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1. General remarks

Reagents were purchased from commercial sources and were used as received unless
mentioned otherwise. Reactions were monitored by TLC. "H NMR and **C NMR (300 and 75 MHz,
respectively) spectra were recorded in CDCls and DMSO-ds. *H NMR chemical shifts are reported
in ppm relative to tetramethylsilane (TMS) with the solvent resonance employed as the internal
standard (CDCl; at 7.26 ppm, DMSO-ds at 2.50 ppm). Data are reported as follows: chemical shift,
multiplicity (s = singlet, br s = broad singlet, d = doublet, t = triplet, g = quartet, m = multiplet),
coupling constants (Hz) and integration. *C NMR chemical shifts are reported in ppm from
tetramethylsilane (TMS) with the solvent resonance as the internal standard (CDCl3 at 77.20 ppm,
DMSO-dg at 39.51 ppm). Melting points were recorded on a Buchi Melting Point B-545.

2. The synthesis of substrates 1
The procedure utilized in this paper was based on the method reported.™

a

o HO, N
X ) l,
R2.- o + _— 20 N
= N N COOH EtOH, reflux RT N O
R H R

To isatin (10 mmol), hydroxyproline (10 mmol), and iodine (200 mg) was added ethanol (20
mL) and the mixture was heated under reflux for 1 h. Then the mixture was diluted with water (6
mL), extracted with dichloromethane (2>60mL), and the extract was washed with sodium
thiosulfate solution (10%, 50 mL), saturated sodium bicarbonate (50 mL), and dried (Na,S0,).
Pure product was isolated by silica gel column chromatography eluting with ethyl acetate/hexane
(30/70).

3. General procedure for the synthesis of compounds 3a-y

In an ordinary vial equipped with a magnetic stirring bar, the compounds 1 (0.1 mmol, 1.0
equiv), compounds 2 (0.15 mmol, 1.5 equiv) and catalyst D (5 mol %) were dissolved in 2 mL of
DCM, and then the mixture was stirred at 0 °C for indicated time. After completion of the reaction,
as indicated by TLC, the products 3 were isolated by flash chromatography on silica gel
(petroleum ether/ethyl acetate = 10/1~3/1).

@ NO, (R)-1-methyl-3-((S)-2-nitro-1-phenylethyl)-3-(1H-pyrrol-1-yl)indolin-2-on

N i e (3a): White solid; 35.1 mg, 97% yield; 87:13 dr, 94% ee; [a]p>° = +150.9 (c
@Q@ 1.83, CHCI;); mp 133.5-134.6 <€; The ee was determined by HPLC
NM (Chiralpak OJ-H, EtOH/hexane = 30/70, flow rate 1.0 mL/min, A = 254 nm,

e

major diastereomer: tminor = 8.9 Min, tyajor = 16.6 min); 'H NMR (300 MHz,
CDCly): é(major diastereomer) 2.74 (s, 3H), 4.69 (dd, J = 3.0 Hz, 12.9 Hz, 1H), 4.80 (dd, J = 3.0
Hz, 12.0 Hz, 1H), 5.05 (t, J = 12.0 Hz, 1H), 6.28-6.29 (m, 2H), 6.64 (d, J = 7.8 Hz, 1H), 6.77-6.80
(m, 2H), 7.03-7.08 (m, 2H), 7.11-7.14 (m, 3H), 7.26-7.29 (m, 1H), 7.42-7.49 (m, 2H); *C NMR
(75 MHz, CDCls): é(major diastereomer) 25.9, 50.5, 68.4, 74.7, 109.3, 110.0, 119.3, 122.7, 123.5,
126.1, 128.0, 128.6, 128.9, 131.1, 131.6, 1445, 172.3; HRMS (ESI-TOF) calcd. for
C21H1gN3NaO; [M + Na]* 384.1319; found: 384.1314.
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@ /N% (R)-3-((S)-1-(2-methoxyphenyl)-2-nitroethyl)-1-methyl-3-(1H-pyrrol-1-yl)
N Me " indolin-2-one (3b): White solid; 35.6 mg, 91% yield; 71:29 dr, 93% ee;
©\ o [0]p® = +131.4 (c 1.25, CHCI3); mp 195.9-197.4 €; the ee was determined
NMe by HPLC (Chiralpak AD-H, EtOH /hexane = 10/90, flow rate 1.0 mL/min, A
= 254 nm, major diastereomer: tyingr = 8.8 Min, tyajor = 9.3 Min); 'H NMR
(300 MHz, CDCls): 6 (major diastereomer) 3.10 (s, 3H), 3.61 (s, 3H), 4.71 (dd, J = 2.7 Hz, 13.5
Hz, 1H), 5.39-5.48 (m, 1H), 5.57 (dd, J = 2.7 Hz, 11.4 Hz, 1H), 6.28 (m, 2H), 6.44-6.50 (m, 2H),
6.75-6.80 (m, 1H), 6.92-6.97 (m, 1H), 7.01-7.12 (m, 2H), 7.16-7.26 (m, 3H), 7.51 (d, J = 7.5 Hz,
1H); °C NMR (75 MHz, CDCl5): & (major diastereomer) 26.2, 41.0, 54.9, 68.7, 74.6, 107.8, 109.8,
110.4, 118.9, 120.0, 121.2, 122.2, 124.5, 126.8, 127.5, 129.4 129.5, 141.7, 156.9, 172.3; HRMS
(ESI-TOF) calcd. for C»H,;NsNaO, [M + Na]" 414.1424; found: 414.1432.

@ _NO, (R)-3-((S)-1-(3-methoxyphenyl)-2-nitroethyl)-1-methyl-3-(1H-pyrrol-
N oMe 1-yDhindolin-2-one (3c): White solid; 37.6 mg, 96%yield; 88:12 dr, 94%
@Q@ ee: [a]o® = +1132 (c 1.98, CHCl,): mp 149.5-150.7 € The ee was
N determined by HPLC (Chiralpak OJ-H, EtOH/hexane = 30/70, flow rate
Me 1.0 mL/min, 4 = 254 nm, major diastereomer: tminor = 13.9 min, tmgjor =
19.8 min); *H NMR (300 MHz, CDCls): é(major diastereomer) 2.77 (s, 3H), 3.55 (s, 3H), 4.68 (dd,
J=3.0Hz, 12.6 Hz, 1H), 4.77 (dd, J = 2.7 Hz, 11.7 Hz, 1H), 5.03 (t, J = 12.3 Hz, 1H), 6.24-6.28
(m, 3H), 6.44 (d, J = 7.2 Hz, 1H), 6.68 (d, J = 7.8 Hz, 2H), 6.95-7.01 (m, 1H), 7.11-7.13 (m, 2H),
7.24-7.29 (m, 1H), 7.42-7.48 (m, 2H); *C NMR (75 MHz, CDCls): (major diastereomer) 25.9,
50.4, 55.0, 68.2, 74.8, 109.3, 110.0, 113.2, 115.0, 119.2, 121.6, 122.6, 123.6, 126.1, 129.0, 131.0,
133.1, 144.6, 159.0, 172.2; HRMS (ESI-TOF) calcd. for CyHpN3sNaO, [M + Na]* 414.1424;
found: 414.1425.

(R)-3-((S)-1-(4-methoxyphenyl)-2-nitroethyl)-1-methyl-3-(1H-
Q {NOZ pyrrol-1-yl)indolin-2-one (3d): White solid; 38.0 mg, 97%yield; 82:18
m dr, 91% ee; [0]p”® = +126.9 (c 1.58, CHCI5); mp 100.5-101.7 €; the ee
O\N © ome was determined by HPLC (Chiralpak AD-H, i-PrOH/hexane = 10/90,
Me flow rate 1.0 mL/min, 1 = 254 nm, major diastereomer: tyinor = 17.2
min, tmajor = 15.8 min); 'H NMR (300 MHz, CDCl5):5 (major diastereomer) 2.78 (s, 3H), 3.69 (s,
3H), 4.67 (dd, J = 3.0 Hz, 8.7 Hz, 1H), 4.75 (dd, J = 3.0 Hz, 12.0 Hz, 1H), 5.00 (t, J = 12.0 Hz,
1H), 6.27-6.29 (m, 2H), 6.57-6.62 (m, 2H), 6.67-6.72 (m, 3H), 7.10-7.13 (m, 2H), 7.24-7.29 (m,
1H), 7.42-7.48 (m, 2H); *C NMR (75 MHz, CDCls): 6 (major diastereomer) 26.0, 49.8, 55.1, 68.4,

75.0, 109.3, 110.0, 113.4, 119.2, 122.6, 123.1, 123.4, 123.6, 124.2, 126.1, 130.0, 131.0, 144.5,
159.5, 172.4; HRMS (ESI-TOF) calcd. for C,,H2NsNaO, [M + Na]* 414.1424; found: 414.1429.

