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1. General information

Chemicals and solvents were either purchased from commercial suppliers or purified by standard
techniques. Analytical thin-layer chromatography (TLC) was performed on silicycle silica gel
plates with F-254 indicator and the compounds were visualized by irradiation with UV light. Flash
chromatography was carried out utilizing silica gel 200-300 mesh. *H NMR, *C NMR spectra
were recorded on a Bruker AM-400 spectrometer (400 MHz *H, 100 MHz *3C). The spectra were
recorded in CDClsas solvent at room temperature, *H and **CNMR chemical shifts are reported in
ppm relative to either the residual solvent peak (**C) (5 = 77.00 ppm) or TMS (*H) (5 = 0 ppm) as
an internal standard. Data for 'H NMR are reported as follows: chemical shift (5 ppm),
multiplicity (s = singlet, d = doublet, t = triplet, m = multiplet, dd = doublet), integration, coupling
constant (Hz) and assignment. Data for *C NMR are reported as chemical shift. IR spectra were
recorded using Nicolet NEXUS 670 FT-IR instrument and are reported in wavenumbers (cm™).
HRMS were performed on Thermo Scientific Orbitrap Elite mass instrument (ESI). Enantiomeric
excess values were determined by HPLC employing a Daicel Chirapak AD-H on Waters 600 Delta
or Agilent 1100 series and eluting with i-PrOH and n-hexane solution. Optical rotation was
measured on the Perkin Elmer 341 polarimeter with [a]p values reported in degrees; concentration

(c) is reported in g/100 mL.
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2. General procedure for the synthesis of spiro[indoline-3,2'-pyrrolidin]-2-one

6]
A A 5i (5 mol % or 10 mol %)
Re- O+ R+ NHz R X NO2
Z~N Pz 3 CH,Cl,, reflux,
| Bn ) 3 MgSO,, 12-24 h

To a solution of catalyst 5i (0.01 mmol or 0.02 mmol), isatins 1 (0.2 mmol), nitroalkene 3 (1 mmol) and
MgSO, (1 mmol) in dry CH,CI, (0.5 mL) was added freshly distilled benzylamine 2 (0.2 mmol) under
stirring. After refluxing for 12-24 h, the reaction was completed. The rest of nitroalkene 3 could be
recycled easily when purifying the crude mixture by flash chromatography on silica gel to afford
product 4.

3. Additional optimization for the cascade reaction ®

(o]
NH 5i (10 mol %) AN
° K2
o + g 2 P NO T L e Ph
N solvent, additive o
\ 3a N
1¢ Bn 2a

entry  5i (mol %) solvent  T(C) time(h) vyield(%)"  dr®  ee (%)°

1 10 CHClIj, 10 12 71 10:1 69
2 10 C,H,Cl, 10 12 72 11:1 71

3 10 xylene 10 12 57 8:1 73

4 10 CH,Cl, 0 24 68 12:1 76

5 10 CH.Cl, -10 36 70 n.d. 67

6 20 CH,Cl, 10 4 80 8:1 70

7 15 CH.Cl, 10 4 70 10:1 73

8 5 CH,Cl, 10 15 72 11:1 76

9 3 CH,CI, reflux 5 66 n.d. 72
10 1 CH,Cl, reflux 12 <20 n.d. n.d.
11° 10 CH.Cl, 10 4 74 12:1 60
12f 10 CH,Cl,  reflux 1.5 75 9:1 78
139M 5 CH.Cl,  reflux 12 78 9:1 82
149N 5 CH.,Cl,  reflux 12 76 10:1 81

& Unless otherwise specified, the reaction was carried out with 1 (0.2 mmol), 2a (0.2 mmol), 3a (0.2mmol), and
5i (10 mol %), in the indicated solvent (1.0 mL) at 10 °C. ® The yields were the combined yields of the mixtures of
diastereomers after flash chromatography. ¢ Determined by *H NMR analysis of the crude products. ¢ Determined
by chiral-phase HPLC analysis (AD-H column). ¢ 50 mg 4AMs was added. f 0.6mmol 3a was added. ¢ 120 mg

S3



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

MgSO, was added. " 1mmol 3a was added. ' By using of 2.0 mL CH,Cl,.

4. Characterization data of spiro[indoline-3,2'-pyrrolidin]-2-one

(2'R, 3'S, 4'S, 5'S)-1-benzyl-4'-nitro-3',5'-diphenylspiro[indoline-3,2'-pyrrolidin]-2-one (4a):
white solid; [a]y = -29.2 (c 0.513, CH,Cl,); mp 166-168 °C; The enantiomeric excess was
determined by HPLC with an AD-H column. (n-hexane: i-PrOH = 60:40), 1.0 mL/min, A = 254
NM; trmajory = 12.1 MinN, trminory = 38.2 min, ee : 86%; 'H NMR (400 MHz, CDCl3) 6 7.78 (d, J =
7.6Hz, 2H), 7.55-7.53 (m, 1H), 7.45-7.36 (m, 3H), 7.24-7.02 (m, 10H), 6.89 (d, J = 6.8Hz, 2H),
6.50-6.48 (m, 1H), 6.24-6.18 (m, 1H), 5.55 (d, J = 9.2, 1H), 5.13 (d, J = 16.0Hz, 1H), 4.93 (d, J =
12.0Hz, 1H), 4.57 (d, J = 15.6Hz, 1H), 2.98 (s, 1H); **C NMR (100 MHz, CDCls) & 176.1, 142.0,
137.3,134.7, 131.7, 129.8, 129.5, 128.9, 128.6, 128.5, 128.3, 128.10, 128.05, 127.7, 127.4, 126.8,
124.1,122.7,109.8, 91.6, 71.2, 63.1, 56.3, 44.0; IR (KBr): 3440.6, 1958.1, 1703.7, 1612.4, 1550.5,
1468.5, 1370.8, 1179.9, 747.8, 697.1 cm™; HRMS (ESI) for C3oH2sN303 [M+H] * calcd 476.1969,
found 476.1979.

(2'R, 3'S, 4'S, 5'S)-1-benzyl-4'-nitro-5'-phenyl-3'-(p-tolyl)spiro[indoline-3,2'-pyrrolidin]-2
-one (4b): white solid; [a]> = -45.0 (c 0.200, CH,Cl,); mp 172-174 °C; The enantiomeric excess
was determined by HPLC with an AD-H column. (n-hexane: i-PrOH = 60:40), 1.0 mL/min, A =
254 nm; tr(major) = 12.0 Min, trgminon = 29.9 min, ee : 84%; 'H NMR (400 MHz, CDCl3) 6 7.73 (d, J
= 7.2Hz, 2H), 7.52-7.50 (m, 1H), 7.41-7.38 (m, 2H), 7.35-7.32 (m, 1H), 7.22-7.18 (m, 1H),
7.16-7.12 (m, 2H), 7.11-7.07 (m, 2H), 6.88-6.82 (m, 6H), 6.46-6.44 (m, 1H), 6.13 (dd, J = 10.0Hz,
12.0Hz, 1H), 5.50 (t, J = 7.6Hz, 1H), 5.12 (d, J = 16.0Hz, 1H), 4.84 (d, J = 12.0Hz, 1H), 4.52 (d, J
= 16.0Hz, 1H), 2.91 (d, J = 7.2Hz, 1H), 2.19 (s, 3H); *C NMR (100 MHz, CDCl5) § 176.2, 142.1,
137.8, 137.4, 134.7, 130.0, 129.5, 129.1, 128.9, 128.6, 128.5, 128.1, 127.8, 127.4, 126.8, 124.1,
122.7,109.9, 91.8, 71.2, 63.1, 56.1, 44.0, 21.0; IR (KBr): 3438.7, 1958.9, 1719.3, 1613.7, 1555.0,
1468.4, 1367.4, 1177.5, 754.2, 699.6 cm™; HRMS (ESI) for C31HN305 [M+H] " calcd 490.2125,
found 490.2138.
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(2'R, 3'S, 4'S, 5'S)-1-benzyl-3'-(3,4-dimethylphenyl)-4'-nitro-5'-phenylspiro[indoline-3,2'-
pyrrolidin]-2-one (4c): white solid; [a]y = -78.6 (c 0.280, CH,Cl,); mp 168-170 °C; The
enantiomeric excess was determined by HPLC with an AD-H column. (n-hexane: i-PrOH = 60:40),
1.0 mL/min, A = 254 nm; trgmajory = 10.6 Min, trqminory = 36.8 min, ee : 86%; 'H NMR (400 MHz,
CDCly) & 7.73 (d, J = 7.2Hz, 2H), 7.53-7.51 (m, 1H), 7.40-7.37 (m, 2H), 7.34-7.31 (m, 1H),
7.20-7.16 (m, 1H), 7.13-7.06 (m, 4H), 6.80-6.77 (m, 4H), 6.69 (d, J = 8.0Hz, 1H), 6.43-6.41 (m,
1H), 6.12 (dd, J = 9.6Hz, 11.6Hz, 1H), 5.49 (t, J = 7.2Hz, 1H), 5.16 (d, J = 16.0Hz, 1H), 4.81 (d, J
= 12.0Hz, 1H), 4.48 (d, J = 16.0Hz, 1H), 2.91 (d, J = 6.8Hz, 1H), 2.10 (s, 3H), 2.01 (s, 3H); **C
NMR (100 MHz, CDCl3) 6 176.2, 142.1, 137.4, 136.6, 136.4, 134.7, 130.1, 129.9, 129.5, 129.4,
129.0, 128.9, 128.5, 127.7, 127.3, 126.6, 125.2, 124.1, 122.6, 109.9, 91.9, 71.2, 63.0, 56.1, 44.0,
19.5, 19.3; IR (KBr): 3440.6, 1958.7, 1721.2, 1612.6, 1554.8, 1467.9, 1366.2, 1178.8, 750.7,
699.7 cm™; HRMS (ESI) for Ca,H2gNs03 [M+H] " caled 504.2282, found 504.2296.

