, 123.6, 122.8, 108.8, 108.5, 88.4, 83.4, 83.3, 72.9, 52.9,
27.9, 27.3, 26.0; IR (film) v 1732, 1639, 1613, 1493, 1471, 1353, 1292, 1257, 1148 cm™'; HRMS

(TOF-ESI) Calcd. for Co4H,sBrN;O [M+H]": 514.0978; found: 514.0968.

(3'R,5R)-3-tert-Butyl  S-methyl  5-(3-fluorophenyl)-1'-methyl-2'-oxospiro[imidazole-4,3'-

indoline]-3,5(5H)-dicarboxylate 5d:
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Yield: 76 %. >20:1 dr. White solid. Mp: 178.9-179.8 °C; [a]p> = -63.0 (C =
1.00, CH,Cl,) (93 % ee); Chiralpak AD-H, Hexane/isopropanol = 60/40, 0.5
mL/min, 254 nm, tmajor = 13.62 min, tminor = 24.29 min; '"H NMR (400 MHz,

CDCl3) §8.21 (s, 0.7H), 8.07 (s, 0.3H), 7.41 (t, J = 7.6 Hz, 1H), 7.26-7.16 (m,
4H), 7.09 (t, J = 7.6 Hz, 1H), 7.00-6.93 (m, 1H), 6.87 (d, J = 7.2 Hz, 1H), 3.59 (s, 3H), 2.95 (s, 3H),
1.43 (s, 2.6H), 1.03 (s, 6.4H); *C NMR (100 MHz, CDCl3) 5172.0, 168.0, 162.1 (d, J = 243.0 Hz),
151.9, 148.9, 144.2, 138.6 (d, J = 6.5 Hz), 130.4, 128.6 (d, J = 7.7 Hz), 126.4, 123.5, 123.3, 122.7,
115.1 (d, J = 20.7 Hz), 115.0 (d, J = 23.9 Hz), 108.8, 108.5, 88.4, 84.0, 83.3, 72.9, 52.9, 27.9, 27.3,
25.9; '°’F NMR (376 MHz, CDCls) §-113.5 ppm. IR (film) v 1732, 1640, 1613, 1589, 1471, 1371,
1354, 1293, 1234, 1147 cm’'; HRMS (TOF-ESI) Caled. for CosHsFN3Os [M+H]': 454.1778; found:
454.1780.

(3'R,5R)-3-tert-Butyl 5-methyl 1'-methyl-2'-0x0-5-(m-tolyl)spiro[imidazole-4,3'-
indoline]-3,5(5H)-dicarboxylate Se:

Yield: 86 %. >20:1 dr. White solid. Mp: 180.2-181.2 °C; [a]p” = -57.9 (¢ =
1.00, CH,Cl,) (90 % ee); Chiralpak AD-H, Hexane/isopropanol = 60/40, 0.5
mL/min, 254 nm, tmajor = 11.64 min, tminor = 22.55 min; '"H NMR (400 MHz,

CDCls) §8.21 (s, 0.7H), 8.07 (s, 0.3H), 7.39 (t, J = 7.6 Hz, 1H), 7.30 (s, 1H),
7.20 (d, J = 7.2 Hz, 1H), 7.13 (t, J = 7.6 Hz, 2H), 7.09-7.05 (m, 2H), 6.85 (d, J = 7.2 Hz, 1H), 3.58
(s, 3H), 2.93 (s, 3H), 2.30 (s, 3H), 1.42 (s, 2.6H), 1.03 (s, 6.4H); °C NMR (100 MHz, CDCl3) &
172.1, 168.4, 151.4, 149.0, 144.3, 136.9, 136.1, 130.2, 128.9, 128.1, 127.1, 126.7, 124.5, 123.4,
122.5, 108.6, 108.2, 88.9, 87.4, 83.7, 83.1, 72.9, 52.7, 27.9, 27.3, 25.8, 21.4; IR (film) v 1731, 1640,
1612, 1494, 1471, 1353, 1293, 1259, 1147 cm™'; HRMS (TOF-ESI) Calcd. for C;sHysN;Os [M+H] ™
450.2029; found: 450.2020

(3'S,5S)-Di-tert-butyl 1'-methyl-2'-0xo0-5-phenylspiro[imidazole-4,3'-indoline]-3,5(SH)-

dicarboxylate 5f:
Ph N

BUO C\E ﬁ\\l Yield: 68 %. >20:1 dr. White solid. Mp: 180.7-181.7 °C; [a]p® =-90.1 (c = 1.0,

" ~Boc

o] CH,CL) (95 % ee); Chiralpak AD-H, Hexane/isopropanol = 60/40, 0.5 mL/min,
Me
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254 nm, tmajor = 11.11 min, tminor = 16.70 min; 'H NMR (400 MHz, CDCl3) §8.22 (s, 0.7H), 8.06 (s,
0.3H), 7.40-7.36 (m, 4H), 7.23-7.29 (m, 3H), 7.05 (t, J = 7.6 Hz, 1H), 6.82 (d, J = 7.2 Hz, 1H), 2.96
(s, 2.1H), 2.92 (s, 0.9H), 1.41 (s, 2.5H), 1.23 (s, 9H), 1.02 (s, 6.5H); '°C NMR (100 MHz, CDCls) &
172.2, 166.7, 151.0, 149.2, 144.5, 136.1, 130.0, 128.1, 127.6, 127.3, 127.1, 124.3, 122.5, 107.8,
89.3, 83.3, 83.0, 72.6, 29.7, 28.0, 27.6, 27.4, 26.0; IR (film) v 1726, 1640, 1613, 1494, 1472, 1371,
1357, 1297, 1250, 1150 cm’™'; HRMS (TOF-ESI) Calcd. for Co7H3,N;0s [M+H]': 478.2342; found:
478.2348.

(3'S,55)-3-tert-Butyl 5-methyl 5'-bromo-1'-methyl-2'-oxo-5-phenylspiro[imidazole-4,3'-
indoline]-3,5(5H)-dicarboxylate 5g:

MeOC, Ny Yield: 89 %. >20:1 dr. White solid. Mp: 181.6-182.3 °C; [a]p> = -8.5 (¢ = 1.0,

1N N~Boc

7~o
N

\

CH,Cl,) (92 % ee); Chiralpak AD-H, Hexane/isopropanol = 60/40, 0.5 mL/min,

8.20 (s, 0.6H), 8.05 (s, 0.4H), 7.52 (d, J = 8.0 Hz, 1H), 7.40-7.35 (m, 3H), 7.30-7.24 (m, 3H), 6.75
(d, J = 8.0 Hz, 1H), 3.66 (s, 3H), 2.89 (s, 3H), 1.44 (s, 3H), 1.07 (s, 6H); *C NMR (100 MHz,
CDCly) 5 171.6, 168.2, 151.5, 151.3, 148.7, 143.3, 135.7, 133.0, 132.8, 128.7, 128.4, 127.4, 126.8,
115.1, 110.1, 109.7, 89.2, 87.7, 84.3, 83.5, 72.8, 52.9, 27.9, 27.3, 25.9; IR (film) v 1734, 1640, 1610,
1489, 1355, 1292, 1267, 1216, 1148 cm’'; HRMS (TOF-ESI) Calcd. for CasHasBrN;O [M+H]":
514.0978; found: 514.0988.

