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1. General methods

Unless otherwise noted, all reagents were obtained from commercial suppliers and were used without
further purification. Cinchona alkaloid based catalysts 3c-3e and 3g-3i and all the substrates were
prepared according to original or modified literature procedures. All reactions were carried out directly
in air atmosphere, unless otherwise noted. Chemical shifts are reported in ppm from tetramethylsilane
with the solvent resonance as the internal standard. The following abbreviations were used to designate
chemical shift multiplicities: s= singlet, d= doublet, t= triplet, = quartet, h= heptet, m= multiplet, br=
broad. All first-order splitting patterns were assigned on the basis of the appearance of the multiplet.
Splitting patterns that could not be easily interpreted are designated as multiplet (m) or broad (br). IR
spectra were recorded on a Bruker tensor 27 infrared spectrometer. Melting points were measured on
Beijing Tech X-4 apparatus without correction. Mass spectra were obtained using electrospray
ionization (ESI) mass spectrometer. Optical rotations were measured using a 1 mL cell with a 1 dm
path length and are reported as follows: [a]p" (c in g per 100 mL of solvent). HPLC analysis was
performed using ChiralPak columns purchased. Column chromatography was performed using silica

gel (200-300 mesh). TLC was performed on glass-backed silica plates.

2. Experimental section
2.1. synthesis of catalyst 3h'
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To the solution of 3g® (1.19g, 2mmol) in dry DCM (20mL), BBr; (20mL, 1mol/L in dry DCM) was
added at -78°C. The reaction was slowly warmed to rt and stirred overnight. Then the mixture was
quenched with 40mL H,O and neutralized with excess aqueous ammonia. The system was extracted
with ethyl acetate (3 X50mL). The combined organic phase was dried over Na,SO, and concentrated.
Flash chromatography (DCM/MeOH/NH;'H,0: 100/5/1) offered the title product (0.7g, 60% yield).
1-(3,5-bis(trifluoromethyl)phenyl)-3-((S)-(6-hydroxyquinolin-4-y1)((2S,4S,8R)-8-vinylquinucl
idin-2-yl)methyl)thiourea (3h): yellowish solid. yield 60%. [o]p™ = Nt

-176.0 (¢ 0.5, MeOH). 'H NMR (300 MHz, MeOH): § 8.51-8.53 (d, " /2;

N

J=14.8 Hz, 1H), & 8.03 (s, 2H), & 7.80-7.83 (d, J = 9.3 Hz, 2H), §7.50 . s CFs
(s, 1H), 8 7.41-7.43 (d, J = 4.8 Hz, 1H), § 7.26-7.30 (dd, J=2.4 Hz, J 4 et /(

=9.3 Hz, 1H), § 6.13-6.16 (d, J = 10.5 Hz, 1H), § 5.65-5.77 (m, 1H),  NX N

8 4.85-4.95 (m, 2H), & 3.18-3.40 (m, 4H), § 2.70-2.83 (m, 2H), & 2.29 CFs

(br, 1H), § 1.56-1.73 (m, 3H), § 1.24-1.32 (m, 1H), 0.87-0.94 (m, 1H). °C NMR (75.0 MHz, MeOH):
182.4, 157.8, 147.6, 147.4, 144.3, 140.3, 142.1, 132.7(q, YJer = 33.0 Hz), 131.3, 130.5, 124.7 (q, "Jer =
270.8 Hz), 123.7, 123.5, 120.8 (m), 117.8, 115.3, 107.0, 62.1, 56.4 (2C, overlapping), 42.7, 40.4, 28.6,
28.2, 26.2. IR vy (KBr, film, cm™): 3250, 1620, 1511, 1384, 1279, 1182, 1134. HRMS (ESI): calcd
for CasHyFN,OS [M+H]" 581.1804; found: 581.1792.
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2.2. General procedure for the Michael addition of 2-oxindoles with selenone 2

To the mixture of 2-oxindoles (0.2mmol) and selenone 2 (0.2 mmol, 43 mg) in 0.5 mL [bpy][BF,],
catalyst 3i (0.02 mmol, 11.3 mg) was added. Then, the reaction system was stirred for about 4h at room
temperature. The system was extracted with ethyl acetate (3 X 5mL). The combined organic phase was

dried over Na,SO,4 and concentrated. FC (petroleum ether/ ethyl acetate, 1: 1-1.5) afforded target

products.

(R)-tert-butyl 3-methyl-2-0x0-3-(2-(phenylselenonyl)ethyl)indoline-1-carboxylate (4a): white solid.
yield 88%, ee 95%. [o]p™ -8.0 (¢ 0.5, DCM). m.p. 85-87 “C. "H NMR (300 |0|

MHz, CDCl;): & 7.90-7.93 (overlapping: s, 1H; d, J = 1.2 Hz, 1H), & |Se—Ph

7.81-7.83 (d, J= 7.8 Hz, 1H), 5 7.71-7.76 (t, J = 7.2 Hz, 1H), § 7.62-7.67 (t, @g/c)'
N

J=17.2 Hz, 2H), 6 7.31-7.36 (m, 1H), 8 7.19-7.24 (m, 2H), 6 3.29-3.39 (m,

1H), 6 3.14-3.23 (m, 1H), § 2.33-2.52 (m, 2H), 8 1.64 (s, 9H), & 1.46 (s, 3H).