(2'R, 3'S, 4'S, 5'S)-1-benzyl-3'-(3-methoxyphenyl)-4*-nitro-5'-phenylspiro[indoline-3,2'-pyr-
rolidin]-2-one (4d): white solid; [a]2 = -40.5 (¢ 0.888, CH,Cl,); mp 160-162 °C; The
enantiomeric excess was determined by HPLC with an AD-H column. (n-hexane: i-PrOH = 60:40),
1.0 mL/min, A = 230 nM; trgmajory = 16.1 Min, tr(minory = 54.9 min, ee : 87%; 'H NMR (400 MHz,
CDCly) & 7.73 (d, J = 7.2Hz, 2H), 7.52-7.50 (m, 1H), 7.41-7.38 (m, 2H), 7.35-7.32 (m, 1H),
7.19-7.14 (m, 3H), 7.11-7.08 (m, 2H), 6.95 (t, J = 8.0Hz 1H), 6.84 (d, J = 6.4Hz, 2H), 6.67 (dd, J
= 2.0Hz, 8.4Hz, 1H), 6.60 (d, J = 7.6Hz, 1H), 6.53 (d, J = 1.6Hz, 1H), 6.47-6.45 (m, 1H), 6.13 (dd,
J = 9.6Hz, 11.6Hz, 1H), 5.51 (d, J = 9.6Hz, 1H), 5.12 (d, J = 16.0Hz, 1H), 4.86 (d, J = 12.0Hz,
1H), 4.52 (d, J = 16.0Hz, 1H), 3.52 (s, 3H), 2.91 (s, 1H); *C NMR (100 MHz, CDCl5) & 176.1,
159.4, 142.2, 137.3, 134.6, 133.2, 129.9, 129.5, 129.4, 128.9, 128.6, 128.5, 127.7, 127.4, 126.6,
124.1, 122.7, 120.5, 114.3, 113.4, 109.9, 91.7, 71.2, 63.1, 56.3, 55.0, 44.0; IR (KBr): 3441.0,
1957.6, 1714.1, 1610.6, 1554.1, 1467.1, 1365.8, 1176.2, 744.4, 699.8 cm™; HRMS (ESI) for
Ca1H27N30, [M+H] * calcd 506.2074, found 506.2093.
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(2'R, 3'S, 4'S, 5'S)-1-benzyl-3'-(naphthalen-2-yl)-4'-nitro-5'-phenylspiro[indoline-3,2*-pyr-
rolidin]-2-one (4e): white solid; [a]7 = -58.3 (¢ 0.120, CH,Cly); mp 120-122 °C; The
enantiomeric excess was determined by HPLC with an AD-H column. (n-hexane: i-PrOH = 60:40),
1.0 mL/min, A = 254 nm; trgmajory = 12.8 Min, trgminory = 27.8 min, ee : 85%; 'H NMR (400 MHz,
CDCl3) & 7.78 (d, J = 7.2Hz, 2H), 7.69-7.67 (m, 1H), 7.63-7.59 (m, 3H), 7.48-7.34 (m, 6H),
7.12-6.99 (m, 4H), 6.72 (t, J = 8.0Hz 2H), 6.62 (d, J = 7.6Hz, 2H), 6.35 (d, J = 7.2Hz, 1H), 6.28
(dd, J = 9.6Hz, 12.0Hz, 1H), 5.59 (t, J = 6.4Hz, 1H), 5.13 (d, J = 16.0Hz, 1H), 5.05 (d, J = 11.6Hz,
1H), 4.45 (d, J = 16.0Hz, 1H), 2.98 (d, J = 6.4Hz, 1H); **C NMR (100 MHz, CDCl3) & 176.1,
142.1, 137.3, 134.4, 133.0, 132.9, 129.9, 129.6, 129.2, 129.0, 128.6, 128.5, 128.4, 128.1, 128.0,
127.8, 127.4, 127.3, 126.4, 126.3, 126.2, 124.9, 124.2, 122.8, 110.0, 91.8, 71.4, 63.3, 56.6, 44.0;
IR (KBr): 3438.8, 1958.5, 1718.3, 1613.1, 1554.9, 1468.2, 1367.4, 1177.7, 749.8, 699.6 cm™;
HRMS (ESI) for C34H»7N305 [M+H]* calcd 526.2125, found 526.2140.

NO,

(2'R, 3'S, 4'S, 5'S)-1-benzyl-3'-(4-bromophenyl)-4'-nitro-5'-phenylspiro[indoline-3,2'-pyr
-rolidin]-2-one (4f): white solid; [a]> = -20.0 (c 0.848, CH,Cl,); mp 158-160 °C; The
enantiomeric excess was determined by HPLC with an AD-H column. (n-hexane: i-PrOH = 60:40),
1.0 mL/min, A = 230 nM; trgmajory = 18.1 Min, tr(minory = 22.2 min, ee : 82%; 'H NMR (400 MHz,
CDCly) 8 7.72 (d, J = 6.8Hz, 2H), 7.51-7.49 (m, 1H), 7.42-7.33 (m, 3H), 7.24-7.19 (m, 3H),
7.16-7.08 (m, 4H), 6.84-6.80 (m, 4H), 6.51 (d, J = 7.2Hz, 1H), 6.08 (dd, J = 9.6Hz, 12.0Hz, 1H),
5.51 (d, J = 9.6Hz, 1H), 5.11 (d, J = 16.0Hz, 1H), 4.80 (d, J = 11.6Hz, 1H), 4.51 (d, J = 16.0Hz,
1H), 2.90 (s, 1H); BC NMR (100 MHz, CDCls) 6 175.8, 142.1, 137.2, 134.6, 131.5, 130.7, 129.9,
129.8, 129.5, 129.0, 128.6, 128.5, 127.8, 127.6, 126.8, 124.0, 122.9, 122.4, 110.0, 91.3, 70.9, 62.9,
55.7, 44.0; IR (KBr): 3439.0, 1958.2, 1717.4, 1612.6, 1554.5, 1489.4, 1366.0, 1176.6, 754.7,
700.0 cm™; HRMS (ESI) for C5H»4BrNzO5 [M+H] " caled 554.1074, found 554.1091.
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(2'R, 3'S, 4'S, 5'S)-1-benzyl-3'-(4-chlorophenyl)-4'-nitro-5'-phenylspiro[indoline-3,2'-pyr
-rolidin]-2-one (4g): white solid; [a]p = -19.4 (c 0.412, CH,Cl,); mp 167-169 °C; The
enantiomeric excess was determined by HPLC with an AD-H column. (n-hexane: i-PrOH = 60:40),
1.0 mL/min, A = 254 nm; trgmajory = 18.1 Min, trgminory = 24.6 min, ee : 80%; 'H NMR (400 MHz,
CDCl3) & 7.73 (d, J = 7.2Hz, 2H), 7.51-7.50 (m, 1H), 7.42-7.33 (m, 3H), 7.23-7.16 (m, 3H),
7.15-7.09 (m, 2H), 6.99 (d, J = 8.4Hz, 2H), 6.89 (d, J = 8.4Hz, 2H), 6.83 (d, J = 6.4Hz, 2H), 6.51
(d, J = 7.2Hz, 1H), 6.08 (dd, J = 9.6Hz, 12.0Hz, 1H), 5.51 (d, J = 9.2Hz, 1H), 5.10 (d, J = 16.0Hz,
1H), 4.82 (d, J = 12.0Hz, 1H), 4.52 (d, J = 16.0Hz, 1H), 2.90 (s, 1H); *C NMR (100 MHz, CDCl5)
5 175.9, 142.1, 137.2, 134.6, 134.2, 130.2, 129.8, 129.6, 129.1, 128.6, 128.59, 128.58, 127.8,
127.6, 126.8, 124.0, 122.9, 110.0, 91.4, 71.0, 63.0, 55.6, 44.0; IR (KBr): 3440.7, 1957.8, 1721.5,
1613.0, 1554.7, 1468.3, 1366.9, 1178.6, 754.3, 699.6 cm™; HRMS (ESI) for C3oH24CIN;O; [M+H]
* calcd 510.1579, found 510.1596.