(R)-3-((S)-1-(3,4-dimethoxyphenyl)-2-nitroethyl)-1-methyl-3-(1H-
Q /N ? pyrrol-1-yl)indolin-2-one (3e): White solid; 39.6 mg, 94%yield; 88:12
\\.‘i\@o”‘e dr, 94% ee; [0]o?° = +151.3 (¢ 2.00, CHCls); mp 157.7-158.7 €: the ee
©\N © oMe was determined by HPLC (Chiralpak AD-H, i-PrOH/hexane = 30/70,
flow rate 1.0 mL/min, A = 254 nm, major diastereomer: tyinor = 7.8 min,
tmajor = 8.8 min); 'H NMR (300 MHz, CDCl,):6 (major diastereomer) 2.78 (s, 3H), 3.52 (s, 3H),
3.76 (s, 3H), 4.65-4.76 (m, 2H), 4.98 (t, J = 11.4 Hz, 1H), 6.10 (d, J = 1.8 Hz, 1H), 6.26-6.28 (m,

e}

Me
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2H), 6.47-6.50 (m, 1H), 6.57-6.61 (m, 1H), 6.69 (d, J = 7.8 Hz, 1H), 7.09-7.11 (m, 2H), 7.26-7.28
(m, 1H), 7.41-7.48 (m, 2H); **C NMR (75 MHz, CDCl,): § (major diastereomer) 26.0, 50.0, 55.4,
55.6, 68.3, 75.0, 109.4, 109.9, 110.4, 110.6, 119.2, 122.3, 122.5, 123.7, 123.8, 126.0, 131.0, 144.7,
148.1, 148.8, 172.4; HRMS (ESI-TOF) calcd. for C,sH,3NsNaOs [M + Na]* 444.1530; found:
444.1538.

@ _Nog _(R)-BT((S)-l-(Z-fIuorophenyl)_-z-nitroethyl)-l-m_ethyl-3-(1H-pyrro|—1—yl) N
N indolin-2-one (3f): White solid; 36.9 mg, 97%yield; 96:4 dr, 79% ee; [o]p
Q@ = +147.5 (c 1.40, CHCIl3); mp 94.9-96.3 <€; the ee was determined by HPLC
(Chiralpak AD-H, EtOH/hexane = 10/90, flow rate 1.0 mL/min, A = 254 nm,
major diastereomer: tyinor = 22.9 Min, tmsjor = 12.3 min); 'H NMR (300 MHz,
CDCl3):d6(major diastereomer) 2.84 (s, 3H), 4.78-4.85 (m, 1H), 5.04-5.15 (m, 2H), 6.27 (br s, 2H),
6.50-6.56 (m, 1H), 6.73 (d, J = 7.8 Hz, 1H), 6.80-6.98 (m, 2H), 7.05-7.16 (m, 3H), 7.22-7.26 (m,
1H), 7.40-7.49 (m, 2H); *C NMR (75 MHz, CDCly): (major diastereomer) 26.1, 43.8, 67.6, 74.3,
109.2, 109.9, 115.9 (d, J = 23.2 Hz, 1C), 119.6, 122.7, 123.4, 123.7 (d, J = 3.7 Hz, 1C), 124.2 (d, J
= 3.5 Hz, 1C), 126.7, 129.6, 130.4 (d, J = 8.7 Hz, 1C), 131.2, 144.3, 161.1 (d, J = 249.0 Hz, 1C),

172.1; HRMS (ESI-TOF) calcd. for C,,H;5FN3NaO; [M + Na]* 402.1224; found: 402.1232.

| Methyl-((S)-2-(3-fluorophenyl)-2-((R)-1-methyl-2-0x0-3-(1H-pyrrol-1-

O5© yl)indolin-3-yl)ethyl)carbamate (3g): White solid; 39.4 mg, 97% yield;

Q ;NH 89:11 dr, 94% ee; [o]p®® = +113.1 (c 1.85, CHCI3); mp 184.3-186.0 €; the

F ee was determined by HPLC (Chiralpak AD-H, ethanol/hexane = 30/70,

@m flow rate 1.0 mL/min, A = 254 nm, major diastereomer: tyinor = 8.5 min,

Me tmajor = 11.1 min); "H NMR (300 MHz, CDCls): & (major diastereomer)

2.73 (s, 3H), 3.56 (s, 3H), 3.67-3.70 (m, 1H), 3.75-3.78 (m, 1H), 4.08-4.13 (m, 1H), 4.42 (brs, 1H),

6.25-6.26 (m, 2H), 6.40 (d, J = 10.2 Hz, 1H), 6.61-6.68 (m, 2H), 6.79-6.85 (m, 1H), 6.99-7.10 (m,

3H), 7.22-7.27 (m, 1H), 7.39-7.44 (m, 1H), 7.65 (d, J = 7.2 Hz, 1H); *CNMR (75 MHz, CDCl,):

d (major diastereomer) 25.8, 40.1, 51.4, 52.1, 69.0, 108.9, 109.4, 114.8 (d, J = 20.8 Hz, 1C), 115.9

(d, J =219 Hz, 1C), 119.4, 122.6, 124.1, 125.4, 126.7, 129.2 (d, J = 7.9 Hz, 1C), 130.7, 137.1,

144.4, 156.7, 162.0 (d, J = 244.8 Hz, 1C), 173.0; HRMS (ESI-TOF) calcd. for C,3H,,FN3NaO; [M
+ Na]" 430.1537; found: 430.1547.

(R)-3-((S)-1-(4-fluorophenyl)-2-nitroethyl)-1-methyl-3-(1H-pyrrol-1-yl)
Q {NOZ indolin-2-one (3h): White solid; 36.4 mg, 96%yield; 87:13 dr, 94% ee;
m [a]o® = +194.3 (c 1.73, CHCI;); mp 157.5-158.8 €; the ee was determined
©\N © r by HPLC (Chiralpak OJ-H, EtOH/hexane = 30/70, flow rate 1.0 mL/min, A
Me = 254 nm, major diastereomer: tminor = 10.4 Min, tyajor = 18.2 min); 'H NMR
(300 MHz, CDCls):6(major diastereomer) 2.78 (s, 3H), 4.67 (dd, J = 2.7 Hz, 12.6 Hz, 1H), 4.79
(dd, J = 2.7 Hz, 12.0 Hz, 1H), 5.00 (t, J = 12.3 Hz, 1H), 6.28-6.29 (m, 2H), 6.69 (d, J = 7.8 Hz,
1H), 6.72-6.81 (m, 4H), 7.09-7.12 (m, 2H), 7.22-7.30 (m, 1H), 7.43-7.49 (m, 2H); *C NMR (75
MHz, CDCls): é(major diastereomer) 26.0, 49.7, 68.2, 74.7, 109.4, 110.1, 115.1 (d, J = 21.4 Hz,
1C), 119.2, 122.8, 123.3, 126.1, 127.4 (d, J = 3.2 Hz, 1C), 130.6 130.7, 131.2, 144.4, 162.5 (d, J =
246.9 Hz, 1C), 172.2; HRMS (ESI-TOF) calcd. for Cy;H;sFN3NaOs [M + Na]* 402.1224; found:
402.1223.
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o (R)-3-((S)-1-(2-chlorophenyl)-2-nitroethyl)-1-methyl-3-(1H-pyrrol-1-yl)
@ 7% indolin-2-one (3i): White solid; 37.2 mg, 94% yield; 87:13 dr, 97% ee; [0]p™

N
Q@ = +96.3 (c 1.70, CHCI5); mp 153.7-155.4 <€; the ee was determined by HPLC
@\N © (Chiralpak AD-H, ethanol/hexane = 10/90, flow rate 1.0 mL/min, A = 254 nm,
Me major diastereomer: tminor = 12.1 Min, tyajor = 9.1 Min); 'H NMR (300 MHz,

CDCly): 6 (major diastereomer) 2.93 (s, 3H), 4.89 (t, J = 12.3 Hz, 1H), 5.17 (dd, J = 3.3 Hz, 12.9
Hz, 1H), 5.37 (dd, J = 3.3 Hz, 11.7 Hz, 1H), 6.22-6.30 (m, 3H), 6.81 (d, J = 7.8 Hz, 1H),
6.90-6.95 (m, 1H), 7.09-7.22 (m, 5H), 7.33-7.36 (m, 1H), 7.46-7.51 (m, 1H); *CNMR (75 MHz,
CDCly): & (major diastereomer) 26.2, 45.0, 67.1, 75.7, 109.4, 109.7, 119.8, 122.8, 123.7, 124.6,
126.5, 126.6, 128.0, 129.7, 130.1, 131.2, 136.5, 144.3, 171.9; HRMS (ESI-TOF) calcd. for
CxH1sCIN3NaO; [M + Na]* 418.0929; found: 418.0933.

(R)-3-((S)-1-(4-bromophenyl)-2-nitroethyl)-1-methyl-3-(1H-pyrrol-1-

Q 4 yl)indolin-2-one (3j): White solid; 42.2 mg, 96% yield; 86:14 dr, 95% ee;
m [a]p® = +134.9 (c 157, CHCl3); mp 132.6-133.8 €; the ee was
©\N © Br determined by HPLC (Chiralpak OJ-H, ethanol /hexane = 30/70, flow rate
Me 1.0 mL/min, A = 254 nm, major diastereomer: tminogr = 11.9 min, tmgjor =

20.2 min); *H NMR (300 MHz, CDCl5): & (major diastereomer) 2.80 (s, 3H), 4.66 (dd, J = 3.0 Hz,
12.9 Hz, 1H), 4.77 (dd, J = 3.0 Hz, 12.0 Hz, 1H), 5.00 (t, J = 12.3 Hz, 1H), 6.27-6.30 (m, 2H),
6.66-6.73 (m, 3H), 7.09-7.13 (m, 2H), 7.19-7.30 (m, 3H), 7.43-7.49 (m, 2H); *C NMR (75 MHz,
CDCl3): 8 (major diastereomer) 26.0, 49.9, 67.9, 74.5, 109.5, 110.1, 119.1, 122.8, 123.1, 123.3,

126.1, 130.3, 130.5,130.8 131.2, 144.4, 172.0; HRMS (ESI-TOF) calcd. for CyH:sBrN;NaO; [M
+ Na]" 462.0424; found: 462.0420.