(3'S,55)-3-tert-Butyl 5-methyl 2'-oxo0-1',5-diphenylspiro[imidazole-4,3'-indoline]-3,5(5H)-

dicarboxylate Sh
MeO2GQ N, Yield: 99 %. >20:1 dr. White solid. Mp: 169.2-170.4 °C; [a]p” = -26.3 (¢ = 1.0,
PO\ N~
'%FOBOC CH,Cl,) (95 % ee); Chiralpak AD-H, Hexane/isopropanol = 60/40, 0.5 mL/min,
N

Ph 254 nm, tmajor = 20.84 min, tminor = 22.62 min; 'H NMR (400 MHz, CDCl;) &8.24
(s, 0.65H), 8.08 (s, 0.35H), 7.50-7.47 (m, 2H), 7.42-7.35 (m, 2H), 7.29-7.19 (m, 6H), 7.12-7.06 (m,
1H), 7.02 (d, J = 7.6 Hz, 2H), 6.90 (d, J = 7.2 Hz, 0.65H), 6.80-6.82 (m, 0.35H), 3.63 (s, 3H), 1.41
(s, 3H), 1.06 (s, 6H); °C NMR (100 MHz, CDCls) §171.2, 168.4, 152.2, 151.8, 149.2, 144.1, 135.8,
133.5, 130.1, 129.4, 128.3, 127.9, 127.8, 127.6, 126.2, 126.0, 125.2, 124.1, 123.1, 109.9, 89.2, 83.4,

73.3, 52.9, 28.0, 27.5; IR (film) v 1736, 1639, 1611, 1501, 1467, 1371, 1355, 1294, 1235, 1146 cm™;
S15



HRMS (TOF-ESI) Calcd. for CooHpsN305 [M+H]": 498.2029; found: 498.2012.

References:

1. (a) For the synthesis of a-phenyl isocyanoacetates 2a, 2j-k and a-alkyl substituted
isocyanoacetates 2l, see: (a) R. S. Bon, C. Hong, M. J. Bouma, R. F. Schmitz, F. J. J. de Kanter,
M. Lutz, A. L. Spek, R. V. A. Orru, Org. Lett. 2003, 5, 3759; For the synthesis of a-aryl
isocyanoacetates 2b-i, see: (b) E. J. Jacobsen, L. S. Stelzer, K. L. Belonga, D. B. Carter, W. B.
Im, V. H. Sethy, A. H. Tang, P. F. VonVoigtlander, J. D. Petke, J. Med. Chem. 1996, 39, 3820; (¢)
K. Matsumoto, M. Suzuki, M. Miyoshi, J. Org. Chem. 1978, 38, 2094.

2. W. Yan, D.Wang, J. Feng, P. Li, D. Zhao and R. Wang, Org. Lett. 2012, 14, 2512.

3. For the synthesis of cinchona alkaloid derived thiourea catalysts la-e, see: (a) J. Ye, D. J.
Dixon,P. S. Hynes, Chem. Commun. 2005, 4481. (b) B. Vakulya, S. Varga, A. Csampai and T.
Sods, Org. Lett. 2005, 7, 1967-1969; For the synthesis of quinine derived squaramide catalyst 1b,
see: (¢) J. P. Malerich, K. Hagihara, V. H. Rawal, J. Am. Chem. Soc. 2008, 130, 14416; (d) L. Dai,
S.-X. Wang, F.-E. Chen, Adv. Synth. Catal. 2010, 352, 2137; (e¢) W. Yang, D. -M. Du, Org. Lett.
2010, 12, 5450.
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5. X-Ray crystal data of compound 4p and 5g
Table S1. Crystal data and structure refinement for 3116 (4p, CCDC number: 1047214).

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

zZ

Density (calculated)
Absorption coefficient
F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections

Data / restraints / parameters
Goodness-of-fit on F2

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

Largest diff. peak and hole

3116

C,5Hy6 BrCLLN;05
599.30

296 (2)

0.71073 A
Orthorhombic

P2(1)2(1)2(1)

a=9.5000(10) A o =90.00°.
b=14.8773(16) A B=190.00°.

c=19.8752) A ¥=90.00°.
2809.0(5) A3

4

1.417 Mg/m3

1.692 mm-1

1224

0.48 x 0.41 x 0.26 mm3

1.71 to 25.00°.

-11<=h<=11, -17<=k<=17, -23<=1<=23
32871

4948 [R(int) = 0.0431]

4948 /0/325

1.030

R1=0.0599, wR2 = 0.1654
R1=0.0714, wR2 =0.1774

0.843 and -1.247 e.A-3

Figure S1
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Table S2. Crystal data and structure refinement for 2806 (5g, CCDC number: 1021346).

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

zZ

Density (calculated)
Absorption coefficient
F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections

Data / restraints / parameters
Goodness-of-fit on F2

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

Largest diff. peak and hole

2806

C,4Hy4 BrN;05
514.37

173(2)
0.71073 A
Orthorhombic

P2(1)2(1)2(1)

a=8.8260(9) A o =90.00°.
b=16.2679(17) A B=190.00°.

c=163883(17) A ¥=190.00°.
2353.0(4) A3

4

1.452 Mg/m3

1.787 mm-1

1056

0.45 x 0.26 x 0.14 mm3

1.76 to 25.01°.

-10<=h<=10, -18<=k<=19, -19<=I<=19
27004

4152 [R(int) = 0. 1385]

4152/0/299

0.959

R1=0.0508, wR2 =0.1121
R1=0.0747, wR2 =0.1221

0.615 and -0.470 e.A-3

Figure S2
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5. Copies of HPLC analysis spectra of compounds 4 and 5
4a (Table 2, Entry 1)

Racemic
42, g —pileeme: E: -.IiﬂHII:Al!-:-I.'.';ﬁ AJE B T FN-Me-Boe HEREN 11 n‘la;".-.-.-h-ii 1 0 I|| 25tnm 0. Snl-nin 90-10.5g 2004/05/22 14:09:02
511, 60 ! |
T e S S == e e
:ﬁo.su———————:—————-——————-———————.—————Z——————————T;"'——————————— e
] | : | [ \ b
| I| || Iln.:
L | | | | | I| || I'. |
120. 40 ! 1 ' 1 1 T i e
] | \f [\l
| | ||| I'L 'I '1\
. . | |
1 =1 / I\_,_.;' K_
T e ot I e e e Che o e B Ao T s e A B
0. D00 2,000 1. 000 . 000 B. 000 10. 000 12, 000 14, 000 16. 000 18. 000 "iE_D. f:ﬂ[i
nutes
1D A% {4 B I ] L] IR T fuld e AR
1 13. 480 245858  B334692.1  49.9738 1.3 3151
2 15. 420 187680  8343447.7  50.0262 .74 2398
M- 433538 166TRI39.8 100 0000
Chiral
§12.00 File Name: I-::-I:"a'lill"{".':'.l.'-l."ﬁ -I-'z-‘lq'- JEEAN u\; Boe E 16 3@':1".331-.4. -8 00-1| 25 0. Sal-min 90-10. sg 2014/05/22 09:09:40
my < | | | |
| | : | | |
| | | | | |
4 | | | | | |
I B e e e
b | | | | | |
| | | | |
381. 20 — : : T T T
] | [ | | | |
[ . .
! ! . : | (| .
250, 80— — 11— ——1r T
4 | | | | | | |
| | | | | |
| | | | | | |
o ) | | | | I 3 | |
T B e, Sty Lt S LR ==ca el = B R S
—.I | | | I \ | |
| | | | \ |
| | | | { '|‘| | |
| | | | \ |
] | | | | J L |
B U o e e Ty e ez T T Pt iy
0. 004 200 1400 6. 600 . 500 11,000 13,200 15, 400 17. 600 19. 800 Ji 400
1D EIRES Fc i e i i i WA I RN AR
1 13. 560 321922 10760964. 0 95. 9526 1. 40 3280
2 15. 830 11245 153916. 1 4. 0474 1.21 3065
24 333167 11214880.1 100. 0000
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4b (Table 2, entry 2)

|
|
|
|
|
|
|
|
==r
|
|
|
|
i
i
|
|
|
|
|
T
|
|
|
|
|

I |
bbbl S
o [ e~

-, i

Racemic
II'II\' - | | |
. | | I
g | |
p | | |
| | |
242, 00 i | |
] . i
1 | | |
| | |
b | | |
180, 00—
] | | E
| | |
| | |
E | | |
BT
) | |
| |
T | |
56. 00— ; i :
" | | |
| | |
| | |
| I |
B T e e