C NMR (75.0 MHz, CDCly): § 177.3, 148.8, 140.9, 138.8, 134.5, 130.4, 129.0, 127.0, 125.2, 122.5,
115.4, 85.0, 54.8, 47.6, 30.4, 28.1, 24.1. IR vy (KBr, film, cm™): 1790, 1763, 1728, 1150, 937, 885.
HRMS (ESI): caled for C,,H,sNNaOsSe [M+Na]® 486.0791; found: 486.0786. HPLC analysis
[Chiralcel AD-H, n-hexane/ i-propanol (90:10), 20°C, 1 mL-min”', ty = 31.9 min (major), 35.8 min
(minor)].

(R)-tert-butyl 3,5-dimethyl-2-0x0-3-(2-(phenylselenonyl)ethyl)indoline-1-carboxylate (4b): white
solid. yield 84%, ee 91%. [o]p™ +17.4 (¢ 0.5, DCM). m.p. 68-69 ‘C. 'H |0|

NMR (300 MHz, CDCL3): § 7.90-7.93 (d, J = 7.5 Hz, 2H), § 7.63-7.76 (m, —ph
4H), § 7.11-7.14 (d, J = 8.4 Hz, 1H), 5 7.00 (s, 1H), 5 3.28-3.38 (m, 1H), w

§ 3.14-3.28 (m, 1H), & 2.30-2.51 (m, SH), 5 1.63 (s, 9H), 5 1.44 (s, 3H). N
C NMR (75.0 MHz, CDCl;): § 177.5, 148.8, 140.8, 136.3, 135.6, 134.5,

130.4, 130.3, 129.5, 127.1, 123.1, 115.2, 84.8, 54.8, 47.7, 30.5, 28.1, 24.2, 21.1. IR v, (KBr, film,
cm™): 1789, 1763, 1730, 1155, 939, 886. HRMS (ESI): calcd for C»;H,NNaOsSe [M+Na]" 500.0948;
found: 500.0945. HPLC analysis [Chiralcel AD-H, n-hexane/ i-propanol (90:10), 20°C, 1 mL-min™, tg
= 23.2 min (major), 44.1 min (minor)].

(R)-tert-butyl 3-ethyl-2-oxo-3-(2-(phenylselenonyl)ethyl)indoline-1-carboxylate (4c): white solid.
yield 86%, ee 94%. [a]p™ +2.0 (¢ 0.5, DCM). m.p. 150-151 ‘C. '"H NMR

(300 MHz, CDCly): & 7.89-7.92 (d, J = 7.2 Hz, 2H), § 7.80-7.83 (d, J= 7.8 / ﬂ

Hz, 1H), 5 7.64-7.71 (m, 3H), 8 7.32-7.37 (t, J = 7.5 Hz, 1H), § 7.15-7.24 k o
(m, 2H), § 3.26-3.36 (m, 1H), § 3.07-3.15 (m, 1H), § 2.35-2.51 (m, 2H), § @:{C‘\(’/"
1.96-2.03 (m, 1H), § 1.78-1.85 (m, 1H), 1.64 (s, 9H), § 0.61-0.66 (t, J = Boc

7.2 Hz, 3H). BC NMR (75.0 MHz, CDCly): 6 177.0, 148.7, 140.8, 139.8, 134.5, 130.4, 129.0, 128.4,
127.0, 125.2, 122.8, 115.2, 85.0, 54.7, 52.7, 31.5, 29.6, 28.1, 8.4. IR vy, (KBr, film, cm'l): 1789, 1753,
1737, 1154, 927, 885. HRMS (ESI): caled for Cyp;H,;NNaOsSe [M+Na]™ 500.0948; found: 500.0948.
HPLC analysis [Chiralcel AD-H, n-hexane/ i-propanol (94:6), 20°C, 1 mL-min™', tx = 49.1 min (major),
57.8 min (minor)].

(R)-tert-butyl 2-oxo-3-(2-(phenylselenonyl)ethyl)-3-propylindoline-1-carboxylate (4d): white solid.
yield 86%, ee 88%. [a]p™ +2.0 (¢ 0.5, DCM). m.p. 137-138 ‘C. 'H NMR

(300 MHz, CDCLy): 6 7.89-7.92 (d, J = 7.2 Hz, 2H), § 7.79-7.82 (d, J = 8.1 > ﬂ

Hz, 1H), 6 7.71-7.75 (t, J = 7.2 Hz, 1H), § 7.62-7.67 (t, J = 7.5 Hz, 2H), & - —Ph
7.31-7.36 (t, J = 7.5 Hz, 1H), § 7.15-7.24 (m, 2H), § 3.26-3.32 (m, 1H), & w