NO,

(R)-3-((S)-1-(2,4-dichlorophenyl)-2-nitroethyl)-1-methyl-3-(1H-

NO.
Q 4 ] pyrrol-1-yl)indolin-2-one (3k): White solid; 40.3 mg, 94%yield; 83:17 dr,
Q% 99% ee; [0]p? = +62.0 (¢ 1.27, CHCI,); mp 168.6-169.9 €; the ee was
N ¢l determined by HPLC (Chiralpak AD-H, i-PrOH/hexane = 10/90, flow rate
Me

1.0 mL/min, 4 = 254 nm, major diastereomer: tminor = 12.9 mMin, tyajor = 8.2
min); *H NMR (300 MHz, CDCls):6(major diastereomer) 2.97 (s, 3H), 4.85 (t, J = 12.3 Hz, 1H),
5.14 (dd, J = 3.3 Hz, 12.9 Hz, 1H), 5.29 (dd, J = 3.3 Hz, 11.7 Hz, 1H), 6.17 (d, J = 8.4 Hz, 1H),
6.25-6.27 (m, 2H), 6.84 (d, J = 7.8 Hz, 1H), 6.91-6.95 (m, 1H), 7.11-7.18 (m, 4H), 7.37 (d, J = 2.1
Hz, 1H), 7.49-7.50 (m, 1H); *C NMR (75 MHz, CDCl5): 6(major diastereomer) 26.3, 44.8, 66.8,
75.5, 109.5, 109.9, 119.7, 122.9, 123.5, 126.5, 126.9, 128.1, 128.9, 129.9, 131.3, 135.0, 137.4,
144.2, 171.7; HRMS (ESI-TOF) calcd. for C,H;7Cl,NsNaO; [M + Na]® 452.0539; found:
452.0543.

@ o (R)-1-methyl-3-((S)-2-nitro-1-(2-nitrophenyl)ethyl)-3-(1H-pyrrol-1-yl)
N ¢ N% indolin-2-one (3I): White solid; 36.9 mg, 91% vyield; 91:9 dr, 97% ee; [o]p>°
©\ o = -24.6 (c 1.85, CHCI3); mp 208.6-209.7 <€; the ee was determined by

N HPLC (Chiralpak AD-H, ethanol/hexane = 30/70, flow rate 1.0 mL/min, A =
254 nm, major diastereomer: tyingr = 11.4 Min, tygjor = 7.7 min); 'H NMR
(300 MHz, CDCly): 6 (major diastereomer) 2.91 (s, 3H), 5.00 (t, J = 11.4 Hz, 1H), 5.14 (dd, J =
3.6 Hz, 12.9Hz, 1H), 5.78 (dd, , J = 3.6 Hz, 11.4 Hz, 1H), 6.22-6.24 (m, 2H), 6.59 (d, J = 7.8 Hz,
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1H), 6.79 (d, J = 7.8 Hz, 1H), 7.05-7.07 (m, 2H), 7.20 (d, J = 4.2 Hz, 2H), 7.23-7.31(m, 1H),
7.37-7.50 (m, 2H), 7.85 (d, J = 8.1 Hz, 1H); *CNMR (75 MHz, CDCl5): § (major diastereomer)
26.2,43.1, 67.2,75.1, 109.5, 109.9, 119.7, 123.0, 123.5, 125.4, 126.3, 127.8, 128.6, 129.4, 131.4,
132.2, 144.1, 150.8, 171.8; HRMS (ESI-TOF) calcd. for C»HigN4NaOs [M + Na]® 429.1169;
found: 429.1171.
@ _NO, (R)-1-methyl-3-((S)-2-nitro-1-(4-nitrophenyl)ethyl)-3-(1H-pyrrol-1-
N yl)indolin-2-one (3m): White solid; 39.8 mg, 98%yield; 84:16 dr, 95%
@ o ee; [o]p® = +129.3 (c 1.40, CHCI;); mp 176.8.7-178.2 €; the ee was
N NOz  determined by HPLC (Chiralpak AD-H, i-PrOH/hexane = 10/90, flow
Me rate 1.0 mL/min, 2 = 254 nm, major diastereomer: tyinor = 31.0 Min, tmgjor
= 33.1 min); *H NMR (300 MHz, CDCl5):5(major diastereomer) 2.80 (s, 3H), 4.68 (dd, J = 2.7 Hz,
12.9 Hz, 1H), 4.91 (dd, J = 2.7 Hz, 12.0 Hz, 1H), 5.07 (t, J = 12.6 Hz, 1H), 6.29-6.30 (m, 2H),
6.71 (d, J = 7.8 Hz, 1H), 7.01 (d, J = 8.7 Hz, 2H), 7.09-7.13 (m, 2H), 7.28-7.33 (m, 1H), 7.46-7.54
(m, 2H), 7.93 (d, J = 8.7 Hz, 2H);**C NMR (75 MHz, CDCl,): 5(major diastereomer) 26.1, 50.2,
67.7, 74.1, 109.7, 110.4, 119.1, 122.6, 123.1, 123.5, 126.1, 130.1, 131.6, 139.4, 144.2, 147.7,
171.7; HRMS (ESI-TOF) calcd. for C,;H1gNsNaOs [M + Na]* 429.1169; found: 429.1169.

4-((5)-1-((R)-1-methyl-2-oxo-3-(1H-pyrrol-1-yl)indolin-3-yl)-2-
Q N2 nitroethyl)benzonitrile (3n): White solid; 37.1 mg, 96% yield; 84:16 dr,
84% ee; [a]p®® = +109.3 (c 1.88, CHCl5); mp 161.4-162.3 €; the ee was
@N © cn  determined by HPLC (Chiralpak AD-H, i-PrOH /hexane = 30/70, flow
Me rate 1.0 mL/min, A = 254 nm, major diastereomer: tminor = 9.5 MIN, trmajor
= 8.4 min); *H NMR (300 MHz, CDCl,): § (major diastereomer) 2.79 (s, 3H), 4.67 (dd, J = 2.7 Hz,
13.2 Hz, 1H), 4.86 (dd, J = 2.7 Hz, 12.0 Hz, 1H), 5.04 (t, J = 12.6 Hz, 1H), 6.28-6.30 (m, 2H),
6.71 (d, J = 7.8 Hz, 1H), 6.94 (d, J = 8.1 Hz, 2H), 7.08-7.13 (m, 2H), 7.26-7.32 (m, 1H), 7.36-7.39
(m, 2H), 7.45-7.52 (m, 2H); *C NMR (75 MHz, CDCl5): & (major diastereomer) 26.0, 50.4, 67.8,
74.0, 109.6, 110.3, 112.5, 118.0, 119.1, 123.0, 123.4, 126.1, 129.7, 131.5 131.7, 137.3, 144.2,
171.7; HRMS (ESI-TOF) calcd. for C»H1sN4NaOz [M + Na]* 409.1271; found: 409.1275.

@ _NO, (R)-3-((S)-1-(furan-2-yI)-2-nitroethyl)-1-methyl-3-(1H-pyrrol-1-yl)indolin-2
NEE: -one (30): Brown oil; 34.1 mg, 97% yield; 71:29 dr, 78% ee, 17% ee; [a]p? =
©\ ol / +123.2 (c 1.82, CHCIy); the ee was determined by HPLC (Chiralpak AD-H,

N EtOH/hexane = 10/90, flow rate 1.0 mL/min, 2 = 254 nm, major diastereomer:
tminor = 14.2 MiN, trajor = 15.7 min, minor diastereomer: tminor = 16.8 min, tmgjor =
12.6 min); *H NMR (300 MHz, CDCls):6 (major + minor diastereomers) 2.99 (s, 2.1H), 3.19 (s,
0.9H), 4.39 (dd, J = 2.7 Hz, 13.5 Hz, 0.3H), 4.48 (dd, J = 2.4 Hz, 12.9 Hz, 0.7H), 4.87-4.91 (m,
0.3H), 4.96-5.01 (m, 1H), 5.07-5.15 (m, 0.7H), 5.76 (d, J = 3.3 Hz, 0.3H), 5.98 (d, J = 3.3 Hz,
0.7H), 6.09-6.11 (m, 0.7H), 6.16-6.18 (m, 0.3H), 6.21-6.23 (m, 0.6H), 6.25-6.26 (m, 1.4H),
6.74-6.81 (m, 1H), 7.02-7.10 (m, 3H), 7.20-7.24 (m, 1H), 7.35-7.42 (m, 2H); **C NMR (75 MHz,
CDCl3): 6 (major + minor diastereomers) 26.3, 26.5, 44.5, 44.7, 67.0, 67.2, 72.7, 72.9, 109.0,
109.1, 109.3, 109.6, 109.7, 110.1, 110.3, 110.9, 119.0, 119.1, 122.7, 123.3, 123.7, 125.4, 126.2,
130.6, 130.9, 142.3, 142.7, 143.0, 144.1, 146.4, 146.8, 172.1, 172.5; HRMS (ESI-TOF) calcd. for
Ci9H17N3NaO, [M + Na]* 347.1111; found: 347.1117.