‘-t

S

0, 000 3. 200 6. 400 5. 600 12, 800 16, (00 19. 200 22, 400 25, 600 28, BO0 ‘ii_:.', 000
inutes
I A5+ 4 R B i 15 He i HelE b R 1 )
1 21.907 156485 9196306.9 50,0141 1.4 2769
2 25. 665 100155 9191119.9 49,9859 2,13 1559
b3l 256640  18387426.8 100, 0000
Chiral
300, UO_HIU Name: E:\FH L P EEN P RE\ I 30 N-Me—Boe IF B AR S0 \A-F-NC\zh~6-41 F4L OD-H 254nm 0. 5nl-min 95-5. sg 2014/03/24 20:31:34
mv 4
242, 00
180. 00 ’\\
118.00 \
56. 00

0. 000 3.000 6.000 9.000 12.000

15. 000 18. 000 21,000 24.000 27..000 30. 000

Minutes
1D o TR B 0 ) Vi I i O 4
1 21.328 191076 11985703.1 98.8177 1.44 2304
2 26. 642 1572 143398. 6 1.1823 1.08 1700
r: 192648  12129101.7  100. 0000
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4c (Table 2, entry 3)

Racemic

19 iR 00-H 2540m 0. fol -win 95-5. 21508/ 13 160652

e
127, 00
my

99. 301

7, G

13, 01

16, 207

I N AVANS

35T B M ch STV R ANl 4 B AT AL

11. 50

SN R I U " IS—— TS
0, 000 3100 6. 200 9. 300 12, 400 15, 500 18. 600 21, 700 24, 500 27, 900 A1, 000
Minutes

] i

fE e VR HelE RN T HEibhie

1

23,013 36277 2016338.5 50,6761

.26 3326

2 25. 480 22028 19917341 49.3239 1.79 1715
B 59205 1038072.5 100, 0000
Chiral
80, 00 File Neme: F:\FEAECHE M B0 JESAN-Ye Ik\cll_'"'-\lei'%é}ﬁ,'\l C1-%Czh-6-45 F4F 001 2540m 0. Salmin 95-5 s¢ L0105 20:37 45
v 4 i i | i
303, 11 ; :
1 i
i [
Egb. 23_.._. e e e e e e _...‘j_ - — .i PRSI TN — PRPUR U, PUSIUSIIS DRSPS S, e
] |
- |
| ]
149, 31 ! | - ,nr 1
1] ! !
4 | ‘.i
] 1 1 || Ii
] | | 1
2407 I 'I I i ]
1 é 5 [ ]
4 | ] t\
J | i |
] s ! . L
N L e L 1 i S — — | , o e
MtV T T T r [ rrrr T r T L e e e e e T
0.000 2,900 5.800 8700 ILGO0 14300 17.400 20300 23.200 26,100  29.000

1D

Minutes

{RE I [) ] B iRIE HRET  FERE

1

22.613 183238 11198350.0  95.0736 1.50 2729
25.715 B481 hR0257. 1 4. 9264 1.34 2815
191719 L[1778607. 1  100. 0000
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4d (Table 2, entry 4)

Racemic
nn File \ame: r_:'-ﬁﬁ"'!"ﬂ_nl"\l:!' i"‘.\.\fm{'- TEEE =M Hoe JF R BTIT B3 4 -Fr-N0\rh-6-40 B (FET) 10-H 9540 0, Sml -min RO-M), =g 2004,/00°24 20 26:31
- t—_——
0. 000 1. 300 9. 000 13. 500 18. 000 22,500 27. 000 31. 500 36. 000 10. 500 15. 000

Minutes

10 piEd {8 I0F ] Wi TR REE AT EieBHR

1 36. 000 44094 2972982.5  50.0101 1.29 5682
2 40, 663 36811 2971779, 1 49, 9899 1. 31 5057
I: 80405 5944761.6 100, 0000
Chiral
108, o0& le Yame: -} mrm,“\la-;ﬁ'-lmp TR U Ih.'-.Ff'-'-.i(‘L'Té'E DM irh 269 T |LI 1l 254w 0. .3—|||. min §0-20. sg 2014 [:fs 24 20:77:49
mw | | | | I
] ; 5 5
] i | | |
4 | I | | |
87,00 ' i I I ;
i i
i i i |
i i i i
B 1 ————— __._.___Ji__.____. __4;___. .__?._ I
1 | |
|
|

E— _.____i. .

S, S S S—

B

21,00 et

|
T
! |
1 1
| |
| |
| |
I S
| |
i i
| |
| |
i t
I I

600 32,200 36. 800 4L 400 16. 000
Hinutes

0. 000 4. 600 9.200 13. 800 18. 400 23. 000 .

1D s T e ) R TR I fERHET  MIBER

1 36. 227 4353 242110.1 50218 1.15 8455
2 0. 718 Hah84 15790M3.3 94,9782 1.38 1869
I 59937 4821153.4  100. 0000

S22



4e (Table 2, entry 5)

Racemic
R ffy—rile Neme: o) B I B TTERAN-VieRoe JF B MOEE TR0 0o -NO\sh 634 3 0D 25irm 0 7ol —min 055 52 2014/03/20
PP e S S e e —
0.000 2,000 1000 6. 000 8. 000 10. 000 12,000 14. 000 16. 000 18. 000 !;_{n. 000
nutes
1] Ao Tl e ) It WgmiBl e fRHET  FEIEH
1 14. 175 96545 4478126.2  50. 1413 1.24 1861
2 16. 060 65971 4452883.7 49,8587 2.10 1128
E: 162516 BO31009.9 100, 0000
Chiral
78, 0 —lletimes £\ BURY N PR TR Vo HEV T ’<I§K'-!'}k---\L"""Irh'-I-l £ O} 254w 0. Tsl uin 55 2014/03°24 20:25:47
o | | | | |
1 . |
221,40 : :
164, 801 — ==
1 ! ! ! i
! I
1 | Iy
7 : [
108, 20— - B e N B S e—
. I .
] 1 1
] | i i [}
| | I
1 | | | || |
31,60 - - S S SR E—— ----|-----\I- 3 B e —
i : | o
E | | | | | VW H
. IR PSR I L IV N S
B e e e B B B e B B e e
0. 000 1. 900 3. 800 5. 700 7. 600 9. 500 11400 13. 300 15. 200 17. 100 19, 000
Minutes
1D HREd CRiT i 0] R Ll e HikdH o FlgRHR
1 14. 140 128542 6792541, 2 93.9149 1.42 2171
2 16. 638 8506 4401186. 1 6. 0851 1.42 2061

