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1 Experimental Section

1.1  Materials and Methods. Hydrogen nuclear magnetic resonance spectra (‘'H NMR) were
obtained, on 200 MHz on a Bruker DPX-200 NMR and 400 MHz on a Bruker DPX-400 spectrometer.
Spectra were recorded in CDCl; solutions. Chemical shifts are reported in ppm, referenced to the
solvent peak of TMS. Data are reported as follows: chemical shift (6), multiplicity (br = broad, s =
singlet, d = doublet, dd = double doublet, t = triplet, m = multiplet), and coupling constant (J) in
Hertz and integrated intensity. Carbon-13 nuclear magnetic resonance spectra (°C NMR) were
obtained either at 50 MHz and 100 MHz. Spectra were recorded in CDCIl; solutions. Chemical
shifts are reported in ppm, referenced to the solvent peak of CDCIl;. High-resolution mass spectra
(ESI) were measured at the Institut of Plant Biochemistry, Halle-Saale, Germany, with a Bruker
BioApex 70e FT-ICR (Bruker Daltonics, Billerica, USA) instrument in ESI mode. Optical rotations
were carried out on a Perkin Elmer Polarimeter 341. Column chromatography was performed using
Merck Silica Gel (230-400 mesh). Thin layer chromatography (TLC) was performed using Merck
Silica Gel GFas4, 0.25 mm thickness. For visualization, TLC plates were either placed under
ultraviolet light, ninhidrin, or acidic vanillin. The yields of the products included in all tables refer
to isolated yields. The ionic liquids were prepared according to the literature.! All other solvents

were used as purchased unless otherwise noted.

1.2 General procedure for the aziridine ring opening with diselenides: In a Schlenck tube under
Argon atmosphere at room temperature CuO nanopowder (0.008 mmol, 5.0 mol%) followed by
diorganyl diselenide (0.5 mmol) and KOH (1.0 mmol, 2.0 equiv) were added to a solution of
aziridine (1.0 mmol) in [bmim]BF, (1.0 mL) and temperature of the reaction was raised up to 80 °C.
After, completion of the reaction (monitored by TLC), the product was extracted by successive
washing with diethyl ether (5 x 6 mL) and dried over MgSO4. The solvents and volatiles were
completely removed under rotary evaporator to give the crude product. The compound was purified
by column chromatography over silica gel (hexane/ethyl acetate 80:20) furnished the pure B-seleno

amines.

1.3 General procedure for recycle the [bmim|BF4s and for recovering CuO catalyst: After
completion of the reaction workup, the reaction mixture was treated with ethanol, and filtered
through a Teflon membrane. The CuO nanopowder was recovered from the membrane by washing
with water and collected by further centrifugation and drying under vacuum. It was reused for the

next reaction, and no loss of activity was observed, providing the product in high yields. The ionic
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liquid was recovered from the ethanol (10 mL) after filtration, evaporation of the solvent and drying

the [bmim]BF,4 (1 mL) under vacuum for reuse in subsequent reactions.
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2 Characterization data for compounds 2a-p

oh /\I/\ e @ (S)-4-methyl-N-(1-phenyl-3-(phenylselanyl)propan-2-

NHTs yl)benzenesulfonamide 2a. Yield: 91 % [o]p 2°=- 53 (c = 1, CH,CL,); 'H
NMR (400 MHz, CDCLy): & = 7.43-7.39 (m, 4H), 7.27-7.09 (m, 9H), 6.93-6.91 (m, 2H), 4,69 (d, J
= 7.2 Hz, 1H), 3.55-3.48 (m, 1H), 3.12 (dd, J' = 12.6 Hz, J* = 4.4 Hz, 1H), 2.94 (dd, J* = 13.8 Hz,
J? = 6.4 Hz, 1H), 2.83 (dd, J' = 12.6 Hz, J? = 6.8 Hz, 1H), 2.76 (dd, J* = 14.0 Hz, J* = 6.8 Hz, 1H),
2.37 (s, 3H) ppm. *C NMR (100 MHz, CDCLs): & = 143.13, 136.79, 136.45, 132.92, 129.51,
129.24, 128.61, 127.29, 126.96, 126.72, 54.49, 40.29, 32.87, 21.47 ppm. HRMS-ESI: m/z calcd for
C2H3NO,SSe [M + Na]™ 468.0512; found 468.0510.