(2'R, 3'S, 4'S, 5'S)-1-benzyl-3'-(furan-2-yl)-4'-nitro-5'-phenylspiro[indoline-3,2*-pyrrolidin]
-2-one (4h): white solid; [a]> = -36.4 (c 0.834, CH,Cl,); mp 165-167 °C; The enantiomeric
excess was determined by HPLC with an AD-H column. (n-hexane: i-PrOH = 60:40), 1.0 mL/min,
A = 230 NM; trmajory = 12.6 Min, trminory = 54.1 min, ee : 78%; 'H NMR (400 MHz, CDClI5) 6 7.65
(d, J = 7.2Hz, 2H), 7.41-7.34 (m, 4H), 7.30-7.22 (m, 5H), 7.13 (t, J = 7.6Hz, 1H), 7.03-6.97 (m,
2H), 6.64 (d, J = 8.0Hz, 1H), 6.12 (t, J = 9.6Hz, 1H), 6.02 (dd, J = 2.0Hz, 2.8Hz, 1H), 5.90 (d, J =
3.2Hz, 1H), 5.46 (t, J = 8.8Hz, 1H), 5.16 (d, J = 16.0Hz, 1H), 5.01(d, J = 10.0Hz, 1H), 4.72 (d, J =
16.0Hz, 1H), 3.00 (d, J = 8.4Hz, 1H); B3¢ NMR (100 MHz, CDCl3) & 175.6, 147.2, 142.4, 142.2,
136.3, 135.1, 129.5, 129.4, 129.0, 128.7, 128.6, 127.7, 127.5, 127.3, 124.3, 122.7, 110.1, 109.6,
108.1, 91.4, 70.4, 64.2, 50.9, 44.2; IR (KBr): 3440.4, 1957.9, 1713.3, 1612.4, 1555.2, 1468.4,
1370.3, 1180.6, 736.7, 698.3 cm™; HRMS (ESI) for CygH23N304 [M+H] ™ caled 466.1761, found
466.1771.
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(2’R, 3'S, 4'S, 5'S)-1-benzyl-3'-(4-fluorophenyl)-4'-nitro-5'-phenylspiro[indoline-3,2*-pyr-
rolidin]-2-one (4i): white solid; [a]> = -31.1 (c 0.418, CH.Cl,); mp 173-175 °C; The
enantiomeric excess was determined by HPLC with an AD-H column. (n-hexane: i-PrOH = 60:40),
1.0 mL/min, A = 254 nm; trgmajory = 14.5 Min, trgminory = 30.5 min, ee : 80%; 'H NMR (400 MHz,
CDCly) 6 7.74 (d, J = 7.2Hz, 2H), 7.50 (d, J = 6.8Hz, 1H), 7.43-7.33 (m, 3H), 7.23-7.16 (m, 3H),
7.14-7.08 (m, 2H), 6.94 (dd, J = 5.2Hz, 8.4Hz, 2H), 6.87 (d, J = 6.4Hz, 2H), 6.71 (t, J = 8.4Hz,
2H), 6.52 (d, J = 7.6Hz, 1H), 6.08 (dd, J = 9.6Hz, 12.0Hz, 1H), 5.51 (d, J = 9.2Hz, 1H), 5.08 (d, J
= 16.0Hz, 1H), 4.84 (d, J = 12.0Hz, 1H), 4.55 (d, J = 16.0Hz, 1H), 2.91 (s, 1H); *C NMR (100
MHz, CDCly) 8 176.0, 163.7, 161.2, 142.1, 137.3, 134.7, 129.9, 129.84, 129.77, 129.7, 129.1,
128.7, 128.6, 127.8, 127.7, 127.59, 127.56, 126.9, 124.0, 122.9, 115.5, 115.3, 110.0, 91.7, 71.1,
63.1, 55.6, 44.1; IR (KBr): 3438.8, 1958.2, 1721.4, 1613.3, 1553.9, 1468.7, 1367.3, 1179.5, 755.2,
700.5 cm™; HRMS (ESI) for CaoH24FN30;3 [M+H]" calcd 494.1874, found 494.1892.

(2'R, 3'S, 4'S, 5'S)-1-benzyl-5'-(2-fluorophenyl)-3'-(3-methoxyphenyl)-4'-nitrospiro[indoline-
3,2'-pyrrolidin]-2-one (4j): white solid; [a]> = -66.4 (c 0.256, CH,Cl,); mp 173-175 °C; The
enantiomeric excess was determined by HPLC with an AD-H column. (n-hexane: i-PrOH = 60:40),
1.0 mL/min, A = 254 nm; trgmajory = 11.1 Min, trgmino = 28.8 min, ee : 85%; 'H NMR (400 MHz,
CDCly) & 8.12-8.08 (m, 1H), 7.54-7.52 (m, 1H), 7.35-7.27 (m, 2H), 7.23-7.14 (m, 3H), 7.12-7.03
(m, 3H), 6.98 (t, J = 8.0Hz, 1H), 6.89-6.87 (m, 2H), 6.69-6.67 (m, 1H), 6.62 (d, J = 7.6Hz 1H),
6.54-6.49 (m, 2H), 6.17 (dd, J = 9.2Hz, 10.8Hz, 1H), 5.90 (d, J = 9.2Hz, 1H), 5.14 (d, J = 16.0Hz,
1H), 4.87 (d, J = 10.8Hz, 1H), 4.57 (d, J = 16.0Hz, 1H), 3.55 (s, 3H), 2.93 (s, 1H); *C NMR (100
MHz, CDCl3) 6 175.8, 161.5, 159.5, 159.1, 142.3, 134.7, 133.4, 130.43, 130.35, 129.7, 129.5,
129.33, 129.30, 128.7, 127.5, 126.7, 124.62, 124,58, 124.3, 124.2, 124.1, 122.8, 120.6, 115.2,
114.9, 114.3, 113.4, 110.0, 91.7, 71.4, 57.3, 56.61, 56.56, 55.1, 44.1; IR (KBr): 3442.4, 1957.7,
1711.4, 1607.1, 1553.1, 1465.3, 1364.7, 1174.9, 759.3, 700.2 cm™*; HRMS (ESI) for C31H26FN304
[M+H] " calcd 524.1980, found 524.1999.
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(2'R, 3'S, 4'S, 5'S)-1-benzyl-5'-(4-fluorophenyl)-3'-(3-methoxyphenyl)-4'-nitrospiro[indoline-
3,2'-pyrrolidin]-2-one (4k): white solid; [a]y = -35.8 (¢ 0.614, CH.Cl,); mp 186-188 °C; The
enantiomeric excess was determined by HPLC with an AD-H column. (n-hexane: i-PrOH = 60:40),
1.0 mL/min, A = 254 nm; trgmajory = 20.0 Min, trgminory = 45.0 min, ee : 86%; 'H NMR (400 MHz,
CDCly) § 7.76-7.73 (m, 2H), 7.51-7.49 (m, 1H), 7.20-7.13 (m, 3H), 7.12-7.05 (m, 4H), 6.95 (t, J =
8.0Hz, 1H), 6.85-6.83 (m, 2H), 6.67 (dd, J = 2.0Hz, 8.0Hz, 1H), 6.58 (d, J = 7.6Hz 1H), 6.51 (s,
1H), 6.48-6.46 (m, 1H), 6.11 (dd, J = 9.6Hz, 11.6Hz, 1H), 5.50 (d, J = 9.6Hz, 1H), 5.12 (d, J =
16.0Hz, 1H), 4.82 (d, J = 12.0Hz, 1H), 4.54 (d, J = 16.0Hz, 1H), 3.53 (s, 3H), 2.84 (s, 1H); °C
NMR (100 MHz, CDCl3) 6 176.2, 164.2, 161.8, 159.4, 142.2, 134.6, 133.4, 133.3, 133.0, 130.0,
129.66, 129.65, 129.6, 129.4, 128.7, 127.5, 126.6, 124.0, 122.8, 120.5, 115.6, 115.4, 114.3, 113.4,
110.0, 91.3, 71.0, 62.0, 55.7, 55.0, 44.1; IR (KBr): 3441.8, 1957.2, 1714.2, 1606.8, 1554.9, 1467.5,
1366.9, 1176.9, 755.5, 698.0 cm™; HRMS (ESI) for Ca31H6FN3O, [M+H] ¥ caled 524.1980, found
524.1994.