: 167048 7232657.3  100. 0000



4f (Table 2, entry 6)

.
Racemic
348, 00—l Names e\ B 0\ B PRl foe 0 BUFR oM\l 646 1 A 2510 0, Sl i 8000, s 2001/08/20 20:32:15
" : | | |
| | |
| | |
] | | i i
PrgnT ! | |
277, 00 T 1 T
| |
| |
| |
A | |
206. 00— T ~+= —= = - S [ E=
i | | |
| 1
| | | _'
1%, 04—+t ——f——————+ —!‘-l—~ —
g |
] il
| |
] [
= i | il
4. 00— t | 11
H \
A \
| | II 1l
| | \
. = —Jl—k_ =
—r—

T

i4. ot 6, 800

I 154 CRET ) il T I RN E  Eigdh

1 16. 262 140364 1063021.5  50. 0848 125 6290

2 22.782 107945 4049260.4  49.9152 119 7351
X 248309 8112282.0 1000000

Chiral

ERT M

File Nome: E:FAHECR BLS SERD FEAR e oc

SO NC b 653 Fithe A 254w 0. Sal sy 80-70, o 0L 20:32:00

00 2,500 5. 000 7,500 10,000 12,500 15000 17500 20,000

22,500 25, 000

Minutes
10 A4 {5 nd K B il JEREMET BB
1 15. 857 337652 9860950.9 90,5890 1.36 5876
2 22,343 29302 1024424, 4 9.1110 110 81411

z: 366954 10883375.3  100. 0000
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4g (Table 2, entry 7)

File None: B\ ERl M 0 TS

Racemic

8. 00 \N-te-Boc T BT 7 8- F-NC\be6-50 fTEERE 0-11 254nm 0. 5el-min 95-5. se 2014/03/24 20:33:24
L | | | | |
1 | | ! ! |
b | | |
27700 [ i i
1 | | |
b | |
p | | ] |
206, 001 —— ' J b
i I
] i i
135, 09—t b —
4 | |
g | |
g I
1 I i
61.00 1
< | | { 1
4 | | [
| | [
1 i | JEA
| |
1 N R | AN B
7. 04— e e
0.000 2,600 5. 200 7.800 100400 13000 15600 18.200 20800 23,400 26,000

n A5 4

Winutes

fRET B I L gL e iKY MigR

17. 882 81261 4184320.6  50. 0167 1.16 2404
21,595 61413 4181534.0  49.9833 1.80 2005

r: 142674 83658545 100, 0000
Chiral
58, 00 —Lle Mames B\ S R TS\ oo BB 1 NCLIL L 69 B 00 251om 0.5l win $55use DA/ 20:05:39
me i | | | | |
| i %
] i i @
25, 00— S I S R E—
| |
i i
392, (0 i '
.
i i
E | |
259. 00 -t 1
: | |
| i
] i
| | |
126.00 |
| |
i | |
| | ] ] b | ® o
. i o I | | I T R 1
MW TTTTry T rr Ty rrr T[T T T T [ T T T T [ T T T T [T T T T[T T T T[T T T T[T T
0000 2,500 5.000 7.500 10. 000 12,500 15. 000 17. 500 20,000 22, 500 25. 000

1 414

Minutes

PRE ] U ¥ [Hi g T LRI

1
2

17. 452 352404 16050985, 7 97. 5054 1.58 2926
21.722 6806 395479.7 2. 4046 1.29 2785
308210 16446465.41  100. 0000
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4h (Table 2, entry 8)

Racemic
119, 00 File Name: E:\ A S B B\ JTHE AN -Me-Boc W VS 0\ -Me-NC\eh6-51 (¢ AD-II 254nm (0. Sul-min 80-20. sg 2014/03/24 20:34:08
m |
94. 60
70.20 I
) I
\‘
- | |
- |
13. 80 ] { 1 1 |
|
|
21, 40 i ‘l -
21,40 1 ‘
L\
S P G UL SN S S
0. 000 2.100 4. 200 6. 300 8.400 10. 500 12. 600 14. 700 16. 800 18. 900 21.000
Minutes
D a4 FRE B W 5 WA WAL BT R
1 12. 367 73729 1622028. 5 49.9194 1.23 6298
2 16. 040 58968 1627265.0 30. 0806 114 6734
r: 132697 3249293.5  100. 0000
Chiral
253, 00 File Name: F:\EAHEOR R 0 B I N-Me—Boc B B C R L\ Me-NChzh—6-56 (S Tk ADH 254nm 0. Sml-min 80-20.sg 2014/03/24 20:34:22
m 4
201. 80
150. 60 £
4 ﬂl
4 \\
99. 40 |‘ !
18. 20 ] ‘| i
B TR o e e e o B e e e e e e e e e e e e I A B e o e e e e e e B LB

0. 000 2,000 1.000 6. 000 8.000 10. 000 12,000 11,000 16. 000 18,000 20,000

Minutes
1D asr# (R T W TR L e S N1
1 12. 350 142452 3099975.9 93,5312 1.25 6419
2 16.033 8188 214399.9 6. 4688 1.09 473
z: 150640 3314375.8  100. 0000
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4j (Table 2, entry 10)

NHBoc

(0]
|
Me
Racemic
903, gg—File Name: B AP\ SR ANV —Boc BB 560\ t-Bu-fls-NCAJL-AT (i OD-H 251nm 0. nl -min 99-1. s 2014/03/24 20:35:38
.]l’lV e
162. 00—
121. 00—
A1 1 S S SRS S - S S N
39.00 /\\ /[
' [ //
- T T
0. 000 3.600 7.200 10. 800 14. 400 18. 000 21. 600 25. 200 28. 800 32. 400 36. 000
Minutes
i} 54 R IR 1] U Wi B T fiRE T FhERR
1 24. 190 62953 5997790. 1 50. 4259 1.20 1285
2 27,522 16682 5896477.9 49,5741 1.86 946
r: 109635 11894268.0 100. 0000
Chiral
98, 00 File Name: £SO S5 TR T RN -Ye-Boc TR R0\ t-Bu-AE-NC\ JL-50 T4F 0D-11 254nm 0. Snl-win 99-1. sg 2014/03/24 20:34:46
mv 4
78,00
58,00 -
38,00 f \
4 ‘ {
18 00 ) - \ :
0. 000 3,700 7.400 11,100 14, 800 18. 500 22,200 25,900 29, 600 33, 300 47,000
Minutes
1D % B[R] I 5 T AR W BT FHERT
1 23. 350 54796 4394765.9  96. 7089 1.28 1689
2 27. 802 1571 149556. 9 3.2911 1.10 1700
z: 56367 4544322,.8 100, 0000



4Kk (Table 2, entry 11)