(S)-4-methyl-N-(3-methyl-1-(phenylselanyl)butan-2-

NHTSSGQ yl)benzenesulfonamide 2b. Yield: 93 % [a]p *° = - 18 (c = 1, CH,CL); 'H

NMR (400 MHz, CDCl3): § = 7.62 (d, J = 8.4 Hz, 2H), 7.37-7.35 (m, 2H),

7.26-7.17 (m, 5H), 4.82 (d, J = 6.4 Hz, 1H), 3.23-3.17 (m, 1H), 3.06 (dd, J* = 12.8 Hz, J* = 4.8 Hz,

1H), 2.74 (dd, J* = 12.6 Hz, J* = 6.6 Hz, 1H), 2.38 (s, 3H), 2.01-1.93 (m, 1H), 0.81 (d, J = 6.8 Hz,

3H), 0.76 (d, J = 6.8 Hz, 3H) ppm. *C NMR (100 MHz, CDCl;): & = 143.19, 137.65, 133.07,

129.54, 129.15, 127.29, 127.05, 58.57, 31.64, 30.68, 21.49, 19.01, 17.44 ppm. HRMS-ESI: m/z
caled for C1gH3NO,SSe [M + H]+ 398.0693; found 398.0694

(S)-4-methyl-N-(1-phenyl-3-(p-tolylselanyl)propan-2-
Ph/ﬁASe@fMe yl)benzenesulfonamide 2c. Yield: 75 % [o]p *° = - 50 (¢ = 1,
NHTs CH,Cl,); "H NMR (200 MHz, CDCly): = 7.41 (d, J = 8.3 Hz, 2H),
7.32-7.25 (m, 2H), 7.17-7.03 (m, 7H), 6.94-6.89 (m, 2H), 4.77 (d, J = 7.2 Hz, 1H), 3.54-3.42 (m,
1H), 3.11-2.89 (m, 2H), 2.82-2.68 (m, 2H), 2.37 (s, 3H), 2.34 (s, 3H) ppm. *C NMR (100 MHz,
CDCl3): 6 = 143.02, 137.33, 136.73, 136.53, 133.32, 129.99, 129.42, 129.20, 128.50, 126.91,
126.60, 125.25, 54.52, 40.18, 33.09, 21.45, 21.06 ppm. HRMS-ESI: m/z calcd for C,3H,5sNO,SSe
[M + Na]" 482.0669; found 482.0661.

S5



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2012

WSG OMG (S)-4-methyl-N-(4-methyl-1-(p-tolylselanyl)pentan-2-
NHTs yl)benzenesulfonamide 2d. Yield: 72 % [a]p 0= _53 =1,
CH,Cl,); "TH NMR (200 MHz, CDCLy): & = 7.59 (d, J = 8.3 Hz, 2H), 7.29 (t, J = 8.0 Hz, 2H), 7.18
(d, J=7.9 Hz, 2H), 7.06 (d, J = 7.9 Hz, 2H), 4.77-4.73 (m, 1H), 3.49-3.33 (m, 1H), 3.05 (dd, J* =
12.6 Hz, J% = 3.6 Hz, 1H), 2.72-2.62 (m, 1H), 2.39 (s, 3H), 2.34 (s, 3H), 1,53-1,17 (m, 3H), 0.78 (d,
J=6.23 Hz, 3H), 0.61 (d, J = 6.11 Hz, 3H) ppm. *C NMR (100 MHz, CDCl3): 5 = 143.16, 137.69,
137.36, 133.65, 129.90, 129.50, 127.00, 51.55, 43.85, 34.97, 24.32,22.77, 21.59, 21.45, 21.08 ppm.

HRMS-ESI: m/z calcd for Cy0H,7NO,SSe [M + Na]+ 448.0825; found 448.0819.

2

Ph/\l/\Se (S)-tert-butyl 1-phenyl-3-(phenylselanyl)propan-2-ylcarbamate 2e.
NHBoc Yield: 93 % [o]p 2=+ 14 (c = 1, CH,Cl,); '"H NMR (400 MHz, CDCl;): &
=7.51-7.48 (m, 2H), 7.29-7.12 (m, 8H), 4.70-4.66 (br s, 1H), 4.09-4.06 (m, 1H), 3.04-3.01 (m, 2H),
2.87-2.82 (m, 2H), 1.38 (s, 9H) ppm. *C NMR (50 MHz, CDCls): & = 154.96, 137.48, 132.74,

129.29, 129.09, 128.68, 128.40, 126.99, 126.44, 80.98, 38.21, 32.77, 28.24, 27.81 ppm.