(2'R, 3'S, 4'S, 5'S)-1-benzyl-5'-(4-bromophenyl)-3'-(3-methoxyphenyl)-4'-nitrospiro[indoline
-3,2'-pyrrolidin]-2-one (41): white solid; [a]d = -35.1 (¢ 0.570, CH,Cl,); mp 190-192 °C; The
enantiomeric excess was determined by HPLC with an AD-H column. (n-hexane: i-PrOH = 60:40),
1.0 mL/min, A = 254 nm; trgmajor) = 23.6 MiN, tr(minory = 61.5 min, ee : 86%; 'H NMR (400 MHz,
CDCly) 6 7.64 (d, J = 8.4Hz, 2H), 7.52-7.48 (m, 3H), 7.20-7.14 (m, 3H), 7.12-7.08 (m, 2H), 6.95
(t, J = 8.0Hz, 1H), 6.84-6.82 (m, 2H), 6.67 (dd, J = 2.0Hz, 8.0Hz, 1H), 6.58 (d, J = 8.0Hz, 1H),
6.51-6.46 (m, 2H), 6.12 (dd, J = 9.6Hz, 12.0Hz, 1H), 5.46 (d, J = 9.2Hz, 1H), 5.12 (d, J = 16.0Hz,
1H), 4.80 (d, J = 12.0Hz, 1H), 4.52 (d, J = 16.0Hz, 1H), 3.53 (s, 3H), 2.82 (s, 1H); *C NMR (100
MHz, CDCl3) 6 176.1, 159.4, 142.2, 136.7, 134.6, 132.9, 131.6, 129.9, 129.7, 129.5, 129.4, 128.7,
127.5, 126.6, 124.0, 123.1, 122.8, 120.5, 114.4, 113.4, 110.0, 91.1, 70.9, 62.0, 55.7, 55.0, 44.0; IR
(KBr): 3439.8, 1954.7, 1716.5, 1605.4, 1555.4, 1467.2, 1364.0, 1175.8, 755.7, 697.8 cm™; HRMS
(ESI) for C3;H,6BrN3;O, [M+H] " caled 584.1179, found 584.1203.
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(2’R, 3'S, 4'S, 5'S)-1-benzyl-3'-(3-methoxyphenyl)-4'-nitro-5'-(p-tolyl)spiro[indoline-3,2'-
pyrrolidin]-2-one (4m): white solid; [a]> = -40.6 (¢ 0.616, CH,Cl,); mp 188-190 °C; The
enantiomeric excess was determined by HPLC with an AD-H column. (n-hexane: i-PrOH = 60:40),
1.0 mL/min, A = 254 nm; trgmajory = 17.7 MiN, trgminory = 56.2 min, ee : 81%; 'H NMR (400 MHz,
CDCl,) & 7.59 (d, J = 7.6Hz, 2H), 7.52-7.50 (m, 1H), 7.21-7.16 (m, 5H), 7.12-7.06 (m, 2H), 6.95
(t, J = 8.0Hz, 1H), 6.84 (d, J = 6.8Hz, 2H), 6.67 (dd, J = 2.4Hz, 8.4Hz, 1H), 6.59 (d, J = 7.6Hz
1H), 6.52 (s, 1H), 6.47-6.45 (m, 1H), 6.11 (dd, J = 9.6Hz, 11.6Hz, 1H), 5.48 (d, J = 9.2Hz, 1H),
5.13 (d, J = 16.0Hz, 1H), 4.84 (d, J = 12.0Hz, 1H), 4.53 (d, J = 16.0Hz, 1H), 3.53 (s, 3H), 2.95 (s,
1H), 2.34 (s, 3H); *C NMR (100 MHz, CDCls) 5 176.0, 159.4, 142.2, 138.8, 134.7, 134.1, 133.4,
130.0, 129.5, 129.34, 129.27, 128.7, 127.6, 127.4, 126.6, 124.1, 122.7, 120.6, 114.3, 113.4, 109.9,
92.1,71.3, 63.3, 56.6, 55.0, 44.0, 21.2; IR (KBr): 3441.0, 1957.3, 1716.1, 1604.4, 1553.9, 1466.2,
1363.8, 1259.8, 1175.6, 740.8, 698.8 cm™; HRMS (ESI) for C3,H29N30, [M+H] * calcd 520.2231,
found 520.2246.

MeO

(2'R, 3'S, 4'S, 5'S)-1-benzyl-3'-(3-methoxyphenyl)-5'-(4-methoxyphenyl)-4'-nitrospiro[indol-
ine-3,2'-pyrrolidin]-2-one (4n): white solid, [a]> = -32.6 (c 0.644, CH,Cl,); mp 162-164 °C;
The enantiomeric excess was determined by HPLC with an AD-H column. (n-hexane: i-PrOH =
60:40), 1.0 mL/min, A = 254 nM; trmajory = 22.2 MIN, trminory = 75.2 MiN, ee : 77%; 'H NMR (400
MHz, CDCl,) 6 7.64 (d, J = 8.4Hz, 2H), 7.52-7.50 (m, 1H), 7.19-7.08 (m, 5H), 6.97-6.90 (m, 3H),
6.83 (d, J = 6.4Hz, 2H), 6.7 (d, J = 6.8Hz, 1H), 6.59 (d, J = 7.6Hz, 1H), 6.52 (s, 1H), 6.47-6.45 (m,
1H), 6.12-6.07 (m, 1H), 5.47 (d, J = 9.6Hz, 1H), 5.13 (d, J = 16.0Hz, 1H), 4.84 (d, J = 11.6Hz,
1H), 453 (d, J = 16.0Hz, 1H), 3.78 (s, 3H), 3.52 (s, 3H), 2.90 (s, 1H); **C NMR (100 MHz,
CDCly) 6 176.1, 160.0, 159.4, 142.2, 134.6, 133.3, 130.0, 129.5, 129.3, 129.2, 129.0, 128.6, 127.4,
126.6, 124.1, 122.7, 120.1, 114.3, 113.9, 113.4, 109.9, 91.8, 71.1, 62.8, 56.3, 55.2, 55.0, 44.0; IR
(KBr): 3442.7, 1957.4, 1719.4, 1610.7, 1554.2, 1467.2, 1367.2, 1176.5, 753.9, 697.5 cm™; HRMS
(ESI) for C3,H9N305 [M+H] * caled 536.2180, found 536.2194.
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(2'R, 3'S, 4'S, 5'S)-1-benzyl-5-chloro-4'-nitro-3',5'-diphenylspiro[indoline-3,2'-pyrrolidin]
-2-one (40): white solid; [a]> = -67.6 (c 0.444, CH,Cl,); mp 98-100 °C; The enantiomeric excess
was determined by HPLC with an AD-H column. (n-hexane: i-PrOH = 60:40), 1.0 mL/min, A =
267 nMm; tr(major) = 10.2 Min, trgminory = 38.7 min, ee : 80%; 'H NMR (400 MHz, CDCly) 6 7.74 (d, J
= 7.2Hz, 2H), 7.46 (d, J = 2.0Hz, 1H), 7.43-7.40 (m, 2H), 7.38-7.34 (m, 1H), 7.22-7.13 (m, 4H),
7.10-7.05 (m, 3H), 7.00 (d, J = 7.2Hz, 2H), 6.86 (d, J = 6.8Hz, 2H), 6.37 (d, J = 8.4Hz, 1H), 6.13
(dd, J = 9.6Hz, 12.0Hz, 1H), 5.49 (d, J = 9.2Hz, 1H), 5.07 (d, J = 15.6Hz, 1H), 4.89 (d, J =
11.6Hz, 1H), 4.55 (d, J = 16.0Hz, 1H), 2.94 (s, 1H); **C NMR (100 MHz, CDCl5) & 175.8, 140.6,
137.0, 134.3, 131.7, 131.4, 129.4, 129.1, 128.8, 128.64, 128.58, 128.3, 128.2, 128.1, 127.73,
127.70, 126.9, 124.6, 110.8, 91.3, 71.4, 63.3, 56.4, 44.2; IR (KBr): 3442.9, 1955.7, 1712.6, 1609.6,
1553.6, 1455.7, 1357.1, 1174.6, 745.3, 698.4 cm™; HRMS (ESI) for CsoH,4CIN;O3 [M+H] * calcd
510.1579, found 510.1585.

NO,
HN
\©\§n O©
4p

(2'R, 3'S, 4'S, 5'S)-1-benzyl-5-methyl-4'-nitro-3',5'-diphenylspiro[indoline-3,2'-pyrrolidin]
-2-one (4p): white solid; [a]d = -72.3 (¢ 0.650, CH,Cl,); mp 176-178 °C; The enantiomeric
excess was determined by HPLC with an AD-H column. (n-hexane: i-PrOH = 60:40), 1.0 mL/min,
A = 254 nm; trmajory = 15.5 Min, trminor) = 46.6 min, ee : 82%; 'H NMR (400 MHz, CDCl3) 6 7.79
(d, J = 7.2Hz, 2H), 7.45-7.35 (m, 4H), 7.20-7.14 (m, 4H), 7.09-7.02 (m, 4H), 6.94-6.86 (m, 3H),
6.37 (d, J = 8.0Hz, 1H), 6.21 (t, J = 10.8Hz, 1H), 5.55 (d, J = 9.2Hz, 1H), 5.11 (d, J = 16.0Hz, 1H),
4.91 (d, J = 12.0Hz, 1H), 4.55 (d, J = 16.0Hz, 1H), 2.97 (s, 1H), 2.40 (s, 3H); **C NMR (100 MHz,
CDCly) 6 176.0, 139.7, 137.4, 134.8, 132.3, 131.8, 129.9, 129.7, 128.9, 128.6, 128.5, 128.3, 128.2,
128.0, 127.8, 127.4, 126.8, 124.8, 109.6, 91.6, 71.3, 63.1, 56.2, 44.0, 21.2; IR (KBr): 3445.2,
1958.3, 1709.3, 1615.5, 1553.4, 1494.3, 1367.4, 1165.7, 746.1, 698.9 cm™; HRMS (ESI) for