3.07-3.17 (m, 1H), § 2.37-2.47 (m, 2H), 5 1.87-1.95 (m, 1H), 5 1.68-1.78

Boc

Boc

W

Boc

S3



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2011

(m, 1H), & 1.64 (s, 9H), & 0.83-1.07 (m, 2H), 5 0.75-0.80 (t, J = 6.9 Hz, 3H). °C NMR (75.0 MHz,
CDCly): 06 177.1, 148.7, 140.8, 139.6, 134.5, 130.4, 129.0, 128.7, 127.0, 125.2, 122.7, 115.2, 85.0, 54.6,
52.2,40.5,29.9, 28.1, 17.4, 13.9. IR v« (KBr, film, cm’l): 1789, 1758, 1737, 1151, 928, 885. HRMS
(ESI): caled for CpH,0NNaOsSe [M+Na]™ 514.1105; found: 514.1105. HPLC analysis [Chiralcel
AD-H, n-hexane/ i-propanol (94:6), 20°C, 1 mL-min™, tg = 32.2 min (major), 56.2 min (minor)].
(R)-tert-butyl 3-benzyl-2-ox0-3-(2-(phenylselenonyl)ethyl)indoline-1-carboxylate (4€): white solid.
yield 91%, ee 88%. [o]p™® +12.2 (¢ 0.5, DCM). m.p. 149-150 "C. '"H NMR
(300 MHz, CDCly): 6 7.90-7.93 (overlapping: s, 1H; d, J = 1.5 Hz, 1H), o
7.71-7.76 (t, J = 7.5 Hz, 1H), § 7.62-7.67 (t, J = 7.5 Hz, 2H), § 7.53-7.56 (d,
J=7.8 Hz, 1H), § 7.13-7.28 (m, 3H), 5 7.00-7.09 (m, 3H), § 6.72-6.74 (d, J
= 6.9 Hz, 2H), 6 3.26-3.34 (m, 1H), 6 3.16-3.20 (d, J = 12.9 Hz, 1H), &
3.00-3.10 (m, 2H), & 2.55-2.67 (m, 2H), & 1.54 (s, 9H). °C NMR (75.0
MHz, CDCl;): 6 176.4, 148.2, 140.9, 139.7, 134.5, 133.8, 130.4, 129.7, 129.2, 127.8, 127.3, 127.1,
127.1, 124.8, 123.3, 115.1, 84.6, 54.8, 53.9, 45.3, 28.7, 28.0, 22.3, 14.4. IR v,x (KBr, film, cm’l): 1789,
1738, 1150, 932, 885. HRMS (ESI): calcd for C,gH,NNaOsSe [M+Na]" 562.1105; found: 562.1101.
HPLC analysis [Chiralcel AD-H, n-hexane/ i-propanol (90:10), 20°C, 1 mL'min”, t; = 30.7 min
(major), 39.7 min (minor)].

(R)-tert-butyl
3-(naphthalen-1-ylmethyl)-2-oxo0-3-(2-(phenylselenonyl)ethyl)indoline-1-carboxylate (4f): white
solid. yield 86%, ee 88%. [a]p™’ -9.0 (¢ 0.5, DCM). m.p. 153-155 C. 'H OO

o}

—Ph

%@

Boc

NMR (300 MHz, CDCl;): & 7.86-7.89 (d, J = 7.5 Hz, 2H), 6 7.60-7.72 (m,
6H), & 7.53-7.56 (d, J = 8.1 Hz, 1H), 8 7.30-7.40 (m, 2H), & 7.14-7.26 (m, ﬂ
2H), § 6.98-7.03 (t, J = 7.5 Hz, 1H), § 6.91-6.93 (d, J = 7.8 Hz, 2H), &
3.67-3.71 (d, J=13.8 Hz, 1H),  3.48-3.53 (d, /= 13.8 Hz, 1H), § 3.24-3.29
(m, 1H), 8 2.93-3.01 (m, 1H), & 2.75-2.82 (m, 1H), 6 2.60-2.66 (m, 1H), & Boc

1.45 (s, 9H). >C NMR (75.0 MHz, CDCly): & 176.7, 148.3, 140.8, 139.6, 134.5, 133.6, 132.1, 130.4,
130.2, 129.1, 128.7, 128.5, 128.1, 127.2, 127.1, 125.6, 125.4, 124.6, 124.6, 124.0, 123.9, 115.0, 84.5,
55.0, 53.8, 40.8, 28.4, 27.8. IR Ve (KBr, film, cm™): 1766, 1727, 1150, 939, 887. HRMS (ESI): calcd
for C3,H3NNaOsSe [M+Na]" 612.1262; found: 612.1250. HPLC analysis [Chiralcel AD-H, n-hexane/
i-propanol (90:10), 20°C, 1 mL-min™", ty = 35.1 min (major), 48.5 min (minor)].

(R)-tert-butyl 3-(2-methylbenzyl)-2-oxo-3-(2-(phenylselenonyl)ethyl)indoline-1-carboxylate (49):
white solid. yield 86%, ee 91%. [a]p> +7.6 (¢ 0.5, DCM). m.p. 64-66 C. \Q

=z s\
o
e}

|

T

=

'H NMR (300 MHz, CDCl5): & 7.90-7.93 (overlapping: s, 1H; d, J= 1.2 Hz, |o|
1H), & 7.62-7.73 (m, 4H), 6 7.25-7.31 (m, 2H), & 6.92-7.14 (m, 5H), & E —Ph
6.70-6.72 (d, J = 7.5 Hz, 1H), § 3.18-3.28 (m, 2H), 6 2.97-3.10 (m, 2H), & o o

2.58-2.70 (m, 2H), & 1.93 (s, 3H), & 1.56 (s, 9H). *C NMR (75.0 MHz, “{Boc
CDCly): 6 176.7, 148.4, 140.9, 139.7, 137.1, 134.5, 132.3, 130.5, 130.4,

130.3,129.2, 127.3, 127.3, 127.0, 125.4, 124.7, 123.6, 115.1, 84.6, 54.8, 53.4, 41.2, 28.2, 28.0, 19.7. IR
Vo (KBr, film, cm™): 1789, 1762, 1732, 1150, 940, 886. HRMS (ESI): calcd for CaoHsNNaOsSe
[M+Na]" 576.1262; found: 576.1254. HPLC analysis [Chiralcel AD-H, n-hexane/ i-propanol (90:10),
20°C, 1 mL'min’', tg = 25.6 min (major), 38.1 min (minor)].