Racemic
q14, go—bile Yame: E:\j . : 2014/05/22 09:05:57
w4 | | | |
| | |
950, 04— | '—"“';—“"'“'""'E"'"'—"""Tf—'—'—'"E"—'——"——"""“"—
| i i
| | | |
| I | i
. | | | |
186 80 : i |
[ [ i i
T —
| I
~. 4
) [ [ ] |
T T e S S S—— :. e Tt SRR k, J|I
: bog I £
i li”\ i 'I | I | |
R A
AV S| S VS . N S W
L0 R T TR A AT TR e e
0. 000 1. 700 9. 400 14. 100 IEt 800 23. 500 28. 200 32,900 AT, 600 42,300 “1.7. 0100
Minutes
1D A {RETH ] i B e T bR
1 25. 678 42339 1777574. 8 9. 5685 1.11 7456
2 33. 148 138229 T150171.7 40,1035 1.38 7539
3 37.273 3027 1800951. 7 9. 6944 1.24 8219
1 40.945 109024 TH48659. 4 40,6336 1.42 6970
T 320619 18577360.6  100. 0000
Chiral
109, g —pile tem: k:‘.lmllm-:'- E-i;,‘:.'-‘lﬂraa'- JEE Yo -floc lr&\ﬂif'iﬁl-iﬂ.\lln NCLIL-86 T AD- !l 254nm 0. falmin 9010, sg 2004/05/22 09:05:31
[ | |
| | I
| i | | | |
. ! | | | | | |
H6, 10— __.._:_.___._i_.___..__.__}.. ! i _:_.__ S R— -
3 | [ | |> | | [
| | | | | |
- . i | i g
Ii:t.SD—"——-——'JI————I ——————— '—'———f————:-———;—'———'pﬁ' —————— =T
| | L
| | | |||
E | | | | | |!
i1.20 i ! i ! i
4 | | | | | | |
. . | . [
: ! ! ‘ ' '
| | |
5 | | | | |
18. 60— T 1 ' i l I
7 | | | | ol |
| | | Fl 5 |
| [ | [ f 1 s |
S B S . | o~ VARLN il
0. 000 1. 800 9. 600 14, 400 19, 200 24. 000 28, 500 33. 600 38, 400 13, 200 uI_S. oo
nutes
(1] 54 {1 I (i) Wi adlE e RN EER
1 33.018 63486 3264242.8 93, 3456 1.25 8219
2 40.975 3809 232700. 1 6. 6544 1. 08 8966
L 67295 3496042.9 100, 0000

S28



4m (Table 2, entry 13)

Racemic
265, 00 —File Name - \JEH BB\ S\ JERRN Wl o W BEVLIYSEIE - BEAIL 10 SBERE 101 2500m 0. Sel-min 95°5.5g 2014/03/24 20:36:41
o ' i ;
] ! : i g
1 : i ! !
d | | | | |
| | | | |
gl'lI 20_ N— .._..i_..._ M — ! .1_.._..._ ._..._1._ ! -
] ! . i i !
g | | | | |
4 | | | | |
] i | | | i
157, 40 | : | :
] 5 . i i
1 - i ! ! !
i | | | |
[T A SRR — _._%._.______._._.________E... S !
i | | | | |
| ' . ' ! | = ' .
. N o I
1 1 | ] L] L
19, 80— _____._.i_____._ —f ,___J —fr--; T_ — ____é_ I
1 | I \ |
1 PP | | Lo i | S
U T LA [ S L B L L B
0. 000 7.700 15. 400 23100 30,800 38,500 16,200 55900 BLE0O 69300 “T_T, UltLNJ
Minutes
1D #0145 R B 1 ) W iy U T el HERMT R
13, 610 89316 6794923.6 49,9350 1.09 6519
2 49,410 74234 6812610.5  50. 06530 1.09 5777
: 163550 13607534, 1 100, 0000
Chiral
ogs, (0 —File Name: E-\GEN M'\uﬁ;',\lﬁ'wnirn—u\l-n-.- B IUFRO-CL R 46 T4 A 2540n 0 ol min 035, 55 2014/03/24 20:36:14
m 4 | | | |
| ! i ! -
] ; : : : !
| | | |
211, 2=t -t i T
1 | : | |
I : | |
157. 10 : ! i !
] | | |
| | [ [
I B |
103. 601 1 i 1 t
4 | | | |
l i L
| | | |
! | ! [ 1] |
19,80 - ; ——
4 | | : } |
- | | 4 (|
o . LA _Jf\ ]\l
o000 1400 |-1.|er|1 23.20;1 I .mﬁm . -.;?.nnil - -;.1.-100 LS00 ;9.300 CE6.600 74,000
Winutes
] #4514 i g el Uit i g i e MY FEi
1 43. 112 18013 1276111. 9 7.7007 1.13 7191
2 19. 108 170537  15275971.6 92,2903 1.32 5990
E: 188550 16552083. 5 100, D000

S29



4n (Table 2, entry 14)

Racemic
978, () —File Name: E S R 75 P30\ TEER AN -Me—Boe WP B\ SLER P \5-F- WP\ JL-3 1 9 D11 254nm 0. Sul-min 95-5. s 2014/03/17 19:00:17
mv 4
221. 40
164. 80
108, 20— P
51,60 (\
i ————
0. 000 2.800 5.600 8. 100 11. 200 14. 000 16. 800 19. 600 22.400 25.200 28. 000
Minutes
)] Moyt R P I ) e e T WRIE HRA Y R
1 17.987 125653 6152902.2  49.9927 1. 36 2689
2 22.665 88442 6154699.8  50.0073 1.90 2114
z: 214095 12307602. 0 100. 0000
Chiral
13, 00 File Nowe: B \BEHI SO EEN R I[I$'-.\-u.i-Ru-{Elf'('-lI{“c 1&{;{'-..‘.-|:—-'r'_lﬁ- JL-35 FF 001 254nm 0, Jalmin 953, 5 2004/06/17 19:00:51
mv | | | |
] i i E E
- | | | |
7. 80 = 1 T -
T | | |
i i i
4 | | |
250, 60 i i i : i
I .
; ' . I
1 | 5 [
171, 40— 1 { .|
. | : | ||
] ' ! R
- | | 1
3. 20 1 T =1
] | | | .
| . . [\
|- ! | Jl \ e I
5. T T T e
0., 000 2,900 5. 8OO 8, 700 11. GO0 14. 500 17. 400 20, 300 23, 200 26, 100 \"_-‘fJ. 000
mnutes
1D 1514 (i fi i i) i Ei A IE HiJEHT B
1 17. 927 234019 10838940, 7 95, 1481 1. 51 2086
2 23. 227 9793 552708.0 4.8519 1. 22 3376
r: 243812 11391648. 7 100. 0000



40 (Table 2, entry 15)

Racemic

A\ o VLSRGl WA
m [ | | | [ | |
- | | [ [ | |
1 : i i ! ! |
- [ | | | | |
. | | | | | |
] ! ! ! ! ! !
1 | | | | | |
E | | | [ [ |
E | | | | | |
986, 601 | | | 1 | |
286. 60 i | | | | | |
! ! ! s i
| ! ! : [ |
7 | | | | 3 | |
- [ | [ . | [
189, 40 ! | S U S S S —— 5
4 | | | I | |
i i | i A |
] | | | [ |
] : : : A :
| | | | |
92, 20 1 i { +— I| i |
1 i | i L] |
- [ | [ L1 |
| ! ! ! [ !
| | | | I|I | |
7 1 1 1 1 1 1
. : ' b — = | ==
B e e S L R L i o o e e e e o e e e e
0. 000 2,000 4,000 6. 000 8,000 10.000 12,000 14.000 16,000 18.000 20000