C31H27N305 [M+H] " caled 490.2125, found 490.2141.
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(2'R, 3'S, 4'S, 5'S)-1-benzyl-6-chloro-4'-nitro-3',5'-diphenylspiro[indoline-3,2'-pyrrolidin]
-2-one (4q): white solid; [0]d = -25.2 (c 0.220, CH,Cl,); mp 190-192 °C; The enantiomeric
excess was determined by HPLC with an AD-H column. (n-hexane: i-PrOH = 60:40), 1.0 mL/min,
A =220 nm; trmajory = 19.0 Min, trminory = 35.3 min, ee : 81%; 'H NMR (400 MHz, CDCl3) 6 7.72
(d, J = 7.2Hz, 2H), 7.42-7.33 (m, 4H), 7.25-7.13 (m, 4H), 7.08-7.04 (m, 3H), 6.98 (d, J = 7.6Hz,
2H), 6.88-6.86 (m, 2H), 6.46 (d, J = 1.6Hz, 1H), 6.12 (dd, J = 9.6Hz, 12.0Hz, 1H), 5.47 (d, J =
9.6Hz, 1H), 5.07 (d, J = 16.0Hz, 1H), 4.88 (d, J = 11.6Hz, 1H), 4.52 (d, J = 16.0Hz, 1H), 2.91 (s,
1H); BC NMR (100 MHz, CDCly) 6 176.2, 143.4, 137.1, 135.2, 134.1, 1315, 129.1, 128.8,
128.59, 128.56, 128.4, 128.3, 128.0, 127.72, 127.69, 126.8, 125.0, 122.6, 110.4, 91.4, 70.9, 63.2,
56.3, 44.2; IR (KBr): 3440.0, 1957.8, 1729.0, 1608.3, 1554.4, 1490.8, 1372.8, 1179.7, 744.7,
699.7 cm™; HRMS (ESI) for C30H24CIN;O5 [M+H] * calcd 510.1579, found 510.1596.

(2'R, 3'S, 4'S, 5'S)-1-benzyl-6-bromo-4'-nitro-3',5'-diphenylspiro[indoline-3,2’-pyrrolidin]
-2-one (4r): white solid; [a]> = -24.2 (c 0.784, CH,Cl,); mp 194-196 °C; The enantiomeric
excess was determined by HPLC with an AD-H column. (n-hexane: i-PrOH = 60:40), 1.0 mL/min,
A =220 nm; trmajory = 19.4 Min, trminor) = 35.3 min, ee : 83%; 'H NMR (400 MHz, CDCl3) 6 7.71
(d, J = 7.2Hz, 2H), 7.42-7.38 (m, 2H), 7.36-7.33 (m, 2H), 7.23-7.16 (m, 4H), 7.13 (d, J = 7.2Hz,
1H), 7.06 (t, J = 7.6Hz, 2H), 6.97 (d, J = 7.2Hz, 2H), 6.87 (d, J = 6.4Hz, 2H), 6.61 (d, J = 1.6Hz,
1H), 6.11 (dd, J = 9.6Hz, 11.6Hz, 1H), 5.46 (d, J = 9.2Hz, 1H), 5.06 (d, J = 16.0Hz, 1H), 4.87 (d,
J = 11.6Hz, 1H), 4.51 (d, J = 16.0Hz, 1H), 2.91 (s, 1H); B3C NMR (100 MHz, CDCls) 6 176.1,
1435, 137.1, 134.1, 131.5, 129.0, 128.9, 128.8, 128.6, 128.3, 128.0, 127.72, 127.69, 126.8, 125.6,
125.3,123.1, 113.1, 91.4, 91.0, 63.2, 56.2, 44.2; IR (KBr): 3440.1, 1956.0, 1726.9, 1604.3, 1554.2,
1487.0, 1372.0, 1179.1, 740.9, 699.5 cm™; HRMS (ESI) for C3oHBrN;O; [M+H] * calcd
554.1074, found 554.1090.
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5. X-ray Crystallographic data of 4f

Empirical formula Cs0H2uN;05Br
Formula weight 554. 43
Temperature/K 293 (2)
Crystal system orthorhombic
Space group P2,2,2,

a/A 11. 4213 (5)
b/A 13. 1929 (4)
c/A 17. 2730 (5)
a/° 90. 00

B/° 90. 00

Y/° 90. 00
Volume/A’ 2602. 68 (16)
7 4

0 cuemg/mm’ 1. 415

m/mm ' 1.616

F (000) 1136.0
Crystal size/mm’ 0.28 X 0.16 X 0.11

®
2@ range for data 5.92 to 52.74°
collection

8 <h<14, -6 <k=<l6 21 <1
21
Reflections collected 9098
Independent reflections 5296 [R(int) = 0.0404]
Data/restraints/parameters 5296/0/338
Goodness—of—fit on F* 1. 025
Final R indexes [1>=20 (I)]R, 0. 0530, wR, 0.0731
Final R indexes [all data] R, = 0.1025, wR, = 0.0883
Largest diff. peak/hole / e
A*S
Flack parameter -0. 005(8)

Index ranges

0.33/-0. 37
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PL1W 13.75500801 W
SFO1 400.1324710 MHz
51 32768
SF 400.1300140 MHz
WOW EM
SEB 0
LB 0.30 Hz
GB 0
PC 1.00
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NAME TL-4-Br

o - EXPNO o 30

= PROCNO ° 1
= b Date_ 20130112
-+ o Time 28.52

e e e

/ XX\&\%;‘&\\ e ey o5
PROBHD 5 mm PABEQ EBB-
PULPROG zg30

TD 65536
SOLVENT cDC13

i 8

DS 2

SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.0846387 sec
RG 80.6

DR 60.800 usec
DE 6.50 usec
TE 291.3 K
D1 1.00000000 sec
00 1
======== CHANNEL fl ========
NUC1 1H

P1 14.70 usec
PLL -1.00 dB
PLLW 13.75590801 W
SFO1 400.1324710 MHz
s8I 32768

SF 400.1300113 MHz
WDW EM

SEB 0

LE 0.30 Hz
GB 0

PC 1.00

A A
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2.904

NAME TL-4-c1
EXPNO < 10
PROCNO =
Date_ 2030112

Time ©29.15
INSTRUM pect
PROBHD & mm Ermwm BBE-
PULPROG zg30

hio) 65536
SOLVENT cpcl3

NS 16

DE 2

SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 101

Dl 60.800 usec
DE 6.50 usec
TE 291.4 K
Dl 1. oooooooo sec
DO

======== CHANNEL fl ========
NUC1

Pl :..\.D usec
PL1 -1.00 dB
PLIW 13.75550801 W
SFOL 400.1324710 MHz
SI 32768

SF 400.1300105 MHz
WOW EM

SSB 0

LE 0.30 Hz
GE 0

PC 1.00

Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2013

T 1
10 05 00 ppm

S26



Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013

00L OLL OcL 0€L OvlI O0SFL 09FL 0L 08FL 06FL 002

06

o [93 ov 0s 09 [

oL

wdd ¢

"

ol

S27

—175.

vy

-
}\\izg:

127
\‘&127.
\125.
\123.
122

110

—091

77.
<37

76.
—70.

—62.9

—55.6

/—142.
137.
l/r134.
//:134.

Y/
y ars

a5

a7
17

17
23
79
55

.63
59
58
.76

18
99
.91
.03

.40

L01

10-¥



Electronic Supplementary Material (ESI) for Chemical Communications

This journal is © The Royal Society of Chemistry 2013

0

o= @ EXPNO =3 10

=0 PROCNO = 1

K Date_ 20530122
Time 21.46
INSTRUM spect
PROBHD 5 mm PABRO BB—
PULPROG zg30
™ 65536
SOLVENT cpcl3
NS 16
DS 2
SWH 223,685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 114
D 60.800 usec
DE 6.50 usec
TE 291.6 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
NUC1 1H
Pl 14.70 usec
PL1 -1.00 dB
DLLW 13.75580801 W
SFO1 400.1324710 MHz
sI 32768
SF 400.1300091 MHz
WOW EM
SSB 0
LB 0.30 Hz
GB 0
BC 1.00

&
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o
o
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NAME TLd-36c
S 20

-

= EXPNO

= DPROCNO = 1

« Date_ 20120404
Time 8.52

_ IHSTRUM spect
PROBHD & mm PABED BB-
PULPROG zg30
™ 65536
SOLVENT cpcl3
NS 16
Dg 2
SWH 223,685 Hz
FIDRES 0.1254%3 Hz
AQ 3.9846387 sec
RG 80.6
D 60.800 usec
DE 6.50 usec
TE 297.3 K
D1 1.00000000 sec
DO 1
======== CHANNEL fl ========
NUC1 1H
Pl 14.70 usec
PLL -1.00 dB
DLLW 13.75580801 W
SFO1 400.1324710 MHz
sI 32768
SF 400.1300103 MHz
WDW EM
SSB 0
LE 0.30 Hz
GB 0
PC 1.00