(R)-tert-butyl 3-(3-methylbenzyl)-2-oxo-3-(2-(phenylselenonyl)ethyl)indoline-1-carboxylate (4h):
white solid. yield 90%, ee 91%. [a]p>® +12.0 (¢ 0.5, DCM). m.p. 148-149 ‘C. 'H NMR (300 MHz,
CDCly): 6 7.88-7.93 (t, J = 7.2 Hz, 2H), § 7.71-7.76 (t, J = 7.5Hz, 1H), § 7.62-7.67 (t, J = 7.5 Hz, 2H),
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8 7.55-7.57 (d, J= 7.8 Hz, 1H), 6 7.12-7.25 (m, 3H), § 6.90-6.94 (t, J= 7.5 Hz, 2H), § 6.50-6.55 (d, /=
7.5 Hz, 2H), 6 3.25-3.35 (m, 1H),  2.96-3.15 (m, 3H), 6 2.49-2.70 (m, 2H),
82.13 (s, 3H), 8 1.45 (s, 9H). *C NMR (75.0 MHz, CDCl5): & 176.5, 148.3,
140.9, 139.7, 137.4, 134.5, 133.7, 130.5, 130.4, 129.1, 127.8, 127.7, 127 .4,
127.1, 126.8, 124.7, 123.4, 115.1, 84.5, 54.8, 53.9, 45.2, 28.6, 28.0, 21.1. IR
Vmax (KB, film, cm’l): 1766, 1727, 1149, 938, 886. HRMS (ESI): calcd for 0 o

CyH3 NNaOsSe [M+Na]"~ 576.1262; found: 576.1256. HPLC analysis I\{Boc

[Chiralcel AD-H, n-hexane/ i-propanol (90:10), 20°C, 1 mL-min’', ty = 24.9 min (major), 33.8 min
(minor)].

(R)-tert-butyl 3-(4-methylbenzyl)-2-oxo-3-(2-(phenylselenonyl)ethyl)indoline-1-carboxylate (4i):
white solid. yield 86%, ee 85%. [a]p" +10.2 (¢ 0.5, DCM). m.p. 147-148 C.

'H NMR (300 MHz, CDCl3): § 7.90-7.92 (d, J = 7.2 Hz, 2H), § 7.56-7.73

(m, 4H), 6 7.12-7.26 (m, 3H), 6 6.83-6.86 (d, J = 7.2 Hz, 2H), 8 6.61-6.63 / ﬂ

(d, J=17.5 Hz, 2H), 6 3.25-3.35 (m, 1H), 6 2.97-3.14 (m, 3H), 5 2.49-2.69
(m, 2H), & 2.20 (s, 3H), & 1.54 (s, 9H). *C NMR (75.0 MHz, CDCLy): &
176.5, 148.3, 140.9, 139.7, 136.6, 134.5, 130.7, 130.4, 129.6, 129.1, 128.5, Boc
127.4,127.0, 124.8, 123.4, 115.1, 84.5, 54.8, 53.9, 44.8, 28.6, 27.9, 21.0. IR

Vmax (KB, film, cm’l): 1789, 1739, 1153, 929, 885. HRMS (ESI): calcd for C,0H;;NNaOsSe [M+Na]"
576.1262; found: 576.1252. HPLC analysis [Chiralcel AD-H, n-hexane/ i-propanol (90:10), 20°C, 1
mL-min™, t = 29.3 min (major), 37.1 min (minor)].

(R)-tert-butyl 3-(2-methoxybenzyl)-2-oxo-3-(2-(phenylselenonyl)ethyl)indoline-1-carboxylate (4j):
white solid. yield 80%, ee 90%. [a]p™’ +32.8 (¢ 0.5, DCM). m.p. 138-139 C. MeO

'H NMR (300 MHz, CDCl3): § 7.89-7.92 (d, J = 7.5 Hz, 2H), § 7.60-7.75 \Q ||

(m, 4H), 6 7.18-7.23 (t,J= 7.8 Hz, 1H), & 7.04-7.13 (m, 2H), 8 6.96-6.98 (d, g —Ph
J=17.2 Hz, 1H), 6 6.82-6.84 (d, J= 6.3 Hz, 1H), 3 6.69-6.74 (t, /= 7.5 Hz, o o

1H), 8 6.61-6.64 (d, J = 8.4 Hz, 1H), 6 3.54 (s, 3H), 6 3.30-3.39 (m, 2H), & ’\{BOC
3.00-3.12 (m, 2H), 8 2.59-2.70 (m, 1H), 8 2.44-2.53 (m, 1H), & 1.60 (s, 9H).