(S)-tert-butyl 3-methyl-1-(phenylselanyl)butan-2-ylcarbamate 2f* Yield:

NHBO?@ 95 % [o]p ° =+ 35 (c = 1, CH,Cl,); '"H NMR (200 MHz, CDCl5): & = 7.55-
7.50 (m, 2H), 7.26-7.23 (m, 3H), 4.60-4.55 (br s, 1H), 3.69-3.59 (m, 1H),

3.07 (d, J = 5.6 Hz, 2H), 1.94-1.77 (m, 1H), 1.42 (s, 9H), 0.91-0.87 (m, 6H) ppm. *C NMR (100
MHz, CDCl3): & = 155.54, 132.93, 129.05, 126.99, 79.10, 55.64, 32.41, 31.69, 28.33, 19.43, 17.97

. e @Me (S)-tert-butyl 1-phenyl-3-(p-tolylselanyl)propan-2-ylcarbamate

NHBoc 2g.% Yield: 85 % [a]lp =+ 19 (c = 1, CH,CL,); "H NMR (200 MHz,
CDCls): & = 7.40 (d, J = 8.1 Hz, 2H), 7.31-7.03 (m, 7H), 4.69-4.65 (br s, 1H), 4.09-4.00 (m, 1H),
2.98-2.84 (m, 4H), 2.31 (s, 3H), 1.37 (s, 9H) ppm. *C NMR (100 MHz, CDCl3): & = 154.99,
137.59, 133.34, 130.34, 129.95, 129.35, 128.72, 128.41, 126.43, 126.11, 79.20, 51.59, 40.33, 33.18,
28.27,21.02 ppm.
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(S)-tert-butyl 3-methyl-1-(p-tolylselanyl)butan-2-ylcarbamate 2h.

)\IAS‘*@M‘* Yield: 80 % [o]p =+ 29 (c = 1, CH,Cl,); "H NMR (200 MHz, CDCL):
HrBee 0=7.43(d,J=7.9 Hz, 2H), 7.06 (d, J = 7.9 Hz, 2H), 4.59-4.55 (m, 1H),
3.66-3.56 (m, 1H), 3.03-3.01 (m, 2H), 2.31 (s, 3H), 1.93-1.73 (m, 1H), 1.42 (s, 9H), 0.90-0.86 (m,
6H) ppm. *C NMR (50 MHz, CDCls): & = 155.52, 137.02, 133.43, 129.83, 126.33, 78.99, 55.64,

32.71, 31.63, 28.29, 21.01, 19.40, 17.96 ppm. HRMS-ESI: m/z calcd for C;;H,;NO,Se [M + Na]”
380.1105; found 380.1099.

Ph /\|/\Se (S)-tert-butyl 1-(2-methoxyphenylselanyl)-3-phenylpropan-2-
NHBoc ylcarbamate 2i. Yield: 72 % [a]p 2°=+ 14 (c = 1, CH,Cl,); "H NMR (200
MeO

MHz, CDCl): 6 = 7.41-7.14 (m, 8H), 6.89-6.79 (m, 2H), 5.03 (br s, 1H),
4.06-3.96 (m, 1H), 3.83 (s, 3H), 2.98-2.77 (m, 4H), 1.38 (s, 9H) ppm. *C NMR (100 MHz,
CDCls): 6 =157.85, 154.95, 137.65, 132.76, 129.23, 128.26, 126.26, 121.34, 118.64, 110.38, 79.33,
55.57, 51.29, 40.25, 30.30, 28.17 ppm. HRMS-ESI: m/z calcd for C,H,7;NOsSe [M + Na]+
444.1054; found 444.1059.

(S)-tert-butyl 1-(2-methoxyphenylselanyl)-3-methylbutan-2-ylcarbamate

NHBO?@ 2j. Yield: 74 % [a]p 2=+ 22 (c = 1, CH,Cl,); "H NMR (200 MHz, CDCl3): &
MeO =7.44 (d, J =7.2 Hz, 2H), 7.27-7.18 (m, 1H), 6.92-6.81 (m, 2H), 4.47 (br s,

1H), 3.87 (s, 3H), 3.71-3.59 (m, 1H), 3.14-2.97 (m, 2H), 1.99-1.82 (m, 1H), 1.41 (s, 9H), 0.93-0.90
(m, 6H) ppm. *C NMR (100 MHz, CDCls): & = 157.86, 155.47, 132.44, 128.03, 121.33, 119.10,
78.84, 55.66, 55.28, 31.61, 29.63, 28.24, 19.34, 18.04 ppm. HRMS-ESI: m/z calcd for

C17H27NO3Se [M + Na]™ 396.1054; found 396.1048.