Me
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(R)-1-methyl-3-((S)-2-nitro-1-(thiophen-2-yl)ethyl)-3-(1H-pyrrol-1-yl)
| ) N0 indolin-2-one (3p): White solid; 35.2 mg, 96%yield; 80:20 dr, 93% ee; [a]p?°
N

m = +150.1 (c 1.08, CHCI3); mp 114.7-116.3 <€; the ee was determined by
©\ ol s HPLC (Chiralpak AD-H, EtOH/hexane = 30/70, flow rate 1.0 mL/min, A =

vale 254 nm, major diastereomer: tyinor = 7.8 Min, tmajor = 6.4 Min); 'H NMR (300
MHz, CDCls):6(major diastereomer) 2.88 (s, 3H), 4.60 (dd, J = 2.7 Hz, 12.9 Hz, 1H), 4.92 (t, J =
12.3 Hz, 1H), 5.17 (dd, J = 2.7 Hz, 11.7 Hz, 1H), 6.27-6.28 (m, 2H), 6.69-6.78 (m, 3H), 7.03-7.09
(m, 3H), 7.26-7.31 (m, 1H), 7.46-7.52 (m, 2H); *C NMR (75 MHz, CDCl5): 6(major diastereomer)
26.1, 46.5, 68.0, 76.5, 109.4, 110.1, 119.1, 122.9, 1245, 126.1, 126.2, 126.3, 128.8, 131.4, 134.1,
145.0, 172.2; HRMS (ESI-TOF) calcd. for CigHi;N3NaO3S [M + Na]® 390.0883; found:
390.0886.

(R)-1-methyl-3-((S)-1-(naphthalen-1-yl)-2-nitroethyl)-3-(1H-pyrrol-1-yl
@ ~NO2 )indolin-2-one (3q): White solid; 38.7 mg, 94% vield; 83:17 dr, 98% ee;
A ‘ [a]p® = +40.3 (c 1.66, CHCIl5); mp 176.3-177.5 €; the ee was determined
@N o O by HPLC (Chiralpak AD-H, EtOH/hexane = 10/90, flow rate 1.0 mL/min, A
Me = 254 nm, major diastereomer: tuinor = 13.3 Min, tgjor = 10.4 min); *H NMR
(300 MHz, CDClg):6(major diastereomer) 2.53 (s, 3H), 4.97-5.14 (m, 2H), 5.83 (dd, J = 3.6 Hz,
11.1 Hz, 1H), 6.32-6.33 (m, 2H), 6.40 (d, J = 7.2 Hz, 1H), 6.66 (d, J = 7.8 Hz, 1H), 6.97-7.03 (m,
1H), 7.20 (d, J = 7.5 Hz, 1H), 7.24-7.26 (m, 2H), 7.39 (d, J = 7.5 Hz, 1H), 7.43-7.50 (m, 2H),
7.58-7.63 (m, 1H), 7.67 (d, J = 8.1 Hz, 1H), 7.76 (d, J = 8.1 Hz, 1H), 8.41 (d, J = 8.7 Hz, 1H); **C
NMR (75 MHz, CDCly): 6(major diastereomer) 25.8, 43.2, 67.9, 76.4, 109.2, 109.9, 119.6, 122.6,
123.4, 123.9, 124.0, 124.7, 126.0, 126.6, 128.4, 128.6, 129.3, 131.1, 132.2, 133.6, 144.8, 172.0;
HRMS (ESI-TOF) calcd. for C,5H»N3NaO; [M + Na]™ 434.1475; found: 434.1480.

® _NO, (R)-3-((S)-2-nitro-1-phenylethyl)-1-phenyl-3-(1H-pyrrol-1-yl)indolin-2-
\ N one (3r):Gray solid; 40.6 mg, 96% vield; 83:17 dr, 74% ee; [0]p”® = +103.6 (c
©\ o 1.33, CHCIg); mp 115.7-116.9 <€; the ee was determined by HPLC (Chiralpak

N AD-H, i-PrOH/hexane = 10/90, flow rate 1.0 mL/min, A = 254 nm, major

o diastereomer: tyinor = 16.1 Min, tmgjor = 50.6 min); *H NMR (300 MHz, CDCly):

d (major diastereomer) 4.72 (dd, J = 2.7 Hz, 12.6Hz, 1H), 4.92 (dd, J = 2.7 Hz, 12.0 Hz, 1H), 5.10
(t, J = 12.6 Hz, 1H), 6.33-6.35 (m, 2H), 6.55 (d, J = 7.8 Hz, 1H), 6.60-6.64 (m, 2H), 6.87 (d, J =
7.5 Hz, 2H), 7.05-7.15 (m, 3H), 7.20-7.22 (m, 2H), 7.29-7.38 (m, 4H), 7.38-7.61 (m, 2H);
BCNMR (75 MHz, CDCIl3): § (major diastereomer) 50.9, 68.5, 74.8, 110.1, 110.5, 119.3, 123.1,
123.6, 126.2, 126.4, 128.3, 128.6, 128.7, 129.3 129.5, 131.0, 131.8, 132.8, 144.8, 171.6; HRMS
(ESI-TOF) calcd. for CosH,:N3sNaO3 [M + Na]" 446.1475; found: 446.1459.

® NO, (R)-1-benzyl-3-((S)-2-nitro-1-phenylethyl)-3-(1H-pyrrol-1-yl)indolin-2-
| -

N § one (3s): White solid; 41.6 mg, 95%yield; 93:7 dr, 97% ee; [a]o™° = +81.3 (c
©\ o 1.26, CHCly); mp 137.2-138.9 <€; The ee was determined by HPLC
N (Chiralpak AD-H, EtOH/hexane = 30/70, flow rate 1.0 mL/min, A = 254 nm,

B . . .
" major diastereomer: tminor = 10.1 mMin, tmajor = 13.6 min); 'H NMR (300 MHz,

CDCly): d(major diastereomer) 4.25 (d, J = 16.2 Hz, 1H), 4.69 (dd, J = 2.7 Hz, 12.6 Hz, 1H), 4.87
(d, J = 16.2 Hz, 1H), 4.95 (dd, J = 2.4 Hz, 12.0 Hz, 1H), 5.10 (t, J = 12.3 Hz, 1H), 6.30-6.32 (m,
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2H), 6.39 (d, J = 7.2 Hz, 2H), 6.48 (d, J = 7.8 Hz, 1H), 6.91 (d, J = 7.8 Hz, 2H), 7.06-7.18 (m, 7H),
7.23-7.35 (m, 3H), 7.56 (d, J = 6.9 Hz, 1H); *C NMR (75 MHz, CDCl,): é(major diastereomer)
44.0,50.4, 68.2, 75.4, 110.1, 110.8, 119.2, 122.8, 123.6, 126.2, 126.3, 127.3, 128.6, 128.7, 128.8,
129.6, 131.1, 132.0, 134.1, 143.9, 172.4; HRMS (ESI-TOF) calcd. for C,;H»3NsNaO; [M + Na]*
460.1632; found: 460.1626.

@ ~NO: (R)-1-acetyl-3-((S)-2-nitro-1-phenylethyl)-3-(1H-pyrrol-1-yl)indolin-2-one
N (3t): White solid; 36.9 mg, 95% yield; 68:32 dr, 82% ee; [a]o? = +148.9 (c
@m 1.88, CHCI3); mp 187.3-188.6 <€; the ee was determined by HPLC
o (ChiralpakAD-H, ethanol/hexane = 5/95, flow rate 1.0 mL/min, 1 = 254 nm,

major diastereomer: tminor = 9.4 Min, tpsor = 8.8 Min); 'H NMR (300 MHz,

CDCly): ¢ (major diastereomer) 2.32 (s, 3H), 4.81 (dd, J = 2.4 Hz, 12.0 Hz,1H), 4.91 (dd, J =
2.4Hz, 11.7 Hz, 1H), 5.03 (t, J = 12.0 Hz, 1H), 6.28-6.33 (M, 2H), 6.72-6.76 (m, 2H), 7.01-7.06
(m, 2H), 7.08-7.13 (m, 2H), 7.17-7.20 (m, 1H), 7.24-7.30 (m, 1H), 7.40-7.47 (m, 1H), 7.51-7.56
(m, 1H), 8.08-8.11 (m, 1H); *C NMR (75 MHz, CDCl,): § (major diastereomer) 26.0, 50.4, 68.8,

74.7, 110.6, 1175, 119.4, 122.8, 124.0, 125.4, 128.5, 128.9, 129.3, 130.9, 131.5, 141.2, 169.7,
173.4; HRMS (ESI-TOF) calcd. for C»,H1gN3sNaO, [M + Na]*412.1268; found: 412.1261.