Minutes

1D o4 TR IR ] I i BRI I RN PR

12. 863 228161 7609063.5  50.0041 1.19 2965
2 15.573 161768 T607815.6  49.9959 .77 2186
r: 389929 15216879.1  100. 0000
Chiral
181, 0—Jile Name: A EGH EE\ S JEAE\N-e-Boe & ML \6-C1 -0 JL-22RE 4% 001 251w 0. 5nl-min 90-10. 2014/03/17 18:58:16
m | | | | | |
] | | | | |
: | | | | | |
| | | | | |
383. 80 | | | | | |
1 | | | [ | |
1 | | | | | |
- | | | [ ! |
1 i ! ! ' ! i
P | | | | | |
286, 60-] ! ! . | | !
- | | L |
il | | N :
i | | | “ | '
189. 10 ! f . - . e i
- | | | { [ [ |
] | | | | | | |
] | | | | |
] i | L] i
| | | | | |
92,20 T I 1 T 1 T
] i ; : j a i
J | | | | i |
| | UL 4]
R e R T I T T T T T T T R T I B S S S T S S
0. 000 2,000 4. 000 6. 000 8.000 10. 000 12. 000 14. 000 16. 000 18. 000 ‘i‘!_ll 000
Minutes

1D iV d {8 I i) ] Ui it figH T BHERHR

1 12,827 246756 T672077.8  95. 1260 1.25 3392
2 15. 790 9679 393098, 0 4.8740 1.13 3013
E: 256435 B065175.8 100, 0000

S31



4p (Table 2, entry 16)

Racemic
A R TR Mo Boc JF R MEEE 9IS - Be- 0 JL-38 FUEE D1 2540 0. Sal-min 90-10. &g 2014 Q.i 17 18:57:54
1 1 |
I | | |
103, 60 - ~ | I
1 | | g |
] ; 1 5 i
Pl N SN R S E— | S S N S S
7. 20 1 | l:\' |
1 II | I
4 i | |
] i
- |
LA ] i ! I| 'I E
] i il i
1 | | I|| | IIi | |
24, 404 I 1 1 1 i i 1t 1 |
1 | | (4 | |
4 | || [t | |
] | | I I.; I| '|“ | I
1 A AN, N I R I S
A
0. 000 2,700 5. 400 8. 100 10. 800 13. 500 16. 200 18. 900 21. 600 24. 300 27.000
inutes
1D A5 4 R B ] i LI i iR AR
1 13. 285 81040 2609554. 8 50, 0426 1.21 3392
2 16.218 550932 2605112.3 49,9574 1.55 2417
: 136972 5214667.1 100, 0000
Chiral
506, 00_["110 Name: E: ’Wﬁlw#ﬂ‘lﬁf?‘;'ﬂm‘ ””;'.\'“C.'BUE\‘PW\M S5 -Br- W\ -7-4Re T4 OD-H 254nm 0. 5nl-nin 90-10.
mv i i
403. 20
300, 10—
197. 60
94. 80
1 | N
0. 000 2.000 4.000 6. 000 8. 000 10. 000 12. 000 14. 000 16. 000 18. 000 20. 000
Minutes
D EikiEd 5 IN 1] I 1 g AR W ffH 7 MIRRR
1 12.955 263017 7620042.8  95.9728 1.31 3985
2 15.925 7491 319752.9 4.0272 1. 45 2776
r: 270511 7939795.7  100. 0000

S32



4q (Table 2, entry 17)

Racemic
136 00_’11&‘ Neme: B\ FHUECEF 55 98 IR T IR \N-Me -Boe T I (G TP I \5-Me—VE i\ JL-30 rac OD-H 254nm 0. 5mL-r!|in 95-5, sg 2014/03/17 19:01:53
m i i
7.5
259. 60
171,40
] \ E
1 |
83.20 j | 1
| [ |
B e e e e o I
0. 000 2,500 5.000 7.500 10. 000 12.500 15. 000 17. 500 20. 000 22,500 25. 000
Minutes
D HIpES R N 1] I i LITE R EH T B
1 17.235 153060 6458881.4  49.8989 1.31 3325
2 19.743 106154 6485057.5  50. 1011 1.93 2082
r: 259214 12943938.9  100. 0000
Chiral
9249, OU_I"ML- Neme :F 2 AR B B 75 A 0TI \N-Me —Boe WL H]’""ﬁ*\lo*\lt"ﬁ"'\‘ 1L-34 F4E 001 254mm 0. 5nl-min 93-5. sy 2014/03/17 19:02:23
mv 4
192. 80
143, 60— =
94. 40
15. 20 ; f .
4 |
|
- J A
——_—
0. 000 2,500 5,000 7,500 10. 000 12. 500 15. 000 17. 500 20. 000 22,500 ‘;2_5. 000
Minutes
i) 94 R 1] W i VTR e fufelHT AR
1 17. 147 131970 5936681.7  96. 4054 1.26 2896
2 20. 310 3999 221358.7 3. 59416 1.20 2683
z: 135969 6158040.4  100. 0000

S33



4r (Table 2, entry 18)

Racemic
132, 00—l Nane: E ARG A R TEER N-Ye-Boe 86 MU 4F i \S-0Me- i B\ JL-24 1§ 0D-H 254nm 0. 6nl-nin 90-10. sg 2014/03/21 20:37:18
mv o
105. 20
78.40 =
51.60 J\ 2
E |
_ | \
\ .‘
24. 801 T — T
B |
B e L B B e A B B B e e B A e
0. 000 2.800 5.600 8. 400 11. 200 14. 000 16. 800 19. 600 22,400 25. 200 28. 000
Minutes
1) 4 TR I i) I 18 Wi e HEREH T Fie i
1 15. 842 71814 2716552, 7 50,1064 1.34 3495
2 18. 520 50435 2705013.7  49.8936 1.76 2376
IO 122249 5421566, 4 100, 0000
Chiral
210,00 File Name: E:\;OH4A\ 8 'JFJ]!(‘\]TM-‘\*\I(\V*qu\ﬂfg‘(‘ IR \S-OMe—WIE\JL-27 F4F OD-11 254nm 0. Sml-min 90-10. sg EU]-L'[{IE"Z-I 20:37:53
w |
480. 40
315. 60
150. 80 !
] \
-4, 00T L ||||||r|||||r|||||||||||l

T T T T T T T

0. 000 2,200 1. 400 6. 600 8,800 11. 000 13. 200 15. 400 17.600 19. 800 22,000
Minutes
D Hor4 T £ I8 i) e W T AR W TRRET  FRRIER
1 15. 580 529438 23781000. 1  91. 2691 1.61 2398
2 18.543 43308 22749217, 4 8.7309 1.58 2484
o 572746 26055927.5  100. 0000

S34



4s (Table 2, entry 19)

.NHBoc

O
Cl |
Me
Racemic
298,00 File Name: E:\BEMTECHE\IAE\TF B TTEEAN-Me-Boc TF e\ MURTFAE V6 -CL-TF G JL-21 i OD- 254nm 0. Sul-min 95-5. sg 2014/03/24 20:38:28
mw |
180. 80
133. 60
: [\\ 2
86. 40 ‘ ‘\ /\
] \ [
- A
30,20 f \ " \
8.00 | E— — | Lij ¥7 —
-8, e e e e e e e e LS [ e e e e e i e e e e L B o e e e e B
0.000 2. 600 5.200 7.800 10. 400 13. 000 15. 600 18.200 20. 800 23.400 26. 000
Minutes
1D #4914 {7 £ 1] 1] I i VTR iy HRREET  HIRIER
1 16. 338 110149 5030071.5  50.0329 1.24 2551
2 19. 358 88562 5023452.3  49.9671 1.61 2321
T 198711 10053523. 8 100. 0000
Chiral
998, 0 —FLle Nane: |:-\‘;(gm|,tm- BN TEH\N-Ne-tioc A FEAG-CL A\ JL-23RE P4 0D 254w 0 Gol-nin 95-5. s 2014/03/24 20:38:45
mv <
181. 60
135, 20
88. 80 J{\
]
T |
12, 40 /' ‘
] / Vi ke
_ JoN A
0. 000 2. 100 4,200 6. 300 8. 400 10. 500 12,600 14. 700 16. 800 18,900 “2_1. 000
Minutes
1D 4 TR BB ) I iy W T A WE feeFT AR
1 15.948 107297 4523842.8  94.7713 1.20 2852
2 18.835 5456 249587. 1 5. 2287 1.11 3379
¥ 112753 4773429.9  100. 0000