C NMR (75.0 MHz, CDCly): § 176.9, 157.4, 148.6, 140.9, 139.3, 134.4, 131.5, 130.3, 128.7, 128.7,
127.7, 127.0, 124.2, 124.0, 122.8, 119.9, 114.7, 110.1, 84.5, 55.1, 54.7, 53.2, 38.0, 28.6, 28.1. IR vy
(KBr, film, cm™): 1789, 1760, 1731, 1150, 939, 995. HRMS (ESI): calcd for C;0H;,NNaOgSe [M+Na]*
592.1211; found: 592.1206. HPLC analysis [Chiralcel AD-H, n-hexane/ i-propanol (92:8), 20°C, 1
mL-min”, t = 36.2 min (major), 45.9 min (minor)].

(R)-tert-butyl 3-(3-methoxybenzyl)-2-oxo-3-(2-(phenylselenonyl)ethyl)indoline-1-carboxylate (4k):
white solid. yield 80%, ee 90%. [a]p’ +13.0 (¢ 0.5, DCM). m.p. 149-150 C. Me

'H NMR (300 MHz, CDCl3): § 7.90-7.93 (d, J = 7.5 Hz, 2H), § 7.56-7.75

(m, 4H), 6 7.18-7.28 (m, 3H), § 6.92-6.97 (t, J = 7.8 Hz, 1H), § 6.62-6.64 (d, ||

J =172 Hz, 1H), 6 6.33-6.35 (d, /= 7.5 Hz, 1H), 6 6.23 (s, 1H), & 3.57 (s, @E.Q/ﬂe—%
3H), 8 3.26-3.36 (m, 1H), & 2.98-3.18 (m, 3H), 6 2.51-2.71 (m, 2H), 6 1.54 0 o

(s, 9H). °C NMR (75.0 MHz, CDCl;): & 176.4, 159.0, 148.3, 140.9, 139.8, ’\{BOC

135.2, 134.5, 1304, 129.2, 128.8, 127.4, 127.1, 124.8, 123.3, 122.1, 115.2, 114.6, 113.4, 84.6, 55.0,
54.7,53.9,45.3,28.8,27.9. IR vy (KBr, film, cm™): 1788, 1737, 1154, 929, 883. HRMS (ESI): calcd
for CooH3NNaOgSe [M+Na]" 592.1211; found: 592.1204. HPLC analysis [Chiralcel AD-H, n-hexane/
i-propanol (90:10), 20°C, 1 mL-min™", ty = 38.5 min (major), 47.9 min (minor)].

N : .
]

—Ph

o}

n\

A

2.3. Derivation of 4a
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= | /' |
Nal, [bpy]BF4, 40°C TFA, DCM,
T le) —_— o]
N N
Boc

SeOzPh
GOSN
N

\

Boc
4a

NaNs, [bpy]BF4, 40°C CEQ/ TFA, DCM, 7 __Red-Al ' NH
toluene N
N
2.3.1. synthesis of 5a

To the mixture of 4a (0.2 mmol, 92.6 mg) and Nal (0.6mmol, 90mg), [bpy][BF,4] (0.5 mL) was added.
The reaction system was stirred for about 8h at 40°C. The reaction was then extracted with ethyl acetate,
and organic phase collected was concentrated. FC (petroleum ether/ ethyl acetate, 20: 1) offered 5a".
(R)-tert-butyl 3-(2-iodoethyl)-3-methyl-2-oxoindoline-1-carboxylate (5a‘): colorless llquld yield
90%. [o]p>’ -33.9 (¢ 1.25, DCM). 'H NMR (300 MHz, CDCl;): & 7.85-7.87 (d, J = |
8.1 Hz, 1H), 6 7.28-7.36 (m, 1H), & 7.19-7.21 (d, J = 4.2 Hz, 2H), 3 2.85-2.94 (m, @jg
1H), 8 2.71-2.80 (m, 1H), 6 2.54-2.64 (m, 1H), 5 2.31-2.41 (m, 1H), 6 1.66 (s, 9H), N
3 1.43 (s, 3H). >C NMR (75.0 MHz, CDCLy): & 177.8, 149.1, 139.1, 131.1, 128.5,
124.8,122.4, 115.3, 84.6, 50.5, 43.4, 28.1, 24.4, -2.5. IR v,y (KB, film, cm™): 1792, 1764, 1731, 1350,
1294, 1150. HRMS (ESI): calcd for C;¢H,INNaO; [M+Na]" 424.0380; found: 424.0376.
To the solution of 5a" in DCM (2ml), TFA (0.2ml) was added. The reaction system was stirred for 0.5h
at rt. After remove solvent, FC (petroleum ether/ ethyl acetate, 4: 1) offered 5a.
(R)-3-(2-iodoethyl)-3-methylindolin-2-one (5a): white solid. yield 95%, ee 93%. [o]p> -18.0 (c 0.4,
DCM). m.p. 132-133 “C. '"H NMR (300 MHz, CDCl;): 5 8.94 (s, 1H) , 5 7.17-7.26 % |
(m, 2H), 6 7.05-7.10 (t, J = 7.5 Hz, 1H), & 6.95-6.98 (d, J = 7.8 Hz, 1H), & @jg
2.88-2.97 (m, 1H), 6 2.71-2.79 (m, 1H), 3 2.51-2.61 (m, 1H), & 2.33-2.43 (m, 1H), N
8 1.42 (s, 3H). °C NMR (75.0 MHz, CDCly): & 182.0, 140.4, 132.7, 128.3, 122.9 (2C, overlapping),
110.2, 50.8, 42.7, 23.5, -2.1. IR vy (KBr, film, cm™): 3196, 1709, 1670, 1623, 1472, 1210. HRMS
(ESI): caled for C;;H,,)INNaO [M+Na]" 323.9856; found: 323.9853. HPLC analysis [Chiralcel AS-H,
n-hexane/ i-propanol (90:10), 20°C, 1 mL-min™, tg = 20.6 min (minor), 32.5 min (major)].
2.3.2. synthesis of 6
To the mixture of 4b (0.2 mmol, 92.6 mg) and NaN; (0.6mmol, 39mg), [bpy][BF,] (0.5 mL) was added.
The reaction system was stirred for about 8h at 40°C. The reaction was then extracted with ethyl acetate,
and organic phase collected was concentrated. FC (petroleum ether/ ethyl acetate, 10: 1) offered 5b" as
a colorless liquid.
(R)-tert-butyl 3-(2-azidoethyl)-3-methyl-2-oxoindoline-1-carboxylate (5b"): colorless liquid. yield
87%, [a]p>* +20.5 (¢ 0.73, DCM). 'H NMR (300 MHz, CDCLy): & 7.86-7.89 (d, J "
=8.1 Hz, 1H), & 7.28-7.35 (m, 1H), & 7.18-7.22 (m, 2H), § 2.94-3.11 (m, 2H), § Qig
2.27-2.37 (m, 1H), § 1.96-2.05 (m, 1H), & 1.65 (m, 9H), & 1.44 (s, 3H). *C NMR N
(75.0 MHz, CDCly): & 178.3, 149.3, 139.1, 131.3, 128.5, 124.7, 122.4, 1153, Boc
84.1,47.4,47.0,37.6, 28.1, 25.2. IR vy (KBr, film, cm™): 2098, 1792, 1767, 1730, 1350, 1293, 1151.