\ NO (R)-3-((S)-2-nitro-1-phenylethyl)-3-(1H-pyrrol-1-yl)indolin-2-one (3u):
Q £ White solid; 33.2 mg, 96% yield; 82:18 dr, 87% ee; [a]o2 = +104.4 (c 1.08,
©\ o CHCI3); mp 108.7-110.1 <€; the ee was determined by HPLC (ChiralpakOJ-H,
N ethanol/hexane = 15/85, flow rate 1.0 mL/min, A = 254 nm, major
diastereomer: toinor = 13.3 Min, tygjor = 28.2 min); "H NMR (300 MHz, CDCly):
o (major diastereomer) 4.70 (dd, J = 3.0 Hz, 12.6 Hz,1H), 4.80 (dd, J = 3.0Hz, 12.0 Hz, 1H), 5.06
(t, J = 12.0 Hz, 1H), 6.25-6.28 (m, 2H), 6.74 (d, J = 7.8 Hz, 1H), 6.82 (d, J = 7.5 Hz, 1H),
7.03-7.09 (m, 5H), 7.15-7.18 (m, 1H), 7.20-7.27 (m, 1H), 7.35-7.40 (m, 1H), 7.46 (d, J = 7.5 Hz,
1H), 8.10 (s, 1H); *C NMR (75 MHz, CDCly): § (major diastereomer) 50.1, 68.6, 74.9, 110.1,
111.3, 119.2, 122.9, 124.0, 126.4, 128.3, 128.7, 129.1, 130.1, 131.1, 141.6, 174.3; HRMS
(ESI-TOF) calcd. for CxH17N3NaO3 [M + Na]* 370.1162; found: 370.1157.

| Methyl((S)-2-((R)-1,5-dimethyl-2-oxo0-3-(1H-pyrrol-1-yl)indolin-3-yl

OYO )-2-phenylethyl)carbamate (3v): White solid; 37.1 mg,92% yield:

@ _NH 84:16 dr, 86% ee; [a]p® = +75.0 (¢ 2.20, CHCI3); mp 170.5-172.1 €;

Me N the ee was determined by HPLC (Chiralpak OD-H, ethanol/hexane =
Oﬁ@ 10/90, flow rate 1.0 mL/min, A = 254 nm, major diastereomer: tminor =
Me 7.7 min, tpgor = 6.4 min); 'H NMR (300 MHz, CDCly): & (major
diastereomer) 2.47 (s, 3H), 2.63 (s, 3H), 3.55 (s, 3H), 3.66-3.85 (m, 2H), 4.05-4.08 (m, 1H), 4.39
(brs, 1H), 6.19-6.25 (m, 2H), 6.46-6.53 (m, 1H), 6.75 (d, J = 6.9 Hz, 2H), 7.01-7.20 (m, 6H),
7.31-7.56 (m, 1H); BCNMR (75 MHz, CDCly): 6 (major diastereomer) 21.3, 25.7, 40.0, 51.5, 52.0,

69.4, 108.5, 108.8, 109.2, 119.5, 124.4, 127.8, 129.3, 129.9, 130.7, 132.0, 134.2, 142.1, 156.8,
173.1; HRMS (ESI-TOF) calcd. for C,4H,5N3NaO; [M + Na]* 426.1788; found: 426.1785.
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Methyl((S)-2-((R)-5-fluoro-1-methyl-2-oxo-3-(1H-pyrrol-1-yl)indolin-3-

o $ yl)-2-phenylethyl)carbamate (3w): White solid; 38.2 mg,94% vyield;

@ /\\N(H 85:15 dr, 94% ee; [a]p®® = +125.8 (c 1.72, CHCls); mp 174.2-175.6 €; the

. N ee was determined by HPLC (Chiralpak AD-H, i-PrOH/hexane = 30/70,

@Q@ flow rate 1.0 mL/min, X = 254 nm, major diastereomer: tminor = 10.1 min,

N tmajor = 13.7 min); "H NMR (300 MHz, CDCls): & (major diastereomer)

2.66 (s, 3H), 3.56 (s, 3H), 3.61-3.69 (m, 1H), 3.76-3.90 (m, 1H), 4.11 (dd,

J = 3.3 Hz, 10.5 Hz, 1H), 4.40 (brs, 1H), 6.26-6.28 (m, 2H), 6.49-6.54 (m,1H), 6.78 (d, J = 7.2 Hz,

2H), 7.03-7.16 (m, 6H), 7.42 (d, J = 6.0 Hz, 1H); *CNMR (75 MHz, CDCly): & (major

diastereomer) 25.8, 39.8, 51.4, 52.1, 69.6, 109.3 (d, J = 8.0 Hz, 1C), 109.5, 114.8 (d, J = 25.0 Hz,

1C), 116.9 (d, J = 23.0 Hz, 1C), 119.4, 125.9 (d, J = 7.3 Hz, 1C), 128.0, 129.2, 133.8, 140.5, 156.7,

157.0, 160.2, 172.9; HRMS (ESI-TOF) calcd. for C,sH»,FNsNaO; [M + Na]* 430.1537; found:
430.1545.

(R)-5-chloro-1-methyl-3-((S)-2-nitro-1-phenylethyl)-3-(1H-pyrrol-1-yl)
Q <" indolin-2-one (3x): White solid; 37.9 mg, 94% yield; 84:16 dr, 94% e;

cl \ [a]o® = +94.3 (c 1.86, CHCI3); mp 195.6-197.1 €; the ee was determined
\©\N © by HPLC (Chiralpak AD-H, i-PrOH/hexane = 10/90, flow rate 1.0 mL/min,
Me A = 254 nm, major diastereomer: tyinor = 10.7 Min, trgjor = 11.9 min); *H

NMR (300 MHz, CDCl5): 6 (major diastereomer) 2.72 (s, 3H), 4.70 (dd, J = 3.0 Hz, 12.6 Hz, 1H),
4.79 (dd, J = 3.0 Hz, 11.7 Hz, 1H), 5.03 (t, J = 12.3 Hz, 1H), 6.29-6.30 (m, 2H), 6.58 (d, J = 8.1
Hz, 1H), 6.82 (d, J = 7.2 Hz, 2H), 7.07-7.17 (m, 5H), 7.40-7.44 (m, 2H); *C NMR (75 MHz,
CDCl3): & (major diastereomer) 26.0, 50.2, 68.4, 74.4, 109.6, 110.3, 119.1, 124.4, 126.3, 128.2,
128.5, 128.7, 128.8, 129.9, 131.0, 143.0, 171.9; HRMS (ESI-TOF) calcd. for C,;HsCIN3NaO3; [M
+ Na]" 418.0929; found: 418.0923.

(R)-6-chloro-1-methyl-3-((S)-2-nitro-1-phenylethyl)-3-(1H-pyrrol-1-yl)

@ ~N% indolin-2-one (3y):White solid; 37.5 mg, 95% yield; 86:14 dr, 92% ee;

N : [a]o® = +175.0 (¢ 1.76, CHCI5); mp 128.5-129.8 €; the ee was determined

CI/©\N o by HPLC (Chiralpak AD-H, ethanol/hexane = 30/70, flow rate 1.0 mL/min,

Me A =254 nm, major diastereomer: tyinor = 7.1 Min, tmsjor = 6.0 Min); 'H NMR

(300 MHz, CDCly): 6 (major diastereomer) 2.72 (s, 3H), 4.68 (dd, J = 3.0 Hz, 12.6 Hz, 1H), 4.78

(dd, J = 3.0 Hz, 12.0 Hz, 1H), 5.01 (t, J = 12.3 Hz, 1H), 6.28-6.30 (m, 2H), 6.66 (d, J = 1.8 Hz,

1H), 6.79-6.82 (m, 2H), 6.99-7.18 (m, 5H), 7.22-7.26 (m, 1H), 7.38 (d, J = 8.1 Hz, 1H); **C NMR

(75 MHz, CDCly): & (major diastereomer) 26.0, 50.3, 68.0, 74.4, 109.9, 110.2, 119.1, 121.9, 122.6,

125.1, 127.0, 128.2, 128.8, 1313, 137.1, 145.7, 172.3; HRMS (ESI-TOF) calcd. for
Cx1H15CINsNaO; [M + Na]* 418.0929; found: 418.0926.

4. The synthesis of compound 3a’-f*, 11-15 and 17
The synthesis of compound 3a'

In an ordinary vial equipped with a magnetic stirring bar, the compound 1a (0.1 mmol, 1.0
equiv), paraformaldehyde 4 (0.3 mmol, 3.0 equiv) and catalyst (5 mol %) were dissolved in 2 mL
of CH,Cl,, and then the mixture was stirred at 0 °C for indicated time. After completion of the
reaction, as indicated by TLC, the product 3a" were isolated by flash chromatography on silica gel
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(petroleum ether/ethyl acetate = 3/1~1/1).
@ 3-(Hydroxymethyl)-1-methyl-3-(1H-pyrrol-1-yl)indolin-2-one  (3a"): White
N o, Solid; 235 mg, 97%yield; 89% ee; [@]p® = +70.7 (c 1.20, CHCI3); mp
©\)£o 181.9-183.2 <€; The ee was determined by HPLC (Chiralpak AD-H, EtOH/hexane
N = 30/70, flow rate 1.0 mL/min, 2 = 254 nm, tminor = 6.6 MIN, trajor = 8.2 Min); H
NMR (300 MHz, DMSO-dg): §3.15 (s, 3H), 4.06 (dd, J = 5.7 Hz, 10.2 Hz, 1H),
4.20 (dd, J = 5.1 Hz, 10.2 Hz, 1H), 5.41 (t, J = 5.1 Hz, 1H), 6.02-6.03 (m, 2H), 6.77-6.78 (m, 2H),
7.10-7.15 (m, 2H), 7.39-7.46 (m, 2H); **C NMR (75 MHz, CDCl5): §26.3, 64.3, 67.1, 108.2, 109.1,
119.0, 122.6, 125.2, 127.5, 129.9, 144.1, 173.4; HRMS (ESI-TOF) calcd. for C14H14N,NaO, [M +
Na]" 265.0947; found: 265.0958.

The synthesis of compound 3b*

In an ordinary vial equipped with a magnetic stirring bar, the compound 1a (0.1 mmol, 1.0
equiv), compound 5 (0.15 mmol, 1.5 equiv) and catalyst (10 mol %) were dissolved in 2 mL of
CH,Cl,, and then the mixture was stirred at -20 °C for indicated time. After completion of the
reaction, as indicated by TLC, the product 3b" were isolated by flash chromatography on silica gel
(petroleum ether/ethyl acetate = 3/1).