S35



4t (Table 2, entry 20)

Racemic
127. 00 File Name: E: Vﬁﬁlﬁﬂ JAEEA R TFER \N-Me-Boc F i\ B {6 45 i \6-0Me— JF B\ JL-25 §RAE OD-H 254nm 0. 5m|;min 90-10. sg 2014/03/24 20:39:11
mv 4

101. 40
75.80
50, 20 fi
24. 60 / /\
e ....‘Ti..ﬁ... ———

0,000 2.400 4.800 7.200 9. 600 12.000 14. 400 16. 800 19, 200 21. 600 ‘fl‘ 000

1nutes

1D ] R B )

i BT g

FRHET BRI

1 15. 875
2 18. 083

53388 2100273.6  49.8024 1.25
39109 2116937.7  50. 1976 1.48

92497 4217211.3  100. 0000

Chiral

3246
2224

633,00 File Name: E:\FEHISIEY M]_iﬁ"- Ab A JEEE AN Mo Boe 98 B2V ICEE AP I\G- DM 9 B6 0040 F4E 00 254nm 0. Sal. min 90-10. sz 2014/03/24 2023929
33, T I T T T
w4 | | | | | |
J | | | | | |
| i | | | | |
| | | | | |
SM. B0 | | I | |
i i | ﬁ ! |
1 | | | | | |
g = | | = | | |
4 | | | | | |
= | Tt
‘ | . | |
] | | | | i
- | | | | |
U7, 80 : - Q i !
4 | | [ l | | |
| | | | | |
i | | | | i | '
] | | | | | |
| | | | | |
119. 40 ! I ! !
1 | [\ | | i
1 : 1 I | |
J | 1 R | |
. . ! I\ _/‘\ | |

- —————

0. 000 2,500 A, 000 7.500

1 A4 gt 1 s i)

10, 000 12, 500 15. 000 17. 500 20. 000

Uity WA i

22,500 25, DN

Minutes

RN FERR

1 15. 673
2 18,085

103157 17458520.6  91. 1666 1.48
32429 1691603.5  8.8334 1.29

43THR6 19150124, 1 100, 0000

2637
2396

S36



4u (Table 2, entry 21)

Racemic
-|T|\' | ] | |
i . i i i
| ] | |
121. 20 T I I |
I i I '
| | | |
%.401 ; , ; ; ;
! s ! .
i ; : i [
- ] | | I_
59. 60 : ; : | fl
E | | | | \ =
| | ) i
s | ]
j : | |
. | A [
mof—F—+ L1 o B | I
] . ; [ 1] [ 1]
; ; . i ‘\ [\
| | | | |
1, DN 1. 700 3400 5100 £, B0 H, 500 10, 200 11, 900 13, 600 15, 300 “I_?, (W10
nutes
)] 94 {3 7 B i) LT 317D I fWRINT  FRE R
1 10.857 65133 1624723.6  50.3010 1.31 3775
2 12,947 A68AE 16052749, 0 49, 6990 1. 46 2846
r: 11149491 3230002, 6 100, 0000
Chiral
579,00 Fi e Name: l'.:".ﬁ!l|1’UH"J-"§[‘;":1I’H§E'\ TEIE =Moo E'-"'-Eﬂt'l'-l'" '\\'ﬁ ﬂ E. Hoc i B JL-4 4k T

|
|
] |
& |
154, 40 T
i |

. | | | _
135, 80—+ _._....E_ R RO TSI, SRS N P e e
4 | 2
i i
217,204 t .
i
i |
98, 60—
Jnuu{,,,|
0. 000 1. 500 3,000 1. 500 6. 000 7.500 9,000 10, 500 12. 000 13. 500 “1.5. 000
nutes
1D EIES (B8 e ] i 1 TR i M T AligiE
1 10. 825 284508 T242775.3  91.3830 1.25 3604
2 12.985 22492 682961, 8 8.6170 1.24 3645
r: 307000 TY25737.0 100, 0000

S37



4v (Table 2, entry 22)

Racemic
188 OU_’i]n Name : E: \SHTEE S0 WV B TR \N-Me—Boc 0¥ i \JELAR 9F i \N-Bn-Boc ¥F i\ JL-41_{i{i§ OD-H 254nm 0. Sul-min 95-5. sg 2011.‘0_3"‘2-1 20:40:01
mv 4 H
150. 20
P
74. 60

L
T

-1 00T LI B B S B B B S B B EE S O LA N E B S s e A B B B S N B B e B B S e R T T T
0. 000 2,900 5. 800 8,700 11. 600 14. 500 17. 400 20. 300 23. 200 26. 100 29. 000
Minutes
1 HEd ) I 5 W T K RN T HEHER
1 15. 088 56565 2329126. 0 50. 0008 1.33 2676
2 22.037 28332 2329055. 2 49. 9992 1.93 1432
T 84897 4658181.2  100. 0000
Chiral
130. 00 File Name: F:'\HLECH\ BT W TEER \N-Me-Boe JF I\ SRAR W % \N-Bn—Boc W RN L-43F 4% 0D 254nm 0. Snl-min 95-5. sg 2014/03/24 20:40:30
mv

] | S| _L

0. 000 2.500 5.000 7.500 10. 000 12. 500 15. 000 17. 500 20. 000 22,500 25. 000
Minutes
1D M4 TR BN T i U TN A i T ERREER
1 14. 887 163593 6884652.9  87. 1260 1.41 2494
2 21.922 14895 1017298.9 12. 8740 1. 45 2053
z: 178488 7901951.8  100. 0000

S38



4w (Table 2, entry 23)

NHBoc

(0]
|
PMB
Racemic
152, —tLle duse: h:'-.lﬂiil-&ﬂ\' 0175 SF BN TFEF -~ §F B B 9B \N-PUE-Hioc 6 1,54 TR ALPH 254 O Sal-min $0-20, sg 2004024 0:41:38
o | | |
] i !
121. 00 : |
. i |
i ; .
0,004 ' j
i | | |
._'}?.I.UII—'_“"“'_“E‘“ — S S S S S N S —
] | | |
| | |
! L
T i I i|
2800 B 11
1 | [ I
. b F0
| o | [
R / |
S S S AV AV - e
L i -———
0, 00 2,400 1. 800 7,200 4, 600 12, 000 14, 400 16, 800 19, 200 21, 600 ‘I'l.’_!, 0oo
1nutes
n g R IR il Ll il R T AR
1 10. 733 6117 134342, 4 2.6945 107 5239
2 13,320 5546 136046. 4 2. 7286 1.05 5876
3 16. 050 67310 2365384, 8 47,4419 L7 4157
4 21. 265 51980 23650079. 4 47,1350 1. 06 44049
¥ 131253 49858531  100. 0000
Chiral
156. 00 ile Name: E:\HEAPECE T EE R TSR \W-Me-Boc W\ HUE WP s \N-PUB-Boc ¥ e\ JL-56 T AD-H 254nm 0. Snl-min 80-20. s 2014/03/24 20:41:51
mw |
363. 60
27120
178. 80 s
86. 40— -
0. 000 2. 600 5.200 7.800 10. 400 13. 000 15. 600 18.200 20. 800 23.400 26. 000
Minutes
1D iR B I 1) U I T i MREHET IR
1 16. 068 51299 1758585.9  15. 6648 1. 14 4379
2 21.472 183138 9467751.5  84.3352 0. 96 3438
X 234437 11226337.4  100. 0000