HRMS (ESI): calcd for C16H,oN4NaO; [M+Na]"339.1428; found: 339.1422.
To the solution of 5b* in DCM (2ml), TFA (0.2ml) was added. The reaction system was stirred for 0.5h
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at rt. After remove solvent, FC (petroleum ether/ ethyl acetate, 4: 1) offered 5b.
(R)-3-(2-azidoethyl)-3-methylindolin-2-one (5b): colorless liquid. yield 95%, ee 93%. [a]p™ +41.7 (c
1.8, DCM). 'H NMR (300 MHz, CDCl;): § 9.39 (s, 1H), § 7.16-7.26 (m, 2H) , & Na
7.04-7.09 (t, J = 7.5 Hz, 1H), 8 6.97-7.00 (d, J = 7.8 Hz, 1H), 5 3.02-3.07 (t, J = @ig

7.5 Hz, 1H), § 2.25-2.35 (m, 1H), & 2.00-2.09 (m, 1H), & 1.43 (s, 3H). °*C NMR N

(75.0 MHz, CDCly): & 182.9, 140.5, 133.0, 128.3, 122.8, 122.7, 110.4, 47.5, 47.3,

36.6, 24.3. IR vy (KBr, film, cm™): 3215, 2098, 1712, 1620, 1472, 1335. HRMS (ESI): calcd for
C;1H;;)N,NaO [M+Na]" 239.0903; found: 239.0901. HPLC analysis [Chiralcel AS-H, n-hexane/
i-propanol (90:10), 20°C, 1 mL-min™", ty = 35.4 min (minor), 70.4 min (major)].

Under N, atmosphere and the ice bath, Red-Al (70 wt% in toluene, 1.2mL, 4.3mmol) was added slowly
to the solution of 5b (90mg, 0.42mmol) in 4mL dry toluene. After stirred for 1.5h at room temperature,
the reaction was heated to 100°C and maintained for 17h. The system then cooled to rt and was
quenched with 10mL saturated aqueous NaHCO;. Removed the solid by filtration, the mixture was
extracted with ethyl acetate (3X15mL). The combined organic phase was dried over Na,SO4 and
concentrated. Flash chromatography (DCM/MeOH/NH;H,0= 100/10/1) offered 6 as the oil (53mg,
73% yield).

(3aR, 8aS)-3a-methyl-1, 2, 3, 3a, 8, 8a-hexahydropyrrolo[2, 3-b]indole: yellowish liquid, yield 73%,
ee 96%, [a]p™’ +132.1 (¢ 1.1, DCM). '"H NMR (300 MHz, CDCLy): § 7.01-7.07 (m,

2H), 6 6.72-6.77 (t, J="7.2 Hz, 1H), 8 6.55-6.58 (d, J = 7.8 Hz, 1H),  4.86 (s, 1H), & NH
4.13 (br, 2H), & 3.03-3.08 (m, 1H), 6 2.74-2.83 (m, 1H), 6 2.01-2.12 (m, 1H) , N
1.83-1.93 (m, 1H), 31.48 (s, 3H). °C NMR (75.0 MHz, CDCly): 3 149.6, 135.2, 127.8, 123.1, 118.8,
108.6, 85.0, 54.0, 45.8, 42.5, 26.3. HRMS (ESI): calcd for C;;H;sN, [M+H]" 175.1230; found:
175.1225. HPLC analysis [Chiralcel AS-H, n-hexane/ i-propanol (90:10), 20°C, 0.5 mL-min™, ty = 15.3

min (major), 33.1 min (minor)].