T T T T T T T T T T T T T T T T T T T T 1
9.5 9.0 8.5 8.0 7.5 7. 6.0 55 5.0 4.5 4.0 3.5 3.0 25 20 1.5 1.0 0.5 0.0 ppm
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w0 <+ NAME TL<d-36d

o o EXPNO S 20

o @ PROCNO < 1

) o Date_ 20230404
Time 9.43
INSTRUM spect
PROBHD 5 mm PABBO BE-
PULPROG zg30
™ 65536
SOLVENT cDCl3
NS 16
DE 2
SWH 2223.685 Hz
FIDRES 0.125483 Hz
AQ 3.0846387 sec
RG 90.5
Did 60.800 usec
DE £.50 usec
TE 295.3 K
D1 1.00000000 sec
DO 1
======== CHANNEL [l ========
NUC1 1H
Pl 14.70 usec
PLL -1.00 dB
PLIW 13.75530801 W
SFO1 400.1324710 MHz
SI 32768
SF 400.1300100 MHz
WOW EM
SSB 0
LB 0.20 Hz
GB 0
PC 1.00

T T
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NAME TL-4-36a

S o~ w < 0 EXPNO o 20
@ 3 W oW MW o~ o o PROCNO =
el e e < o “ Date_ 20130404
e o ~ 8 Time S8.00
x\\\a\%&{\\_\_\\\_\‘\ 7 7 _ INSTRUM Wumnn
PROBHD & mm PABBD BE-
" “ PULPROG zg30
TD 65536
SOLVENT cpel3
NS 16
De 2
SWH 8223.685 Hz
FIDRES 0.125483 Hz
AQ 3.4846387 zec
RG 80.6
oW 60.800 usec
DE §.50 usec
TE 296.5 K
D1 1.00000000 sec
DO 1
======== CHANNEL fl ========
HUCL 1H
Pl 14.70 usec
PLL -1.00 dB
PLIW 13,75590801 W
SFO1 400.1324710 MHz
sI 32758
SF 400.1300121 MHz
WOW EM
SSB 0
LB 0.30 Hz
GE 0
PC 1.00

T T T T T T T T T T T T T T T |
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NALE TL-A-36b
o 10

FOEMOOFNOOANMNAUNYHIOT DO HNOW NN M0 WNYY W — o =] EXFNO
I e e T R R T R R s = i R R R S e R I e R R R R o o =1 FROCNO =1 1
B A e e e e e i e S A S B N A A Toon o Date 20430415
PP~ = P~ P~ [~ (= P~ (= [~ [~ [~ [~ D0 0010010100 0100 010100V LH N = o [l 3] Time 114.11
B N A | | i et
PROBHD 5 mm PABRO BB—
@ ¢ “ & PULPROG 2g30
has) 65536
SOLVENT CDC13
NS 8
DS 2
SWH 8223.685 Hz
FIDRES 0.1254283 Hz
AQ 3.9846387 sec
RG 80.6
DW £0.800 usec
DE 6.50 usec
TE 293.8 K
D1 1.00000000 sec
TDO 1
======== CHANNEL fl ========
NOUC1 1H
Pl 12.00 usec
PLL -3.00 dB
PLIW 22.90425682 W
SFO1 400.1324710 MHz
_<_mo 3 327568
SF 400.1300113 MHz
WDW EM
SEB 0
LE 0.30 Hz
GE 0
PC 1.00
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FOENOLOENEOO AN~ OYMOWEORDIHNYAAMNOASTATFOFAONM T AND D =3 HAME TL-4-44a-5C1
FANEUM AN A OO~ OO MO R OWW A0 GTRWHLNMND DD OO~ 0 bl EXPNO © 10
L e R e R T R R B e R R R R R R R R R R R R T R @ PROCND =

T A A A 7777 B T T ST g « Date 20150417

\k\\\. > Thmsams aot

PULPROG zg30

kool 65536
SOLVENT cpcl3

NE 8

D8 2

SWH 223,685 Hz
FIDRES 0.125483 Hz
AQ 3.0846387 sec
RG 128

DW 60.800 usec
DE 6.50 usec
TE 295.4 K
D1 1. Daaococa sec
TDO

======== CHANNEL fl ========
NUC1

P1 :..\.D usec
PLL -1.00 dB
PLIW 13.75590801 W
SFOL 400.1324710 MHz
sI 32768

SF 400.1300086 MHz
WOW EM

SSB 0

LE 0.30 Hz
GE 0

PC 1.00
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T—5.090
———4.921
TT—4.801
——4.567

T—4.527
— 2.969

—2.403

_—5.130

TL-4-43b
o 10

- 1
27130415
< 14.36
spect

& mm m&*WO BB-
2g30

65536
€Dcl3
g

2
2223.685 Hz
0.125483 Hz

3.0846387 sec
1.8
60.800 usec

294.3 K
1.00000000 sec
1

CHENNEL f1 ========

1H
12.00 usec
-3.00 dB
22.90425682 W
400.1324710 MHz
32768
400.1300000 MHz
EM

0
0.30 Hz

0
1.00

.22

Wy o e e
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NAME TL-4-43¢
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HF AN ANNE A AN O AMONTOO DA NOWOWMO RN o0 W EXPHO o 30
R B R B e e Lo R < DROCHD S 7
MMMENH IS OO0 EE @ e o T oo m® 0 ES
rmnaaaaaaaaaeeenaeesaTaaeTTeeas : Date_ 20730407
T S PR RT o Time <13.58
s e R
PROBHD 5 mm PABBO EBB-
:% PULPROG zg30
D 65536
SOLVENT cDC13
NS 16
DS 2
SWH 2223.685 Hz
FIDRES 0.125483 Hz
AQ 3.9846387 sec
RG 20.6
DW 60.800 usec
DE 6.50 usec
TE 293.5 K
o1 1,00000000 sec
DO 1
======== CHANNEL fl ========
NUC1 1H
Pl 14.70 usec
PLL -1.00 dB
PLIW 13.75590801 W
SFO1 400.1324710 MHz
5T 32758
SF 400.13001189 MHz
WOW EM
SEB 0
LE 0.30 Hz
GB 0
PC 1.00
T T T T T T T T T T T T T T T 1
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7. HPLC spectra

4a: HPLC analysis using chiral AD-H Column (n-hexane:i-PrOH =60:40, 1.0 mL/min)

DAD1 A, Sig=254 4 Ref=360,100 (TIANLNEN-CH2CL2-4-48A-RAC.D)
mAU ] g
] &
70 T[
\‘
50 ’ ‘
40 H ‘
30—2 |
]
; | |
10—_ | ‘ ."I lII
] ‘ | | / \
0 . | '
fu J\ a | I'. / \
o— e AN I -/ ]
[1] é 10 1|5 2|EI 2|‘\ 3ID 3|5 4‘0 mi I
Peak Processed Retention Peak Area | Peak Height | Peak Area
Channel Time (min) | (MAU%*s) (mAU) (%)

1 DAD 254.4 nm 12.843 3195.95630 | 81.59977 50.4861

2 DAD 254.4 nm 38.647 3134.40820 26.27629 49.5139

DAD1 A, Sig=254 4 Ref=360,100 (TIANLIEN-CH2CL2-4-26B.0})
mAU ] =]
200 %
175 ‘||
150 |
125—5 |
: \
100 |
] |
|
] |
50 |
] |
] |
25 ‘ I'. ¥
|\
0] N - Y e
T T T T L | T T I L I
0 5 10 15 20 25 30 35 40 m
Peak Processed Retention Peak Area | Peak Height | Peak Area
Channel Time (min) | (MAU%*s) (mAU) (%)