S39



4x (Table 2, entry 24)

P o]
MeO,C™

. NHBoc

(0]
|
Ph
Racemic
343, 00 File Name: E:\FEATHCE W i JTERAN-Me—Boc W JE\AR W04 \N-Ph-Boc WL JL-53 JF{AF AD-H 254nm 0. Sul-nin 90-10.sg 2014/03/17 16:22:48
m 4 |

264. 40
185. 80 =
107. 20 {‘ ’ i

i |

' | |
28. 60 j E i j} \L

0. 000 3.100 6.200 9. 300 12. 400 15. 500 18. 600 21.700 24. 800 27.900 31.000
Minutes

1D 44 R I 1) U WETHIRY R BRET g

1 14. 575 170533 7862309.9 46,7334 0.98 1992

2 17. 725 17273 537338. 1 3.1939 1.19 6470

3 19. 978 16088 535093. 0 3. 1806 1.23 7191

4 23.025 197144 7889025.8  46.8921 1.20 6598

z: 401038 16823766.8 100. 0000
Chiral
430, 00_:i19 Neme: B \JCHTECHE A 5\ 0 T IR \N-Me-Boc W AU W EA\N-Ph-Boc W L-55 THE AD-H 254nm 0. Snl-min 90-10. sg 2014/03/24 20:41:02
mv
343. 00
256. 00
169, 00 -
82.00 [\\
0.000 2.700 5.400 8.100 10. 800 13. 500 16. 200 18. 900 21.600 24.300 27.000
Minutes

n i PRE I 1] U W iR W iR T FRHR

1 14.573 3174 135370.7 2.3471 0. 86 2327

2 23.023 136386 2632264. 5  97.6329 1.25 6195

r: 139560 5767635.2  100. 0000

5S40



S5a (Table 3, entry 1)

Racemic

fLFE B FoE R e B D157 G AD-H 254na 0, Sal-min 6040, sg

642, 00
my { |
A1, 60

381, 20

250. 801

|'“\
I ’I A\
120, 40 ] |I 1
} . I\
|1 [
] ! N ! ﬂij | : N
| R PR P N, [ I S AV
-10. 00— T T T
0. 000 2,600 5.200 7. 800 10. 100 13. 000 15. 600 18. 200 20. 800 23,100 \i_’b 000
nutes
n oy 44 {3 B B [ LT ATES I HWRNT  FiR
13. 760 222070 5663865.0  50.0102 1.26 5801
2 22. 980 144143 5661547.0  49.9808 1.21 6822
op: 366213 11325412.0  100. 0000
Chiral
2014/06/05 15:53:19

|
| [ 1| _
S T A

;

1

|
sy
0.000 2400 1.80

(; i IT,E[![; i ;Hliﬂf; o ]IL‘.IDO;] . ;L lUIU - ]'l'i.ISOiIJ 3 I.Q.IEI];] - ?.:LBUE! . 2:1,000
Minutes
D LIV Ed {1 Ui i GAES I fEREINF  ERRHR
1 13. 662 69943 1647809.0  96. 0940 1.20 6702
2 22, 640 2357 66979. 5 3. 9060 1. 06 12651
Bi 72300 1714788.5 100, 0000

S41



5b (Table 3, entry 2)

Racemic
911, p0—Fileane: E:\EISHEVRARN RPN ILI 115 5 AD-H 254nn O, ol nin 600,58 2014/05/18 10:3:3]
m | i | i
4 | | |
: |
170. 80 i i
- | !
Pl I N — _._IL_._.__._._.__ I _.____..._._.;;_.._ N S —
] | | _-
84, 40 | -
] ' “ 5 |
iﬁul__‘l-"—\||_|
0. 000 2,600 5,200 7. 500 10400 13.00 15600 18200 20.300 25400 26000
Minutes
m o4 (R e o] L LR eI ERAT ikl
1 14, 448 84013 22456096.4 49, 9148 1.27 5823
2 20. 963 61288 2253366.6 50, 0852 1.20 6479
L: 145301 4499063. 0 100. 0000
Chiral
AR AN lﬁ]’\” ACVIL-120 Re T} 1.|I 11 254nm 0. Sal-min 60-40. s 2014/05/19 10:31:10
| : | | |
i i I
: ! '
| | |
| | |
_____ - 11—
I | | |
| |
! ! |
| | |
40 | | | ) |
] ! ! ! ! : |
i | | [ [ F\
| |
] | |
30, 60 f 1
4 | | | ( \
il ! .
i ! | |\
1 | | i [ I || \
14.80 | i : : |
F | | | | | | | |
| | a
1 | b = ke | ‘/\J N L:
T R A e i S
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Sc (Table 3, entry 3)
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5d (Table 3, entry 4)
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Se (Table 3, entry 5)
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5f (Table 3, entry 6)
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S5g (Table 3, entry 7)
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5h (Table 3, entry 8)
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'"H NMR of 4a

6. Copies of NMR spectra for the compounds 4 and 5
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"H NMR of 4b
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F NMR of 4b
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3C NMR of 4¢
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3C NMR of 4d
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3C NMR of 4e
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BC NMR of 4f
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C NMR of 4g
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"H NMR of 4h
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'H NMR of 4j
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"H NMR of 4k
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"H NMR of 4m
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"H NMR of 4n
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F NMR of 4n

S8Y°0CL-

PPM

-180

-160

-140

-120

-100

-80

-60

-40

'"H NMR of 40

500°0-

¥ez'L

56L°¢

cE6'E

0¥0'9
LeL9
[
82l
09z,
992,
Lig'l
88¢'L
26zt
0EV'L
B¥y L
L9v'L
66¥L
G2G'L
PraL

.03

3m

078

1.10

JI 1." 9@797

PPM

S62



3C NMR of 40
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C NMR of 4p
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C NMR of 4q
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3C NMR of 4r
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3C NMR of 4s
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BC NMR of 4t
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3C NMR of 4u
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BC NMR of 4v
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BC NMR of 4w

69842

096'¢y

0.5vS
9vL'GS

LoL'49

leel
68992
00042
oleLL
189°08

L6E'60L
196°€L L
8es’ LTt
£56°€C)
88F'GelL
8Ll lel
g8l LTl
LBL'8CL
8LL8gL
268921
226621
oLLoglL

eEr vyl

G68'eSL

€.6'851

805591
€PL991

8GG'ELL

PPM

40

60

80

100

120

140

160

180

'"H NMR of 4x

0000

85¢'L

968°€

€€C9
§e¢L'9
S¥L'9
£v8'9
€0g’L
€ce’L
09e°L
89€’L
Soy'L
0ey'L
ey’
€5¥'L
881’ L
L0G°L
PRAIA
865°L
919°L

C

.«NHBoc

5
Q
]
=

9/54

OPPM

S71



BC NMR of 4x
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BC NMR of 5a
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3C NMR of 5b
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"H NMR of 5d
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F NMR of 5d
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3C NMR of 5e
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BC NMR of 5f
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C NMR of 5¢g
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3C NMR of 5h
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