@ _COEt Diethyl 1-(1-methyl-2-ox0-3-(1H-pyrrol-1-yl)indolin-3-yl)hydrazine-1,2-
VL dicarboxylate (3b'): White solid; 37.8 mg, 98%yield; 80% ee; [a]p?° = +113.6
@fgg%ﬂ (c 1.35, CHCls); mp 181.3-182.7 €; The ee was determined by HPLC
NMe (Chiralpak OD-H, EtOH/hexane = 5/95, flow rate 1.0 mL/min, 2 = 254 nm,
trinor = 8.5 MiN, tgjor = 9.7 Min); "H NMR (300 MHz, CDCls): 61.07 (t, J = 7.2
Hz, 3H), 1.20 (t, J = 7.2 Hz, 3H), 3.23 (s, 3H), 4.03 (g, J = 7.2 Hz, 2H), 4.11 (q, J = 7.2 Hz, 2H),
6.17-6.19 (m, 2H), 6.45 (s, 1H), 6.85 (d, J = 7.8 Hz, 1H), 7.11-7.20 (m, 3H), 7.36-7.41 (m, 1H),
8.17 (d, J = 7.5 Hz, 1H); **C NMR (75 MHz, CDCly): 614.0, 14.4, 26.7, 62.1, 62.8, 77.6, 108.5,
110.0, 121.1, 122.9, 125.6, 127.0, 130.5, 143.7, 153.3, 156.2, 171.5; HRMS (ESI-TOF) calcd. for

C1oH2N4NaOs [M + Na] ™ 409.1482; found: 409.1474.

The synthesis of compound 3c*

In an ordinary vial equipped with a magnetic stirring bar, the compound 1a (0.1 mmol, 1.0
equiv), compound 6 (0.15 mmol, 1.5 equiv) and catalyst (5 mol %) were dissolved in 2 mL of
CH,Cl,, and then the mixture was stirred at 0 °C for indicated time. After completion of the
reaction, as indicated by TLC, the product 3c' were isolated by flash chromatography on silica gel
(petroleum ether/ethyl acetate = 6/1~3/1).
tert-Butyl(1-benzyl-1'-methyl-2,2*-dioxo-3'-(1H-pyrrol-1-yl)-[3,3'-biindolin
]-3-yl)carbamate (3c"): White solid; 51.0 mg, 93% yield; 81:19 dr, 95% ee;
[a]o® = +93.5 (¢ 1.69, CHCIl5); mp 196.2-197.7 €; the ee was determined by
HPLC (Chiralpak OD-H, i-PrOH/hexa-ne = 10/90, flow rate 1.0 mL/min, A =
254 nm, major diastereomer: tminor = 6.8 MinN, tyajor = 7.5mMin); 'H NMR (300
MHz, CDCly): & (major diastereomer) 1.29 (s, 9H), 3.28(s, 3H), 4.38-4.50 (m,
2H), 5.97 (d, J = 7.5 Hz, 1H), 6.19-6.25 (m, 3H), 6.62 (d, J = 7.8 Hz, 1H),
6.69-6.75 (m, 1H), 6.88-6.95 (m, 4H), 7.15-7.20 (m, 4H), 7.22-7.26 (m, 1H), 7.31-7.39 (m, 2H),
8.14 (s,1H); *CNMR (75 MHz, CDCls): & (major diastereomer) 26.6, 28.1, 44.0, 64.4, 67.4, 80.2,
108.5, 108.7, 109.3, 121.6, 122.1, 122.3, 123.0, 125.4, 126.6, 127.2, 127.3, 128.5, 129.8, 131.1,
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135.1, 144.2, 144.3, 154.4, 172.2, 173.8; HRMS (ESI-TOF) calcd. for C33H3,NsNaO, [M + Na]*
571.2316; found: 571.2308.

The synthesis of compound 3d*

In an ordinary vial equipped with a magnetic stirring bar, the compound 1a (0.1 mmol, 1.0
equiv), compound 7 (0.15 mmol, 1.5 equiv) and catalyst (20 mol %) were dissolved in 2 mL of
CH,Cl,, and then the mixture was stirred at room temperature for indicated time. After completion
of the reaction, as indicated by TLC, the product 3d" were isolated by flash chromatography on
silica gel (petroleum ether/ethyl acetate = 8/1~3/1).

o 3-(1-Methyl-2-ox0-3-(1H-pyrrol-1-ylindolin-3-yl)-1-(p-tolyl)pyrro

@ lidine-2,5-dione (3d"): White solid; 22.3 mg, 56%yield; 85:15 dr,

N NO  93% ee; [a]o? = -232.4 (c 1.10, CHCIl,); mp 208.3-209.5 €; The ee

N 00 was determined by HPLC (Chiralpak OD-H, EtOH/hexane = 30/70,

Me flow rate 1.0 mL/min, 2 = 254 nm, major diastereomer: tminor = 11.1

min, tmsjor = 17.8 min); 'H NMR (300 MHz, CDCl,): d(major diastereomer)2.30-2.31 (m, 1H),

2.36 (s, 3H), 2.91 (dd, J = 9.3 Hz, 18.3 Hz, 1H), 3.24 (s, 3H), 4.23 (dd, J = 5.1 Hz, 9.3 Hz, 1H),

6.23-6.25 (m, 2H), 6.96-6.99 (m, 3H), 7.06 (d, J = 8.4 Hz, 2H), 7.19-7.25 (m, 3H), 7.41-7.49 (m,

2H); *C NMR (75 MHz, CDCls): 6(major diastereomer) 21.1, 26.6, 30.8, 45.1, 65.5, 109.4, 109.5,

119.2, 122.8, 123.6, 124.6, 125.5, 126.0, 128.7, 129.7, 131.3, 138.8, 144.2, 172.2, 173.5, 173.6;
HRMS (ESI-TOF) calcd. for C,sH»1N3NaO; [M + Na]™ 422.1475; found: 422.1475.

The synthesis of compound 3e*

In an ordinary vial equipped with a magnetic stirring bar, the compound 1a (0.1 mmol, 1.0
equiv), compound 8 (0.15 mmol, 1.5 equiv) and catalyst (20 mol %) were dissolved in 2 mL of
CH,Cl,, and then the mixture was stirred at room temperature for indicated time. After completion
of the reaction, as indicated by TLC, the product 3e" were isolated by flash chromatography on
silica gel (petroleum ether/ethyl acetate = 10/1~3/1).

@ o 1-Methyl-3-(3-0x0-3-phenylpropyl)-3-(1H-pyrrol-1-yl)indolin-2-one

N (3e"): White solid; 31.3 mg, 91%yield; 42% ee; [a]p™® = -23.6 (c 0.88,
O o O CHCl3); mp 131.5-132.9 <€; The ee was determined by HPLC (Chiralpak

N OD-H, i-PrOH/hexane = 20/80, flow rate 1.0 mL/min, 2 = 254 nm, tinor =
8.7 min, tmgor = 11.4 min); 'H NMR (300 MHz, CDCl3): 02.74-2.84 (m,
4H), 3.26 (s, 3H), 6.19-6.21 (m, 2H), 6.85-6.87 (m, 2H), 6.93-6.95 (m, 1H), 7.13-7.18 (m, 1H),
7.39-7.44 (m, 4H), 7.51-7.56 (m, 1H), 7.80-7.82 (m, 2H); *C NMR (75 MHz, CDCl5): 526.5, 31.3,
32.4, 65.6, 108.9, 109.0, 118.9, 123.2, 124.9, 127.7, 127.9, 128.5, 130.2, 133.2, 136.3, 143.4,
174.2, 198.1; HRMS (ESI-TOF) calcd. for C,,H»0N,NaO, [M + Na]" 367.1417; found: 367.1405.
The synthesis of compound 3f 2

To a solution of compound 1d (0.1 mmol, 1.0 equiv), compound 9 (0.15 mmol, 1.5 equiv),
and catalyst (0.01 mmol, 10 mmol %) in toluene (2 mL) was added saturated Na,CO3 (0.1 mL).
The reaction was stirred at indicated temperature forspecified time. The reaction was quenched by
the addition of water. The water layer was extracted withethyl acetate three times. The combined
organic layer was dried over sodium sulfate and concentrated.The residue was purified by flash
column chromatography on silica gel (petroleum ether/ethyl acetate = 6/1) to give 3f".
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N\ _Boc tert-Butyl ((1-acetyl-2-oxo-3-(1H-pyrrol-1-yl)indolin-3-yl)(phenyl)methyl)
QHN/ carbamate (3f'): White solid; 41.4 mg, 96%yield; 92:8 dr, 97% ee; [a]p® =
O o O -26.8 (c 1.20, CHCI3); mp 92.5-93.6 <€; The ee was determined by HPLC
N (Chiralpak AD-H, EtOH/hexane = 5/95, flow rate 1.0 mL/min, A = 254 nm,
%O major diastereomer: tminor = 9.0 Min, tygjor = 12.3 min); 'H NMR (300 MHz,
CDCly): é(major diastereomer) 1.39 (s, 9H), 2.65 (s, 3H), 5.54 (d, J = 9.6 Hz, 1H), 5.94 (d, J=9.9
Hz, 1H), 6.23-6.25 (m, 2H), 6.77 (d, J = 7.2 Hz, 2H), 6.91-6.98 (m, 3H), 7.11-7.20 (m, 4H),
7.33-7.39 (m, 1H), 8.09 (d, J = 8.1 Hz, 1H); *C NMR (75 MHz, CDCls): J(major
diastereomer)26.6, 28.2, 58.5, 69.2, 80.6, 109.6, 116.8, 119.5, 124.5, 125.2, 125.4, 127.2, 127.9,
128.3, 130.7, 135.0, 140.1, 154.6, 170.0, 174.8; HRMS (ESI-TOF) calcd. for C,sH,7N3sNaO,4 [M +
Na]*468.1894; found: 468.1883.