1 W. Chen, W. Du, Y.-Z. Duan, Y. Wu, S.-Y. Yang and Y.-C. Chen, Angew. Chem., Int. Ed., 2007,
46, 7667.
2 J. Ye, D. J. Dixon and P. S. Hynes, Chem. Commun., 2005, 4481.
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3. Crystal data for 4a

Crystal data for 4a: CgoH,0sN4O2,Se4, M = 1899.62, monoclinic, a = 16.835(3) A, b =13.587(3) A, c =
19.790(4) A, .= 90°, #=101.80(3)°, y =90°, V"'=4431.1(15) A*, T=173(2) K, space group P2(1), Z=
2, 50547 reflections measured, 15407 independent reflections (Rint = 0.0847). The final R; values were
0.0642 (I > 2a(I)). The final wR(F?) values were 0.1319 (I > 2¢(J)). The final R, values were 0.0759 (all
data). The final wR(F2) values were 0.1419 (all data). The goodness of fit on F* was 1.109. CCDC
number: CCDC 802111.
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4. HPLC tracks and NMR spectrums

Name

Volts
Il

T T T T T T T
26 28 30 32 34 36 38 40

Minutes 42 "
Pk # Retention Time Area Area %
1 34.202 12839220 49.852
2 37.052 12915622 50.148
Totals 25754842 100.000
ﬁe Ph
@Eg
034
1 Name
o 02| ~
g 0 1: ’/
" /
00-] ‘ / — ||
2 2 2 @ u % 3 20 2 M
Minutes
Pk # Retention Time Area Area %
1 31.862 16771144 97.472
2 35.842 435054 2.528
Totals 17206198 100.000

S9




Volts

Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2011

55

ﬁe-Ph
O o
N
Boc
927 Name /A\\
0.1 /
\ /
] | |
|
o+————n po—n —nin L — — 4=
15 20 25 3‘0 35 40 45 5‘0 55
Minutes
Pk # Retention Area Area % Height Height %
Time
1 24.040 16340885 49.120 219481 65.306
2 44.728 16926635 50.880 116597 34.694
Totals 33267520 100.000 336078 100.000
I
ﬁe—Ph
O o
N
Boc
0.4 - N
| Name A
2] \“\
S 024 F-4
> |
| |
|
00 J
15 20 25 C;O 1;5 40 45 5‘0
Minutes
Pk # Retention Time Area Area %
1 23.215 33402147 95.431
2 44.078 1599180 4.569
Totals 35001327 100.000
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ﬁe-Ph
O o
N
Boc
0.075 -
Name /
0.050 ;‘J /
0.025 "c’d‘ /
0.000 / :
-0.025 +
45.0 47‘.5 5(;.0 52‘.5 55;.0 57‘,5 66.0 62‘.5 65;.0 67‘.5 7(;.0 72‘.5 75.0
Minutes
Pk # Retention Time Area Area %
1 54.004 14749491 49.040
2 61.837 15326945 50.960
Totals 30076436 100.000
/o
2 ﬁe—Ph
O o
N
Boc
024 Name /
0.1
[
] |
“/
00 I : =
» 5 10 55 5 55 & &
Minutes
Pk # Retention Time Area Area %
1 49.104 37381341 96.974
2 57.798 1166406 3.026
Totals 38547748 100.000
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I
ﬁe-Ph

O o
N
Boc
0.10- o |
Name /
0.05+
J
0.00
20 25 30 35 410 4‘5 56 55 65 70
Minutes
Pk # Retention Time Area Area %
1 33.085 22811044 49.848
2 52.902 22950572 50.152
Totals 45761615 100.000
) 1
=2 ﬁe—Ph
O o
N
Boc
024
1 Name |
L o] ]
S s
> x
] |
0.0+ ‘
20 25 0 35 © e 50 55 65 70
Mnutes
Pk # Retention Time Area Area %
1 32.237 37951922 93.992
2 56.234 2426092 6.008
Totals 40378014 100.000
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g9st
N
Boc
N N
0.10 - £
Name | \ /,\
0.05 / \\\ ‘5“‘/ \
0.00 /
-0.05 +
20 25 3‘0 3‘5 40 45 5‘0 55
Minutes
Pk # Retention Time Area Area %
1 31.286 10031860 49.766
2 40.290 10126152 50.234
Totals 20158012 100.000
I
= ﬁe—Ph
O o
N
Boc
0.3: S N
1 Name /‘“ \
" 0.2 ,‘/ \\
S 1 [
o [\
] /
/
0.0 ‘
20 2‘2 2‘4 2‘6 2‘8 30 3‘2 34 36 3‘8 4‘0 4‘2 4‘4
Minutes
Pk # Retention Time Area Area %
1 30.717 23614533 93.978
2 39.671 1513080 6.022
Totals 25127613 100.000
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60