Bh Se @ al (S)-tert-butyl 1-(4-chlorophenylselanyl)-3-phenylpropan-2-

NHBoc ylcarbamate 2k.? Yield: >99 % [a]p N=1424 (c = 1, CH,ClL); "H
NMR (200 MHz, CDCls): & = 7.43-7.11 (m, 9H), 4.65-4.61 (m, 1H), 4.13-3.99 (m, 1H), 3.00-2.84
(m, 4H), 1.38 (s, 9H) ppm. *C NMR (50 MHz, CDClL): & = 154.96, 137.32, 134.12, 133.25,
129.31, 129.26, 128.50, 128.16, 126.58, 79.45, 51.52, 40.28, 33.09, 28.26 ppm.

S7



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2012

Ph /Y\Se (S)-tert-butyl 1-(2-chlorophenylselanyl)-3-phenylpropan-2-ylcarbamate
21. Yield: 76 % [a]lp *° = + 6.0 (¢ = 1, CH,CL); "H NMR (200 MHz,

CDCls): & = 7.39-7.05 (m, 10H), 4.74 (br s, 1H), 4.16-3.88 (m, 1H), 3.11-
2.71 (m, 4H), 1.38 (s, 9H) ppm. *C NMR (50 MHz, CDCls): § = 154.96, 137.28, 131.38, 129.43,
129.26, 128.44, 127.44, 127.25, 126.52, 126.28, 79.43, 51.30, 40.25, 31.10, 28.21 ppm. HRMS-
ESI: m/z calcd for C,0H,4CINO,Se [M + H]+ 426.0739; found 426.0753.

Ph/\l/\se/\ (S)-tert-butyl 1-(ethylselanyl)-3-phenylpropan-2-ylcarbamate 2m.> Yield:

NHBoc 82 % [a]p =+ 9.0 (c = 1, CH,Cl,); "H NMR (400 MHz, CDCl5): & = 7.29-
7.25 (m, 2H), 7.22-7.18 (m, 3H), 4.67 (br s, 1H), 3.99 (br s, 1H), 2.90-2.81 (m, 2H), 2.69-2.60 (m,
4H), 1.40 (s, 9H), 1.37 (t, J = 7.5 Hz, 3H). *C NMR (100 MHz, CDCLy): & = 155.13, 137.78,
129.34, 128.42, 126.44, 79.31, 51.66, 40.44, 29.61, 28.34, 18.27, 15.78 ppm.

ph/\|/\5e (S)-tert-butyl 1-(benzylselanyl)-3-phenylpropan-2-ylcarbamate 2n’

NHBoc Yield: 75 % [a]p 2°=+ 5.0 (¢ = 1, CH,CL); 'H NMR (200 MHz, CDCl):
6=7.31-7.12 (m, 10H), 4.61 (br s, 1H), 4.03-3.92 (m, 1H), 3.77 (s, 2H), 2.94-2.57 (m, 4H), 1.41 (s,
9H) ppm. *C NMR (50 MHz, CDCls): & = 155.10, 139.06, 137.59, 129.33, 128.91, 128.80, 128.49,
128.41, 126.73, 126.44, 79.53, 51.27, 40.58, 28.57, 28.32, 27.73 ppm.

(S)-tert-butyl 1-phenyl-3-(phenylthio)propan-2-ylcarbamate 20.” Yield:

NHBoc 73 % [a]p 2* = + 22 (c = 1.05, CH,CL); '"H NMR (200 MHz, CDCl3): & =

7.37-7.15 (m, 10H), 4.66 (br s, 1H), 4.10-3.99 (m, 1H), 3.04-2.89 (m, 4H), 1.38 (s, 9H) ppm. *C

NMR (50 MHz, CDCl;): & = 155.04, 137.41, 135.95, 129.52, 129.36, 128.97, 128.46, 126.52,
126.22, 79.38, 51.21, 39.35, 37.64, 28.27 ppm.

1. 2. I . 4 . . 0 1
Ph /\|A Se (S)-1-phenyl-3-(phenylselanyl)propan-2-amine 2p.” Yield: 62%, H
NH, NMR (200 MHz, CDCls), 8 = 7.48-7.01 (m, 10H), 3.8 (br s, 2H), 3.38-3.26
(m, 2H), 3.18-2.81 (m, 4H) ppm. *C NMR (CDCl;, 100 MHz) & = 138.68, 132.62, 130.05, 129.22,
129.08, 128.48, 126.90, 126.41, 52.45, 43.87, 36.50 ppm.
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3 'H, *C-NMR spectra for compounds 2a-p
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Be NMR (50 MHz, CDCl;) Spectrum of compound 2h.
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