The synthesis of compound 1154
To a suspension of compound 3a (0.1 mmol, 1 equiv, 94% ee) and NiCl, (0.1 mmol, 1 equiv)
in methanol (5 mL) was added NaBH, (1.2 mmol, 12 equiv) at 0 < and the mixture was stirred at
room temperature for 1 h, after which the mixture was quenched with sat. NH,Cl at 0 <C and
extracted with CH,Cl,. The combined organic layers were washed with brine and dried over
Na,SO,. After filtered, it was concentrated under vacuum to give the crude product 10. Then the
crude product 10 was dissolved in CH,Cl, (5 mL) at 0 <C under an argon atmosphere flowed by
adding of EtzN (0.1 mmol, 14 uL.).The resulting mixture was stirred at 0 <C for 10 min, then a
solution of TsClI (0.15 mmol, 28.6 mg) in dry CH,CI, (1.0 mL) was added dropwise. The resulting
solution was stirred at 0 <C for 30 min, then was allowed to warm to room temperature; stirring
was then continued for about 4 h. The reaction mixture was concentrated under vacuum and
purified with flash chromatography on silica gel (petroleum ether/ethyl acetate = 10/1~ 5/1) to
afford 11.
N\ _NHT 4-Methyl-N-((S)-2-((R)-1-methyl-2-0x0-3-(1H-pyrrol-1-yl)indolin-3-yl)-2-
Q < phenylethyl)benzenesulfonamide (11): White solid; 44.2 mg, 91%yield;

@Q@ 87:13 dr, 94% ee; [a]p® = +135.0 (¢ 1.60, CHCI3); mp 176.6-177.9 €; The

N ee was determined by HPLC (Chiralpak AD-H, EtOH/hexane = 30/70, flow

Me rate 1.0 mL/min, A = 254 nm, major diastereomer: tminor = 24.6 MiN, trajor =
14.2 min); *H NMR (300 MHz, CDCls): s(major diastereomer) 2.47 (s, 3H), 2.62 (s, 3H),
3.40-3.59 (m, 2H), 3.90 (dd, J = 4.8 Hz, 10.5 Hz, 1H), 4.25 (dd, J = 4.5 Hz, 7.8 Hz, 1H), 6.20-6.21
(m, 2H), 6.54-6.59 (m, 3H), 6.90-6.91 (m, 2H), 6.96-7.01 (m, 2H), 7.08 (d, J = 7.2 Hz, 1H),
7.14-7.19 (m, 1H), 7.26-7.31 (m, 2H), 7.33-7.39 (m, 1H), 7.45 (d, J = 7.5 Hz, 1H), 7.58-7.62 (m,
2H); *C NMR (75 MHz, CDCls): é(major diastereomer) 21.5, 25.6, 41.6, 51.8, 69.0, 108.8, 109.3,
119.2, 122.3, 123.8, 126.6, 127.2, 127.9, 128.1, 129.1, 129.6, 130.5, 133.1, 136.6, 143.5, 144.3,

172.8; HRMS (ESI-TOF) calcd. for CogH,7N3NaOsS [M + Na]* 508.1665; found: 508.1652.

The synthesis of compound 12

To a suspension of compound 3a (0.2 mmol, 1 equiv, 94% ee) and NiCl, (0.2 mmol, 1 equiv)
in methanol (10 mL) was added NaBH, (2.4 mmol, 12 equiv) at 0 <C and the mixture was stirred
at room temperature for 1 h, after which the mixture was quenched with sat. NH,Cl at 0 <C and
extracted with CH,Cl,. The combined organic layers were washed with brine and dried over
Na,SO,. After filtered, it was concentrated under vacuum to give the crude product 10. The crude
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product 10 was dissolved in CH,Cl, (15 mL) at 0 <C. Then thiophosgene (0.79 mmol, 0.06 mL)
was added and the resulting solution was stirred at 0 <C for 30 min. Then the mixture was allowed
to warm to room temperature and stirred overnight. The reaction mixture was concentrated under
vacuum and purified with flash chromatography on silica gel (petroleum ether/ethyl acetate = pure
petroleum ether ~ 4/1) to afford compound 12.
NCS (R)-3-((S)-2-isothiocyanato-1-phenylethyl)-1-methyl-3-(1H-pyrrol-1-yl)
Q / indolin-2-one (12): White solid; 30.0 mg, 40% vyield; 90:10 dr, 94% ee;
@\Q@ [a]o® = +223.6 (c 0.85, CHCI3); mp 117.3-118.8 €; the ee was determined
N by HPLC (Chiralpak AD-H, ethanol/hexane = 30/70, flow rate 1.0 mL/min, A
Me = 254 nm, major diastereomer: tpinor = 6.4 Min, tmsjor = 5.9 min); 'H NMR
(300 MHz, CDCl,): 6 (major diastereomer) 2.72 (s, 3H), 3.82 (dd, J = 1.4 Hz, 11.7 Hz, 1H),
4.10-4.25 (m, 2H), 6.26-6.28 (m, 2H), 6.63 (d, J = 7.8 Hz, 1H), 6.75-6.79 (m, 2H), 7.06-7.11 (m,
4H), 7.14-7.21 (m, 1H), 7.23-7.26 (m, 1H), 7.39-7.45 (m, 1H), 7.47-7.50 (m, 1H); *CNMR (75
MHz, CDCly): 8 (major diastereomer) 25.8, 44.5, 53.0, 68.7, 109.1, 109.7, 119.2, 122.5, 123.5,
126.4, 128.0, 128.4, 129.0, 130.0, 130.9, 132.7, 1445, 172.5; HRMS (ESI-TOF) calcd. for
CxH1gN3NaOS [M + Na]* 396.1141; found: 396.1131.

The synthesis of compound 13"

To a solution of compound 12 (30.0 mg, 0.08 mmol, 1 equiv) in MeOH (10 ml) was added
NaH (60% in oil, 9.6 mg, 0.24 mmol, 3.0 equiv) under ice cooling, followed by stirring at room
temperature for 1 h. Then the reactionmixture was poured into ice water and extracted with ethyl
acetate (310 mL). The organic layers were combined and washed with brine twice. Subsequently
the combined organic layer was dried over sodium sulfate and concentrated. The crude product
was purified by column chromatography on silica gel (petroleum ether/ethyl acetate = 3/1) to
obtain compound 13.

O-methyl ((S)-2-((R)-1-methyl-2-ox0-3-(1H-pyrrol-1-yl)indolin-
3-yl)-2-phenylethyl)carbamothioate (13): White solid; 30.9 mg, 95%yield;
Q M 86:14 dr, 93% ee; [0]p™ = +176.5 (¢ 1.45, CHCl3); mp 171.1-172.5 €; The ee

m was determined by HPLC (Chiralpak AD-H, EtOH/hexane = 30/70, flow rate

©\N ° 1.0 mL/min, A = 254 nm, major diastereomer: tminor = 8.1 MiN, tyajor = 12.9

Me min); '"H NMR (300 MHz, CDCl3): 6 (major diastereomer) 2.68 (s, 3H),
3.64-3.74 (m, 0.4H), 3.85 (s, 2H), 3.89-3.98 (m, 0.6H), 4.01 (s, 1H), 4.04-4.23 (m, 2H), 5.80 (br s,
1H), 6.26-6.28 (m, 2H), 6.58-6.64 (m, 1H), 6.71-6.78 (m, 2H), 7.02-7.18 (m, 5H), 7.23-7.28 (m,
1H), 7.38-7.43 (m, 1H), 7.72 (d, J = 7.2 Hz, 1H); *C NMR (75 MHz, CDCl;): 6 (major
diastereomer) 25.7, 44.3, 50.8, 57.1, 69.2, 108.6, 108.8, 109.1, 109.4, 119.5, 122.5, 124.1, 125.3,
126.9, 127.9, 128.1, 129.2, 129.8, 130.6, 133.9, 144.5, 173.0, 191.2; HRMS (ESI-TOF) calcd. for
Ca3H2sN3NaO,S [M + Na]* 428.1403; found: 428.1421.