oSt
N
Boc
0.4 -
N
1 Name / \
02 | ’;’/
0.0 : /
25 30 35 40 45 5‘5 60
Minutes
Pk # Retention Time Area Area %
1 32.931 36140588 49.551
2 46.733 36794820 50.449
Totals 72935408 100.000
» i
- ﬁe-Ph
O o
N
Boc
0509 Name /N\
@ [\
S L
S 0.25+ \
J
0.00 I ‘
25 30 35 4‘0 45 56 55
Minutes
Pk # Retention Time Area Area %
1 35.062 56362565 93.928
2 48.548 3643533 6.072
Totals 60006098 100.000
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Boc
031
cﬂ\
02/ Name s\
|
N
0.1+ ‘\ \ / \
R |
|
a0 5 |
10 5 ) % © % © pe
Mnutes
Pk # Retention Time Area Area %
25.514 17403925 49.349
2 39.759 17863084 50.651
Totals 35267009 100.000
I
2 ﬁe—Ph
O o
N
Boc
%47 Name ﬂ
A
021 J\
| \
0.0 I / ‘
10 5 20 % » ® © 5
Minutes
Pk # Retention Time Area Area %
1 25.582 31101139 95.534
2 38.086 1454045 4.466
Totals 32555184 100.000
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(T =0 o
N
Boc
0.2+ e A
Name /’ \
[ N\
0.1 ‘ \ )‘ A\
1 [\ f
/ /
0.0 /
10 1‘5 2‘0 2‘5 3“0 3‘5 4‘0 4‘5 50
Minutes
Pk # Retention Time Area Area %
1 25.744 15650979 49.428
2 34.091 16013117 50.572
Totals 31664096 100.000
ﬁe Ph
@(g
0.4 -
i
‘\ “
0.2+ «
| \
0.0 / I L
10 2‘0 2‘5 30 35 40 45 50
Minutes
Pk # Retention Time Area Area %
1 24.909 25772972 95.393
2 33.762 1244759 4.607
Totals 27017731 100.000
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(I =0 o
N
Boc
[ N
024 Name A
] I
B ,’\
* o |
1 ’\ |
001 J |
1 5 20 2 » % 0 s 50
Minutes
Pk # Retention Time Area Area %
1 29.418 17713477 49.202
2 36.636 18288406 50.798
Totals 36001883 100.000
B ﬁe—Ph
O o
N
Boc
044 i
| Name /’\
R
0.2 (w ‘\
1 /
0.0 / |
10 £5 2‘0 25 30 35 40 45 50
Minutes
Pk # Retention Time Area Area %
1 29.267 30383495 92.646
2 37.125 2411779 7.354
Totals 32795274 100.000
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Boc
024
A
Neme / \
] \
|
011 ‘ /
| ,"
] | /
001 \ :
15 ﬁo 25 éo * 0 5 50 55 60
Mnutes
Pk # Retention Time Area Area %
1 37.772 26047320 49.548
2 47.214 26522723 50.452
Totals 52570044 100.000
MeO
I
2 ﬁe-Ph
O o
N
Boc
024 Name ; \
. |
0.1 (
- ‘}‘
001 /
15 20 25 3‘0 3‘5 4‘0 4‘5 55
Minutes
Pk # Retention Time Area Area %
1 36.227 32333671 94.956
2 45.875 1717572 5.044
Totals 34051244 100.000
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Boc
O T
1 N
Name ‘(
0.1+ " /
’ /
. | /
/J |
0.0 4
15 2‘0 2‘5 I;O 35 40 45 50 55 60 65
Minutes
Pk # Retention Time Area Area %
1 41.658 19642100 49.483
2 49.368 20052489 50.517
Totals 39694590 100.000
Me
O
ﬁe Ph
@(g
024 -
1 Name cﬁ\\
0.14 ‘\/
|
0.0 / i | i
15 20 25 30 35 40 45 50 5‘5 (;0
Minutes
Pk # Retention Time Area Area %
1 38.547 21559294 94.942
2 47.940 1148612 5.058
Totals 22707906 100.000
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034 A
1 Name A
021 / ~
0.1 / jﬁ
1 / \\ /
00 ‘
0.1
10.0 12‘.5 15‘3.0 17‘.5 2(;.0 22‘.5 25":.0 27‘.5 36.0 Bé.S 3&%.0 37‘.5 40.0
Mnutes
Pk # Retention Time Area Area %
20.209 21856845 49.795
32912 22037082 50.205
Totals 43893927 100.000
B |
982y
0.4+ o
N
1 Name [\
| \\\
0.2 / \\
F
"/ \
00 ‘ I
10.0 125 15.0 175 26.0 22‘.5 25‘.0 27‘.5 36.0 32‘.5 3é.O 37‘.5
Mnutes
Pk # Retention Time Area Area %
1 20.586 1436334 3.595
2 32.499 38519984 96.405
Totals 39956317 100.000
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N3
(@]
0.4
1 Name (\\
\
0.2 | \
] R
A
00 J |
1 20 ® 10 5 60 70 %
Minutes
Pk # Retention Time Area Area %
1 31.267 37989551 50.583
2 66.180 37114295 49.417
Totals 75103846 100.000
IS
0.10] Name
0.05+
ool /\ |
10 20 » © 50 0 & %
Minutes
Pk # Retention Time Area Area %
1 35.443 2675808 3.550
2 70.410 72709303 96.450
Totals 75385111 100.000
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NH
N
H
0.31 -
0.2 (
] | |
014 “ j
] | J
| /
0.0 |
5 2 % © % 0 5
Minutes
Pk # Retention Time Area Area %
1 16.647 48650626 49.283
2 30.543 50066184 50.717
Totals 98716810 100.000
050 N‘b”‘e
o
0.25-
|
0.00+ ““ ‘ ‘ ‘ “ ‘ ‘ ‘ ‘ ‘
15 20 . 0 > 5
Mnutes
Pk # Retention Time Area Area %
1 15.250 94522718 98.055
2 33.094 1874663 1.945
Totals 96397381 100.000
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