1 DAD 254.4 nm 12.108 8669.92383 | 208.48779 93.0355

2 DAD 254.4 nm 38.242 649.01294 5.57843 6.9645
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4b:  HPLC analysis using chiral AD-H Column (n-hexane:i-PrOH =60:40, 1.0 mL/min)
DAD1 A, Sig=254 4 Ref=360,100 (TIANLNBN-CH2CL2-4-27D-RAC.D)
mAU ] g P
25+ & g
] 1 \@-\‘J
20 l |
| |
b | |
| | .
‘ | g‘ﬁ\\\\i}ﬁ
5__ \ M\
] | | [
9 | ‘ ||| .'I‘
5] || | I|‘ I"I I"-III
\ \ FA [\
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104
0 %» ‘I 1|0 1‘5 I 2ID ‘ 2|5 3‘0 3|5 I‘ 4|0 llnil
Peak Processed Retention Peak Area | Peak Height | Peak Area
Channel Time (min) | (MAU%*s) (mAU) (%)
1 DAD 254.4 nm 12.749 1522.72510 33.80012 50.2419
2 DAD 254.4 nm 31.952 1508.06506 | 13.58678 49.7581
DAD1 A, Sig=254,4 Ref=360,100 (TIANLNBN-CH2CL2-4-27D-CAT.D)
mAL ] 2 )
350 \‘?B\-
_ v
EOOT |
|
250 |
1 |
EOOT ‘
|
150 |
|
100—: ||
|
50 ‘ ‘II '\réva@
o] - __u|| '-\._____1— B _IZ?‘}’_L n
0 é 1|l] 1|5 2IEI 2|5 3|EI 3|5 mi
Peak Processed Retention Peak Area | Peak Height | Peak Area
Channel Time (min) | (MAU%*s) (mAU) (%)
1 DAD 254.4 nm 11.998 1.54016e4 | 360.24243 91.8008
2 DAD 254.4 nm 29.861 1375.59473 | 13.87683 8.1992
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4c:  HPLC analysis using chiral AD-H Column (n-hexane:i-PrOH =60:40, 1.0 mL/min)
DADT A, Sig=254,4 Ref=360,100 (TIANLNEBN-CH2CL2-4-27C-RAC.D)
mAU o @5:
P
i@“‘
50 ‘
40{ |‘
30—: |
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20: | i q'@cb',\b
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104 | B
] ‘ .‘"z\'-.
] ‘ | [
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-[J ] 1ID 1l5 2‘0 2|5 3|£] 3|5 4|0
Peak Processed Retention Peak Area | Peak Height | Peak Area
Channel Time (min) | (MAU%*s) (mAU) (%)
1 DAD 254.4 nm 10.861 2685.99707 | 69.51553 50.1515
2 DAD 254.4 nm 38.479 2669.76489 | 19.57716 49.8485
DAD1 A, Sig=254,4 Ref=360,100 (TIANLI'BN-CH2CL2-4-27C-CAT.D)
mAU 4 3
E e
200—E |§ §\\\‘
1754 |
150—5 |
125—3 |
100—; |
?5—5 |
5 |
50 ‘ |
] |
25_; | I|I r _é’gﬂ
] \ Hx*\\\\ﬁ
0_: L AN _/\J_,'l \‘-—_ — /_SE R
-n : " R R A " 40
Peak Processed Retention Peak Area | Peak Height | Peak Area
Channel Time (min) | (MAU%*s) (mAU) (%)
1 DAD 254.4 nm 10.635 8743.30957 | 226.07661 92.9185
2 DAD 254.4 nm 36.787 666.34174 5.56928 7.0815
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4d: HPLC analysis using chiral AD-H Column (n-hexane:i-PrOH =60:40, 1.0 mL/min)
DAD1 D, Sig=230,16 Ref=360,100 (TIANLNEN-CH2CLZ2-4-27B-RAC.O)
%0 ;P &
] o
175 Lo
150—5 ‘
125—5 ‘ ‘
100—2 ‘ ‘
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75 ‘ ‘ - \_,\Q@?
| ggﬂ\\\\\
50 | ay
: N
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Y | S Y A o N
0 1 I[] 2‘[] 3|0 dIO EID SID i
Peak Processed Retention Peak Area | Peak Height | Peak Area
Channel Time (min) | (MAU%*s) (mAU) (%)
1 DAD 230.16 nm 15.353 1.02044e4 198.39664 50.2924
2 DAD 230.16 nm 54.985 1.00858e4 52.63747 49.7076
DAD1 D, Sig=230,16 Ref=360,100 (TIANLNBN-CH2CL2-4-27B-CAT.D)
mAU g \6\:5?’
’b’b
500 f \\-_\ji‘-"'
|€‘<
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100 | 0
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4 II'II || '.\ 33_\%\\
0 G ) S R - e~ I
1] IID 2|0 3IO 4‘0 5|0 SIO TIO i
Peak Processed Retention Peak Area | Peak Height | Peak Area
Channel Time (min) | (MAU%*s) (mAU) (%)
1 DAD 230.16 nm 16.095 3.31698e4 | 536.61200 93.5042
2 DAD 230.16 nm 54.862 2304.31787 | 13.19223 6.4958
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4e:  HPLC analysis using chiral AD-H Column (n-hexane:i-PrOH =60:40, 1.0 mL/min)

DAD1 A, Sig=254 4 Ref=360,100 (TIANLNBN-CH2CL2-4-27E-RAC.D)
mAU & ok
i Q
\_.\'b
250 |Lg§
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\ 2
I
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| e
| |"I III'.
_ | | ‘I
100 | II ',I
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Peak Processed Retention Peak Area | Peak Height | Peak Area
Channel Time (min) | (MAU%*s) (mAU) (%)
1 DAD 254.4 nm 12.621 1.31732e4 | 280.42871 50.4989
2 DAD 254.4 nm 27.311 1.29129%4 | 133.31358 49.5011
DAD1 A, Sig=254,4 Ref=360,100 (TIANLNBN-CH2CL2-4-27E-CAT.D))
mAL 2 o
g &
L&
250 i
I
\
200 ‘ |
|
1504 ‘ |
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100 \
N
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|
504 | II‘ .:hh.-:b
| Eﬁg
o U S _ I
1] £I| IIO 1|5 2Il] 2|5 3IO »‘1
Peak Processed Retention Peak Area | Peak Height | Peak Area
Channel Time (min) | (MAU%*s) (mAU) (%)
1 DAD 254.4 nm 12.799 1.37052e4 | 284.27423 92.3448
2 DAD 254.4 nm 27.846 1136.13110 12.59568 7.6552
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4f:  HPLC analysis using chiral AD-H Column (n-hexane:i-PrOH =60:40, 1.0 mL/min)

S55

DAD1 D, Sig=230,16 Ref=360,100 (TIANLNBN-CH2CL2-4-28E-RAC.D)
mAU :'Nf a‘;‘\?
220{ 1 é;@ g
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Peak Processed Retention Peak Area | Peak Height | Peak Area
Channel Time (min) | (MAU%*s) (mAU) (%)
1 DAD 230.16 nm 18.123 1.06472e4 166.62332 50.0522
2 DAD 230.16 nm 22.367 1.06250e4 128.65326 49.9478
DADT D, Sig=230,16 Ref=360,100 (TIANLNBN-CHZCL2-4-28E-CAT.D)
mAL 2 I
@ ;‘a\'
500—: ﬁ \Q\_\‘\-:’t’
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ol e - R — _J_," I \——t/— —\.____ o
0 é 1h 1|5 2|£] 2|5 mirl
Peak Processed Retention Peak Area | Peak Height | Peak Area
Channel Time (min) | (MAU%*s) (mAU) (%)
1 DAD 230.16 nm 18.050 4.47014e4 | 640.77966 90.9634
2 DAD 230.16 nm 22.214 4440.78760 | 65.06643 9.0366
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49:

HPLC analysis using chiral AD-H Column (n-hexane:i-PrOH =60:40, 1.0 mL/min)

DAD1 A, 5ig=254 .4 Ref=360,100 (TIANLINBN-CH2CL2-4-38A-RAC D)

mAU-| &
‘?5
il
I
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200+ | |‘ ]
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| o
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Peak Processed Retention Peak Area | Peak Height | Peak Area
Channel Time (min) | (MAU%*s) (mAU) (%)
1 DAD 254.4 nm 18.082 1.52096e4 | 242.02370 50.0342
2 DAD 254.4 nm 24.385 1.51889%4 173.27881 49.9658
DAD1T A, Sig=254,4 Ref=360,100 (TIANLNBN-CH2CL2-4-38A-CAT.D)
mAU ] ]
': i
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] |
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| |
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-D I I I I é 1|0 1|5 2I[J I 2|5 ‘ 3|D m
Peak Processed Retention Peak Area | Peak Height | Peak Area
Channel Time (min) | (MAU%*s) (mAU) (%)
1 DAD 254.4 nm 18.146 2.84083e4 | 447.97845 89.8264
2 DAD 254.4 nm 24.649 3217.46436 | 39.35492 10.1736
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4h: HPLC analysis using chiral AD-H Column (n-hexane:i-PrOH =60:40, 1.0 mL/min)
DAD1 D, Sig=230,16 Ref=360,100 (TIANLNEN-CH2CL2-4-28D-RAC.D)
mAU B o
175 % &
150 F
125 |
100 |
?5—5 |
| ) 6\@"’
50—E || %§
25 ‘I
E ‘ IIII .‘III .‘.\
] i . | I“\ J':I \\- -
1 VA o — T — e — e — el e
-U 1|[] ZIO 3“0 4|[] 5‘0 BID min
Peak Processed Retention Peak Area | Peak Height | Peak Area
Channel Time (min) | (MAU%*s) (mAU) (%)
1 DAD 230.16 nm 12.658 8803.91992 | 189.74937 50.1672
2 DAD 230.16 nm 53.775 8745.24121 | 46.97268 49.8328

DAD1 D, Sig=230,16 Ref=360,100 (TIANLNEN-CH2CL2-4-28D-CAT.D)
mAl & o
1 § \.«:@r&:
5007_ k‘\‘\'\v
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300—- |
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III o
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[4] 1ID I I I 2|D 3|0 4IO 5‘0 I EIO rlnir
Peak Processed Retention Peak Area | Peak Height | Peak Area
Channel Time (min) | (MAU%*s) (mAU) (%)
1 DAD 230.16 nm 12.579 2.30265e4 | 461.59174 89.1013
2 DAD 230.16 nm 54.069 2816.54028 | 17.76291 10.8987
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4i:  HPLC analysis using chiral AD-H Column (n-hexane:i-PrOH =60:40, 1.0 mL/min)
DADT A, Sig=254 4 Ref=360,100 (TIANLINEN-CH2CL2-4-38B-RAC.D)
mAU ©
¥
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2504 | |
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Peak Processed Retention Peak Area | Peak Height | Peak Area
Channel Time (min) | (MAU%*s) (mAU) (%)
1 DAD 254.4 nm 14.816 1.44427e4 281.72571 50.0805
2 DAD 254.4 nm 30.356 1.43963e4 | 110.44415 49.9195
DAD1 A, Sig=254,4 Ref=360,100 (TIANLNEN-CH2CL2-4-38B-CAT.D)
"500 ] &
i
I
400 | |
i
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300 ‘ ‘
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1] £‘| 1IO 1I5 I ZID I 2|5 T 3ID C I 3|5 Irmlr
Peak Processed Retention Peak Area | Peak Height | Peak Area
Channel Time (min) | (MAU%*s) (mAU) (%)
1 DAD 254.4 nm 14.477 2.54708e4 499.27457 89.8593
2 DAD 254.4 nm 30.522 2874.40967 | 27.36990 10.1407
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4j:

HPLC analysis using chiral AD-H Column (n-hexane:i-PrOH =60:40, 1.0 mL/min)

DAD1 A, 5ig=254,4 Ref=360,100 (TIANLI'BN-CH2CL2-4-38D-RAC.D)

1?57; %
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Peak Processed Retention Peak Area | Peak Height | Peak Area
Channel Time (min) | (MAU%*s) (mAU) (%)
1 DAD 254.4 nm 11.111 7481.87598 | 191.18770 50.4671
2 DAD 254.4 nm 29.668 7343.38672 | 72.71382 49.5329
DAD1 A, Sig=254,4 Ref=360, 100 (TIANLNBN-CH2CL2-4-38D-CAT.D)
mAL ] 2
] ¥
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Peak Processed Retention Peak Area | Peak Height | Peak Area
Channel Time (min) | (MAU%*s) (mAU) (%)
1 DAD 254.4 nm 11.080 2.19934e4 | 581.75720 92.5055
2 DAD 254.4 nm 28.766 1781.82935 | 18.99689 7.4945
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4k: HPLC analysis using chiral AD-H Column (n-hexane:i-PrOH =60:40, 1.0 mL/min)

DADT A, Sig=254,4 Ref=360,100 (TIANLI'BN-CH2CL2-4-36C-RAC.D)
mAU | %
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Peak Processed Retention Peak Area | Peak Height | Peak Area
Channel Time (min) | (MAU%*s) (mAU) (%)

1 DAD 254.4 nm 19.621 6780.57422 | 101.40557 50.1132

2 DAD 254.4 nm 44.977 6749.95410 | 42.80612 49.8868

DAD1 A, 5ig=254 4 Ref=360,100 (TIANLIBN-CH2CL2-4-36C-CAT.O)
mAl |
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140—5 ||
120—2 | ‘
100—2 | |
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A e Y -
Peak Processed Retention Peak Area | Peak Height | Peak Area
Channel Time (min) | (MAU%*s) (mAU) (%)

1 DAD 254.4 nm 20.003 1.25229e4 178.46996 93.2013

2 DAD 254.4 nm 44.971 913.49902 6.43178 6.7987
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4],

HPLC analysis using chiral AD-H Column (n-hexane:i-PrOH =60:40, 1.0 mL/min)

DAD1 A, 5ig=254 4 Ref=360,100 (TIANLIBN-CH2CL2-4-360-RAC.D)
o]
wn
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S N
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Peak Processed Retention Peak Area | Peak Height | Peak Area
Channel Time (min) | (MAU%*s) (mAU) (%)
1 DAD 254.4 nm 23.858 9390.08301 | 102.50266 50.6322
2 DAD 254.4 nm 61.425 9155.60156 | 43.59221 49.3678
DADT A, Sig=254 4 Rei=360, 100 (TTANLTBN-CHZCL2-4-360-CAT D)
AU 2
i
o] III ‘
\
60+ ||| ‘
0 10 7 % 4 50 80
Peak Processed Retention Peak Area | Peak Height | Peak Area
Channel Time (min) | (MAU%*s) (mAU) (%)
1 DAD 254.4 nm 23.645 1.27410e4 | 123.69031 93.2364
2 DAD 254.4 nm 61.458 924.26617 4.63887 6.7636
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HPLC analysis using chiral AD-H Column (n-hexane:i-PrOH =60:40, 1.0 mL/min)

am:
DAD1T A, Sig=254 .4 Ref=360,100 (TIANLNEN-CH2CL2-4-36A-RAC.D)
mAU ] ;
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Peak Processed Retention Peak Area | Peak Height | Peak Area
Channel Time (min) | (MAU%*s) (mAU) (%)
1 DAD 254.4 nm 17.028 1.00423e4 | 145.92395 50.2292
2 DAD 254.4 nm 53.506 9950.67871 | 50.67793 49.7708
DAD1T A, Sig=254,4 Ref=360,100 (TIANLNBN-CH2CL2-4-36A-CAT.D)
mAU 3
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Peak Processed Retention Peak Area | Peak Height | Peak Area
Channel Time (min) | (MAU%*s) (mAU) (%)
1 DAD 254.4 nm 17.730 1.17703e4 | 157.30537 90.5352
2 DAD 254.4 nm 56.222 1230.50574 6.61603 9.4648
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4n: HPLC analysis using chiral AD-H Column (n-hexane:i-PrOH =60:40, 1.0 mL/min)

DAD1T A, Sig=254 .4 Ref=360,100 (TIANLNEN-CH2CL2-4-36B-RAC.D)
mAU 2
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Peak Processed Retention Peak Area | Peak Height | Peak Area
Channel Time (min) | (MAU%*s) (mAU) (%)
1 DAD 254.4 nm 22.575 1.60481e4 | 186.05151 50.0300
2 DAD 254.4 nm 75.722 1.60289%4 59.13835 49.9700
DADT A, Sig=254,4 Ref=360, 100 (TIANLIBN-CH2CL2-4-36B-CAT.D)
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Peak Processed Retention Peak Area | Peak Height | Peak Area
Channel Time (min) | (MAU%*s) (mAU) (%)
1 DAD 254.4 nm 22.247 1.04265e4 | 132.90323 88.3326
2 DAD 254.4 nm 75.226 1377.18970 5.76975 11.6674
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40: HPLC analysis using chiral AD-H Column (n-hexane:i-PrOH =60:40, 1.0 mL/min)
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Peak Processed Retention Peak Area
Peak Area | Peak Height
Channel Time (min) (%)
1 DAD 267.0 nm 10.224 2653916 99482 50.29
2 DAD 267.0 nm 38.246 2623623 22777 49.71
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st
Peak Processed Retention Peak Area
Peak Area | Peak Height
Channel Time (min) (%)
1 DAD 267.0 nm 10.178 8577802 324371 90.15
2 DAD 267.0 nm 38.691 937612 8975 9.85
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4p: HPLC analysis using chiral AD-H Column (n-hexane:i-PrOH =60:40, 1.0 mL/min)
DAD1 A, Sig=254,4 Ref=360,100 (TIANLNBN-CH2CL2-4-43B-RAC.D)
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Peak Processed Retention Peak Area | Peak Height | Peak Area
Channel Time (min) | (MAU%*s) (mAU) (%)
1 DAD 254.4 nm 15.959 9986.24219 | 215.77444 50.2583
2 DAD 254.4 nm 47.961 0883.59473 | 74.17407 49.7417
DAD1 A, Sig=254,4 Ref=360,100 (TIANLNEN-CH2CL2-4-43B-CAT.D)
mAU @
350 %
300 “
250 ‘
200 “
150 ‘
100-] |
|
50 |
N 2
A ¢
7 N e
0 1|0 I I I 2|0 BI[J 4|0 5|0 m;r
Peak Processed Retention Peak Area | Peak Height | Peak Area
Channel Time (min) | (MAU%*s) (mAU) (%)
1 DAD 254.4 nm 15.460 1.730794 385.86047 91.1533
2 DAD 254.4 nm 46.559 1679.77783 13.66537 8.8467
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4q: HPLC analysis using chiral AD-H Column (n-hexane:i-PrOH =60:40, 1.0 mL/min)
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Peak Processed Retention Peak Area
Peak Area | Peak Height
Channel Time (min) (%)
1 DAD 220.0 nm 19.056 46567278 849449 50.50
2 DAD 220.0 nm 35.357 45654100 418713 49.50
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Peak Processed Retention Peak Area
Peak Area | Peak Height
Channel Time (min) (%)
1 DAD 220.0 nm 18.991 19842084 375894 90.37
2 DAD 220.0 nm 35.318 2114554 22573 9.63
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4r:

AU

AU

HPLC analysis using chiral AD-H Column (n-hexane:i-PrOH =60:40, 1.0 mL/min)
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Peak Processed Retention Peak Area
Peak Area | Peak Height
Channel Time (min) (%)
1 DAD 220.0 nm 19.258 16030804 303396 50.33
2 DAD 220.0 nm 34.847 15821678 157327 49.67
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Peak Processed Retention Peak Area
Peak Area | Peak Height
Channel Time (min) (%)
1 DAD 220.0 nm 19.363 40797263 772608 91.64
2 DAD 220.0 nm 35.267 3723816 38152 8.36
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