Ss_OMe

The synthesis of compound 14

To an ice-cooled aqueous solution of methylamine (40percent w/w, 0.2ml) was added a
solution of compound 12 (30.0 mg, 0.08 mmol, 1 equiv) in 1,4-dioxane (1.0ml). The coolant was
removed and the reaction was stirred at ambient temperature for 2h. The reaction mixture was
partitioned between ethyl acetate (20ml) and water (20ml). The aqueous phase was discarded and
the organic phase washed with brine (2><10ml), and was dried over anhydrous sodium sulfate. The

S12



filtrate was concentrated under vacuum and purified by column chromatography on silica gel
(CH,CIl,/MeOH = 20/1) to obtain compound 14.

| 1-Methyl-3-((S)-2-((R)-1-methyl-2-0x0-3-(1H-pyrrol-1-yl)indolin-3-yl)-2-p

S NH  henylethyl)thiourea (14): White solid; 22.0 mg, 68% yield; 97:3 dr, 97% ee;

@ NH [a]o® = +114.7 (c 1.20, CHCl5); mp 104.3-105.6 €; the ee was determined

"f : by HPLC (Chiralpak AD-H, ethanol/hexane = 20/80, flow rate 1.0 mL/min, A

@Lﬁ@ = 254 nm, major diastereomer: tyinor = 10.4 Min, tygjor = 13.3 min); 'H NMR

Me (300 MHz, CDCly): & (major diastereomer) 2.68 (s, 3H), 2.72 (s, 3H),

4.01-4.14 (m, 3H), 5.29 (brs,1H), 5.75 (brs, 1H), 6.25-6.28 (m, 2H), 6.61 (d, J = 7.8 Hz, 1H), 6.73

(d, J = 7.2 Hz, 2H), 6.99-7.05 (m, 2H), 7.07-7.11 (m, 1H), 7.20-7.26 (m, 3H), 7.35-7.45 (m, 1H),

7.73 (d, J = 7.5 Hz, 1H); *CNMR (75 MHz, CDCl,): § (major diastereomer) 25.7, 30.4, 44.2, 52.0,

69.2, 108.9, 109.5, 119.6, 122.6, 123.7, 127.0, 127.9, 128.0, 129.1, 130.7, 134.3, 144.5, 173.0,
182.4; HRMS (ESI-TOF) calcd. for Co3H.sN,NaOS [M + Na]" 427.1563; found: 427.1555.

The synthesis of compound 15!

To a solution of anhydrous MgSO, (0.5 g) and compound 10 (123.0 mg, 0.37 mmol, 1.0
equiv, 99% ee) in CH,Cl, (8 mL) was added benzaldehyde (91 pL, 0.89 mmol, 2.4 equiv) at room
temperature and the mixture was stirred at room temperature for 1 h. The mixture was then cooled
to 0 °C and TFA (51 pL, 0.75 mmol) was slowly added. After stirred at room temperature for 2
days, the mixture was neutralized with sat. NaHCO; at 0 <C and then filtered over celite. The
filtrate was extracted with CH,Cl,and the combinedorganic layers were washed with brine and
dried over Na,SQ,. After filtered and concentrated under vacuum, the crude product was purified
by chromatography on silica gel (petroleum ether/ethyl acetate = 15/1~3/1).

(1'S,3R,4'S)-1-methyl-1',4'-diphenyl-1',2",3",4'-tetrahydrospiro[indoline-

@ 3,5'-pyrrolo[1,2-a][1,4]diazepin]-2-one (15): White solid; 149.5 mg,

[\Bﬂ-‘NH 96%yield; >99:1 dr, >99% ee; [a]p® = -247.6 (c 2.55, CHCI3); mp

. N 232.3-234.6 <€; The ee was determined by HPLC (Chiralpak AD-H,

QNLO)@ EtOH/hexane = 20/80, flow rate 1.0 mL/min, 4 = 254 nm, major

Me diastereomer: tminor = 46.3 Min, tyajor = 8.8 min); 'H NMR (300 MHz,

CDCly): 62.21 (br s, 1H), 2.69 (s, 3H), 3.35 (dd, J = 2.7 Hz, 13.8 Hz, 1H), 3.75 (dd, J = 12.3 Hz,

13.8 Hz, 1H), 3.88 (dd, J = 2.7 Hz, 11.7 Hz, 1H), 5.40-5.45 (m, 1H), 5.50 (s, 1H), 5.91-6.93 (m,

1H), 6.43-6.45 (m, 1H), 6.60-6.62 (m, 3H), 6.98-7.03 (m, 2H), 7.01-7.04 (m, 1H), 7.05-7.10 (m,

1H), 7.32-7.37 (m, 2H), 7.40-7.45 (m, 2H), 7.51-7.53 (m, 2H), 7.86 (d, J = 7.5 Hz, 1H); **C NMR

(75 MHz, CDCl3): 625.7, 51.4, 54.2, 62.4, 73.4, 107.2, 108.5, 111.1, 122.6, 122.8, 125.7, 127.4,

127.5, 127.8, 128.3, 128.4, 129.5, 137.2, 138.7, 142.5, 143.0, 174.2; HRMS (ESI-TOF) calcd. for
CasH26N50 [M + H]" 420.2070; found: 420.2060.

The synthesis of compound 17 ©

To a solution compound 10 (198.8 mg, 0.6 mmol, 1.0 equiv) in CH,CI, (20 mL) at 0 T,
under an argon atmosphere, was added DIEA (0.46 mL, 2.8 mmol, 4.5 equiv), chloromethyl
formate (0.19 mL, 2.4 mmol, 4.0 equiv), and DMAP (30.5 mg, 0.24 mmol, 40 mol %). After the
addition, the reaction was allowed to warm to room temperature and stirred about 3 h. Then, the
reaction was quenched with a saturated aqueous sodium bicarbonate solution and extracted with
CH,CI, three times. The combined organic layers were dried over Na,SO,, filtered, and
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concentrated in vacuo to give the compound 16 (white solid, 197.4 mg, 88.3% vyield). The
compound 16 was dissolved in 20 mL of dry THF and LiAIH,4 (380 mg, 10 mmol, 20 equiv) was
added at 0 €. The resulting mixture was heated to reflux for 3 h and then cooled to 0 €. Ethyl
acetate (100 mL) and saturated aqueous NaHCO; (50 mL) were added. The aqueous layer was
separated and extracted with ethyl acetate three times. The combined organic layers were dried
over Na,SO,, filtered, and concentrated in vacuo. The crude product was purified by
chromatography on silica gel (petroleum ether/ethyl acetate = 1/1) to obtain compound 17 (white
solid, 39.4 mg, 22 % vyield).
(3S,3aR,8aR)-1,8-dimethyl-3-phenyl-3a-(1H-pyrrol-1-yl)-1,2,3,3a,8,8a-hexa
hydropyrrolo[2,3-b]indole (17): White solid; 39.4 mg, 22% vyield; >99:1
dr, >99% ee; [a]p® = +46.3 (c 1.97, CHCI5); mp 116.9-118.2 €; the ee was
determined by HPLC (Chiralpak AD-H, i-PrOH/hexane = 1/99, flow rate 1.0
HN‘Me mL/min, A = 254 nm, major diastereomer: tminor = 5.5 Min, trajor = 4.8 Min); H

Me NMR (300 MHz, CDCl,): & (major diastereomer) 2.82 (s, 3H), 3.07 (s, 3H),
3.27 (d, J = 8.1 Hz, 2H), 3.78 (t, J = 7.5 Hz 1H), 4.85 (s,1H), 5.95-5.98 (m, 2H), 6.57 (d, J = 7.8
Hz, 1H), 6.59-6.65 (m,2H), 6.77-6.83 (m, 1H), 7.04-7.07 (m, 2H), 7.16-7.29 (m,4H), 7.38 (d, J =
7.5 Hz, 1H); ®*CNMR (75 MHz, CDCl5): 5 (major diastereomer) 34.7, 39.8, 55.6, 59.1, 77.9, 97.2,
107.7, 107.9, 117.5, 119.6, 125.3, 127.0, 127.9, 128.5, 129.4, 129.8, 136.9, 150.7; HRMS
(ESI-TOF) calcd. for CxH,sN3 [M + H]™ 330.1965; found: 330.1977.

5. X-ray crystal data for compound 3j

Compound 3j
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Identification code
Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/A

b/A

c/A

[

o/
pr°

Ve

Volume/A®

Z

pcmcmg/mm3

m/mm’’

F(000)

Crystal size/mm’

Radiation

20 range for data collection
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [I>=20 (1)]
Final R indexes [all data]
Largest diff. peak/hole / ¢ A~
Flack parameter

6. Reference

3j

C2H9BrN;O;

441.30

291(2)

monoclinic

C2

19.7543(7)

6.8067(3)

15.8605(4)

90

98.736(4)

90

2107.89(13)

4

1.391

2.871

900.0

0.36 x0.26 x 0.25

CuKa (A= 1.54184)

9.058 to 139.27°
-14<h<23,-7£k<2,-191=17
4694

2537[R(int) = 0.0244]
2537/20/255

1.091

R; =0.0839, wR, =0.2122
R, =0.1060, wR, = 0.2290
0.81/-0.66

-0.02(2)
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7. The copies of '"H NMR, *C NMR and HPLC spectra for compounds 3a-y, 3a'-f', 11-15

and 17.

'H NMR, ®C NMR and HPLC of 3a
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'H NMR, **C NMR and HPLC of 3b
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'H NMR, **C NMR and HPLC of 3¢
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'H NMR, **C NMR and HPLC of 3d
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'H NMR, *C NMR and HPLC of 3e
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'H NMR, *C NMR and HPLC of 3f
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'H NMR, *C NMR and HPLC of 3g
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'H NMR, **C NMR and HPLC of 3h
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H NMR, C NMR and HPLC of 3i
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H NMR, *C NMR and HPLC of 3j
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'H NMR, **C NMR and HPLC of 3k
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'H NMR, **C NMR and HPLC of 30
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'H NMR, *C NMR and HPLC of 3p
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H NMR, *C NMR and HPLC of 3q
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'H NMR, **C NMR and HPLC of 3r
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H NMR, C NMR and HPLC of 3s
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'H NMR, **C NMR and HPLC of 3w
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H NMR, *C NMR and HPLC of 3¢
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'H NMR, *C NMR and HPLC of 11
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'H NMR, **C NMR and HPLC of 12
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'H NMR, **C NMR and HPLC of 13
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'H NMR, **C NMR and HPLC of 14
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'H NMR, **C NMR and HPLC of 15
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